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STEGOMASTODON (MAMMALIA, PROBOSCIDEA) FROM THE PLIOCENE OF JALISCO, 

MEXICO AND THE SPECIES-LEVEL TAXONOMY OF STEGOMASTODON 

SPENCER G. LUCAS 1, RICARDO I-l.AGUil.AR2 ANDfüSTTN A. SPIEL!'vlA.NN' 

'New Mex1co Muscum ofNatural liistory and Sc1cnce, 1801 Mountam Road NW, Albuquerque. NM S7104-1375. 
' Museo de Paleontologia de GtrndalaJara '"Fcdcnco A Solór1.:rno Barreto." 520 Dr Kohcrto Michcl, Gu<1d:1bpra. Jalisco 44460 Mex1co 

Abstn•ct-We describe a ncarly complete skeleton ofthe gomphnthcriid proboscide;m Stegomastodon pr111111i1'l1s 
Osbom from !he l'liocenc (Blanca11) of Lago de Chupala, falisco. Mcxico. Thb skelcton documents imponant 

differt:nces bctwecn thc poslcrnni:1 ofNorth Americ:m S1,•gomas1odo11 ami thc gomphothcre poslcr.mia from South 

Amcrica assigned to Cuvieronius, lfaplomasrodon and Stegamasrodon th<lt includc kalures indie~livc ofmore 

gravipon;il limbs (e:;pecially thc forclimb) in North Amcricun S1egomas1odon. This strcngthens the c¡¡sc ¡¡gainst 

rcfcning any South /\mcric:m gomphothcre fossils to Sregomustodon; ,/;101io111axtodon aml f!ap/0111as1odo11 are thc 

v;ilid gcm.:ric numes for thesc fossib. Sfr!!,omastodon is known only from North Americ;1, ;mU ranges from curl} 

Blancan (-4 Mll) lo carly lrvingtonian (-1.2 Ma) in ugc. lts fossils fo1111 a diron(1morphoclinc th;11 cnn be m;.~igncd 

to lhree species: c;Lrly t31:me:m S. primitivus, prinmrily lmc Blancun S. 111iri}icus (Lcidy) and carly lrvinglonian S. 
af11111im' (Osburn) 

INTROl>UCTION 

ln NorthAmcriCil, onc oíthc lasl gomphoLhel'l..'S wa.~Stegomasrodon, 
;i genus knuwn frorn Blunc:m and lrving:toniu11 (Plioccnc-curly !'kis
tocenc) loc;ilitics. prim¡1rily in the Unitcd Stalcs. Dcspile lhc íact that 
Lcidy ( 1859) dcscrih<..-d lhe first diugnostic S[l<.:CÍmcn of SteK0111astodo11, 
n:l:ilivcly lilllc h<l~ lx:en published un thc po:;tcranial ostcology ofthc 
genus excepl for incomplcte infonnulion prol'idcd by Gidlcy ( 1926) and 
Osburn (1936). Hcrc, wc describe tl1e ncarly complete skelcton of a 
Sle¡!.011111sludu11 frotn fo!is<.:o. Mexico. This specimen was brielly mcn
tioned m1d idenlificd by Alberdi et al. (2002) ami Lucas (2003) as 
SieKolllo.\"/odon ;md desi.:ribcd in par! hy Alberdi et al. (20(19). lt is CLllil

loged us MPG-l'D-001 in the collcelinn níthc Musco de ]'¡¡Jcon10\ogia 
de Guadal:\iara in Guad;i!;ijara, Mc.xico 

LOC,\Lln' 

In southern Jalisco, sou!h ofGuadal;ijara, Lakc Chapa la (Lugo de 
Chap;ila} is lhe largcst natural fn:shw;1tcr lakc in Mexieo (Fig. 1). Locuted 
in lhc in11cr gr.1bcn oflhe Chnpalu rill busin, more lhan 600 m ofl'lio
l'lcisloccnc sedimcnls are cxposcd in and on thc nnrthcrn Jlank of Lakc 
Chapala. Thcsc slra!:1 yicld an cxtcn:;ivc a%embluge oí lnlc l'leistoecnc 
(Ra11cholabrcan) marnnrnls as wcll <L~ a fcw rccords of Blancan und 
lrvíngtuniun('I) mammals (scc rcview:; hy RufOlo, 1998 and Luca.~, 2008). 
The SteKoma.wodu11 skeklon describcd hcrc (fig, 2) w;is found on lhe 
cxhumcd floor ofLakc Chupulu. 

This S1ewm1as/odo11 skelcton (MPG-l'D-001) wus discOl'crcd 
11cur S<lnla Cruz de la Solcd;1J at UTM zone 13, 692479E, 2245494)'.; 
(d;1tum NAO 27). lt was found a.~ a ncurly articufoted skclc1on wilh 
sorne disaggrcgution uíclemcnls (espcdally oíthc munus and pes) (Fig 
2; Allx:rdi el al., 2009, fig. 2). It w;L~ loc.lled in light olive gray calcareous 
clay on thc exhumcd floor of Lugo de Ch<lpal<l. Alberdi el al. (2009) 
providcd a more dctaikd dcscnption and photographs of thc 
S/e¡!.011wx1udo11 loc;ility. 

Mosl ofthc fossil m¡¡mm:ils from thc lloor ofLake Chupala ure of 
lme Plcisloccnc {Ranchu!;ibrcan) age (DO\vns, 1958; Rufo!o, 1998; Luc;is. 
2008). However, the skclclon of S1ego11m~·1odo11 from nc;ir Santa Cruz de 
la Solcdlld is oldcr, of BJ¡mcan ;1ge. \.\'e advocalc this agc a.~signmcnt 
becm1sc ofthc primitive molar morphu!ogy ofthis Sll!KOlllastodon, mu ch 
like lhat of Blancan mcmbcrs oftlie genus (Luc¡¡s, 2U03). Thc youngcsl 
Nonh Americ;111 S1eK0111uxtmlrm ;irc oflrvingtonian agc und huvc ¡¡mu ch 
more udvanced mular morphology (Luc:L~ el al., 1998, 1999, 201 1: Mor
g;m ;md Lucas, 2011: P¡¡:;cnko ¡¡nd Luc:JS, 201 1 ). 

Neverthelcss, Albcrdi et :11. (2009) reponed a 14C AMS dale of 

1 :-

L ____ _ 
·º·'·'~''"'·•·,·--·"''··""'·""-<' 
O o .•.• v,r~,,.,, '''"""'''"~ 
Ol;tt.•p:ol,,frirm,,.,.,,, 

OMl'1i>1.,co•ot<•v••lr .• """·l;P.l•<"U"1t~ 

FIGURE 1 Gcolog1c m;ip arot1nd Lake Chapala (rnoll1f1ed from Rufolo. 
l 9<Jl!. f1g. 3). Thc Stegomastodun prm11/1v11,< skclcton dcscribcd ho:rc was 
roum.l ncar S:mta Cruz 

27, 910 ± 270 ye¡¡rs 13P for a sumplc of mol:1r cnamel ffom MPG-PD-
00 ! . co11cluJing il is late Plcistoccnc in agc. Howcvcr, not only is this 
d¡¡te much younger thun the agc of any olhcr North American 
S1ego111asrodo11 (thc youngcst is early lrvingtonian, about 1.2 Ma: Mor
gun and Lucas, 2011 ), but thc molar morphology of MPG-PD-001 is 
thut ofan carly Bl:incun (about 3-4 Ma) Stegomasladon (see lx:low ¡¡nd 
Luca.~. 2003, 2008). Then:íorc, 11•e concludc that the dale rcportcd by 
Albcrdi et al. (2009) is much too young and not the age of thc 
Sle¡!.omastodon Jcscribcd here, which is Plioccnc (Bl;mcun). 

1AXONOMY 

Kcy fcmurcs oflaxonomic signifü;¡¡nce ofthc Ml'G probosc1dcan 
skclcto11 are: (1) the skull is elcphm11oid in ou1linc. mc¡¡ning il is t;ill in the 
region of thc fru11lals and pariclals: (2) it h;L~ long, rcl;ilivcly straight 
tusks th<11 l¡¡ck cnamcl; (3) no lower tusks are pn:sent: ( 4) thc m¡mdihular 
symphysis is reJ¡¡tively short and tall; (5) llw m3 has five lophids and 
double trefoils: and (6) m3 lcngth = 200 mm. width = 88 mm. Thcsc 
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I'IGURE 2. Qu:irry m:ip of 1hc S!<:)!0111<1.<1odon ¡m111111>'11.1· skckton from Lake Clrnpala 

fc;iturcs juslif)' assigning thc fossil lo Slr!go11111.1·1odo11 ( cf. Osbom. 1936: 
Kurtén :lncl Andcrson, 1980; LambcI1 and Shosh:lni, 1998). TI1c prcscni.:e 
of only five m3 lophids. !hi.: rcl<11Ívcly simple trcfoiling <1nd si..:c suppoI1 
ussignmcn! LO S1ego111us1udon pri111i1i1•11s (= S. rexrood<'llSIS of 
Woodburnc, 1961) 

Cle:lrly. thc gcnus St«gomustodon is in nc..:d oftaxonomic rcvi
sion. In North Amcrica, wc pro\'isionally rccognizc thrcc spccics ~ :i 
primilivc carly !31anc;u1 spcci1:s (S. pn111ili1'11s). a morcdcrivcd late Blanc:m 
spccics (S. 111irific1~r) W1d lhc mosl dcrivcd !>lJCcics. lrvingtonian S. ujionim: 
(s<.~ bclow). Thc Jalisco S1r:go11ws1odrm bclongs Lo Lhc most primitivc 
spccics, so wc a~sign it to S pri111i1iw1s. This indic:itcs the fossil is of 
c:irly J3l¡mcan ugc. -3-4 Ma (Lucus cl :il .. 2011). 

OSTF.OLOGY 

Wc illus\ralc (Fig.s. 2-27), prcsenl mcasurcmenls (Appendix) ¡¡nd 
describe thc S1.:go11ws1udun skclclnn from Jalisco. The skelclon consisL~ 
uf •lll incomplctc skull wilh essc11\Ít1lly complete tusks :111d un incom· 
plctc M3, hyoid clemcnL~. Ooth dcnt:irics wilh u complete left mJ ,md an 

incompletc right m3, !he :1l!as, axis. 28 thor;ieidlwnb;irvertchr.ic. sacrum. 
seven caud¡il vcrtcbrnc. s!cmcbr:ic. 19 rib p:iirs, lcll and righl seapulae, 
lcfl hmncrus, incomplcte righl humcrus. leli and right rndius/ulna. nc<1TI)" 
complete lcfl ;md righl m<111us. pelvis, righl fomur. ineomplctc lcfl fomur. 
both tibiac. complete right fihula nnd incomplclc lcfl libula, :lnd nc¡¡rly 
complete ]el\ :ind right pes. Albcrdi el al. (2009) providcd :l brief descrip-



tion or this skclcton bul only illustr:ued sorne cr;mio-dcntul uml pedal 
clcmcnts. TI1cy did. huwl.°Vcr. providc mclric dal:l. All of our postrer.mini 
mcasurcmcnls (Appcndix. Fip •. 29-30) folluw meusurcrncnl prolocnls 
hu~d on Dutrow ( 1980; also sce Agcnhrnad. 1994) 

Skull, Lower .Jaws :•nd Dcntition 

Thc facc (maxillac, frontals. part oípurictals) und uppcr 1usks are 
ull llrn! rema in of lhe skull ami lhcy huvc bccn dorso-vcnlr.illy íluttcncd 
( Figs. 2. 3A. C-D). Thc f<1cc appcurs lo be "l:l!I" (though this is acccntu
<1ted hy Jlattcning) with a long sulcus for lhc narial opening between the 
lusk alveoli. which are slightly divergent. This gives thc skull an 
clcphantoid prolilc. us in othcr Sli!}.!ol//r1s1odon (Gidlcy. 1926; üsbom. 
1936). ll is importan! to note, though. that cornprcssion oí thc skull ¡md 
tusks in thc scdiment in part may uccount for the ncarly strnighl tusks 
m1d thc facial profilc. ·111c tusks (Fig. 3) :irc ncarly str.iight (slight curved). 
luck cnumcl ¡¡nd have ¡¡ mm\imum lcngth of ! 55 cm. 

Thc incomplctc lctl M3 is prescrved and has at Jeas? li1ur lophs 
;un.! we¡¡k doublc trcfoib (Fig. 4A-B). Thc dt:nlary fi-.igmcnL'> with !cfi 
m3 (Fig. 4C-F) documenl u luck of !owcr tusks und a rclutivc!y slmrt. 
ncarly vertical (convcx anterior) symphyscul profilc. Tht: incompletc 
len m3 has 5 lophids and wcukly devclopcd doublc trcf"oi!s. Thc m3 
lcngth = :wo mm and m;ixirnurn width '"'88 mm. VC!')' much within lhc 
rangc ol'mt:asurcmcnL~ of"Bluncan S. "re.-.:roadensil' (,,..S. pri111i1i1•11s. scc 
bclow) from Kansa'> (Wno<lhumc, 1961, table 4). The lccth and lowcr 
j:1w closcly rcscmblc othcr spt:cimcns ;issigncd to Ste}.!011w.1·1odo11 
pri111iliv11.1·(cl: Osbom. 1936: WooJbumc. 1961 )unJ wc a'>sign tlu:folisco 
Swgoma.wm/011 skclc!on to lha! spccies (also scc J.ucas. :!003. :!008). 

llyoíd 

t:ive hyoitl dcmcnls are preservLxl wilhin !he J:ilisc0Si.•g1m111swdo11 
skclelon. Two ;irpc:1r (n he part of a si} lohy;1I (Fig. 5A·B). lwu are 
th}mhyals (Fig. 5D-J'.}. anJ1hc litlh may he lhc b¡¡sihyal (Fig. 5C). Thc 
sty!ohyal appt:ars tu h;1vt: a blunl·lippt:d, !langc likc superior r.imus 
wilh a dors:1!ly cxpilndcJ cnJ. The based ofthc posterior r:mrns is 1hickcr 
than the b:L'iC ofthc inf"crior r.imus. Thc posterior ramus (Fig. 5A) is a 
long, thin, !l<1llencd. slighlly curvcd bonc with a pointcd distal lip. The 
basihy;il (Fig. 5t') is a mJ ufhonc with expanded cnds. Bolh lhyrohyals 
(Fig. 5D-E) a!so havc nid-!ikc dist:1l ends. Thc hyoid cornplex of 
Sti!}.!Ot11a.wodon dOL-i; nol ¡¡ppear to differ signilicantly frnrn \h¡¡t ofH/ephas 
(c.g .. Sho.shani :md Marchan!. 2001 ). 

Vcrtchrac 

Ufthc cervical vcrtcbrne, only thc atlas aml axis wcrc rccovcrcd. 
Thc atlus vertebra {Fig. 6A-BJ has ;1 round. dou~mut-shapcd urticul<1r 
surl'acc flankcd by short. triangular tr¡¡nsvcrsc prucesscs. Distinel lr.ins· 
verse forumin:i ;irc prescnl al thc b;iscs ol'the tmnsvcrsc proccsscs. 'l11c 
ccntn1m is short ¡¡nd has ;i small kccl ventrally. Thc dorsiil tuberosity is 
low and hlunt 

Thc axis vcrtcbru (Fig. 6C-D) has ;1 ccntrum lhut is circular in 
iirticu];u' view anda shon. bhml odontoid proccss. "llic neural canal is t¡¡JI 
and covered dorsally by a thick. widc ncura! arch. 

Uf lhe lhoracic vencbruc. 11110 are pathologic und fu~d (Fig. 6E
F). Thcst: vcrtebrac have long. posteriorly inclincd ncural spincs with 
antcro-postcrior!y c;>;pandcd dista! tips. Thc centra are :mtero-posieri
orly short ¡ind proximo-distally lall with u ncarly circular in cross scc· 
tion. hui thc two are l'uscd by :111 c.~tcnsivc m¡iss oí cxostosis mus! visible 
in lateral vicw (Fig. 61'). 

'Jñc lurnbarvertebme (Fi¡,~s. 7-8A-1 IJ havc antcro-postcriorly short, 
ncarly circuJ;ir ccntr;i thut Jack rih l'm;cts. Mosl of"lhc ct:n\ra huvc low. 
vcntr.il kL'Cls :llld concavc (w¡¡isted) lateral surfoces. 111c ncur:il arches are 
low. with short. posleriorly-inclined ncurnl spinL-;; that cnd with cx
pundcJ. rugnsc distal tips. 

·nic s;icrum ( Fig. 111) consisls offour vertcbrne. which are distinct, 
squarc (m1lcrior) !o rccrnngular (posterior) centrn conncclcd by two pi ate-
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!ike alar proccsscs Lmcrn! to cach cemrum are antero-postcriorly oval 
tr.msvt:rse fhramimi. 

Thc caud:il vcnt:hrac (Figs. l).J J) huve short. round ccnlrn with 
concave l'entr.;1! aspccts. TI1cir neuru) :1rchcs ure low wilh short. hhml 
ncurnl spines. Thc lnl!lsvcrsc processcs :1rc ílat wing-likc fü1ngt:s of 
b(mc that n1pidly dccn:ase in size posteriorly. 

Slcrncbr:w :mtl Ribs 

Thc slcmum (l'ig. 12) consists ofthrccstcmebrac: (\)a proximal 
rnanubriurn { Fig. l 2A-B}. brokcn nc¡¡r !he distul cnd. which is a proxi
m¡¡Jly rogosc. ncarly cylindrical bonc {:llltero-posteriorly llatlcncd) with 
<1 convcx dist;il ilrliculation IOr thc mcsnstcmum: (:!) the mcsostemum 
(Fig. 12A. CJ. ¡¡ similarly ncarly C)'lindric¡¡I h<llle (anteru-pustcriorly 
ílattcncd) with u convex rognsc. proxim¡¡J cnd ;ind ¡¡ ncarl)' llat posterior 
end for artii;ulation wilh thc .\iphostemurn; and (3) lhc xiphostt:mum 
(xiphoid process) (Fig. !2A. D-E). ;i slmrt. wcdge-sh:1pcd bunc wilh :1 
flat proxirnul end anda coni;;11"0-i;onvc:1: dist:il end. Tht: ri~ (Figs. JB. 13) 
or tlw Jalisco Slr}.!0111t1stodo11 are long. ;ircuatc bones vcry simil:ir 10 

thosc ol'othcr pmhoscidcuns (c.g .. Gühlich. !1>98. ligs. 86-K7. pi. 7, !ig. 
10). 

Scapulac 

Thc scupulac ( r:ig. l 4) ¡¡re not cumplctc. missing ¡mrtions of the 
bladc cdgcs. 'J11esc bt11JL-i; are broaJly lriangulur in h1lernl (ormcdial) vicw 
with ;i pronounced. wide, cunc;ive glcnoid f"ossa. ·111c sc:1pul;ir spinc is 
thick a! thc glcnoid. and thins Jorsnlly. Thc acromion pn.>cess is largc. 
simil<ir to thc blunt !lange secn in Go111plw1/ieri11111 (Gühlich. 1998. !ig. 
89). "llic mctacrominn process is alsn a largc, tri;mguh1r flangt: thal projccls 
frum the acromion proccss u! an --45ª anglc. Thc supra~capular fossa is 
long ;mJ concavc. ;111d much narrowcr th;in the subsc¡¡pulur fossa, Thc 
Jorsal edgc ní"!hc sc<1pula is long. rugose ;inJ tliickc11cJ. 

1-'ordimh 

Lc>n¡,: lmncs 

The humeros is¡¡ long. pillar-likc btme esscnti<1lly of"equal wiJtb 
<1! iL~ proximal :md distal cnds {Fig. l 5A-D). The humer.11 hc;1d is low anJ 
rounded. wcll scpuratcJ from lhe grcatcr luberosily by a long. concave 
bicipilal groovc. Note llrnt thc grcatcr luberosity extcn<ls linlc. ifat ull, 
proxim<1I to thc hcad. Thc delloid ridge is <1 thick flangc ofbonc. Thc 
JistaJ cnd has rnodcrntcly broaJ epicondylcs and ¡¡ hingc-likc distol ur
ticular suríact: in which tl1e lrochlca is !;u'ger than thc capitellum. 

'J11e ulna is rnuch largcr than thc rndius. and thc bones are nol 
IUscd (Fig. 15E-11). Thc olccranon íossa is sh<1llow. ;md thc suprn
condy!oid ridge is largc. extcnding proxirnully ;ihoul onc-third oí the 
lengU1 of"thc shilfl. 111e proximal cnd of1hc ulm1 has a lall. rugose olecr.i
non process. Thc semilunar notch [s a broad. conc;ivc articular surfoce. 
The rndiul nmch is much smallcr. ·nic ulna shaft is slightly constríclcd 
rclativc to thc cxpandcd distal end. which ha'i a conc¡¡vo-convcx slyloid 
process. 

The r;idius (Fig. J5E-J) basa concuvc. ovoid proximal articular 
surfacc for thc hmnt:rus. 'l11e thin shafi has a promincnl amerior ridgc 
thickcns distally to u thick. blL1nl Jistal end wi1h a hinge-like tlist;il 
Jrticular pro<.-css {slyloid process). 

M:mu~ 

Th1: m:mus is disarlicululeJ bul largcly cornplclc (Figs 16-19). ll 
dot:S nnl diffcr much morpholngically from lh;tl ol'Go111pllo1heri11m. a~ 
descrihcd and illustrnlcd in dctail hy (J(lblich ( 1998. p. 133-1 !i·t !igs. 96-

l '.!4. pis. 9-13 ). and Urnt of l lopfo111a.1·1odon. describcd and cxtcnsivcly 
illustrotcd by Ferretti (2CJIO. p. 695-700. !igs. 14-!6). ·111crcforc. wc do 
110t describe thc m<inus in dcluil, though wc illustr.ilc il and providc 
mcasurcrncnts (Appcndi.~). l lowever. wt: do note lhat tht: rnanus of lhe 
falisco Stegomaslodrm ( Fig. I 6) is rcl:ilively mu ch shorlcr and bmuder 
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FIG\IRE 3. S1<·K0111us1odon prum111·11.< from J;ibsco. Mc.x1co. Casl or skclcton on c~h1bi1. skull ;ind tusks A, Casl or skclcton in ;interior vicw B, C3sl of 
nb cagc in lcl"I l;itcral v1cw C-0. Skull 111 C, antcrodorsal ;md D. antcrol;itcral v1cws. E-1', Tusks m E. antcnor and F. posterior v1cws. Lowcr nghl scalc bar 
appb~s lo E-F 
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FIGURE 5 Siegomasrodon pr11m11v11s irorn JOIJSCO, Mcx1co Hyo•d bones A-B, Stylohyal fragmcnls C, B~s•hy~i? D-E, Thyrohyals. Abhrcviations; ir, 
1nkrior ramus, pr. p<>stcrwr r;11nus, sr, supcrJor rnmu> 



FJGURE 6 :,)e¡.:omu.</tJ</011 µri1111uv11s from Jalisco, McS!C<L Cervical nnd !hor.ic1c vcncbrJc A-IJ, Atlas m A anlcnor and B, posterior v1<:ws C-D, Axrs 
m C. am<:rior :md r>, posterior v1.:ws E-F. A JXlll oí rus<:U, putholog1c thorncic v<:rtcbrac m I':. am<:rior anU 1'", lcl'l la1cral ,.,~.,,v:; Abh!°l'ViHlions: r. ct:ntrum 
tll. dorsal tuheroslly, l'", c.xostos<:s, n, ncural canal, º·'· ncural spmc: o. odontoid proccss: tf. lransvcr.;c foramen 
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fJGURE 7 S1<·~011ws1mlon prumm·us from falisco. Mcxico. Lumbar vcncbrJc. A. l.umtmr vcrtcbrnc 1-4 in :irt1culm1on m ventrol:ilcr:il v1cw H-F.. Lumbar 
vertebra 1 m H. antl·rmr. C. posterior, D. lcl'l Jmcr;il and E. ventral v1cws !'-1. Lumbar vcrtcbrn '.! m F, Jnlcrior. G. posterior. 11. lcl'l la1cral aml 1, dur.,al 
v1cw~ SrHk bars: ,\, uppcr :im.l 11-1. lowcr Abbrcv1:i1io11s s;imc a~ m Figure 6 
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FIGURC H . .Skg"ma.•tod"" prmum·11., from Jnlisco. Mc,.1cu. Lumbar an<l sacrnl vcm:brnc. 11-D, Lumbar vcncbra 3 in A. anterior, B. poslc-rior. C. lcft 
lateral and D. dorsal v1cws. E-11. Lumbar vcrtcbrac 4 m E, an1cnor, lo', postcnor. G, lcft latcrnl an<l 11, ventral vicws l. Sacrnm in vcntr;il ,·1cw 
Abhrc\•iation~; "· alJr prncc%. c. ccnlrun1: n, ncorJI c:mnl. IÍ, crnnsvcrsc fornmcn 
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FIGURE 9 S1cgomustodon primim·m from Jalisco, Mcxico. Caudal vcnebrac A. CauUal vcnebrac 1-7 in anieulauon in vcntr.11 vicw D-D, Caod;il vertebra 
1 m n. anterior, C, posterior anU D. vcrm;il vicws. E-G. Caudal vcrtbra 2 m E, ~nterior, F. posterior ;md G, vcntrnl 1·1cws ,\bbn'1'ia1ions: c. centrum: na, 
ncural arch; ne, neunil canal. tp. transvcrse process 
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FIGURE 1 O 51e~o11uwod011 primi1fr11.1· from fal'lsco, Mcx1co Cau1fal wrtcbrac. A-C, Caudal vcrtcbr;1 3, A, an!cnor, B, po~tcrior and C. vcntrnl v1cws D-
1:. Caud:il vcr1cbrn ~. O, antcnor, E, posterior and F. vcntrnl VIC\\IS_ Abbrl·vialions samc as in Figure 9 
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FIGURE 11. Sl<'~umas1oda11 pmm111·11s from Jalisco, Mcx1co. Caudal vcncbrac_ A-C. Caudal vcncbrn 5. A. anterior, B. pustcrior and C. vcnlrnl v1cws D
I'. Caudal vcncbrn 1>. D. anlcrior. F.. posterior and I'. vcntrnl vicws. G-L Caudal vcncbra 7. G, :mtcnur, 11. posterior and l. vcntr.il v1cW5. Abbrcviations samc 
as 111 F1gurc 9 



FIGURE 12 S1<·~011w.,todo11 ¡mmi111·us from Jalisco, Mexico S1crnebrae. A, S1ernum 10 art1culJLmn 1n r1ght lateral v1cw B. Manubr1um in righ1 IJteral 
v1cw C. Mcsostcmum m riglll Jmcral v1cw. D-E, Xiphos1cmum in D, right lateral and E, disml v1cws. 5calc bars: A, lcfl :md 6-E, nghL Abhl'l"Vi11tions: ma. 
mJm1hrium: 111c, mcsustcrnum; x, x1pfmstcrnum 
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FfGliRE 13 .';it•J!'"""·mxl<m prmmirn.1· from Jalisco. Mc~1co. Kibs A-1>. Firsl ribs, rigln in A. anicrior and B, pos\crior views and lcfl in C. posterior amJ 
D, antcnor v1ews. ~:-11, Lcfl atxlominal rihs i11 E, G, pos1crior and J•, H. anterior v1cws Scalc hms A-D, lcfl and E-11. nght 
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FlGUR!: 14 Sli.'gm11a.<1odo11 primiffrus from Jalisco, Mcxico Scapulac A-B. Lc!i scapula m A. lateral and B. medial vicw~- C-0. Riglll scapufo 1n C. la1cr.il 
and D. medial vicws_ Abbre•·inlions: a. ;icrom1on proccss. cb, cr.m1al bordcr: ¡:. glcno1d fossa. ¡:b. glcnu1d bordcr. if, inl'rusp11mus fossJ. m. mctacmm1on 
pruccss; sf, supras¡nnuus fossa; ssn. suprnsc3pular notch 
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FIGURE 15 S!egoma.wodcm pr11111111·11s from J.iliscu, Mcx1co Long bones of lhc forclimb. A-U. J.c!l humcrus m A. :m1cnor :iruJ U. rmstcnor vk1v:; C·D. 
R1ghl humcrus m C. an1crior and D. rostcrior v1c1v:;, E-E Left ulna and radius in E. l:i1cral and F, mL·<JiJI views. G-11. R1gh1 ulna m G. lateral an<.I 11. mc<lial 
vicws_ 1-.1. R1gh1 ra<lius in 1, lmcral :ind J. medial vicws. Abbre11i11tions: 1111, articular surl"acc for humcrus: 11r, anterior r1<lgc; bit. b1c1p11al groovc; c. 
cnp1tcllum: dr, dclto1d ridgc: ec, cxtcrn:il con<lvlc: 1:1. grcmcr tubcrosny: h. hc:id: ic. inlcrnal comlylc, o, olccranon rroccss; or. olccranon fossa. rn. radi:il 
nocch (lcsscr s1gmoid no1chJ: sn. scmilun:ir notch (grca1er s1gmoid no1chJ: sp, stylmd process: r, tut>t:rculum 
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FIGURE 16 ¿,),•¡.:m11asrndou prmli1fru.< from falisco. Mc.~1..:0 L<:fl manu~ m A, anterior, B, m~<.11al an<J C. lat~ral vinvs_ Abbre>'i:llions: cu, cubo1d 
(pyramidal). l. lunor. m, magnum .. ~. scophoid, u. unciform 
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FJGURE 17 St<'go111<1s/ochm ¡mmi/H'/IS from Jalisco. Mcx1co Carpals A-H, Left p1s1form in A, k11eral and H, medial vicw~; C-D lcft lunar 111 C, don;;il 
and D, vcntrJI views. E-F, lcft scapho1d m E, lateral ;md t', medial v1ew~ G-11. Uncrform m G, lateral and H. m•°tl1;1l v1cm 1-J, Lcft magnum m l. lateral 
;rnd J. mo;dml views K-L, Lcft trapewid in K lateral and L, medml v1ews M-N, Tropez1um rn M, m~d1al and N, vc111rnl v1cws 



than thal ofGomphotherium (GUhlich, 1998. fig. 96) and even slightly so 
witli respcct to Hapfomas1odo11 (Fcrretti. 2010. fig. 14A). This is mos! 
n.:adily sccn in sorne ofthc rcl¡¡tivcly broaUcr carpa Is uf Stegoma.\'/odon, 
su ch as lhe lunar (Fig, 17C-D), a relatively shorter ;mU broader bonc th;m 
the same bone in Gompho1her1u111 (GUhlich, 1998, fig. 100) or 
Hapfomaszodon (Fem:lli, 2010, lig. 150-H). 

Peh·is 

The pelvis oítl1e falisco Stegomustodon (Fig. 20) is a largc. rugosc 
<1nd arcuate honc. The ilium is thickcncd dors¡¡lly so thm iL~ ili¡¡e crcst is 
n.igose. Thc auricularsurfocc projccts ;mtcriorly to¡¡ largc, tonguc-sh<1ped 
¡¡nd rugosc fümge Ll1<11 is thc cr;mi<1l 1m1rgin of the ilíum. llic crani;i] 
m¡1rgin of the ili;1c crcst is much shortcr, more blu11t ;iml thinncr. TI1e 
;icctahu!:ir bordcr is a low. blunt ridge dorsal to the aeclabulum. which is 
a rclativcly sh;tllow und circufor articular surfoce. TI1e pubes and ischí;i 
;1re ineomplcte, so thc ohturntor foramen is not complete, though it 
uppe;irs to he subtriangular in outline, widening dist;1lly. Thc proxim:ll 
portions oflhe rubis and ischium :ire thiek and roJ·like. 

Jlindlimb 

Lon~ bones 

'l11e kmur (Fig. 21) is a long. pill;1r-likc bone, ¡L~ is char-Jeterislic of 
ali Jarge prohosddeun ICn1or.1. Thc fCmornl he¡¡iJ projects proximally :ind 
is ball-like witlmul ¡¡ signilicm1! pil fur Ll1c lig¡¡mentum tcrcs. llie neck is 
slmrt und con!lucnl wi1h the sh:1fl. The grc;1tcrtrochun1er is u rugosc ;ind 
thick lbngc. wilh a long. cone;1vc troch:mleric fossa medial ln il un the 
posterior surfoce. Thcrc is no lcss.::r trochanler prcsen1 und no lhird 
lroclmnlcr prcscnt. 111c shafl ex[l:mds dislully Co a distal cnd wi(h a11 
ink:mal tuhemsity Lhat is ¡1 pmminent !lange orbone, a much lcss pro
nounced cxtenrnl tuhcrnsity and two slightly convcx condy!t:s. The in
lcmaJ oondyle is much Iarger than Ll1e es!em;il condylc. und thc inler
condylar notch is n;1rmw anU Uccp. Thc tmchlca is broad and shul!ow. 

Thc p¡¡lclla (rig. 22G-!I) is u wide. rouml and mgose hone wilh ;i 
long. triangular distal prrn:L');S. "l11c rn.1ximal proccss is short und mundeU. 
aml !he con cave <1rtieul<1r surl\Jees are weJJ define d. 

The tihi;i (Fig. 22A-D) is rel:nivcly short and rohusL TI1c intcr
cundy!ur srinc is low ;u1d blunt. hctween slighlly L'oneave intemu! (lilfger) 
and extemul {smuller) condylcs. ll1e intemal tubcrosily is roundcd und 
hlunl, whcre¡L~ th.:: ext.::m;il tuh<!rosity is ;1 more pronounceU. Ll1iek Jlangc 
ofhone. Thc tihiaJ tuhcrde is ;1 bmad, tri:1ngulur, rngosc projeclion on the 
anternpmximal focc ni' lhc bonc lhlll is conílucnl distully with a lnw, 
rugosc libiul cresl. On the posterior !:ice ofth.:: libia, thc poplite¡¡J ridgc 
exlends :iho1n halflhe len¡;lh ofthe sha!l. ·n1c proximíll Jihular facet is a 
brm1d, enncavc and n1gosc are;ijusl distal lo th.:: cxlemal tubcrosity. TI1c 
thick. triheUral sha!i exp:mds dist:1fly to u blunl distal end tlmt h¡¡s ¡¡ 
bro¡¡d, nearly ílat ;istrn¡µllar ll1cct lateral to :1 blunt mal!eolus. Thc distal 
face! for thc Jibu!a is sligh!I)' eonvcx und rugose. 

The fihu!a (Fig. 2.2E-F) is u long. thin bone with cxpandcd pro.xi· 
mal und dist¡¡I ends. The hc;id is anglcU with a neurly llat articulur surfocc 
for lhc libia. lis medial ;ispcct h;is a conc;ivc proxim¡¡J tihial focet. Thc 
shufi is concnve mcdially. :md ncur!y Jfat ]¡¡\cr¡¡Jly. The distal end is a 
rugosc triangular Jl;inge with a bro<1d, rounded m¡¡llcolus scp;irntcd from 
a fla! distal urtic11lar facet. 

Pes 

Thc pes is nearly complete bu! dis<lrticul;itcd (Figs. 23-27). It is 
vcry similar lo thc ¡x:s ofGomplto1her111111 (Gühlich, 1998, p. 163-182, 
ligs. 135-161. pis. !6-18) and !Japloma.wodon (Fcrrclli, 2010. p. 705-
706. Hg. 19) exc.::pt it is rclutivcly broudcr and shorter. Thcrcforc, wc do 
nol pro\'ide a detuiled dcscriplion oflhc ¡x:s ofthe Julisco Stego1110.1·1odon. 
but wc do indude metrics (Appcndix). 

COMl'ARISON 

\Ve compare Ll1c os1cological features of Ste~omastodon primifims 
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from Jalisco to thosc ofthe proboscideans "Stegomaswdon" from Ar
gentin¡¡ (C:1hrcra. 1930); Cuvii:ro11i11.s from Bolivi;i (Boulc ¡¡nd Thevenin, 
1920); A1amm111 ¡¡nd Aiammutl111s from the USA (Olscn. 1972): 
Hapfomaslodon from Ecu¡¡dor (Hoffstettcr, 1952; Ferretti, 2010); and 
Stegomastudo11 from thc USA (Gidlcy. 1926; Osbom. !936). 

Thc skuJJ ¡¡n¡J lusks ()fthe Jalisco Sregoma.1·1odon are gre<ltly dis
lortcd; they huve bccn Jlattened in a dorso-ventral planc. TI1c skul! fa1g
men1 preservcd (linlc more lh¡¡n p;irt ofthc fue.: with thc extem¡¡J nares 
and tusk ¡¡lvcoli) docs nol diffor from Llial of Sti:gonmstodon írom th.:: 
Unitcd Stales (Gidlcy, 1926. pi. 34; Osbom. 1936, fig. 642). Albcrdi et 
al. (2009. p. 244) drew attcntinn to the "divergcllt hul not curvcd" tusk 
:llveoli, as the nc¡¡r]y stn1ighl (not divergen!) unterior portiun of lhc 
premaxill:1. anda ccntrul deprcssion or Hssure in the sagiH;d planc ofthe 
Jalisco skull •~'i characlcrs also seen in South Americ;m ''Sregomaswdrm." 
How.::v.::r, thcse IC;1lures are alsu prescn! in Stegomosrodon frum thc 
USA (c.g .. Oshom, 1936. fig. 642) and thus ofno Wxonomicsignilic:mce. 

Much h<ls been m¡ilic orthe suppuscd taxonomic significance nf 
the prescnce (or absencc) oflhe lr.insversc fornmina in thc utlas vertehr;i 
in SouthAmericnn gornphotherL'); (e.g., HoflStcller, 1950. 1952; Simpson 
<llld Paulo Coulo, 1957). Ncvcrthclcss. this ICulurc is V<lriuhlc in 
ffoplo111as1odo11 samplcs {Sin1pson :md l'nulo Coulo. 1957; Fieearclli et 
al .. !993, !995) ;md lhereforc ofno taxnnomic significunce. Thc :1tlus of 
thc Jalisco Stegomastodon Uocs havc lr<lnsversc foramin¡¡. ll, and lhe 
axis, do nol a¡Jpcllr lo di!Tcr much from !hose vertehr.ie in lklplumustudun 
(lloflSteUcr, 1952. lig. 48; Sin1rson and J>¡¡uJo Cuuto. 1977. fig. 6, rls, 
12-15; Ferrc!li, 2010, Jig. 9). C11viero11i11s (Boulc und TI1cvenin. 1920. 
pl. 7. Jig.~. 1-2) and lhc Argenlinc "S1i:gu11m.1·tmlo11"' (C¡¡brcra. 1930, figs. 
17-18, pi. 36) excepl lhat !he ;1tlas uf S1¡•go111e1stodu11 has ;1 rcl<llivcly 
sm;1llcr dorsal tubcnisity ofthc dorsal ¡¡reh (ulso se.: Fcrrcui, 201 O). Wc 
scc no obvious diffcrcncc iu lhe othcr v.::rtcbrae hctwcen lhc Jalisco 
S1ego111as1udo11 ;md lhe Soull1 Americ;in gomphotheres 

Thc sc;ipula orthe Jalisco S1¡•go111astod1m is csscntially identic;1J 
tu lhat of Sregomastodrm from Arizo11;1, USA, iJJuslraled by Gidlcy 
(1926. pis. 38-39). 1t dif!Crs from thc scapuJ¡¡ or Haplomuslmfon 
(Ho!lStctter. 1952, fig. 56; Fcrrctti, 20!0, lig. 12a-c) in h:iving a much 
more promincn1 metacromion procL'SS und ll rclativcly larger supr.is
pinous foss;1. In thcs.:: fealurcs lhc sc¡¡pul;i of North American 
Stego111astodo11 is mnrc simil¡¡r to thm o( Gm11phorheri11111 (Gühlich. 
1998, fig. 89). A very J¡¡rge melucromion process is also SL'Cn in thc 
scapulae o[A.Ja111111111 ¡¡n(] Mummurl111s (Olsen, 1972, fig. 11). TI1e rcJ¡¡
tivc!y hirgc surr-.ispinous fo~sa ap¡x:ars ro be unique to S1ego111a.wodo11 
and m;iy be diagnoslic ofthc g.::nus. 

Thc humerns ofthc S1egomastodm1 from falisco is also indistin
guishuhlc from the Sregoma.rtorfun humcrus írnrn Arizuna illustr:ited hy 
Gidky (1926, rl. 36. ligs. 1-3). 1t dilTers from the humerus or 
/lapfu111t1slodon (llofl:Steller, 1952. lig. 57A; Fcm:lli. 2010. lig. 2d·g), 
C11l'iero11111s (Boule and Thevcnin, 1920. lig. 15, pi. 8. lig.~. 2·3) nnU 
Go111phollwri11111 (Gühlích. 1998. pi. 8. fig. 2) in huving u low ¡¡nd blunt 
lcsser tuhcrosity. In the la\lcr gomphotheres lhe lcsscr tubcrostiy is u 
long fümgc tlml cxtcnds wcll proximu! to lh.:: humer-.il he<ld. Thc short, 
blunt lcsscr tubcrosity oíll1e humcrns in S1egomastodo11 is more similar 
to thal fcalur.:: in i\Ia111111111 and Mam111111J111s {Olscn, 1972. figs. 12-14). 
The humcrus of"S1egoma.rtodo11" from Argcnlinu (Cabrern. 1930. figs 
20, 32) also has a proximally cxtcnUcd lesser tuberosity as in 
lfapfomastudo11 and Cu1•ii:ro11i11s, diffcrenl from lh.:: humerns ofNorth 
American Stegoma.1·1()(/on, 

The r-.idius-uln¡¡ ofthc Jalisco S1ego11111.\'/odu11 <loes not difli:r sig
ni ficílnlly from thul ofthc Sregu11ws1odo11 from Arizon;i illustr;iled by 
Gidlcy (1926. pi. 36, figs. 2·3). Howcver, th.:: ulm1 of Stegomaslodon 
docs dillCr from thosc of l lapfumustodun (HoílSteuer, 1952, tig. 5713; 
Simpson and P:1ulo Coulo, J 957, pi. 16. fig.s. 2·3; Fcrrcui. 2010, fig. !3h
i), Cuvieronius (Boulc and Thcvenin. 1920, fig. 18, rl. 8. fig.s. 4-6), 
Gompho1heri11m (Gühlich, 1998. figs. 92·93) und the Argcntinc 
"S1egoma.r1odon" (Cabrera. 1930, fig. 21) in huving a hlunt, lcss-rro
duccd ¡¡n(] lcss UcflecCcd (laCerally) olccr:mon proccss. TI1e ~hort-blunt 
olccrnnon prncess is present in 1\1u111111111 (Olscn. 1972, Hg. 14), but 
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FIGURE 18_ St<')..'WtiaswJon p1w11111ws from Jalisco. Mc.'\ico Mc!ucurpal.> A, Art1culutcd lcft mc(:1caqmls_ B-C Mc1<1carpal 1 m B. anterior und C. 
posterior \'ICWS D-E, Mctacurpul JI 111 O, unlcr1or and E. posterior vicws. J<'-G, Mclacarpal IJI m F. anlcrior and G, posterior v1cws H-l, Mctacarpal JV 111 
11. nntc•r1or and 1, posterior vicws. J-K Mc1ac;1rpal V in J, anlcrior and K, posterior VlCWS. Scalc bars· A, uppcr and B-K lowcr 
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FIGURE 19 Stl!~amastodrm pri11111i1'11.1 from Jalisco. Mexico Manual phaluogcs A·B. Digit 11 phalan.x in A. anterior and 11. posl~>f1nr v1ews. C:-D. D1g1l 
!JI phalanx in C. anterior and D. posterior viewi>. E-1'. Digit IV phalanx m E. anterior and J•, posterior views. G-11. D1gi1 V in G. amcnor and 11. posterior 
VICWl> 
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FIGURE 20 S1~~""wstodo11 prm11111·m frum Jalisco, McxJco Cast ol" ¡x:lvlC ¡;irdl<.: on cxhib1l l'clv1c girdlc, proximal h1mlllmhs. and c;iudal scm:s in A, lcft 
poslcrolalcral, B. n¡;hl flOS\crolatcrnl aml C. posterior vicws. Abbrcl'i;11ions: u. acctabulum: ub, accwbulnr bordcr: cam. c;1udal maq~m: cm, crnn1al 
1nargm. i, ilium. ic. ilrac crcR is. iscliium. o, obturalor ror:imcn. p, pubis. 
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FIGURE 21. Sle¡:w11<1.rtodrm pn111itir11.1· Ífllm Jalisco. Mcx1co. fcmora. A-B. Lcf~ fcmur m1ssing prmmnal cnd U\ A. nlllcrior and U. rostcrior v1cws C-D 
Riglu fcmur m C, anterior and D, pos1cr1or vicws. Abbll.'Vi11tions: n:, extcrnal cundyle: el, cxtcrnnl tubcrosily, J!I, grcatc·r trochJntcr. b, hcad. k. mtcrnal 
condyle: in. mlcrcondylm notch: iC 1111crnal tubcrosuy. n, 11cck, t, trochlca 
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FJGURE 22 Ste¡:omtJ.<todm1 prmu111·11s lh1rn Jalisco. Mcx1co T1bmc, íibulac and ¡mtc!la A-ll. Lcfl 11t11a 111 A, anterior and B, postcnor VIC\\IS_ C-D. Righl 
tibia 111 C, anterior and D. pvstcrior vicws. E-F, Right libulo m E, lateral and ¡.-.medial vicwi; G-11. Distal cnd or lcli libula in G. medial :md 11. lat.:ral v1cws 
Abbre\'ialions: ar. astragalar facct: ce, externa] condylc: et. c:»tcrnal tob<;ros11y, ic, interna) condylc, is, intcrcondylar spinc, il, 1ntcrnal tub<:ros11r. m, 
mullcolus: f!P- proximal proccss: pr, poplncal ridgc: pi. prnxlm;il tib1al faccl; 1, libml lubt:rclc; te. libml crcsl 



FIGUKlO 23 from fahsco, Mc.~irn St,·~ol1wslodo11 1'""111"'"·' mcdrnl ;md C. lmcrJI v1cws \ ·rntcrmr, B. Lcft pes in ' · ' 
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FIGURE ;!4, Stq~umt-..1odo11 prm111fr11.• from J;i11sco. Mi:x1cu. i\stragalus ami calcancum A-B. Ldt calcam:um m A. anterior "nd B, posterior v1cws C-D. 
Lcll astragnlus in C. dorsal and D. ventral v1cws 
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FIGURE ~5 St<'/:º"'ªmxkm pmmm·11s !'mm Jalisco, Mc~u:o Tarsals. A-B. Lcfl cubo1d m A. dorsal and B. vcnlr;il v1cws C-ll, Lc!i navicular m C, dorsal 
and O, ventral v1cws J>'.-F, Lcl'1 cunc11'orm 111 Jo;, dors;il and Jo'. ventral \'kws G-11, Lcft cndocunc11'orm G, dorsal and 11, vcmral v1cw.' 1-J, Left 
mcsocunc1form 1, dorsal and J, 1·cntral v1cw~ K-L, Li;n i;ctocunciform m K dorsal amJ L, vi;n!rnl v1~ws 
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FIGURE 26 S1<·~0111a.mxfm1 pri111111v11.• fmm Jalisco, Mc.x1co Mc1mars<1is. A. Arl1culatcd lcft mctalarsals m antcrwr vicw B-C. Ldi mc1a1arsal 1 m H. 
amcnor and C, posterior v1cws D-E, Lcft mcl;ilarsiil 11 m D, :interior and K rost.:rior vicws. F-G, Len mctatar.>al 1ll in F. anterior and G, rostcrior 1·1cws 
11-1, Len mctatarsal IV in H. ana:ri(>r and 1, rus1crmr vicws J-K Lcft mctamrsal V m J, amcmir and k'., posterior v1cw~ Scalc bars· A, uppcr am.l 11-K, 
lowcr 
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FIGURE 27 Slei.:omas1mJo,, ¡mm1111·11s frnm Jalisco, Mcxico. Pedal phaJ¡mgcs A-B, Ldl d1¡;1l ll ph:ilan~ in A, ;interior anll B, posterior 1•1c1vs. C-D. Left 
d1git 111 phalanx m C. anterior ;md D. posterior v1cws. E-1'. !.di d1gil IV phalanx m E. anterior and F, posterior 1·1cws. G-11, 1.cli d1git V in G. :inlcr1or am.l 
11, posterior vicw~. 1-J, R1ght d1gn lli pl1alan.~ 1n l. anterior and J. poslcnur v1cw~. h:-L. Riglll digit IV phal1mx in K ;1111cnor and L, posterior v1cws !\I
N. R1ghl digil V phal;inx 111 M, anterior am.l N, po.,tcnor v1cws. 
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F!GllRE 28 Ste~rmwstndtm minflc11s. l!SNM 209, holotypc lcft dcntary in A, ocdt1sul. 11, lnhi:1I u11d C. lint:ual vicws 

Af11111111111f111.1· hus u vcrtii:::ally nricntcd !langc-Hkc olccranon proccss (Olscn, 
1972, fig. 14) distinct f'rom thc gomphothcrc ulouc. Thc manus ol'thc 
falisco SteKu111as1odo11 is n.:lutivcly broad and short comparcd ln lhosc or 
C111•iero11i11.r (Boulc und Thcvcnin. 1920. Jig.. 30), l/oplomo.uodon 
(l'crrcl1i. 2010) und Gompfwtherium (Giihlich, 1998). 

Thc pi.:lvis or lhc J:ilisco SleK0111a.1·1odo11 rcscmblcs thul oí' lhc 
Arit:ona SteKom11s1odo11 (Gidlcy. 1926. pi. 33) but hus a much more 
crania!ly convcx and thick, mgosc iliac crcsl thun do th<.: g.ompholhcrcs 
Hapluma.r1odo11 (!loffstcllcr, 1952, fig. 5!; f'crrctti, 2010. fig. 20), 
Cm·ieru11i11x (Boulc und ll1cvcnin. 1920. fig. 20) and Gompholherium 
(Gi\hlich. 1998, fig. 126). '111c pelvis orA!rm1m111/w.1· (Olsc11, 1972. figs. 
24-28) also hus a roundcd, cum·cx cranial cnd to its iliai::: i:::rcst. 

Thc pillar-likc fcmurofthc Jalisco Stl'KOllWsfodon wiLh its largc, 
lliickgrcutcrtrochanlcr is likc lhat ofStl!gomustodon !'ro111 ¡\rizonu (Gidlcy, 
1926, pi. 39. fig. 3). This fi.:mur is similar lo that of l/apfomo.r/odrm 
(lloffac11cr. 195:!. fig. 58/\; Simpson and Paulo Couto. 1957, pl. 16. lig. 
l: Fcrrclti. 2010. fig. 18a-c) but dif!i.:rs from thc !Cmur oí C'11l'iero11ius 
(l3oulc and Thcvcnin. 1920, figs. 23-24. pl. 9, lig. 2) and thc Argcntinc 
"Stego111as1odo11" (Cabrera. 1930. ligs. 22. 33-34), which huvc n rcln
tivcly smallcr grculcr lrochanlcr ;md a hcad m1 a rclativcly long ncck thut 
projci:::ts proxima!ly. Thcsc lattcr fi.:mora urc more similar to !hose of 

Ma111111111 und ,Hm11111111/111s (Olscn. 1972. fig. 25) than to S1ego111astodo11. 
TI1c patclla. tihi~ and fibul:1 ofthc Jalisco S1ego111astodo11 du nol 

uppi.::ir lo diffcr significanlly fmm lhnsc bones in othcr gomphothcrcs. 
such us C11l'ieromus (Boulc and 1bcvcni11. 1')20. lig. 27. pi. 9. fig.~. 5-8). 
SteKu11ws1odon (Gidlcy. 1926, pi. 39, lig. 1) and thc /\rgcnlinc 
"SleKm1wstudo11" (Cubrcrn. 1930, ligs. 23. 35 ). Thc pes docs no! appcnr 
lo diffcr signilicantly from tlrnl of C11vi1'roni11s (lfoulc and 'lbcvcnin. 
1920. lig. 31). /1"ploma.r1odo11 (Fcrrclli. 2010) and Gompl101heri11111 
(Gühlich, 1998) cxccpt in bcing rc!ativcl)' hroadcr and shortcr. 

Thc poslcrunial diffcrcnccs bctwccn North American 
Stegomf1s1odo11 and !he South American gomphothcrcs Ctll'ii•rmli11.I'. 
Hapfo111as1odo11 und thc /\rgcntinc ··.\1t-ga111as1udo11" suggcst a grcatcr 
dcgrcc oJ' graviportalily in Stl'KOllW,\'{()don than in Lhosc gomphothcrcs 
(cí. Grcgory. 1912; Smill1 ami Savagc. 1956). ·111crc is sorne 4uantitalivc 
conlimrntion ufll1is by comparing thc intcnncmbral indcx (radius lcnglh 
-t humcrus lcngth/libin i· fcmur lcngth x 100) ofthc J~liscoStl'go111as1udo11, 
which is 93. to thul oí /laplomastodon. which, b:iscd ondula in Fcrrcui 
(2010). is -82. This mcuns Lhc forclimb ol'S1egu11ws1odo11 is rclativo.:ly 
longcrlh:in il is in f-fap/oma.wodon. 'llic more mussivc. pillar-Jikc limbs 
(cspccially Lhc forclimbs) of S1egu111u.wodo11 tlius idcntiJj: it as a mure 
graviportal gomphoth11n:: than wcrc Lhc South /\mcricnn gomphothcrcs, 



NO STEGO!lfASTODON IN SOVTJJ AMERICA 

Cabrer.i ( 1930) firsl assigned Mime Soulh Arneric;m gompholhere 
fossils to ::,kgu11ws1odo11. Therc was subsc4m:nl deb::ne <1bnut this as
signmcnt. Rcccntly. Alberdi el ;il. (2002. 2004. 2007). Prndo et ;il. (2003) 
and Pr.ido :ind Alberdi (2008) lmve cndurscd Lhc eonccpt of unly two 
Suuth Amcric;in gornphothcrc gcncr.i. C111'if!n111Íl/s ;ind Slé•gomustudon 
(= lfa¡i/omas1odo11). Ar issuc is lhc important cunclusion as to whcthcr 
lhcrc was onc immigriltion of gompholhcrcs lo South Amcrica (thcn 
therc would he no true Stl!?,omastodrm in South Amcrica) or twu immi
gr<1tions. onc of C11vif!roni11s illld onc ofS11:goma.1·1odo11. 

Severa] workcrs tmvc 4ucstioned Lhc prcscncc ofS1egumastodo11 
in Sou!h Amctica. inclmling Osburn (1936). Sav11gc (1955}. Maddcn 
(J<J84). Wcbb (1992), Fcm:tti (2008. 2010) and Luc<1s and Alvarndo 
(20 !O). Tlu: Jalisco S1e~u111as1odon skclclon strcngthcns this case. as it 
dcmonstrntcs scvcral IC<1turcs ofthc posterania (cspccially ufLhc !'orc
aml himllimbs. scc abuve) in whieh !he Argcnlinc "S/egomastodon" fos
sils diflCr substanlially from North Americm1 S11•go111a.v1odo11 and in
stead fl.!SCmblc fluplomax/odo11 and Cm•iercmiw·. Likc Fcrrclli (2008) 
and Lucas and Alvnrndo (2010) wc ¡1dvucate using thc n<irne 
Nutiomastm/rm for thc Argcnlincan fossils th;1t ('¡ibrcrn ( 1930) originally 
(ami wc bclicvc crToncously) <issignc¡J tu S11•Ko111as10do11. The Suuth 
American gompholhercs are thus a l'lio-l'Jcistocenc cvoluliunar;.' radia
tion of'C111·ie1v11i11s hyudun in !he Andr.:an Cordillera and its desccnd:ints 
1\'01im11a.1·1od1111 and 1!11pfu111astodo11 in the Brazilian tropical lowlands 
ami thc Argcnlinc pampas. 

SPECIES-1.E\'EI. TAXONOMY OF STEGO!llASTODON 

l'uhlig ( 1912) cuincd the n<imc Stcx1111111.1·1odo11 for l.cidy's ( ! 859) 
Ma.\'fm/rm miri)icus. Thc lmlotypc oflhe genu1ypic spccics S. mirijicu.1· 
includcs USNM 209. a lcl\ denla!}' lh1gmenl wilh m3 (Fig. 28)_ 'l11is 
spccimcn documents diagnnstie ICaturcs oflhc genus - the brcvimstrine 
lower jaw !acking tusb ;111d thc 1113 wilh si.x lophs llrnt show rcl:1tivcly 
cumple.~ (al lcil~l double) lrcf'oils. Oshom ( !936. p. 667-684} prnvidcll 
the last dctailcd rcvicw or thc gcnus SteJ:o11w.wodon. to which he as
signc<l cight spccics. 1 !ere. wc bricfly rcvicw thcsc spccics. and othcrs 
thal h:wc bccn assigned ln the gcnus. 

Slt'J:m1111st11tltm clwpm1111i 

1 luys' ( 1 834) spccies 1\1axlodo11 dwp1111111i was based on par1 or 
;m uppcr rnoJ¡ir crown with lhrce lophs that havc a complex enamel 
p<1llem (ll<1ys, 1934. pi. 22. ligs. 3-4:0sbum. 1936. fig. 637). 'l11e typc 
h¡1s long bccn los1 {Üshom. JIJ36. p. 669). and its col!ccting Joc¡ifüy is 
unknown. Although Osbom ( !•J2~. 1926, 1936) rcfcrrcll !he tooth fr.ig
ment to Str:}!.omos1odo11. il is nol diagnostic of the gcnus <1n<l could. 
inl.kcd. he long lo anothcr gomplmlherc ¡;cnus su ch a Go111plw1hcri11111 or 
C1wienmi11s. Wc lhcrcforc regar¡] Ala.1·1odo11 clu1p111ani as a nomen d11-
b111111 {110111c11 1·a1111m) bcs1 forgoucn. 

StegomasltHl<m mirificus 

Lcidy's ( 1859) typc of Alm1odo11111irific11s (Fig. 28) was said lo 
be from Lhc "Loup Fork of Pl¡itlc River." Nebraska. which accurding lo 
1 luy ( 1924. p. J 00) wi1s prubably ncar Scncca in Thomas Counl)'. and 
Osbom { 1936) a.~signcd it an c¡irly-mi<ld!c l'lcistocenc <1ge. 'l11e spccics 
S. 111irific11.~ is the oldcsl v;1Ji<l spccics of'lhe gc11us (and Ll1e typc spccics). 
so il is thc namc most commonly used for ¡¡ spccics of'S1eK0111ustodo11. 
ln<lccd. KunCn un<l Andcrson ( 1980) considcrcd S. 111irific11s to be the 
only valid spccies of'thc genus (hui sec bclow). l'articularly significan! 
for understanding morphulogy and variatiun in S. 111ir{lic11.1· is !he popu

lalinn from the Blancan Cita Canyon loc:ility in Texas dcscribed b) 
Sav¡¡gc (1955). We consider S. mirificus lo cncompass most known 
Slr:gomastodon spedmens. This spccies has check tccth th;:l! wcar to 
doublc trdbils. second molars wiLh ru<limcntary fourth lophs/lophills 
an<l lhird mulars with 6-7 lophs/lophids. 
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Stegoma.~tod1m .mccf!'iSor 

TI1c 1ypc or 1\la.wodo11 s1rccessor Cupe. 1892. is an incompklc 
lower jaw with lefl m2-3 from thc Bl;mcu Funn<1Lion of W1.-sl Tex<1s 
(Cupe. 1893. pis. 16-17; Oshom. 1936. tig. 641), Thcm3 ha.~ six lophids. 
and the wom crown ufm2 has comp!cx trefoils. McOOe (1945) <locu
menlcd tl1c samplc uf S1egvmastodon from thc Blanco Fonnation und 
notell (p. 525) th:it thc hulotype ofS. mirijicus falls within thc r.ingc of 
vari<1tion ofthe l3l<1nco S1e¡w111as1odo11. B:t~c<l on lhi~. Sav;igc (1955) 
regardcd S. s11cce.1·sor as u junior subjectivc synony111 oí S. 111irific11x. We 
concur. 

StegonwsltH/011 oflu11i11e 

Cu!vin ( 1909) 1.k-scribcd a single M3 frrnn thc lower l'lcistoccne 
("Allonian") ol'low¡1 !hat hc cumpared lo Swgomas1odo11111irifk11s (lhe 
Joc:ilily is lrvingtonian: Skinner m1d l libbard. 1972). Oshom ( 192<1) cuincd 
thc ncw spccies S. 11jio11i11e for lhis molar. which has sevcn luphs an<l ¡i 

talonid plus ¡1 cumplic:llc<l enamcl paltem. ·nms. Oshom (1924. !936) 
regarded S. ajio11it1¡• as thc most advanced (rnid geologic;1lly youngesl) 
spcci1.-s or Stego111astodo11. lluwcvcr, sorne spccimens or S. 111irific11s (= 
S. .1·11cc1'.l'.1·or. S 1e.rc11111.1·) from the l::nc Bh1ncm1 ofTexas ovcrlap the size 
and murphology orihe holotype ors t1/lo11ior:. 

The possihility that a dcrivcll. gcologically yuung (lrving!nnian) 
specics ofS1i•go111axtodo11 can be rccognized merils consideralion. For 
cx;m1plc. ll1e S1ego111as1odm1 palalc from the lrvingtonian Tortug¡L~ Moun
t;iin gravel pi1 in southcm Ncw Mcxicn (\.ucas el al., 1999. 2000) llis
plays;1 <lcrive<l morphology no! unlike th:n ofS. c/_f/(miw:. Sajioniae. thc 
rnosl dcrivc<l spccics of S1c}!_m11t1.flodrm. has VCI}' complcx trcfoils. a 
fot1rth loph/lnphid on thc sccon<l mo!:ir •md 7 luphs/luphids on the lhir<l 
molars. 

Ste¡:m11as/ot/1111 texm111.\· 

Qsbom ( J 924 J coinc<l :1 secon<l spccics or Blanco Ponnation 
Str:gomaxtodon fi.w a skull wilh tusks and mandiblc with wom m3s. 
Mcade ( 11J45). in his rcvicw ol'the Blrn1cn F11nm1lion Sl<!J!.011111.1·1odo11, 
concludell time thc sarnplc rcprcscnls a r;mgc of vari<1lion lhat suggcsls 
une spccies, so he syonymizell S. .rncn•.uor :111d S kw11111s, We agrce 
with this conclusion. as di<l Savagc { 1955). 'Jlrns. S. .1·11cces.1·or anll S 
l<•.w11111s ¡¡re synonyms oí S 111ir!/ic11s (cf'. Sav;1ge. 1955). 

Stegom11xtodm1 horhouri 

Osbom ( 1924) created a "st1hgcnus" J\-/orrillia íor 7i:tralophodon 
barf1011ri írom the l'lincenc of' Nehraska. Tobicn { 1973. p. 243-2-16) 
rcvicwcd in dctail tl1c status of Morriffia barbo11ri (alsu scc Osbom. 
1936. p. 377-379) an<l concludcd th;1\ /\1orriflia barbo11ri is dcfinitcly a 
Sl<:¡!,omastodcm ;ind likcly S. mir!/icus. Wc agrcc. and lhus rcgar<l il as u 
synonym oí S. 111ir//ic11x 

Stegomu.wodon ariwnue 

Gidlcy ( 1926) named S1eK0111astodrm ori;onae for ¡¡ partiul skd
eton ( includcs u skull ru1<l lower jaws) frum the late Bl<1ncan Curtís Ranch 
local fuuna orsoulhcaslem Arizona. l'ascnko and Lucas {2011) revicw 
the record oí Arizon;i Ste¡!,o///asfudon (and oll1cr gomphothercs) lo con
cludc that S 11ri:mwc is a junior subjcctivc synonym of S. miri}ic11.1· 

Stegomasrmltm priesrleyi 

l!ay and Cook (1930) n:imcd Go111photlll'ri11111 priestfeyi for a 
lowermolar fragmenl from a grnvcl pil near Frcderick. Oklahoma. Oshom 
(1936) rcgardcd thc locnlity a.~ Plioccne and assigncd G. prieslleyi lo 
Stegomastodon. Whilc this gcnerica%ignmcntmuy be COITCC!, thc hulo
typc toolh frngmcnt of S. priestfeyi is too incomplcte lo be ¡Jj¡ignoslic oí 
n spccies or the gcnus. Thcrcforc. wc reg<1rd S. prie.wleyi a.~ a no11n•11 
1Í11/Ji11111 (11011/í:ll VW/11111) 



54 8 
Stegm111r.1"ftJd1111 primiri1'11.1· 

Osbom (1936. p. 726) namcd S1ego111oxwdo11 primilh'lls for a 
p<.1lalc th¡¡t 1s part of a quarry samplc of Stego111w·1odo11 founi.l ncílr 
Ainsworth. Ncbr.iska, rcfi:rrcd to lhc mcdi;i! Bl<:mcan Sand Draw founu 
{Skinncr and 1 libburd. 1972). Osbom diagnoscd !he spccics by its re!:1-
tivdy primilivc mol:ir morphology of Jivc lophs/lophids and n:lativd) 
littlc lrcfoilíng. 1 [owcvcr. as St1v¡¡gc ( 1955. p. 66) notcd. lhc morphology 
ofthc S. pri111i1fr11s samplc dcscribcd hy Oshom ( 1936) 01'crlaps th:u of 
thc l:itc B!ancan Ciw Canyon aml Blanco Fonm1tiun s¡1mplcs ¡L'i.Signcd lo 
S mir{/icus. S¡w;1gc ( 11)55) thus cxprcsscd skcplicism ubout Lhc validitv 
ofS primifil'llS. Howcvcr, wc rcg:.m.J S.primilirus ("'-S. re.troadensis) ;~ 
!he muse primitivc spccics of Sli>Ro///aslodon char;1,·tcrizcd bv check 
!Cc!h wilh rcl;1livcly simple 1rcfoils, sccond molar.; with thrc~ )nphs/ 
Jophi<ls and lhir<l molar.; with 5-6 lophs/lophids. 

Ste¡:omn.Wodo11 re.xrmufemi.f 

Wundburnc (1961) n;uncd thc ncw spccícs Sh'R0111as1odo11 
ri>.vuude11.1·is for lccth from thc medial Blancan Rcxroad füum1 ofKansas. 
Thc tccth ofS. 1v.\rO(l(/e11si.1· !wvc simple ll'l!foils and thc molar.; havc 5+ 
lophs/!ophids. Thcy are thus indistinguishablc from lhosc oí'S primirh-11.1·. 
bul Woodbumc ( ! 961, p. K4) distin¡;uishc<l thc spccics by thc smallcr 
luwcr jaw of S ri.'.1·r11(tde11s1~·. Woodburm: { 1961, p. KKJ lhus rcl\:rrcd to 
Savagc ( l 955. p. 66). whn nolci..l thm onc oflhc jaws nf S. prim/f/1'11.1· is 
unusu;illy larg<.: for thc dcntition. 1 lowcvo:r. this sla\cmcnt only applics 
tu onc jaw of S. pri111i1iw1.1· (F:l\M jAmcrican Muscum of Natural llis· 
lory. Frick Cnllcction l 249K5): thc olhcr jaws in thc S. primitiv11.1· quarry 
s;m1plc frum Ncbr:iska are much smallcr (thcy cnnl<lin dcciduous lL-ctli· 
Oshnm, !936, Jig. (176. p. 728). Signi!icantly. Woodbumc ( l9í1I, p. K/I) 
mitcd lhat only onc nmndiblc oí S rexromkmix (UMMI' 33366) is 
mcasurabk. hui he l\!portcd no rnclrics than can OC comparcd tn thosc of 
thc (.]uarry samplc ur S. pri111i1h-11s. lnsicad. he rcportcd symph)•scul 
lcngths of lhc Rexroad spccimen ( [ 15 mm). which ovcr!¡ip !hose oí' 
spccimens he assigncd ol'S, 111irific11s. We concludc inslcad tl1¡1tjaw sizc 
is v<1riablc among.Sllxo111as1odo11 ¡u1d clcarly is influcnced ontogcnlica!ly. 
il'nul b)' ulhcr facto~ (scxu¡il <limurphism'!, cpigenctics'!) nol relevan! lo 
taxonnmic distinctions. Thcrcfon.:, w<.: considcr S J"{'xroadenxis to lx: a 
junior st1hjcctivc synnnym ol'S. pri111itil'1tS. 

Summary 

TI1crc havc bccn two cxtrcrnc approachcs to thc spccics·kl'cl 
taxonomy ofS1ego111a.Ytudo11 rcprc::;cnlL'd by Osbom ( 1936) and b)' KurtCn 
and l\ndcrson (1980). Osbom (1936) rcoognizcd scvcn va lid spccics and 
arr,mgcd lhcm in thc morphoclinc S pri111ifiw1.r -> S succi:ssor -> S 
mirific11.1· -> S d1apmu11i-> S re.w11111s ->S. ari=mme ->S. ajioniae. 
In conlr<L~l. KurtCn :md An<lcrson (1980) assign<.:d all Sti:}.:CJmastodon to 
onc spccics, S. mirijin1.\'. 

Thcn.: is cxtcnsivc morplmlogical ovcrl;ip ;md pulymorphism in 
thc cntirc samplc orNorth l\mcrican .'ikgumastodun. bue il is possibk lll 
cons1ruc! a chronomorplmclinc from th..: S1cgo111a.1·todm1 s:1mplc ch;il 
allows rccognition of !hrcc succcssivc spcci<.:s thal do tcmporally m1d 
morphulogic;illy ovcrlap. but lhat can he dislinguishcd. ·ni is is similar to 
!he taxonomy uf Nor1h 11.mcrican 1\lrm1m11flt11s in which thc 
chronomorphoclinc M. 111eridiu11a/is(ur M. lmyi)-> M. imperaror-> 
Al. cofumhi recognizcs thrcc distincL lll•lrpholypcs lliat noncthclcss grndc 
Ínlo c;:ich othcr ;:ind lcmporally ovcrlap. Thc mos! primitivc spccics uf 
Str:go111us1udo11. S. primilil'ltS Osbom (=S. !'<'x1vudi:11.ris Wnodbumc) is 
carly Blanc;m in ¡1gc. 'l11c typc of S_ mir//)c11.1· is from a silc ofunknown 
;:igc in Ncbr.:isk;:i; howcvcr. most spccimcns oftl1is spccics are !ale Blancan 
'llic typc of' S aflo11i!li: is from thc carly lrvingtonian uf low;:i (Osbom 
1924). 

Wc vicw thc cvulution ofStr:gomastm/011 as lhc devclopment ofa 
<lcrivi:d. grazing gompho!hcrc. Thc la!L clcphantid-likc skuJJ dircclly 
abovc thc shorl. rnbusl lowcr juw sugg<.:Sl~ a powcrful vcrtic;1] hile ofthc 
rclativcly hroad and incrcasingly i:omplc:1.. grinding check tcclh. Thc 
rclativcly graviportal !irnbs of !he Jalisco S{(!gm11a.r1odo11 support thc 
id..::1 ul" a l;1rgc quadrnpcd covcring long distan ces in open country. mu ch 
Jik..: olhcr largc savannah-a<lapted proboscideans. Tlms. Stegumastodrm 
was likcly a grazcr. ;md it is no coinci<lcncc llmt its disappcarnncc in 
Nnrth l\mcrica <luring thc carl)' lrvingtonüm i.~ almos! crn:val with lhc 
appcarancc uf ;:i more cfTcclivc grazcr, Mm11111111'111s 
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~1. 170mm 
12_ 260 mm 
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M( i.(l<'ll) 

MC 3 llel!I 
MC4 fü•!<I 
M( ~11<'11)1 

MC 2 l"i!lot) 

M( 31"1!1\t) 

MC4 ln1:h1) 

MT: U~ltl 
M12(lt•fl) 

Ml3(kf1) 

MT 4il<•I!) 

MTSll<•Jt) 

Ml l {ro¡;ht) 

MI "l(rtr.hl) 
MT 31,,¡:hO 
MT4 lror,ht) 

MTS{"l:MI 

1or,1Cl'H11 llj 

fir'l CPfl IU IL) 

fu\1 CPll IV 111 

f11•,1 CPli V (LI 

1<"1 CPU ll{RI 

fff\1CPll111 (RI 

fu>! (.PU IV(ll) 

fi"t lPH 11 (ll 

l>r\! 1PH 111 lll 

Flr>t TPll IV(l) 

flf;l lPHV(Li 

IU\1IPfl11 (ll) 

fn't TPH 111 (RI 

fot\t JPfi IVIRI 

r.,,1 Tl>fi <V {R) 

llB<vm 

' 
l7~mm 

l~I mm 

B9 mm 

l5S """ 

-ssmrr 
98mm 

llSmm 
1\Smm 

65mm 

'JHmm 

1 !4 mm 

lllmm 

fiGmm 

7Hrnm 

8Smm 
7.imm 

R7mn1 

86mm 

71,m•n 

'.14 mn1 

(,(,mm 

-57 '"'" 
~4 '"m 
~'J nim 

G5mm 

63mm 

Wmm 

Smnllest 
deplh or 

di~phv>l• 

50mm 
SS mm 

~8 mm 
~6 mm 
7J mn1 

S~mm 

~·,mm 

30mm 

42mm 

37mm 

48 mm 

SS mm 

29mm 

4Jmm 

31> mm 

4Hmm 

78mm 

SmJll<'Sl 

d<'plhol 
dlaphy•I' 
Jlmm 

J6<1Hn 

14rnm 

40mm 

J8mm 

.lhmm 

3~ '"'" 
lOmm 
Jbmm 

39mm 
3lmm 

l'Jmm 

41mm 

l!lmm 

Smallest 
b•ndth of Depth ot Brcadth al O...pth of Brcadth ol 

dlaphy<ls 
42mm 

78mm 

nmm 
19 mm 

1>7mm 
I~ mn1 

' 
29 """ 
S3mm 

66mm 
l>Omm 

89mm 
l6mm 

~6mm 

6S "'"' 
'•llmm 
nmm 

r.maUe>! 
breadth of 

dlaphy<I• 

l>Omm 
67 mm 
1.Jmm 

6lmm 

fi4mm 
b)mm 

47mm 

Mmm 
(>Srnm 

51 mm 
4bmm 

G~mm 

62mm 
~Jmm 

p<011lmol end proxlm~l end dlnal cnd dlsuil end 

81mm 

IO~ n1m 
lOl mon 
!Ol mm 

l07mm 

311 mm 
Hmm 

77mm 
8lmm 

90mm 
~l mm 
nmm 
7&mm 

ll~mm 

87mm 

57mm 

<JSmm 

86mm 

93mm 

l!O•n•TI 

l6 m•n 
S'lmm 

¡,<¡ "'"' 
lll>mm 

79mm 

~'"'"' 
61mm 

7lmm 
Mmm 

81 "'"' 

Depth ar Bre~dlh ol 
pro11lmal <'nd prQ11lmol end 

10nun 

6'· """ 
¡,•,mm 

6Smm 

~mm 

67mm 
1;7mm 

~lmm 

Slmm 
~6mm 

~2 "'"' 
'>lmm 

Slmm 

~dmm 

'o~mm 

/4mm 
¡,¡,.,,.,, 

80mm 

7~m111 

86mm 

Hlmm 

~~mm 

r,qmm 

71 mm 

6S mm 

~9mm 

67mm 
67mm 

c,1,mm 

67mm 
8Cmm 

86mm 
'.lOmm 
¡Q]mm 

92 """ 
H•1 mm 

(>8mm 

67m'" 
7Gmm 

61 mm 

6.lmm 

(J7 n1m 

74mm 

65m"' 

Ocprhol 

dhl~I ~nd 

3bmm 

Vlmm 

16mm 

(,~mm 

l'Jmm 

39mm 

Jllrt•m 

55mrn 

$8mm 

S~mm 

~Smm 

~7mrri 

lOJmm 

GR mm 

S2mn• 
S?mm 

81 mm 

f>8mm 
~mm 

l!Omm 

S?m<" 

Breodth of 

dlst'llend 

10mm 

~Omm 

(J7mm 

77mm 
/(,mm 

~Omm 

f,fmm 

5lmm 
4Hmm 

r.smm 
67mm 
\4mm 
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