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VERY little is kno\v11 concerning [lie t a i l - s~~ppor t  structure of early 
teleosts, especially those horn tlie Mesozoic. T h e  discovery, in tlie 
University of Michigan M ~ ~ s c i ~ l n  of Paleontology (UXIhIP), of a well- 
preserved caudal skelecon labeled "l'ortlre~rs t~zolosszrs" (UhlMP 9358), 
from the Pierre Shale o l  M'yo~ning, lias prompted me to investigate 
the caudal skeletons o l  tlie genera Xiph(rcti,ll~s (= I-'o~.tlre~rsj, Ichthyo- 
dectes, ancl Gillicrrs. 

These tliree genera form p;ut o l  21 closely interrelated group of Cre- 
taceous marine fishes ternietl che "Xipl~crc~titrzis Group" by Rarclack 
(1965). In an  extensive systematic study, Bartlack attemptetl to clemon- 
strate that phylogenetic connections exist between the X i p h n c t i ~ ~ z i s  
G r o ~ ~ p ,  certain Jurassic genera such as Tl/?.issops, Pachythrissops, ant1 
Mesocllipea, and the liecent Chirocet1tr1r.s. H e  has further chosen to 
treat these fishes as lnembers ol' one I'anlily, the Chirocentridae. Bar- 
clack's discussion does not extent1 to ;I nuniber of import;unt structural 
details ol' the ca11c1;11 skeletons (especially o l  Xipll(lctinlrs and Chiro- 
centrzrs) which I  take 1113 in chis paper. 

In  contrast to Barclack's phylogenetic concl~~sions,  ~ n y  findings 
strongly indicate that C l ~ i r o c o ~ i t ~ . ~ i s  h ; ~ s  no close reliltiollsllil) with 
Xiphnctinlts,  Icl~thyocl(~c,tc,s, and (;illirris, bu t  belongs with the Clu- 
peoiclea, as most often lielcl by systelllatists \'\lorking with living fishes 
(Gosline, 1960; \\~liitehe;~tl, 1'3(i3; C;reenwootl ct ol., 19G6). 

Recent clupeoids all possess ;I conlnloli typc of ca~~c la l  skelecon n~hicli 
is characterized by a number of tliscinct features as outlined below. 
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T h e  progenitor of such a structural plan is as yet unknown among 
fossil teleosts. I n  an effort to throw some light on the subject I present 
brief accounts of the fossil clupeoid genera Diplonzystzis and Knightin 
from the Eocene, Green liiver formation of S\Tyoming. These forms, 
particu1;irly Di;blo~t~ystzts, have a lnore "primitive" tail structure than 
the Recent clupeids and, when coinparetl directly, raise the problem 
of structural levels of organization ancl genetic relationship in fishes. 

MATERIALS A N D  METH0I)S 

Nearly all of the available cautlal luaterial (some 21 specimens of 
Irhthyotlectes, Xiphactinzrs, antl Gilliczrs with tail skeletons in various 
states of preservation and preparation) in the University of Kansas 
Museum of Natural History (KU1) has been examined for this stutly. 

T h e  Michigan specimen referred to above, UMMP 9358, is in one 
nicely i~rticulated unit. I t  consists of nine caudal vertebrae, the cauclal 
fin s~lpl)orts, and the proximal parts of the lower caudal fin rays. Both 
sides of the speci~nen have been preparetl ant1 the complete series of 
~~rot ler inal  bones on the left side has been removed to expose the up- 
turned caudal centra. I believe that the taxonomic assignment of this 
specimen is incorrect antl that it actually represents a species of Ichthyo- 
rlcctes. T h e  neural ancl haemal spines appear to be more appressetl 
through the caudal peduncle than they are in Xiplractinlrs; the lateral 
ridges and grooves of the vertebrae are closer to those fount1 in Ichthyo- 
rlcctes ancl Gilliczrs; and the shape of the llypural 1 element resembles 
Ichthyotlectes more than it does Xiphactin~rs. Except where the very 
large size can be used as a criterion to separate parts of the tail skeletons 
of Xiplzactiaw, the three genera, Ichtkyodertes, Xipl~nctit~zrs, and Gil- 
licus, can be easily confused. I refer to all three as possessing in com- 
mon an "Ichthyotlectes-type" oS caudal skeleton. 

Other UMMP specimens examined, with measurements, in mm, of 
standard length, are: Diplomystzls sp.: No. 52891, 84; 52899, 50; 52894, 
66; 1108, 89; 52890, 62; 21425, 84; 52892, 81; 52895, 144; 52900, 122. 
Diplonzystzls dentat~ls: No. 15743, 355; 26314, 168; Middle Eocene, 
Green River formation, Wyoming. Knightirr eocciena: No. 52903, 133; 
52904, 105; 52889, 89; 52907, 116, Middle Eocene, Green River forma- 
tion, Wyoming. 

In the University of M i c h i g a ~ ~  Museum of Zoology (UMMZ) Chiro- 
r,e,ltrirs tlornb, No. 180095, Java, one cleared and stained specimen, 
101; Alosn pseudolzaretlgzrs, No. 183684, 65, Michigan, one cleared and 
stained specimen. 

Numbers unclcr 10,000 are thosc originally assigned to t l ~ e  specimens. 
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T h e  terminology used to describe the bony elements in  the support- 
ing  structure of the tail is that ol' Nybelin (1963). Stated briefly, the 
ural centra are defined as those that Sollow the last caudal vertebra 
with a haemal arch enclosing tlle cnutlal artery, and the hypurals are 
the lnetlian ray-supporting elements ;tssociatecl ~vi t l l  ancl positioned 
below ant1 ~ ~ o s t e r i o r  to the urals. T47ith respect to Gosline's (1960, 1961) 
terminology urals 1 antl 2 replace llis postterminals 1 and 2 ;  hypural 
1 is equal to his hypul-a1 2. Ciosline (1965: 191, footnote) has since 
l'ollowecl Nybelin's revision except for the use of the term urodermal 
I'or uroneural. Nybelin (1963) presentetl fossil (but not embryologic) 
evidence supporting his view that the paired "uroneurals" are of 
dermal origin, and pointed out  that Regan ( 1 9 1 0 ~ )  was incorrect in 
post~ulating the tleriv:ttio~l of tllc " u r o ~ l e ~ ~ a l s "  I 'ro~n fused neural arches. 
1 belierze Nybelin is i,igllt in his interpretation. 

KI<SUIATS 

Fig111.e 1 (A ant1 K) shows a reconst r~~ct ion of the "lchthyodecles 
type" ol' cautlal skeleton rvith ant1 ~vi thout  the urotlennals in place. 
T h e  reconsu-uction is basetl mainly on  U M M P  9358. 

I n  gener;il aspect the most striking characteristic of this tail skeleton 
is its compact >tppearance I'ormecl by the strongly appressed neurill and 
haemal spines that snreep sllal,ply back~vartl. Througll  the pecluncle, 
these spines grip the centr;r fir~nly. In aclclition they are flattened 
dorsoventrally to give a marketlly slentler yet strong caudal peduncle 
and  tail-sul)l)ort, T h e  constriction of the ca~ lda l  peduncle appears to 
be slightly more prono~uncetl in (;illic.zis and Irhthyodertes than in 
Xip1lnctitllr.s. Clliroco~trzis does not share this character. Approxi- 
mately 5 n e t ~ r ; ~ l  spines antl 6 llaemal spines are inr.olvet1 in cauclal-ray 
s~11111ort Tl le  1 ; ~  three or Sour centra of the vertebral column turn 
sharply up~~:wt l .  These are preural 1, 11r;tI 1 ,  ancl ur:11 2. Each oC these 
centra is tapel-etl posteriorly and each ;tpl)e;n.s to retain its indivicluality 
with coinpletely tlivitling ;~ r t i c t~ la r  st~l.faces. Ural celitra 1 and 2 are 
much reduced in size. 

Behind the taperetl poste~.ior entl of' ural 2 is a long narrow space 
where four of the upper 11ypur;tls are seated. Th i s  space was probably 
occupied by cartilage (Hollister, 1936). Pre~rra l  1 seems to have a 
~ l e ~ l r a l  ;ircll fused to it bu t  I cannot find an ;~ttaclletl spine. I11 the tail 
section perllaps all of the ~ l e u ~ , a l  and haemal arclles ;ire fused to or 
firnlly united wit11 the centr;~.  T h e  last four 1l:temal arclles increase in 
s i x  c;t~~tlatl. 7'he final arch, 1vhic.11 is attiiclletl to preui-al 1, is out- 
standing for its great deve1ol)ment and lateral expansion. T h e  sides 
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FIG. 1 .  "lclitlryor1rclr.c ty l~c"  of cnud;~l s k c l c t o ~ ~  Ij;~setl on IJMMP 9358, Piel.1.c 
Sl~alc ,  Wyol~ling-. (A) u~-ot le t .~~r;~ l s  in pl;~cc.; (R)  ~ ~ r o t l c l - ~ r ~ ; ~ l s  1-ci~~ovcd.  Abbrevia~ions: 
IQI. C ~ I I ~ L I I ;  FIA, I I ; I C I I I ; ~ ~  a1e11; 1~1% I I > I ~ I I I ; I ~  51)irlc; I Iy ,  I I ~ ~ ) I I K I I ;  NS, 11c11raI S I I ~ I I C ;  
1'11, 1)1.(.111.;11 cc'ntrtIIII; U,  ~ I ~ L L I  C C I ~ I I ~ I I I I I ;  IT)., LII~OCIC'I.III;II. .Sc;11(' 1 C I I I .  
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ol this ;ire11 extcistl ~11)w;lrtls covcring part of the eelitrum above. KU 
168, coilsistiilg of ;I portioli ol' the ta i l -s t~ppor- t in  asselrlhly of Xiphcrc- 
ti~rlc.r ( l ~ i d n x ,  gives ;I gootl view of the last 1laeln;rl arch (see Stewart, 
1000: Plate XLVII-E, fig. 1). 

I ' llc Iiist tl~r-ec or  lottr liacmiil spincs are swolle~i in diameter as 
~)ointetl  out  I)y 1S;irtl;ick (I!)(i5) ;ilitl int1(.11 less tlorsoventrally (:om- 
~~"esse t l  t11ii11 tllose p1.ecetling. T11e spine 1)elonging to pi-eui-a1 1 shows 
21 s l i g l ~ ~  l;rter;~l compl-ession ant1 is gi.oovet1 wllel-e it 211-ticdates with 
tllc c:iutl:~l r;~ys. 7 'he other- 11:1cinal spines that articlil;~te ~ ~ i t l l  fin rays 
;ii.c latct.i~lly compr-cssctl a t  their clistal en(ls. 

Fl'l~er-c ;~l)l)c;u- to Ile seven int1ivitlu;tl c le~~le l l t s  in llle hyl~tiral  series 
of the "lr . lr~lryorl i~c~cs type" ol tail skeleton. T w o  Iiypui-als belong to 
t l ~ c  lower (.;iti(I;il lobe ant1 live to the upper. UbIWlI' $1358 shows oilly 
one lower llyl,~l~.al. I believe the sec-ontl hy l~ura l  is missing in this 
spu.iilnen si11c.e such ;In clcnicrit is seen resting along tlle tlorsiil bortlei- 
of Iryl,ur;il 1 i l l  Xifilrcrc.li~rzes ciretlox-ICU 103 (Pl. I ) .  

Myl)t~i-;il I is by Sar the most interesting bone in  the whole calrtlal 
c.o~rll~lex. It is ;it once tlistinct l'roni the otllei- llyl,urals by its shape 
a11t1 by its Inarllier of ; ir t ier~l;~tio~l with ural centrun11 1. Figlire 2 sllows 
;I scp;wate 11ypllr;ll 1 o l  (;illir.rrs. T h e  a11terior portion of this bone is 
rod-like with a contlyla~. entl. Posteriorly the bone is expalltlecl into 
:I spatt11;ite plate. T h e  lower 1);u.t of the hypur:tl is clifferentiatecl into 
a 1.0~1-like lo lm tI1;it projects beyorltl the vertical posterior border of 

FIG. 2. I-Iypural 1 of "Gillict~s crrctrol~ts," KIJ 947. Al>breviatio~ls: AP, anterior 
condylar p~.ocess; PP, posterior PI-occss; SP, expandctl spatrrlntc portion of hyptrral. 
Scale 1 clrl. 
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the hypural. This lower part of 11ypir1.al 1 resembles that of the haemal 
spine just below it. 

The  ro~~nde t l  al-ticulating encl of Iry1)1rr;11 I is received by ural 
centrum 1 which is ecl~ril)l)etl with :I facet on its ventral surface. KU 
1 and KU 10274 both show rrral 1 in an exposetl condition. T h e  facet 
is circular, rather tleep, ;untl appears to Ile formed originally from a 
separate ossification that is possibly a nlotlifiecl haemal arch. I n  KU 
10274 the hypural elements ;ire out o l  proportion t.o the haemal spines 
(the latter being larger) indicating that parts of two inclividuals are 
present. 

T h e  tlistinct hyp~rr:il 1 is ;t char;rcte~.istic of the three genera exain- 
ined: Ichthyodectes, X i p h n c t i ~ ~ r t s ,  ant1 Gillicrts. Specimeils showing 
this hypural are: Irh thyodcctes-KU 210, 112, 1, 11663 (determination 
tentative); Xiphartinlrs-KU 168, 103; ant1 (;illictts-KU 33648, 250, 
10274,947. 

Hypural 2, mentionetl above, is a slentler, laterally compressed bone 
situated dil.ectly above and in close j~rxt;rl)osition with hypural 1. I 
was not able to ascertain whether hypur;il 2 :trticul;~tes with a ~u-a1 
centrum or with the rotl-like anterior entl of hypural 1. T h e  other five 
hypurals, as seen in UWIRIII-' 9358, 2n.e short ant1 blade-like and each 
is sligl~tly curved (tlorsal border convex). They decrease in length in 
ascending order. Hypural 3 articu1;rtes with ural centrum 2, but the 
other four are ;rllove the last ossifietl ccntrum. T h e  upper hypurals 
in Gilliclrs may be prol)ortion;itely longer and Inore curved, as evi- 
denced in KU 1 3648. 

The  pairetl urodermals are ;ilso 01' collsit1er:tblc i~lterest since they 
are exceetliilgly well tlevelopetl coinlxiretl with those known in other 
teleosts. UMMP 9358 possesses five sep;ir;ite strap-sll;lpecl bones on the 
left side ancl lour on the right sitle. 'I'llese urotler1n;tl elements, lying 
along the upturnetl vertebral colrrmn, fit closely together to form 
remarkable supporting antl strengthening units. In Xipkact inru  (KU 
103, P1. I )  the proximal ends of the urotlermals ;ire expanded. The  
nlost anterior element (urodermal 1) in this specirnen extends forward 
to preural centrum 4. 

Five pairs of urodermals may be the typical number in the "Iclzthyo- 
dectes type" of caudal skeleton. KU 103 antl National Musenm of 
Canada 8151, Xiphnctinus,  each has 5 urotlermals on the right side; KU 
995 and KU 101 1, Ichtlzyodectes, each has 5 on the right side; KU 
13648, Gilliczls, has 4 on the left side; and University of Nebraska State 
Museum 70026, Gill ic~is ,  has 5 urodermals on the right side, 
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111 its general structural organization the "Ichtlzyodectes type" of 
cauclal skeleton is similar to that of Inany ol tlle most primitive known 
living ancl fossil teleosts. Characters sucll as the upturned vertebral 
column with two ural centra, the separate, unfusecl hypurals usually 
tliviclecl into two lower and lour or five upper elements, and the well- 
tleveloped uroclermal bones (usually in a series) are shared by such 
teleost genera as H i o d o ~ ? ,  Esox,  Salrno, Elops, P tc~othr i ss~rs ,  Alepo- 
ceph,alus (Gosline, 1960, 1961), Ue17ticcps (Greenwood, personal com- 
munication), anel Allotlzrissops (Nybelin, 1963). As interpretecl through 
the recent classification ol Greenwoocl et ul.  (1966), these genera 
represent all of the major clivisional lines of teleostean evolution. As 
lar as the tail skeleton is concerned the assumed phyletic lines probably 
possessed, in their early stages, the same basic plan of organization 
which can be traced to the pholidophoroid level if Lep to l ep i ,~  is con- 
sidered as such. Gosline (1965) has alreacly remarked on this. One 
primitive teleost that does not fit the picture is the Eocene osteoglossicl 
Phnreodus, wl~ich tloes not possess the strap-shaped urodermals (Caven- 
der, 1966). 

Observations on cauclal organiz;~tioll at :I more specific plane show 
that the "Ichthyoclectes type" ol' cauclal skeleton can be distinguished 
from that of most other teleosts by these features: (1) the tlistinctive 
shape ol hypural 1, with its rounded anterior process ancl spine-like 
~os te r io r  projection; (2) ural centrum 1 possesses on its ventral surface 
a deep facet for receiving the condylar process of hypnral 1; (3) the 
long, well-developed uroc1erm;ils are arranged in parallel and form a 
compact structural unit; ancl (4) the massive haemal arch on preural 1. 

I believe that this type of cautlal skeleton is not only primitive but 
also sufficiently distinctive to set the genera that possess it apart into 
a closely interrelated group. I t  characterizes Ichthyodectes, Xiplzuc- 
tinus, and Gilliczw, but may also be l'ound in other members of Bar- 
clack's (1965) " X i p h n c t i n ~ t s  Group." Elsewhere within Bardack's "Chiro- 
centriclae" the cauclal skeleton of the Upper Jurassic "Tlzrissops" 
sc~lnzo~~czls  (= A llothrissops salnzo~7eus, Nybelin, 1964) has been cle- 
scribed by Nybelin (1963: fig. 11).  I t  is not surprising to find that 
there is a close agreement between this genus ancl Iclzth,yodectes in 
the clevelopment of the urodermals. Alloth~rissops has five long, strap- 
shaped urodermals in a fairly compact series. Judging from Nybelin's 
illustrations, the llypural arrangement in Al lo th~ i s sops  resembles that 
of Leptolepis  (Nybelin, 1963). 

The  caudal skeleton of Chiroceutr~rs has been described by Gosline 



(1960). H e  1 ~ 1 s  sllown that it tlifiers only in minor details from t h i ~ t  
fol~ntl  in [lie Recent (;l~~l)eicl;le. I igu re  3 (A ancl B) gives a direct 
coinpariso~l between the c.autlal skeletons of (;lriror.c,iltsris dorob ant1 
,,Ilosn j1scltc1ol~nrc~rrg1r.s. 01' consitle~.;~ble intei.est is the uniformity of 
occurrence of this part icula~.  type of tail structure throughout the 
Icecent Cll~l,eitl;~e :IS tlefinetl by \~\'liitelle;~tl (1963). Specifically, cautlal 
skeletons of the following gelicl-;I I~a\le I)cen i11vestig;~tetl: ,Jerlltiirsin, 
:lr~rlzo7iicllir, Hcr~ol,qrtl(i, Opisll~orrce~ctr, .Strrtlir~c~ll(r (Hollistei., 1936), 
l)lrss~crrt icrin, h'c~r7c1/(1loscr (Gosli~ie, I !)(iO), Clrr/Ic,n ( K a m a ~ l ~ ~ j a i n ,  1929, 
ant1 Kegan, 1910b). Cl~trtor.ss~r,s (Keg;tii, 1910b), Alosci, 111 cuoortici, 
l)orosorrrn, antl Ailc.lroci (1)ersoilal obsel.\,;ttio~i). I 'he  speciali~etl char- 
acters that itlentify the c l ~ t p e i t l - ( : l e i ~ ~ o ( ~ ( ~ r ~ / r ~ t ~  c;it~tlal skeleton are as 
I ' o l lo~~~~s :  ( I )  I n  the :~tlult, l l y l ) ~ ~ ~ . a l  1 is coinl~letely sel~arated from ural 
cen t r l~m 1, 11;~ving n o  bas;tl ;~ r t i c .~~ la t ion ;  (2) 11yl1ur;tl 2 is I'usetl with 
a11 or 1x11'~ of ural centruni I ,  c11e lattei being retlucetl to a small 
lxoniineiice at  the b ;~se  of the 11) 1)111.al (see Gosline, 1960: 336); (3) 
there are t~stt;llly t111.ee pairs of 1lrot1erm;ils of which the largest and 
iliost ;interior pair is nor~nal ly  I'l~setl to l~reu~- ; i l  centrum I ;  and  (4) 
lxeltral 1 is sll;l~.l)ly (;tl>eretl at  its postei.ior cntl, the ura1 centi-a I'ol- 
lowing it itre greatly retlucetl ;inti. ;tlong ~ v i t h  tllc first two pairs of 
urot1e1-mals, ;ire tlirectetl abruptly t ~ l ~ ~ v ; ~ r t l s .  It is ~vor t l l  ~ l o t i n g  that  
liypural 1 olten possesses a11 anterior (basal) projetti011 tlirected toward 
itral ceri tr~un 1. Hollister (1936: text fig. ~18) llas figuretl such a projec- 
tion ill ;I 22-inm Hct~(,rlgrilct. Hollis~el- f'ountl that  in a few young 
apecilnens ol ,/c~//iirlsicc, 11)11~1r;11 1 (etjlti~l LO Hollisier's 1iypur:il 2) is 
attaclletl to 111.i11 t e n t r ~ ~ m  I :is in E l o j ~ s ,  i\lcgcilops, :111tl AIDrrl(r. This 
a~.~-angeinent she t,onsiclers to 1)e the l)rimiti\se contlition. 

T h e  suggestion iliade by Bartl;~c,k (1965) that the c;tutl;il skeletoils of 
Xi/Ihnr,ti)lcrs ant1 Recent Clliroc,r,i7/rr1s are sinlil;~r is ilot convincing. 
T h e  simi1;uity extentls only to the a b ~ . u p t  t11)wartl orientation of the 
ural cent r :~  ;111tl ~trotIerin;~ls I'ro111 the h o r i ~ o ~ l ~ a l  vertebral axis, the 
sharp taperetl apl)e;trancc of' preul-;il cen trttin I ,  ;inti the reducetl ural  
centra (tlic latter are redttcetl to a greater tlegree in Chiroc.cl.ltrzts). 
T h e  t1iKe1-ences are mucll more 1)rono~tncecI. I\'here Clriror.e~itrlrs has 
three pairs ol ~ ~ ~ - o d e r ~ n ; ~ l s ,  the first t ~ v o  of ~ v l ~ i c l l  are long, Xiphnrt iulrs  
11;1s five pairs, all long ;incl all extentling to the le\.el of l~ reu ra l  1 as 
in Allothris.so~.s. l \71~e~.e  Cleii~occ~rrtrrts possesses ;I l ~ ~ p u r a l  1 element 
free from ~u-a1 centrun1 1, X i / ~ l r c t r t i r ~ ~ i s  has a l lypi~ral  1 with a strong 
basal art icul;~tion.  \\'here Xijblzcirti,~ 11s has five ~ ~ p p e r  hypurals, Chiyo- 
c.crltrlrs has I 'ol~r;  and,  finally, in Clliroc.eiit~'lis the appressed nature of 
the neural ant1 haemal sl)incs is absent. 



FIG. 3. Car~tlal skeletons of  Chirocrrit rlrc dorob (A), U3IkIZ 180095, standard 
lcngth, 101 tnni., and Aloctr /)\eltrlolrcrrc~rrgi~\ (R) .  UICIhIZ 18.7684, standard length, 
65 mm. Al)bl.cvi;ttion~ as in Fig. 1 .  Scalc 1 1 1 1 1 1 1 .  
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I t  remains to discuss the ol~vious similarity between the caudal 
skeletons of Chirocer~trzis and the Clupeoitlea. If Bardack is correct 
in the phylogenetic interpretation of his "<:llirocentridae," then the 
chirocentrids are only indirectly allied to the clupeoitls through the 
colniuon ancestral pholidoplloroid stock. The  clupeoids, he states, 
originated from the pholidophoroids by way of the leptolepids, and 
the chirocentrids evolved directly from the pholidophorids with Allo- 
thrissops as the stein chirocentritl genus. The  possession of the same 
type of caudal skeleton in Kecerlt Chirocevtrlis and Kecent clupeoids, 
then, cannot be explained through a close genetic relationship but 
rather as a result of independent attainment of the same structural 
plan. Such parallelism in locomotor ant1 feeding mechanis~ns in fishes 
has recently been discussed by SchaeRer (1965). With Chi~oce?xtrzi,s, 
however, the problem of s t r~~ctura l  similarity to the clupeoid fishes is 
not just limited to the tail but occurs in a number of other parts of 
the animal as well. Whitehead (1963) has listed some of the important 
Kecent clupeoid characters, all of which are shared by Chirocen.trus. 
Bardack (1965) in his discussion of the "Origins and Relationships of 
Early Clupeiformes" has listed nine cranial characters common to 
both Clzirotentrris and clupeitls. When postcranial features are con- 
sidered the list can be easily expanded to over twenty similar struc- 
tures that have, at one time or another, been taken by fish taxono- 
mists to indicate relationship. The  evidence weighs heavily in favor 
of regarding Chirocentrus as a clupeoid with strong affinities to the 
Clupeidae. 

A brief look at some fossil clupeoids may give a better understaildiilg 
of how the cl~~peoicl tail skeleton evolvetl. Two fossil genera of the 
Clupeidae are available-Knightin and Lliplornystus from the Eoce~le 
Green River formation, Wyoming. 

Kn,ightia eocoella has heavy scales that obscure the detailed internal 
structure. Its tail skeleton appears to agree closely with that of living 
clupeids. The  only significant difference that I find is in the hypural 
1 element which seems to possess a weak basal articulation with ural 
centrum 1. L)iplomystzis (Fig. 4) on the other hand exhibits a number 
of distinctive features. First, there are three well-defined upturned 
centra. Ural centrum 1 is not greatly reduced. The  vertebral axis bends 
gradually toward the upper caudal lobe and not abruptly as in some 
clupeids. Hypural 1 articulates with ural centrum 1 by means of a 
tapered anterior projection. Hypural 2 is firmly attached to the postero- 
ventral part o l  ural centrum 1. Hypural 3 is a greatly expanded, tri- 



I:I(;. . I .  (:;11t(l;11 sk (* l ( s to~~  o f  I ) ~ / ) / O I ~ I T . \ / I I . \  q).. 1'31311' .528!1l, s t :~~ i ( l ;~r ( l  l e~ ig t l i ,  84 
Inln.. ( ; l . c ~ ~ i  Kivel. fo1.111;1t ion. \\'yo111 ing. .\l)l)l-c.\.i;~t iolis ;IS in Fig. 1. Seal(. I mnl. 

:1ligt11:11. c1~~1iic111. I t  11;1\ :I 1)1-o;1(1 ;~ r t  i t  t11:1 t ion ~ v i  t 11 the \li;trply tapered 
t1r;11 celitl-11n1 2. 'T'liere a1-c lot~l- (11- fi\e 11l)l>el- liypt~ral\ (five occt~r in 
Uhl hlP no\. 2631 1,  15'7 1.3. 52X!)2) \vcr\rlr for~l- t~l)l>er Iiypural~, in 
Kuightilr ant1 othcl- clt~peitls. -1'llc r~rotlel-rnal\ :Ire well-de\~elopetl, 
scparatc clement\. 7'1~0 o11 c;i( I1 \itlc at-c long ;~ntl  st1-;tp-4iapetl. T h e  
th irtl ;111(1 ~no \ t  ~)ostel.ior l~l-o(lerlnal is ;I short, slight bone lying along- 
sitlc the clis~i~l entl of t~ro(le~.m:~l 2. 7'11~ most anterior tlrmlermal (uro- 
tlerrria1 1) i \  not ftlsc<l to l)rct11-;11 (en t r t~m 1 ;IS in the Recent Clupeidae 
:t r i ( I  Cltiro( ( > T I  t r i ~ s .  

FT'lit~s, in I ) i / ~ l o ~ r ~ ~ . s / l r . ~  ~ v c  f111tl ;1 (a11(1;11 skeleton ;11111roaching the 
type t l i ; ~ t  i \  wi(leslx-c:~tl anlong the lolvel- teleo\ts (e.g., /':Io~.F, H i o d o ? ~ ) .  
:\ctually i t  is somewh;tt in tertiiedi:~ te ill structure between tlie "primi- 
tive type" ;~ntl  that of the Ketent cluj~eitls. I t  lend$ good evidence to 
stlj,port tlic itle;~ tliat tlie ~notlet-11 clt~peicl c ; ~ ~ ~ t l a l  skeleton must have 
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evolved from a "lower" structural l e l d  of organization present, for 
example, in the Leptolepitlae at least as far back as the Lower Jurassic 
(Nybelin, 1963). Diplon7ystirs antl Ki~i,qllti(~ are men11)ers oS the clouble- 
ar~norecl herring group; the former is one of the oldest known clupeitl 
genera. Schaeffer (1'347) has construc.tet1 a tentative 1)hylogeny of the 
double-armored herrings tllat shows tlvo principal phyletic lines. One 
incorporates L ) i p l u n ~ y s f ~ t s ,  with sl~ecies ranging froin Upper Cretaceous 
to Miocene, antl the other contains the Eocene K17iglr tici, ~vhich prob- 
ably gave rise to the Recent double-armored herrings such as H y p c r -  
lophiis.  I t  woultl be worthwhile to trace changes in the cautlal skeletons 
in species of both lines. From the evidence shown liere it appears that 
by Eocene tiines the Knightin, line rel>resentetl by K .  eoccielrcl 11x1 
1xogressecl lurtller in the structur;~l organization of its tail than had 
Diplonzystus (specifically L)iploi~i)~strts de17tnfrrs). This assumes that 
the two genera possessecl the same type oS cautlal skeleton at their 
origin. A common ancestry was prol~osetl by Schaeflel.. 

As the evolution of "higher le\~els of organization" in fishes becoilles 
better unclerstootl it is ternpting to rely on parallelistn to explain the 
origin of similar s t r~~c tures  where fossil lineages are missing. Sonle 
genera mentioiletl in this paper, such as Afcsoc,lripctr, are too incom- 
pletely known to make a firm taxoiloinic assignment possible. hlthougll 
Bardack allied Afesoclripecr with tlle chirocentritls, Yako\~lev (1966) has 
recently placed the genus x,ith the Lycopteridae. 

Among the Chirocentritlae and Clupeitlae the origin of such struc- 
tures as their particular type of s~vimblatltler-ear connectioil ant1 the 
recessus lateralis of the cephalic lateral-line system remain unsolvetl. 
As yet the Sossil "chirocentritls" 11a1.e not yieldetl the answers. The  
cephalic sensory structures have been emphasized in the latest classi- 
fication of Recent bony fishes (Greenwood et ril., 1966). Here the Clu- 
peomorpha, as part of a major teleost tlivision, are defined by three 
principal characters: the tail skeleton, the swiinblatlder-ear connection, 
ancl the recessus lateralis. I t  is implied within their proposed phylog- 
eny that the Clupeomorpha have llatl an intlependent history since 
their origin from the pholidophoroids and that the defining characters 
~xobably were present in the group froin Mesozoic times. T h e  evidence 
preseiltecl here concerning thc L)iplon7ysf11~ caudal skeleton does not 
entirely agree with this conclusion. On the other llancl the "type" of 
caudal skeleton as exhibited by the Jurassic C l ~ t p u v u s  shows that 
certain higher levels oL caudal organization xcithin the teleost group 
were attained early in its evolutionary history. I t  is my opinion that 
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investigation into tlle osteology ol I'ossil and Kecent telcost fishes has 
not yet been carried o~tc with the tl lo~.o~~ghness needed to yicltl the 
it~l'orm;~tiol~ nccess;lry Sol. constrr~cting 1,llyletic lines. 

I an1 vcry gr;itel'ul to Mi. 14. C:lcmens, University ol Kansas M ~ ~ s e u m  ol 
Natural Ilistory, C. B. Sc l l i~ l t~ ,  University o f  Nebraska State Museum, 
;uld C. &/I. Stesnberg, Natio~lal Museum of Canada, lor the opportunity 
to stutly fossil lish collections, to C. I\i. Hibbard, University of Michi- 
g;ln IVltlsc~un of l'nleontology, lor the loall of lossil specimens, to W. G. 
Meltoil lor Ilelp in ~)rel~;wing tllese sl~ecimetls, ancl to P. H. Greenwood, 
British Riluse~rrr~ 01' Naturz~l History, \\I. A. Gosline, University of 
ll;~w;iii, ;~tlcl R. K. Miller ;~nt l  1I. M .  Ilailey, University of Michigan 
Muscunl ol Zoology Sol. critically rc;ltling the n~anuscript. This strltly 
was sr~l~lx)~, te( l  Ijy ;I ~.ese;~t.cli grant (GB-735) to K. R. NSiller from the 
National Scie~lce Foutldatio~l. 
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I'LATE I 

I'hotograph of the tail of Si~I rc rc i i ?~ i r s  crrrdas, KU 103, S iobrara  formation, Kansas, 
showing live uroderlnals on the rigllt side. Allout 1/2 natural  size. 
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