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l ' l r ~ <  oi>lcoceNli I I S H  No7)1[mbrn orego?ie?isis described in this lxlper is 
the lirst reported fossil I-ecortl of the family Umbrid;~e in North 
America. ,Jrltlging from the morphology ol its skeleton this species is 
very close to the Olympic: mrrdminnow, Noulrrnbrn h~rbhsi  Scllllltz 
(1!)29), which lives today in the lowlantl streams frorn jr~st north of 
the Q l ~ i n a u l ~  to the Chelialis River watersheds of western 'ii\Tashington 
(RilcPh;ril, 1967; Wleltlrim, 1968). Becarlse of its restricted range, srn;rll 
size, ant1 obscure habits, hro-orrnibrn 1url)bsi is rarely seen alive antl is 
scarce in museum collections. Until recently (blelth-im, 1968) little or 
no  incor-mation was :~vailable on the life history antl bell;~vio~- of this 
species althougl~ its osteology has been fairly well r~ntlerstootl, thanks 
to ;I tletailetl study by Chapman (1934). T h e  fossil matel-id is of 
~xwticular interest bcc;rlise it substantiates the statement (Schrrltz, 1929) 
t1l;tt Nov~l?~i,brn is a slrrvivor of a much older fish f'atrna in the nol-tll- 
western lllnitetl States antl British Columbia (Amiitlae, Catostornitl;~e, 
1-Tiodontitlac are J'arnilies known to belong to this launa, Cavendel-, 
1966, 1968). During Ivlitltlle Oligocene tirne No-r~~rrn~bm al>parcntly h;td 
;I witler tlistribution than at present since it lived I r~ r t l~e r  east in tlle 
John  D ; I ~  b:tsin of nortllcenlral Oregon (111-esent day Columhi;~ River 
drainage). 

In acldition to describing the fossil renlai~~s,  I inclutlc a comparison 
with the E~rropean, Lower Terti:~ry, Palncoesox and in the discussion 
section deal with the problem oT relationships within the sribo~-tlcr 
Esocoidei using osteological data from the living forms. Finally, a 
bricf I-cpol-t is given on a later Tertiary fish from Alaska whicl~ is 
referret1 to the genus L)allic~. 
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MATERI=\LS AND METHODS 

I n  dealing with the osteology of ,Voritrnzbra and in reviewing the 
classification of the esocoid group, I have extended my obselvitions 
to the three species ol Unzbra: U ,  l imi,  U .  pyg t l~a t ;~~ ,  antl U ,  kranzeri, 
to four species of Esox: E. nnzel.icclnzrs, E.  uiger, E.  l t ~ c i ~ l s ,  and E.  m~rs- 
qzlitzongy; antl to Dallia pcctol-alis. Cleared and stained preparations 
were made with the enzyme method (Taylor, 1967) for each of the 
above including ,'\'o~i~rmbra hzrbbsi and tlry skeletal preparations were 
examined for all except A\'ov~rn~bra hztbbsi, Unlbl-a pygtnaen and 
Umbra krameri. T h e  Recent specimens studied are from collections 
in T h e  University ol Michigan Museum of Zoology (UMMZ). All 
Arov1~nib7.n hzibbsi examined were collected from the type locality of 
Schultz (1929). 

The  fossil material (11 specimens inclucling the holotype) is housed 
in The  University of Michigan Museum of Paleontology (UMMP). 

T h e  type specimens of Novzim bra ol-egol~ensis were collected in July, 
1964, by two high school students from Portland, Oregon, Edward 
Frazer and William Prince, while participating in the summer science- 
camp program (Camp Hancock) of the Oregon Museum of Science 
and Industry (OMSI). Other specimens were collected in 1965 and 
1966 by Lee Jenkins of Hood River, Oregon, and in 1966 by a field 
party consisting of Lee Jenkins, Michael Uhtoff, Michael LappP, and 
the author. 

T h e  following fossil specimens comprise the total known material 
of Arovztnzbm oregonensis (other specimens have probably been col- 
lected by young students from Portland, Oregon, staying at Camp 
Hancock but the whereabouts of these fossils is unknown): UMMP 
V57007-holo~ype, Knox Ranch loc., complete specimen except for 
caudal fin (part and counterpart), collected by Edward Frazer 1964; 
UMMP V57008-paratype, Knox Ranch loc., nearly complete speci- 
men, part of axial skeleton disarticulated (part and counterpart), 
T/Villiarn Prince 1964; UMMP V57004, Knox Ranch loc., disarticulated 
skull, UMi\/IP V57005, Knox Ranch loc., articulated skull, OMSI-Camp 
Hancock; UMMP V57014, Allen Ranch loc., disarticulated skull (part 
and counterpart), UMMP V57010, Allen Ranch loc., disarticulated 
skull (part and counterpart), Lee Jenkins, 1965; UMMP V57009, 
Allen Ranch loc., disarticulated skull, Lee Jenkins, 1966; UbIMP 
V57006, Knox Ranch loc., right opercle, UMMP V57011, Allen Ranch 
loc., leIt frontal (part and counterpart), UMMP V57012, Allen Ranch 
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loc., right tlcntary (part and counterpart), UMMP V57013, Allen 
lianch loc., ceratohyal, coll. T. Cavender and party 1966. 

The  fossil referred to 1)nllia sp. is the property of the University of 
Alaska. I do not have data on the exact tliscovery site. Troy Pewi-, 
Ilepartment ol Geology, University of Alaska, has commuilicated the 
following inforlnation concerning the locality. The  Sossil is from the 
1Len;ri Formation on the west entl of the Kenai Peninsula near Homer, 
Alaska. The  specimen was collected by Charles Rainwater in 1964. 
The  fossil ;~pparently was taken lrom a cliff on the north shore of 
Kacheinak Bay and approximately 5 miles NE to E from Homer Spit. 

Using this inlormation the locality falls between Miller's Landing 
ancl Fritz Creek on the "Geologic nlap of the southern part oS the 
Hoirlcr District, Kenai Peninsula, Alaska" (Barnes and Cobb, 1959). 
The  sediincnts exposed in the bluffs between Homer and Fritz Creek 
are part of the type section of the I-Iomerian stage of tllc Kenai For- 
mation (Wolle, Hopkins and Leopold, 196f), and arc assigned ;I prob- 
able Late Miocene age based on a paleobotanical analysis of the 
Homcri;~n flora by Wolle (1966). 

Fossil specimens Srom the John  Day Formation were studied prin- 
cipally lrom latex casts stainctl black with India ink antl l~ighlighted 
with ainrnoniurri chloritle. Photographs of the casts were taken on 
~Aus-x film wit11 an SLR c;~nlei-a, 50 mm Miranda Soligor lens, ancl 
hcllows extension. 

LOCALITY AND AGE 

The  Nou~rnzbra fossils were Sound at two separate outcrops 20 miles 
apart within the lower mcmber (Hay, 1962) of the John Day Forma- 
tioil. The  first is the famous Britlge Creek flora (Allen Ranch) locality, 
Wheeler Co., Oregon which lies within the Paintcd Hills area, 9 miles 
northwest of Mitchell, Oregon (NE IA, Sec. 10, T I1 S, R 20 E). 
Merriam (1901) gave a general geologic description of the area and 
Cllaney (1924, 1927, 1948a) illlistrated antl tliscussetl the locality in 
more tlet;~il. 

T h c  second fossil Novunzbra locality, which yielded the type speci- 
mens, is known as the "Knox Ranch" leaf locality. I t  takes its name 
Srom the nearby old Knox R;rncll (shown on the 1926 USGS Mitchell 
Qu:rdrangle map). The  Sossil site is about 6.7 miles northeast of Clarno, 
28 miles north of Mitchell, Wheeler Co., Oregon, NE G, S 1/2, Sec. 20, 
T 7 S, R 20 E, on the south bank of the narrow dirt road leading to 
the ICnox ranch house. Here buff-colored to wllitish-gray, tuffaceous, 



4 T c ~ l  C ( / 7 ~ > 1 1 d r l  OCC. P a f i e l ~  

lacustrine sh;rles outcrop in a snlall esl)osure. FI'llesc beds are mapped 
by E. M. Taylor (nnpublishetl tl~esis) as being John I>;iy Fo~.~nat ion 
(see Baltlwin, 1'364) lor Taylor's geologic map of the C:l;~rno basin, 
Mitchell Quacll-angle, Oregon. Fossil leavcs are ahuntlant ant1 prol,- 
ably belong to the Bridge Creek flora. 

T h e  fish at  the Allen Ranch ant1 Knox Rancli 1oc;llities were lountl 
by splitting small blocks of the tuff;~ccous, lacr~strinc shale or mutl- 
stone. At botll of these localities the fossils occur as imprints on the 
slabs together wit11 impressions of 1e;lves belonging to the Hritlge 
Creek fiora. T h e  fossil-bearing rock is wllitish-gray in al,pe;tl.ance and 
turns to a bufT color on we;~tllering. 

A ~~ot;~ssiium-argon date oS 31.1 million ye;il-s Ilas been (letermined 
by Evernden et al. (1964) lor the Rritlge (:I-cek flora h o r i ~ o n  in the 
lower division or the John Day Formation. T h e  loc;~lity froin wllicll thc 
datecl sample was taken was given as NW IL, N E  Sec. 1 ,  7' 1 1  S, 
K 29 E, Wheeler County, centl-a1 Oregon. Since t l ~ e  fossil ATo7111717b1.0 

was round in nearly equivalent strata LO those w1lic.h were ratlion~etri- 
cally dated, its age at  the Allen Rancll locality (.all he taken Srom the 
potassiiun-;1rgo11 [late. Evcrntlen et ;11. (1964) assigned an Orellan (Mid- 
tlle Oligocene) age to the Bridge Creek flora. Chaney (1927) intel-pretetl 
the Rritlge Creek fiora as being Upper Oligocene in age ;rfte~- 21 c.01~1- 

parison wit11 other 0ligoc.ene floras ol Amcric;~ ant1 :\si;~. 

SYSTEMATIC: DESCRIPTION 

T;txonornic ;~ssignment of the new species is b:~setl on niy i11ter11ret;l- 
tion and analysis or the fossil rcmains and tlit~s involves only osteologi- 
cal evidence. T have ~lsecl ;I nl~mbel-ing systcnl below in order to 
coml>are the ch;lracters of the Sossil witli ;I 1.evisetl list of osteological 
features ol  the snbortler and I:~mily. T h e  bone ter~ninology conforms 
lnainly to that of MTeit~man (1962, 1967). 

? I his FTolarctic h-eshwater gl-on11 possesses tlie rollowing: 1 )  paired 
~xoethrnoitls, 2) maxilla toothless 11ut 1301-clering gape, 3) prcmaxilla 
1)e;lring teeth but not protractile, 4) pelvic fins ;tl)tlominal, (.loser to 
origin oT anal fin than to insertion of pec:tor:~ls, 5) at least part oS dors;~l 
f in  opposed to ; ~ n ; ~ l ,  6) upper ancl some lower intel-muscular bones ex- 
cept in liecent llcillia pcctorcllis, 7) caudal skeleton wit11 two ~ ~ r i t l  cen- 
tra, a11 hyptwals and parhypural (last llaemal spine and arch) auto- 
genous, first hypural much exl,anded tlistally, ~ ~ s u a l l y  the largest of 
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lour to six, one pair of ~~roneurals ,  8) absence of an orbitosphenoid, 
9) absc~lce of a well ossified metlian endochondral ethmoid element 
(lateral ethmoids present), 10) absence of the inesocoracoicl in the 
pectoral girdle, ;rnd I I) possession of cycloid scales. Two  families: 
Esocidae and Umbriclae. 

T h e  lossils show 1, 2, 3, 4, 5,  6, and 7. T h e  remaining characters 
listed were not seen. 

Members oC this la~nily are small esocoitl fishes c11;lracterized by the 
Iollowing: I )  torpedo-shaped body, 2) round to very slightly emargi- 
nate caudal tin, 3) 33 to 42 vertebrae, 4) a few to most of the vertebral 
centra elongate ant1 constricted anteriorly, 5) snout anel jaws not great- 
ly elongi~te, 6) 4 to 9 br;rnchiostegals, 7) cephalic sensory canals anel 
pores 1,elatively large in the frontals and preol~erclc, 8) no lateral line, 
9) parietals tlirnint~tive, positiorletl on each side of the supraoccipital, 
10) well-developed but sometimes shallow posttemporal fossae that are 
open above, 11) the infraorbital series is incomplete, 12) no supraor- 
bital, 13) b;tsibranchial tlentition incomplete. Three genera: Umbra, 
hrourrltr bm, Ilallin. 

T h e  fossils show: 1, 3, 4, 5, 7, 10, 1 1. 

Umbritls possessing a sll~~ramaxilla, dcntary carrying mantlibular 
branch of preoperc~tlomantli1,ular sensory canal ellclosecl in bone with 
2 or 3 pores, vertebrae 37-40, anal fin rays more than 8, small scales 
with basal raclii but no more tllan 60 vertical scale rows on body. Two 
species, No-ozrnzbra hztbbsl and the fossil form described below. 

T h e  fossil agrees in the above characters except that its squamation 
and tail fin are unknown. 

Novumbra oregonensis, new species 

F-IoL~~~YPI~.-UNIMP V.57007, ;I nearly complete intlivitlrlal, except 
lor the caudal fin, is representetl by impressions of the right anel left 
sides; standartl length 87 mm; collectetl at the Knox Kanch locality, 
Wheeler Co., Oregon, 11y Etlwartl Frazer, July, 1964. 

D ~ ~ c ~ o s r s . - A n  extinct species differing lrom Aroutrrr~bm h7tbbsi in 
the structure of the cleithrum in the pectoral girdle and of the para- 
sphenoid, frontal, opercle and dentary in the skull. Ossified lower 
limb of cleithrum expanded so that its deepest portion is at its anterior 
end. In N. htrbbsi the ossified lower limb of the cleithrum is tapered 
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toward the anterior end. Parasphenoid broader anteriorly than in AT. 
hzrbbsi, ossified ascending wings of parasphenoid tend to enclose the 
Internal carotid foramina; posterior part of frontal barely showing 
transverse ritlge marking anterior limit of posttemporal fossa. In  N. 
hubbsz there is a very noticeable excavation on the posterior part of 
the frontal caused by the anterior extension of the posttemporal fossa; 
supraorbital sensory canal contained less conspicuously within the 
lrontal bone whereas in N. hubbsi the bony tube of the canal is more 
elevated above the surface of the frontal; opercle with posterior border 
i~sually I~mbriate, in AT. hzlbbsi the opercle has a smooth, posterior 
border with rounded corners; dentary with a longer tooth row than in 
N. hzlbbsi, and, the mandibular sensory canal enclosed in the lower 
fork of the clentary is also not so elevated, superficially, in a bony tube, 
as in N. hzibbsi. 

DLSCRIPTION or HOI OTYPE.-T~~ skeleton (Fig. I ,  PI. I) is mostly in 
a11 articulated condition althougll some of the fin rays and the skull 
rool are partly detached. Tlle standard length measurement (given 
above), as some of the others, is only approximate because of a dis- 
torted vertebral column; an estimated undistorted standard length is 
slightly longer, about 90 mm; distance from snout to pelvic insertion 
51 mm, to anal origin 63 mm, body depth at dorsal origin about 15 
mm, head length 30 min, length of lower jaw 14 mm. 

The  head appears proportionately very long, possibly due to a 
slight posterior clisplacement of the opercle. Tlle heacl steps into the 
standard length about 3 times; in AT. hz~bbsi the head goes into the 
standard length about 3.5. 

The  skull shows the presence oi paired proethmoids, one of which 
is also visible in UMMP V57004 (Fig. 2, B). At the rear of the skull a 
large posttemporal fossa can be seen on the right side. The  frontal 
borders the fossa anteriorly ancl has a concave posterior border. There 
is no sign of a parietal. The  latter probably is very small and occupies 
a position lateral to the supraoccipital where it contacts anteriorly only 
the posterolateral corner of the frontal as in N. hzlbbsi. 

T h e  frontal appears to be a more heavily ossified bone (PI. 11, 3) 
than in N. hzlbbsi ancl the supraorbital canal although large is not so 
superficial. 

Endocl~onclral ossifications of the n e ~ ~ r o c ~ a n i u l n  are not visible in 
any detail. The  parasphenoid although not preserved in the holotype 
is well shown in other specimens (UMMP V57014, Fig. 2, C; V57010, 
F ig  3, C). It is a broader bone in its anterior part than in N. htlbbsi 



Tctl C:avc7ltlcr ore. P n l ~ e i s  

FIG. 2. Inlerprctatiotls of s ~ ~ e c i ~ t ~ c t t s  of ~ ' ~ ~ I I I I I ~ I - t r  o ? - o g o ~ ~ e ~ ~ s i s  draw11 from 
latex ~)ositivrs. (A) disat-tic~~latctl skull, U M M P  \'57009, S2.3, (B) right side of dis- 
;urticlrl;rtcd skull, IJMMP \J57004, X1.8, (C) disnrticulatcd skull, left and right sides, 
UMMP V57014, X1.5; PS, 1)arasl)hcnoitl; SOC, s~lpraoccipitnl; other nl)l)reviations 
as in Fig. 1. 

anti the ascending wings have a greater anterior to posterior dimen- 
sion and appear to enclose completely the intei-rial carotid foramina. 

I n  the bones ol the opercular series, the pi-eoljercle is strongly bent 
with well-developed 1101.izoiltal and vertical limbs. These meet at a n  
angle sliglitly greater than 90". The  preopercular sensory canal is 
large; in the holotyl~e it is collapsetl. Other sljeciinens (Fig. 3, A, C) 
indicate that 5 pores are present as in ATovtin?D~-a hz~bbsi. There is a 
disarticulated right opercle that came to rest on the caudal peduncle. 
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I t  has a fimbriate posterior margin, a well-developed flange above tlle 
opercular socket, and a pronounced bulge along the micldle of the 
anterior margin. Just enough of the subopercle is visible to show that 
it is elongate, with a large anteroclorsal projection that is characteristic 
ol esocoids. T h e  branchiostegals are scattered and incomplete. About 
8 (not all from one side) can be counted. Supporting them is a cerato- 
hyal with the epihyal still articulated. 

Of the palatoquadrate, the quadrate, mesopterygoid, ectopterygoicl 
and palatine are visible. The  latter is an elongate bone with strong 
teeth mainly in one low but apparently with a lew small teeth placed 
mesially to the main row. The  ectopterygoid is covered anteriorly by a 
triangular infraorbital-1 (lachrymal) little disturbed from its natural 
position ancl marking the anterior border of the orbit. There is a 
slight suggestion ol a dorsal prominence above the bend in the ecto- 
pterygoid. I n  Esox there is a well-developed dorsal process of the 
ectopterygoid that articulates with the lateral ethmoid. Nouzlmbra 
hzibbsi, Unzbm, and Dallia do not have such a structure. In  Dallia the 
ectopterygoid ancl palatine are united into one bone. 

One of the premaxillae of the upper jaw is disarticulatecl and lies in 
the abdominal region. I t  is a small, short bone with 7 or 8 relatively 
strong teeth in a single series. The  maxilla is toothless. These last two 
bones are similar to those of ATouzimbra hzibbsi. No supramaxilla is 
visible in the holotype but this bone is well shown in UMMP V57005 
(Fig. 3, A). 

The  articulation of the lower jaw lies below the middle of the orbit. 
There is a single row of long sharp teeth on the dentary (Fig. 2, A). 
Each anterior tooth curves mesially and posteriorly. The  teeth are 
approximately 1 mm long where the least depth of the dentary is 1.5 
mm. T h e  tooth row extends along 90% of the oral border ol the den- 
tary, a little farther up  the coronoid process than in N .  hubbsi. The  
lower forks of both clentaries bearing the sensory canals are nicely dis- 
played in the holotype. The  articular is a heavily ossified bone with a 
steeply rising posterior border. 

Certain elements of the pectoral girdle (cleithrum, supracleithrum, 
posttemporal) show a fair amount ol detail but there is no  sign of the 
coracoid ancl scapula. A broken element is present that could be a 
postcleithrum. 

The  cleithruni has a clistinctive expanded lower limb. A relatively 
large, strongly-forked posttemporal is partly visible. 

Little is left of the pairecl fins. The  pelvic bones ancl a few rays 
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FIG. 3. Interpretations of specimens of i\'ou~rw~brc~ O I . P ~ O ~ I ~ I ~ . S ~ ' S  drawn Cinm latex 
positives. (A) left sidc of inco~nplcte skull, UMMP V57005, X2.2; (R) pelvic bones, 
UMMP 1157008, left sidc above, right below, X6; (C) tlisxrtictllatcd sknll, UMMP 
1'57010, right sitle on left, X2.3, left sidc to r ig l~ t ,  X1.5; ECT, ectopterygoid; MES, 
n~esopterygoid; MT,  metaptcrygoid; PS,  jara asp he no id; SMX, supl.amaxilla; SY, 
sy~ill>lectic; other abbreviations as in  Fig. 1. 
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intlic;~te that  the insertion oT the pclvic fins was posterior to tlie mid- 
;rbdominal line. 

There  are 38 or  39 vei-tel,r;~c in tlie axial skeleton; about 18 or 19 
of these are caudal vel-tel1r:ie. T h c  last vertebral centruin (nral 2) is 
not  visible bu t  was included in the count since i t  is present in the para- 
type UMMP V57008. T h e  cat~tlal  centra are constrictetl ant1 mostly 
symmetrical i n  appearance (1ater;rl view). There  arc fine ridges ancl 
reticulations on the sides of tlle centi-a b u t  presel-vation is not  good 
enough to t le~erminc iS a uniSorrn pattern exists. Small, very slender 
nl)pel- ;tntl l o ~ i e r  intcrrnuscul;~r boncs are present, the latter in  the 
110st-;1bdoininal region only. Sul>r;~nel~rals ;lrc also present in front of 
the dorsal fin. T h e  111e11r;tl ribs are strong and  well ossified. 

T h e  caudal skeleton is slightly tlisarticulatcd ant1 the upper liyl~urals 
;we only partly visible. l'1le1.e is a large expanded hypui-a1 1 that is 
sellarxlc lrom a slencler Ilyl,u~-al 2. Rot11 articulate witli tu-al c e n t r u ~ n  
1 which is well shown. 'I'hese c-:urtlal Ixlrts are as they appear in N. 
h ~ t b b s i  except that in the latter, 11yllu1-als 1 ; ~ n d  2 soinetimes partially 
fuse. 

Only a few l~roximal  11;n-t~ of the c;~utl ;~l  fin rays are PI-eserved. T h e  
dorsal ;~ncl irnal fins :ti-e ;~plx-oxin~ately opposite one anolller well 
hack on the body. It is tlillicult to establish their exact positions be- 
cause of' ;I tlistortetl vcr~chral  colr~mn. Abor~ t  10 1a1-ge rays ant1 10 
pterygiopl~ores can l)e countetl i n  the dorsal fin ancl the anal sllo~vs a 
total of about 12 I-ays. Tliese fins are partly disarticulated a n d  are 111-ob- 
ably not complete. 

'r11e ~ ~ ; w a t y ~ e  UNIMP V57008 (Fig. 4 )  is a slightly sm;~llei- individual 
than the holotyl~e. I t  has the snout ant1 c;tutlal fin inissing ant1 the axial 
skeleton is disartic~~latccl t111-0~1gll the region of the dorsal and  anal 
fins. Tllerc are 38 or 39 ve~.tel,r;~e. T h i s  specimen, represented in  part  
and counterlxirt, confirlns ch;~i-:~c.tei-s o l  tllc cleitl~rurn, posttemporal, 
lx-eol~ercle, sl~bopercle, ant1 pelvic Ijoncs described in tlie holotype. 

I)II\GNOSTIC BONL;S.-FOI- c01111);1r;ttive 11~11.1)oses I have i l l~~stratecl  the 
diagnostic skull boiies of' Arourtrtr b~cr o~-ogo?i(?i~.~is  along with their equi- 
valents o l  N. 111~b0si. 

Frontal (Fig. 512, 1'1. 11, S).-The sensory canals are raised above 
the dorsal sllrl'acc of' the Cront:~l ill  N.  1~1tbbsi to a greater degree th;tn 
in  the fossil species. I n  both species the epaxial trunk muscles insert 
lorw;trtl onlo the ~ o l ~  of the skltll where there are dcp~.essions, liere 
termed poslternpor;rl lossae, to rcceive the muscles. I n  N. hztbbsi these 
muscles reach Sorw;~i-tl onto tllc posterior parts of the irontals. T h e  
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1;rc:. 4. A ' o ~ ~ ? o t t l ~ r ( ~  o~egoizei~sis 11. SI)., ~)ai-;ity])c; 1lMiMl' \'57004, I-ight sidc al~ovc,  

Icft bclow; tlr;rwn f r o ~ n  lalcx posilivcs; BOC, basioccil>it;~l; PS, l)ni-asl~lieiioitl; UN, 
111-oneural; otl1c.1- al)l~~.cviations ;IS ill I ig .  1 .  X2.3. 
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latter each shows a transverse ridge marking the anterior limit of 
muscle insertion. This feature is much smaller or non-existent in A'. 
orego1~e17sis, but Dallia pectoialis has a similar transverse ridge farther 
Lorward on the frontal although the posttemporal fossa itself is shal- 
lower. Novzrnzbra, Un7bl-a, and Dallza have in common a similar con- 
struction of the back part of the skull involving the posttemporal 
fossae which is consiclerably different from Esox, where the parietal 
sutures across the full width of the posterior margin of the frontal ex- 
tentling between the pterotic and supraoccipital and covering the an- 
terior limit of the posttemporal fossa. 

Parasphenoid (Fig. 5, A, C, PI. 11, 6).-The figure shows an obvious 
cliiference in relative width between the parasphenoicl ol  the fossil and 
that of N. htibbsi. T h e  more expanded anterior extension of the para- 
sphenoid is also found in Ur11b9.a ancl Dnllia. T h e  parasphenoid of 
Esox is distinguished from the fossil by its more elongate proportions 
ancl its tapered anterior end. A pair of foramina are enclosed by the 
ascending wings of the fossil parasphenoid. These are interpreted as 
the internal carotid foramina, only evidenced as an emargination in 
the lower posterior border of the ascentling wing in AT. hzrbbsi. T h e  
diflerence lies in the extent of ossification of the ascending winys. In 
1711bbsi only that portion of this structure in front of the internal caro- 
tic1 is ossifiecl. T h e  character appears to be a variable one within the 
suborcler. In  Unzbm limi the foramina can be enclosed by the ascend- 
ing wings (Fig. 5, D). 

Opercle (Fig. 5, H, P1. 11, 1, 4).-The most distinctive characteristic 
of the lossil opercle is its fimbriate or crenulate posterior border, a 
feature lound elsewhere among the esocoicls in the genus Esox. ATovzinz- 
brtr 171ibbsi possesses an opercle with a smooth posterior border. There 
are also distinctions in the anterior and dorsal borders of the fossil 
opercle of oregonensis. 

Dentary (Fig. 5, J, PI. 11, 5).-A single row of teeth extends along 
almost the entire oral border (90%) of the dentary. This resembles the 
condition in Esox. In Sovzrn7bm hzrbbsi it extends about 65%. T h e  
lossil has the inandibular sensory canal contained in the well-ossified 
lower lork of the clentary ancl not so much in a superficial bony tube 
as in S. hzrbbsi. T h e  so-callecl "inframandibular" bone of Unzbra ancl 
N o v u n ~ b r a  is either the divorced bony tube surrounding the sensory 
canal or the reduced part of the lower fork of the dentary supporting 
the sensory canal which is not enclosed in a bony tube. 



T c d  Cclue~ltlr? Occ Pnfiels 

1;1(:. 5. <:oliiparison of itidividual skclctal c l r l i~c~i l s .  (ti) 1':~-asphcnoid of Nourciil- 
1,l.i~ o~-c,go~~c.~l.sis ti. sp., UNIMP 1'57014, S2.4,  (13) sallic. of A'. I~r~l)O.\i, UMM% 179398, 
X5.4, ventral aspcct to left, dorsal to ~r ig l~ t ,  (C) ~~arxsl , l~cnoit l  of N .  orrgoizrirsis 11. 

sp., 1JMMl' 1'57010, X2.6, (1)) l~;rrasl)l~cnoicI of (J~~lb l -n  lij~ri, vcnLral aspect, IJMMZ 
If<)053-S, Nicli., S.1,. 125 111111., S5.6, (E) l~at-asl~licnoid of 1)crllicl l)rclo~.oli.r, ventr;~l 
;~sl)ec.(, IINIMZ 171794-S, Alaska, S.I.. 190 111111.. Xl.5. (li) cleitlirt~til of Aro~~tr?nbl-(~ 
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Cleithrum (Fig. 5, F).-The difference between the cleithra of AT. 
Izzrbbsi and hT, oregollensis lies in the degree of ossification of the 
lower limb. T h e  anteroventral part of the lower limb is not ossified in 
lz~rbbsi and is similar to the condition of the cleithruin found in 
Unzbra lirni ancl Dallia pectoralis (see Schultz, 1929, Plate I). T h e  
upper ancl lower limbs of the cleithra are about equal in length in 
N o u ~ t m b r a  and Umbrn  whereas in Esox and Dallia the lower limb is 
mucll the longer. 

COMPARISON MIITEI P A L A E O E S O X  

I n  a detailed study Voigt (1934) described Palneoesox frltzschei 
from the middle Eocene "Braunkohle of Geiseltal" near Halle, Ger- 
many (East). This species is 01 much importailce in the history of the 
esocoid group from the standpoint ol its age and also of its morphology, 
since it shares characters both with the esocids ancl the umbrids. Berg 
(1936) reviewed the problem of the classification ol Pnlaeoesox ancl 
chose to erect a new family for it, the Palaeoesocidae. 

Nly comments on Pnlaeoesox are based solely on Voigt's paper 
and illustrations. Palneoesox bears a close or at least some resemblance 
to ATovtinzb?.a in the following characters: (1) umbricl-type of bocly 
lorm; (2) shape of the caudal fin, truncated in Pnlaeoesox, slightly 
einarginate in A7ouunzbra; (3) number of hypurals-2 lower, 4? upper; 
(4) ~os te r io r  position of the dorsal and anal fins; (3) dorsal fin origi- 
nating slightly ahead of the anal with the latter being the smaller of 
the two; (6) possession ol supramaxillae; (7) presence of small tubular 
nasals; (8) sllape ol  the opercle ancl preopercle. None of these charac- 
ters inclicates a decicleclly close relationship because most are to be 
expected in an early member of the umbricl group ancl characters 3-7 
are also founcl in the Esocidae. Pnlneoesox resembles Esox in its com- 
plete infraorbital series, its numerous branchiostegal rays (14), and 
the relationship of the frontals ancl parietals. T h e  latter are described 
by Voigt as being in full contact ~ v i t h  the posterior margin of the 
frontals ant1 extent1 between the pterotic ancl supraoccipital in the 

oreg0?1~1sis ,  UMMP 7'57014, X2.5, (G) same of N. I~ubbs i ,  UMMZ 179398, X5.6, 
(I-I) left ol~crcle (lateral aspcct) of A'. ool-eg.oi~e?zsis, UMMP 7'57010, X2.G, (I) sanlc 
of 11'. l ~ ~ t b b s i ,  UMMZ 179398, X5.4, (J) right mandible (lateral aspect) of N .  oregoiz- 
e ~ ~ s i s ,  articular displaced forward, UMMP V57004, X2.8, (K) samc of N .  lzubbsi, 
UMMZ 179308, X5.6, (L) left and right frontals (dorsal aspect) of N. o~egonensis ,  
TJMMP 7'57010. X2.8, (M) same of N. l ~ ~ i b b s i ,  UMMZ 179398, X5.4. N-(2, otoliths 
(sagittac) mcsial view, anterior end to right: (N) Pnlaeoesox f~itzscllei (after Voigt, 
1934), (0) N o r ~ ~ i t n b ~ ~ n  Iruhhsi, (P) lJll111~n l i i i l i ,  (Q) Dallin f>eclornlis, Scale 0,5 m m ,  



same manner as in E:'.rox, wl~cre  they cowl- the ;~ntcriol- p;trt of the 
1x)stcenil~or;11 lossae. T h i s  cl l ;~r;~cter (.;In I)e c.onsitlci-ecl p~-inlitive since 
this is the contlition more in colrllrlon w i t l ~  other 11;ts;ll teleosts of 
Division 111 (El~teleostei) (Greenwootl et  al., I!)(i(i) ;tntl i t  was 111-obahly 
Ixesellt in tllc earliest rneml~ers of the esocoid g ~ - o ~ ~ l ) .  T h e  same can bc 
saitl lor the cornl,letc infraor11it;ll series and  rnore numerous branchio- 
stegal rays. 

Pnltrcorsox agrces wit11 7JniOrcr in body slr;~l)e, n t~ml>er  of vertebl-ae 
(33-34), ~ e r t e I ~ r ; ~ l  cent r ;~  constrictetl ;~nteriorly, sn1;111 ;ma1 fin with 
I'ew rays (8-!)), position of the pectoral fin ant1 number  of ~,ectoi-a1 
rays (15-17), in having the p;tlatinc broatlenetl ;rntcrioi~ly (s11;tred also 
wit11 R.vo.x), ;tnd in the dentition of the lowel- jaw nnil 111-e~naxill;~. 
Voigt thought t l ~ e  scales resenll,letl those oS E.sox bu t  in llis photo- 
graph tllc a1,pear;lnce o f  their c.irc.uli is closer to 1I1;tt of U T I I ~ ) I . ( I .  HOW- 
ever, the scales arc small as in Esox, lInlli(r, ant1 :\'07~10?7~)rn i111t1 d o  not 
1.ese1~1ble the larger-sc;~led Urt7bw1 i n  this I-esl)ect. 

I'cl/ac,orsox has s~lrall untliffe~.entiatetl teeth in se\.e~-;rl r o ~ ~ s  on the 
clc11ta1.y ant1 on the elliptical-sl~;~l,ctl pre~n:~xi l l ;~ .  T h e  latter c.har;~ctci- 
is tlistinctive lor Um,brcr ;Iinong the liecent esocoids. There  are n o  
spcci;tlizetl c;tni~lifornn teeth on the lower jaw ;IS in Esox. T h e  111-ernaxilla 
is very s i~ r r i l ;~ .  to t1i;lt of Uttil)r(~ esl~eci;~lly in its I-elationship ~ l i l l l  the 
j)~'octhmoids ant1 vomcr. It is dilfic.~~lt to say ~Jhe thc l -  this tylle of pre- 
maxilla is p~- in~ i t ivc  or speci;~li~ctl .  I n  other esocoicls, in sal~nonoids, 
;ultl i l l  s ~ o ~ n i ; ~ t o i t l s  tlle p~.em;~xill;te 11ave 21 s i~lgle I-ow o l  teeth ;~ntl  are 
positioned 1;ltcral to the ros t l .~~m ant1 except for E.cox meet or ncal-ly 
meet a t  the ~n id l inc  in 11-ont. I n  1)nllicr the p~.ernaxill;~e arc elong;~tetl 
~)oste~' iorly bu t  their ;~ntcr ior  ends :(I-e ~,ositionetl \~entr :~l  to t l ~ c  131-0- 

ctllmoitls. T h e  1lc:ltl of the volller tlivitlcs t l ~ c  ~)rcm;txillae in I.:.rox as 
pointetl out  ;ultl ill~istratetl by Voigt. Utnbrtr ; ~ n t l  PnIcrroc.so?c have 
tlclxcssetl, plate-like pren~axil lae 1)ositionetl trntlel-ne;ttl~ the ;~nter ior  
ends of the ~)roethmoitls. T h i s  condition with tlle l~remaxi l l ;~e  ventr;rl 
to the ;Interior entl o f  the ct l~moitl  region is I I I ~ I T  re~niniscent o l  that  
fo~ ind  in niost siluriforms. 

Another iinl,ort;~nt cllaracte~. involves the f1inction;il j ;~w t ee t l~  
(anterio~. 1,al.t of t1ent;try ant1 ~>~-emaxill;r) of ZJl tr  Drtr ;tntl Pn1nc~ocso.x. 
T h c  teeth are seated in sinall pits in two to se\,el-al rows wit11 only a 
few replacement teeth in neal-by tissue in 7Jt1lD~cr. 7'11is ~~cscinbles villi- 
Sol-111 (lentition. 111 E.vox, AJo7111~77brt1, ;\rid 1)(1ll i ( i ,  the lunctio~l;tl oiiter 
,j;rw tee t l~  are i r ~  one row with a series of non-Iunctioning rc l~ lace~nen t  
t ec t l~  sit11;ttctl i n  the tissue to their mesial side. I.:sos has developed a 
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series 01 large caniniform teeth on the lower jaw. Behincl the single 
tooth row on each side of the mandibular symphysis in  Esox lzlcizis 
there is a small area where several little teeth are seated. 

T h e  subopercle of Palaeoesox is elongate as in all esocoids except 
Unzbra ancl the ribs are weak as in Dallia ancl Esox. 

I11 conclusion it appears that many osteological characters of Palaeoe- 
sox can be considerecl primitive for the whole esocoid group and 
others that are likely more specialized are shared with the umbrids. 
T w o  oT these specialired characters (the structure of the vertebral 
centra, preinaxilla and its dentition) extend particularly to the genus 
U n ~ b r a .  Also the truncate caudal fin with apparently recluced num- 
ber of principal caudal rays strongly suggests the mudminnow type. 
In a pllyletic classification, Palaeoesox should therefore be shown to 
have a closer relationship to the Umbridae than to the Esocidae. 

Voigt (1934) stated that there were 165 specimens (presumably 
still intact in the collections of the Geological-Palaeontological Insti- 
tute, University of Halle) ol Palaeoesox fritzschei three-fourths of which 
were more or less complete. This ample supply of study material 
should yield more information than is now known on the osteology 
ol Palaeoesox. Although Voigt carefully gleaned a considerable aillount 
of data from the specimens there are certain points concerning the 
cephalic sensory canals, especially the preoperculomandibular canal, 
presence or absence ol a lateral line, presence or absence of a supra- 
orbital, the basibranchial dentition, the gill rakers, the neurocranium, 
ant1 caudal skeleton, which need to be known. 

RELATIONSHIPS OF S O  VUlMBRA 

In several important characters the two species of L\Tovzinzbla occupy 
a position somewhat inteirnecliate between the species of l Jn~bl -a  and 
the Alaskan blackfish, D a l l ~ a  pectoralis. Schultz (1929) reached this 
~o i~c lus ion  after assessing the external morphology, in particular the 
squamation ancl many-rayed, fan-like pectoral fins of Arovztnzbla and 
Dallia. T h e  exteinal similarity is also apparent in the position of the 
tlorsal ancl anal fins, the number of their fin rays, and the body form 
'~ntl  pigmentation (especially that of the caudal peduncle) in the young. 

Alter examination of verteblal characters I fincl Sovzinzbl-a again 
intermediate if not closer to Dallza than to Unzbra. In increasing num- 
ber of vertebrae (two ural vertebrae incl~iclecl) the umbricl species fall 
in the lollowing order, with the number of specimens given in paren- 
theses: 
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lJn1cieoesox [rilzscllci 33-34 (I'oigt, 1934) 
U17zbrtl Pyg111~m (10) 33-33 34.1 precaudal 18-20, c;~utlal 14-16 
Urn brtl krtrnzeri (5) 35-36 35.2 precautlal 20-2 1, c;iutlal 15 
lirnbrtl linzi (20) 3&37 36.5 precaudal20-21, caucl;~l 15-16 
~\'ovltnzbl.tr hzi bbsi ( 3 2 )  37-40 38.7 precauclal 19-21, ca~1tl;ll 18-20 
Dallin pectortrlis (14) 40-42 41.1 precautlal 20-21, caudal 20-21 
Uinbridae 3 3 4 2  
Esociclae (all species 

of Lsox)  48-68 (Berg, 1962; Nikolskii, 1961) 
44-68 (See below) 

Crossman (1966) ant1 Ci-ossina~~ ant1 Buss (1965) counted a low of 43 
xrertebrae in Esox n~nei . icn~~r ts  71crn-tic1rlat~is to a high o l  67 in Esox 
t ~ ~ t l s q z ~ i t ~ o ~ ? g y .  T h e  " h y p ~ ~ r a l "  was not includetl in Crossinan's counts 
so probably one Inore vertebr;~ should be atltletl. 

I t  is interesting to note that among the first lour genera there is a n  
overlap in vertebral nuinber at  each species i n t e n d .  T h e n  a break 
occurs between Dcrllin per lo~n1i . r  and Esox. .Amon? the esocitls, the 
lowest vertebral counts are found in Esox cc~~icrictr,z~rs (114-51') Cross- 
nlan and Buss (1965) and the European Oligocene fossil Esox 9apyrn- 
celrs Trosch which has 48 (Voigt, 1934). Also, the progressive increase 
oT the \,el-tebrae in the Un7 bro-No7~zrn-t brn-Dctr'lici group occurs primal-- 
ily in the caudal series whereas in Esox the increase is in the precauclal 
series. Th i s  can be explained in that the longer body cavity of Esox is 
an  adaptation to a piscivorous habit .  

A distinctive feature of the vertebral column of' limOrcl is the pro- 
nounced anterior constriction of each centrum which gives it an  asym- 
metrical appearance. Both Nov/ tn- tb~t i  and  the young of Dnllitl sho~v  
this pecu1i;irity bu t  usually only in the mitla1)doininal region. T h e  
other vertebral centra, especially in the cautlal series, are sj~mmetrical 
in lateral view. T h e  larger species o l  Esox (L;. 11iriu.c ; ~ n d  E. ~ I I N S ~ U ~ I I -  

o17g.y) have vertebral centra that d o  not sho~v  pronouncecl constriction 
el.en in the young. Tl le  pickerels, especially E. c imc.r icn~~~~.r ,  tlo have 
moderately coilstricted centra but  they are pel-lectly s).mineti-ical both 
in the abdoirliilal and  caudal series. 

T h e  ribs of Dnllin are sinall and remiiliscent of the coilditio~l in 
Esox,  ~vllereas in Nou1i177bl.a ;tnd U n l b m  they are relatively larger. 
C:h;ipman (1934) described the first ossified r ib  in 1)allin as attached 
to the first vertebra (atlas) ant1 extending o11t~vartl ;mcl posteriorly to 
x junction with the pectoral girdle. A ~ O V Z O I Z O ~ ~ ( I  ii11d Un-tbrn possess a 
transverse process on the first vertebra (atlas) with a ligamentous con- 
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nection to the clei t l~rum. 1)nllin furtller clifrers froni thc inutlminnows 
ill thc c;tt~tlal part o l  its axial skeleton. There  ;ire usually five preural 
vei-tebrae t l i ; ~ ~  take part i n  the calltlal fin su11po1-t sirnil;~i- to tlie nnin- 
Ilcr in Esox and six elong;~ted and thickeiietl neural antl haemal spines 
that sul,ljort the procurrcnt caut1;tl rays although there is n o  clear 
tlemarcation bctwcen the procurrent ant1 ~)rincip;ll cautlal rays; one 
grades into the other as opl~oscd to the c;~utlal rays of the fork-tailed 
l:'.rox whicll lias a 1-9-8-1 count wit11 a scrics o l  12 to 1 C, ~jrocurrent rays 
in both the uppci- and  lower c ; ~ ~ ~ d : t l  lobes. Dcrllin pcclornlis typically 
has at  least one l l~s ion lletween preural \lertebi-;ic supporting the tail. 
Olten ~ x c ~ ~ r ; i l s  1 and 2 fllsc. Th i s  sometilnes occtlrs in No-olln~brcr, also. 
T h e  I;rttc~. possesses a c;~utl;~l fin ray ror~nul;l c o ~ i ~ m o n l y  9 01- 8 over S 
~x inc i l ) ;~ l  rays antl C, to 8 procurrent r;tys (above ;~n t l  below) ;~nt l  Ilclllicr 
;I,c~c.lorctlis h;rs ;I total of l(i  to 18 over 16 to 18. Although there is 110 

clcar I)re;tk in  size to ilistinguisli between procurrent ant1 principal 
1.;1ys, the g:tp a l~ove the ul,l>c~-~nost liypural, wliic.li in the nonnal  
l'orkctl tail scl~al-atcs the bases o l  t l ~ e  ep;~xial  ancl Ilypaxial rays (the 
~ x o ( : ~ i ~ - r e n t  :und p-incil);~l in tlic uppcr lobe) can be made out. 1Jsing 
this ;IS a point  o l  co1n1);trison in tlic upper lobe ant1 the 11arhj~pural 
in tlie lower lobe, ~ r l i i ch  l~su;illy s u ~ p o r t s  the lowermost l~ r inc ip ;~ l  ray, 
the cat~tlal lin oC Ilclllin pcctorc11i.s can 1)e interpl-etetl ;IS l ia\~ing six 
uppel- antl six lowcr ~ ) ~ - i n c i l x ~ l  i.;~ys wit11 ;rbot~t trvelve ~)roc~ri-reiit rays 
in each tlivision. r i n i b ~ n  fiygr17cretr ant1 (Jr~rOrn Zinli ;~ lso  11avc a 616 
split (71. ;1,~1gv7ncn sometimes has 6 15) wllerexi U?n,Ortr kr(r)ti~i-i has 515. 
I'laced in the same ortlel-, t l~cy tcnd to s l lo~r  ;I dec.1-ease in the numhcr  
oU 131-oct~i-rent rays in e;~cll lobe. Ptrlneoesox Ilas '7 or S ovcl- '7 or  8 (15- 
17 total l)riiicil,;~l rays) antl several s1iol.t ~)roctlrl-ent ~- :~ys  ;~ccording to 
Voigt ( 1  934). 

7 1111-ning to the 11yj)riral elements Xo7~rr~til)rc~ may l1;1\1e 2 lowcr aiitl 
11 t11)I)cr hyl,llrals ;~ l thougb 1 and 2 sometimes 11;u.tly fltsc as d o  also 
5 ant1 ( 5 .  7'hc first Iiy11ur;ll is by S;lr tlle most cxp;~ntletl ;tntl 1x1-gest 
in the coml~lcx, rescml~ling tlle c.ontlition in E.rox. (Ji7~Drn ant1 Dcrllin 
;Dec/ortrlis 11;lve 5 1iyl1ur;ils (2 lower ;~n t l  3 ~ ippe r ) .  Sometimes 1 and 5 
fuse. A~oulitlr 6?.cr inay show a complete neural an-ch and ~ ~ o s s i b l y  a spine 
on III . ; I~ ( . e n t ~ - ~ l i ~ l  1 (SCC Cllaj)nl;~xl, 193'1, Fig. ij) ai1d also ;I ring-like 
ossification of tlic notocllorcl~il slieatll bchind ural  c e n t ~ t ~ n x  2 (;ilso 
seen ill young fisox). 111 the loriner character ATouzinrb~n may bc con- 
sitleretl more jjrimitive tlian Esox (GI-eenwoocl, 19ii6, considerecl neural 
;u-ches on  ural centra ;IS 1,riniitive in osteoglossoitls) ; t l thol~gl~ Esox has 
;I more primitive caudal ray formula. IJnzbm, Dcrllicc antl Esox ~isually 
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have all unatt:iclletl neural spine ( e l ~ l ~ r ; ~ l )  associatetL wit11 ural  cen- 
trum 1. I n  summing u p  the evidence hon i  the cautlal skeleton i t  seems 
likely that the trend to a rounded tail resulted in ;I loss of principal 
rays supported by the hypural series and  the ~>;~rllypural. Nou~inzbrtr, 
with a n  cmarginate tail, sliows a caudal fin ray loss Srom the condi- 
tion in Esox a l t h o ~ ~ g l i  in sonie other respects its caud:il skeleton is 
the most conservative of tile living esocoids. Also associated wit11 the 
trentl toward ;I ror~nt l  tail is a loss o l  the uppermost hypural in 
1)ollin pcctornlis and Utn b~ci ant1 the loss of some procurrent rays in 
Un701-a. L)(rllin is exce1,tional in that  i t  has either incl-cased secondarily 
the numbel. of procurrent rays or  has retained the 111-irnitive nunlber. 
1)nllicr Pcclornlis also exhibits a cornbin;ition of fusions in the first 
Ccw pre11ral vertebrae which to ;I rn~rcll lesser extent is also Tol111t1 in 
ATou~r n? 0 ,-a. 

Elsewl~ere in the skeleto~l there ;ii-c few ~ ~ o i n t s  in tile osteology of 
,\rou~tn~l~rt~ either not coveretl by C;h;rprnan (193.1) or which 1 wish to 
emphasize. Sluall tubular nasals are 111-esent in i\rou~rtilD~n h~rDl?sl al- 
though Chapman stated they were absent. Very minute, incoml~letc 
tubulal- nasal ossicles sonietimes are present in Uttzl~r(i (Iygtncrvcl. iV;~sals 
are present ;it least in some 1)crllicc p ~ c t o r ~ l i ~ .  A10u1r~t7bra and (Jn7br(r 
I1rart7~rl possess 3 1~1;11ldib~rlar sensory c ;~nal  enclosed in a bony tube 
:~tt;~chetl to the lower fork o l  the t1ent;lry. T h i s  is not  a separ;ite "infra- 
nl;~ndibul;ir ' '  bone since in the lossil Rro-r~littzbrcr, thc canal is more com- 
pletely within the t lent;~~-y itsell, w11ic.h is closel- to t l ~ e  conclition in 
fisox. Utnbrci lilni and U .  pygr t ic~ct~  tlo not have the canal enclosetl in 
bone although i t  is partly sr~ppol-tetl 1)y the dentary. 1)nllin 1;icks the 
bony tube antl the canal is reducecl with n o  pores. T h e  taxonomic sig- 
nificance o l  the ossification related to tlic m a n d i b ~ ~ l : ~ r  sensory canal was 
st1.essec1 by Berg (1958). I t  ;ippe;Irs that witllin the trnrbrid gl-oup there 
is a tentlency lor a progressive loss o l  bone associatetl witll the canal. 

T h e  dentary 1)e;irs a single row ol  well-clevelopetl incttrvetl teeth in  
Novrrt17Orc~ very sirnilal- to the c1ent;ii-y teeth oS I)crllin. UmO~cr bears 
two rows oC sm;~ll  teetli which are retluced to one ]-ow postel-iorly on  the 
t1entai.y. h~o-i~icnrl~m 11;1s teeth on the lingiral plate ant1 third ant1 lo l~r t l i  
b;~sibrancliiaIs (Clhapmzln, 1954, Count1 a few t ee t l~  on the seco~ltl b;isi- 
br;~nchial) whereas D ~ l l i n  l:icks tongue teeth bu t  possesses well-tlevel- 
opetl toot11 patches on the second (occ:~sionally), thil-(1, antl fourth 
basibr;~nchials. Urn111-tr sl-rows only a sm;rll 11atch of teeth on  the I 'ourtl~ 
basibr;lnchial. Esox has ;I 11111 cornl~lement of tongue ant1 basibranchi;~l 
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In tlie morl)liology of' its gill rakers N o v r ~ t ~ z b m  possesses a striking 
~.esernl)l;~ncc to fi:sox. Both of these gener;~ have gill rakers in the form 
o l  sm;~ll, finely too~lletl, rectangular plates al-rangetl in two series on 
the arch-one along the anterior and the other along tlle ~)osterior mar- 
gin. T h e  teeth on each raker ;ire oriented toward the bl-anchial cavity. 
T h e  rakers ;rre numerorls in Esox from about 30 (anterior series of first 
;rrcli countetl) in E.  nmcriccr~izrs to over 50 in E. lrrci~rs. Noit~rtr? by(/ 
IrlrbD.vi I ~ a s  about 12. [ Jmbm,  also with two series of rakers, has a b o l ~ t  
111e saine number as iVoultn7b~a b r ~ t  the form is iuai-ketlly tlifl'erent. I n  
die lormer the rakers, especi;llly tliose of the anterior series on  the 
first ;~rcll, ;Ire p r o d ~ ~ c c t l  into elongate, pointed strlrctllres that extend 
in ;In ; ~ n ~ e r i o r  tlirection horn the ;~rch ;~n t l  bear teeth. In Dcrllia the 
f 'or~n oS the gill rakers is some\vl~at intermediate between (Jt t~brn antl 
Nov~rtrrbra ;~ l thot ig l~  possibly closer to tlie l;~ttei-. Llctllin has 12 to I f  
stoutly t1-iangrilar, finely tootlietl rakers that project very little Srorn 
Llle supl)orting gill arch. 

lJ117bm 1i;rs 1 to 6 br;~ncliiostegal rays (personal observ;ltion, 4 to 
5(6) in l J .  ;I,yg?rrncrr), Aro-cirrt~rb~.n hrrbbsi, G to '7, Ilnllin pcctorcrlis, '7 to 
9,  ~ls~ra l ly  8 (person;~l observation) ;~nt l  E.rox, 11 to 20 (ISerg, 1936). 
(:l-oss~n;~n (l!)fO) countetl ;IS Sew as 9 on onc sitle in Esox nt17cricc~n1ts 
I J C I * I ~ ~ ( . I ~ ~ N ~ I ~ . P .  Mci\llister (1968) described the branchiosteyl  rays of 
E.sox, 1)nllin and  1'alneoc.rox ;IS acinaciforin in  shape but  this is also 
true of No-o~rn~brcl (fossil antl liecent). 7Jt?zbrc~ differs in llaving the 
upper two or three rays tlis~inctly slx~thiform (see Mci-\llisrer, 1968, for 
tei-minology). ' l ' l~c  subol)ercle in iVo-ii1171rb~cr is elongate ;IS in Ilallirr 
and Bsox. In ~Jt17brcr tlic srlbol~crt.le is shortenetl to a cli;~r;rcteris~ic 
triangular sh;~pe (Cllapinan, 1934). 

Nourrn7 bl.cr, Esox, P(~lac,oc.sox, l)nllicr, ;~n t l  lJr11 Ortr show consitlerablc 
tlilTercnccs in the charactel-s of tlieir o~oli t l ls  (sagittae, Fig. 5, N-Q). 
Ololitlis of Noa~rn-rbrcr ol-cgo~rcrrsis have not becn f'ountl. Relativc to 
he;~tl lengtll, AToulttrrbl-a antl Esox (see Voigt, 1934, text fig. 18a, Tor 
sagilta of E.sox 11rcilr.r) 11;lve the smallest s;rgitt;~c; that  of Pn/ncoesox is 
slightly I;rrgcr, then llcrllin, ant1 finally l J ~ ~ b l - n .  T h e  s;~git t ;~c of lJn7,bm 
(sec Voigc., 1!)34, text fig. 19 Tor sagitt;~ o l  U m b m  k~.cctireri) 211-e a t  least 
twice the size of ATovrtniD?.tl in the same si/e fish. Other th;tn size, some 
o l  the obvious tlistinctions bc t~ reen  sagittae of the difi'erent genera are 
f'ol~ntl in the degree o l  devclol~rnent of the longitudi~lnl  sulclrs and  the 
I.osLruln, the length-height pi-oportions ;~n t l  the rclative thickness. 
IJ~ribrn lin7,i (Fig. 5 ,  P )  cornpal.es with Esox i n  its very ~~ronounce t l  
i~oslruin but  it does not have the complete sulcus. No-i~rrn~brcr is unique 



in tllc g ~ . o u p  will1 its nc;u-ly cc]u;tl length-lleight tli~llensions, ant1 the 
s;ugitta of ljttllicr is ch;ur;~c~teri/,etI by its t l l i ~ ~ ,  wafer-like al)l,e;ri,;uncc. 

ATo7)rr I I I  brn, I ) ( /  ll i tr,  ant1 lirt? l)rtr ;111 11;rve in (-ommoll o l ~ c n  ~jostteln 
110r.11 lossae between thc ptel-otic and  cpiotic ;untl extenclin(; lorw:~rtl 
; IL  leas1 to tllc ~msterioi. margin of the 1'1-ont;~l. 'I'l~e ~,;iriet;~ls ;Ire rcduced 
to small t~.i;~ngtrl;u~- I)ones ove1-1yi11g the anteriol. ~ n ~ r r g i n  of the epiotic 

ei~cll side oS the s~up~-;\occ~il)itd. T h e  p;u~-iet;~ls ;we \~estigial 01- V C ~ J J  

rn i~iute  in 7 i r r r O ~ ~ t r  l i~tri  ;tntl 11. ~ I ~ J ~ I I I ~ I ~ , ~ I  ;111(1 S O I I ~ C W I I ; ~ ~  I;r~.ger in Unzb~cr 
krtrltrcri, N O ~ J I I I I I  brtl, ;1nt1 I)o//itr. .\ crescentic ritlge o l  1)one on the 
~)o"e~.ior 11;1rt o l  the lrontal ro~.nls tile ; ~ n t e r i o ~ -  limit ol' thc ~ ~ o s t t e m -  
1)or;11  loss;^ in I)ctllitr ant1 ,\'o-i/rrrtrOrtr lrrrbbsi (Fig. 5 ,  M ) .  7'hc I I I - C O ~ ~ I - -  

c.r~l;ur c;in;rl o l  RTo7)1/1nb~n h i ~ s  5 sc~lsory poi-rs, onc less ~h;rn in Esox 
(1.:. trttrc~ric.crnr~s c;rn Ilavc 5) ;rntl one 1yiol.e t11;111 i l l  lJtlrOrt1 ;uncl 1)crllitr 
;rl tl~ougll Cllal j~ll i~n ( 1  931) sllowetl 5 for 1)crllicr. 

In the precetling ~)a~,agl-;ul,lls 1 h ; ~ \ ~ c  ~)ointetl  ou~t  se\'er;il osteo1oyic;ul 
c.haracters sharetl by 1)crllici ;inti So-i~rtr~~hrtr  ;11lt1 se l ) ;~r ;~t ing these two 
gener;l from ~Jttt1)rcr. (;h;111tna11's tletailctl ;rn;ilysis of the skelcto~ls o f  
thesc tllrec gcnel-;I h;us shown tile sinlila~.ities 1)etween thc runbrids 
; ~ n t l  also tllc tlisti~ic.tions o l  c;ucl~, esl)eci;ully Ijtrllitr. Several of the cll;rr- 
;uc.te~-s that 1)trllitr ;rntl iVoulrr1117l-c~ sl1;11-e seein to be ~ ) ~ . i n i i t i \ ~ c  lor the 
~nurtlminnow g~-oup.  T h e  cornp;~risons nlacle bctrveen Nouirttibrn 
lrit00si ant1 I.:.sox h;~vc I-evealetl ;I nu ln~bc~.  of conlnlon fcatul-cs. P;rrli- 
c.l~l;u~.ly ~ I O S C  ; I~I-cenient  is lountl in the type of gill l-;lkel-s, c;ulidal skele- 
ton, ~ J C C " I ) ~ " ; I ~  fin ~)l;ucemcnt, ant1 tllc ~~ossession o f  su111-;r~n;~xillae i~ncl 
nasals. Xo7)rrt11bi-tr O T O ~ ~ ~ I ~ C ~ I . S ~ S  S111.tllc1. I-cser~ll~lcs E.FO.Y in its fimbriate 
ol)e~'c,le, heavier fl.ont;rl bones ;~n t l  lan.ge hcatl. 

T h e  mos;iic o l  cll;ui.;~cters p1.escnt in  tile nl~~tlrnin~lo\w grorrp indi- 
c;utcs that ,\'o-i)i~~~~Ortr is in a nulrlbe~. o l  respects tllc most gener:ulizetl 
;ind consn-v:utivc o l  llle living ficnci-;~ :111tl t11;rt ljtrllicr ant1 U r ~ i h ~ c l  ai-c 
1nol.c sl~cci;~lizetl, each in its own av;uy. FOI- ex;~~nl,le, tllc ~)a i~-e t l  fins o f  
1)trllici ;u.c sl,eci;~li~cd; in the pectol.al fin which is ~)ositionctl Lurthcr 
"1) on the siclc of the I~ocly 111;rn in any other 111ll1)l.itl tllel-e is a high 
n u ~ n l ~ c r  of fin rays (33-37) ;untl lo-ci~ I ~ I I I I ~ I I ~ I -  (3) in the ~ ~ e l v i c  [ins. I n  
c.ontrast, Aro7i1r~r11Drcr has  he ~jectorals positionetl close togetlicr 1nol-e 
r~ntle~-ne;utll the body 21s in I:'.sox. I 'llc large ~)cc . r~l ia~-  sc;rles iind ;mte~-iol.- 
ly c.onsti-ic~etl \rertebrae ;I]-e speci;ulizctl s t ~ . u c t ~ ~ ~ . c s  of [ J t r l  Orti. Dcrllio and 
. \ro~~~~t~tl)rtr Il;~ve tli\re~-get1 less tllan lJ111b1-tr in ;I nuntbe~.  of cl~aracters 
11111 [ J t t r  Drtr also shows possible ;~r~cest~-;rl ch;~l.;uc.tc~-s oC a tliflcrent kintl; 
for esanrl~le,  the less sl,eciali/etl 1owe1- j;iw teeth. 7'11is may me;tn th ;~t  
t l ~ e  01-iginal muclniinnow group w;rs tli~~itlctl into two pllylctic lines 



representetl by an  ancestral Unzbra type and by an ancestral hroul~171bm 
type lroin m~hich Dallin split off. As far as a phylogenetic classification 
is concerned, hTouzrnl brn cannot be included wit11 LJ1ii b7.0 in the f a n  
ily Umbriclae without also includillg llnllin. T o  combine the three - 
under one higher taxon equivalent to the Esocidae interprets the 
esocoitls as Ila\,ing split into t~z-o nlajor atlapti\,e groups. Th i s  scherne 
is sul'l~ortecl by the structure of the n e u r o c r a n i ~ ~ m ,  snout and tail. 
One  z~tlaptive group is represented by the fork-tailed form ~'z-ith pisci- 
vorous habits, large elongatetl pike-like body, elongate snout, ant1 with 
large moutll colltaining a full complement o l  teeth. T h e  other adall- 
live group is I-epresented by a truncated or rounded tail for111 with 
small torl~edo-shapetl body and smaller mouth  and  teeth. T h e  Eocene 
Pnlneoesox lies in the uinbricl group near the base of this split because 
it exl~ibits  cllarac~ers of both groups. I t  has a mut l~ninnow body antl 
tail combined with certain pike-like chai-acters of the skull. Another 
~ ~ o s s i b l e  interpretation that could be consicleretl del~encling upon 
1 1 0 ~ 7  the ericlence is weighed, is to have three or four phyletic tlivi- 
sions: a stein line leading to So-i)zinzb7.n l rom which Dnllia brancllecl 
on', a piscivorous line leading to Esox antl a thircl line giving rise to 
Ur17 bra. 

1 have not atte~nptecl to construct a "phylogenetic tree" of the esocoicl 
group since the fossil evidence is still too ineager to decipller evoln- 
tionary lines and  since the living ~nembei-s are mostly faunal relicts 
well separated from each other by time ancl probably also by un-  
known extinct forms. I t  is possible to show trentls in specializations, 
e.g., increase in  ~ ~ e r t e b r a l  antl branclliostegal number, ro~z-s of scales, 
increase in  mandibular sensory pores, elongation 01 the snout (see 
Crossrnan and  Buss, 1965) within the family Esocidae. I ~vou ld  like to 
emphasize the following points pertaining to interrelationships: Dallia 
appears to be closer to AJo7~rll i~b~n than to any otller living esocoid 
and could well have sharetl cornillon ancestry with AToulliiibm. Al- 
though Dallicr itself llas had a long intlepenclent history, I include 
Sov~rnzbra ancl Dallin i n  the Umbridae (also listed t \~ i th  the U~nbriclae 
by Greenrvood et  al., 19fG). AJo7rtimbra is near to the stem line of the 
esocoicls in  many characters. Together wit11 Dallia i t  can l ~ e  viewed 
as sho~ving intermediacy between Esox ancl Ulisb7-n. 

FOSSIL I I A L L I A  

T h e  statement a b o ~ e  that I)clllzrc is a membei of an  ancient lineage 
is suppoi-tecl by a Miocene fossil fioin the ILenai Peninsula of Alaska. 
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7'hc tJniversi~y o l  Al;rska sl)cci~ncn consists of the posterior one-thil-tl 
of the botly s l~owing parts o l  the 1net1i;rn fins, c.autlal pctlt~nc.le ant1 
c;rndal [in. A l)nllicl pectorulis of the salnc p~.oportions ~ ~ o u l c l  have ;I 

st;~nclartl length of about 240 nlm. ;\bout 1'3 c.;rtrtlal vertebrae :u-e 
visible. l ' h e  centra (lo not appear to be e1ong;ltecl nol- greatly con- 
strictecl. I i n  supports and ;I nlrmbcr of ~-;rys rcpi-csent the dorsal and 
irnal Pins whicll oppose one ;mother. At 1c;rst 10 t1ors;rl rays can be 
~na t l c  out  ;111(1 11;11-ts oS 5 anal ~.;~ys.  'l'he most postcl-ior tlorsal fin ray 
is positionctl ovcr the I l th or  12th pl~cul.al T 'CI .L~~I - ; I .  T h e  most pas- 
terion- t1ors;il ~)terygiopho~-e t h ; ~ t  can be rnncle or11 lies bctxlieen the 
h;rc~nal spines or tllc 13th ;rrld 14th p~-er~l-;rl vei-tebl-ae. Runn ing  
obliquely backw:lrtls from the hacmal ;r~.cl~es of six or seven of the 
;tnteriorrnost vei-tehrae 211-e slentlel- 1)ones that in  cry I-es11et.t resc~nlIle 
lowel- intcr~nusclrlar 11oncs. 

O n  the 1111j1er side oS the c;~utlal petl~rnclc jwst postel-ior to the tlol-- 
s;rl lin a1.e a few i lnp r in~s  of small cycloicl sc;lles. 

l ' l le  c.atrtl:ll fin consists of at Ic;rst 4 0  ~.;rys (tot;rl). S~rl)l)ort i~ig C I I C  
~.;rys is an ;ri.rangerncnt of haein;rl ;rntl netrl.;rl spines, 1lyl1~1r;rls ant1 
single cl)t~r;rl that  I Il;~ve il1ustr;rtctl in Fig111-e 6, 13. A n  t~pturnet l  xiel.- 
1cb1.a1 co lun~n  is intlic;~ted in the lmsition o l  tlle bases of h y l ~ u ~ ~ a l s  b u t  
no distinct 11r;rI c.er1tr;r c;rn bc nlatle out. T l~e l -e  ;ire about 6 nc~n-al  ;ui~tl 

(i Ilaemal spincs sul~por t ing cautlal fin I-;rys. l ' he  number of postel-ior 
11;remal spines Inay possibly o u t n u ~ n l ~ e r  the ~ ~ r e u r ; r l  ccntl-a supl)orting 
tlieirl intlic;rting ;I fusion of ~,rcur;rl vc~.teb~-:re ;IS connnlorlly occ.rlrs in 
l)(rllin. Irl the hyl~ul-a1 series there are 2 lowel. ;1nt1 most likely 4 11ppc1. 
11ypl11-als. 

T h e  fossil resembles 1)nllicr prctortrlis (Fig. (i, A) in [lie following 
(.I). '11 .. ,rcters: . I I I ; I I I ~  c ;~~rda l  r;rys (over 30) wit11 n o  b~.c;rk bctwcen p~.incil);rl 
:rnrl accessory rays, inrlirating a rountl tail; in the numbel- or neural 
(6) ant1 hae1n;rl spines (6), a~ .~ .angemcnt  of thc hyl)un.;rls, ;rntl single 
C ~ N I I - ; I ~  s u l ~ l ~ o r t i n g  tllosc rays; in the shape of the c;rud;rl coml~lcx,  thc 
tlo~.s;rl fin ~~os i t ione t l  lar  back on  the body opposite the ;rnal, anal 
pterygiophorcs s i~np le  str111-like 1)oncs tllat an-e uxxkly ossifietl, ant1 
sc.;rles s~n;rll zrntl cycloid. 

'I'he fossil tlillers from Dcrllicr pe(.for~li.s in its I;rrger s i ~ e ,  in possess- 
ing posterior lower in tern~rrsc t~l :~~.  bones I o ~ ~ n t l  in esocoids exc.cpt thc 
;rl)ove species, i n  slightly more r ~ u i n c ~ - o ~ ~ s  cautlal r;rys (/lo), 14  or wl~ich 
;Ire s~ l l~ lm~- te ( l  I)y the hypul-als ;rntl ~ ) ; ~ ~ - l l y ~ ~ l i - ; r l  TJCI.SIIS ;1i1 average o l  
3.1.5 (in 15 sj)ec:irnens), 12 of which ;II-e suppol-tetl by the hypu~-als ant1 
~) ; r i~hy~x~r; r l ,  in possession of one 01. two more c;r~~tl;rl verte11r;re as in- 
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1;lc. 6. Cautlal skclctolrs of Unllict /~eclo?-rrlis (A), UMMZ 187272, i21;iska, juvenile, 
S.L. 65 ii1111., alld Ilnllin sp. (B) ;I fossil sl~ecies fro111 Llrc Upper Mioccnc, I<cnni 
I>cninsula, Al:rsk;~, ITniv. OF Al;iska sl~ccilnctl, est. S.I.. 240 1 1 1 1 1 1 .  



tlicatetl by the number of preural vertebrae posterior to the dorsal fin, 
in the less elongated vertebral centra (more like those of Esox), ant1 
the possible possession of a 6th (4th uppel-) hypural. 

Considering the osteological eviclence, the location ol the Sossil, antl 
preservation in a freshwater cleposit of later Tertiary age (Late Mio- 
cene), I believe the fossil is best assigned to the genus 1)allici althougli 
~ossibly belonging to a different species than that living today. Asso- 
ciated with the fish in the same piece of red sandstone are fragments 
ol plants. A flora of 47 species has been recently tlescribed by MTolfe 
(1966) from the Hoinerian part of the ILenai Foi-mation which also 
yielded the Dallia. TATolle interpretetl the flora as a "cool temperate," 
which seemingly receives support froin the relationship of the fossil 
hsh to Dnllia $cctoralis, a coltl-loving vertebi-ate with a tlistribution 
today in western Alaska antl eastern Siberia. 

PHYSICAL ENVIRONMENT OF FOSSIL . i N D  
RECENT ATO I.'UI\IR R,4 

T h e  lower meinber of the John Day Forinatioii that yielded the fos- 
sil is largely a deposit of air-laic1 volcanic ash which slowly accuinu- 
latetl on an erodetl and highly weathered I;~ntl sl~rlace. Hay (1962, 
1963) has discussed the lithology ant1 environment of setliinentation 
ol this deposit and Fisher (1964, 1968) has reported on the inineral- 
ogy ancl the changes brought about b y  weathei-ing of the surface soils 
in John Day time. Chaney (1927, 1948b, 1952) has given a11 environ- 
mental reconstruction of the associatetl IZritlge Ci-eek floi-a I~asecl on 
c.oinparisons with Recent floras. 

The  l o l l o ~ ~ i n g  statements concer~iing the environment of ATo7~~i~tlbl-cr 
ot.cgotzen.sis are taken from tlie above investigations: tlie fossil mutl- 
minnows were buried in mutl tleri\~ed lrom volcanic ash ant1 organic 
debris whicli accuinulatetl in shallow, possibly stagnant water ol a 
lake, swamp, or stream backwater. ?'he topogr;rplly tluring lower 
John  Day time consisted of low forest coveretl hills sel~aratetl by poor- 
ly drained depressions of limited areal extent in which thin lenses of 
water laid sediments were tlel~ositetl; the cli~nate was li~tmitl antl warm 
temperale although Fisher (1968) suggested it was subtrol~ical or 
tropical. 

I n  a recent stucly on the ecology oS So711itti11r(r I I ~ I I I O S ~ ,  I\/leldrim 
(1968) has mapped the present known distribution of this species and 
suinmarizecl the habitat as Sollows: "an area of cluiet water, h a ~ ~ i n g  a 
mud substrate and dense aquatic vegetation." I-Ie also sllowetl that 
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N .  hzlbbsi has a wide range of tolerance for temperature and dissolved 
oxygen but relatively restricted tolerances to salinity ancl current 
strength when compared with associated fish species. The  latter belong 
to the genera: Cottzls, Gasterostezis, Rhinichthys, Oncorhynchz~s, ancl 
Salmo. 

The  sluggish stream ancl quiet backwater Oligocene environment 
where leaves collected and where Novzlnzb~a ol-egolzensis probably 
lived does not seem to differ greatly from the habitat of AT. hzibbsi at 
least in its lowland to moderate relief setting with an equable (though 
warmer) temperate climate, and with the mucl-bottomed sloughs rich 
in aquatic vegetation. 

ACKNOWLEDGMENTS 

I wish to thank R. R. Miller and R .  M. Bailey for critically reading 
the manuscript of this paper, C. W. Hibbard who allowed me to use 
faciliiies in The  University of Michigan Museum of Paleontology, J. 
Meldrim for information on the ecology and distribution of ATovzlmbra 
hzlbbsi, Lee Jenkins for his help in the field and for contributing speci- 
mens he discovered, W. Prince, E. Frazer, and Jim Anclerson (Oregon 
Museum of Science ancl Industry) who also contributed important 
specimens, and my wife, Judy, for assistance in the field ancl in pre- 
paring the manuscript. 

This study was supported by a National Science Foundation Re- 
search Grant GB-4854X to R. R.  Miller. 

LITERATURE CITED 

I%AI.DWIN, E. M. 1964 Geology of Oregon. 2nd edition. Eugene, Oregon, 165 pp.  
I~ARNES, F. F., AND E. H. COBU 1959 Geology and coal resources of the Horner 

district, Iccnai coal field, Alaska. Bull. U.S. geol. Surv. 1058-F:217-260. 
I~ERG,  L. S. 193G T h e  suborder Esocoidci (Pisces). Bull. Pc r~n .  Biol. Inst., 10:385- 

391. In  Russian and English. 
----- 1958 Systerrl Der Rezcnten ~ m d  Fossilcn Fischartigen und Fische, Berlin, 

310 PP Gernlan translation of 1955 e d i t i o ~ ~  publislled in Russian. 
1962 Freshwater fishes of the U.S.S.R. and adjacent countries. 4th edi- 

tion, T'ol. 1, 504 pp. English translation from original in Russian, 1948, 
Moscow. 

CAVENDER, T. 1966 Sys~e~natic position of the North American Eocene fish, 
"I.e~rcisczts" rosei Hussakof. Copcia, 1966(2):311-320. 

----- 1968 Freshwater fish re~nains from the Clarno Formation Ochoco n~out l -  

tains of Northcentral Oregon. T h e  Ore Bin (State of Oregon Departnlent o l  
Geology and Mineral Industries, Portland), 30(7):125-141. 



2 8 Ted C:clve?l t lc i .  Occ. Pape1.s 

Clrr\sru, R. TV. 1!)24 Quantitatice srudics of the I31.itlg.e Creek Ilora. Am. J. Sci., 
8:127-144. 

----- 1927 Geology and palaeontology of tile Crooked River basin with spe- 
cial reference to the Bridge Creek Ilora. Carncgic Inst. I\'asIi. Contr. Palaeont. 
Publ. No. 346:45-138. 

----- I94Ra T h e  ailcient forests of Oregon. Condon 1,cclures. Oregon State 

System of Higher Education, Eugene, Orcgon, 56 1111. 
----- l948b T h e  bearing of the living ~?Ie/n~cqiioin on prol)lcms of Tertiary 

~)aleobotany. Proc. natn.  iicad. Sci. U.S.A., 31(11):503-515. 
----- 1952 Conifer donlinants in t l ~ c  h~Iitldlc Tertiary of the John Day basin, 

Oregon. Palacol~otanist 1: 105-1 15. 
ClraPal,\s, I\'. >ILI. 1934 Osteology of  the llaplomous fish. S o . c ~ ~ i t ~ ~ b r a  lzttbbsi Schultz, 

with cotnparative notes on rclatect species. J. l Iorl~l iol . ,  56(2):371-405. 
C K O S S \ I . \ ~ ,  E. J. 1960 TTariation in n r ~ n ~ l ) c r  ;~n t l  synltnetry in bra~~chiostcgal  rays 

in the family Esocidae. Can. J .  Zool.. 38:363-375. 
----- 1966 A taxononlic study of Esox ntt~e?.iconzrs a ~ ~ t l  its subspccics in east- 

ern North America. Copeia, 1966(1): 1-20. 
C R O S S X I A ~ ,  E. J., A N D  I<. BUSS 1965 Hybritlization in tlle family Esocitlae. J. Fish. 

Res. Bd. Canada, 22(5):1261-3292. 

argon dates and tlie Ceno~oic  ~ n a m ~ n a l i a n  chronology of North America. Am. 
J .  Sci., 2623145-198. 

I:ISHER, R. 1'. 1964 Resurrected Oligocene hills, castern Oregon. Am. J. Sci. 
262:713-725. 

----- 1968 l'yrogcnic mineral stability, l o ~ r e r  ~ncml)er  of the John  Day For- 
mation, eastern Oregon. Univ. Calif. Publs, geol. Sci. 75:l-36. 

C;Rrr;\.\voon, P. H. 1966 T h e  c;~uclal fin skeleton in ostcoglossoid fishes. .4llll. Mag. 
nat. Hist., Scr. 13, 93581-597. 

(;REEN\VOOD, P.  H., 1). E. ROSEN, S. H .  \\ 'EI.T%\I.\N, ASD G. S, ~ I Y I C R S  1966 Phyletic 
classification of telcostea~l fishes, with a ~ > r o ~ i s i o n a l  classihcation of living 
fornls. Bull. An1. &1us. nat. Hist. 131(4):345455. 

I-I.\'I', R.  1.. 1962 Origin and diagenctic altcr;~tion of the lower l>mL of the John 
Day Fornlation ticar Mitchell, Oregon. III Gcol. Soc. A m .  Butldington T'ol., 
1). 191-216. 

----- 1963 Str ;~t igral~hy ant1 zeolotic di;~gcncsis of ~ 1 1 ~ .  J o l ~ n  Day For~nation 
of Oregon. mix-. Calif. Publs. geol. Sci., 423199-262, 

hIcAr.r.ls~rr.~, I). E. 1968 Evolution of brnnchioslegals and clnssification of teleos- 
tome fishes. Bull. natn.  MIIS. Can., 221 :1-239. 

> l c l ' ~ ~ ~ r . ,  J. D. 1967 1)istribution of fl.csl~wntcr fialies in western TVashington. 
Nortli~rest Sci. 41(1):1-11. 

.\IEL.DRI\I, J .  I \ - .  19G8 T h e  ecological zoogeography or tlic O l ~ ~ n l ? i c  mudminnow. 
P11.1). Dissertation, Ijnivcrsity of T'Vasllington, 157 l>p. 

~ I E R R I A ~ I ,  J. C. 1901 A contribution to the geology of tlie John Day I~asin. Univ. 
Calif. Publs. Bull. Dcp. Geol., 2(9):269-314. 

SIKOLSKII ,  G. 1'. l9Gl Special Iclitl~yology. 2nd editioli. English translation of 
1954 Russian edition, ;lIoscow. .538 pp .  



KO. G6O Olrgocuw AIudrnin?zow fronl Oregon 2 9 

Scaurrz, L. P. 1929 Description of a new type of mudminnow fro111 western 
Washington with notes on rclatcd species. Univ. Wash. Publs. Fish. l(6): 
73-82. 

TAYLOR, W. R. 1967 An enzynle  neth hod of clearing and staining snlall verte- 
brates. Proc. U.S. natn. Mus., 122(3596):1-17. 

\ '~ IGT,  E. 1934 Die Fische aus cler mitteleoziinen Braunkohlc des Geiseltales. 
Nova Acta Leopoldina. New Scr. 2(1 and  2):21-146. 

IYEI.I.Z~IAN, S. H. 1962 T h e  ostcology of Brycon t i~eeki ,  a generalized characid 
fish, with an osteological definition of the family. Stanford ichthyol. Bull., 
8(1):3-77. 

----- 1967 T h e  origin of thc stolniatoid fishes with comments on the classi- 
fication of salmoniform fishes. Copeia, 1967(3):507-540. 

~VOLTE, J .  A. 1966 Tertiary plants fro111 the Cook Inlet Region-Alaska. Prof. 
Pap. U.S. geol. Surv. 398-B:1-32. 

\VOLFE, J. A,, D. M. HOPKINS, A N D  E. B. LEOPOLD 1966 Tertiary stratigral~lly and  
13alcobotany of the Cook Inlet Region, Alaska. Prof. Pap. U.S. geol. Surv. 
398-A: 1-29. 

Accei~trd for p~iblicntion Februn~y  7 ,  1969 



Occ. Pafiers 

PLATE I 

I'llotogl.al~h of latex positives of L Y o v ~ i ~ ~ i b r c ~  o ~ . e g o ~ l e ~ ~ ~ i s  11, sl)., holotylx, U M M P  
\'57007, left side abovc, right helo~cr. X2. 



So.  660 Oligocclrlc. i \ l ~ ~ d ~ ~ 7 i ~ 1 1 ~ 0 7 ~ ~  (rot11 0 r ( y o 1 1  3 1 



Occ. Papem 

PLATE I1 

l'liotographs of i n d i ~ i d u a l  skull elc~lle~lts  of L Y o r ~ l ~ t ~ ~ b r a  oregone?zsis n. sp. (1) 
I x f t  operclc, lateral asllcct, UMMP 1'57010, (2) right subol~erclc, UMMP 1'57010, 
(3) right and left frontals, dorsal aspects, UMMP 1'57014, (4) left operclc, lnesial 
aspect on left, lateral on  right, I JMh~lP  1'57014, (5) right dentary, lateral aspect on  
left, illesial on right, UMMP 1'57014. (6) parasphenoid, ventral aspect, UMMP 
\'57014. X4. 










