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NOTOGONEUS OSCULUS COPE, A N EOCENE 
FISH FROM WYOMING (GONORYNCHIFORMES, 
GONORYNCHIDAE) 

PHILIP L. PERKINS 

Departmen t of Biolog y and Peabod y Museu m of 
Natura l History , Yale Universit y 

ABSTRACT 

The gonorynchid fish Notogoneus osculus Cope is reexamined on 
the basis of newly prepared material. It is similar to the Recent 
genus Gonorynchus in possessing a cephalic rib, in the construc-
tion of the pelvic girdle, the suspensorium, coalesced frontals and 
the mandibular elements. Gonorynchid evolution from the Eocene 
on has been very conservative, and it is probable that the mechanics 
of the protrusible jaws in all genera of the family has remained 
unchanged from the Upper Cretaceous to the Recent. 

POSTILLA 147: 18p. 10 JULY 1970. 
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INTRODUCTION 

The gonorynchiform fish consist of five Recent and nine extinct 
genera, of which only one Recent genus (Chanos) has a fossil 
record. These fish, and the somewhat more primitive salmoniformes 
are first recorded from the Lower Cretaceous, and thus it would 
seem that the protacanthopterygian fishes originated shortly be-
fore, in the Late Jurassic. The suborder Gonorynchoidei is first 
noted in the Upper Cretaceous (Charitosomus), after which there 
is a gap until the Lower Eocene when the cosmopolitan genus 
Notogoneus appears. Notogoneus disappears in the Oligocene, and 
the only Recent record of this family is the marine genus Gonoryn-
chus. The suborder Chanoidei includes three families, two of which 
(Kneriidae, Phractolaemidae) lack a fossil record and are further 
restricted to fresh water. The third family, Chanidae, has six 
genera; the one surviving genus, Chanos, is a marine form. 

Greenwood et al. (1966, p. 374-380) have discussed in some 
detail the differences and similarities between the gonorynchiformes 
and the salmoniformes, clupeoids, albuloids and ostariophysians. 
Although they demonstrated that the gonorynchiformes share num-
erous characters with these other groups, they concluded that: 
1) the gonorynchiformes are a natural assemblage and 2) these fishes 
and the ostariophysians were probably derived from a common 
group near the salmoniformes. Closeness to the ostariophysians is 
indicated by the beginning of a divided swim bladder, although 
Gonorynchus lacks one, by similarities in the caudal fin skeleton and 
by unusual cephalic ribs in the vicinity of the first three vertebrae. 

Within the gonorynchiformes, Greenwood et al. concluded that 
the Recent genera Chanos, Kneria, Cromeria and Phractolaemus 
are closer to each other than is Gonorynchus, and consequently, 
Gonorynchus is placed in a separate suborder (Gonorynchoidei, 
with one family, Gonorynchidae) from the other extant forms. 

The members of the family Gonorynchidae are the most aber-
rant fishes in the order discussed here. As such, study of any par-
ticular genus would not be expected to illuminate the course of 
ostariophysian evolution significantly. However, a study of the 
skeletal changes within the gonorynchids might be expected to 
indicate the rate of evolution in that group. Of the two extinct 
genera of gonorynchid fishes, Charitosomus and Notogoneus, the 
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latter is the best known genus in terms of well-preserved material. 
Recent preparation of two unusual specimens (YPM 5772, 14124) 
afforded an opportunity to make a preliminary comparative study 
of Notogoneus and to compare it with the surviving genus Gono-
rynchus. It was felt such work might indicate whether or not the 
family Gonorynchidae had attained essentially "modern" skeletal 
characters by the Eocene. The results of this work suggest that by 
the Eocene, and quite probably earlier, the gross skeletal evolution 
of the gonorynchids had practically ceased, and that whatever 
changes occurred thereafter were limited to the soft parts and 
physiology. 

The family Gonorynchidae is represented today by the genus 
Gonorynchus which contains six species with a reported distribu-
tion in the seas surrounding New Zealand, Australia and Japan. 
The fossil record of this family indicates that the long, fusiform 
body and rather highly specialized feeding parts of the mouth of 
these fishes have changed littl e from Late Cretaceous times to the 
present. Presumably, these fishes have been well adapted to a 
bottom-dwelling existence during this time span, and it is probable 
that they all possessed a barbel suspended from the lower border 
of the maxilla. 

The genus Notogoneus contains the following species: N. janeti 
Priem, Lower Oligocene, France; N. longiceps (Meyer), Upper 
Oligocene, Germany; N. osculus Cope, Eocene, North America; 
TV. squamosseus (Blainville), Lower Oligocene, France and 
N. cuvieri (Agassiz), Upper Eocene, France. 

The material upon which this study is based includes five speci-
mens of Notogoneus osculus (YPM 5772, 14124; AMNH 3900, 
2504, 1340), and two specimens of Gonorynchus gonorynchus 
(Linne) kindly sent to me by Dr. Tokiharu Abe. 

DESCRIPTIONS AND COMPARISONS 

A . CRANIAL MATERIAL 

The bones of the skull of Notogoneus osculus (YPM 5772) have 
been somewhat disarticulated (Fig. 1); however, they are excep-
tionally well shown in the prepared specimen. Five skull bones 
merit special attention. The first is the operculum. Both opercula 
are present: the right operculum is articulated with the suboper-
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FIG. 1. Notogoneus osculus (YPM 5772). X 1. 
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FIG. 2. Notogoneus osculus. Composite of YPM 5772 and AMNH 1340, 
3900. Abbreviations at end of text X 1. 
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culum and slightly overlaps the posterior border of the hyomandi-
bula. It has been rotated about from its natural position, hence the 
restoration (Fig. 2) places it and the suboperculum approximately 
15° anteriorly about an axis formed by the opercular condyle on the 
hyomandibula. The left operculum (Fig. 3) is represented in its 
entirety. It has a rugose surface with numerous pits, though not 
highly sculptured. The anterior crescentic blade articulates with the 
posterior border of the hyomandibula and with the posteromedial 
border of the preoperculum. 

FIG. 3. Notogoneus osculus (YPM 5772). Left operculum, lateral view. X 1. 

FIG. 4. Notogoneus osculus (YPM 5772). Right preoperculum, lateral view. X I . 
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The opercula of the two specimens of Gonorynchus observed 
are only slightly different from that of Notogoneus: the anterior 
falcate blade of the latter extends somewhat more toward the 
hyomandibula and lacks the prominent preopercular groove seen in 
Gonorynchus. 

The preoperculum (Fig. 4) of Notogoneus has a less robust hori-
zontal limb than that of Gonorynchus, but it resembles the pre-
operculum in the latter fish in outline and size relative to the other 
cranial bones. The anterior part of the preopercular canal approach-
ing the quadratoarticular joint is quite prominent (Fig. 1), but the 
vertical portion of the canal is lacking. The suboperculum (Fig. 5) 
has four large clefts on the posterior border. Al l reach over half the 
distance across the bone. A small cleft, probably a fracture, is 
dorsal to the others. In Figure 2, the suboperculum is depicted as 
having participated in the ventrolateral aspect of the opercular ap-
paratus to a much greater degree than it does in Gonorynchus. 

In the various species of Notogoneus currently recognized, all ex-
cept N. longiceps have four clefts in the suboperculum (Woodward, 
1901; Signeux, 1961). In an illustration of Whitfield (1890, fig. 3) 
of Procatostomus constablei (=Notogoneus osculus, AMN H 3900) 
there are seven clefts shown on the suboperculum; in fact there are 

FIG. 5. Notogoneus osculus (YPM 5772). Right suboperculum, lateral view. X 1. 

FIG. 6. Notogoneus osculus (YPM 5772). Mesethmoid with nasals, dorsal view. X 1. 
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only four, since the remainder are fractures in the bone. Chabanaud 
(1931, fig. 6) gives another inaccurate restoration of the right sub-
operculum based on Whitfield's specimen. 

One major difference noted in the relative placement of the sub-
operculum with respect to the operculum is that in Notogoneus 
the former bone accounts for nearly one-half of the opercular 
shield, while in Gonorynchus (Ridewood, 1905; Monod, 1963) the 
suboperculum occupies approximately one-third of the same area. 
Both bones are closely apposed in all specimens of Notogoneus 
examined (except YPM 14124) and would have moved about the 
operculohyomandibular condyle during dilation and contraction in 
the same manner as that of the modern form. One curiosity is the 
absence of the preopercular channel in Notogoneus. This channel 
accepts the posterior border of the preoperculum and the inter-
operculum when the opercular series is constricted, and the lack 
of this mechanism implies that the fascia enveloping the external 
surfaces of the opercular apparatus must have restrained the pre-
operculum at about the position that it appears in Ridewood's 
(1905) figure of Gonorynchus. Figure 1 of this paper shows the 
operculum and suboperculum rotated somewhat dorsally and 
posteriorly; the posterodorsal border of the operculum reaches 
nearly to the level of the pterotic. 

The mesethmoid has undergone perhaps the greatest modifica-
tion of any of the endochondral bones. While that of the Recent 
form closely resembles a fleur-de-lis without the median blade, the 
mesethmoid of Notogoneus (Fig. 6) is more nearly triangular in 
outline. In YPM 5772 it has become dissociated from the frontal, 
but both nasals remain attached. 

In all specimens of Notogoneus seen, the frontal (Fig. 7) was 
crushed inward during preservation. The lack of a midline suture 
is repeated in the Recent forms as well. Because of post-mortem 
damage to the frontal, it has lost whatever dorsoventral convexity 
it may have originally possessed; it has been restored in Figure 2 
with a dorsally directed convexity over the orbits much as in Ride-
wood (1905, pi. 16, fig. 5). In his illustration of the skull of Gono-
rynchus greyi, Ridewood seems to have overemphasized the con-
vexity of the frontal, because an X-ray plate made of G. gonoryn-
chus in the Peabody Museum indicates that the skull in lateral 
view resembles a spear point, with the posterior portion of the 
frontal rising somewhat higher than the dorsal border of the 
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FIG. 7. Notogoneus osculus (YPM 5772). Frontal, dorsal view. X 1. 

orbits. Monod (1963, fig. 3) correctly gave this outline in G. 
gonorynchus; however, the occipital portion of his illustration is 
far too short. The postorbital part of the skull of N. osculus is 
nearly equal to the length of the preorbital part. Hussakof (1908, 
fig. 43) incorrectly showed a midline suture on the frontal, a mis-
take that undoubtably arose because all three specimens used by 
him in his reconstruction are broken down the midline. As Gregory 
remarked (1933, p. 175-76) in his discussion of the functional anal-
ysis of the skull of Gonorynchus, "The length and narrowness of 
the interorbital bridge and bony rostrum would perhaps be a source 
of weakness if these very long frontals were not coalesced in the 
mid-line." 

In addition to the frontal itself, the right lateral ethmoid, a por-
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FIG. 8. Notogoneus osculus. Composite of YPM 5772, 14124 and AMNH 
1340, 3900. X 2/5. 
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tion of the left parietal, the left pterotic and left sphenotic are clearly 
identifiable in YPM 5772. A small lateral ridge, probably the left 
dermosphenotic, is present. 

The hyomandibula of Notogoneus is vertical and it presumably 
articulates with the cranium at two points as in Gonorynchus 
(Ridewood, p. 365). However, Monod (1963, p. 260) stated that 
the articulation runs along the entire dorsal surface of the bone. 
There is littl e indication in YPM 5772 as to its precise articulation, 
for the cranial bones medial to the hyomandibula have been badly 
crushed. Its external shape has changed littl e during the Tertiary, 
and it is likely that the small anterior and large posterior heads 
performed the same functions in the Eocene as they do today. The 
thick vertical ridges seen in Gonorynchus are wanting in our speci-
mens of Notogoneus; possibly these have been broken off. The 
right hyomandibula (Fig. 1) is positioned correctly with respect 
to the operculum. The left hyomandibula lies, disarticulated, above 
the frontal. 

The small angular, the larger overlying articular and the dentary 
are well preserved in all specimens examined, and Woodward has 
shown them in plate XVII I (1896). The ascending processes of 
the articular and the dentary are very slightly higher than those of 
Gonorynchus proportionally and are almost identical in shape. The 
maxilla (Fig. 1) is partially overlain by other bones, but it has a 
characteristic blunt, triradiate head (Woodward, 1896). The pre-
maxilla was not observed in any specimens, but the antorbital was 
present in AMN H 2504 as a small, leaf-shaped bone containing 
the suborbital canal. This element is relatively the same size as that 
in the living form. The entopterygoid (Fig. 2) bore no teeth at its 
posterior end. 

The interoperculum is difficult to distinguish from some other 
bones in that area. It has been restored (Fig. 2) as extending from 
the anteroventral base of the quadrate to the posteroventral end 
of the suboperculum. Possibly this includes part of the coracoid; 
however, Ridewood pointed out that the gonorynchids did not 
have a precoracoid process, hence the interoperculum may not have 
extended this far back. The hyoid apparatus cannot be observed 
and there is only one branchiostegal apparent. 

The two dentaries are well exposed in AMN H 1340. The mesial 
surface of the horizontal ramus of the right dentary in that speci-
men shows a small groove running parallel to the dorsal surface of 
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the bone. Presumably this channel served as the insertion for the 
"Meckelian muscle" as suggested by Monod (1963, fig. 87). No 
evidence of the sesamoid articular (Ridewood, 1905) was found. 

The palatoquadrate arch has nearly the same form in both 
modern and fossil fishes. X-ray plates of preserved specimens of 
G. gonorynchus show that when the mandible is fully depressed, 
the angle through which the lower jaw moves is about 25°. The 
maxilla and premaxilla appear to move as a unit, rotating about 
their ligamentous attachment to the prevomer through an angle of 
about 45°. Labial muscles and fascia curtain the lateral gape 
while the maxilla performs a similar function to that in the mouth 
of higher teleosts today. Figure 2 shows the lower jaw to be about 
half open. 

Le Danois (Monod, 1963, p. 311-12) partly dissected the man-
dibular musculature of G. gonorynchus and found that the man-
dibular adductors have three heads. The largest of these is inserted 
on the medial face of the ascending process of the articular, while 
the other two are inserted on the posterolateral and dorsal surfaces 
of the same bone. The great obliquity of the suspensorium and 
the relatively long distance between the articular and the hyoman-
dibula would indicate that the power derived from these small 
muscles would not by themselves be a significant factor in the 
rapid closure of the mouth. However, a double-headed set of labial 
muscles arising on the coronoid process of the dentary, and a 
large internal mandibular quadrate muscle which inserts on the 
posterodorsal surface of the coronoid process and attaches to the 
quadrate would provide the requisite power for rapid closure of 
the mouth. Undoubtedly, the mechanics of depression and closure 
of the lower jaw are the same in both Notogoneus and Gonorynchus. 

B. POSTCRANIAL MATERIAL 

Very littl e of the immediate postcranial skeleton was observed 
in any of the specimens of Notogoneus. The upraised flange along 
the posterior border of the operculum and suboperculum in YPM 
5772 does not, however, seem to belong to the opercular series, 
but presumably is a remnant of the coracoid. This ridge commences 
approximately 0.5 cm anterodorsal to the pectoral fin, continues 
up along the posterior border of the suboperculum and the 
operculum, and then appears to approach the remnant of the 
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posttemporal bone. The coracoid, in reconstruction, appears just 
below and behind the suboperculum. 

The left cleithrum is exposed in YPM 5772 (Fig. 1). It lies 
immediately below the left preoperculum with its mesial side facing 
out. At the proximal end, forming an obtuse angle with the main 
body of the bone is the articular surface that faces the opposing 
cleithrum. As in the modern form, the mesial side is deeply ex-
cavated. Although Chabanaud (1931, p. 512) found remnants of 
the hyper- and mesocoracoid, I did not see any traces of these 
bones, or of the hypocoracoid in any of the specimens of Noto-
goneus examined. Also missing are the actinosts supporting the 
dermal rays of the pectoral fin. However, the first dermal ray has 
at its proximal end a small cap-shaped head protruding at a right 
angle to the axis of the ray. It has been suggested by Monod (1963, 
p. 264) that this may have resulted from the fusion of two lepidotri-
chia. In Gonorynchus this head articulates directly with the hyper-
coracoid. The remaining dermal rays all have similar talon-shaped 
processes at their proximal ends. 

The pelvic girdle of Notogoneus (Fig. 8) exhibits practically no 
differences from that of Gonorynchus; it is composed of two 
lanceolate splints to which the dermal rays of the pelvic fin attach 
directly. As in the Recent form, the proximal heads of the rays have 
a small talon that articulates with the cartilaginous distal end of 
the pelvic bone* 

The anal, caudal and dorsal fins are very similar in construction 
in both the Eocene and Recent forms. The branching dermal rays 
are commonly preceded by one or more spiniform rays, but the 
fin ray supports at the distal ends of the pterygiophores (axonosts, 
mesonosts and baseosts) are not apparent in the fossil fish. An un-
usual feature seen in the unpaired fins in Notogoneus, but not in 
Gonorynchus, is the presence of small thin splint-like rays, one of 
which precedes each of the branching rays. Presumably, these 
small bones gave support to the lower half of the fin; they do not 
extend out past the branching portion of their sister dermal rays. 
Because of their extreme narrowness and the fact that they did not 
articulate with a pterygiophore, it seems unlikely that they had any 
radial muscles attached to their lateral surfaces. Instead, they were 
probably held in position by the external fascia of the fin itself. 

The caudal fin of Notogoneus differs from that of Gonorynchus 
(Gosline, 1960, fig. 8) only in possessing more dermal rays. Caudal 
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skeleton evolution in the Gonorynchidae has been extremely con-
servative. The penultimate vertebra has both a neural and haemal 
spine, while the terminal half-centrum supports a uroneural and 
six hypurals. Hypurals 2 and 3 are fused, and there is a marked 
separation between hypurals 2-3 and 4. The epural in Gosline's 
figure 8 was not observed in Notogoneus, although further examina-
tion of specimens may show this bone to be present. The number 
of branched fin rays is commonly 21 or 22. 

The vertebrae of Notogoneus are unfortunately rather poorly 
preserved. Numerous workers have remarked on the robust para-
pophyses of Gonorynchus; by contrast, those of Notogoneus are 
commonly small and do not protrude markedly laterad to the hour-
glass-shaped centra. The centra are amphicoelous with a small con-
stricted tunnel for the notochord. Horizontal trabeculae traverse 
the lateral surfaces of the centra while the dorsal and ventral areas 
are indented for the reception of the neural and haemal spines. 
The haemal spines increase in length gradually from anterior to 
posterior, while the neural spines maintain relatively the same 
length along the entire vertebral axis. Interneurals are present com-
mencing from the second vertebra and ceasing at the level of the 
anterior border of the dorsal fin. 

The restoration of the intermuscular bones in Notogoneus is 
difficult since all are disarticulated from their associated vertebrae. 
Monod's excellent work (1963, fig. 56) with these bones in Gono-
rynchus suggests that most of the same ones are probably present 
in Notogoneus, although only those labeled a (epineurals), b (dorsal 
ribs) and c (pleural ribs) are anywhere near their points of attach-
ment. There are other scattered elements observable in the fossil 
material; presumably these are the bones labeled d by Monod 
(epipleural ribs). 

A curious feature mentioned by Greenwood et al. (1966) is the 
construction of the three anterior vertebrae and the posterior 
"ledge" of the exoccipital in Gonorynchus. Each of the first three 
vertebrae is not only different from each other, but is also dif-
ferent from all the remaining ones. They do not bear true ribs or 
epineurals. The third vertebra has a rib inserted into a pit in the 
centrum rather than on the par apophysis. An examination of all 
available material was inconclusive, because the first two to five 
vertebrae are usually dislocated during post-mortem burial. How-
ever, in AMN H 1340, a cephalic rib (?) resembling exactly those 
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illustrated by Monod (1963, figs. 74, 75) and Greenwood et al. 
(1966, fig. 8) is found apparently articulated to the fourth vertebra. 
There seems to be littl e question that this is in fact the same rib-
like bone described by Monod and by Greenwood; its placement 
on the fourth vertebra was perhaps a result of post-mortem dis-
location. If so, this rib and the bones of the skull have changed 
remarkably littl e since the Early Eocene. 

CONCLUSION 

The indistinctness of a number of cranial bones makes a detailed 
study of the functional morphology of the skull impracticable at this 
time. It is not possible to identify the metapterygoid, symplectic, 
ectopterygoid or parasphenoid. The nature and size of these bones 
could significantly influence the effectiveness of the masticatory 
apparatus. The lack of exoccipitals and basioccipitals in fossil 
specimens makes it difficult to compare the articulation of the 
vertebral column and the cranium of Notogoneus with that of 
Gonorynchus. However, it is not difficult to reconstruct the cranium, 
since most of the major bones (frontal, opercular apparatus and 
mandibular elements) are present. By comparing YPM 5772 with 
those specimens illustrated in the works of Woodward (1896, 1901) 
and of Cope (1885b), and utilizing the information in Monod and 
Ridewood, we made a reconstruction of the articulated skull given 
in Figure 2. The cranial outline is quite similar to Monod's illustra-
tion (1963, fig. 3). This similarity reflects my belief that Gregory's 
conclusion (1933, p. 179) that the skull ". . . as a whole seems 
relatively less elongate and depressed than in the recent genus" is 
not borne out by the fossil material. Whatever differences there may 
be between the sizes of the bones of the recent forms and those 
that were not identifiable in the fossil specimens, it does not seem 
likely that there would be a great deal of change, relatively, in the 
skull shape. In particular, the pterygoids, the parasphenoid and the 
convexity of the frontal would have the greatest effect on skull 
shape. Since the hyomandibula is very similar to that of the living 
species, and since the preoperculum and the mandibular elements 
seem to have about the same relative length as in the modern forms, 
it is highly likely that the remaining bones (pterygoids and par-
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asphenoid) would maintain the same relative sizes and shapes. Un-
less the gape of the mouth in the fossil specimens differed greatly 
from that of the recent ones (i.e., considerably wider) or unless the 
convexity of the frontal also differed significantly, then we are prac-
tically forced to conclude that the skull shape has changed very 
littl e during the last sixty million years. It is interesting to note that 
in an illustration of Woodward (1896) as well as in YPM 14124, in 
which there appears to be littl e distortion, the gape of the mouth 
is about the same as that in Gregory's reconstruction of the skull of 
Gonorynchus (fig. 66); that is, the maxilla and anterior border of 
the ascending process of the dentary meet at nearly the same angle. 

Given that the major difference between Gonorynchus and Noto-
goneus involves the possession of a toothed entopterygoid and 
hyoid in the former, it would be profitable to study the skull of the 
European Upper Cretaceous genus Charitosomus in detail. Illu-
strations of this fish (Woodward, 1896) indicate that the major 
cranial and jaw elements are very similar to those in Gonorynchus. 
Woodward (1901) has noted teeth on the hyoid apparatus as well 
as on the entopterygoid of Charitosomus. Most probably, the hyoid 
teeth occur on the 2nd basibranchial, as in Gonorynchus. X-ray 
studies of the masticatory habits of a living Gonorynchus coupled 
with a careful reconstruction of Charitosomus may well suggest 
the precise masticatory behavior of Charitosomus since the mor-
phology of the jaws in both genera is practically the same. The lack 
of these denticulate structures in Notogoneus, while not resulting 
in any major restructuring of the jaw bones, does suggest a change 
in food preference. Consequently, there must have been special 
ecological conditions favoring Notogoneus from the Early Eocene 
to the Late Oligocene, when that genus apparently became extinct. 

ACKNOWLEDGMENTS 

I wish to thank Dr. Bobb Schaeffer of the American Museum 
of Natural History for the loan of specimens of Notogoneus osculus, 
and Dr. Tokiharu Abe of the Zoological Institute of the University 
of Tokyo for the specimens of Gonorynchus gonorynchus. The 
illustrations were made by Miss Diane McClure of the Peabody 
Museum. 



18 POSTILLA 

ABBREVIATIONS USED IN ILLUSTRATIONS 

ang 
ant 
art 

bri,2 
cle 
cor 
d 
ect 
ent 
et 
fr 
hy 
iop 
max 
mes 

Angular 
Antorbital 
Articular 
Branchiostegal rays 
Cleithrum 
Coracoid 
Dentary 
Ectopterygoid 
Entopterygoid 
Lateral ethmoid 
Frontal 
Hyomandibula 
Interoperculum 
Maxill a 
Mesethmoid 

mtp 
nas 
op 

P 
pas 

Pi 
pop 
pmax 
ptm 
pto 
q 
soc 
sop 
sp 

Metapterygoid 
Nasal 
Operculum 
Parietal 
Parasphenoid 
Palatine 
Preoperculum 
Premaxilla 
Posttemporal 
Pterotic 
Quadrate 
Supraoccipital 
Suboperculum 
Sphenotic 

YPM-Peabody Museum, Yale University 
AMNH-American Museum of Natural History 

LITERATURE CITED 

Chabanaud, P.. 1931. Affinites morphologiques, repartition stratigraphique et 
geographique des poissons fossiles et actuels de la famille des Gonorhyn-
chides avec la description de deux genres nouveaux et d'une espece 
nouvelle. Bull. Soc. Geol. Fr. (5) I: 497-517. 

1885b. On two new forms of polydont and gonorhynchid fishes from 
the Eocene of the Rocky Mountains. Mem. Nat. Acad. Sci. 3: 161-165. 

Gosline, W. A. 1960. Contribution toward a classification of modern iso-
spondylous fishes. Bull. Brit. Mus. (Nat. Hist.), Zool. 6 (6): 325-365. 

Greenwood, P. H., D. E. Rosen, S. H. Weitzmann and G. S. Myers. 1966. 
Phyletic studies of teleostean fishes, with a provisional classification of 
livin g forms. Bull. Amer. Mus. Nat. Hist. 131 (4): 341-455. 

Gregory, W. K. 1933. Fish skulls: a study of the mechanism of natural 
evolution. Trans. Amer. Phil. Soc. 23 (2): 75-481. 

Hussakof, L. 1908. Catalogue of types and figured specimens of fossil verte-
brates in the American Museum of Natural History. Pt. I, Fishes. Bull. 
Amer. Mus. Nat. Hist. 25: 1-103. 

Monod, T. 1963. Sur quelques points de l'anatomie de Gonorhynchus gono-
rhynchus (Linne 1766) Mem. L lnst. Fr. D'Af . Noire. 68: 255-310. 

Ridewood, W. G. 1905. On the skull of Gonorhynchus greyi. Ann. Mag. Nat. 
Hist. (7) 15: 361-372. 

Signeux, J. 1961. Sur quelques fossiles du basin parisien. Bull. Soc. Geol. Fr. 
(7)3: 417-423. 

Whitfield, R. P. 1890. Observations on a fossil fish from the Eocene beds of 
Wyoming. Bull. Amer. Mus. Nat. Hist. 3: 117-120. 

Woodward, A. S. 1896. Extinct fishes of the teleostean family Gonorhyn-
chidae. Proc. Zool. Soc. Lond. 500-504. 

1901. Catalogue of fossil fishes in the British Museum. Vol. 4. 
London. 636 p. 



INFORMATION FOR AUTHOR S 

REVIEW 

STYLE 

FORM 

TITLE 

ABSTRAC T 

NOMENCLATUR E 

ILLUSTRATION S 

FOOTNOTES 

TABLE S 

REFERENCES 

AUTHOR' S COPIES 

PROOF 

COPYRIGHT 

The Publications Committee of the Peabody Museum of Natural 
History reviews and approves manuscripts for publication. Papers 
wil l be published in approximately the order in which they are 
accepted; delays may result if manuscript or illustrations are not in 
proper form. To facilitate review, the original and one carbon or 
xerox copy of the typescript and figures should be submitted. The 
author should keep a copy. 

Authors of biological papers should follow the Style Manual for 
Biological Journals, Second Edition (Amer. Inst. Biol. Sci.). Authors 
of paleontological manuscripts may choose to follow the Sugges-
tions to Authors of the Reports of the U.S. Geological Survey, 
Fifth Edition (U.S. Govt. Printing Office). 

Maximum size is 80 printed pages including illustrations (=: about 
100 manuscript pages including illustrations). Manuscripts must be 
typewritten, with wide margins, on one side of good quality 8% x 11" 
paper. Double space everything. Do not underline anything except 
genera and species. The editors reserve the right to adjust style and 
form for conformity. 

Should be precise and short. Titl e should include pertinent key 
words which wil l facilitate computerized listings. Names of new 
tax a are not to be given in the title. 

The paper must begin with an abstract. Authors must submit com-
pleted BioAbstract forms; these can be obtained from the Postilla 
editors in advance of submission of the manuscripts. 

Follow the International Codes of Zoological and Botanical Nomen-
clature. 

Must be planned for reduction to 4 x 6%" (to allow for running 
head and two-line caption). If illustration must go sideways on 
page, reduction should be to 3% x 6%". Al l illustrations should be 
called "Figures" and numbered in arabic, with letters for parts 
within one page. It is the author's responsibility to see that illustra-
tions are properly lettered and mounted. Captions should be typed 
double-spaced on a separate page. 

Should not be used, with rare exceptions. If unavoidable, type 
double-spaced on a separate page. 

Should be numbered in arabic. Each must be typed on a separate 
page. Horizontal rules should be drawn lightly in pencil; vertical 
rules must not be used. Tables are expensive to set and correct; 
cost may be lowered and errors prevented if author submits tables 
typed with electric typewriter for photographic reproduction. 

The style manuals mentioned above must be followed for form and 
for abbreviations of periodicals. Double space. 

Each author receives 50 free copies of his Postilla. Additional copies 
may be ordered at cost by author when he returns galley proof. 
Al l copies have covers. 

Author receives galley proof and manuscript for checking printer's 
errors, but extensive revision cannot be made on the galley proof. 
Corrected galley proof and manuscript must be returned to editors 
within seven days. 

Any issue of Postilla wil l be copyrighted by Peabody Museum of 
Natural History only if its author specifically requests it. 


