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North American Fossil Cryptobranchid Salamanders 
CHARLES MESZOELY 

Department of Biology, Boston University, Boston, Massachusetts 02215 
 

ABSTRACT: North American cryptobranchid fossils, ranging in age 
from middle Miocene to Mio-Pliocene, exhibit uniform morphological 
characters in their maxillae and dentaries. Variation among the fossils 
is less extensive than that in the same bones of the two subspecies of 
Andrias japonicus or in Cryptobra:nchus alleganiensis. All the North 
American cryptobranchid fossils described in this paper are therefore 
considered to be conspecific. Features of the maxillae and vertebrae 
ally the North American fossils to the genus Andrias (Megalobatrachus) 
rather than to Cryptobranchus, and they are referred to Andrias 
matthewi. 

INTRODUCTION 
Individual cryptobranchid fossils from the Tertiary of North 

America have been described and two names, Plicagnathus matthewi 
and Cryptobranchus mccalli, proposed, but there have been no at- 
tempts to treat all the available North American cryptobranchid 
material as a whole. This material consists only of five maxillae, four 
fragments of lower jaws, five vertebrae and one exoccipital. These 
fossils range from early middle Miocene to late Miocene (perhaps 
early Pliocene) in age. In contrast, European Andrias scheuchzeri 
skeletons, most of them complete, number in the thirties. 

Each American fossil will be individually described below and 
compared with the other fossils and with the corresponding bones of 
Recent representatives of the family in an attempt to establish the 
phylogenetic position of the North American fossil cryptobranchids. 

 
Abbreviations.-AMNH-American Museum of Natural History; CM- 

Carnegie Museum; MCZ-Museum of Comparative Zoology, Harvard Uni- 
versity; MVZ-Museum of Vertebrate Zoology, University of California, 
Berkeley; UC-University of California, Museum of Paleontology, Berkeley; 
UN-University of Nebraska; USNM-United States National Museum. 
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REVIEW OF LITERATURE 

Fossil remains of salamanders of the family Cryptobranchidae are 
grouped at present under four generic names: Andrias, M egalo- 
batrachus, Cryptobranchus, and Plicagnathus.  Two of these names 
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are also applied to the Recent forms, Cryptobranchus to the North 
American hellbender and Megalobatrachus to giant salamanders in- 
habiting Japan and China. The relationships of the North American 
cryptobranchid fossils will be considered within the context of the 
whole family; therefore, for convenience in discussion, each genus 
will be considered briefly below. 

 
Andrias 

The Mid-European fossils grouped here have been recently revised 
by Westphal ( 1958) . They include the most numerous and most 
completely preserved fossils of the family Cryptobranchidae. 

The first report on these fossils was the well-known one made by 
the physician Johan Jakob Scheuchzer, and he called the fossil re- 
mains, from the Ohningen quarry, "Homo diluvii testis" or "Man, a 
witness of the deluge" ( Scheuchzer, 1732, p. 66). 

More bones of Andrias were found in the Ohningen quarry, and 
Gessner ( 1758) , after examining another fossil specimen, came to 
the conclusion that the bones were not human but belonged to a 
sheathfish (Cuvier, 1824, p. 432). Not until Cuvier did some prepara- 
tion on the specimen of Scheuchzer's "Homo diluvii testis" was it 
correctly placed in the order Urodela (ibid. pp. 431-433). In 1837 

Tschudi described the specimen and gave it its present name Andrias. 
Fossil remains of Andrias are now known from six localities in 

central Europe (Westphal, 1958). Ohningen (nea:r the Bodensee), 
the type locality, is the most fossiliferous of the six. Westphal dis- 
cusses 23 specimens from this late Miocene locality, and lists two others 
not available to him. Most of the fossils a:re fairly complete, with 

skulls, hyoids, part of the vertebral column and limb bones intact, 
but in most cases the skeletons a:re strongly compressed by the weight 

of sediment. 
The early Miocene locality at Preschen in Bohmen has yielded 

the remains of about ten. individuals; most are parts of the vertebral 
column, but some skull remains have also been found. On the basis 
of the difference in age, these fossils were placed in a different species, 
Andrias bohemicus, by Laube ( 1897). 

Von Meyer ( 1859) described a single relatively well-preserved 
salamander skeleton from upper middle Oligocene strata of Rott ( near 
Bonn) which he placed in still another species Andrias tschudi. West- 
phal (1958) found these fossils conspecific with the Ohningen ones 
and placed them in Andrias scheuchzeri. 

Three less important localities listed by Westphal as yielding frag- 
ments of Andrias scheuchzeri are: 
1. Reisenburg bei Giinzburg: a premaxilla of late Miocene age. 
2. Hochenberg bei Jungau, north of Sigmaringen: two poorly pre- 

served jaw fragments of uncertain geological age. 
3. Brunn-Vosendorf: a thoracic vertebra and humerus, of early Plio- 

cene age. 
Westphal  also applies the generic name Andrias to the living 
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Oriental giant salamanders usually placed in the genus M egaloba- 
trachus, basing this action on osteological studies of variation in skele- 
tons of Recent Asiatic giant salamanders. The presumed specific and 
the generic differences given by the earlier authors were found to be 
within the wide range of variation in the Recent forms. Because the 
name Andrias has priority over Megalobatrachus, it was applied by 
Westphal to both the Central European fossils and the Recent Asiatic 
giant salamanders. Westphal's conclusion is supported by the osteo- 
logic studies undertaken in connection with this work, and the name 
Andrias will be applied here to the Recent Asiatic forms. 

Megalobatrachus 
Shikama and Hasegawa (1962) report Late Pleistocene crypto- 

branchid fossils from the limestone quarry, Shikimizu, Hijikawa-mura, 
Kita-gun, Japan. The salamander fossils were found in association 
with remains of mammals, birds, frogs, toads, and fish. The crypto- 
branchid remains include: a right parietal, a right parasphenoid, 
three right dentaries and eight vertebrae. The remains are supposed 
to have come from four individuals, one estimated to be around 500 
mm, and the other three 900 mm in total length. Even the largest 
was well below the maximum size of 1300 mm attained by Recent 
animals. The authors found the fossils to differ from the Recent 
Japanese form only in having a proportionately longer vertebral cen- 
trum. The difference was not thought to be of specific value, and the 
fossils were referred to Megalobatrachus japonicus. In view of the 
above discussion, these remains should be referred to Andrias. 

Plicagnathus 
The name Plicagnathus matthewi was applied by Cook ( 1917) to 

a lower jaw fragment of a large cryptobranchid from western Ne- 
braska. Though Cook referred to the strata as lower Pliocene, he 
neyer published the locality data. The specimen came from near the 
base of the section in Sinclair Draw, Nebraska, in the lower Snake 
Creek beds of upper Miocene age. Cook recognized the relationship 
of this fossil to the Ohningen Andrias, but believed it to be distinc- 
tive enough to be placed in a separate genus on the basis of the "folded 
appearance of the internal surface of the lower jaw," and its very 
large size. The total length of the animal was estimated by Cook to 
be around 5 feet ( 1524 mm). Cook also referred to another fossil 
specimen said to be in the possession of Dr. F. B. Loomis. There is 
no mention as to what part of the animal this fossil represented, and 
the specimen, presumed to have been in the collection of Amherst 
College, has not been found. 

These two fossils are  the only ones that have been referred to 
Plicagnathus in the literature. 

Cryptobranchus 
All Recent North American cryptobranchids, commonly known as 

the hellbenders, are in this genus. 
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Two authors have referred fossil salamander remains to this genus. 
Peterson (1925) described a caudal vertebra (CM 11149) of Pleisto- 
cene age from Frankstown Cave in Pennsylvania, which he referred 
to Cryptobranchus. The vertebra is considerably smaller than that of 
an adult Cryptobranchus. Richmond ( 1964 p. 225) refers it to the 
Plethodontidae. My examination shows this vertebra to have a neural 

spine finished off in cartilage, a character at present known only in 
cryptobranchids, hynobiids and ambystomatids. Because the fossil 

approximates the latter family most closely in general appearance 
and distribution, the vertebra is here referred to the Ambystomatidae. 

Tihen and Chantell (1963) repm-t a complete right maxilla and 
an anterior portion of a left maxilla from the Valentine Formation 
of Nebraska, which is considered to be of latest Miocene or early 
Pliocene age. They interpreted the fossils as agreeing closely with 
the living Cryptobranchus, though of somewhat larger size. On the 
basis of the size, lesser curvature of the maxilla, and greater number 
of maxillary teeth they placed it in a new species C. mccalli. Through 
the kindness of Dr. Tihen the holotype and paratype were made 
available to me and will be considered in detail below. 

RECENT COMPARATIVE MATERIALS AVAILABLE FOR THIS STUDY 
The skull length was measured from the tip of the snout to the posterior 

border of the exoccipitals. If skull length is not given it indicates that the 
skull was disarticulated. 

A. Cryptobranchus a. alleganiensis 
MUSEUM NO. LOCALITY SKULL LENGTH IN MM 
MCZ  2009-a Cayuga L., N.Y. 44 

2009-b Cayuga L., N.Y. 44 
2009-c Cayuga L., N.Y. 42 
2009-d Cayuga L., N.Y. 45 
1281-a Headwaters of Allegheny R. 47 
1281-b Headwaters of Allegheny R. 51 

17406 Pennsylvania 38 
135 Ohio 36 
129 Havre du Grace, Maryland 54 

14846 Ohio R., at Madison, Indiana 40 
247 New Harmony, Indiana 48 
256 Charleston, South Carolina 46 
134-b Missouri 
134-a Missouri 

1845 no locality data 38 
1320 no locality data 

B. C. a. bishopi 
MCZ 27792 Big Spring State Park, Missouri 40 

C. Andrias j. japonicus 
AMNH 54548 None 66 

58074 Tokyo Zoo, Japan 90 
MCZ  1887 Japan 82 

2393 Nagasaki, Japan 68 
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1896-a Tokyo, Japan 37 
1896-b Tokyo, Japan 38 
1896-c Tokyo, Japan 35 

MVZ 40652 Died in captivity at MVZ 120 
39428 Same as above  

 

D. A. j. davidianus 
MCZ  2852 

2489 
Ya Chow, W. Szechuan, China 78 
Hung-ya-hsien, W. Szechuan, China 30 

 

FosSIL MATERIAL EXAMINED 

A. Described North American fossils: 
1. Plicagnathus matthewi, Cook, 1917 (holotype) AMNH 8303, lower 

Snake Creek beds, Nebraska, upper Miocene, dentary. 
2. Cryptobranchus mccalli, Tihen and Chantell, 1963 (holotype and 

paratype), UN 61000-61001, Valentine Formation, Nebraska, upper- 
most Miocene or lower Pliocene, right maxilla and fragment of left 
maxilla. 

B. U ndescribed North American fossils: 
1. UC 37165, left maxilla; UN 61044, left maxillary fragment, Havorka 

Ranch, Marsland Formation, Nebraska, middle Miocene. 
2. AMNH 8361, right dentary; near Agate, Nebraska, Marsland For- 

mation, middle Miocene ( Considered by H. Cook to be a 
Plicagnathus matthewi). 

3. UK 12004, left maxilla, five vertebrae, two lower jaw fragments, 
right exoccipital, Quarry A, ( ?) Marsland Formation equivalent in 
the sense of Wilson ( 1960), Colorado, middle Miocene. 

4. The only North American fossil mentioned in literature that I have 
not seen is the one, previously mentioned, referred to by Cook 
( 1917). I ts whereabouts and nature are unknown, "in possession 
of Dr. Loomis." 

 
C. Andrias scheuchzeri: 

1. MCZ cast of an 6hningen specimen made from a specimen m the 
Zoologisches Museum of Zurich. 

 
CoMPARISON OF THE Two GENERA OF RECENT CRYPTOBRANCHIDS 

External Features 
Cryptobranchus and Andrias differ from each other externally in 

possession by the former of an open spiracle; in Andrias this opening 
is closed. Cryptobranchus is much smaller; its size is between 290-510 
mm and the maximum size recorded is 740 mm (Conant, 1958). 
Westphal (1958) states that Andrias attains a maximum size of 1350 
mm, but Werner (in Brehms Tierleben, 1920, p. 47) gives the size 
of Andrias as 870-1590 mm. The largest one at my disposal measured 
950mm. 

The Hyoid Apparatus 
The greatest differences between the two Recent genera are 

exhibited in the hyoid apparatus (Fig. 1). In Andrias only the hyoid 
arch and two visceral arches are retained in the adult, and ossification 
occurs only in the second visceral arch (Branchial II of Aoyama, 1929). 
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Noble ( 1931) figures a small bone just below the second visceral arch, 
which he calls epibranchial III. I was unable to find such a bone 
either in the specimens examined or mentioned in the literature, 
though my observations were made only on hyoids of dry skeletons. 
In Cryptobranchus four of the visceral arches and a hyoid are present 
in the adults. Westphal states that in all four of the visceral arches 
and also in the hyoid arch some ossification occurs ( 1958), but Fi.ir- 
bringer ( 1922) figures bone only in hyoid arch, second and third 
visceral arches, a situation confirmed in the material available to me. 
Reese ( 1906) also agrees with the latter statement. In Hynobius the 

 

 
 

Fig. l. The visceral skeletons of Recent cryptobranchids: a, Cryptobranchus 
alleganiensis; b, Andrias japonicus; (somewhat modified after Hyrtl, 1865). 
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visceral arches are reduced from four in the early states of ontogeny 
to two in the fully metamorphosed individual (Noble, 1931). The 
visceral skeleton of Andrias corresponds to that of a partially meta- 
morphosed Hynobius, but Cryptobranchus with its numerous visceral 
arches resembles earlier stages in the ontogenic development, sug- 
gesting that neoteny is more pronounced in the North American hell- 
bender than in its Oriental relatives. 

 
Cranial Osteology 

Andrias and Cryptobranchus have the same number of skull bones 
occupying similar positions in relation to each other. However, some 
of them do differ consistently in shape, proportion, and position, and 
distinguish the two genera. 

Figure 2, which compares the skulls of the two genera, shows 
general orientation and the similarities of position and shape of 
bones. Only the differences are considered below. 

The external naris in Cryptobranchus is usually surrounded by 
four bones: premaxilla, maxilla, nasal and frontal. In Andrias only 
three bones border the external naris: premaxilla, maxilla and nasal. 
The latter alone forms the posterior border of the nasal opening. This 
arrangement also affects the number of bones that come in contact 
with the pars facialis of the maxilla. In Cryptobranchus only the 
frontal and prefrontal contact the pars facialis, whereas in Andrias 
the nasal does also. The prefrontal is a broad, oval bone in Andrias, 
but in Cryptobranchus is long and narrow, extending back to a posi- 
tion opposite the posterior tip of the pars dentalis of the maxilla. In 
Andrias the prefrontal does not extend this far posteriorly. 

In cryptobranchids, as in all known salamanders, the posterior 
tip of the maxilla is not sutured to the pterygoid, but is connected 
to it by strong ligaments. The separation between the pterygoid and 
maxilla is relatively large in Cryptobranchus. The condition in A. 
japonicus davidianus is intermediate between the wide separation 
seen in Cryptobranchus and that observed in A. japonicus japonicus, 
in which the two bones almost meet. This difference is reflected in 
the shape of the orbit -  oval in A. j. japonicus and almost circular in 
A. j. davidianus. These differences are especially evident in younger 
animals, since in larger individuals the skull becomes proportionately 
wider. 

The 16 Cryptobranchus skeletons at my disposal exhibit many 
minor skull variations. The single available skull of Cryptobranchus 
alleganiensis bishopi does not differ significantly from the available 
skulls of C. a. alleganiensis. The premaxillary spines are usually long, 
extending to or beyond the posterior border of the external nares, 
but in 5 of the 16 specimens they reach only to the middle of the 
external nares. In MCZ 1281, on the left side only three bo,nes border 
the external nares as in Andrias, whereas on the right side the usual 
four bones participate. Minute extra bones are often present at the 
border of the external nares. These appear to have been pinched 
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off from the frontal, but may be heterotopic. Such small bones may 
be present on one side, and be absent on the other, as was observed 
on MCZ nos. 129, 2009-a, 2009-b, and 1281. A separate small bone 
in the region of the premaxillary fontanelle similarly may be present 
on one or both sides, as seen in MCZ nos. 247 and 2009-d. Varia- 
tions are especially common in larger individuals. 

 
The Vertebral Column 

Francis ( 1934, p. 16) recognizes four regions in the vertebral 
column of the salamander: a single cervical vertebra (or atlas), the 
trunk region, sacrum, and caudal region. These four regions are 
easily recognizable on the whole skeleton, but in a disarticulated 

 

a  
 
 

Fig. 2.-Dorsal aspects of skulls of Recent cryptobranchids: a, Andrias 
japonicus davidianus, MCZ 2852; b, Andrias japonicus japonicus, MCZ 2393; 
c, Cryptobranchus alleganiensis, MCZ  135.  Abbreviations: ex, exoccipital; 
/, frontal; mx, maxilla; na, nasal; o, orbitosphenoid; p,a, parietal; pf, prefrontal; 
pm, premaxilla; pt, pterygoid; qu, quadrate; sq, squamosal. The line associated 
with each specimen represents 1 cm. 
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vertebral column there is little distinction between the trunk vertebrae 
and the first few caudal vertebrae since the latter lack hemal arches. 

The fossil material contains only dorsal vertebrae, without hemal 
arches, thus only these will be considered in detail. 

Andrias japonicus possesses 21-22 vertebrae without hemal arches, 
of which either the 21st or (less frequently) the 20th is the sacrum. 
The sacrum resembles the other trunk vertebrae closely, but is distin- 
guished by having the distal end of the transverse process dorso 
ventrally enlarged for attachment of the pelvic girdle. This distinc- 
tion is difficult to detect in some isolated specimens without careful 
comparison. Cryptobranchus has 20-21 vertebrae without hemal 
arches; the sacrum is usually the 19th, but in a few may be the 20th. 
In one specimen the ilium was attached on the left to the 19th and 
on the right to the 20th trunk vertebra. Besides the sacrum the first 
trunk vertebra and the two post-sacrals lacking hemal arches are 
also distinguishable from the trunk vertebrae on close examination. 
The first trunk vertebra differs from others in having a relatively 
much shorter centrum, and a neural spine in which the leading edge 
is straight in lateral view. This blade becomes progressively more 
concave in the succeeding vertebrae until in the middle trunk region 
a well-developed saddle is formed (Fig. 5d). Ventrally, the centra 
of the first two post-sacral vertebrae are somewhat flattened and in 
some may be strongly concave. 

A character that separates most individual vertebrae of the two 
Recent genera is the angle formed between the neural spine and the 
centrum (Tables 2, 3).  This angle is around 30° in the cervical 
region of Andrias japonicus, varying somewhat in different individuals, 
and tending to decrease posteriorly along the column in the same 
individual. The same angle is only around 20° in Cryptobranchus, 
again decreasing posteriorly. Measurements of the first trunk vertebra 
in Several specimens of each genus are given in Table 1, of successive 
vertebrae in a representative individual of each genus in Tables 2 and 
3. All angle measurements in these tables have tolerance within three 
degrees. 

It appears from Table 1 that the trunk vertebrae of each genus 
have their own characteristic range of magnitude of neural spine 
angle and that the ranges do not overlap in a given region, thus 
allowing assignment of isolated vertebrae to either Andrias or Crypto- 

 
TABLE l. Neural spine angle in first trunk vertebra of Recent cryptobranchids 

A. japonicus C. alle ganiensis 
Specimen Skull length Angle Specimen Skull length Angle 
MCZ 2489 30 mm 30° MCZ 134 ca. 44 mm 20° 
MCZ 1896-c 35 mm 28° MCZ 2009-a 44 mm 16° 
MCZ 2393 68 mm 31° MCZ 2009-d 45 mm 19° 
MCZ 2852 78 mm 31° MCZ 256 46 mm 15° 
MCZ 1887 82 mm 28° MCZ 1281 51 mm 15c 
MCZ 40652 120 mm 32°    
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branchus with reasonable accuracy. That this phenomenon is not 
the result of differences in body size should be evident from the table. 

DESCRIPTION OF FOSSILS 
For convenience in discussion, each of the fossil specimens will 

be considered separately. Numbers refer to the list of fossil specimens 
above. 

SPECIMEN Bl: UC 37165, left maxilla; UN 61044, left maxillary 
fragment. Both from the Havorka Ranch, Box Butte County, Ne- 
braska. Marsland Formation (middle Miocene). 

Description.-UC 37165 is a well-preserved left maxilla, complete 
except for a small break on the dorsal tip of the pars facialis. The 
chord length of the maxilla is 101.7 mm. 

Francis (1934, p. 28) recognizes three distinct areas on the sala- 
mander maxilla: Pars facialis ( ascending process) , which overlies 
various bones dorsally; pars dentalis, which forms the ramus of the 
maxilla and bears the maxillary teeth; pars palatina, a narrow area 
that comes in contact with the vomer and takes, part in the formation 
of the palate. Each of these areas will be considered individually. 

The pars facialis on UC 37165 is located close to the anterior 

TABLE 2.-Regional variation in measurements and 
between the neural spine and the centrum, occurring in 
hemal arches along the vertebral column of a single 
japonicus davidianus, MCZ 2852 

in the angle 
the vertebrae 

individual of 

formed 
without 

Andrias 

Vertebra 
Length of 

centrum '(mm) 
Height of 

centrum (mm)* Angle 
1  

2  
3  
4  
5  

6  

7  

8  

9  

10  
11  
12  

13  

14  

15  

16  

17  

18  

19  

20  

21 
22  

23  

(Sacrum) 

13.9 
15.4 
15.7 
16.6 
17.5 
17.7 
17.7 
17.7 
17.8 
17.2 
17.6 
17.8 
17.4 
17.8 
17.7 
17.8 
18.0 
18.0 
17.3 
17.3 
17.0 
16.6 
16.8 

8.8 
9.0 
9.4 

10.9 
10.3 
11.7 
10.8 
11.3 
11.3 
11.3 
11.3 
11.1 
11.0 
11.3 
11.7 
11.3 
11.5 
11.6 
11.0 
10.9 
10.3 
10.3 
10.5 

* As measured between dorsal and ventral borders of the anterior cotyle. 
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extremity of the maxilla; its base length is 35 mm, or about one- 
third of the total length of the maxilla. Judging from the shape 
of the breakage surface and from the growth lines on the bone, the 
pars facialis was roughly triangular with the apex tilted caudad. The 
leading edge of this triangle is straight except for a concave inden- 
tation at the base for the external naris, above which a small curved 
process protrudes anteriad. The trailing edge is concave, with a 
prominent process at its base extending caudo-dorsad and forming a 
45° angle with the pars dentalis. On the lingual side of the maxilla, 
at the posteroventral border of the pars facialis, is a prominent fora- 
men for the maxillary branch of the trigeminal nerve. The end 
branches of this nerve emerge through numerous small openings 
located on the pars dentalis (foramen lateral nasi of Francis, 1934, 
Plate I) , of which there are nine on the pars dentalis of the Havorka 
fossil. The external surface of pars facialis is relatively smooth, but the 
inner surface, which comes in contact with other bones of the skull, is 
rough and irregular. Located anteriorly and bounded on both sides 
by strong vertical ridges, a prominent depression in the shape of an 
inverted triangle is present; its significance will be considered in the 
discussion. 

The pars dentalis is essentially a slender bar, bearing teeth along 
its entire ventro-lingual surface. The teeth ( excepting a single dam- 
aged fragment) are missing, but the well-preserved ridges indicating 

 

 

TABLE 3.-Regional variation ( as Table 2) occurring in 
out hemal arches, along the vertebral column of a single
Cryptobranchus alleganiensis, MCZ 129 

vertebrae with- 
 individual of 

Vertebra 
Length of 
centrum 

Height of 
centrum* Angle 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

(Sacrum) 

10.0 
12.5 
12.5 
13.3 
13.1 
13.5 
13.8 
13.8 
13.6 
14.0 
13.9 
13.9 
14.0 
13.5 
14.0 
13.7 
13.8 
13.9 
13.5 
12.3 

mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 

5.3 
5.6 
5.6 
6.0 
5.9 
6.6 
6.0 
6.0 
6.0 
6.2 
6.3 
6.2 
6.5 
6.2 
6.2 
6.4 
5.8 
6.0 
5.5 
5.1 

mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 
mm 

* As measured between dorsal and ventral borders of the anterior cotyle. 
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their number and position allow a fairly accurate tooth count of 107. 
The dorsal portion of the pars dentalis extends medial to form a 90° 
shelf over the tooth row. The pars dentalis maintains an almost 
uniform height through its entire length (it measures 15 mm at the 
posterior border of the pars facialis and 13.2 mm close to its posterior 
extremity), but tapers abruptly at its posterior end. At this point 
numerous parallel ridges indicate the point of attachment of the 
pterygoid ligaments, which connect the maxilla with the pterygoid 
and to the suspensorium. 

The pars palatina extends medially from the base of the pars 
facialis (which it meets at almost a right angle), and joins the vomer 
in the formation of the palate. It is very narrow from the base of 
the pars facialis to the point where it joins the vomer. Its maximum 
width is 5 mm. Its suture with the vomer is 36 mm long and has a 
broad, irregular surface. 

The preserved portion of UN 61044 represents the posterior one- 
third or one-half of the pars dentalis of a left maxilla. The chord 
length of the fragment measures 41.5 mm; its height at the breakage 
point ( as measured from the ventral border of the tooth row to the 
dorsal extremity of the pars dentalis) is 11.0 mm; spaces for 40 teeth 
are present. 

Discussion.-The pars facialis of UC 37165 closely resembles that 
of Andrias j. japonicus. In Cryptobranchus this same area is essentially 
an equilateral triangle with relatively smooth anterior and posterior 
borders, whereas in both the Havorka fos.sil and in A. j. japonicus 
the apex of the pars facialis is tilted caudad and the posterior side is 
concave with a prominent posterior process at its base (see Fig. 3c) . 
The resemblance of the Havorka maxilla to the maxilla of younger 
specimens of A. j. japonicus is especially marked; some larger specimens 
develop marginal spinescence which obliterates the original pattern 
and gives the pars facialis a fan-shaped outline. In A. j. davidianus 
the pars facialis appears to be always fan shaped. The resemblance of 
the Havorka fossil to juveniles of A. j. japonicus may be interpreted 
as representing a greater degree of neoteny in the fossil form. 

In Recent .Andrias the pars facialis overlaps three skull bones: 
nasal, frontal and prefrontal. Only a small portion of the nasal is 
covered by the anterior tip of the pars facialis. The nasal is followed 
by the frontal bone, of which the pars facialis overlaps a small tri- 
angular area. The remainder (and greater) portion of the pars 
facialis covers the prefrontal in Recent specimens. In the latter the 
prefrontal expands and makes a strong anterior curve underneath the 
pars facialis, and it alone meets the maxilla in a deep groove at the 
base of the pars facialis. The inner surface of the pars facialis is 
characterized by numerous ridges and depressions, the counterparts of 
which are observable on the three skull bones covered by this region of 
the maxilla. A prominent triangular depression is present on the 
medial surface of the pars facialis, where the maxilla covers the 
frontal. A similar depression also exists on the Havorka specimen and 
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is bounded on both sides by prominent ridges. On the basis of this 
observation one can assume that the pars f acialis of the fossil maxilla
(as in Recent Andrias skeletons), covered the same three skull bones; 
nasal, frontal and prefrontal. 

The curvature of the maxilla in the Havorka specimen is less 
than in either Cryptobranchus alleganiensis or in Recent Andrias. This 
condition was also reported for Cryptobranchus mccalli (Tihen and 
Chantell, 1963), and will be discussed below. 

Measurements on Recent complete Andrias skeletons gave a ratio 
of chord length of maxilla to total length of between 1: 15 to 1: 16. 
With increasing total length the ratio appears to decrease, as indicated 
in Table 4. Based on the chord length of the Havorka specimen, the 
total length of the salamander was around 1500 mm, which exceeds 
the maximum length previously recorded for living or fossil Andrias 
by about 150 mm. 

TABLE 4.-Ratio of chord length of maxilla to total length 
of body in Recent cryptobranchids 

Specimen Chord length Total length Ratio 
MCZ 1887 47.0 mm 700 mm 1: 14.9 
MCZ 1896-a 18.7 mm 290 mm 1: 15.5 
MCZ 1896-b 17.5 mm 280 mm 1: 16.0 

Fig. 3.-Maxillae in labial view: a, Cryptobranchus alleganiensis, Recent, 
MCZ 134; b, Andrias japonicus davidianus, Recent, MCZ 2852; c, Andrias 
matthewi, UC 37165; d, Andrias matthewi, UN 61000; e, Andrias japonicus 
japonicus, Recent, MCZ 1896-a. The line associated with each specimen rep- 
resents 1 cm. 
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The specimen is referable to Andrias on the basis of the general 
appearance of the pars facialis of the maxilla and an apparent contact 
of this ·area with three skull bones ( nasal, frontal and prefrontal) , a 
situation not seen in Crypto·branchus. It differs from Recent rep- 
resentatives of the genus and from European fossils in having the 
pars dentalis of the maxilla less curved and more slender, and in 
having a shallower dental gutter or sulcus dentalis. 

UN 61044 agrees with UC 37165 in every observable detail. 
SPECIMEN B2: AMNH 8361. The anterior half of a right dentary. 

From the upper part of the so-called Marsland Formation, (Running- 
water Formation of Cook, 1960), ca. 17 m E of Agate, Nebraska 
( middle Miocene) . 

Description.-The maximum chord length of the specimen as pre- 
served is 120 mm. The height of the fragment is 28 mm posteriorly, 
and 21 mm anteriorly. The break occurred approximately at the point 
where the prearticular expands to cover the entire inner surface of 
the lower jaw. The prearticular was not preserved; however, the 
prominent depressions on both sides of Meckel's groove indicate the 
area it once covered. Meckel's, groove is in the form of a deep tri- 
angular furrow, which narrows to a point about 30 mm from the 
anterior extremity of the dentary. Teeth are no longer present, but 
spaces are preserved for about 100. The sulcus dentalis is shallow. 
An area of 30 mm on the sulcus dentalis (about midway along the 
tooth row) is roofed with bone and a small canal appears to go through 
it. The elliptical symphysis has a highly irregular surface. It bears 
two prominent knoblike elevations. The more prominent one rep- 
resents the anterior center of ossification of the dentary and is located 
to the left of and dorsal to the center of the symphysis. The other, 
on the ventral border of the symphysis, appears to be a continuation 
of a strong ridge (probably for attachment of the intermandibularis 
muscle) on the ventral portion of the labial side of the dentary. This 
ridge extends posteriorly less than one-half the length of the fragment. 
Three large and four small mental foramina (Westphal, 1958), are 
arranged in a labial series along the long axis of the dentary. The 
labial side of the dorsal border of the dentary is somewhat flattened. 

Discussion.-The salamander represented by this dentary fragment 
must have been very large. The portion preserved is somewhat more 
than half of the lower jaw and the total length of the animal derived 
from the estimated chord length by comparison with the Recent 
skeletons may have been as great as 1800 mm. This exceeds the total 
estimated length of the Havorka specimen by about 300 mm. 

The curvature of the dentary appears to be less than in Recent 
Andrias. It resembles the Havorka maxilla in this character and in the 
shallow sulcus dentalis. The fossil differs in no other observable 
characters from a Recent Andrias dentary. Both this fossil and the 
Havorka maxillae came from middle Miocene strata of Nebraska. 
The essential identity of geological age and geographical occurrence, 
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along with the presence of common morphological characters, suggest 
that the two fossils represent the same species of Andrias. 

SPECIMEN Al: AMNH 81571, a mesial fragment of a left dentary 
( the holotype of Cook's Plicagnathus matthewi), from the lower 
Snake Creek beds, Sinclair Draw, Sioux County, .Nebraska (late Mio- 
cene, see page 00) . 

Description.-This specimen also represents a very large sala- 
mander. The anterior break appears to be at the point where the 
anterior extremity of the prearticular was once located (now marked 
by flat triangular depressions on the fossil) , the posterior break a 
short distance anterior to the region where the prearticular expands 
to take up the entire inner surface of the lower jaw in the Recent 
cryptobranchids. The deep triangular Meckel's groove extends along 
the entire length of the dentary fragment. It measures 4 mm wide 
and about 5 mm deep at its posterior end, narrowing to a point an- 
teriorly. The chord length, as measured from the posterior ventral 
border to the anteroventral border of the dentary fragment, is 54 
mm. The tooth row is 42 mm long, and spaces for approximately 
40 teeth are present. The sulcus dentalis is very shallow in compari- 
son with that of Recent cryptobranchids. The height of the dentary 
fragments is 19 mm anteriorly, and 22 mm posteriorly. 

Discussion.-The type of Plicagnathus matthewi resembles very 
closely AMNH 8361 described above, but a much smaller portion of 
the dentary is preserved. The two dentaries seem to have come from 
individuals of approximately the same size, but that represented by 
AMNH 81571 may have been somewhat smaller. The lack of mor- 
phological differences between the two dentaries indicates that the 
two specimens belong to . the same species. 

SPECIMEN A2: UN 61000, right maxilla, the holotype of Tihen 
and  Chantell's  Cryptobranchus mccalli, and  UN  61001,  paratype. 
}30th from the Norden Bridge Quarry, Valentine Formation, Brown 
County, Nebraska (Mio-Pliocene). 

Description.-The holotype (a well-preserved right maxilla) was 
described in part by Tihen and Chantell ( 1963) as follows: "chord 
length of 54 mm, ... length of ascending process 17.3 mm; straight- 
line height from ventral border to highest point on the ascending 
process 15.5 mm. No complete teeth remain, but the bases of many 
are intact; there were about 75 teeth in life   Thj aew  is somewhat 
less strongly curved than any specimen of alleganiensis." The curva- 
ture of the maxilla in all Recent Andrias at my disposal was found 
to be greater than in UN 61000. 

The pars facialis of UN 61000 exhibits the same tripartite condi- 
tion (with the apex tilted in a caudad direction) as described above 
for the Havorka maxilla, UC 37165. A prominent posterior process 
is present, but the small curved anterior projection described in UC 
37165 is lacking. The slender pars dentalis maintains a nearly uniform 
height throughout its length, and is perforated by 11 foramina lateral 
nasi. The sulcus dentalis below the tooth row is shallow. A prominent 
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ridge on the lingual surface of the pars facialis extends ventro-dorsad 
to the highest point of the pars facialis, and marks the posterior bor- 
der of an inverted triangular depression. 

The paratype according to Tihen and Chantell comprises "the 
anterior 8.5 mm of a left maxilla. There are bases or spaces for 14 
teeth." The pars facialis is broken dorsally, but a triangular area, 
bordered by two ridges on the lingual surface and similar to that seen 
in the holotype, is present. There are six foramina lateral nasi present 
on the maxilla fragment. 

Discussion.-UN 61000 resembles the Havorka maxilla (UC 
37165) closely, but is only about one-half its size. Estimation from 
its chord length gives a total length of 810 mm for the animal. It 
differs otherwise from the Havorka specimens only in the absence of 
a small curved anterior projection from the pars facialis. It resembles 
the Havorka specimen in maxillary curvature, slender form, uniform 
height of pars dentalis, and a shallow sulcus dentalis. As in the 
Havorka specimen, the triangular depression on the lingual surface 
in both the holotype and the paratype of Cryptobranchus mccalli 
indicates that probably three skull bones came in contact with the 
pars facialis, as in Andrias. The pars facialzs of UN 61000 exhibits 
great similarities to that of Andrias j. japonicus; resemblances to speci- 
mens MVZ 1896-a and 39428 were especially marked. 

SPECIMEN B3. UK 12004, isolated skull and vertebral elements, 
from Quarry A, ?Marsland Formation equivalent, Logan County, 
Colorado (middle Miocene, Wilson, 1960). 

Description.-UK 12004 was assigned to a number of crypto- 
branchid fragments representing the remains of more than one indi- 
vidual. The collection consists of a left maxilla, two dentary frag- 
ments, one left exoccipital, and five vertebrae. 

The maxilla is badly damaged, but its entire length is preserved. 
The chord length of the specimen is 30.4 mm. The entire pars facialis 
is broken off along with a small portion of the underlying pars dentalis. 
The break exposes the canal for the maxillary branch of the trigeminal 
nerve, which passes, antero-ventrally through the maxilla from the 
posterior extremity of the base of the pars facialis. The pars palatina 
is 10 mm long. The pars dentalis maintains a uniform height through- 
out its length, but it comes to a point posteriorly. Two measurements 
of the width of the pars dentalis, one at the posterior extremity of the 
pars facialis and the second taken close to the posterior extremity of 
the pars dentaliJs, both give a measurement of 4.6 mm. As a result 
of damage to the interior surface of the pars dentalis, no tooth count 
is possible. 

The larger dentary fragment represents the anterior 14 mm of a 
left dentary with bases or spaces for 15 teeth. 

The exoccipital measures 11.5 mm from its most anterior border 
to its posterior extremity. The articulation surface is subcircular. The 
lateral surface bears a large vagus foramen. 
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The vertebrae have been given letters a-e and will be considered 
individually below. All are trunk vertebrae. 

Vertebra UK 12004-a. The centrum length is 16.2 mm; its height 
as measured between the dorsal and ventral borders of the cotyle is 
12.4 mm. The angle formed by the neural spine with the centrum 
is 30°. The left transverse process is broken off near its base, but 
otherwise the specimen is- well-preserved, showing well-developed 
pre- and post-zygapophyses, nearly circular in shape. On the ventral 
midline of the centrum a large foramen is present. At the point where 
the ribs are attached, the right transverse process is 10 mm high and 
2 mm wide. 

Vertebra UK 12004-b. The centrum is 20 mm long and 13.3 mm 
high. The neural arch is not preserved; the transverse processes are 
preserved but badly damaged. The right transverse process, at the 
point of rib attachment, is 9 mm high and 3 mm wide. The ventral 
foramen is located to the right of the midline. 

Vertebra UK 12004-c. The centrum length is 13.8 mm, its height 
9.2 mm. The neural spine forms an angle of 26° with the centrum. 
Both of the pre- and one post-zygapophysis are preserved and are 
slightly oval in shape. The right transverse process is missing; the 
left one at the rib attachment is 7 mm high and 2 mm wide. The 
ventral foramen is on the midline. 

Vertebra UK 12004-d. The centrum length is 10.3 mm, its height 
6.9 mm. The angle formed by the centrum and neural spine is 32°. 
All the zygapophyses are preserved and are round in outline. Both 
transverse processes are intact and measure 5 mm and 2 mm at the 
rib attachment. The ventral foramen is small and located on the 
midline. 

Vertebra UK 12004-e. Centrum length is 9.3 mm and centrum 
diameter 5.9 mm. The angle formed by centrum and neural spine 
measures 18°. Pre- and post-zygapophyses with a slightly oval outline 
are preserved. The right transverse process is broken off at its base 
and the left one is damaged at the rib attachment. The ventral fora- 
men is to the left of the midline. 

Discussion.The Colorado collection represents the remains of at 
least four individuals, possibly more, ranging in total length from 
about 450 mm to 800 mm. 

The maxilla resembles the Havorka (UC 37165) and Norden 
maxillae (UN 61000) in that the pars dentalis has a uniform height 
along its entire length, and also in the very slight curvature of the 
ramus. 

Vertebrae a and d have come from the most anterior portion of 
the vertebral column of different individuals. Vertebra d can be 
identified with near certainty as the first trunk vertebra by its short 
centrum and its neural spine, which has a straight leading edge in 
lateral view. Vertebra a represents the second or third trunk vertebra 
of a larger individual; c is from the midregion of the vertebral column 
and e comes from the sacral region. The angle formed between the 
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neural spine and the centrum of vertebra d (a first trunk vertebra), 
is as in Andrias. (See page 503.) The wide range of variation of the 
angles between the neural spines and centra in this fossil collection 
primarily represents regional variation along the vertebral column, 
such as shown by Andrias japonicus (see Tables 2 and 3). 

The maxilla shows the same characters described in the other 
North American fossils. The exoccipital is characteristically crypto- 
branchid but is not helpful in determining the genus. The vertebrae 
with their high neural spines suggest Andri.as rather than Crypto- 
branchus. 

CONCLUSION 

The similar morphological characters shared by the North Ameri- 
can fossil cryptobranchids indicate that all represent the same genus 
and species. Their occurrence in a short span of geological time and 
a limited geographical area strengthens this assumption. The fossils 
range from early middle Miocene to latest Miocene or early Pliocene 
in Colorado and Nebraska. 

The known fossil record of the North American cryptobranchids 
not suggest any increase or decrease in the overall length, since small 
individuals approximately of the same size are present in both the 
earliest and latest deposits in which cryptobranchids occur. The largest 
individuals were found in deposits of intermediate age. The size dif- 
ferences in different deposits are probably due to chance collecting. 

 

 

b 
 
 
 
 
 

Fig. 4.-Lingual view of upper and lower jaw elements of Andrias 
matthewi: a, left maxilla, UC 37165; b, left dentary, AMNH 8303; c, right 
dentary, AMNH 8361; all x 2/3. 



1966 513 MEszoELY:  FossrL CRYPTOBRANCHIDS 
 

 

The fossil individuals range in total lengths from about 430 mm to 
1800 mm. Andrias japonicus exhibits a similar range in total length. 
Specimens of the latter in my possession ranged from 240 mm to 950 
mm and the soecies is known to reach a maximum size of 1350 mm 
(Westphal 1958) or perhaps even 1500 mm (Werner, in Brehm's 
Tierleben, 1920, p. 47). 

To determine the relationship of the fossils to the Recent genera 
of Cryptobranchidae, the maxillae are most useful, since the two 
Rec.ent genera exhibit distinct differences in this bone. In Andrias 
the pars f acialis of the maxilla contacts three skull bones -  the nasal, 
the frontal and the prefrontal; in Cryptobranchus the nasal is not in- 
volved. The markings on the inner surface of the pars f acialis of UN 
61000, UN 61001 and UC 37165 indicate the contact of three skull 
bones with this area. The apex of the pars f acialis of the maxillae 
is also tilted caudad and not nearly vertical as in Cryptobranchus. 
There is also a strong resemblance between the pars f acialis of these 
specimens and that of Recent Andrias j. japonicus. The Colorado 
first trunk vertebra, in having neural spines projecting caudad at 
about 32° suggests also the Andrias condition rather than that of 
Cryptobranchus, and the corresponding angles in the other fossil 

 

Fig. 5.-Lateral view of trunk vertebrae: a, Andrias matthewi, UK 12004-c; 
b, A·ndtias japonicus davidianus, Recent, MCZ 2852; c, Cryptobranchus al- 
leganiensis, Recent, MCZ 256; d, Andrias japonicus davidianus, Recent, MCZ 
2852; a-c are first trunk vertebrae ( note the large angles between the centrum 
and the neural spine in a and b) ; d is the seventh trunk vertebra showing the 
characteristic concave development on the leading edge of the neural spine; 
a, b and d x 2/3; c x 3. 
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vertebrae also fall within the range of regional variation in the vertebral 
column of Andrias japonicus. 

On the basis of the known characters the North American crypto- 
branchid fossils are more closely related to Andrias than to Crypto- 
branchus, and therefore should be referred to that genus. 

The North American Andrias fossils are, however, not identical 
with Andrias scheuchzeri or A. japonicus. They differ in having the 
ramus of the maxilla more slender and less curved, and in having a 
shallow sulcus dentalis. These characteristics indicate a head shape 
different from that of other species. Since Cook (1917) described the 
first North American cryptobranchid under the name of Plicagnathus 
matthewi, the proper name for the American species is Andrias 
matthewi. 

A summary of the known diagnostic characters of this species fol- 
lows. 

Size: The known specimens of this fossil salamander indicate 
individuals ranging between 430 mm and 1800 mm in total length. 

Maxilla: In comparison with the other species, the ramus of the 
maxilla is less curved and more slender, and the sulcus dentalis is 
shallow. The pars facialis is strongly tripartite with the apex tilted 
caudad at about a 45° angle, and lacks marginal spinescence. 

Dentary: Andrias matthewi exhibits less curvature of the dentary 
than any other member of the family. The sulcus dentalis is also 
shallow here. 

Vertebrae: The vertebrae have a shorter centrum length relative 

 
Fig. 6.-Anterior view of first trunk vertebrae; a, Andrias japonicus 

davidianus, Recent, MCZ 2852; b, Andrias matthewi, UK 12004-c; c, Crypto- 
branchus alleganiensis, Recent, MCZ 256; the drooping transverse process of 
a is a variable character; a and b x 2/3; c x 3. 
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to the diameter of the cotyle than is the case in Recent Andrias or 
Cryptobranchus. The angle formed between the centrum and the 
neural spine of the first trunk vertebra is around 30°, as in other 
species of Andrias. 
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