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INTRODUCTION
The North American hog—nosed snakes of the genus Heterodon* 

as a result of their striking morphology and their bizarre behavioral 
characteristics are among the most widely known of Nearctic organisms* 
This interest has not been restricted to scientific workers, but 
familiarity with the "spread—heads" is common among rural people 
throughout the United States* According to Wright (1950) some 61 
common names have been applied to the eastern hog-nosed snake (II* 
platyrhinos) alone, indicating that even the lay mind is interested 
in this group of snakes* In view of this broad scientific and popu
lar interest in the genus, it is surprising that Heterodon as a whole 
has not been analysed systematically for more than fifty years, and 
that there has never been an attempt to summarize the available 
natural history data concerning these snakes*

The grotesque morphology of the group sets it well apart from 
the remainder of the family Colubridae to which it belongs* Sub
family arrangements have been questioned recently (Bogert, 1940; 
Stickel, 1951)» and students of the entire family have been con
servative in their estimates of relationships within the family* 
Stickel (1951) discussing Heterodon among other colubrid genera, 
has recently stated:

nIt seems likely*. *that they are relatively ancient 
forms that may have been on this continent as long or longer 
than the Old Northerns. Their forked sulcus and isolated 
positions suggest age. Their near relatives may have be
come extinct, or may have evolved along such different lines 
that they are no longer recognizable as relatives." (Stickel, 
1951, p. 130).

If such an interpretation is valid, perhaps Heterodon occupies a 
peripheral position in the family, similar to that occupied by the 
unique Dasypeltine genera Dasypeltis (African) and Elachistodon 
(Indian) (Schmidt, 1950).

1



The most recent taxonomic revision of Heterodon is that of 
Cope (1900) ; subsequent to that study Stejaeger (1903) erected 
another species* The current systematic arrangement is as follows: 

Heterodon platyrhinos platyrhinos Latreille*
Heterodon platyrhinos brown! Stejneger*
Heterodon nasicus nasicus Baird and Girard*
Heterodon nasicus kennerlvi Kennicott*
Heterodon simus Linnaeus*

The genus is relatively small and only a limited number of 
nominal entitles have been accepted* This arrangement has been 
tested by the examination of available specimens, and certain changes 
have been proposed in the light of this material.

MATERIALS AHD METHODS 
In the course of this study some 1600 specimens have been 

examined* They were distributed among the species as follows: platy
rhinos. 1200; nasicus. 300; and simus. 100* Scale counts and measure-* 
ments taken have been similar to those made by herpetologists in the 
analysis of various groups of snakes* Scale rows, ventrals, caudals, 
supralabials, infralabials, oculars, temporals, and loreals have been 
counted* Ventrals have been counted from the first plate wider than 
long; caudals from the first that makes contact with its partner be
hind the vent* In addition to these the number of scales around the 
azygous of simus and nasicus have been counted together with the 
azygous itself and recorded as a single value; these counts have been 
called the azygous scalation or azygous mass* Dorsal blotches refer 
to the total number of blotches on the body, between the most anterior



transverse blotch on the neck and the one over the vent; where blotches 
are divided into two bilaterally spaced spots they have been considered 
as a single blotch* Y—shaped blotches have been counted as one when 
the blotch was single in the mid—dorsal line, when it was double they 
were considered as two* Measurements have been conventional; an index 
of head length has been obtained by measuring from the posterior end 
of the lnterparietal suture to the tip of the rostral, and an index 
of head width was obtained by measuring from the edge of one supra
ocular to the other at a point directly above the center of the eye.

The variability of certain traits within the species and 
within the genus itself have been considered in detail, others have 
seemed only worthy of cursory treatment, and many have been ignored 
completely* In the taxonomic descriptions of the nominal entities 
special attention has been given to traits not analysed more fully. 
Perhaps certain of these, when subjected to further examination, will 
prove of value in discriminating taxa not defined by the present 
analysis.

Statistical methods have been adapted from Fisher (1948),
Caaier and Bacon (1949), and other texts in statistics.
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GENERIC TRAITS

Maxillary Bones and Dentition
Maxillary bones have been removed from several specimens of 

each of the three species of Heterodon. and have been found to be 
distinct* Sufficient material has not been examined to allow any 
quantitative study, but the qualitative aspects seem of value in the 
discrimination of the species# Drawings of the lateral views of 
typical maxillae are presented in figure 1 ; all have been made to the 
same scale* Figure la shows the maxilla of Heterodon platyrhinos.
The bone in platyrhinos is rather long and slender* bearing from 9 to 
11 small teeth anteriorly, and two large teeth posterior to the diaste
ma. The bone in nasicus (fig. lb) is heavier, being considerably 
greater in depth, and bearing longer, thicker teeth. All specimens 
had 8 small teeth anterior to the diastema and two enlarged teeth 
posterior to it. In simus (fig. lc) the bone again seems thick in 
proportion to its length, and bears 9 or 10 thick anterior teeth#
The diastema of simus seems proportionally short.

The maxilla of Heterodon articulates with the palatine the 
transpalatine by two processes extending mesially from the inner face 
of the bone. The palatine is hook-shaped, and the short arm of the 
hook articulates with the most anterior of the two processes of the 
Maxilla. The transpalatine is Y-shaped, with the mesial ami of the Y 
articulating with the posterior process of the maxilla, and the 
lateral arm curving around the maxilla and articulating with its pos
terior end on its posterio-lateral face just below the enlarged teeth.

6
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Figure 1. Lateral views of the maxillae of 
the genus Heterodon* A. H. platyihinos 
B. H* nasicus; C* H* simus* x 6 *



These two articulating processes of the maxilla are quite different 
in shape from species to species# Drawings of these processes have 
been presented in figure 2# In simus and nasicus the posterior trans- 
palatine articulating process is keeled vent rally; in platyrhinos it 
is flatter# The anterior palatine articulating process varies greatly 
from species to species# In platyrhinos it is almost straight when 
viewed from below (fig. 2a), and comes off at almost a right angle to 
the maxilla at that point# In nasicus the process is extremely thick 
at its base, and curves around toward the transpalatine process (fig. 
2c)# The process in simus (fig* 2b) is extremely fragile, and very- 
thin# It leaves the mass of the maxilla at a sharp angle, and curves 
rather sharply around toward the transpalatine process, forming with 
it a small circular opening.

These qualitative factors have been checked against a number 
of maxillae of the three species, and seem to vary little. The tooth 
counts obtained were as follows (counts based upon number of sockets):

Number of Teeth Frequency
platyrhinos simus nasicus

$ -f- 2 6
9 +  2 3 4
10 -h 2 12 2
11 -f- 2 2

One skull of each species has been examined; in these the 
number of maxillary tooth sockets was bilaterally symmetrical. Counts 
on the other teeth have been made on the skulls examined with the 
following results:

platyrhinos simus nasicus 
palatine 7/? 4/4 4/4
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pterygoid
dentary

platyrhinos simps nasicns
12/12 10/10 9/9
20?/l9? 11/13 U?/?

The dentition of ell the tooth bearing bones should be examined sta
tistically to see if the indicated differences are real or just ap
parent*

James A* Peters of the Museum of Zoology, University of 
Michigan has recently supplied a picture of a fossil maxilla found 
by Hibbard in his Rexford formation of the Kansas Pliocene. Although 
I have not examined the fossil the picture shows the articulating 
processes, and one of the enlarged posterior maxillary teeth, in 
all qualitative aspects the bone seems typical of present day 
platyrhinos. Mr* Peters also states that vertebrae were found and 
agree with modern Heterodon. From these data it certainly seems 
that platyrhinos. or at least the genus Heterodon. is considerably 
older than many other reeent snake species or genera (Gilmore, 1938), 
and that the genus had its origin during or prior to the Pliocene.
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Figure 2. Ventral views of the palatine and 
transpalatine articulating processes of the 
maxillae of Heterodon# A* H# platyrhinos; 
B* H* simus; C# jj# nasicus» x 5#



The Hemipenes
The hemipenes of Heterodon are of the so-called Xenodontine 

type, i.e., the sulcus spermatieus is bifurcate as is the entire distal 
portion of the organ. The divided free end of the penis is covered 
with papillose calyces, which entend basally along the sulci. The 
basal portion of the organ is armed with spines, which are generally 
of three sizes. The largest spines are those farthest from the sulcus, 
between them and the sulcus are a varying number of smaller spines, and 
the entire area surrounding the spines is covered by extremely minute 
spines. The basal spinose and distal calyculated regions are separated 
by an unarmed area. 3h evagination the area between the rows of lar
gest spines expands more than other areas on the penis; in that way 
three sides of the penis, which is roughly rectangular in cross section 
are armed, whereas the fourth side, the side opposite the sulcus is 
unarmed.

The penes of the three species have been diagrammed in figures 
3 , 4* and 5. The diagrams have been prepared of the in situ penis.
Certain of the penial characteristics which differ from species to

*species are apparent from these figures. The penis of Heterodon 
platyrhinos is the most slender of the group, whereas those of simu« 
and nasicus are proportionally shorter and stubbier. This is re
flected to some extent in the proportional length of the distal bi
furcate portion which represents about 1/3 of the total length in 
platyrhinos. but only 1/5 to 1/4 of the total length in s<«»« and 
nasicus. These differences are also reflected to a slight extent by 
the data presented in Table X, in which the caudal scales at the 
level of which the sulcus bifurcates, the penis itself bifurcates, and

11
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PLATE I
Diagrams of the hemipenes of the genus

Heterodon .

Figure 3* (Upper left) Diagram of the penis 
of Heterodon platyrhinos.

Figure 4* (Upper right) Diagram of the penis 
of Heterodon nasicus.

Figure 5* (Lower center) Diagram of the 
penis of Heterodon simus.



m
— s

- - - - - c

— M



13the retractor muscle inserts on the penis are indicated* Differen
tial size of caudals in the three species tends to obscure these re
lationships *

table: i«
Variation in position of penial structures* Numbers refer to 

the caudal plate opposite which the sulcus spermaticus bifurcates, the 
penis bifurcates, and the retractor muscle inserts on the distal end 
of the penis*

Species Mus. 
No.

Muscle
Insertion

Penis
Bifurcation

Sulcus
Bifurcation

simus Ca 4804 16 14 8tt Ca 9373 20 16 10tt Ca 9364 14 12tt AMNH 43470 12 10tt AMNH 3343 17 15 —
Summary
on simus 12-20 10-16 8—10

nasicus Nu 1991 15 12 7tt RAE 1396 15 12 9tt AMNH 36735 16 13 7tt AMNH 46388 16 12 7
Summary 
on nasicus 15-16 12-13 7-9

nlatvrhinos RAE 1323 15 11 6tt Nu 2569 17 12 6it Nu 325 18 13 7tt Nu 1596 15 12 6

Summary on
nlatvrhinos 15-18 11-13 6-7

In addition to the differences in proportion the number of 
spines seems to differ from species to species* H* platyrhinos has 
relatively few spines whereas simus has almost twice as many; nasious 
is roughly intermediate between the other two species* The minute



xuspines seem most prevalent on the platyrhinos penis, slightly less 
common in nasicus and difficult to find on simus.

Cope (1900, pi, 27, figs, 1 and 2) has figured the penes of 
platyrhinos and nasicus. although his figures are somewhat inacurate, 
Copefs figure of the platyrhinos penis indicates the minute spines 
at the basal end only, they actually extend distally as far as the 
major spines. The presence of these smaller spines is ignored on 
Cope13 figure for nasicus.



The Rostral Plate 
One of the most bizarre structures of the generally rather 

bizarre hog-nosed snakes is the rostral* The hog-nosed snake rostral 
has been modified from the typically rounded Colnbrid type to a 
flattened shovel-like scale* The description of the rostral of 
geterodon as shovel-like is rather apt as Davis (19A6) has shown that 
the sharpened plate of H. platyrhinos is actually of value as a dig
ging Instrument, and similar observations are reported below for H* 
nasicus* Perhaps even more significant than its unusual morphology 
is the fact that the rostral plates of the three species of Heterodon 
are sufficiently different to serve as qualitatively diagnostic 
characteristics * The rostral of platyrhinos forms a rough right 
triangle when viewed from the side; anteriorly, and dorsally, it in
scribes rough isosceles triangles. Occasionally there is a dorsal, 
longitudinal keel on the platyrhinos rostral.

On nasicus the plate is much more rounded at the tip, when 
viewed from the anterior or dorsal. From the side the plate is more 
up-swept at the tip, and the dorsal surface tends to be more concave. 
The rostral of simus is quite similar to that of nasicus. although not 
as up—turned at the tip* It also occasionally shows a dorsal keel* 
Figure 7 shows the side, anterior and dorsal views of rather typical 
examples of rostral plates of the three species.

In order to place these qualitative differences on a more ob
jective level several measurements of the rostral plates have been 
taken. Of these those that show the differences extant among the 
species are those which have been illustrated on figure 6; they have 
been called the height and the straight height of the rostral. The

15
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Figure 6* Measurements taken on the rostral plates 
of specimens of Heterodon; ab, height; ac 
straight height*

Figure 7. Rostral plates of Heterodon* A. H. simus; 
B* H. nasicus; C* H. platyrhinos, 1* lateral view; 
2. dorsal view; 3*~anteiio-ventral view, (ca. x 2).
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figure 8. Histograms of the rostral ratios 
for Heterodon# A# H# platyrhinos; B. H. 
simus; C. H# nasicus»
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proportional differences between these measurements shows a marked 
difference from species to species* In order to handle these dif
ferences more easily they have been converted Into a simple ratio* 
This ratio, which may be called the rostral ratio; (R) has been cal
culated by dividing the straight height by the height of the plate.
The mean R values for the three species are as follows:

nasicus .69
simus .75
platyrhinos .94.

Thus, assuming the straight height to remain relatively constant, a
series of decreasing heights from nasicus to platyrhinos may be
constructed. Similar ratios involving other measurements have not
proved of diagnostic value.

The histograms presented in figure 8 show these differences
graphically*

In regard to the rostral plate, that of platyrhinos would 
seem the least modified from the baSlc colubrid type; nasicus is 
certainly the most bizarre, and simus. although eloser morphologically 
to nasicus than to platyrhinos is intermediate between the two*



Size
Size relationships in reptiles are particularly difficult to 

treat statistically. In his remarkable statistical study of the 
rattlesnakes, Kl&uber (1936-1940) has pointed out that snakes have no 
apparent terminal size; thus growth may continue for the entire life 
of the individual, although slowing considerably later in life, or it 
may stop completely as it does in mammals and birds* Under these 
circumstances the most meaningful study of size relationships in rep
tiles will be of a comparative and proportional nature*

INITIAL AND TERMINAL SIZE
Extreme sizes in all organisms may be the result of physio

logical abnormalities, and though of interest as such, must be treated 
conservatively in a definition of size range within a species or other 
taxonomic group* In view of this fact, in addition to actual extremes, 
upper and lower mean sizes have been obtained by calculating the aver
age values indicated by the three largest and three smallest indivi
duals of each sex for each species*

The smallest species of Heterodon is simus* The smallest in
dividual measured was only 116 mm in length (DBUF 2431, Lake County, 
Florida)* The mean of the three smallest males was 141*7 mm* Among 
females the smallest was 160 mm (UMMZ 80451, Candler, Marion County, 
Florida)* The mean of the three smallest was 161*0 ma*

The largest simus examined was 565 mm in length (UMMZ 84453,
15 miles S* of Thompson, Jefferson County, Georgia), and a female; 
mean on the three largest females was 513 mm* The largest male was 
464 mm (MCZ 178, Charleston, Charleston County, South Carolina); mean

19



20of the throe largest males was 44#*7 mm*
The smallest specimens of nasicus were a 149 nm male (8 miles 

3E of Padilla, Tamaulipaa, Mexico, MDZ 46335) and a 171 mm female 
(Cordova, Rock Island County, Illinois, RGS 0130)* Means for three 
smallest were* males, 174*0 mm; females, 181,0 mm. The largest 
nasicus were females; the mean of the three largest was 789*7 mm, 
the largest specimen measured 823 mm (UMK5 67391, Haddam, Washington 
County, Kansas), The largest male was a 608 mm specimen from 
McDonald, Rawlins County, Kansas; the three specimen mean was 585*7 mm* 

The smallest platyrhinos was a 142 mm male (UMMZ 57748, Gaines
ville, Alachua County, Florida); mean on smallest three was 166,3 mm* 
The smallest female measured 158 mm (Ca 10417, Gramercy, St, James 
Parish, Louisiana); mean on smallest three females was 160*0 mm* The 
largest specimen, again a female, measured 1082 mm (UMMZ 61121,
Ogemaw County, Michigan); mean on largest three females, 1030 mm.
The male mean was 926*7 mm, and the largest male was 970 mm (USNM 
107874, Ocean City, Worcester County, Maryland).

These data have been summarized in Table II*
It is of interest to note that one larger specimen of H. 

platyrhinos is recorded in the literature, Breckenridge (1942) re
ported a female from Moose Lake, Pine County, Minnesota (Minn* Mae*
Nat. Hist., 1062) that measured 1092 mm in total length.

On the basis of the information available from the terminal 
mean sizes of the three species it is obvious that in all cases the 
females attain a larger size than the males, and a series from simus 
through nasicus to platyrhinos represents a series of increasing ter
minal sizes* It is also interesting that the males of platyrhinos
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are larger than the females of nasicus. and that males of the latter 
reach a greater terminal size than female elans.

TABLE XI.
Initial and terminal size data on the species 

of Heterodon.

ef d* simus nasicus fy* platyrhinos f «
Smallest 116 160 149 171 142 158
Initial
Mean 141.7 161.0 174.0 181.0 166.3 160.0

Largest 464 565 608 823 970 1082
Terminal

Mean 448.7 513*0 585.7 789.7 926.7 1030.3

Data on initial sizes do not show as clear a picture. Male 
aligns are smaller than the other two species, but platyrhinos shows
the smallest females. This may be a statistical fiction as a result 
of the larger numbers of platyrhinos examined.

SEXUAL DIMORPHISM IN SIZE.
As was noted above the largest specimens for all of the 

three species are females. This is again demonstrated in Table III. 
The table breaks down the specimens by size classes and sex, with 
the percentage of males Indicated also. Ignoring for the moment the 
juvenile classes at the top of the table, it will be noted that the 
proportion of males tfitbin the classes increases steadily to a peak, 
which may be considered as the average length of the males, and then 
begins to dwindle, until in the higher classes the females are in 
greater proportion or the only members of the class. Thus average 
size for males of simus would be from roughly 300 to about 450 mm;
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for nasicus from about 350-500; and for platyrhinos from about 500 to 
about 650* Female averages for simus would be from about 350 to about 
500; nasicus 500-700; and platyrhinos 650-850. This, from another 
point of view, again seems to indicate that platyrhinos is the largest 
species and simus the smallest.

TABLE III.
Sexual dimorphism in size of the species of 

Heterodon.

Size
Class no 
in ram

platyrhinos 
#<r«r no.?s

nJasicus 
no.<̂ <? no.^

simus 
no.<?t? no.^

100-149 ,,, 1 0 100 1 1 50
150-199 14 16 48.8 2 5 28.6 6 8 42.8
200-249 18 9 66.7 5 4 55.6 4 0 100
250-299 5 5 50 5 3 62.5 2 2 50
300-349 6 4 60 7 4 63.7 10 1 90.2
350-399 6 8 75 U 6 70 12 10 54.6
400—449 3 6 33.3 13 8 61.9 6 6 50
450-499 3 5 37.5 19 8 70.4 1 9 10
500-549 7 5 58.3 9 8 52.9 0 1 0
550-599 13 4 76.5 5 9 35.7
600—649 14 7 66.7 1 9 10
650-699 8 10 44.4 0 7 0
700-749 11 14 44.0
750-799 7 10 41.2 0 3 0
800—849 5 12 23.4 0 1 0
850-899 1 7 12.5
900-949 0 3 0
950-999 0 2 0

The classes with large numbers of individuals at the top of
stmng and platyrhinos columns would tend to indicate juveniles. Speci
mens of simus measuring less than 200 ram in total length may be con
sidered as juvenile. Juveniles of platyrhinos tend to be somewhat 
larger, including specimens as large as 250 mm. The column for



nasicus does not indicate any such clear cut juvenile classes, although 
from the evidence presented it would seem logical to assume that the 
average juvenile size for that species would fall between the figures 
for simus and platyrhinos, i,e., less than 225 mm.

SIZE CLINES
That the size of animals varies geographically has been known 

for many years, Bergmann’s rule and Allen*s rule both treat of size 
changes over changes in latitude. According to the former homoeother- 
mal animals increase in size toward the north, and according to the 
latter their extremities decrease in size, both, presumably, as adap
tations to heat conservation. More recently It has been pointed out 
that many ectothermal animals also vary in size with latitudinal 
altitudinal change, but in most known cases size decreases to the 
north. This phenomenon has lead to the converse Bergmann rule, appli
cable to polkilothermal vertebrates and invertebrates. It must be
added that the full meaning of this situation has never been satis
factorily explained. In order to see whether the hog—nosed snakes 
demonstrated these phenomena three specimen means were taken on both 
largest and smallest individuals from arbitrarily selected portions 
of the ranges of the species. The areas were selected on the basis 
of the north-south extent of the range of the species and their 
boundries were dictated by the availability of material.

The small number of specimens of simus available only allowed 
consideration of the extremes of the range of the species. The means 
were as follows:

North small males 174.5 females 179,3
South small males 152,7 females 162,7



24North large males 439*3 females 461.7
South large males 433*0 females 467.5

It Is apparent from these data that the smallest Initial sizes on the
specimens are from southern localities, as Is true for large smiles
also. The large females, however, show the larger means in the south*
Although the data are slim this would seem to Indicate that northern
simus tend to be larger than southern.

The range of nasicus has been broken down into four north-
south portions* First, material from the extreme south, Mexico,
Arizona, and the Rio Grande area (Heterodon nasicus kennerlvi): second.
material from Texas, Hew Mexico and Oklahoma; third, specimens from
Colorado, Kansas, Missouri, Illinois, Iowa, and Nebraska; and fourth,
specimens from Montana, North and South Dakota* Indicating these
areas by number the mean measurements were as follows:

Small males Small females
1. 23 5 A  1* 230*7
2* 206.0 2. 245*3
3. 232.7 3. 181.3
4. 366*0 4. 351.7

large males large females
1. 461*0 1. 629*3
2* 514.3 2. 645*0
3* 585*7 3. 761*7
4. 518*7 4* 740.3

Although again the data are relatively slim a general trend toward
increase in size to the north would seem indicated by both small and
large males and females*

The range of platyrhinos has been subdivided into four areas
on the basis of latitude. 1. 25-30° N, 2. 30-35° N, 3. 35-40° N, and



4. north of 4.0°. The results were as follows: 25

Small males Small females
1.2.
3.
4.

189*3177.0
166*6
176.3

1* 163.32. 169*0 
3. 172.7
4* 169.0

Large males Large females
1. 713#0
2. 752.5
3. 901.0
4. 875.7

1. 832.0
2. 813.3
3. 985.3
4. 1016.0

Hear© again the more northern localities seem to have the larger snakes. 
The small males are an exception.

snakes of the genus Heterodon are an exception to the converse Berg— 
maim rule, tending to he larger In the more northern areas than In the 
south. The reason for this Is not apparent. Most discussions of size 
elines have assumed that the variability is the result of direct en
vironmental modification. Park (1949) has recently speculated that 
the southward increase in size of the beetle Dicaelus purnuratus is 
the result of a longer larval feeding period, and such an explanation 
would certainly seem tenable with regard to other such organisms. Per
haps ectothermal vertebrates whieh show normal converse Bergmann size 
relationships grow larger in the south because of a longer feeding 
and a shorter hibernation period. It would seem most logical to as
sume that the present condition is the result of different genetic 
constitutions of the snakes from the northern and southern portions 
of the ranges of the species of Heterodon. Feeding and growth period 
effects to the south would tend then to increase the size of the 
genetically smaller individuals, whereas environmental conditions to

It would seem safe to conclude from these data that the
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the north would tend to decrease the size* In many such cases it 
would be expected that environmental modifications would tend to mask 
the differential heredities involved, but in Heterodon the heredity* 
must exert the strongest influence in the development of the pheno
type*

Differential Body* Proportions 
Careful statistical studies of bodily proportions in snakes 

have seldom concerned biologists* An exception is Dr* L* M* Klauber 
who has analysed numerous species, and produced some unexcelled mono
graphs based upon such studies* No such extensive studies as those 
earried out by Klauber will be attempted here, however, certain 
analyses have proved instructive in elucidating the probable genetic 
relationships within the genus Heterodon* Measurements have been made 
upon head length, interocular width, body and tail lengths*

PROPORTIONAL HEAD IENGTH
A qualitative examination of the general morphology of the 

three species of Heterodon seems to show that these forms have dif
fering proportional relationships involving the head* H. platyrhinng 
and simus seem to have more or less "normal* heads, whereas nasicus 
seems to have a "chunkier" head in proportion to the total 'length of 
the animal* Head length-total length scatter diagrams seemed to in
scribe straight line relationships between these variables, so regres
sion lines have been fitted to the data using the three point method 
of Bartlett (1949)* In all cases the regression lines have been cal
culated separately for the sexes, in order to determine whether the 
species manifest any sexual dimorphism in head proportions* The
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Figure 9* Regression lines of head length-total 
length relationships in male Heterodon* A.
H. nasicus; B. H* simus; C* H. platyrhinos*
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Figure 10* Regression lines of head length-total 
length relationships in female Heterodon* A*
H* nasicus; B* H. nasicus kennerlyi; C* H. simus; 
D. H. platyrhinos♦



formula© for platyrhinos were as follows s
females y = 0.018Gx 4 - 7*8
mAles y s Q*0l87x 4 - 7*5
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Each line has been calculated on 100 individuals chosen at random 
from all geographic areas within the range of the species* There is 
no sexual dimorphism in head length proportions in platyrh**^**-

Qnly 32 females and 37 males were used in calculating the 
regression formulae for simus* so these statistics cannot be consi
dered as significant as those for platyrhinnfl, The formulae were 
as follows s

In view of the small number of specimens, and the data obtained for 
platyrhinos * the sexual differences are probably not significant.

For nasicus 51 males and 61 females were considered, <>n̂  
the following formulae obtained:

Again the sexual differences are probably not significant*
Ihterspecles differences have been treated in figures 9 

(males) and 10 (females}• In general terms the species show a pro
gression of increasing proportional head length from nasicus with 
the shortest head, through simus. to platyrhinos with the longest*

Klauber (1939) has shown that differences often exist between
geographic races of the same species in the rattlesnakes* This is 
not apparent in Heterodon* The regression line was calculated for 
kennerlvl females and has been plotted on figure 10* It will be 
noted that this line is not significantly different from that inscri

feraales
males y * O.O2O0X -4- 5*0 

y = 0 *0212x 4 - 5*9

females
males

y * Q*0182x 4 - 4*8 
y = 0 .0213x 4- 3*6



29bed by females of nasicus* The two formulae were as follows*
nasicus y s 0*0j82x 4- A*8
kennerlyi y = 0*0167x -4- 5.5

There seems to be no geographic ‘variability in head length 
proportions in the other two species*

PROPORTIONAL TAIL LENGTH
One of the best known sexually dimorphic characteristics in 

snakes is the differential proportional lengths of the tails* This 
difference has generally been reported as a tail/total length ratio* 
In the present study this dimorphism has been determined by a com
parison of the regression formulae of the tail length-total length 
relationships* These formulae were as followss

Species Males Females
H. platyrhinos y s 0*195*-12 y s O.U7*-5
I* y * 0*205x-15 y = 0.123xH. nasicus y « 0.198x-55 y = 0.11&&-20

It is apparent that in all three species the males tend to have 
longer tails than the females* Also in three the slopes of the 
curves for the males are greater than for the females, indicating 
that the sexual divergence increases with increased size and age of 
the individuals* Klauber (1937, pp. 31-33) has shown that size is 
not a good index of age in snakes, especially when full adults are 
considered* It would, therefore, be unwarranted to suggest too 
strongly that such a change occurs with age, although in very general 
terms this is probably true*

The species differences are apparent from figures 11 (males) 
and 12 (females). Among the males the lines for aimns and platy
rhinos are almost identical in slope and position, whereas the curve
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Figure II* Regression lines of tail length-total 
length relationships in male Heterodon* A. H* 
simus; B* H* platyrhinos; C. H* nasicus*
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Figure 12* Regression lines of tail length-total 
length relationships in female Heterodon* A. H 
platyrhinos; B* H. simus; C. H. nasicus*



•*>
31S52s2B£> although similar In slope, Is in a different position* 

Thus the males of the former two species have tails of similar propor
tions, whereas nasicus males have shorter tails* Among the females the 
situation is slightly different; the tail-total length proportions of 
nagicms and simus are similar, whereas those of platvi»MiMm are dif
ferent , proportionally longer*

The mensural data are not of particular diagnostic value, but 
they do indicate slight differences which are not apparent otherwise*

HEAD LENGTH AND INTEROCULAR WIDTH
The length-width relationships of rattlesnake heads have been 

studied by Klauber (1933) • Klauber utilized freshly killed snakes in 
his study, and was able to make measurements before the animals were 
fixed* Working with museum specimens, frequently distorted in pre
servation and affected by differential shrinkage, an index of head 
width was sought which would probably be least affected by differen
tial handling* In consideration of the underlying bony structure, 
the interocular width was taken as an index of head width* It would 
be of great interest to compare the accuracy of this index with 
actual measurements of the width on freshly killed material*

As was true of the other proportional studies, the interocular 
width increases in direct proportion to the head length, inscribing 
a straight line curve* Ihterocular width shows no apparent sexual 
dimorphism* The formulae of the regression lines for the three species 
are as follows;

Species Males Females
H* platyrhinos y = 0*495x -+-1*2 y = 0 .514* 4 . l.o
H* simus y a 0.563* +  0*5 y = 0.500x 4 - 1.0
f. nasicus y «* 0.644* 4* °*7 7 * 0*622x 4 - 0*6
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Figure 13* Regression lines of head length- 
interocular width relationships of female 
Heterodon* A* H, simus: B. H. nasicus;
G# H. platyrhinos*



^  view of the lack of sexual dlsorphisni in this characteristic only 
the females have been eonpared (fig. 13). It will be noted that the 
regression lines for Heterodon platyrhinos and slum a are practically 
identical, whereas nasicus inscribes a quite different curve. Much 
overlapping occurs between simus and platyrhinos on the one hanrt and 
nasicus on the other, but these relationships disclose a tendency for 
nasicus to have a shorter head in proportion to its width than the 
other two species.

It is of interest to note that snakes of the genus Heterodon 
apparently have a different type of head growth than the rattlesnakes. 
Klauber (1936, p. 7) has shown that in the rattlesnakes the head be
comes proportionally wider as the snakes mature, ^n these crotalids 
k in the linear formula y « mx-J-k has a negative value, implying that 
the width/length ratio Increases as the snake grows. In Heterodon 
the sign of k is positive*, indicating a decreasing width/length value 
as size increases. Thus young Heterodon have proportionally wider 
heads than do adults.



INDIVIDUAL VARIABILITY
Individual Variability on Heterodon platyrhinng

SCALE EONS
Variability in the number of scale rows around the body of

the eastern hog—nosed snake is slight, although of some interest* Of
519 available counts, 338 specimens have the formula 25-25-19, which
is a contraction of the more esqaanded 25-25-23-21-19 formula. The
anterior half of the body shows little normal reduction, although
the loss of six scale rows on the posterior half results in the 19
eount in front of the anus* In addition to the most common count,
25—25—191 the following counts were obtained with fair frequency:

27-25-19 2B
23-25-19 21
25-23-19 18
25-25-17 11

Counts obtained for the three areas varied with the following fre
quencies:

Anterior counts:
22 2
23 3924 20
25 403
26 11
27 44

Mld*»body countst
21 1
22 7
23 46
24 15
25 43426 3
27 23

Posterior counts:
16 1

34



Posterior counts:
17 26
1$ 13
19 46120 8
21 10

Assuming a random combination of these various values one 
would expect a total of 252 possible scale formulas on the eastern 
hog-nosed snake, but only 51 were realized in the present study* 
Certainly* such theoretically possible formula© as 22-21-16 would 
hardly be eaqpected in practice*

Stability in dorsal scale rows seems to be rather regular 
among snakes of all groups; genetically speaking they must be under 
rather immutable control, existing differences are probably the result 
of embsryological dysfunction of one type or another*

SUFRAIABIAIS
The supralabials are one of the most stable sets of scales on

platyrhinos * Counts of these scales have been taken on 546 specimens,
of which 397 show eight supralabials on each side. Deviations from
this basic count were as follows:

7/8 15
8/7 9
8/9 15
9/8 15
7/7 2
9/9 2
6/7 1

As is generally the case with snakes the supralabials tend to 
be symmetrical; in this series of snakes only 55 or 10*1% showed asp** 
metry in the supralabial counts* 65 or 11*65? have changes (either 
loss or addition of a scale) to one or both sides, and only 5 or 0*916% 
manifest changes on both sides on the same snake*



Asymmetry in stipralabxal counts seems to show no geographical 
variation.

INFRALABIALS
The infralabial scales are slightly more variable than the 

supralabials* This may be a real situation, or the result of the fact 
that these scutes sometimes tend to merge imperceptibly into the body 
scales at the posterior end of the head* This latter condition oc
casionally demands an arbitrary decision on whether a particular scute 
is a labial or a body scale* The following counts were obtained 
(listed in decreasing order of frequency):

10/11 118
10/10 115
11/10 6910/11 63
11/12 42
12/11 36
12/12 27
10/9 16
10/12 11
9/10 9
9/9 5
9/11 5
12A0 5
11/9 3
11/13 2
12/13 2
10/8 2
13/13 1
13/12 1
3U/l2 1

It is obvious from this list that counts involving 10 and/or 
11 scales are most coianon; 496 specimens, or 93% of the total of 533 
show 10 or U  on one side or the other, 365 or 6SJ$ show 10 or U  

in symmetrical condition, or in combination. It seems safe to con
clude from these facts that the basic genetic pattern governing the 
development of the infralabials favors the production of 10 or 11



scales, and that counts of 10/10, 11/11, 10/11, and 11/10 are typical 
for the species* 4-0 specimens, or 7*5$* show reductions on one or 
both sides from 10* Only* two of these specimens show less than 9 
scales on one side* Increases from the basic count of 11 are not 
nearly as rare as decreases; 24% (128 specimens) have more than 11 
scales on one or both sides* These counts involving 12 scales are 
fairly common, and the rarest counts are 13 and 14* ^t would seem 
from this that the basic genetic pattern is more modifiable in the 
direction of increases in the number of labials*

The infralabials trend toward symmetry as do the supralabials, 
but not as strongly as only 43*3% of the specimens are symmetrical* 
This is probably the result of a less rigid control over the embryo— 
geny of the scales by its genetic basis, which commonly allows the 
development of an additional scale on one side or the other. The 
more extreme condition of two more scales on one side than the other 
is manifested by only 29 specimens, (5.43%)*

OCULARS
Unlike many colubrid snakes the oculars of Heterodon cannot 

be conveniently segregated into anterior, sub, and posterior oculars; 
instead they encircle the orbit in a more or less continuous ring*
In view of this fact counts of the oculars have been made by simply 
counting all scales in the ring* As with the infralabials the oculars 
vary around modal values of 10 and 11 scales* The more commonly ob
tained counts were as followst

10/10 136 
H/11 32
10/11 77
11/10 64
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10/9 35
9/10 29
9/9 20

Thus of the total of 534 specimens, 359 or 67.3% show ocular 
formulae of 10/10, 11/11, 11/10, and 10/11. 497 or 93.2% have formu
lae involving counts of 10 and/or 11. 3h addition to those listed 
above counts involving as few as 7 and as many as 13 scales have been 
recorded.

Symmetry is less common in the oculars than in any bilaterial 
scale pattern noted so far; only 242 individuals show symmetrical 
formulae: 45.3%. The genetic control of the ocular pattern must be
somewhat similar to that of the labials.

TEMP0RAI3
The temporal scales, like the head scales discussed above show 

fair regularity, and a strong trend toward bilateral symmetry. Of 
counts on 221 individuals summarized, 139 or 62.9% show a symmetrical 
arrangement of the plates. These scales form two more or less even 
dorso-ventral rows extending from the parietals to the supralabials. 
They may be designated as anterior and posterior temporals. The most 
common counts obtained were 3 -J- 4, and 4 4, 97 and 26, or 43.8%,
and 11.8% respectively. Anterior temporal counts of the following 
numbers of plates with their frequencies were obtained’**:

This eertainly indicated a "normal" number of three with occasionally 
four sealss for the anterior temporals.

2
3
4
5

4
303
1332

1 Two counts are indicated for each individual



39I The posterior temporals vary similarly. Counts and frequenciesi
were as follows:

3 37
4 345
5 596 1

j Again a mode is indicated, but this time at 4* This distribution would
i
j j  indicate that trends toward reduction were much more common for the
11 posterior temporals than for the anterior, but that a tendency for in-
li!l crease in number is reduced.
i i  Actually the simplicity indicated in the above discussion of
i th11 the temporal plates is not a real condition. Frequently small single
i|I! or double scales are interpolated between the anterior and posterior11 
I

j rows, and sometimes similar scales are present between the oculars 
j j  and the anterior temporals. Such scales would seem to be the result
l|[! of minor developmental abnormalities, and of little general importance.
ij
|| The most common patterns were as follows:jj
j! 34-4/3H-4 97
i 44-4/44-4 26

44-4/34-4 11
| 34-3/34-4 10

44*5/ 445 8
j 3*4-4/34-3 8
j 34-4/44-4 7

|| LOHEALS
ii The loreals scales of Heterodon platyrhinos show little varia
bility; only four different counts were obtained. Of 152 counts 
sampled 123 or 80.9% have a pattern of l/l; 15 specimens, 9*9%, with 
2/2; 9, 5*9% have 1/2; and 5, or 3.3% have 2/1. It would certainly 

! seem obvious that the l/l count was typical for the species.



Individual Variability on Heterodon simus 
SCALE ROMS

The dorsal, scale rows of Heterodon simus are somewhat more
variable than those of H« platyrhinos - Of 80 Individuals examined, 38
or U7.5% have formulae of 25-25-21, as opposed to 65*2# with the
25-25-19 formula in platyrhinos» Besides the above count the following
were the most common formulae obtained:

25-25-20 8
27-25-21 6
25-25-19 6

The counts obtained for the three areas were as follows:
Anterior counts:

23 7
24 2
25 56
26 5
27 10

Mid—body counts:
23 5
24 1
25 71
26 1
27 2

Posterior counts:
17 1
18 1
19 1220 9
21 5422 0
23 3

As in platyrhinos the obtained counts were considerably below the num
ber expected on the basis of a random association of the counts ob
tained, Assuming such a random association 175 different combinations 
are possible, but only 19 were obtained in the snakes examined*



uThus the dorsal scale rows of slums are more variable when
one considers the proportion of snakes showing the "typical” formula, 
but when one considers the number of formulae which obtain in nature
as compared with those theoretically possible, simus is somewhat less 
variable than platyrhinos - This latter situation may not be real, but 
the result of the lesser number of individuals examined*

SmUdABUIS

As was the ease with platyrhinos the supralabials are quite
stable and show little variability* Counts are available on 79 snakes;
of these 59 show the typical 8/8 count* Deviations were as follows:

9/9 5
8/7 5
S/9 k9/8 2
7/8 2
7/7 2

Symmetry again is the rule with only 16*4$ of the snakes with 
asymmetrical counts* 20 specimens, 25*3$, show deviations from the 
basic count of 8/8, and only 7 of these, 8*87$, show deviations on 
both sides*

XSFBALkBIAIS

The infralabials, as was true with the supralabials, show 
little difference from the condition which obtains in platyrhinos* 
The actual counts were as follows:

11/11 34
10/11 12
11/10 1010/10 812/11 4
11/12 312/10 2
10/9 2



12/12 1
13/12 1
12/13 1
11/13 1

Again it is apparent from this frequency distribution that 
counts involving 10 and/or 11 are most common; 64 snakes, 81$, have 
formulae of 11/11, 13/10, 10/11, or 10/10. 76 snakes, 96.7$, show 10
or 11 infralabials on one side or the other. It seems probable that 
counts of 10 and 11, arranged symmetrically or in combination, must 
be considered typical for this species. Only two specimens show re
duction from the ten count; 13 or 16.5$ show increase from 11 on one 
or both sides.

OCULARS
The modal value for the ocular scales are 10 and/or U ,  as was 

the case with platyrhinos. The following were the most commonly dis
covered formulae:

13/H 20
10/11 13
11/10 911/12 9
10/10 7
12/31 4

In addition to these, counts as low as 9 and as high as 13 were found. 
Symmetry is fairly pronounced; 31 specimens, 40.2$, are symmetrical*
49, 63.7$, have formulae of 11/11, 11/10, 10/11, or 10/10. 69 or 87.4$
have counts of 10 or 11 on one or both sides.

These plates seem to be slightly increased over those in pjaty— 
rhinos. In that species 10/10 was the most common count, reduc
tions from the basic 10 and/or 11 were much more common than increases.
In simus. ll/ll is most common and increases from the basic are most 
common.



43TEMPGRAIS
The temporals of simas show a strong tendency toward symmetry 

18, 48*7S&> of the 37 available counts were symmetrical* Frequency 
distributions on the anterior and posterior scales were as follows; 

Anterior:
3 29
a  a
5 2

Posterior:
3 14 32
5 35
6 4

This would indicate ’’normal" counts of 4 4* or 4 4* 5, with the
frequent occurrence of counts involving 3 in the anterior temporals. 
The most common counts were as follows:

4+5/4+5 9
3+4/34-4 4
4+4/44*4 3
3+5/3+4 3

LCRE&IS
The loreal scales show considerable variation* The following 

were the most common counts obtained:
2/2 19 
1/1 11 
3/3 11

In addition to these asymmetrical counts involving 1, 2, and 3 were 
obtained as well as counts as high as six individual plates* A single 
specimen was examined which lacked loreals completely on the right 
side* Symmetry is rather strong* 63*8/& (44 of 69 specimens) show a 
symmetrical arrangement of the plates* Counts involving 1, 2, and 3



scales may be considered as normal as 88*4$ of the specimens have 
such counts on one or both sides*

THE AZYGGUS M&SS
The mass of scales in the azygous area of Heterodon s'* mu** 

presents an Interesting type of variability* The histograms presen
ted In figure 14 show the distribution of scales in this species# As 
will be noted the males form a bimodal curve, the upper "hump” of 
which coincides with the normal curve inscribed by the females* The 
mean values for the sexes are quite different, 8*11 scales for males, 
and 9*8 scales for fetaales * The differences between the sexes are of 
borderline significance (0.05 P ̂  0*10); it would seem that some 
slight tendency toward a sexual dimorphism may be present*

The bimodal curve obtained here might well be the result of 
the presence of a gene or gene conplex which expresses itself only 
in the male, or, perhaps better in view of the long tail to the left 
on the curve a gene or gene complex the egression of which is in
fluenced by the sex of the individual* Genetic studies have shown 
that certain traits are correlated with the sex of the individual; 
such characteristics may be sex-linked, in which case they are con
trolled by genes present on differential segments of the sex- 
ehromosomes; sex-limited, expressing themselves in one sex but not 
in the other; or sex-influenced, expressing themselves as dominants 
in one sex and recessive in the other* In most known cases the lat
ter two categories depend for their egression on the presence or 
absence of the sex-horxaones* The present trait could be the result 
of any of these types of inheritance, although a modified type of
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sex-influence would seem most probable. The fact that snakes appar
ently do not add scales as they grow implies that this sex—influencing 
must be during early periods of ontogeny; perhaps it is the result of 
an interaction of the ^mutant1' genes controlling a morphogenetic 
field with those controlling sex.

3 .4 5 6 7-3 9 10 h 12 0 14

Figure 14. Histogram of variability in number 
of scales in the azygous mass of Heterodon 
simus. showing the bimodality in male counts. 
Upper histogram, females.

j



46DORSAL BLOTCHES
The dorsal blotches of Heterodon simus show no apparent geo

graphical variability. The two most geographically diverse populations 
from which relatively large samples are available are South Carolina 
and Florida. The dorsal blotches were distributed according to the 
frequency distribution presented in Table IF. The stmmated frequency 
distribution for all simus examined ia? included in the same table.
It will be noted from these distributions that the one for South 
Carolina does not differ significantly from that for Florida, and that 
both are similar to the total summary of all material. For this

TAB IE IF.
Frequency distributions for dorsal blotch counts 

of Heterodon simus

Population 21 22 23 24
Number of Blotches 
25 26 2? 28 29 30

South Carolina
Males 1 3 2 6 2 2
Females 2 3 3 2 2

Florida
Males 1 2 6 4 4 3 0 0 1
Females 1 2 9 2 1 1 0 1

Total Specimens
Males 2 5 12 12 6 10 1 0 1
Females 1 5 14 10 6 5 3 1

reason it seems valid to treat the dorsal blotch counts of the species 
as a whole, and cot break them down into smaller subdivisions*

The differences in counts between males and females represent 
a true sexually dimorphic characteristic. The Chi-square on these 
data was 26.25, P <.01, indicating that the differences between the 
males and the females are highly significant.
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In order to better estimate the variability on dorsal blotch 

counts, which seem to vary normally, the means, standard deviations, 
and standard errors for the males and females have been calculated. 
These statistics have been presented in figure 15, The mean number 
of blotches on males was 24,1 and for females was 26,1, Counts as 
low as 19 are to be espeeted on males, 21 on females, and as many 
as 29 may be present on males, 31 on females.

20 25 30
A ■-
B + + ■*(49)

 1— '(45)

Figure 15. Variability in dorsal blotch counts on 
Heterodon simus. The total extent of the hori
zontal lines indicates the estimated limits of 
the population (three times the standard devia
tion to either side of the mean); the short ver
tical lines crossing the base line indicate the 
actual range of the sample; the long vertical 
line indicates the mean; the heavy black rec
tangle blocks out the mean plus and minus one 
standard error of the mean; and the parenthetical 
numbers to the right of the base line indicate 
the number of specimens upon which the statis
tics are based. A, males; B, females*



individual Variability on Heterodon nasicua 
SCALE! ROMS

The dorsal scale rows of Heterodon nasicus tend to be somewhat 
more variable than those of H# platyrhinos« but less variable than 
8* 164 counts available, 103, or 62.8$, show the formula
23—23—19. Additional formulae found with fair frequency were the fol
lowings

For the three areas in question, the counts varied as followss

25-23-19 14
24—23—19 10
21-23-19 6
23-23—18 4
23-21-19 3

Anterior counts
2122
23

9
3

118
14
18
0
2

24
25
'26
27

Mid-body counts:
1920 21 
22
23
24
25
26

2
0
56 

1472
1
1

Posterior counts
17
18
1920 21

149
51

2
7



49Assuming a random combination of these values there are 280 
possible scale formulae indicated; only 27 have been realized in the 
snakes examined*

SUFRAIABIAXS
As was true with the two species mentioned above variability 

in the supral&bial plates of H. nasicus is slight* 89*0$ (153 speci
mens in a total of 172) show labial formulae of 8/8, which might be 
considered as typical for the genus* In addition to this basic count 
the following formulae were also obtained:

9/8 8
8/9 A
7/8 2
8/7 2
9/9 2
7/7 1

Symmetry is strongly developed; 156 individuals, 90.7$, are 
bilaterally symmetrical with respect to the supralabials * 11*0$ of
the snakes show deviations from the basic 8/8 count on one or both 
sides of the snake, whereas only 1*74$ show deviations on both sides*

IHFRAIABIAI8
The infralabials of H. nasicus are quite variable* Counts 

involving as few as 9 and as many as 14 scales were obtained* Again 
the counts vary around a modal value, but in this species counts of 
12 scales are almost as frequent as 10, and U  is most common of all* 
Of 165 available formulae, 115 involve U  on one side or the other 
(63*7$), 57 (34*5$) involve 10, and 55 (33*3$) involve 12. One must 
assume from these figures that infralabial formulae of ll/ll are 
typical for the species, but with the added complication of a high



incidence of 10 and 12y which, pre sumably , are also normal* Symmetry 
is exhibited by 80 specimens (47*5%). The following infralabial 
counts were obtaineds

11/11 4510/11 2011/12 20io/io 1912/11 1412/12 1410/11 1213/12 512/10 311/9 312/13 210/12 2
9/9 210/9 113/11 19A2 112/U 1

If one considers counts involving 10, 11, and 12 infralabials 
as “normal* then 7 specimens (4.*24%) show reductions from the norm, 
and 9 (5*46%) show increases; only one of the latter increases more 
than one scale from the norm, none decrease more than one*

OCULARS
The ocular series of H* nasicus is relatively stable; of 168 

formulae available, 124 (73.8%) have counts of 10 and 11, symmetrically 
arranged or in combination* 91.7% (154 individuals) have formulae 
involving 10 and/or 11. 54.2% (91 snakes) show a symmetrical arrange
ment of these plates. The following counts were obtained;

10/10 54
11/11 2610/11 2211/10 22
11/12 9
10/9 99/10 8
9/9 a



5112/12 312/11 1
7/9 1
8/9 1
9/8 112/10 1

10/13 1
11/9 1

TEMPORALS
The temporals of nasicus show a lesser tendency toward symmetry 

than either simus or platyrhinos. 26 specimens of a total of 61 show
a symmetrical arrangement of the plates (42.756). The most commonly 
obtained counts were the following:

4-+-5/4-H5 17
4-t-5/4-h6 4
4-i-6/4-)-5 3
3H-5/3-+-5 3
4-V-4/4-1-5 3
5-+-5/44-5 3

Anterior temporal counts appeared with the following frequen
cies:

2 2
3 23
4 84
5 13

and the posterior counts varied as follows:
3 1
4 19
5 55
6 14
7 3

From these two groups of figures one might conclude that the 
normal condition for H* nasicus is a count of 4+5#



General Summary of Individual Variability 
Ik the above sections on the individual variability of the 

species of the genus several characteristics have been considered in 
a specific, but not in a comparative sense* In all cases it has been 
possible to define conditions which are typical or "normal11 for the 
species involved* In certain cases these characteristics differ in 
this normal value from species to species*

The scale rows definitely differ interspecificallyj the 
typical values obtained were as follows)

platyrhinos 25-25-19
simus 25-25-21
nasicus 23-23-19

These values are sufficiently constant to be fairly diagnostic of 
the species*

The typical condition of the supralabials Is a symmetrical 
count of 8 scales* The infralabials vary somewhat more for the 
species* Typical counts involving 10 or 11 scales either in combina
tion or symmetrically arranged are present for simua and platvrfo^^a* 
which nasicus showing these counts commonly but having counts of 12 
so frequently that it must also be considered typical for that 
species* Ocular counts are 10 and/or 11 for all three forms*

The temporal counts varied as follows:
fiiaSzzMaas 3 -t- 4 
simus 3-4 -+* 4-5
nasicus 4-1-5

The loreals of platyrhinos are "normally" l/l, whereas on
they vary from 1- to 3 on both sides. The loreals of Hasten* show a
tendency toward geographic variability, and will be discussed below*
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53In addition to these characteristics the dorsal blotches of 
Heterodon simus and the azygous mass vary in a manner which can only 
be considered individual* Similar characters on the other species 
are geographic*



GEOGRAPHIC VARIABILITY 
Geographic Variability on Heterodon simus

VENTRALS
The ventral plates of Heterodon simus show a slight tendency 

toward geographic variability* Specimens from the northern portion 
of the range of the species tend to have less ventral plates 
those from more southern localities, in addition to this geographic 
variation the ventral plates of simus show the expected sexual dimor
phism characteristic of snakes. Overall males have ventral counts 
which vary from 109-122 plates, females from 122-134* The small 
numbers of specimens available make necessary the consideration of 
specimens from relatively large areas as being members of the same 
populations, and, therefore, specimens from Florida, - Georgia, and 
South Carolina have been lumped for comparative purposes* Data on 
these populations have been presented in figure 16*
It will be noted from this figure that the shift in mean value is 
generally more apparent than the shifts in the entire populations* 
Working with such small numbers it is, of course, possible that 
these shifts are the result of accidents in sampling, however, in 
view of the fact that such changes are also present in 
with obvious significance, it seems logical to conclude that the 
differences here are real.

SUBCAUDALS
The subcaudal counts of Heterodon simus show a slight tendency 

toward geographic variability, superimposed upon the normal sexual
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dimorphism* Females tend to have fewer subcaudals than the males, 
the obtained ranges being 25—38 and 34*49 respectively* The geographic 
variability is reflected by the graphs presented in Figure 17* It 
will be noted from this figure that specimens, whether males or females, 
tend to have more caudals in the south than in the north, and specimens 
from intermediate areas tend to be intermediate in caudal number* It 
must be admitted that these differences in mean value may not be 
significant; the standard errors of the means for the most northern 
and most southern populations sampled overlap, implying that random 
sampling could produce the results obtained*

SEXUAL DIMORPHISM INVOLVING VENTRALS AND SUBCAUDALS
It is a well known fact that male snakes tend to have higher 

numbers of subcaudal plates and lower numbers of ventrals than 
females* This dimorphism has been variously considered by various 
herpetologists* Frequently just the ranges of counts are presented 
and some statement made of the most common values* Blanchard (1942) 
has suggested than an index be obtained by subtracting the number of 
caudals from the number of ventrals, thus accentuating the differences 
extant* In the present study a correlation table has been constructed 
of the number of ventrals plotted against the numbers of caudals* The 
results have been presented in Table V* It will be noted from this 
graph that there is no real overlap between the males and females in 
the sample examined, the sexes being well differentiated morphologically*
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Figure 16* Variation in ventral counts of 
Heterodon simus. A# Florida; B. Georgia; 
C, South Carolina, For explanation see 
figure 15*
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Figure 17* Variation in subcaudal counts of 
Heterodon simus* A, Florida; B. Georgia; 
C. SouthCarolina• For explanation see 
figure 15*



57THE UMBILICAL SCAR
Sexual dimorphism in the position of the umbilical scar of 

snakes was first pointed out in Heterodon platyrhinna (iceman. 1951)#
A similar situation is extant in Heterodon simus* although only a few 
counts are available* The position of the scar, as indicated by the 
number of the ventrals involved on & females and 6 males was as 
follows:

<c Anterior end Posterior end § Ventrals involved
Males 89-98 91-102 2-5
Females 101-112 103-114 3-4



TABLE V

Correlation between ventrals and caudals in 
Heterodon simus. Females in red.

Caudals 25 26 27 2$ 29 30 3-1 32 33 34 35 36 37 38 39 40 41 42 43 44
Ventrals 33 : ■ ,3. ' ‘ .
109 r ,sv110 n
111
112 : :■:% ...' .

v 113 .
■. >•

114 ¥■
115 ■ -
116
117 3:
118 •3 i 3 ■
119120 3; •*; ..
121 V - 'Jif}'122
123
124
125126 yf 3-'
127 >’• •

128
129 ' ' 3V  ■ " <130
131132
133
134

Totals
Males

\ ■i i

2
1

1
1
1
1

1
1

Females

2 2

1 0 0  2 7 4 8 6 3

1
1
1
1
i

1

1

0
3

1 1

1

1
1

3 4 7 4 6 9

if

1 0

Totals 
Males Females
1
2
2
2
!
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Geographic Variability on Heterodon nasicus 
THE AZXGOUS H&SS

One of the more interesting patterns of geographic variability 
in Heterodon nasicus is presented by the mass of irregular scales 
surrounding the azygous* The total number of these scales varies from 
a high number in the north to a low number in Mexican material*
Through the majority of the range of the species, the mean values of 
the total number of azygous scales are relatively stable* Table VI 
shows a state by state summary of these values* The mean for the 
northern areas is 12*9 scales* To the south, in Mexican states a 
similar situation obtains, however, here the mean value is 4-#17 scales* 
The similarity of the mean values for different subdivisions of these 
two major areas indicates that two "populations” are involved* These 
populations may be defined more adequately by comparing the variability 
in number of scales in these two areas* Figure 18 shows histograms 
of the frequency distributions of these populations* On this figure 
histogram a indicates the variability in the Mexican population, b 
variability in northern localities, and c variability in those states 
from which both low and high counts have been obtained* Thus, on the 
basis of histograms a and b, and to a certain extent c, the southern 
population may be defined as having less than 7 scales in the azygous 
area, and the northern as having ten or more* In actual practice a 
few specimens overlap these defined population limits* la both 
populations the histograms indicate skewed curves, and the data 
apparently do not fit normal distribution curves*

59



60

Figure IB. Histograms of variability in number 
of scales in the azygous mss of Heterodon 
nasicus* A* Mexican material; B* Northern 
material; C* Specimens from intermediate 
areas•

Figure 19# Map of the distribution of azygous 
counts in Heterodon nasicus* Solid circles, 
more than 9 scales; half circles, 7-9 scales; 
hollow circles, less than 7 scales* (Scale 
c*. 1 :3 6,000,000).
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These same data are reflected in the map, figure 19# Solid 

circles Indicate one or more specimens with 10 or more scales; hollow 
circles indicate one or more specimens with 6 or less; and half-filled 
circles denote counts of 7-9 scales. It will be noted that about

Mean azygous
TABLE VI.

count values for areas of the northern and southern 
populations of H* nasicus

State Mean Number of 
Specimens

Colorado 13.6 14
Illinois 14*0 13Iowa 16 1
Kansas 13#9 56
Missouri lt#0 3
Montana 14#6 16
Nebraska 13*6 21
North Dakota 13 #7 9niflohpgw 12*3 9
South Dakota 13.7 10
Chihuahua 4#3 ACoahuila 3.5 6
Durango 5 1
San Dais Pot os i 6.5 2
Tamaulipas 2.0 4
Zacatecas 5 1

half of the specimens with intermediate numbers of scales fall in 
Texas and Arizona where such intermediates would be ejected if gene
flow was continuous from the northern to the southern population.
Such intermediates are somewhat rare* In the event of continued 
hybridization between two such populations, one would expect a con
siderable number of morphologically intermediate specimens* It must 
be noted that only a few specimens have been examined from critical 
areas in southern Texas and New Mexico, so such populations may actually



be extant* If however* the few intermediates reflect a real situation, 
then gene flow between the two populations must be fairly low, similar 
to that which obtains in plant populations undergoing introgressive 
hybridization*

LOREAL SCALES
Correlated with the reduction in numbers of azygous scales is

a slight tendency toward the reduction of the number of loreals*
Specimens from the northern population (defined on the basis of the
number of azygous scales), show the following frequencies (only the
more commonly obtained counts are included):

2/2 63
1/1 27
2/3 13
3/3 131/2 10
3/2 7

As many as 5 scales have been found on occasional specimens* In all
153 specimens have been examined* Of these 126 have more than one
azygous scale on one side or the other, or on both; only 41 specimens,
26.8# show a single azygous scale on one side or the other*

In contradistinction to the northern population, material from
Mexican areas, including south Texas and Arizona, the loreal count
frequencies were as follows:

1/1 322/2 3
2/2 20/0 2
2/0 1
3/2 1

Thus in the Mexican population 85*4# of the specimens show one or no 
loreals* There seems to be no increase in the percentage of low counts 
as one progresses south through New Mexico and Texas*



63Tims the Mexican and northern populations of Heterodon nasicup 
also seem definable on the basis of the number of loreal scales , al
though a definition based on these scutes cannot be as strict as one 
based upon the azygous sealation.

DORSAL BLOTCHES
The dorsal blotch counts of Heterodon nasicus show a rather 

striking pattern of geographical variability. Considering the species 
to be broken down into two series of populations, the northern and 
southern as defined on the basis of the number of scales in the azygous 
mass, it will be noted that the southern population complex tends to 
have fewer dorsal blotches in both males and females, and that the 
northern population tends to be bimodal in distribution (figure 20).
In addition, the southern population complex tends to be included 
within the range of morphological variability shown by the northern 
populations. It is apparent from these facts that these two complexes 
of populations cannot be defined on the basis of dorsal blotches, and 
that the blotch counts typical of the southern population complex 
are commonly found in the populations which make up the northern 
complex of populations. In order to clarify the distribution of these 
morphological types several factors must be taken into consideration. 
The number of dorsal blotches, like other characteristics distributed 
linearly along the body of snakes, are sexually dimorphic. Ideally 
such a situation should be analysed with the sexes considered separa
tely, and these preliminary analyses eventually merged into a single 
summary describing the geographical situations involved. I do not, 
however, feel that such analyses are feasible in the present case.
In general the numbers of available snakes of this species are quite



low from most areas (this is especially true for extreme southern and 
extreme northern localities which are critical in the present case), 
and thus reliable statistics are unobtainable. Such a situation is 
no real drawback in cases where adequate material from adjacent areas 
is available for comparative study, but such is not the case with

?his is apparent from the statistics presented in 
Table VII, in which the mean values and extremes for the males and 
females have been calculated separately, state by state, and arranged 
in a generally north to south order. It will be noted from this figure 
that the mean values for the males from certain states approach and in 
one case exceed the values for the females. These statistical abnor
malities are apparently the result of accidents of sailing so pre
valent when small numbers must be utilised*

In order to correct for this situation the attempt was made 
to equalise the divergent affects of the sexual dimorphism in dorsal 
blotch counts. The mean values available for the males and females 
from the two definable complexes of populations present a method of 
doing this. Females from the northern population complex average 
4-0.4 dorsal blotches, whereas the males average only 35.4, an average 
increase of 5.0 blotches on females over malesj in the southern 
population complex the female and male means are 36.7 and 31.6 respec
tively, a difference of 5.1 blotches. Thus the females might be 
said to have about 5 more dorsal blotches than the males. This figure 
might be arrived at in another way. The last column of Table VII 
lists the differences between the mean number of blotches for males 
and females on a state by state basis. It will be noted from these 
data that, where fairly adequate numbers are available, the difference



65is about 5 dorsal blotches, and that the extreme deviations are the 
result of either low numbers or a heavy bias toward one sex or the 
other. From these data it appears that male values plus about 5 
dorsal blotches are roughly equivalent to the female values in a 
given area* Table VIII presents a summary of what are approximately 
equivalent expressions of the trait in the two sexes*

TABLE VII •

Variation in dorsal blotch counts on Heterodon nasieus •

Males Females
Range Number Mean Range Number Mean 9 x-<** x

Northern Population
Montana 28-41 11 36.1 40-42 5 41.6 +5.5
North Dakota 36-43 2 41*3 36-42 5 40.6 —0*7
South Dakota 36-43 6 39*3 38-43 4 39.5 *4-0.2
Nebraska 35-45 8 39.4 40-47 9 43.9 4-4.5
Colorado 34-44 9 36.7 41-47 7 44.0 +5.3
New Mexico 37-42 4 39.5 35-40 7 37.5 -2.0
Illinois 32-39 6 36*7 34-43 7 40*1 -4-3.4
Kansas 31-52 30 35.9 37-50 28 42.5 -4-6*6
Missouri 31-36 3 34.2
Oklahoma 29-36 13 32*1 32-46 15 37.4 +5.3
Texas 24-43 17 33.4 31-46 9 37.9 -1-4.5
Southern “Population"
Arizona 35-39 3 37.5 35-42 11 39.0 +1.5
Chihuahua 32-34 2 33.0 38-39 2 38.5 4-5.5
Coahuila 29-34 4 31.0 34-35 2 34.5 +3.5
Durango 32 1
Tamaulipas 26-28 3 27.0 36 1
Zacatecas 31 1
New Mexico 31 1
Texas 23-36 7 30.6 30-33 4 32.5 -j-2.5
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TABLE VIII*
Approximate equivalent values of dorsal blotch counts in 

males and females of Heterodon nasicus

Male value Female equivalent
23-24 28-29
25-26 30-31
27-28 32-33
29-30 34—35
31-32 36-37
33-34 38-39
35-36 40—41
37-38 42-43
39-40 44-45
41-42 46-47
43—44 48-49
45-46 50-51
47-48 52-53
49-50 54-55

Using these probable equivalents as a basis the geographical
distribution of the Various expressions of the trait has been plotted 
in figure 21# It will be noted that the lowest values are primarily 
restricted to the southeastern portion of the range of nasjcus and 
the higher values to the northwest# In fact, considering only the 
extreme north and west portions of the range of the species (Colorado, 
Wyoming, Nebraska, North and South Dakota, and Montana) some 91# of 
the specimens have dorsal blotch counts above 35 in the males and 40 
in the females, *nd to the south and east (Mexico and southern Texas) 
about 84# have counts below 32 in the males and 37 in the females* 
Referring again to Table VII one will note that through these areas, 
where adequate materials have been available, the mean values are 
fairly stable. In addition, material from eastern Oklahoma and
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Figure 20* Variation in dorsal blotch, counts 
in the northern and southern "populations" 

Heterodon nasicus. A* southern popula
tion males; B* nothem population males;
C. southern population females; D* northern 
population females*

Figure 21. Map of the geographical distribution 
of dorsal blotch counts in Heterodon nasicus. 
Solid circles, more than 35 blotches in males, 
more than 40 in females; hollow circles, less 
than 32 in males, less t
circles, intermediates



mextrema southeastern Kansas show dorsal blotch expression similar to 
that in south Texas and Mexico* Specimens from central Kansas, 
central Oklahoma, and north western Texas (just south and east of the 
panhandle), shows somewhat of a mixture of the two extremes and many 
intermediates.

From these data it is apparent that the dorsal blotches, as 
well as the azygous scalation, define two fairly distinct population 
complexes, one in the southeastern portion of the range of the 
species and one to the northwest* These complexes of populations 
cut across, to a certain extent, the complexes defined on the basis 
of azygous counts, and bear no particular relation to them*

The lines drawn across figure 21 approximately delimit the 
geographic ranges of the northwestern and southeastern populations 
of Heterodon nasicus as defined on the basis of dorsal blotch counts* 
The areas between these lines represent the areas of intergradation, 
or genie introgression between these entitles* Thus delimited about 
83*7$ of the northern population complex is within the range of

i
blotch variability defined above, and 88*0$ of the southeastern 
complex of populations are within the limits defined for it*

SUMMARY OF AZYGOUS AND DORSAL BLOTCH ANALYSES
In order to better visualize' the simultaneous variation of 

the numbers of scales in the azygous mass and the numbers of dorsal 
blotches figure 22 has been prepared which shows the geographic 
distribution of the two characteristics in the species*
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Figure 22. Summary of distributional data on 
dorsal blotches and number of scales in the 
azygous mass of Heterodon nasicus. Solid 
circles, high dorsals and many scales; half 
circles, intermediate dorsals and many scales; 
hollow circles, low dorsals and many scales; 
crosses; low dorsals and few scales; crosses 
within circles, low dorsals and intermediate 
scales# (Scale ca, 1:40,000,000).

i!Si



70VENTRAIS
The ventral plates of Heterodon, nasicus vary in a way 

strikingly similar to the variation of the ventrals of Heterodon 
platyrhinos. i.e., they tend to radiate from a central area with one 
extreme to the periphery where the other extreme is encountered. 
Further this center of one extreme egression is essentially the 
same center as that which will be shown later by platyrhinos. the 
type of expression is similar for both species. The difficulty of 
small numbers of nasicus available, as noted above, demands the 
grouping together of specimens from a rather considerable area for 
analysis. The range of nasicus has been divided into six portions 
which have been used in this analysis. These areas ares North, 
Montana and North Dakota; north central, South Dakota and Nebraska; 
south central, Colorado and Kansas; south, New Mexico, Texas and 
Oklahoma; and extreme south, Arizona, southern New Mexico, southern 
Texas, and Mexico (the complex of populations defined by the small 
number of scales in the azygous mass). The statistics for complexes 
of populations found in these areas are presented in figure 23. These 
data Indicate a decrease of mean, and generally extreme values from 
the south-central portion of the range to the north, south and east. 
Furthermore, when the mean values for Kansas and Colorado are con* 
side red separately, there is also a decrease from Kansas west.

Thus, as is the case with platyrhino s. the highest expression 
of the trait is manifest in Kansas, with the numbers of ventrals 
decreasing in all directions from that center.
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Figure 23. Variability in ventral counts in 
Heterodon nasicus* A* south central; B. 
South; C. extreme south; D* south central 
mean values; E. east central; F* north cen
tral; G. north. See text for explanation 
of geographic areas.
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Figure 24* Variability in caudal counts in 
Heterodon nasicus. For explanation of 
geographic areas see figure 23 and text.



72SUBCAUDAI3
The subcaudals of Heterodon nag ictus show a pattern of variability 

quite different from that indicated by the ventrals* In general snakes 
ffcom the northern portion of the range of the species tend to have 
higher numbers of ventrals* The statistics of this variability are 
presented in figure 24* It will be noted that material from the north, 
north central, and south central portion of the range of the species 
have mean and extreme values which are relatively similar* To the 
south and extreme south there is a fairly sharp drop off which is 
better manifested in the males than in the females* These sharp 
breaks roughly correspond with the two southern populations which have 
been defined on the basis of the azygous scalation and the dorsal 
blotches, however, the differences are not sufficiently marked to be 
of particular value in defining these populations* Toward the east 

 ̂ central portion of the range the data are not particularly clear, 
female statistics are similar to other material from the northern 
portion of the range, but the males have lower values than one would 
aspect, being intermediate between the values for the southern and 
extreme southern portion of the range* It seems best to reserve 
judgement upon the nature of material from the eastern portion of 
the range until more specimens become available*

With regard to the main portion of the range of the species 
it seems best to consider the type of variability demonstrated to be 
elinal in nature, the numbers of caudals decreasing along a north- 
south gradient* The rate of change is relatively low to the north, 
but increases radically to the south*



SEXUAL DIMORPHISM INVOLVING VENTRALS AND CAUBAL5
From the data presented above on variability in ventrals nrid 

caudals an obvious sexual dimorphism exists in these two characteris
tics* This relationship, however, is somewhat obscured by the overlap 
between the counts obtained for the males and the females* This dif
ficulty is to a great extent obviated by the construction of a correla
tion table showing the simultaneous variation of both characters 
(Table IX) . From this table it is evident that there is no overlap 
between the sexes, and when both values are indicated they present an 
accurate index of sex*

THE UMBILICAL SCAR
As a result of the small numbers of Juvenile Heterodon 

nasicus available it has been impossible to demonstrate conclusively 
the expected sexual dimorphism in the position of the umbilical scar* 
The following distribution, based on the ventral divided by the 
anterior end of the scar, indicates a definite difference between the 
sexes*

Ventral Males Feme
105 2
ZOS 1
111 1
1 H 1
115 1
116 1 1
117 1
118 1
119 1
123 1
126 1
128 1

In each sex all but one specimen has a scar 3 ventral plates in 
length; the divergent male and female have scars U ventrals in length*



TABLE IX . -
Correlation between ventrals and caudals in 

Heterodon nasicus. Females in red.

Caudals 26 27 28 29 30 31 32 33 34 35 36 37 33 39 40 41 42 43 44 45 
Ventrals v
130
131132
133 *
134
135 "136
137 * 138,/

/-A':
i /•

140
141142
143
144
145146

Totals
Males
Females

i 1

2%2 1 
1 1 

2 2 
1 1 1  

2 • 1 2  1 1  
1 2  1 1  1 3
1 1 1 3  1 ;•

1 1
1 1  1 1

1 * 1
2 :i

1 1  1
2 3

1 1  3 1 1
1 1 2

I 1 1 1 1 2
1 1 3 \l 2 1 l

: ■' ■ 2 2 i
l

. 1 
1 1  1 1

1 0 1 2 2 5 9 6 7  13 8
1 0 1 1 7 6 7 5 5 4 5 1 1 1



Geographic Variability on Heterodon plwtyrMring 
VENTRAIS

The ventral plates of Heterodon platvrhinos show rather striking 
and Interesting geographical variability* Preliminary analyses indi
cated that when specimens from the extreme geographical portions of 
the range of the species were considered there was little or no morpho
logical overlap between the counts obtained* These preliminary studies 
seemed to indicate that the ventral counts for both sexes were 
extremely low in the extreme northeastern and southeastern parts of 
the range, and that the ventrals increased toward the west; the 
highest counts for both sexes were obtained on specimens collected in 
the western half of Kansas* In order to more completely analyse the 
variability in ventral counts a series of azimuth lines were drawn 
across the range of the species, and the statistics of the variability 
of specimens from areas cut by these lines were calculated* The sizes 
of areas along these azimuth lines were determined to a considerable 
extent by the numbers of specimens available* In certain cases the 
areas are too large to give a really adequate description of the 
situations, and in others too few specimens are available, however, 
the material studied certainly gives a fair estimate of the trends 
in variability* In drawing these lines the high counts obtained in 
Kansas has been taken as a basis of comparison, and the azimuth lines 
have been drawn radiating out from eastern Kansas* The nine such 
lines which have been utilized have been indicated ©n figure 25.

The statistics for the ventrals along the azimuth lines have 
been plotted on figures 26-34* Each figure indicates the mean value 
for the population considered, extrapolated population limits (3

74



Figure 25. Approximate positions of the azimuth 
lines utilized in the analysis of ventral plates 
and dorsal blotches in Heterodon platyrhinos. 
Solid lines indicates by V and a number are 
ventral azimuths; dotted lines with B and a 
number refer to dorsal blotches.
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standard deviation limits), the standard error of the mean (mean plus 
and minus one standard error), the limits of the sample examined, and 
the number of specimens upon which calculations were based (indicated 
parenthetically to the right of the statistics) *

The graphs for azimuth line 1 (figure 26) indicates a gradual 
decrease in mean ventral count from eastern Kansas south through 
Oklahoma and into Texas* In all cases both the extrapolated and 
actual ranges show considerable overlap* The irregularities in the 
mean values on the females are no doubt the result of the small 
numbers available from Oklahoma and north Texas* The slight increase 
in mean value from north to south Texas on the males is not signifi
cant#

Figure 27 shows variability along azimuth line 2* In this 
case the mean ventral values decrease from east Kansas to west 
Arkansas, but then increase through Louisiana to values which 
approach in the case of the males and exceed in the females the east 
Kansas values*

The statistics based upon samples along azimuth line 3 are 
plotted in figure 28* These populations show a decreasing mean 
value from east Kansas southeastward to extreme southern Florida 
where the lowest extreme values have been obtained*

Line 4 is plotted on figure 29# These data suggest an in
crease in mean values from western Missouri eastward to Tennessee*
The values, however, are certainly not significant and may be 
considered as the results of accidents of sampling; thus it seems 
that ventral counts are essentially similar from roughly east Kansas 
through east Tennessee* Specimens from the North Carolina and South
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Figure 26. Ventral variation along azimuth line 
number 1 in Heterodon platyrhinos. A. western 
Kansas; B. eastern Kansas; C. Oklahoma; D. 
northern Texas; E# southern Texas.
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Figure 27* Ventral variation along azimuth line 
number 2. A. eastern Kansas; B. western Arkan
sas; C. northwestern Louisiana; D. southeastern 
Louisiana.



Carolina piedmont show a decrease as do those from the coastal plain 
of South Carolina.

Figure 30 shows the statistics along line 5* Here again there 
seems to be no significant differences from east Kansas through 
Kentucky, although again there is a sharp decrease on the coastal 
plain of North Carolina.

Essentially the same situation obtains along azimuth li**e 6 
(figure 31) • Fairly stable values are obtained from east Kansas to 
western Vest Virginia, but with some drop from eastern Vest Virginia 
to the coast.

Azimuth line 7 (figure 32) shows a progressive decrease 
similar to that for line 3, although here the decrease is not so 
extreme; there is a progressive and fairly steady decrease in mean 
values from east Kansas to the west to eastern Massachusetts on the 
east. The jogs and inconsistencies again are probably the results of 
accidents of sampling.

To the northeast, from east Kansas to northeast Michigan there 
is again a progressive decrease in mean values, but the decrease is 
not as extreme as that either into Massachusetts or Florida (figure 
33).

As a result of the extremely small numbers of specimens data 
for azimuth line 9 are not too clear (figure 34) * but here again a 
progressive decrease in mean values seems to be indicated.

It seems clear from these data that the central and western 
portions of the range of platvphinos are characterized by snakes with 
relatively high ventral counts, and that, as one moves away from this 
central area there is a progressive decrease in mean values. Although
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Figure 28* Ventral variation along azimuth line 
number 3• A* eastern Kansas; B. northeastern 
Arkansas; C. northern Mississippi; D. south
western Alabama; E# northwestern Florida; F. 
northern Florida; G* Alachua County, Florida; 
H* north central Florida, exclusive of Alachua 
County; I* southcentral Florida; J* southern 
Florida, exclusive of Dade County; K. Dade 
County, Florida*
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Figure 29* Ventral variation along azimuth line 
number 4* A* western Missouri; B. eastern Missou
ri; C* Tennessee; D. western South Carolina and 
southwestern North Carolina; E. South Carolina 
Coastal Plain*
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so
not smooth this decrease is clinal* Thus one gets the Impression of 
a series of phenotypic contours extending peripherally from this 
western and central area*

Along any particular axis this decrease is manifested by 
generally slight decreases in mean values— -in no ease is there any 
apparent major break in the trends Indicated, although a considerable 
amount of irregularity may be attributed to accidents of sampling* 
Thus one might view such variability as a series of clines radiating 
from a rather nebulous and indelimitable center toward the periphery* 

These data have been summarized as a series of isophenes 
(Womble, 1951) in figure 35* The approximate mean values along these 
isophenes are indicated in Table X* These isophenes are only rough 
approximations of the truth, and represent compromises among the data 
presented in the graphs of variability along the azimuth lines* 
Unquestionably additional data will allow a more accurate estimation 
of the phenotypes involved*

These varying phenotypes are undoubtedly the results of 
varying genomes* It is a truism of elementary genetics that the 
phenotype is the result of the interaction of the genotype and the 
environment, therefore, differential genotypes in similar environ
ments produce differing phenotypes* The presence of similar 
phenotypes in differing environments duplies differing genotypes.
In the present case, the similar expression of mean ventral numbers 
in such diverse environments as Massachusetts and Florida certainly 
seems to imply differing genetic bases of the phenotype*
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Figure 30. Ventral variation along azimuth line 
number 5* A. eastern Kansas; B7 * western 
Missouri; C» eastern Missouri; D* southern 
Illinois; E. Kentucky; F. western North Caro
lina; eastern North Carolina.
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Figure 31* Ventral variation along azimuth line 
number 6. A*eastern Kansas; B* western 
Missouri; C. eastern Missouri; D. southcentral 
Illinois; E. southern Indiana; F. southern 
Ohio; G. western West Virginia; H. eastern 
West Virginia, northern Virginia; and western 
and central Maryland; I. eastern Maryland and 
Delaware.



Figure 32. Ventral variation along azimuth line 
number 7. A. eastern Kansas; B. western 
Missouri; C. eastern Missouri; D. norbhcentral 
Illinois; E. northern Indiana; F. northern 
Ohio; G. western Pennsylvania; H* eastern 
Pennsylvania; I* New York and northern New 
Jersey; J, Connecticut and western Massachu
setts; K. eastern Massachusetts.
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Figure 33* Ventral variation along azimuth line 
number 8. A. eastern Kansas; B. western 
Missouri; C* southeastern Iowa; D. northern 
Illinois; E. southwestern Michigan; F. north
eastern Michigan.



J I51
M A L E S  FE M A L E S

Figure 34. Ventral variation along azimuth line 
number 9* A#eastern Kansas; B* northern and 
western Iowa; C# southwestern Wisconsin; D. 
northeastern Wisconsin#

Figure 35* Approximate isophenes of mean ventral 
values for Heterodon platyrhinos: for explanation 
see text arid table X#



TABLE X#
Approximate mean values of ventral plates along the 

isophenes indicated on figure 35

Isophene Mean number
Male Female

1 137 (?) 1482 132 139 (?)
3 128 138
4 129 141
5 127 138
6 126 137
7 124 135
8 121 133

DORSAL BLOTCHES
The dorsal blotches of Heterodon olat-vrhinos have been treated 

with the same methods that were used for the ventral plates# Pre
liminary analyses demonstrated that the numbers of body blotches were 
higher in the north and decreased progressively to the south# In 
order to quantitatively analyse these data, a series of azimuth lines 
have been drawn in a roughly north-south direction across the country# 
The lines utilized in the analysis of the dorsal blotches have been 
indicated on figure 25# The result of this analysis have borne out 
the preliminary observations to a considerable extent# The statistics 
of this analysis have been presented in figures 36-39#

Figure 36 shows the results of the analysis of the population 
complexes along azimuth line number 1# It will be noted that this 
1 roughly coincides with the coastal plain of the eastern and 
southeastern North America# ^t will be noted from this figure that



Figure 36. Dorsal blotch variability along azimuth 
line number 1. A. Connecticut and western Massa
chusetts; B# New York and northern New Jersey;
C* Southern New Jersey; D» eastern Maryland and 
Delaware; E. eastern Virginia; F. eastern North 
Carolina; G* eastern South Carolina; H* south
eastern Georgia; I* northern Florida; J* Alachua 
County, Florida; K* north central Florida, exclu
sive of Alachua County; L. southcentral Florida; 
M. southern Florida; N. Dade County, Florida*

m a l e s  f e m a l e s

Figure 37* Dorsal blotch variability along azimuth 
line numbers 2 and 5* A* western Pennsylvania; B* 
western West Virginia; C. western North Carolina; 
D* southwestern North Carolina and western south 
Carolina; E. northwestern Georgia; F* southwestern 
Georgia; G. northwestern Florida# Azimuth line $: 
Ho western Iowa; I* eastern Kansas; J# Oklahoma;
K* northern Texas; L# southern Texas*
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the highest numbers of dorsal blotches are present in populations to 
the north* Mean values are essentially similar through Connecticut* 
Massachusetts* New York* New Jersey* and eastern Maryland and 
Delaware* From eastern Maryland south through eastern Virginia* Hprth 
Carolina and southeastern Georgia the mean values for both sexes de
crease rather rapidly. Mean values in Florida seem fairly stable 
except for the extreme southern portion (Dade County) where some of
the lowest extreme values as well as mean values have been obtained*

■

3h general the differences between the mean values of adjacent popu
lation complexes are not significant* but when the extreme values of 
the most geographically diverse areas are considered* there is 
actually no morphological overlap* ?he actual range on the Connect!- 
cut and western Massachusetts males is from 22-33* males from Dade 
County vary from 12 to 19 blotches; the female ranges from these two 
areas were 24—32 and 18-23 respectively*

Azimuth line number 2 (figure 37) shows a generally similar 
decrease in mean values* although here the small number of specimens 
available from certain areas makes the picture less clear* The 
highest values are found in the north in western Pennsylvania* and 
these decrease progressively into southern Georgia, The values from 
northwestern Florida may represent a real increase in mean values, 
however* until more specimens become available it seems best to con
sider them as the result of accidents of sampling.

The third azimuth line has been plotted on figure 38* Again 
a general decrease in mean value from the north to the south is indi
cated* It seems best from the available data to consider the Michigan 
values to be about similar* The high value for southwestern Michigan
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Figure 38. Dorsal blotch variation along azimuth 
line number 3* A* northeastern Michigan; B. 
southwestern Michigan; C. northern Indiana; D. 
southern Indiana; E. Kentucky; F. Tennessee;
G* northern Mississippi; H* southern Louisiana.
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Figure 39# Dorsal blotch variation along azimuth 
line number 4* A. northeastern Wisconsin; B. 
southwestern Wisconsin; C. northern Illinois;
D. northcentral Illinois; E. southcentral Ill
inois; F. eastern Missouri; G. northeastern 
Arkansas; H. western and southern Arkansas; I* 
northern Louisiana; J. southern Louisiana.



88males is probably incorrect, it being increased rather considerably 
by a single male with 37 blotches 5 this specimen may be considered as 
teratologies!* Female values are almost identical* From southwest 
Michigan the mean values decrease sharply through Tnrijan* (this pro
gressive decrease through Indiana also has been noted by Dr* Sherman 
Minton, Jr*, personal communication) * Means from southern Indiana, 
Kentucky and Tennessee are essentially similar, and they drop off 
again into northern Mississippi and southern Louisiana, the latter 
two being generally similar*

This decrease is again evident along azimuth line number U 
(figure 39) > which shows a slow progressive decrease, adjacent areas 
being essentially similar, but the extremes being quite different* 

Azimuth line number 5 has also been plotted on figure 37*
The increase of mean values from Iowa to eastern Kansas is hardly 
significant (accidents of sampling ?)« The drop off in mean values 
from north to south in the western part of the range of the species 
is not as marked as it is in other areas, but it is in fact present* 

The general implications of these analyses are clear* If one 
were to consider only the extreme population complexes, that is both 
geographically and morphologically extreme, one would find that the 
two series of populations would be quite distinct, however, these 
two extremes are connected by a series of morphologically and geo
graphically intermediate population complexes* Thus the geographic 
variability in dorsal blotches in Heterodon platyrhinos may be viewed 
as clinal in nature, there being no major shifts in mean values 
between adjacent areas* The rate of change seems somewhat more rapid
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Figure 40. Approximate isophenes of mean dorsal 
blotch values for Heterodon platyrhinos. For 
explanation see text and table XI.
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over certain areas than over others, bat even in sueh localities the 
shifts in mean value are hardly of statistical significance, and the 
actual and estimated limits of the population complexes overlap con
siderably*

These data have been summarized in figure 40 as' a series of 
isophenes, These isophenes can only be considered as approximate, as 
they represent what seems to be the best compromise between the values 
demonstrated by the males and females treated separately* The approxi
mate mean values indicated by these isophenes have been presented in 
Table XI*

TABLE XI.
Approximate mean values of dorsal blotches corresponding 

to the isophenes indicated on figure 40

Mean Value
Isophene Males Females

1 27 28
2 25 26
3 23 24
4 21 22
5 19 20
6 17 19

Explanations of clinal variability are particularly difficult, 
especially as one is always hard pressed to decide whether a particular 
cline might be the result of genetic or purely environmental factors 
in areas of generally graded environments* In the present case one 
must wonder whether environments in many ways so similar as southwest 
Michigan and northern Indiana could produce the major charges in mean 
values obtained* In my opinion the cline in dorsal blotches of



Figure 41* Superimposed isophenes for dorsal 
blotches (dotted lines), and ventral plates 
(solid lines).
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Figure 42. Simultaneous variation in dorsal 
blotches and ventral plates in New York 
males of Heterodon platyrhinos. The rectangle 
represents the three standard deviation limits 
of the sample, and the ellipse the probable 
area within which most variation will occur.



92Heterodon platyrhinos is genetic in nature, although the question 
cannot be settled without breeding studies*

SUMMARX CF VARIABILITY IN VENTRAL PLATES AND DORSAL BLOTCH COUNTS
It has been shown in the two preceding sections that both the 

ventral plates and the dorsal blotches of Heterodon platyrhinos vary 
in a clinal manner, the former decreasing in value from the western 
and central portion of the species range toward the periphery, and 
the latter decreasing in number from the north to the south* No 
analysis of these characteristics individually could give a complete 
picture of the variability within the species as they both vary from 
population to population, apparently without any significant correla
tion or causal relation between them. Several approaches to the 
analysis of such variation have been proposed. The one utilized here 
has been adopted with modifications from Anderson (1949) •

The initial clue to the treatment of such variability can be 
obtained by a study of figure 41* On this map the approximate 
isophene a of figures 35 and 40 have been superimposed. It should be 
apparent from this map that samples of populations from any given 
portion of the range of the species should fairly closely coincide in 
their expression of each trait with the nearest isophene for that 
trait. Thus material from a population, say, from eastern Virginia 
should be similar in expression of ventrals to other populations along 
isophene 6 (mean values roughly of 126 in males and 137 in females), 
ft-nd in dorsal blotch counts to isophene 3 (ca 23 for males and 24 for 
females)•



if on© had additional populations from the east coast , say, 
eastern North Carolina or southern New Jersey, these populations would 
be similar in ventral expression to the Virginia locality, but would 
be quite different in the expression of the dorsal blotches* Other 
populations from West Virginia and/or western Virginia would be 
expected to show roughly equivalent expression of the dorsal blotches, 
but would be different with regard to the ventral counts involved*

Thus the range of the species may be viewed as being inter
sected by a grid of varying expression of the two traits, adjacent 
populations being differentiated on the basis of generally one, but 
frequently of both traits* The irregularities of the isophenes, es
pecially those for the ventral counts make the above generalization a 
little too broad, but it remains a fairly close approximation ©f the
facts presented* These data may be demonstrated graphically, simply

*
by plotting the numbers of dorsal blotches against the numbers of 
ventral plates* This has been done for the males from New York and 
northern New Jersey (figure &2) * Jh this figure the three standard 
deviation limits of the two variables also have been indicated* It 
is possible that specimens from this population complex could vary 
anywhere Within the square delimited* It will be noted from the 
figure that the actual sample does not fill in the square, but that 
the individuals tend to mass around the intersecting means, and when 
one trait approaches an extreme value the other trait is expressed 
with a value close to the mean* From a purely statistical view point 
it seems highly improbable that the extreme values of both charac
teristics would be present on the same individual* less than 2# 
of the specimens from the populations of which these data represent
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Vt NT"A|_S 
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Figure 43* Variation in males of Heterodon platy- 
rhinos from closely* proximate geographic areas: 
dorsal blotches and ventral plates* Large crosses 
represent the points at which the two mean values 
intersect; symbols at the point of intersection 
indicate the area treated* Combination “rectangles 
are designated by symbols in the lower right hand 
corner. Hollow circles, southcentral Illinois; 
hollow squares, southern Indiana; hollow triangles, 
northcentral Illinois; solid circles, northern 
Illinois; solid squares, northern Indiana; inverted 
hollow triangles, northeastern Michigan; solid tri
angles, southwestern Michigan.



a sample would bo expected to have as few as 21 dorsal blotches * simi
lar ly less than 2$ would be expected to have as many as 133 ventrals; 
the probability of an individual having both 21 dorsal blotches and 
133 ventrals is practically infinitesimal* The same is true for all 
four corners of the rectangle formed by the three sigma limits* Thus 
these corners may be cut off and the eHipse so farmed will generally 
limit the variability of the population complex sampled* The 
similarity of this ellipse to the recombination spindles of Anderson and 
others is striking* These two methods of limiting populations may be 
termed character combination rectangles and ellipses*

In order to test the generalizations above character combina
tion rectangles and scatter diagrams have been presented for certain 
analysed areas of midwestern United States (figure 43)* The two 
most extreme population complexes analysed in these figures are 
northeast and southwest Michigan and southcentral Illinois* The 
scatter diagram shows that morphologically there is no overlap between 
the expression of these two characteristics, although there is consi
derable overlap in the character combination rectangles* Character 
combination ellipses would cut down this hypothetical area of overlap 
considerably* These two extreme areas are connected by morphologi
cally, and geographically intermediate areas* Similar graphs have 
been constructed for the females for these areas and show essentially 
similar characteristics, they are not presented* In addition these 
graphs could be constructed for all areas treated; these would show 
varying degrees of morphological overlap and disjunction* Instead 
®f attempting any such complex graph,; figure 44 oply indicates
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Figure 44* Morphological peaks for ventrals and 
dorsal blotches in Heterodon platyrhinos as 
indicated by mean values* Numbers refer to 
geographic areas noted on table XXI*
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TABLE XII
Areas designated by the numbers on Figure 44

Number Area
1 Connecticut and western Massachusetts
2 New York and northern New Jersey
3 Eastern Maryland and Delaware
4 Eastern North Carolina
5 Eastern South Carolina
6 Alachua County, Florida
7 North central Florida
8 South central Florida
9 Southern Florida
10 Dade County, Florida
11 Western Pennsylvania
12 late stern West Virginia
13 Southwestern North Carolina and western 

South Carolina
14 Northern and western Iowa
15 Eastern Kansas
16 Oklahoma
17 Northern Texas
18 Southern Texas
19 Northeastern Michigan
20 Southwestern Michigan
21 Northern Indiana
22 Southern Indiana
23 Kentucky
24 Tennessee
25 Northern Mississippi
26 Southern Louisiana
27 Southwestern Wisconsin
28 Northern Illinois
29 North central Illinois
30 South central Illinois
31 Eastern Missouri
32 Northeastern Arkansas



98the points of intersection of the mean values far the population com
plexes sampled (Table XIX gives the numbers of the areas)* Each such 
point may be considered as a peak of morphological, expression of the 
traits, bearing in mind that the individuals from the areas in ques~ 
tion will vary around the peaks to a greater or lesser degree 
depending upon the variability of the populations sampled* From this 
graph the generalization made above that adjacent population complexes 
are similar in the esqpression of these traits, but generally differ to 
some extent is certainly demonstrated as factual, further certain 
widely diverse areas also show strikingly similar expressions, despite 
wide differences in general environmental conditions (for the former 
condition see the peaks for south eentral Illinois, 30, and southern 
Indiana, 22, northern Indiana, 21, southwestern Wisconsin, 27, and 
northern Illinois, 28; and for the latter those for eastern North 
Carolina, 4, and southern Texas, 18)*

SUBCAUDALS
In order to gain some insight into the pattern of variability 

of the caudal plates they were analysed along the two longest azimuth 
lines utilized in the study of the ventral plates* These data have 
been presented in figures 45 and 46* It will be noted from these 
figures that the mean values are fairly stable along azimuth line 7 
(figure 4-6 ), although there is considerable variability around a modal 
mean value of about 4-9 for males and about 42 for females* To the 
southeast along azimuth line 3 these values increase steadily into 
northwestern Alabama* from there into Florida values shift around at 
random with no general trends obvious (figure 45) •
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Figure 45* Variation in subcaudal plates in 
Heterodon platyrhinos along azimuth line 
number 3* For explanation of geographic 
areas see figure 23.

.O .;J 40 40 JO JJ. . .. - ■
*  t ' -<121

FEMALES M A L E S

Figure 4 6. Variation in subcaudal plates in 
Heterodon platyrhinos along azimuth line 
number 7* For explanation of geographic 
areas see figure 3 2.



100From a comparison of these data with those obtained for the 
ventral plates it is apparent that the numbers of eandals bears little 
or no relationship to the number of ventrals* Actually within indi
vidual populations in which correlation coefficients have been 
calculated it has been found there is little or no real correlation 
(r£^ —0 .1). Cross—populational coefficients considering equal num— 
bers of specimens from such extreme areas as north central Florida 
and eastern Kansas show a slight negative correlation (rss -0.3)*

From these data it would seem apparent that the caudal plates 
vary with little general correlation with ventral plates, and little 
regular geographic variability, although they tend to average somewhat 
higher in the south than in the north*

THE AZIGOUS MATE
The presence or absence of the azygous plate becomes of impor

tance in Florida populations of Heterodon platyrhinos. The chief 
feature employed in the discrimination of H. p. browni has been the 
absence of the scale* Table XXII shows the raw data on this examina
tion in Florida specimens* In all 105 Florida platyrhinos have been 
examined, end of these 10 completely lacked the plate* Another 5 
show the azygous sufficiently reduced to be in striking contrast to 
the normal condition* A total of 15 specimens or about 14% show the 
abnormality * Considering material from Dade County alone (Table XIV) 
the proportion of snakes lacking the plate increases; seven of the 
ten lacking the scale were from this county* Thus about 41% show the 
anomaly in its most extreme form and an additional three show a re
duced plate. Considering these latter three with those completely 
lacking the plate, the total percentage would be increased to 59%.



Michigan material may bo used for comparati ve purposes* Of 
63 specimens examined only two show a missing or reduced azygous , 2 *4/6. 
This difference is certainly significant* Of the remaining approxi
mately 1000 specimens examined only three lack the scale*

Figure 4? shows a scatter diagram of the length of the 
azygous plate plotted against the total length of the head* Although 
rather irregular the relationship seems to be linear for the majority 
of the sample* Even certain of the Dade County specimens fall within 
this portion of the graph*

TABLE XIII
Azygous scalation in Florida Heterodon 

platyrhinos

Condition Humber %

Azygous missing 10 9*5
Azygous reduced 5 4*6
Azygous normal 90 65*7

Total 105 100
\

Certain specimens fall completely without the range of variability 
defined by the diagram* Many of this latter group come from Dade 
County, a few more from the remainder of Florida, two come from 
Michigan, and a few from scattered localities throughout the range of 
the species* Critical head measurements were not taken on all speci
mens which lacked the azygous completely, so the number of specimens 
lying ©n the abscissa is actually greater than indicated on the diagram*



Conditions of this type can be explained either on the basi3 
of differential genetics or direct environmental modification. The 
latter seems inprobable as Bade County seems hardly enough differentia
ted environmentally from the remainder of the Florida east coast to 
produce such a striking increase in proportion of specimens lacking 
the plate* The most logical assumption would seem to consider the 
condition the result of mutant genes, no doubt present in a high pro
portion as a result of genetic drift or Sewa.ll Hright effect.

TABLE XIV
Azveous scalation in Dade County-Heterodon 

olatyrhinos

Condition Number %

Azygous missing 
Azygous reduced 
Azygous normal

7
3 17.6 
7

Total 17 100

MELANISM
The occurrence of occasional raelanistic specimens of the 

eastern hog-nosed snake led Troost (1836) to consider these individuals 
as representing a distinct species, for which he proposed the name 
Heterodon niger* For the most part herpetologists have recognized 
black individuals to be simply a color variant of the polymorphic 
platyrhinos. Typically the trait is expressed as a jet, blue-black 
snake, dorsally, frequently with a heavy suffusion of melanins on the 
ventral surface. Certain specimens, when examined minutely, show a



trace of pattern on the posterior end of the body or on the tail,
✓

whereas others have a fairly general, but much obscured, pattern, 
throughout all but the most anterior parts of the body. During the 
course of the present study some 879 specimens were examined which 
were well enough preserved to allow an accurate, qualitative estima^ 
tion of the presence or absence of the trait. Of these 82, or 9.33$, 
were melanistic. These data have been summarized in Table XV. It 
will be noted from this table that both males and females show the 
trait in remarkably similar proportions j there seems to be no sexual 
dimorphism involved in the trait, melanistic individuals being equally 
distributed through both sexes.

Although distributed equally through the sexes, the trait is 
not equally distributed through differing populations of the snake. 
Table XVI shows the proportional distribution of the characteristic 
in the various states in which platyrhinos occurs* Certain states 
show a rather high number of melanistic individuals, whereas others 
have few or none. The significance of this differential distribution 
is subject to question as melanism apparently occurs in high propor-

TABLE XV
Total Amount of melanism in Heterodon 

platyrhinos

Patterned Melanistic Total % Melanism
434 43 477 9 #02

females 363 39 402 9.72

totals 797 82 879 9.33
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Figure 47- Scatter diagram showing relationships 
between azygous length and head length in 
Heterodon platyrhinos#



tion In certain local populations, and is lacking in others# Inclu
ded in Table XVI is Indiana County, Pennsylvania} of 12 specimens 
from a presumably limited area in this county 6, or 50$, show either 
complete or partial melanism# Three other populations are known 

‘which have a high percentage of melanistic individuals# Welter and 
Carr (1939) note that black specimens were taken almost as frequently 
as normally patterned snakes in the vicinity of Morehead, Rowan 
County, Kentucky# The third such population has been called to ny 
attention by Dr# Robert H# McCauley, Jr# Dr# McCauley noticed 
in his collecting in Clarendon County, South Carolina that black 
hog—nosed snakes were more common than normally patterned individuals, 
and began to keep records of the animals examined# Unfortunately 
only eight specimens were taken during the time in which notes were 
taken# O f  these eight only two were normal and the rest were black# 
Commenting on these data he states (personal communication, Septem
ber 18, 1951) f "It seems to me notable that of 8 specimens seen in 
this area - only 2 or 25 percent have the so-called 1 normal* 
m a r k i n g s A  similar situation is also extant in Grady County, 
Georgia} of 9 specimens from that area in the collection of the 
Chicago Academy of Sciences, 7 are melanistic, 5 completely and 2 par
tially#

In contradistinction to these four "populations” with a high 
proportion of black individuals certain others show a complete lack 
of the trait# Many specimens have been seen from Muskegon County, 
Michigan, and n.ll were patterned# Similarly the trait seems lacking 
in Long Island, Hew York (31 specimens have been examined in this 
study, and Mr. M# Graham Netting of the Carnegie Museum informs me
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that he has never seen a melanistic specimen from there) •

Thus the geographic variability summarized in Table XVI may 
be the result of accidents in sampling the populations existing in 
the various states# It is possible that melanistic populations do 
exist in areas which have not yet been well collected# On the other 
hand one must admit that the wide divergences in proportion of 
melanism between such well worked states as Michigan, Florida, and 
Maryland (states with few melanistic individuals) and North Carolina, 
South Carolina, Pennsylvania, Illinois, and Indiana (states with a 
high proportion of black snakes) indicates geographic differences in 
the distribution of nigrescent individuals*

This spotty distribution of melanistic snakes calls to mind 
the so-called Gloger rule which states that the amount of melanins 
deposited increases with humidity* It is possible that the black 
hog-nosed snakes are simply the result of environmental moisture*
Such an explanation would seem untenable in view of the presence 
of mixed populations of black and patterned individuals* It would 
seem more logical to assume that melanism in the hog-nosed snakes 
was genetic in nature# Actually the entire problem of melanism in 
snakes needs further study* The Blanchards (1941) have carried on 
breeding studies on the genetics of melanism in the common garter 
snake, 'Phgwmrtpfatg slrtalis sirtalis* and found it to act like a 
sinple Mendelian recessive characteristic# Although their numbers 
are rather small there seems no other possible interpretation of the 
re stilts they obtained. Melanism in Heterodon does not seem to be 
based upon any such simple genetic situation. Figure AS shows the
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TABLE XVI
Total melanism in Heterodon Dlatyrh 1 nns, broken down by state

State Totally Partially Patterned Total %Melanistic Melanistic Melanism

Alabama 2 1 14 17 17;6Arkansas 2 8 10 20*0
Connecticut 7 7 0
Delaware 2 2 0*
Florida 3 3 95 101 5;9Georgia 7 2 14 23 39.1Illinois 7 51 58 12 ;iTt|ri 5 3 34 42 i9 ;o
Iowa 1 14 15 6.7
Kansas 28 28 0
Kentucky * 12 12
Louisiana 3 36 39 7.7
Maryland 1 1 43 45 4.4
Massachusetts 1 16 17 5.9
Michigan 2 69 71 2.8
Minnesota 1 1 0
Missouri 14 U 0
Mississippi 1 1 24 26 7.7
Nebraska 1 1 0
New Hampshire 1 1 0
New Jersey * 25 25
New York (Total) * 54 54 0Long Island 31 31
North Carolina 8 26 34 23.5
Ohio * 6 6

14.3Oklahoma 1 6 7
Ontario * 3 3
Pennsylvania 25 36 30.6(Total) 5 6

Indiana County 3 3 6 12 50.0
South Carolina 3 3 25 31 19«4
Tennessee 3 10 13 23.1
Texas * 21 21
Virginia 
West Virginia 
Wisconsin

1
1

31
26
10

32
27
10

3 .1 
3.7 
0

* indicates a literature report of one or more melanistic individual!
from the state*



108
size relationships of totally and partially melanistic individuals 
studied, as compared with the size range for normally patterned 
specimens. It will be noted that for both sexes the partially 
melanistic individuals tend to be smaller than those which are entire
ly black, and that all those which show traces of the character are 
average sized or larger* This would seem to indicate that genetically 
black Individuals (assuming the character to be genetically control
led) show the normal patterned condition at birth, and become 
melanistic as they increase in size and age. As noted above the trait 
seems to be expressed first on the anterior portion of the body. Thus 
patterned young may develop into melanistic adults by the gradual 
deposition of melanins in the dermis beginning at the anterior end and 
progressing toward the posterior. From the data available such a 
deposition of melanins is probably not continuous from birth as juve
niles show no trace of the character; perhaps the expression of the 
trait is the result of certain physiological conditions, such as 
sexual maturity, the onset of which is correlated with age. Unfor
tunately no broods are available from melanistic females; certainly 
breeding studies on black hog-nosed snakes are desirable.

A similar situation has been reported for the massasauga 
rattlesnake. According to Gloyd (1940, p. 54) black individuals are 
found scattered through Ohio, Illinois, Indiana, Wisconsin, and 
Michigan, and all are adults. Conant (1938a, p. 113) described a 
population, entirely of melanistic adults, from near Mt. Victory, 
Hardin County, Ohio. The young in this population were all spotted, 
and melanistic females gave birth to spotted young. Gloyd (1940, 
p. 54) states, "...I am inclined to think that this type of melanism



TABLE X V II

Correlation between ventrals and caudals in 
Florida Heterodon platyrhinos. Females in red.
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shows a direct, positive correlation between the position of the 
umbilicus and the number of ventrals on the snake* Thus this sexual 
difference in the umbilicus is not surprising*

The length of the scar itself varies somewhat, but there is 
no apparent sexual dimorphism* Frequency distributions on the number 
of ventral plates cut by the umbilical scar are as follows •

Ventrals involved Number of
Males Females

2 12 2
3 42 344 17 20
5 2 76 0 3

The differences between the males and females are only of borderline 
significance; chi-square - I4e2; 0.05 < p < 0.10*

200 300 400 500 600 700 800 9QQ
-----------------------------1 '(74! A

 086 ) B

 1---------- 0(2!) C
 112J) D
 ----118) E
09) f

Figure 48, Size of normally patterned specimens 
Ta . females, B* males) compared with melanistic 
(C* females, D* males), and partially melanistic 
individuals (£* females, F* males)* Parenthe
tical numbers represent the number of specimens 
of each type examined.



TABLE X V III

Correlation between total ventrals and the ventral 
cut by the anterior end of the nmbilieKl scar of 
Heterodon platyrhinos. Females in red. &
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THE LIFE HIST CRY CF HETERODOH
v '

la the preparation of this section Dr. Henry S. Fitch*a recently 
published, "Outline for ecological life history studies of reptiles11 
(Fitch, 1949) has been followed rather closely. Where subjects inclu
ded in Fitch*s outline do not apply to Heterodon they have been ignored 
similarly material considered elsewhere in this report has been dropped 
from this section. Other data, notable by their absence from this 
section, are the result of our rather surprising lack of information 
relative to these common organisms.

The Egg and Embryo
Larger numbers of literature citations referring to the time 

of deposition, number and size of eggs are available for H* nlatyrhinos 
than for the other two species which are poorly known ecologically.
These data have been summarized in Table X3X. Eggs may be laid as 
early as June and as late as August. There may be some geographic 
influence on dates of laying, as Logier (Ontario) and Breckenridge 
(Minnesota) report dates in July, whereas those for more southern 
localities are generally June. The single August record was for a 
female I had in captivity which was in rather poor general condition.

Length of the ellipsoid, off white, thin shelled, non
adherent eggs seems to vary from about 24 to 36 mm, and width from 
about 12-to 22 mm. The only data on weights available are presented 
in the table. Clutch size varies considerably; clutches with as few 
as 4 have been reported, and 61 eggs were found well developed in 
the oviducts of a Minnesota female by Breckenridge. In view of

113
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evidence available from other organisms, there may be geographic 
variability in egg size (Stllle, personal communication, data on 
Opheodrvs: and Garr, 1952, Edgren, 1949, data on Sternotherus). 
and Lack (1950) has noted geographic variability in clutch size of 
titmice.

Data on the eggs of naslcus are rare. Breckenridge (1944) 
has recorded a Minnesota specimen with 9 eggs. The most extensive 
information on the eggs of this species was published by Munro 
(1949b) in an interesting series of notes. According to Monro, a 
single captive female laid 11 eggs on the night of 5-6 July, 1949. 
These eggs varied from 31.5-35*5 mm in length and from 16*5-20.0 mm 
in width; at time of laying they varied from 6,1-6.8 grams.

Information on the eggs of simus are practically non
existent in the literature. Price and Carr (1943) report a clutch 
of six eggs laid 20-22 October by a captive Florida female. These 
eggs varied from 25-30 mm in length and from U-14 mm in width; 
weight was 2.1-2.5 grams. In addition to this record 10 eggs were 
dissected from a simus in the present study (CHHM 35567, Thomasville, 
Thomas County, Georgia).

Little in the way of generalization can be made on these 
few data. It seems probable, however, that simus and nasicus may 
generally produce fewer eggs than platyrlr* »<*>«* egg size may also 
differ from species to species* The Price and Carr size data on 
simus eggs may be abnormal; October seems extremely late for egg 
laying, even for a southern species.
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TABLE XEt
Summary of available information on time of deposition, 
number and size of eggs of Heterodon Dlatvrhinos

Date of 
Deposition EggNumber

Size
Extremes

Mean Weight
Extremes

Mean Authority

20-vii to 
1-viii 15 26*3-32*3 29.0 

*12.8-18*3 17.1
2.7—6.2 4.9 Edgren

25
22
27

Hay, 1892
do
do

18 Guthrie, 1926
23-vi to 

26-vi
10 Gloyd, 1932

June, and 
later

22 
30 
42 30 x 

21

Wright and
Bishop,
1915

19-vi
1-vii

27
12
7

29-35 x 
19^22 
24-28 x 
15-17

32 x 
20
26 x 
15.8

Conant, 1938a
do
do

As late 
as July

22
16
18
27 30 x 

20

McCauley, 1945 
do
Hudson, 1942

12-vii 31 Logier, 1939
7-vii 12

61
39

27-36.5 
x 18—21

Breckenridge,
1944
do
do

7-vi
26-vi

35
4

Cagle, 1942

i



116Size increases in eggs are poorly documented. Monro*s
Sagicus eggs were carried through to hatching. Lengths remained
fairly stable through the period of incubation, although they showed
slight increases, but widths increased consistently during this time.
Weights increased overall about 50%9 and the greatest proportion of
this gain took place during the first four weeks of incubation (4356).
Only three of the platyrhinos eggs were carried on for more than the
initial weighing. Their increases in weight were as follows s

Laying weight 7 days later 9 days later
5.1 5.4
5.3 5.7 5.8
3.0 3.1

These few data show a progressive increase in weight during incuba
tion.

As is true of most snakes embryologieal information on 
Heterodon is rare. Franklin (1945) has studied the time of appear
ance of centers of ossification in the bones of snakes. According to 
his studies the centers appear somewhat earlier in Heterodon platy
rhinos than in Natrix taxispilota. Similarly the hatchlings of 
Heterodon were more completely ossified than newly born Natrix.

Incubation period data have been reported by several authors. 
According to Munro his nasicus eggs began hatching on 30 August, and 
the last snake emerged 4 September; thus an incubation period of 56 to 
61 days. McCauley (1945) reports 57 days for platyrhinos: Cagle (1942) 
records an incubation period of 31 days* Specimens hatched after 58- 
59 days from eggs observed by Gloyd (1932). Nothing is known of the 
incubation period of simus.
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Natural nests are unknown for simig and nasicus, and but a 

few observations are on record for Platyrhinos- Breckenridge (1944) 
has reported the finding of two eggs at a depth of about 6 inches 
in a gravel deposit, and Wright and Bishop (1915) describe a number 
of clutches found in sandy fields at a depth of four to five inches. 
According to Cagle (194-2) a clutch was found under a rock.

Possible brooding of the eggs has been reported by Hahn 
(Noble and Mason, 1933), who found a female coiled around her eggs 
in a cornfield; no such observations have been made in captivity*
Hay (1892) mentions a female that was found near a clutch of eggs 
and presumably attempted to defend them.

The Young
Data on the number of young in litters of hog—nosed snakes 

are rare, as many clutches of eggs reported were not carried through 
to hatching. Thus it is not possible to make any generalizations 
regarding mortality in the eggs. The only known record concerning 
nasicus was published by Munro who hatched 11 young from the same 
number of eggs; nothing is known of the number of young in litters 
of simus. Gloyd (1932) has reported eight young from nine eggs of 
platyrhinos s Cagle (1942) opened portions of the clutches he had, 
but all eggs allowed to run full term hatched, and he notes no 
abnormalities in eggs opened so they may be presumed to have hatched; 
thus litters of 4 and 45 young. McCauley (1945), quoting from 
McClellan, reports one- hatching from 14 eggs. The Chicago Academy 
of Sciences has a litter of 14 platyrhinos which were hatched by 
George P. Meade of Gramerey, Louisiana. Sex data are available only



on Gloyd*s clutch and the Academy series; they contained 5 females
and 3 males, and 9 females and 5 males respectively*

The only extensive description of the hatching process is that 
of Munro (1949c) for nasicus: the important aspects of this behavior 
may be quoted as follows:

"When discovered at 7 A.M. the snake ling had already cut 
two short, parallel slits longitudinally on the upper side of 
the egg and was thrusting its snout through one of them* After 
getting the nose out, the little serpent remained in much the 
same position for hours.•«* The thin shelled egg no doubt 
makes it possible for Hog—noseds to escape by malclng only one or two small cuts*...

"The little snake enlarged the hole by pushing its head 
through. The head came out upside down, understandably enough, 
because the shape of the rostral scale had forced the snake to 
invert its head in order to bring the egg—tooth into play 
against the uppermost part of the shell. With head projecting 
in this manner, the body appeared to writhe and squirm inside 
the egg from time to time, as if disentangling itself....

“After resting, as it seemed, with head upside down for 
some hours, the snakelet gradually worked its head around to 
right side up. However, during the long time before final 
emergence, it often reverted to the upside-down position; when 
the head had been retracted for any reason, it was quite like
ly to come out again in the inverted position. ....

"After 55 hours of apparent indecision, the first snake- 
ling had emerged..*. Soon after it shed its head scales and 
egg-tooth. ....

".... It was a slow job. ....but most of these hog- 
noseds took two or three days (40-60 hours) (to emerge after 
the initial slit with the egg-tooth), much the shortest time 
being 30 hours by one individual only.

"....it was noticed that many of the little snakes de
serted their eggs about mid-afternoon, the warmest part of the 
day. However, three came out either late at night or in the 
very early morning.

".... When each hatchling was at last ready, it started 
definitely to move out, and after slowly inching forward an 
hour or so, it had left the egg.

".... Although most of the infants had lost part of their 
skin in the egg, three of the young cast complete sloughs an 
hour or so after emerging*

"The egg-tooth of each hatchling was observed with an 
eight-power glass and seen to be a tiny, forward-pointing, 
white, conical thorn on a small grayish mass filling the lin
gual groove of the rostral scale, apparently projecting from 
inside the mouth. The tooth was easily felt with the finger
tip* The rostral scales of almost all the babies were reco



119vered, and although the tooth had disappeared about the time 
the rostral was shed, it was not found attached to the latter* 
The rostral scale of one individual came off during handling, 
but the egg-tooth remained in place; an hour later it was gone* 

BQne snake let., *was put in a bare cage fey itself* It 
rubbed its nose across the floor with a rooting movement, as 
if trying to loosen the skin for shedding* A moment later 
the snake was examined; the skin had not been loosened, but 
the tooth had disappeared* Xt could not be found in the 
cage • • * * Apparently it is swallowed after being loosened, 
sometimes before shedding of the skin, sometimes later.tt 
(Monro, 1949c, pp* 134-36) *
Little is known concerning shelter niches chosen by young 

Heterodon. as most, apparently have been collected in the open. One 
young specimen of nasicus * collected in a sand area in western ~n.T •fnois 
could be trailed by markings in the soft sand to a ^ 1 1  prostrate 
plant under which the specimen had apparently spent the night* It 
rained during the night and the rain had pock-marked the smooth sandy 
surface; the only snake trail in the immediate vicinity led from the 
plant to the place where it was captured* The plant was flat against 
the ground, and the sand under it had been disturbed as if the snake 
had burrowed under the sand below the plant*

The Adult
HIBERNATION

Only a single report relative to hibernation in species of 
Heterodon is in the literature* Referring to platyrhinos Neill (1948) 
statesi

"The last reptile to go into hibernation. Young of the 
year, in particular, may be found foraging into November or 
December* Hibernates singly, beneath rocks, stumps, or rub
bish piles, in burrows in hard red clay soil, or even beneath 
slabs of tin on the open ground. Semi-dormant when disclosed.w

The latter statement seems to imply that Heterodon do not actually
hibernate in the sense that mammals do, but, as is the case of most

!



reptiles, but go into a state of cold—inactivation considered pseudo- 
hibernation by most physiologists. In addition to these brief data 
a number of interpretations can be made from the information presented 
by Conant (1938b). Specimens of platyrhinoa were obtained in Lucas 
County, Ohio from April to October (only one in the latter month) .
One might conclude that in this northern locality the species enters 
hibernacula during September and/or October, and leaves them in April, 
or as late as May. Among the factors influencing pseudo—hibernation 
it seems safe to assume that temperature may be of paramount importance, 
although other factors are certainly operative. Conant (1938b, 
figure 1) has also presented a curve of mean monthly temperatures from 
leather Bureau statistics. Although such data may be different from 
the microclimates of the areas in which the snakes live it is of 
interest to note that April temperatures increase through the same 
range as mid-September to early October temperatures decrease. During 
both periods the mean temperatures vary between about 50 and 60 de
grees Fahrenheit— it seems logical to assume that critical temperatures 
for the induction of pseudo-hibernation in Lucas County platyrhinos 
lie between 50 and 60 degrees Fahrenheit.

The young seem less affected by temperature changes than the 
adults as Neill (1948) states that young of the year are found active 
as late as November or December.

BREEDING
Data on breeding habits of Heterodon are generally not 

available in the literature, although copulation has been described 
(Edgren, 1952c) from dissection of specimens preserved in coitus.
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Briefly, the penis of the male fills the cloaca of the female quite 
completely, although no evidence of an exact lock—and—key correspondence 
was found. The enlarged spines of the male penis obviously serve in 
anchoring the penis, although whether the minute spines function 
similarly cannot be stated. The function of the distal ealyculated and 
bifurcated portion of the penis is apparently the deposition of sperm 
in the general area of the openings of the oviducts, and perhaps the 
calyces form minute suction cups holding the bifurcated portion in 
place•

TERRITORIALITY
Little information is available concerning the home range 

territoriality of Heterodon. Stickel and Cope (1947) report the re
capture of a single marked platyrhinos 100 feet from the point of 
release 5~*r months later, which may indicate that the species does not 
wander great distances. Dargan and Stickel (1949) also present a few 
data concerning territory in this species. They estimate that their 
trapping experiments gathered snakes from an area some three or more 
times the diameter of the traps which was about 1300 feet; during the 
two years of trapping 36 platyrhinos were taken. It seems improbable 
that all snakes were collected from the area, so apparently more than 
36 individuals were living in an area some 4000 feet across.

Certainly further marking and trapping studies on Heterodon 
are warranted.

FEEDING
Rather extensive data are available on types of prey selected 

by bog-hosed snakes. Two published statements which are based upon



direct experience with the food of simus.have been presented by Carr 
(1940) and Goim (1947). Carr states (p. 8 0) that the common toad is 
the "•.♦chief and almost the only item of diet..." One may surmise 
that the common toad referred to is Bufo terrestris. Carr also 
states that the fossorial tendencies of this snake are inconsistent 
with a Bufo diet. Go in has described a simus about 10 inches in 
length that he observed digging out and later eating a spadefoot toad 
(Scaphiopus h. holbrookii) s the snake dug the toad from a burrow about 
115 mm in depth. Dissection of preserved specimens has disclosed no 
stomach contents in the present study.

Breckenridge (1944) has reported stomach contents of Minnesota 
nasicus. One specimen contained 2 leopard frogs pipiens) :
another had eaten a black—banded skink (Eumeces septentrionalis) and 
contained feathers from a grasshopper sparrow. Munro (1949a) had a 
specimen which ate toads, a robin, an English sparrow, and a short- 
tailed shrew, in captivity. This specimen refused frogs. Four 
specimehs maintained in captivity during the present work ate frogs 
of the following species: Hyla crucifer. Pseudacris nigrita tri-
seriata. Rana sylvatica. and Acris crepitans, although they refused 
a Rana pjpiens caged with them for some weeks. According to Munro 
(1949a) C. B. Perkins states that nasicus from areas where frogs are 
common refuses toads. Similarly snakes from areas where toads are 
abundant refuse frogs.

Data on the food habits of platyrhinos have been presented 
in Table XX. From this information it is obvious that, although a 
relatively wide variety of materials is chosen, toads seem to make up 
the majority of the diet of the species. The general diurnal habits
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TABLE XX
Food taken by Heterodon platyrhinos, based upon published 

records: W, taken in the wild; C, taken in captivity

Food Authority Where
Organism Taken

Invertebrate s 
Crickets Conant, 1938a C
Beetles Wright and Bishop, 1915 W

Breckenridge, 1944 W
Grasshoppers Wright and Bishop, 1915 W
Bugs Breckenridge, 1944- W
Wasps do w
Ants do w

Vertebrates 
Amphibians 

Bufo sp. McCauley, 1945 w
Bufo terrestris 

terrestris Carr, 1940 w
Bufo terrestris 

amerieanus Conant, 1938a w
Breckenridge, 1944 w

Bufo woodhousii 
fowleri Conant, 1938a w

Welter and Carr, 1939 C
Bufo woodhousii 

woodhousii Gloyd, 1932 C
Rana piniens do w

Breckenridge, 1944 w
Rana clamitans do w
Cricket frogs 
(Acris ?) Hay, 1892 w

Triturus virides- 
cens Uhler, et al., 1939 w

Plethodon sp. do w
Reptiles

SceloDorus undu- 
latus Anderson, 1942 c

Thamnophis s.
sauritus Greenhall, 1936 c

Birds
Sparrow Conant, 1938a w

Mammals
Rodents Guthrie, 1926 •>•
Mice Anderson, 1942 c
Microtinae Uhler, et al., 1939 w
Tamias striatus do w



of platyrhinos and the nocturnal habits of most toads would seem to 
demand rather special adjustments for food—getting* Goinfs observa
tions on sjmns may be taken as of more general applicability* These 
snakes may be considered to pick up the trails left by toads during 
their nocturnal wanderings, then following them and digging them from 
their burrows or hiding places*

Toad feeding also presents the difficulty of defensive infla
tion on the part of the toad; how general this habit is is unknown, 
although it has been described by Vestal (1941) for Bufo boreas.
Pope (1944) has suggested that the enlarged teeth on the posterior 
end of the maxillae are utilized in puncturing, and thus deflating 
toads* During the past I have seen many toads eaten by platyrhinos 
captive in boy scout camp nature ponds, but I have never seen the

4

defensive inflation on the part of the toads, nor what seemed to be 
overt attempts of the snakes to bring these enlarged teeth into 
action* Further observations along this line would certainly be 
welcomed* Minton (1944) has suggested that these teeth simply 
function in holding prey.

SHELTER
Little is known about the types of shelter selected by hog- 

nosed shakes, there being few reports of specimens taken in sheltered 
areas* Almost all specimens have been found in the open. Neill (1948) 
has listed a number of hibernacula for platyrhinos. and W. T. Stille 
informs me that he once took a specimen from under a log* According 
to Harold Dundee (personal common! cation) he found a nasicus under a 
rock. It is well known to most field collectors that Heterodons are



seldom if even found under "things** conventionally used as shelter
niches by other snakes* The morphology and known fossorial habits of 
these snakes may indicate that they simply burrow into soft soils for 
shelter*
Davis (1946) has described the burrowing of platyrhi wr>s in great 
detail. According to Davis, when burrowing in soft sand, the head is
applied to the smooth surface at about a 30° angle* Then with the
head bent sharply downward it was moved "...actively and alternately 
from side to side*" The entire process was described as follows:

"The snake moved the length of the box with the head 
plowing just beneath the surface of the sand, but not deep
ly enough to cover it completely* This was again a direct 
forward thrust, without lateral movement • After , crawling 
the length of the box twice in this manner, the snake de
pressed its head more sharply and started to burrow. Rapid, 
alternate lateral thrusts of the head were used. After
burrowing for two inches a short distance beneath the sur
face, the head was suddenly driven deeper and the body 
drawn after it. During this active burrowing there was 
considerable peristaltic movement of the body. Successive 
waves of powerful muscular contraction passed back from the 
head. At 4:48 (4 minutes after these observations were be
gun) the snake was still active, and only the posterior 
third of the body remained above the surface. The head was 
apparently performing exploratory movements, since activity 
was evident, but there was no further downward movement." 
(Davis, 1946, p. 76).
Davis has also described in detail the action of the head in 

burrowing in wet sand which presented greater resistance to movement:
"The head is depressed sharply at its articulation 

with the body. This flexure causes the ends of the quad
rate bones to stand out prominently. Their distal ends 
appear as a pair of conspicuous knobs at either side of the 
back of the head. The anterior two or three inches of the 
body is arched slightly, so that the dorsal surface of the 
head is almost vertical. The head is generally rotated 
slightly to the side on which the thrust is to be given.
From this position it is thrust forward and laterally, and 
is usually rotated slightly dor sally. This rooting movement 
then takes place in the opposite direction, and is repeated 
alternately from one side to the other during burrowing.



"The position into which the head is drawn at the be
ginning of each thrust brings the sharp lateral edge of the 
rostral scute into direct contact with the substratum*
During subsequent movements of the head, the wedge shaped 
rostral region functions as a double—shared ridging plow, 
forcing its way through the substratum and pushing the 
sand to the side* The power for these vigorous movements 
is derived solely from the anterior dorsal muscula
ture, which is enormously hypertrophied in the members of 
this genus*" (Davis, 1946, p. 78)*
Strikingly similar observations have been made on the burrowing 

hasicus. Captives from western Illinois were observed repeatedly 
burrowing in the sand at the bottom of their cage* Probably the only 
significant difference was in the angle at which the head rostral 
was applied to the surface of the substrate* As would be expected from 
the morphology of the plate itself, in order to apply the sharp lateral 
edge of the rostral, the head is held at a more pronounced angle* In 
soft sand the head is held at approximately a 90° angle to the sub
strate , in moist sand the head itself was actually tipped beyond an 
angle of 90°.

It has been suggested above that the young of nasicus* at 
least, may resort to burrowing for shelter, and Breckenridge (1944) 
has described a specimen which burrowed in an effort to escape* One 
Illinois specimen, disturbed while it was sunning, attempted to take 
refuge in an old tin can*

Although little specific information is available it seems 
logical to assume that all species of the genus resort to burrowing 
for shelter, and perhaps in the pursuit of food*



natural enemies
Little is known of natural enemies of hog—nosed snakes, except 

for humans who generally consider this harmless anirna-1 to he deadly 
poisonous* Over (1923) states, "We have known red—tailed hawks to 
feed their young on these snakes." Wilson and Friddle (1946) state 
"thst platyrhinos was eaten by Lamnropeltis g- getulus both in capti
vity and in the wild* Owen (1949) reports the Tarantula, Birype 
californica* feeding upon a young hog—nosed snake in captivity*
Though: these data are at best slim one might speculate that Heterodons 
are preyed upon by other snakes of various species, predaceous birds, 
large spiders, and perhaps, mammals of various kinds*

Probably the most interesting aspect of the natural history of 
these snakes is the so-called bluffing and death feigning behavior* 
These activities have been so often described and discussed that they 
need only be considered briefly here* This pattern of behavior may 
be broken down into two phases: kinetic and akinetic phases. When
first disturbed the kinetic phase is initiated and marked by lateral 
flattening of the anterior third of the body and the posterior portion 
of the head* The scansion of the body is the result of a hinge 
mechanism allowing the anterior ribs to be extended laterally almost 
at a right angle to their normal position. With the body thus ex
panded the snake hisses strongly and makes frequent forward thrusts 
of the head and anterior part of the body. Usually each forward 
thrust is accompanied by a sharp hiss. It is generally considered 
that the thrusts are mock strikes at the intruder, although I have 
never heard of anyone being bitten during this activity* After a 
period of this behavior there is a marked change in action on the part



of the snake. The mouth is gaped widely, rubbed against the ground, 
and has occasionally been observed to bleed slightly. The snake then 
suddenly turns belly—up, writhes violently for a few moments and then 
lies still, mouth open and tongue lolling. This akinetic phase is 
sometimes of considerable duration as Haltom (1931) states, "I have 
watched it simulate death for forty—five minutes.11

There is some disagreement among various authorities as to 
whether the mouth, at least of platyrhinos. is held open or closed 
during the thrusting activity. In my experience the mouth is held 
open, but only slightly. According to Mr. Karl P. Schmidt (personal 
communication) the mouth of nasicus is gaped widely during this phase, 
but that otherwise the behavior pattern is similar. H. nasicus which 
I have collected have made no attempt to go through this activity, but 
instead seemed to try to hide their heads beneath coils of the body. 
Hudson (1942) reported a similar lack of activity in nasicus. Accor
ding to Gloyd (1928) only one in four platyrhinos ever went through 
the pattern, whereas all those I have collected in the wild "played 
possum." A short time in captivity seems enough to abolish the 
actions completely. There are no literature descriptions of this be
havior in Heterodon simus. but it may be presumed to exhibit it under 
favorable conditions.

The reason for this stereotyped pattern of activity certainly 
demands further study. From the evolutionary point of view our lack 
of knowledge of the response of these snakes to potential preditors 
other than man makes any speculations highly tenuous. One could hardly 
believe that such a complex series of actions could have evolved in the 
short period of time humans have been present in North America, which



was apparently Invaded by man during the Pleistocene. Xt seems highly 
improbable that the activity patterns described were evolved in res
ponse to man. With regard to other organisms the bluffing portion of 
this behavior would seem to have little effect upon possible preditors, 
and certainly such an animal as a skunk would not be deterred by the 
apparent death of potential snake prey.

The physio-psychological dynamics of this behavior also pre
sent a number of interesting problems. Minton (1944) has suggested 
that the activity may be under volitional control, or perhaps be akin 
to narcolepsy in humans. Dickinson (1948) has made observations on 
death feigning in Naja ha.ie. and Hulme (1951) has described it in 
Ringhals. How widely distributed the behavior is among cobras is not 
known. Hulme has suggested that letisimulating snakes actually may 
be "fainting." Hartman (1950) has expressed the view that akinesia 
is brought on by the effects of chemical substances diffusing from 
nervous centers; these substances eventually being lost or destroyed 
by enzymatic action. Although no evidence is available to suggest 
the validity of any of these possible explanations, the latter seems 
most plausible in view of the well known effects of hormones in fear 
and stress reactions in vertebrates. The entire question of letisinru-

i

lation needs study, especially from the viewpoint of endocrine- 
nervous functions. Perhaps the hog-nosed snakes will provide useful 
tools in this work.

PARASITES AND DISEASE
/

During the course of the present study mites have been seen 
on all three species of Heterodon. although none of the mites have



been identified* Host examinations carried on with available nasicus 
have produced no parasites, however, these specimens had been main
tained in captivity without food for some time prior to examination, 
which may explain the lack of parasites* Nematodes have been taken 
from several specimens of platyrhinos- Wright and Bishop (1915) note 
that two thirds of the specimens which they examined had stomach 
parasites, and suggest that these may be the result of the highly 
anuran diet* Parker (1941) has recorded the trematodes Renifer 
ellipticus and Neorenifer validus from platyrhinos. and Goodman (1951) 
has reported dissecting a common hog-nosed snake which contained 
hundreds of trematodes in the lungs with no apparent effect upon the 

of the snake* Goodman has suggested that the renifers so 
in snakes of various types have little effect upon the general 
of the hosts*

health
common
health



BIOGEOGRAHHICAL CQNBIDERAT IONS 
There is a general lack of specific information on the ecologi

cal requirements of the hog-nosed snakes. This precludes a consists 
discussion of the factors limiting the distribution of the three 
species in the genus* In such a group one can only consider the over
all range of the species involved in relation to factors that may be 
operative in limiting further dispersal, and the specific habitat in 
which it lives to determine whether It is generally dispersed through 
the region or restricted to limited portions of the area. These 
facts, together with evolutionary interpretations may be integrated 
into a single generalization concerning the history of the group*
The first two sets of facts will be considered here, and the general 
history of the genus will be discussed in a later section*

Probably the most poorly known species of the genus Heterodon 
is simus. which as a result of Its apparent rarity is not even well 
understood morphologically* Available published data and maps of 
specimens examined seem to give a fair indication of the range of 
the species, which is generally coextensive with the Southeastern 
Evergreen Forest (Transeau, 1948; Braun, 1950) * The range of the 
species has been mapped on figure 49. To the west the distribution 
of simus correlates closely with the western limit of this forest 
where it abuts the deciduous forest developed upon the Mississippi 
Alluvial Plain* Actually in this western portion of the range the 
species does not extend as far north as the forest, but seems more 
closely correlated with coastal areas. To the south in Florida the 
southern-most areas of continuous distribution are Pinellas County 
on the west coast and Brevard County on the east; the forest actually
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extends considerably south of these two counties* The single record 
for Dade County may or may not be valid; M. K* Brady who collected the 
specimen (personal communication) states that the specimen was probably 
collected there* To the north the forest correlation is good with the 
single exception of western South Carolina where the form extends well 
into the Atlantic Slope Section of the Oak—Pine Forest Region (Braun, 
1950) * In the extreme north the species reaches the limit of its 
distribution in east—central North Carolina; the Southeastern Evergreen 
Forest, of course extends further north into Virginia* The two extreme 
northern localities for the species, Clarke County, Virginia and 
Brookville, Franklin County, Indiana are unquestionably in error* Both 
records are based upon old National Museum records (USNH 1187, 4834, 
respectively), and probably indicated switched tags*

From a purely physiographic point of view the species may be 
said to be endemic to the coastal plain, especially the southern part 
of the East Gulf Section, Florida Section, and Sea Isle Section as 
defined by Lobeck (1948)*

Data relative to the habitat requirements of Heterodon simus 
are practically non-exfcant in the literature* The best discussions 
of this species have been presented by Carr (1940), who lists it 
with species found in the wire-grass flatwoods (p* 12), the high pine 
upland forests and the upland hammocks* The species is only an 
occasional inhabitant of these community types* The former two are 
communities on well drained sandy soils, and the latter a generic 
grouping "of little botanical or pedological significance" (Carr, 
p. 17). In addition to these three types of areas he also includes 
dry flood-plains of rivers (p* 80). This species is apparently rather



highly fossorial and generally restricted to areas in which it is able 
to burrow, sandy areas perhaps being the most important*

The general coincidence of the range of the species with the 
southeastern evergreen forest is probably of considerable significance, 
however, the probable fossorial nature of the species implies that it 
must be restricted, to a great extent, by suitable edaphic conditions 
within the area of the forest* To the west the species may well be 
limited by the factors producing the bottom-land forests of the 
Mississippi embayment, to the northwest by factors correlated with the 
fall line, and to the extreme north by the dissection of the Northern 
Embayed Section of the Coastal Plain (Lobeck, 1948). The limitation 
of the southward extension into Florida seems inexplicable on the basis 
of available information* At the present state of our knowledge con
cerning the ecological requirements of this species it seems valid to 
consider the factors of the fall line, and the Northern Bnbayed 
Section as factors limiting the further distribution of the species*
To the south and west, however, the data are inconclusive and limiting 
factors can hardly be speculated upon.

The range of Heterodon platyrhinos has been plotted on figure 
50* To the east and south the species seems limited only by the 
Atlantic and Gulf coasts* To the north it extends into southern por
tions ©f New York, New Hampshire, Vermont and Ontario. On the lower 
peninsula of Michigan, Lakes Huron and Michigan apparently limit the 
northward expansion of the range* On the northern Peninsula the species 
is restricted to the extreme southern tip; in Wisconsin the form is 
generally distributed, with the possible exception of the extreme nor
thern part of the state* In Minnesota the only records are from the
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Figure 49* Range map of Heterodon simus. 
Spots reprepent peripheral records of 
questionable validity* (Scale ca. 1: 60,000,000).



eastern and central portion of the state, but it is certainly to be 
expected in the southwest. Information relative to South Dakota is 
poor, but it undoubtedly occurs in southeast South Dakota. H. platy
rhinos is most common in eastern Nebraska, although there are at 
least two records for the west central portion of the state. It is 
distributed throughout Kansas, although no specimens are available 
from extreme northeast or southeast Kansas, and undoubtedly extends 
westward into eastern Colorado, although, again, no specimens are 
available. The form is probably distributed generally through 
Oklahoma, although, again, records are absent from west of Woods 
County. In Texas platyrhinos is fairly common in the eastern portion 
of the state, and there is one specimen from Potter County in the 
panhandle.

From this brief description of the range of Heterodon platy
rhinos is is evident that the species is widely distributed through 
the eastern portion of the United States, and that it cuts across 
numerous types of physiographic features, which often limit the dis
tribution of other animals, and biotic features with which the distri
bution of other animals are often correlated. Heterodon simus is 
sympatric throughout its range with H. platyrhinos* and nasicus and 
platyrhinos are sympatric over a considerable portion of the range of 
the former species. These areas of sympatry have been plotted on 
figure 51*

Explanations for the limitation of platyrhinos in certain areas 
are extremely difficult to find. The majority of the range of the form 
is correlated with the Deciduous Forest Formation of eastern North 
America, although to the southeast it is found throughout the Southeas



tern Evergreen Forest, to the north it extends well into the Hemlock- 
Hardwood Forest Formation, and to the west it is found extensively in 
the grasslands* The only definite biotic or physiographic feature 
with which the limitation of the species range is patently correlated, 
with of course the exception of the coasts, is the Bale ones Escarpment 
of south Texas* As Smith and Buechner have pointed out (194.7) platy— 
rhinos ranges from the east to the escarpment, but is absent from the 
Edwardfs Plateau*

The habitat requirements of the species give little additional 
help* In west-central Michigan, western Illinois and northern Indiana,
the species is generally correlated with sandy areas, although I have
collected it in the rich Beech—Maple forests of Turkey Run State Park, 
Parke County, Indiana, and material from Smith, LaPorte County,
Indiana was also collected in a climax forest*

This correlation with sandy areas is also apparent from the 
literature * Ruthven, Thompson and Thompson (1912) describe the habi
tat as sandy areas and dry woods in Michigan; Schmidt and Davis (1941) 
mention dry sandy situations; relatively similar observations have 
been made by Breckenridge (1944-) in Minnesota, Logier (1939) in 
Ontario, and King (1939) in the Great Smoky Mountains, Breckenridge, 
however, mentions a specimen observed apparently after swimming across 
the St. Croix River* The following citations from the literature add 
certain additional habitat types?

,fThe hog-nosed snake may be found on the mountain sides of
western Maryland, in open fields and on sandy beaches of sout
hern Maryland and the Eastern Shore* But no matter how dif
ferent the topography of its habitats may be, they are always 
alike in being dry. This snake lives characteristically in dry 
sunny places* Farmers frequently find them in fields and they



are often encountered along sand dimes and beaches along the 
coast." (McCauley, 1945, pp. 64-65).

w3h southern Ohio it occurs in most of the hilly counties 
and is particularly partial to the drier and more sandy dis
tricts. While a few specimens were taken in moist ravines, 
the majority were in dry open woods of either pine or deciduous dominance.

"In northwestern Ohio the distribution, as indicated by 
the specimens taken, is more correlated with fossil «nd modern 
beaches. Thus west of Toledo this snake is fairly common in 
the sandy area locally known as the fOak Openings"..*. It is 
also found amid the dunes of a fossil beach near Portage, Wood 
County, and along Lake Erie on Bay Point in Ottawa County and 
Cedar Point in Erie County.11 (Gonant, 1938a, p. 43).

"This interesting snake proved very common around the Lee*S 
sandy clearing and in all dry parts of the swamp.... They were 
often taken about and in the corn, *chufa,1 1 goober* and •yam* 
fields of the Lee*s." (Wright and Bishop, Okefinokee Swamp, 
1915, p. 156).

"Dry areas where ample sunshine reaches the ground seem 
to be required for this species. Specimens are to be found 
in dry woods, on sandy shores of rivers, in sand dunes, but 
seldom in moist or heavily wooded areas." (Smith, 1950,
Kansas, p. 218).

"High pine and upland hammock; ruderal situations; fre
quently seen in greenhouses and ferneries." (Garr, 1940, Flor
ida, p. 79)#
In addition to the above brief statement Garr lists the form as 

an occasional inhabitant hot pine flatwoods: wiregrass flatwoods,
Palmetto flatwoods, and limestone flatwoods, upland and tropical ham
mocks, and of frequent occurrence in higl>-pine upland forests.

From these facts of general range and habitat preference several 
generalizations are apparent. Heterodon platvrhinos is primarily 
endemic to the eastern forested region of Worth America, occurring 
throughout the Deciduous Forest Formation and the Southeastern Evergreen 
Forest Formation and extending northward well into the Hemloek-Hardwood 
Formation. The form is apparently not generally distributed through 
this range, but is to a considerable extent restricted to areas of



sandy soils, or perhaps other soil types where burrowing is possible*
As one progresses westward from the mesopbytic forests of the southern 
Appalachians the area becomes increasingly desiccated until grassland 
climates are manifested by the presence of grassland climax: communities* 
The eastern tall grass prairies probably, to a considerable extent, 
present environmental conditions which are similar to the drier areas 
in the forests, allowing migration of this forest species into such 
regions, where suitable soil types are extant* This is particularly 
clear in Texas and Oklahoma where biogeographic areas have recently 
been described on the basis of a statistical treatment of mnmniflT 
distribution by Webb (1950). The eastern portions of these states 
are characterized by eastern forest mammals which define an eastern 
forest community. A fairly large proportion of the records of 
platyrhinos for these two states fall within this community, and most 
of the remainder fall in the adjacent ecotones in the sense of Webb 
(1950). Thus whatever the factors controlling the distribution of 
Heterodon platyrhinos to the west they must be approaching the 
minimum tolerance for the species in central Oklahoma and Texas, so 
much that further westward migration is Impossible*

The factor of competition between Heterodon platyrhinos and H. 
nasicus may be operative in limiting the westward distribution of 
platyrhinos, but if it is it can only be a minor part of a complex of 
factors* It is clear from figure 51 that the two species live syro- 
patrically over a considerable portion of their respective ranges, so 
competition must be slight if of any importance at all* This question 
of competition between these two species will be discussed in more 
detail below*
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Figure 50* Range map of Heterodon platyrhinos, 
(Seale ca* 1:60,000,000)*
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The general range of Heterodon nasicus has been plotted on 

figure 52* In discussing this species it seems logical to include a 
discussion of the biogeographic relationships of the various popu
lation complexes defined above* It will be recalled that three such 
complexes were defined on the basis of the common expression of cer
tain morphological traits* In the extreme south one complex was 
characterized by a low number of scales in the azygous mass; for 
present purposes this population complex will be referred to as the 
Mexican population*11 To the north a larger complex was defined on the 
basis of larger numbers of azygous scales and high dorsal blotch 
counts; this will be referred to as the northern population*n The 
third such complex, present to the southeast of the northern popula
tion will be referred to as the southeastern population*w In 
addition to these complexes of populations figure 52 indicates the 
zones of hybridization between and among these complexes.

Generally speaking the range of Heterodon nasicus is closely 
correlated with the grassland areas of the west-central portion of 
the United States. To the west the range is apparently limited by 
the eastern ranges of the Rocky Mountains. In Colorado the range 
of the species roughly abuts the Front and Sangre de Gristo ranges.
The distribution of the form in Wyoming is practically unknown, but 
it seems probable that the Laramie Range and the Big Horn Mountains 
restrict the species; thus in northern looming the range of the 
species would be expected to extend somewhat further to the west than 
in the south* In Montana the species extends even further to the 
west with specimens from Yellowstone and Big Horn Counties. Two 
specimens in the National Museum are simply indicated as Yellowstone,
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Figure 51* Areas of sympatry between Heterodon 
platyrhinos and H. nasicus (horizontal lines), 
and H. platyrhinos and H. simus (vertical 
lines)* (Scale ca. 1;60,000,000).
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Figure 52* Bange of Heterodon nasicus* Hie north
ern population is indicated by diagonal hatching, 
the Mexican by cross hatching, and the southeast
ern by vertical lines* Dots indicate peripheral 
locality records, at least some of which are val
id. (Scale ca. 1:40,000,000).
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Montana, The precise origin of these specimens is unknown; it seems 
highly improbable that they came from as far west into mountain areas 
as Yellowstone National Park, although the species may have been able 
to migrate up the valley of the Yellowstone River into the general 
area of the park* In Montana the form is probably restricted to the 
southern and eastern portion of the state.

To the south in New Mexico the lower altitudes of the southern 
mountains have apparently been of no significance in limiting the 
westward spread of nasicus. which is absent only from the northwestern 
and extreme western portion of the state. The species invades 
Arizona only in the extreme southeastern part, all specimens having 
definite locality data being from Cochise County, The western limit 
of the species in Mexico coincides rather closely with the Cordillera 
Occidental, thus corresponding with the western limit of the 
Chihuahuan Desert. Factors limiting the distribution of nasicus to 
the south are unknown, although they may well be involved in the pro
gressive desiccation apparent on the southern Mexican Plateau*

To the east in Mexico the range is limited by the Gulf coast. 
In Texas and Oklahoma the species is apparently limited by the 
deciduous forests which are practically coextensive with the Ouachita 
and Brushy Mountains. Only a single record is available from north
western Missouri, although it is certainly to be expected northwest 
of the Ozark Plateau* Reports are on record for western Iowa, and 
prairie areas in Minnesota*

The extent of the range to the north in Canada is uncertain as 
no nasicus have been seen, but Mills (194&) includes Southwestern



Manitoba and southeastern Saskatchewan in the range* Specimens have 
been seen from extreme northern North Dakota so its presence in Canada 
cannot be questioned*

In addition to these general limits of the range of nSsicus, 
there are certain eastern records from disjunct populations which are 
of particular interest* The best known of such records are from 
Illinois, and have been established mainly through the efforts of 
Philip VT. Smith, although earlier reports had indicated the presence 
of populations along the Illinois River (Garman, 1892; Stanley, 1941) 
and from a sand area near Amboy in Lee County* Smith's work has 
turned up a number of areas along the Mississippi River in which 
BS,slops is endemic (P. W* Smith, 1948); later Schroder added Rock 
Island County to the list of known Illinois stations for the species*
I have studied these areas and collected a number of specimens in the 
sand area 2 miles south of Thomson on the Carroll-White side county 
line* This type of a distribution pattern is apparently quite common 
among certain reptiles and amphibians. Schmidt (1938) has commented 
on such patterns, the distribution of nasicus included, noted the 
remarkable correlation with the Prairie Peninsula as defined by Tran- 
seau (1935)# It is especially interesting to note that all of these 
localities are indicated on Transeau's map of relict and fossil 
prairies. In addition to these Illinois localities Evans (1940) has 
reported two specimens from Mississippi and Scott Counties in south
eastern Missouri. Evans* description of the locality is quite similar 
to the habitats in western Illinois where the species is known; (one 
wonders whether the Prairie area indicated for Mississippi County by 
Transeau might not be more extensive than his map implies).



Recently A. G. Smith and Mittleman (1947) have reported a 
single specimen from Wolf Creek, Bartholomew, County, Indiana. Al
though they admit the possibility that the locality may be in error, 
they seem more convinced that the species was of natural occurrence, 
and represents a relict Prairie Peninsula population. The former 
explanation seems most logical, as Bartholomew County is a consider
able distance from any prairie relicts indicated by Transeau. H. 
nasicus may occur in Indiana, but it probably would be expected 
further west than this station.

While discussing the eastern limits of the range of nasicus 
it is certainly tempting to speculate on its occurrence in certain 
areas from which it ia at present unknown. The presence of the species 
in northwestern Illinois would certainly imply that it might occur in 
southwestern Wisconsin, which is closely proximate in terms of dis
tance, and to a considerable extent in terms of biota. This idea is 
strengthened by the presence of nasicus in the eastern portion of 
Minnesota. Additional stations are certainly to be expected in Iowa 
and northwestern Missouri, and in the latter state prairie areas along 
the Missouri River should certainly be searched for the speeies. To 
the south relict populations may also be expected in western Kentucky, 
especially in the prairie areas indicated by Transeau.

At the levels of the populations defined above certain cor
relations are also apparent. The Mexican population extends northward 
into the United States in several places. On the east this population 
is found in the extreme southern portion of the Rio Grande Valley (the 
Rio Grande Community of Webb, 1940) • To the west in Texas it is pre-



sent in the Trans—Pecos Community, extending northward about to the 
southwestern edge of the Edwards Plateau.

This Mexican Population also extends into the United States 
in extreme Southwestern New Mexico and southeastern Arizona. Gloyd 
(1937) has considered this species as indicating the affinities of 
southeastern Arizona with Great Plains fauna. The fact that specimens 
from this area seem more closely related to the Mexican Population 
than to the plains populations would seem another indication of the 
Sonoran— Chihuahuan element so obvious in the herpetological fauna of 
southeast Arizona. This would seem the more logical explanation when 
compared with the vegetational evidence mapped by Transeau (1948).
The northern population Is generally correlated with the Grassland 
Formation of North America. In Texas and Oklahoma the northern popu
lation is correlated closely with the High Plains Community of Webb 
(1950), whereas the southeastern population inhabits primarily the eco- 
tonal area between his communities.

Habitat data on nasicus are not as extensive as one might 
wish. The Mississippi River localities for nasicus in Illinois have 
been examined with the following results. The Carroll-White side 
county line area is relict prairie on sand with Pe.nl,cum virgatum the 
dominant grass over the area (Dr. Max E. Britton of Northwestern 
University identified the grass). Specimens of Cnemidnphn-mg sex- 
lineatus were seen but not collected. The "Jack Oaks" or "Jackals" 
area near Cordova, Rock Island County (Schroder, 1950) is a sand dunes 
area of scrubby pine and oak, with an under storey of grasses; both 
Terrepene ornata and Cnemidophorus sexlineatus are common. The former 
species is apparently an indicator of Prairie relicts (Schmidt, 1938),



whereas the latter is a sand area correlate* The area north of 
Keithsburg, Mercer County has been heavily plowed, but the soil is 
sandy and roadside vegetation seems prairie in nature to a non
botanist. A single specimen has been taken in the Henderson County 
State Forest* Again here the soil is sandy, and the vegetation is 
scrubby pine and oak, although it has been badly disturbed and re
planted to a considerable extent with pines. Panicum and other tall 
grasses are common in the understorey* Specimens of Cn^mi d^phorus were 
also collected here, as was a dor Heterodon platyrhinos.

Breckenridge (1944) has also noted the correlation with sandy 
areas of sparse scrub oak in Minnesota. H. M. Smith (1950) discussing 
the species in Kansas states, n* *.inhabits only relatively dry areas, 
and is especially abundant in sand dunes. It Is characteristic of 
prairie regions." Hudson (1942) says, M...usually found in more open 
situations than the eastern species. It is especially common in the 
sandhills..."

Here again the correlation with sandy areas is apparent. Al
though nasicus seems fairly widely distributed throughout the grassland 
area of North America, it must be restricted closely to sandy areas in 
the east. To the west the species is undoubtedly limited by the pre
sence of the high Rocky Mountains, and to the east by the eastward 
extension of the prairies. The close correlation with the prairie 
peninsula indicates that the species must have migrated eastward with 
the xerothermic period. During more recent times as these xeric con
ditions ameliorated the species began its return migration to the west, 
leaving scattered relict populations isolated in suitable areas within 
what is now considered the Prairie Peninsula.



EVOLUTIONARY CONSIDERATIONS

Species Evolution Within the Genus Heterodon

The lack of information relative to the genomic differences 
among the species of Heterodon forces the use of primarily morphologi
cal data in the interpret at ion of the evolution of subgeneric enti
ties* Below the level of the species these difficulties are alleviated 
primarily by the natural crossing of populations at the periphery of 
the range of a "subspecies", thus producing in nature the same experi
ments as the geneticist would perform in the laboratory.. Natural 
hybridization of species will have the same results, and hybrids should 
be recognizable as intermediates. Little evidence of hybridization was 
found in the genus. In all cases It was possible to identify specimens 
with complete certainty, although occasional specimens of Heterodon 
simns were strikingly similar to H. platyrhino s. In addition to these 
individuals Dr. W* J* Hamilton, Jr. of Cornell University informe me 
that he believes that platyrhinos and slums are **Lntergrading" in the 
area near Fort Benning, Georgia. Although these opinions are cer
tainly far from conclusive, their similarity to the problem of concor
dant versus discordant variation as recently discussed by Anderson 
must be pointed out (Anderson, 1951). It is clear that Heterodon 
simus and Heterodon platyrhinos have achieved a high degree of genetic 
isolation, allowing them to live sympatrically over the entirety of 
the range of the former species without either being swamped. Thus 
although occasional hybridization with concomitant introgression may 
occur between them, they are certainly well defined morphological, 
apparently, biological entities, well deserving of specific recognition.
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With regard to platyrhinos and nasicus essentially the same 
situation obtains, although here no specimens even suggesting the pos
sibility of fntrogression were seen* In areas where they are sympat— 
ric these two entities maintain themselves completely, and again, this 
pair certainly warrant specific designation*

Some of the more striking differences among these three spe
cies have been presented in Table YXI. Several characteristics indi
cate that platyrhinos is a relatively long-headed snake whereas simus 
and B&sicus are relatively short headed. This is reflected not only 
in the relative size of the head itself, but also in the changes in 
the morphology of the maxillary bone and the reduction in the number 
of teeth. Actually one could set up a sequence of relative head re
duction from platyrhinos through simus to nasicus* Concomitant with 
this progressive head reduction the tails have also shortened, and 
the same sequence is indicated, although with regard to the tails, 
the males of simus are most similar to those of platyrhinos whereas 
the females of that species are most similar to nasicus. Similarly 
the rostral morphology, both in its qualitative aspects and in the 
quantitative determinations based upon the rostral ratio, sets up a 
platyrhinos to simus to nasicus sequence.

These series of relationships are especially interesting when 
one considers them in relation to the known fossorial tendencies of 
these species-. As has been shown by Davis for platyrhinos and above 
for nasicus. the bizarrely developed rostral plates of the genus, or 
at least these two species, function as shovels in burrowing. In 
addition to this there is a general correlation among snakes between 
the burrowing habit, and the shortening of the body. This shortening



is especially manifest in the head and tail, which tend to shorten 
proportionally more than the remainder of the body. Thus evolution in 
the hog—nosed snakes has been one toward a borrowing habit, with con
comitant morphological changes. The genus Heterodon as a member of 
the family Colubridae apparently diverged early from the primitive co— 
lubrid stock, retaining certain primitive characteristics, but develo
ping others along its own peculiar line. Thus it would seem logical 
to consider that those characteristics in species of Heterodon most 
similar to generalized Colubrid conditions would be the most primitive, 
and that the species sharing the majority ©f these primitive charac
teristics would be the most primitive. H. platyrhinos seems most 
generalized. Such characteristics as the longest, narrowest head, the 
longest toothiest maxilla, the longest tail, the least bizarre ros
tral, the least modified pattern of head plates, combine to suggest 
the primitive nature of platyrhinos.

Comparatively then, simus and nasicus must be considered the 
more highly evolved. Considering simus first, it is generally similar 
'fco Platyrhinos. and is in most respects intermediate between platyrhinos 
and nasicus. It seems most logical to assume that simus was derived 
directly from platyrhinos. The generally shorter habitus, correlated 
with the shortened head, the somewhat more highly developed rostral, 
and the radical reduction in ventral counts seem to suggest evolution 
toward a morphology more concordant with fossorial habits. In this 
connection, the change in numbers of dorsal scale rows from platvr^^nos 
to 3imus is particularly interesting. Anteriorly the numbers of rows 
are identical, but the posterior reduction is not so evident in simus. 
Thus the general morphology of simus would seem to suggest a simple



151decrease in 'the number of somites, progressing anteriorly from the 
posterior end.

It seems most logical to view simus as an off—shoot from the 
evolutionary line which produced the modern The latter
line remained generalized while the former became more and more spe
cialized toward fossorial life.

The origin, and thus the relationships, of nasicus do not 
seem so easily determined. Unquestionably nasicus is the most bizarre 
of the three species, and, assuming a progressive evolution toward a 
more fossorial habitus, it is doubtless the most highly evolved. H. 
nasicus is the chunkiest species, with shortest head and tail, having 
the stubbiest maxilla which bears the fewest teeth. In addition it 
has the most highly developed rostral, and the most reduced dorsal 
scale formula. On the basis of these characteristics alone one would 
be prone to assume a direct platyrhinos to a luma to nasicus evolution. 
Strengthening this view, perhaps, is the great similarity of arrange
ment of head plates in nasicus and simus. and their similarities of 
expression in the character of the azygous mass of scales. Penial 
characters also may be interpreted to reveal a close relationship be
tween nasicus and simus. Considerations such as these led Cope (1875) 
and others to consider nasicus and kennerlyi as subspecies of simus. 
One characteristic, however, seems inexplicable In the light of this 
phylogenetic interpretation, namely the ventral plates. A usual con
comitant of increasing fossorial tendencies is the reduction of the 
number of ventrals; the probable evolution of a lama from a platyrhinos 
like ancestor certainly seems to demonstrate this trend. H. nasicus. 
on the other hand, has the highest ventral counts in the genus. Thus



to assume an evolution from platyrhinoa to sinnia to nwgipna would de
mand the belief that as most characteristics became more and more se
lected for fossorial existence, one first became more specialized, and 
then, later, regressed, as it were, toward a more generalized condition. 
A platyrhinos to nasicus to simus sequence would present the same dif
ficulties, although other characteristics would be involved. In my 
opinion It seems most logical to assume that both si^ns and nasicus 
were evolved from some pre—platyrhinos stock separately, and that they 
bear less relationship to each other than they do to platyrhinos.

This seems even more logical when one considers that evolution 
is not quite the completely random process so many biologists seem 
to consider it to be. No matter how forms evolve, whether by 
speciation or macromutational changes, it seems indisputable that most 
of the genome is carried over unchanged from one entity to another*
Thus all groups with actually common origins must have in common a 
considerable pool of genetic material. This common nature of the 
genomes of related natural entities puts a limit on the potential 
evolutionary changes that can be successful within the new entities.
One must admit with Goldschmidt (1938), that the nature of a mutant 
gene gives no real indication of the nature of the normal wild-type 
from which it arose, but the ability of the genes in the various known 
series of multiple alleles to mutate from one to another with certain 
directions much more common, and others apparently impossible, seems 
to indicate that even the potential mutability of a specific locus is 
limited. Thus the potential evolution of a specific genome is cer
tainly limited by the nature of that genome, and further, the evolu
tion of an entity must also be limited by the natures of the genomes



which combine to make it up* Thus parallel evolution may be viewed as 
the result of relatively similar environmental stresses acting upon 
the similar components of slightly differentiated genomes*

In the case of Heterodon the similarities between nasicus and 
simus seem best explained on the basis of parallel evolution. If one 
assumes that the primitive Heterodon stock which gave rise directly to 
the modern platyrhinos. simus and nasicus was already adapted, to a 
certain extent to a fossorial existence, then the genomes passed to 
these three species when they evolved must have, to a considerable 
extent, controlled the development of characteristics with selective 
advantage in fossorial environments. Changes in these genomes must 
have produced many ill adapted types; however, other changes must 
have better adapted the species involved to the niche in which they 
already lived, and resulted in the similarities now manifest between 
simus and nasicus. Not so easily explained are the apparently non- 
burrowing traits. Penial changes might be viewed as concommitants 
of the shortening of the tail, but the similarities between the 
azygous masses of simus and nasicus seem inexplicable. Their best 
interpretation at present would be, perhaps, the result of pleio- 
tropic effects of, or linkage with genes controlling fossorial 
characteristics.

Competition is among the environmental factors which may have 
provided the selection pressures which molded the species in the modern 
genus. The broad areas of overlap between the ranges of platyrhinos 
and nasicus have been pointed out, together with the fact that simus 
is coextensive throughout its range with platyrhinos. These broad 
-sympatric areas would certainly seem to suggest that competition, at



least at this time level, was slight between the palate of species. 
Wright and others have demonstrated that selective factors need not 
be strong to be operative, so even now competition may be exerting 
some influence. This could only be demonstrated by a series of care
fully planned and executed ecological experiments • The assumption 
that taxonomic relationship and ecological similarity imply competi— 
tion is as untenable as the opposite assumption that broad areas of 
sympatry imply a lack of competition*

Evolution Within the Species of Heterodon
Within the species of the genus several interesting patterns 

of evolutionary change are manifest. Unquestionably the simplest of 
these is that demonstrated by simus. although this may be a reflection 
of our lack of information relative to that species.

The first trait considered which showed geographic variability 
was the initial and terminal sizes of the individuals. Although the 
methods of description used were artificial, a tendency seemed evident 
for specimens from the northern portion of the range to be larger than 
specimens from the south. This fact is at odds with what one would 
expect on the basis of the converse Bergmann principle, but as this 
type of variability shows up in all three species of Heterodon it is 
of particular interest and significance. One would expect that ecto- 
thennal animals, conditioned by environmental temperatures, would show 
optimum growth responses in the warmer environments. The best expla
nation for larger size in northern localities seems to be genetic dif
ferentiations among the population complexes* The slight decreases in 
size in extreme northern localities in both platyrhino a and nasicus may
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TABLE XXI
Traits which differ among the species of Heterodon

Trait platyrhinos simus nasicus

Maxilla long and slender short and stubby short and 
stubby

Maxillary teeth 9-12-t-2 9-10-1-2 8-|*2

Penes Long and slender, 
few large spines, 
minute spines 
common

Short and stubby, 
many relatively 
small spines, 
few minute 
spines

Short and 
stubby, inter
mediate number 
of small spi
nes, and minute 
spines

Rostral Slightly turned 
up

Sharply turned 
up

Very sharply 
turned up

Rostral ratio 0.94 0.75 0.69

Size Longest Shortest Intermediate

Head Longest and 
narrowest

Intermediate Shortest and 
widest

Tail Longest Male long as in 
platyrhinos. 
female short as 
in nasicus

Shortest

Dorsal scale 
rows 25-25-19 25-25-21 23-23-19

Teaqporals 34-4 44-4 or 5 4-h5

Ventrals male 114-141 
female 128-154

109-122
122-134

129-147
139-156
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TABLE XXI Continued

Trait platyrhinos simus nasicus

Caudals male 42-57 34-47 35-50
female 34-51 25-37 26-41

Dorsal blotches
male 12-37 21-29 23-52female 17-34 23-30 30-50

Azygous scela
tion 1 3-14 2-28

be interpreted in this way (this fact was not mentioned above; the 
slight decreases to the extreme north may not be significant) • As
suming that the gneotypes change progressively from south to north 
toward conditions controlling larger size, and considering the fact 
that the actual expression of the trait will be modified by the pro
gressively colder environments, then one would expect some northern 
area where environmental conditions would be sub-optimal for pheno
typic expression, resulting in smaller or stunted individuals. This 
can only remain a suggestion until breeding studies have been under
taken. Perhaps strengthening the genetic interpretation of this 
cline in terminal size is the fact that initial sizes indicate the 
same trend. 'When the development of as plastic a characteristic as 
size is considered, hatchlings which have been under the influence of 
the environment for the shortest period of time seem most significant. 
The fact that both initial and terminal sizes, within broad limits,
suggest the same type of size variation seems to strengthen the argu
ment in favor of a genetic basis of these clines.
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| Corresponding with these clines in size from north to south
are gradients involving numbers of ventrals and numbers of caudals. 
Although these traits do not change greatly, there is a progressive 
noii,fch. *k° south decrease in both characteristics in Heterodon simwa t 
In the present instance it is not possible to state that the changes 
are genetic, although the fact that ventral changes are patently gene
tic in platyrhinos and nasicus would certainly indicate that they may 
be in simus. Xn sjugus it seems probable that the decrease in ventral 
and caudal number is correlated with the decrease in size. Snakes may 
become shorter by overall decrease in size, or by reduction in somite 
number. The latter would seem most logical in sirana in view of the 
reduction of ventrals and caudals concommitant with the decrease i** 
linear size.

Geographic variability in Heterodon nasicus is relatively sim
ple in nature. The increase in size from south to north has been dis
cussed above. The ventral plates also show elinal variability, although 
it is not a simple change from one extreme to another. The ventral 
counts are highest in the central portion of the range and decrease in 
all directions from that center. As well as methods of description em
ployed and availability of material will permit this area to be locali
zed, it seems to be within, or around, the state of Kansas. To the 
periphery of this center the numbers of ventrals decrease. That this 
type of variation is genetic is patent from the fact that as environ
mentally diverse areas as Illinois and Mexico show phenotypic expres
sions more similar to each other than to adjacent localities. The 
basic fact of genetics that the phenotype is the result of the inter
net ion of the environment and the genotype implies that where similar



158
phenotypes exist in diverse environments the genotypes must he diffe
rent despite phenotypic similarity. Two explanations for this type of 
variation pattern are available. First, at some time in the past nasi— 
cus may have been a widely ranging, low ventraled snake, but as a re
sult of isolation of a series of populations in the central portion of 
the range of the species there developed genetic changes resulting in 
snakes with high ventral counts. When the barriers causing this iso
lation broke down, hybridization between high and low ventraled popu
lation complexes allowed introgression of high ventral genes into low 
ventral populations. Thus the genes for high ventrals would become 
more and more dilute from the center of the high ventral trait toward 
the periphery of the range. Such a theory would imply evolution from 
a state more adapted to fossorial existence to one less so. Perhaps 
more plausible would be the assumption that the early nasicus stock 
was a high ventraled type, that evolution toward the low ventral con
dition took place at the periphery and subsequent introgression pro
duced the clines now obvious. This would demand that populations at 
the periphery became isolated, or at least partially so, developed 
along independent genetic, but similar morphologic lines, and when iso
lation broke down introgression produced the clines now evident.

It seems more logical to assume an Osboraian type of dispersal 
from some primitive center of origin. The more the form adapted to 
fossorial life, the more vigorous it became and the more it spread to
ward the periphery. Thus assuming that low ventral counts represent 
the most fossorially adapted condition, a series of clines similar to 
the ones which have been described would be ejected.
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The caudal plates of nasicus show clinal variability different 

from that demonstrated by the ventrals. In the caudals there is a 
general decrease in numbers from north to south. In more northern 
areas the rate of change is relatively low, but it is quite rapid in 
the south. If this cline were simply the result of direct environmen
tal influences, and the environments were evenly graded, a relatively 
even rate of change would be expected. But environments are not evenly 
graded, and differential rates of change are to be expected in such 
characteristics. Gradients of this type could be the result of generic 
differentiations of populations, geographically proximate populations 
showing a relatively similar development of a characteristic as a re—
suit of the action of similar selective influences. It would seem im-

♦

possible to determine whether the cline in caudal counts is the result 
of genetic or environmental conditions without breeding data.

The azygous plates and dorsal blotches of Heterodon nasicus ere 
easier to describe and interpret. These traits show relatively similar 
expression over considerable geographic areas which present a fairly 
wide variety of different environments. This implies that the morpho
logical differences from population complex to population complex are 
the result of genetic differentiation. Population complexes from the 
extreme northern portion of the range show rather similar expressions 
of both traits, large numbers of scales in the azygous mass and high 
numbers of dorsal blotches; to the extreme south the populations samp
led, although similar from population to population, have few dorsal 
blotches and few scales in the azygous mass* In the southeastern por
tion of the range of the species high azygous counts are correlated with 
low dorsal blotch counts. On the basis of the varying combinations of
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these two characteristics it is possible to define three separate com
plexes of populations; one to the north, one to the south, and one in 
the southeastern portion of the range of nasicus. In the regions where 
northern and southeastern populations abut each other a narrow area 
exists where extremes in dorsal blotch counts are present, but by far 
the majority of the specimens are intermediate between the extremes* 
Thus at some tome in the past these two populations were (or at present 
are) living in areas in which environmental conditions differed in such 
a way as to give selective advantage to genes producing, or linked with 
those producing, differential dorsal blotch counts. It would be ex- 
treme to consider the character of low as opposed to high dorsal blotch 
counts would in itself have selective value. Instead this trait is 
best assumed to be a concommitant no doubt as the result of a high 
degree of genetic linkage. Thus nasicus is separable into at least 
two large series of populations, morphologically, and no doubt, gene
tically differentiated, which inhabit relatively major portions of the 
range of the species. The situation fills the requirements of two sub
species on the basis of most definitions held at present by vertebrate 
■eontologists (see Bogert, et al., 1943)* These facts are reflected 
in the taxonomic arrangement presented below*

The population complex defined on the basis of the low numbers 
of scales in the azygous mass is somewhat more difficult to interpret. 
Although the situation is quite similar to that described for dorsal 
blotches, no broad areas of hybridization have been discovered* As 
few specimens have been examined from areas in which such hybridiza
tion is to be expected, and in view of the high degree of similarity 
between this population complex and the other two subspecies of



Heterodon nasicus. it seems best to assume that the lack of clearly in— 
tergradient populations results from lack of collecting and not from 
the absence of such populations in nature* Under these circumstances, 
although the genetic relationships of these complexes of populations 
are not clear it seems best from the standpoint of practical taxonomy 
to consider them as subspecies* Strengthening this idea is the occur
rence of occasional intermediates in the areas where this complex abuts 
the other subspecies of nasicus, but occasional hybridization between 
population complexes which are ecologically isolated from one another, 
and only partially isolated genetically could produce the same results. 
On the basis of the evidence available it is not possible to state with 
certainty that the consideration of these forms as subspecies, as has 
been done in the taxonomy, or as full species with occasional intro- 
gressive hybridization is the best interpretation.

Geographic variability in several characteristics was described 
for Heterodon platyrhinos. The most simple pattern of variability was 
demonstrated by the azygous scales which were absent in a relatively 
high proportion of specimens from Dade County, Florida. Two possible 
explanations were suggested: environmental conditions in Dade County
could be such as to produce a high percentage of specimens lacking the 
scale, or the condition could be the result of differential genotypes* 
The latter would seem the most logical interpretation; it appears im
probable that environments in Dade County are sufficiently different 
from those in other areas on the east coast of Florida to produce con
sistently any developmental anomaly. The most logical interpretation 
is to consider the abazygous condition as the result of differential 
genotypes. Such a characteristic, although it could possibly be linked
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with adaptive conditions would seem to have little adaptive signifi
cance itself, thus the high proportion of abazygous individuals in 
Dade County, Florida may be the result of genetic drift or Sewall 
Wright effect in a relatively small, partially isolated population. 
Individuals lacking the plate in other areas are explicable either on 
the basis of direct environmental modifications, thus being, phenocopies, 
or a low rate of mutation from genes resulting in normal azygous plates 
to genes resulting in the complete failure of their development.

Melanism in platyrhinos is a somewhat similar, but more wide
spread phenomenon. It occurs in specimens from almost »*P areas wit
hin the range of the species, but these individuals seem of uneven 
proportional distribution. Four "populations” have been noted which 
show -unusually high proportions of melanistic individuals. In all of 
the cases described these "populations" were from relatively small 
geographic areas, within which the individuals may have represented 
samples from single interbreeding units. It is difficult to conceive 
of melanism having any particular selective advantage, in fact it may 
well have a definite selective disadvantage. A black snake on light 
sand would certainly seem more subject to predation than a patterned 
animal. This may be reflected in the smaller terminal sizes apparent 
for melanistic individuals noted in figure 4-8. Thus, like the azygous 
scale, the character of melanism would seem to be the result of Sewall 
Wright effect acting within small local populations, despite possible 
selective disadvantage or neutrality.

In the analysis of gradients in dorsal blotches and ventrals 
it is impossible to determine frith certainty whether the former is the 
result of direct environmental modifications or differential genotypes.



The latter seems patently the result of differing genomes. What has 
been said about clines in slums and nasicus is applicable here, so it 
will not be repeated* The most interesting fact regarding these two 
traits is the consideration of their simultaneous occurrence* This 
information has been described and summarized above* The numbers of 
dorsal blotches decreased from the north to the south with a rapid rate 
in certain areas, but more slowly in others* Ventrals decreased from 
a eenter in Kansas in all directions toward the periphery of the range* 
Both of these variabilities have been described as lsophenes* When 
these isophenes were plotted on a single map it was apparent that speci
mens from any one particular area will be morphologically differentiated 
from samples of adjacent populations* This was further indicated by 
plotting on a graph of ventrals against dorsal blotches the mean values 
for the two traits in specific areas which have been sampled* Ho two 
such points coincided, thus proving that all of the "populations” sam
pled were differentiated from even closely adjacent "populations"*
These mean values have been termed morphological peaks* It is of in^ 
terest to note here that these morphological peaks are extremely 
similar to the adaptive peaks of Sewall Wright. According to Weight 
the selective influences operating upon a population at any one time 
will tend to group the potential genotypes of the population around a 
certain optimum mean value. Within limits imposed by selection the popu
lation will vary at random around this adaptive genome, however, without 
a change in selective pressures the population will be unable to move 
very far from the adaptive peak* An environmental change, however, with 
its concomitant change in selection pressure will make another genotype 
the peak, and the population Mist migrate through a valley of inadapta—



164tion to the new adaptive peak.
Within as broad a geographic range as that of Heterodon olaty- 

rhinos, the environmental changes from place to place will mimic hori
zontally the same type of changes which Wright *s theory visualizes 
vertically. Thus selective forces in Florida will be quite different 
from those in Michigan, and genomes would be forced by selection to 
group themselves around different adaptive peaks in the two areas*
Thus assuming that the characteristics of dorsal blotches and ventrals 
are adaptive in themselves or linked with adaptive characteristics, one 
would expect that the result would be differential morphology between 
populations living in the two areas. Similarly, adjacent populations 
would be under the influence of slightly different selection pressures, 
and would have different peak genotypes and probably different peak 
morphologies. In the present case it is impossible to prove that the 
dorsal blotches are the result of genetic differences, as a gradient 
in morphological expression of identical genotypes could produce simi
lar results, but the parallel between the theoretically expected re
sults and those which actually obtain in nature is certainly obvious.
If breeding experiments proved that the cline in dorsal blotches in 
Heterodon piwtyrhinog was the result of genetic differentiation, the 
proof of Wrightfs theory would be patent.

The general subject of clines needs some further discussion. 
Clausen (1951, P* 28) has recently stated, "Clines are therefore not 
commensurable with natural entities, and are oversimplified abstrac
tions dealing with the variation of individual characters." Although 
much in this statement, and Clausen*s further discussion of the prob
lem is true, some exception to his ideas must be taken. By definition



clines are 11.. .gradients of variation of individual characters along 
an ecological or geographical transect.11 (Clausen, 1951, p. 26). The 
question then is whether such variation gradients are abstractions or 
logical realities. They may be either* The general gr*d progressive 
increases of temperature from north to south in the northern hemisphere, 
would be expected to produce in a continuous series of interbreeding 
populations a progressive loss of cold tolerance from north to south. 
Similarly, progression from one area of extreme environment to another 
area of the opposite extreme, whatever the nature of the environments, 
if they produce a graded series of differing selective pressures would 
produce a gradient in genotypes from one extreme to another. The dif
fering populations within this gradient would probably never fall dire
ctly upon the hypothetical cline, but vary around it. Statistical 
accidents, drift in the populations sampled, irregularities in the 
nature of the selection pressures would all tend to produce irregulari
ties in the cline, or better, the nature of the populations making up 
the cline* The general tendency would still be evident and the cline 
be a real manifestation of grading environments. Thus if a cline with 
a genetic basis is viewed as an adaptive ridge, or a series of adjacent 
adaptive peaks, and the many factors that can modify the expression of 
the individual peaks along the series is considered, the reality of 
the series of peaks cannot be denied because the individual peaks do 
not fall upon a theoretically expected line. As Stebbins (1952) has 
suggested, Clausen1 s refutation of the cline concept may be more the 
result of the material with which he worked than the invalidity of the 
concept.

i
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History of the Genus Heterodon 

Sometime in the history of North American Colubrid snakes there 
appeared a population that was differentiated from its near relatives 
by a number of characteristics. Some of the latter allowed this popu
lation to take over a fossorial existence. In time this population 
became larger, dispersed, and became progressively better adapted to a 
fossorial life* This new group eventually evolved the genus Heterodon* 
and it may be called the pre—Heterodon stock. As time progressed this 
pre-Heterodon stock produced divergent populations, ifeny of these 
stocks were probably doomed before they developed as a consequence of 
inadaptive genotypes. Others were moderately successful, but were 
eventually destroyed as the environment changed. Still other popula
tions replaced these inadaptive genotypes. These new genotypes were 
undoubtedly of many and various types, and like populations many of 
them survived and many were destroyed by environmental change and the 
scattering of variability (Dobzhansky, 1941). It seems probable in 
time that fossorial existence was selected for, whereas changes in 
other directions were selected against. How long this process conti
nued is unknown. Eventually populations became recognizable as modern 
Heterodon. or at least their patterns of variability were such that 
they fell within the limits currently defined by biologists for the 
genus. At this point these population complexes could be termed the 
primitive Heterodon stock. Again, certain populations were selected 
which eventually developed into a complex of populations very similar 
in many respects to what is currently defined as Heterodon platvrhinos - 
Here we are on firmer ground than in the earlier history of the genus*
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By Pliocene this evolution had progressed to the point where at least 
the maxillary bone was very similar to that present in the modern 
species. Whether to consider Hibbard’s fossil maxilla as platyrhinos, 
or to indicate its age by giving it a separate name remains to be ans
wered by a paleontologist.

About Pliocene time, perhaps somewhat earlier or later, a popu
lation diverged from the primitive Heterodon that was destined to de
velop into the modern nasicus. This latter species probably arose in 
the western portion of the range of the genus, and began to radiate 
peripherally from its point of origin, developing as it migrated greater 
adaptation to fossorial life* Probably later the same early stock gave 
rise to another population which was destined to survive, develop 
into the modern simus* The pre-simus population may have been isolated 
from the large mass of platyrhinos at some time during the Tertiary*
At this time Florida may have been an island. During the period of 
this isolation simus diverged sufficiently from early platyrhinos so 
that when isolating barriers were removed the two species were able to 
live sympatrically*

Perhaps the major stress upon species populations mnicing up 
Heterodon during its history was the effects of Pleistocene glaciation. 
Both nasicus and platyrhinos now inhabit a considerable area which must 
have been uninhabitable during much of glacial time . An important 
question is the area of species survival in the Pleistocene. Deevey 
(1949) has recently suggested that most organisms were forced conside
rable distances south during these periods, finding refuges in Mexico 
and Florida during the peaks of glaciation. Although this interpreta
tion fits much evidence, certain other data seem to suggest that the

i
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ranges of many organisms were hardly affected by the glaciation* Many 
organisms survived the Pleistocene quite close to the glacial border 
(Braun, 1950, 1951; Thomas, 1951)* The species of Heterodon probably 
evolved prior to the Pleistocene. Before the period of glacial advance 
both platyrhinos and nasicus had radiated from a center of dispersal, 
probably in the west central portion of the range of platyrhinos and 
in the south central portion of the range of nasicus. These dispersals 
appear to be of the Osbornian type, the more highly evolved populations 
radiating peripherally* With the advent of glaciation, northern areas 
were closed from further penetration, and populations inhabiting these 
regions were either killed off or forced southward until the close of 
the Pleistocene* During the Pleistocene the range south of the glacial 
border would seem to have been little affected by ice advances. At the 
close of the Pleistocene highly evolved populations of nasicus and 
platyrhinos reinvaded the drift areas.

H. nasicus with its relatively continuous distribution through 
broad areas of the plains evolved several subspecies, whereas platy
rhinos. controlled as it is by local edaphic conditions in the deciduous 
forests, developed a series of morphologically differentiated local 
populations.

£* nasicus was probably affected by the recent xerothermic 
period* As prairies spread eastward under the influences of warm dry 
environments nasicus followed. When conditions became more moist and 
cool again, nasicus contracted its range as the prairies diminished 
eastward. Like the prairies themselves, nasicus left in its wake a 
series of relict populations in the area now known as the prairie

j peninsula, (Transean, 1935; Schmidt, 1938; Park, Auerbach and Wilson,
|
i 1949)*



169The probable phylogeny of the genus Heterodon as discussed 
here has been presented in figure 53.
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TAXONOMIC CONSIDERATIONS

In view of the information given above relative to the biogeo— 
graphy, morphology, and evolution of the definable entities within the 
genus Heterodon several alterations must be made in the current taxonomy 
of the group. The three species currently recognized seem valid, how
ever, I do not find Heterodon platyrhinos browni to be represented by 
a population complex of sufficient distinction to warrant continued 
subspecific designation. This race, accordingly, has been submerged 
in the synonymy of H. platyrhinos which thus becomes a monotypic 
species*

At the time of writing only two populations of Heterodon nasi
cus are recognized as subspecies* From the data presented above one 
other series of populations can be defined within what is now known 
as Heterodon nasicus nasicus* This previously unnamed and undefined 
population is described below under the name Heterodon nasicus gloydi.

No attempt has been made to include complete synonymies; only 
references to major systematic works, or papers proposing nomencla- 
torial changes have been included*

Distributional records from the literature have been cited 
only for areas from which few or no species have been seen.
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GENUS HETERODON LatreiUe 
Hetergdon, Latreille, 1801, In Sonnini and LatreiUe, Hist. Nat. 

Rept., iv, p. 32.
Baird and Girard, 1853, Cat. N. Amer. Rept. Smithsonian Inst., 

I— Serpentes, p. 51.
Cope, 1375, Bull. U. S. Nat* Mus., 1, p* 43.
Garman, 1382, Mem. Mus. Cod?)* Zool., 3 (3),* p. 75.
Cope, 1392, Proc* U* S. Nat, Mas., xiv, p. 643.
Boulenger, 1394, Cat. Snakes British Mas*, ii, p. 154.
Cope, 1900, Ann* Rep, U. S. Nat. Mas., 1398, p. 760.
Brown, 1901, Proc. Acad. Nat. Sci. Philadelphia, 53, p. 39* 
Dunn, 1928, BuH. Anti. Inst. Amer, ii (1)  ̂pp. 18-24* 
Stejneger and Barbour, 1943, Checklist N. Amer. Amph. Rept., 

5th ed., p. 124#
Smith and Taylor, 1945, Bull. U* S. Nat. Mus., 137, p. 71.

GENOTYPE: Heterodon platyrhinos latreille.
DIAGNOSIS: In the present study no attempt has been made to

compare the genus Heterodon with other genera of the family Colubridae. 
The following definition has been adopted from Cope (1900, p, 760).

"Dentition di&cranterian. Caudal scute 11a divided; anal 
plate double. Rostral plate recurved, with transverse up
turned edge 'and flat antero—inferior face. The nine cephalic 
plates, a loreal, two nasals and ocular plates present, with 
one or more supplemental behind the rostral* Scales keeled, 
bifossate. Pupil round. Form robust. Hemipenis bifurcate, 
the apices with numerous papillose calyces, and separated by 
a free margin from the spinous portion. Spines numerous, 
hooked. An enormous diverticulum of the left lung extending 
to the throat.

"The few species of this genus which are known agree also 
in having a series of scales separating the eye from the supe-
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rior labial plates, and in having an azygous plate behind the 
rostral* The postero-superior aspect of the roatral plate has 
a keel on the middle line, and there are three to five, general
ly four, scales in the first temporal row. The tail is short. 
The anterior ribs are capable of extension so as to flatten 
that part of the body, as is done by the cobras of the genus 

tut the expansion is not so wide, and it has greater 
longitudinal extent. The postgeneial plates are reduced to a 
very small size, and are separated from each other by scales.”
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Heterodon i^tyrhinos. Latreille, 1301, in Sonnini and Latreille, 
Hist. Nat. Rept*, lv, p. 32.
Baird and Girard, 1853, Cat. N. Amer. Rept. Smithsonian Inst., 

L— Serpents, p. 51.
Cope, 1875, Bull. U. S. Nat. Mas., 1, p. 43.
German, 1882, Mem. Mas. Comp. Zool., 8 (3), pp. 75-6.
Cope, 1892, Proc. U. S. Nat* Mas., xiv, p. 643.
Boulenger, 1894, Cat. Snakes British Mas., ii, pp. 154-55.
Cope, 1900, Ann Rep. U. S. Nat. Mas., 1898, p. 761.
Brown, 1901, Proc. Acad. Nat. Sci. Philadelphia, 53, p. 89. 
Klauber, 1948, Copeia, 1, p. 8.
Edgren, 1952, Bull. Zool. Nomencl*, in press. Nat. Hist.

Misc., in press.
Coluber cacodaemon. Shaw. 1802, Gen. Zool., iii, p. 377, pi. cii. 
Scytale niger. Daudin, 1803, Nat. Hist. Gen. Part. Rept., v, p. 342. 
Coluber heterodon. part.. Daudin. ibid.. vii, p. 153.
Coluber heterodon. Harlan, 1835, Mad. Phys. Res., p. 170.
Coluber thraso. Harlan, ibid.
Heterodon niger. Troost, 1833, Ann. Lyceum Nat. Hist., New York, iii,

p. 186.
Heterodon onrmlatns. Troost, ibid., p. 188.
Heterodon tierinus. Troost, ibid., p. 189.
Heterodon cognatus. Baird and Girard, 1853, Cat. N. Amer. Rept. 

Smithsonian Inst., I— Serpents, pp. 54-5.

1. The spelling platyrhinos has been adopted here, following Klauber 
| (1948) as I have not seen the original description. The platyrhinos- 
' olatvrhinus distinction has been ignored as trivial.



Heterodon atmodes. Baird and Girard, Ibid., pp. 57-8.
Heterodon browni. Stejneger, 1903, Proc. Biol. Soc. Washington, 

xvi, pp. 123-4.
Heterodon contortrix. Stejneger and Barbour, 1917, Checklist N.

Amer. Rept. Amph., 1st ed., p. 76.
Heterodon contortrix contortrix. Cerr, 1940, Univ. Florida Publ.

Biol. Sci. Ser., iii (1), p. 79.
Stejneger and Barbour, 1943, Checklist N. Amer* Rept. Amph.,

5th ed., pp. 124̂ .5.
Heterodon contortrix browni. Carr, loc. cit.

Stejneger and Barbour, loc. cit.
Heterodon platyrhinos browni. Klauber, 1948, loc. cit.

The name Heterodon platyrhinos Latreille is actually antedated 
by Coluber simus Linnaeus, which has been misapplied for over 100 
years. The facts concerning these names have been presented elsewhere 
(Edgren, 1952a, 1952c). Pending action of the International Commission 
on Zoological Nomenclature, the present connotations of these names 
has been utilized.

TYPE AND TYPE LOCALITY. Collected by Palisot de Beauvois near 
Philadelphia. The type is apparently no longer extant. A single 
specimen from Bryn Mawr, Montgomery County, Pennsylvania (AMNH 3624) 
may be designated as the neotype.

RANGE. Throughout the eastern United States north to southern 
Vermont, New Han?)shire, and New York, Southern Ontario; west to south
eastern South Dakota, eastern and central Nebraska, Kansas, Oklahoma 
and eastern Texas.



176DIAGNOSIS. The largest species of the genus Heterodon, charac
terized by a single azygous scale (occasionally none at all), scale 
formula generally 25-25-19, male ventrals 114-141, female 128-154.

DESCRIPTION. Lepidosis: Rostral generally triangular when
viewed from the dorsal surface, it may or may not be keeled above. The 
rostral is followed posteriorly by a single, elongate azygous (occasion— 
ally absent or divided into an anterior and a posterior plate). The 
azygous separates the internasals and extends posteriorly to separate 
the anterior halves of the prefrentals which extend laterally* onto the 
sides of the head between the oculars and the postnasal, and is dorsal 
to the loreal. The frontal is large, irregularly hexagonal, and widest 
anteriorly. The supraoculars lie to either side of the frontal; they 
are also irregularly hexagonal, but widest posteriorly. The most 
posterior head plates are the parietals which are irregularly penta
gonal in shape; they are paired and the interparietal suture lies In 
the dorsal mid-line of the head.

Laterally the rostral is also roughly triangular, and followed 
immediately by the anterior nasal. The nares lie in the suture between 
the nasals, although this suture is generally anterior to the center 
of the nares. Ventral to the anterior nasal and posterior to the ros
tral is the first supralabial which is slightly higher than long, as 
are all but the last two supralabials. The highest labials are 
generally the 4th, 5th, and 6th which lie below the eye. Normally 
there are 8 supralabials. The loreal Is just posterior to the post- 
nasal; it is generally single, and roughly square in shape. The eye 
is surrounded by & series of, typically, 10—11 minute squarish scales
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which cannot be segregated into pre, post and suboculars. Posterior 
to the oculars, forming two rows from the dorsal edges of the posterior 
supralabials to the parietals, are the temporals. There are generally 
3 plates in the anterior row, and 4 in the posterior, although this is 
subject to considerable variability. The body scales begin posterior 
to the temporals.

From the ventral surface the rostral is also roughly triangu
lar, and the ventral edges of the supralabials are visible. The mental 
is small and triangular, and bounded laterally and posteriorly by the 
1st infralabials. The infralabials are arranged typically in a 
series of 10-11 plates. The anterior chin shields are irregularly 
pentagonal in shape and about twice as long as wide. They, the medial 
posterior chin shields and the 1st infralabials are separated bilateral
ly into two series by a single median suture. The posterior chin 
shields are arranged in two pairs, a pair of median scales about as 
vide as long, just posterior to the anterior shields, and a pair of 
lateral shields which extend about the length of the anterior pair 
which they bound laterally* They also generally contact the mesial 
edges of the 3rd and 4th infralabials. The ventral plates begin some
what posterior to the chin shields, from which they are separated by 
irregularly shaped and numbered gulars.

The body scales are typically arranged in 25 rows anterior to 
mid-body, and decrease from there to 19 just anterior to the anus.
The first row on either side is smooth, the second feebly keeled, and 
the remainder strongly so. They bear two apical pits.
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The ventral plates are slightly curved with their convex edge 

to the posterior free margin; they occur in series of 114-141 in males 
and 128-154 in females * The anal is invariably divided (only a single 
specimen has been seen with an undivided anal) • The caudals are 
generally divided, 37-47 in females, and 42-59 in males* Occasionally 
as many as about 25% of the caudals are undivided*

Coloration: The coloration of platyrhinos is highly variable,
extending all the way from brightly colored, banded individuals 
through various shades of gray and brown to completely melanistic*
The head pattern is fairly constant on patterned specimens* There is 
generally a distinct band across the head anterior to the eyes, cut
ting across the anterior edges of the supraoculars and frontal, most 
of the portions of the prefrontals on the top of the head, and the 
posterior portions of the internasals and azygous* Anterior to this 
dark band the snout is generally light in eolor* Posterior to this 
dark band there is a light one extending across the supraoculars and 
frontal* Posteriorly this light band is rather irregular* It is 
generally bounded by two dark bands beginning at or on the posterior 
edge of the supraoculars and the posterio-lateral edge of the frontal 
and running obliquely backwards to the side of the head and the neck* 
The white band usually extends backwards along the mesial line of the 
frontal and parietals, between the oblique dark bands* It often has 
lateral extensions forming a light cross on the surface of the head, 
which frequently bears a black dot at its center* Posterior to the 
head plates themselves, this band widens out into two longitudinal 
stripes, bounding a single, dark, elongate, mesial, nuchal stripe.



These light stripes continue into the first light cross band* From 
the posterio-ventral edge of the eye there is a stripe which runs 
obliquely to the last supralabial.

The body is characterised by a series of dark dorsal blotches
of varying width and number which continue onto the tip cf the tail*
These blotches alternate with light cross bands of the ground color 
of the snake* Alternating with the dorsal blotches there are general
ly two series of lateral blotches of about the same color as the
blotches themselves* The most anterior of these laterals is formed 
by the posterior extent of the temporal stripe mentioned above* Oc
casionally there is another series of small, poorly developed spots 
which alternate with the laterals, and are present on the lower scale 
rows* The dorsal and lateral blotches are usually quite dark in color, 
dark brown or black, and are generally quite distinct from the ground 
color of the light crossbands. In certain cases however, the pattern 
is quite obscure and the specimen is a general dirty gray or brown*
The ground color varies considerably; certain specimens have been seen 
which have been almost white, although straws, tans and grays are most 
common; a few have been seen which were pink, and one Muskegon County, 
Michigan specimen was a dull red. Dr* A* H* Wright (personal com
munication) has seen a unicolored red individual. Melanism is common, 
especially in the southeastern portion of the range, and specimens 
have been studied showing varying degrees of melanism from general 
darkening of the anterior portion of the body with pattern quite ap
parent on the posterior end and tail to a complete jet blue—black* A 
single albino has been seen. The species is certain polymorphic with 

' respect to coloration*
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The "belly of platyrhinos may be completely immaculate, although 

many specimens show some degree of dark coloring, almost a black on 
some young individuals* This darkening of the belly is especially ob
vious ©n the posterior portion. The under side of the tail is usually 
lighter than the belly.

Specimens Examined 
ALABAMA. DeKalb County. Mentone (CM 9842) • Greene County. 

Eutaw (USNH 1206). Jackson County. Carpenter (USNM 51218); Woodville 
(CM 5574). Lee County. Auburn (UMMZ 83194? USNM 102572-74). Mobile 
County. (UMMZ 84455; USNM 55969-71); Mobile (USNM 55966-68); Mt.
Vernon (USNM 17816). Sumter County. Bellamy (CM 9912); Livingston 
(CM 9913)• Tuscaloosa County (DBUF 2147)•

ARKANSAS. (CNHM 33753) . Ashley County (CNHM 37776) . Clay 
County. Greenway (CNHM 533, 3 specimens, 2747). Crawford County.
14 miles southeast of Winslow (UK 19094). Desha County. Rohwer 
(CM 24545). Drew County (CNHM 40769-70). Garland County. Hot Springs 
(ISNHM 1262). Lafayette County. Lewisville (UK 2490, 2494). Lawrence 
County (CNHM 8722-23 , 8782, 8829); Laboden (AMNH 36682, 45035; CU 1214, 
1450; NU 325, 728). Polk County (CNHM 28435-36, 62078). Pope County. 
20 miles north of Russelville (UMMZ 77444). Pulaski County. Little 
Rock (CM 9492, 25157). St. Francis County. Forest City (CU 3078).

CONNECTICUT. Fairfield County. Greenwich (AMNH 18148); Red
ding (AMNH 18072); Wilton (AMNH 46996). Litchfield County. Salisbury 
(AMNH 65790). New London County. Norwich (AMNH 8871). Tolland 
County. Mansfield Hollow (UC); Storrs (UC) *

DELAWARE. Kent County. Smyrna (CM 20206). Sussex County
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(CNHM 42995); Ellendale (CNHM 42994); Millsboro (CNHM 42992) ; Oakley
(CM 25768).

FIX)RIDA. (CM 5575); Georgiana (USNM 11985, 13643, 2 specimens, 
14827); St. John's River (USNM 9003), Beecher Point, St. John's River 
(USNM 25961). Alachua County (DBUF 521, 711, 884, 1828, 1929, 2146; 
CNHM 8584-85; UMMZ 57879); Gainesville (AMNH 3613-19, 22997-98; UMMZ 
57359, 57748-49; USNM 10477); Mieanopy (USNM 5036). Bay County 
(DBUF 1817). Broward County. Fort Lauderdale (UMMZ 80531); Oakland 
Park (USNM 85318). Clay County (DBUF 2730, 2 specimens). Dade County 
(CM 26039—40); Homestead (MCZ 13655); Key Largo (UMMZ 84454); Miami 
(AMNH 48471), Coconut, Grove (USNM 80733-34), Lemon City (USNH 30560- 
61, 30925-26 (paratypes of Heterodon browni). 36562-63)g Opa Locka 
(MCZ 39797; UMMZ 75640; USNM 95777-79). fluval County. Arlington 
(USNM 9699, 10675); Dinsmore (AMNH 22437—38). Escambia County. 
Pensacola (Ca 12168-71; CM 19839; USNM 1168). Gadsden County (DBUF 89). 
Glades County (PA 1426): 15 miles northwest of La Belle (CM 8220) *
Gulf County (CNHM 48258). Hardee County (CNHM 42658). Highlands 
County. Lake Placid (AMNH 63442). Hillsborough County. 12 miles 
northwest of Tampa (RAE 1327). Jackson County (DBUF 2665). Lake 
County (DBUF 2432; USNM 75244); Eustis (UMMZ 36063; USNM 19979,
24342, 24357, 69668); Leesburg (UMMZ 77466-67); Umatilla (USNM 18020- 
22); Estero (UMMZ 100847); Fort Myers (CM 18198). Leon County 
(Ca 5187). Levy County. (DBUF 2360). Marion County (CM 2080-85;
C % M  3386-87; UMMZ 44959); Candler (UMMZ 46927, 2 specimens); Eureka 
(UMMZ 57080); Silver Springh (CNHM 25639-40; USNM 86895). Monroe 
County (?), Cape Sable Road (USNM 71173). Orange County. Orlando 

! (USNM 12&U5-A&). Palm Bsach County. Jupiter (CM 28592). Pinellas



[ County, Clearwater (USNM 10227, 10748); between Clearwater and Largo 
(UMMZ 61650)  ̂ Polk County (DBUF 2797, 2821); Auburndale (USNM £8724); 
Lake Alfred (CM 19866); Lakeland (AMNH 25524); Winter Haven (CM 16497) ♦ 
§fi£Srgl°‘fc& £sSSfte» Englewood (UMMZ 79535)* Volusia County. Enterprise 
(USNM 129355); New Smyrna (Ca 5937)*

GEORGIA* Huhenot (USNM 29607); Minersville (CM 5569)* Berrien 
County, Alapaha (USNM 13475); Nashville (USNM 10599). Chatham County. 
18 miles southeast of Savannah (CM 27760). Cobb County (DBUF 2482). 
Dnde County. Wildwood (USNM 21132), Decatur County. Bainhridge (PA 
4095). Glynn County* St. Simon Island (USNM 7261). Grady County 
(Ca 4304^6, 9114* 9453-4, 10791); Beachton, Birdsong Plantation 
(Ca 15174). Jefferson County (Ca 12134-36. 14920)* Liberty County 
(UMMZ 3732; USNM 1165). Lowndes County. Valdosta (AMNH 12400, 15288; 
UMMZ 67704). McDuffie County. Thomson (CM 19870). Muscogee County.
10 miles east of Columbus, Fort Banning (WTS 997-78). Tbrtmas County 
(CNHM 34018, 34919, 34997, 35450-51, 35569, 35883); Thomasville 
(CNHM 34903, 48967). Charles County (7) (Ca 36)*

ILLINOIS* (CNHM 1903$ Ca 12133). Adams County. Burton (ISNHS 
2641-42). Alft-acander County. Cairo (ISNHS 1268). Brown County 
(ISNHS 1271, 1273). Carroll County. Savanna Ordnance Depot (CNHM 
42153). Clark County. Rocky Branch (ISNHS 2596). Coles County 
(CNHM 25072); Charleston (Ca 12570); Fox Ridge State Park (ISNHS 1593, 
1623, 1635-36, 1724-27, 1860-61). Coo£ SSSS&Z, Chicago (CNHM 3001); 
Evanston (Ca 33); Willow Springs (Ca 13796). Cumberland County 
(CNHM 37912); Greenup (ISNHS 1940; Ca 6180, 6204); Toledo (ISNHS 3309). 
tt-rfHmrhnm County. Effingham (ISNHS 2529). Franklin County. Benton 

j (ISNHS 1267). Gallatin County* Ohama (ISNHS 1269); Ponds Hollow lake
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(ISNHS 2477), Greene County, Bldred (ISNHS 3970), Hancock County 
(CNHM 33888). Henderson County. Henderson State Forest (ISNHS 5343; 
RAE 1394); Oquawka (ISNHS 1277). Henry County (ISNHS 1272). Jackson 
County, Carbondale (Ca 34-35, 1596); Maksnda (WFS 2509); Murpbysboro 
(Ca 2516), 12 miles southwest of Murphysboro (ISNHS 2043). Jasper 
County, Rosehill (ISNHS 2422). Jersey County. Grafton (ISNHS 1746).
Jo Daviess County. Galena (ISBNS 5344). Johnson County. Forman 
(ISNHS 2457). Kankakee County. Momence (CNHM 1971); Wilmington (Ca 
503). lake County (CNHM 45301); Illinois Dunes State Park (Ca 1581, 
2642; CNHM 35887). LaSalle County.- Ottawa (Ca 6027); Sheridan 
(CNHM 19215). Macoupin County. Standard City (CN*M 35847, 35849). 
Mason County. Bath (CNHM 37982); Havana (CNHM 39221; ISNHS 1265, 1274; 
UMMZ 32333, 2 specimens); Lake Chautauqua (ISNHS 1640-41). Monroe 
County (CM 5570); Chaflln Bridge (ISNHS 4407); Fults (ISNHS 3673, 4319) 
Valmeyer (ISNHS 4370). Pope County. Bay City (ISNHS 1369-71); Camp 
Hicks (ISNHS 1373-74). Putnam County. Magnolia (ISNHS 4061). Randolph 
County. Chester (ISNHS 4369); Prairie du Rocher (ISNHS 4408). Richland 
County. Calhoun (UMMZ 44515-17). Saline County. Harrisburg (ISNHS 
5226). Sangamon County. Springfield (ISNHS 3726). Union County.
Huff Lake (ISNHS 1266); Camp Hutchens (ISNHS 1275, 1372); Jonesboro 
(CNHM 25006). Vermillion County. Danville (DBUF 2A77)z Muncie (ISNHS 
1270).

INDIANA. Jasper-Pulaski Game Preserve (CM 9795; UMMZ 98561); 
Northern (CNHM 3399). Bartholomew County. .Wold Greek, 1 mile above 
White River (UMMZ 99070). Brown Ccunty (UMMZ 99071); Game Reserve 

I (CM 9806, 9815); Johnson Township (CM 9814); Nashville (CM 9807);
; Washington Township (CM 9960-62). Clark County. Henryvilla (UMMZ
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57036)• Floyd County. Georgetown (UMMZ 98562). Greene County. Marco 
(SAM R—150); Switz City (UMMZ 89735). Hendricks County. Mooresville 
(UMMZ 101864). Jackson County. Freetown (UMMZ 99072). Jasper County. 
Wheat fie Id (Ca 13733). Know County. Decker (UMMZ 55401). Lake County. 
Miller (CNHM 17029). LaForte County. Heston (Ca 13774); Smith (RAE 
1276, 1360; NU 2569). Lawrence County. Spring Mill State Park (UMMZ 
100446, 100612). Martin County. Brown Township (CM 9764, 25868); Shoals 
(CM 9761). Monroe County. Bloomington (Ca 15282-84); Beanblossom Lake, 
near Hindistan (SAM R-29). Morgan County. Brooklyn (Ca 14240, 14243, 
14899-903). Newton County. Morrocco (ISNHS 1276). Owen County.
Spencer (UMMZ 76772). Parke County. Turkey Run State Park (ISNHS 5447; 
RAE 168; WTS 496). Perry County. Cannelton (UMMZ 55402). Pike County. 
Pikeville (CNHM 2710). Porter County (CNHM 40570); Baileytown (Ca 
13011, 6648; CNHM 39236; WTS 1693); Dune Acres (Ca 5075, 6945-46,
7464-65, 9419; WTS 4101-103); Dune Park (CNHM 1445, 3063, 3345); Wilson 
(Ca 910) • Posey County. New Harmony {UMMZ 101740); Poseyville (NU 1596). 
Pulaski County. Medaryville (UMMZ 101870). Ripley County. Osgood 
(UMMZ 100613). Tippecanoe County. Lafayette (UMMZ 89437). Vander
burgh County. Evansville (UMMZ 101865).

IGKA. Dallas County. Re Afield (UMMZ 92996). Decatur County. 
High Point Township (UMMZ 92998). Delaware County, (CNHM 6301) 2 Back
bone State Park (UMMZ 92999). Henry County (CNHM 35197-99, 37805-806); 
Mount Pleasant (Ca 7433-34); Rome (Ca 7287-88). Jones County. Anamosa 
(UMMZ 92977). Madison County. Winterset (UMMZ 92993 , 2 specimens, 
92994-95). Monona County. Onawa, Blue Lake (UMMZ 52193). Plymouth 
County. Big Sioux River at Mouth of Broken Kettle River (UMMZ 93000) .

I Van Buren County. Keosaugua State Park (UMMZ 93001, 2 specimens)©
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KANSAS. Douglas County (UK 1720, 1727, 16566); Lawrence (UK 

1719, 2720-21). Clark County. Kingsdown (UK 22819). Comanche County. 
Arrington (UK 18J14). Cowley County. Arkansas City (UK 2563). Ells
worth County (UK 2718) . Franklin County (CM 8667^ 2 Ottawa (Ca 6989). 
Greenwood County. Fall River (UK 18115). Meade County (UK 21860);
15 miles southwest of Meade (UMMZ 91521) , Meade County State Park 
(UK 23302); near Oklahoma Line (UMMZ 90183). Mi«mi County (UMMZ 66968, 
8 specimens, 66969). Phillips County. Long Island (AMNH 3652). Pot
tawatomie County (UMMZ 66970). Pratt County (UK 2719V. Reno County. 
Medora (UMMZ 72359). Riley County. Manhattan (UMMZ 64420); 10 miles 
north of Mianhattan (UMMZ 74060). Sumner County. Argonia (UMMZ 67390); 
Belle Plain© (UMMZ 72358). Stafford County (UMMZ 67409); Little Salt 
Marsh (Ca 12143). Wyandotte County. Bonner Springs (UK 2363).

KENTUCKY. Bell County (Ca 13887); Middlesboro (Ca 13671, 
13718). Boyd County. Catlettsburg (CM 17569). Carter County. Carter 
Caves (CM 17542). Edmonson County. Mammoth Cave (HU 302; UK 19188-89, 
19198). Fulton County (UK 21573). McCracken County (WPS). Wayne 
County. Mill Springs (UMMZ 63151).

LOUISIANA. (USNM 6066). Beauregard Parish. De Bidder (CM 
19873). Caddo Parish (CNHM 8038). Cameron Parish. Calcasieu Pass 
(USNM 1160). East Baton Rouge Parish. Baton Rouge (UK 22669). East 

Parish (UK 22668). Iberia Parish (CNHM 34837). Orleans 
Pariah. New Orleans (USNM 55964̂ *65, 56354). Rapides Parish. Elmer 
(UK 24545-47); Camp Claiborne (UMMZ 92838-39). St. Landry Parish.
13 miles south of Krotz Springs (UMMZ 76401). St. James Parish. 
Gramercy (Ga 7824-36, 10407-20; UMMZ 89692, 2 specimens. Vernon 

| Pgyish. Leesville (UK 24544).
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MARYLAND. (USNM 36636); Capitol View (USNM 25326); Cove Point 

(AMNH 48472); Linden (USNM 17638). Allegheny County. Flint Stone 
(USNM 107870). Calvert County. Chesapeake Beach (USNM 36690). Caro- 
ii££ SSSEjX* Denton (USNM 107869); Federalsburg (AMNH 70730). Ceeil 
S'fiSffftX. (OHHM 42993); Elk Neck (CU 2877); Octoraro Creek at Mason-Dixon 
Idne (AMNH 66619; CM 25773). Dorchester County. Cambridge (AMNH 38317) 
Frederick County. Thurmont (CU 2878; USNM 107872). Harford County. 
Bush River (CM 8375). Montgomery County (USNM 18295); Cabin John 
(USNM 18010); Cloppers (USNH 19270, 4 specimens, 1 egg shell 1 egg 
with embryo); Rockville (USNM 34517); Silver Spring (USNM 61143).
Pfrince Georges County. Bladensburg (USNM 17333); Branchville (USNM 
28448-49); Fort Foot (CM 26031); Laurel (USNM 9756, 10327, 10452,
11426, lot of 10 eggs, 17332, 63102-103), Patuxent Reserve (USNM 43181) 
Queen Annes County. Centerville (ANMH 66620); Crumpton (CU 2880); 
Venterville (USNM 107871). Somerset County. Dames Quarter (CU 2876); 
Deal1 s Island (CU 2875). St. Marys County. St. George^ Island 
(USNM 17464)* Washington County. Pondsville (CU 2879). Wicomico 
County. Willards (CM 25772). Worcester County. Ironshire (USNM 107873) 
Ocean City (USNM 107874); Pokomoke State Forest (CU 2921).

MASSACHUSETTS. Barnstable County. North Truro (USNM 103786- 
95). Hampden County. Westover Field Air Base (UM 26-17-3-8). Hamp
shire County. Amherst (UM 26—17—3—1, 26—17—3—3 to 26—17—3—7); Mount 
Tom State Forest (UM 26—17—3—9, 26-17—3—1C). Worcester County. 
Petersham (USNM 129C93) •

MICHIGAN. Allegan County (UK 21456); Saugatuck (UMMZ 84167); 
Valley Township (UMMZ 83986). Arenac County. Alabaster (UMMZ 57380);



Omer (UMMZ 63420). Berrien County (UMMZ 52060); Herbert (UMMZ 5U62, 
52058); New Buffalo (UMMZ 100880); ¥erren Dunes (UMMZ 54.378-79) . Case 
ggffita: (BMMZ 40873); Jefferson Township (UMMZ 101594.). Cheboygan 
Countj;, Douglas lake (UMMZ 42913# 47526-27); Wolverine (UMMZ 61722). 
Sfeafe* Countx, Tobacco Hoad (UMMZ 77490). Crawford County (UMMZ 62618) 
Higgen*3 lake State Forest (UMMZ 72580). Huron County. Caseville 
(UMMZ 37741); Port Austin (UMMZ 36162, 40890-91, 41291; SM 1227); Rush 
Lake (UMMZ 37736-37); Sand Point (UMMZ 37735, 37738— 40, 37746, 37954, 
38922). Iosco County. Bast Tawas (UMMZ 89667). K«1 «mnzoo County 
(UMMZ 63065); Augusta (UMMZ 70750). Lake County (UMMZ 63129, 63410). 
Manistee County. East Lake (UMMZ 46027). Mason County* Ludington 
(UMMZ 72445). Macosta County (UMMZ 64.380} * Menominee County* 12 
miles west of Stephenson (UMMZ 89502-503). Midland County. Edenville 
Township (UMMZ 83771); Midland (UMMZ 99564). Missaukee County* 25 
miles west of Harrison (UMMZ 90499, 99564). Monroe County* Dover lane, 
-§■ mile north of Ohio line (UMMZ 73212). Montmorency County (UMMZ 
62603). Muskegon County (CNHM 1611); Big Blue lake (RAE 1384);
Crystal lake (RAE 13, 1382-83); Duck Lake (RAE 1323-24, 1326, 1385;
UMMZ 78532, 100881); Lakewood (RAE 30); Muskegon (UMMZ 63927);
Muskegon Dunes State Park (UMMZ 100882); Whitehall (CNYM 34030).
Newaygo County. Big Twin lake (UMMZ 63479). Oakland County. Bloom
field Hills (UMMZ 55619); Royal Oak (U*$1Z 56690). Oceana County. 
Rothbury (WTS 2054-55). Ogemaw County (UMMZ 61121, 63421); Sage Lake, 
Silver Greek Rearing Station (UMMZ 89644). Oscoda County. Luzerne 
(U*®4Z 44587). Van Buren County. Bangor (UMMZ 85535); South Haven 
(AMNH 7397, 8590). Whshtenaw County. Ford Dam on Huron River (UMMZ
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64283); Ypsilanti (UMMZ 70507). Wayne County (UMMZ 52227); Dearborn 
(UMMZ 51902); Detroit (UMMZ 40687); Eloise (UMMZ 42823). Wexford 
County. Harrietts (UMMZ 59143).

MINNESOTA. Wright County. Annandale (UMMZ 52510).
MISSOURI. Bollnger County. Lutesville (Ca 5014); Advance (Ca 

8146). Boone County. Columbia (Ca 12137)• Carroll County. Carrollton 
(PA 4885). Chariton County. Sumner (Ca 8205). Dallas County. 10 
miles north of Buffalo (Ca 8892). T*WriVl in County. Gray*s Summit 
(Ca 122138); (CNHM 28602). Jackson County. Blue Springs (UK 16899); 
Horseshoe Lake near Independence (PA 43); Independence (PA 2244); 10 
miles southeast of Independence (Ca 10633-34); Sibley (Ca 10635;
PA 2136); Sugar Creek (PA 4823). Johnson County. Warrensburg 
(PA 1849-51); Montserrat Recreational Area (PA 1852). Lewis County. 
Canton (Ca 8735). McDonald County. Noel (PA 2738-39). Perry County. 
Perryyille (UMMZ 58718). Pettis County. 11 miles south of Sedalia 
(Ca 8798). Scott County. Bertram© (Ca 814^-50); Blodgett (Ca 8151). 
St. Charles County. St. Charles (Ca 6938-39). St. Clair County. 
Monegaw Springs (PA 1171); Osceola (PA 1320, 1740). St. Louis County. 
St. Charles (Ca 8144). Stoddard County. Advance (Ca 8148). Wayne 
County (CNHM 379H).

MISSISSIPPI. (USNM 1201); Moon Lake (AMNH 6545-46). Bolivar 
County. Rosedale (Ca 7080). Hancock County. Bay St. Louis (USNM 
44555). Harrison County (CNHM 21554; UMMZ 94979-82); Biloxi (AMNH 
46738; UMMZ 76775, 2 specimens, 76778). Kemper County (USNM 1171, 
1198, 5 specimens). Lafayette County. University (UMMZ 53652, 53654, 
53656, 53663). Lauderdale County. Meridian (UMMZ 90110, 5 specimens).



Plte County (?), Macomb (MeComb ?) (XSNHS 1263). Webster County (?), 
Matheson (Mathiston t) (UMMZ 84456).

MEBRASKA* Boyd County. Bristow- (AMNH 36791).
NEW HAMPSHIRE. (AMNH 3623).
NEW JERSEY* Atlantic County. HammeBton (CU 1569). Bergen 

County, Englewood (AMNH 3636); Oakland (AMNH 64796). BurlJngtoa 
Cgimty, Brown's Mills (UIHZ 88478); Chatsvorth (UMMZ 81290); Upton 
(AMNH 67630). Cumberland County. Vineland (USNM 8027). Middlesex 
County, Old Bridge (AMNH 43927); Spotswood (AMNH 20353, 43912). 
Monmouth County* Allaire (UMMZ 74459); Asbury Park (UMMZ 76571-72); 
Lakewood (AMNH 68574). Morris County. Bopnton (AMNH 64126, 69602); 
Mountain Lakes (AMNH 23108). Ocean County. Lakehurst (AMNH 31854); 
Lakewood (GU 1459, 1621). _ Passaic County Passaic Junction 
(AMNH 4158). Somerset County. Bound Brook (AMNH 20636). Sussex 
County (UMMZ 98051); Flatbrookville (UK 18113). Union County. 
Plainfield (AMNH 36565, 3659).

NEW YORK. Long Island (AMNH 3626-35 , 8891, 27658; CM 8722-23), 
Fire Island Beach (AMNH 58409), South Shore (CM 4100), Jones Beach 
(CM 4678)* Sing Sing (USNM 80309-10). Columbia County. Hudson 
(AMNH 3650-51). Dutchess County. Fishkill (AMNH 63421). Iona Island 
(AMNH 3672). New York County. Inwood (AMNH 6728-31). Orange County. 
Cranberry Pond (USNM 42821); Highland Falls (AMNH 3625 , 3638, 3653); 
Mountainville (AMNH 64816); Poplopeus Pond (USNM 42820). Putnam 
County. Cold Spring-on-Hudson (AMNH 9034); Garrison (AMNH 64079). 
Queens County. New York City, Cunningham Park (CM 9157); Black Stump 
(AMNH 38185); Rockaway Beach (AMNH 38280; USNM 55411-12). Richmond 

| County. Staten Island, Watchogue (AMNH 58069). Rockland County. Viola



(AMNH 3612). Suffolk County, Jones Beach (AMNH 57779, 58282, 65382,
6 specimens; CM 4678); Mount Sinai (AMNH 4153) 5 Ocean Beach (USNM 
25386); Point o‘Woods (AMNH 14215); Wading River (CM 2688). Sullivan 
Coimt£ (AMNH 3524)* Ulster County, Ellenville (AMNH 63608, 64000). 
Westchester County, Briarcliff (AMNH 66097); Briarcliff Manor (AMNH; 
32379); Mohegan (Mohegan Lake ?), (USNM 55407-408).

NORTH CAROLINA. Coastal Area (USNM 14506); Port Macon (USNM 
9105); Summerville (USNM 1184, 2 specimens). Chowan County, Edenton 
(ISNHS 1939). Cumberland County, Fort Bragg Area (NTS 1105-106, 1145). 
Currituck County. Maple (CM 23592). Dare County. Nags Head (CM 23198). 
Durham County. Durham (USNM 91611). Edgecombe County. Tarboro (USNM 
1204). Guilford County. Guilford (UMMZ 52090—91). Henderson County. 
Tuxedo (AMNH 65467). Hyde County. New Holland (CM 15092; UMMZ 81105- 
106). Iredale County. Statesville (USNM 9568). Lenoir County.
Kinston (USNM 8354)* Macon County. Highlands (AMNH 32780); between 
Highlands and Franklin (UMMZ 97572). New Hanover County. Wilmington 
(AMNH 28705; USNM 9112). Onslow County. Jacksonville (AMNH 63997). 
Pender County. Woodside (CM 26035)* Robeson County. Maxfcon (AMNH 
65577-85). Transylvania County. Brevard (AMNH 8337). Wake County. 
Raleigh (CM 5572; UM 26-17-3-2). Wayne County. Goldsboro (USNM 8355).

CHIO. Clermont County. Owingsville (CM 23951). Erie County. 
Sandusky, Cedar Point (UMMZ 32852, 39116), Sandusky (UMMZ 40941). 
w«nHlt.ian County (UK 21461). Lucas County, Toledo (UMMZ 68867). Washing
ton County. Marietta (USNM 1180)

OKLAHOMA. Creek County, Sapulpa (AMNH 7537, 16912). Dale 
I County (CNHM 41243). Garvin County. Faoli (CNHM 34430). LeFlore
!i

County. Wistar (CM 445, 1171). Okmulgee County (UMMZ 64567, 64626).



191I £.9Jî vâ <aid.e County (UMMS 77549) . Pushmatana County (CNHM 55393).
! HSSiS SSHSSY* 12 miles west of Alva (UK 72594; CM 19211) *

ONTARIO. Efeggx County. Point Pelee (UMMZ 35860, -40677). 
S.O£.̂ 0lfe County. Long Point (UMMZ 72594; CM 19211).

PENNSYLVANIA. Allegheny County. Harmarville (CM 1148); Pine 
Creek (CM 1369). Armstrong County. Kittanniny (AMNH 37296). Centre 
County, Belief onto (CU 2630). Chester County. Elnerson (CM 9657). 
Cjjmb^rland County. Carlisle (USNM 1162, 1172); Pine Grove Furnace 
(CM 11343). jfrie County. Presque Isle (CM 1519, 1980, 1982-83, 
2028-29, 6618). Franklin County. Mont Alto (CM 17159). Huntington 
County. Calvin (CM 26710); Huntington (CM 5384). TnM*™ County. 
Cherry Tree (CM 1632-47). Monroe County. Bushkill (CM 27650); 
Canadensis (CM 26360). Montgomery County. Brvn Mawr (AMNH 3624); 
Sumneytown (CM 9690). Somerset County. Sand Patch (CM 11448). Union 
County. Meikert (CM 4237).

SOUTH CAROLINA. (AMNH 38162). Allendale County. AllAnH<il<3i 
(USNM 110499). Anderson County. Anderson (UMMZ 3730, 3733; USNM 1186, 
1188, 3 specimens). Berkeley County. Long Ridge (CM 25203); 16 miles 
north of Monck*s Corners, Santee Canal (CM 21778-80); Sand Ridge 
(CM 24664). Charleston County(CNHM 4136-37, 4280, 3888); Charleston 
(USNM 1152, 1199, 1210); Mt. Pleasant (CNHM 4383; USNM 48347). Hamg- 
ton County (AMNH 8079, 8193-94) • Horry County. Myrtle Beach Air 
Force Base (UMMZ 94169-70). Jasper County. Pineland (AMNH 8341-42). 
Lexington County (CNHM CNHM 60563-66); Batesburg (UMMZ 96857); Lees- 
ville (CM 6202, 9539; CNHM 52963-63; UMMZ 96859; USNM 91024). Saluda 

i County. Bates (CNHM 52964); Batesburg (UMMZ 96858); Ridge Spring



192(CNHM 52965). Somber County, Sumter (AMNH 65691). WjTH*™«burg 
ij County, 18 miles southeast of Kingstree (CM 21727). York County. 
Rock Hill (UMMZ 44577-79).

TENNESSEE. Coffee County (PA 4599). Davidson County. Nash
ville (UMMZ 85591). Franklin County (CNHM 41891). Hardeman County. 
10 miles east of Bolivar (CM 19898, 96854-55); Toone (CM 19899). 
B S M 7 .  Henry (UMMZ 53518-19}. Johnson County. Doeville (UMMZ
99739); Junction Doe and Roan Creeks (UMMZ 100913). Lawrence County. 
16 miles southwest of Lawrenceburg (UMMZ 96856). Madison County. 
Jackson (UMMZ 78516); Randolph Estate (UMMZ 72252). Rutherford 
County. Murphreesboro (CU 4082).

TEXAS. (USNM 1244); Rio Pecos (USNM 1311); Rio San Pedro 
(USNM 1266). Aransas County. Rockport (UMMZ 71160); St. Joseph*s 
Island (UMMZ 69670). Atascosa County. Lytle (CM 18396). Austin 
County (CNHM 37578). Bosque County (SM 5733); Clifton (SM 4102). 
Bowie County. Maud (BCB 5767). Brazos County. College Station (CNHM 
31799). Colorado County. Rock Island (UK 1721-26). Cook County. 
(USNM 15550). Dallas County. Dallas (AMNH 71011)• Duval County,
San Diego (USNM 15662). Eastland County. Eastland (USNM 17392). 
Grimes County (CNHM 53067). Hays County (CNHM 38062). Kerr County. 
Near Bandera County line (UMMZ 84902). Kleberg County. (CNHM 35916). 
Leon County, Normangee State Park (BCB 1612). McLennan County (CNHM 
41055-56, 44357, 53068}; Mart (SM 6650); Waco (SM 4363). Matagorda 
County, Matagorda (USNM 32764). Nacogdoches County (CNHM 35038, 
35043). Palo Pinto County, Palo Pinto (CNHM 48808). Potter County. 
Cerrita la Cruz Canyon (UMmZ 60004) * Shelby County. Center (UMMZ



66971). Tarrant County, Port Worth (UK 1813). Travis Uountv. ^  
j Austin (BCB 220}* victoria County. Victoria (USNM 78610).

VIRGINIA. (USNM 14630}; Carlius (CU 1327); Jardin des 
Plantes (USNM 426}; Mathias Point (USNM 25325); Rappahannock River 
(USNM 1190); Rawley (USNM 13582). Allegheny County. Clifton Forge 
(UMMZ 78235); 11 miles east of Clifton Forge (UMMZ 96861). Amelia 
uounty, Chula (USNM 9968). Caroline County. Chilesburg (USNM 48871). 
SiSIfe6 County (USNM 1187, 2 specimens). Fairfax County. Arlington 
(USNM 10080); Falls Church (USNM 31178); Mt. Vernon (USNM 20961, , 
51409). Halifax County. Clover (ummz 96860). Hanover County. (USNM 
19251). Henry Comity. Spencer (CM 13956-57, 17194). Montgomery 
County. Elliston (USNM 26296-97). New Kent County. Lanexa (CM 18584, 
18848, 19048). Norfolk County. Portsmouth (USNM 14648). Northamton 
County (USNM 22503). Princess Anne County. Ocean Park (CM 23590); 
Virginia Beach (USNM 22857, 26260). Rappahannock and Loudoun 
Counties (USNM 62186-89)* Warwick County. Hampton (USNM 31653).

WEST VIRGINIA. Berkeley County. Hedgesville (CM 7095).
Cabell County, Huntington (CM 15851, 17460, 17464, 17553). Calhoun 
County. Grantsville (USNM 102350). Hampshire County. Roraney (CM 
9458). Jefferson County, Harper*s Feryy (CM 9833; USNM 66992); Mill
ville (USNM 66993)* Kanawha County, Dunbar (CU I683). Lewis County. 
Weston (CM 9954)* Lincoln County, Branchland (CM 17310, 18078). 
McDowell County. Jaeger (CM 14037). Mineral County. Gerstell (CM 
13829); Keyser (CM 6994, 9438, 13907)* Morgan County. Berkeley 
Springs (CM 15427-28; USNM 22494)* Pocahontas County. Bear Den on 
Droop Mountain (CM 5587); Dunmore (CM 20866); Marlington (CM 5343).
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Preston Comity, Oaep Hollow Glenn (CM 15540). Pntnam County. Hurri-
| cane (CM 19446). Randolph County. (CM 9826). Roane County. Spencer 
(CM 14093).

WISCONSIN. Baraboo County. Devil* s Lake State Park (ISNHS 
5435). Clark County, Dewhurst Township (CNHM 14544-45); Kewett Town
ship (CNHM 13200). Columbia County. Okee (CNHM 15992, 22666). Dane 
County, Blue Mounds (UWZ 9349); Madison (UWZ 1961). ww-ia;™, County. 
between Augusta and Fairchild (UWZ 4015); EauClaire (UWZ 2251). Iowa 
County, Boscobella (UMMZ 64746). Marienette County. Goodman (UWZ 403). 
Oconto County. Mountain (CNHM 29435). Pierse County. Prescott (UWZ 
1858). Rock County, Milton (UWZ 9796). Washburn County. Stone Lake 
(UWZ 12938). Waukesha County. Delafield (UWZ 9918). Waushara County. 
Saxeville (UWZ 9904); Wild Rose (UWZ 9917).

Literature Records 
MINNESOTA. Anoka County. Cass County* Crow Wing County. 

Houston County. (Breckenridge, 1944). Hubbard County. Nevis (Loomis 
and Jones, 1948). Isanti County (Breckenridge, 1944). Pine County. 
near Moose Lake (Breckenridge, 1942). Stearns County. Todd County. 
Wabasha County* Wadena County. Washington County. Winona County. 
Wright County. (Breckenridge, 1944).

NEBRASKA. Boyd County, Bristow. Cherry County. Fort Niobara 
Game Preserve. Cuming County, West Point. Douglas County. Valley.
Gage County* Hitchcock County, between Beverly and Palisade. Lan
caster County* Nemaha County, Peru. Richardson County. Rulo. Sarpy 
; County. State Fish Hatchery* (Hudson, 1942).

ONTARIO. Hastings County, Bancroft. Mhskoka County. Nipis-



;i sing District* Parry
'j

| ¥ork County. Toronto.
SOUTH DAKOTA. 

(Over, 1923).

Sound District. Victoria County. Kinmount. 
(Logier, X939)*
Apparently the southern and eastern portion*



l! HETSRQDQN SIMUS Linnaeus*
j
| Coluber simus, Linnaeus, 1767, Syst. Nat., 12th ed., i, p. 375. 
Coluber heterodon. part., Daudin, 1803, Hist. Nat. Gen. Part.

Rept., vii, p. 153#
Heterodon platyrhinos. Schlegel, 1837, Phys. Serp., ii, p. 97, 

pi. iii, figs. 20-22.
Heterodon simus. Holbrook, 1842, N. Amer. Herp., iv, p. 57, pi* xv. 

Baird and Girard, 1853, Cat. N. Amer, Rept. &nithsonian 
Inst., I— Serpents, pp. 59-61.

German, 1882, Mem. Mus. Comp. Zo&l., 8(3), pp. 76-77*
Cope, 1892, Proc. U.S. Nat. Mus., xiv, pp. 643-44*
Boulenger, 1894, Cat. Snakes British Mus., ii, pp. 155-56.
Cope, 1900, Ann. Rep. U.S. Nat. Mus., 1898, pp. 770-72.
Brown, 1901, Proc. Acad. Nat. Sei., Philadelphia, 53, P* 90. 
Stejneger and Barbour, 1943, Checklist N. Amer. Amph. Rept.,

pp. 125-26.
Edgren, 1952, Bull. ZoBl. Nomencl., in press. Nat. Hist.

Misc., in press.
Heterodon simus simus« Cope, 1875, Bull. U.S. Nat. Mus., 1, p. 43* 

Yarrow, Ibid., 24, P* 19*
Heterodon platvrhinos. part., Dumeril and Bibron, 1854, Erp. Gen., 

vii, p. 766.
Heterodon catesbyi, part., Gunther, 1858, Cat. Colubrid Snakes Coll. 

British Mus., p. 83*
Heterodon nasicus. part., Jan, I863, Arch* Zobl. Anat. Phys.,
; ii, p. 220.



;j The name Coluber simus Linnaeus was apparently based
I]jjupon a specimen of the common hog—nosed snake, currently known 
as Heterodon platyrhinos Latreille (Edgren, 1952a, b). The 
International Commision on Zoological Nomenclature has been 
requested to stabilize this name and the name Heterodon platy— 
rhinos in their present connotations.

TYPE AND TYPE LOCALITY. The type specimen upon which 
the name simus was based, undoubtedly a specimen of H. platy— 
pyjaos, is apparently no longer extant. In the interest of 
stability the Commission has been requested to confirm the 
published type locality of Carolina (restricted to the vicinity 
of Charleston, Klauber, 1948), which is a logical type locality 
for Simus. In view of the fact that the validity of a name 
aust stand upon the identity of a type specimen upon which it 
las been based, it seems of some value to indicate a neotype, 
although type specimens have lost their significance with the 
development of a truly biological taxonomy. Seven specimens 
have been seen from the vicinity of Charleston, Charleston 
bounty, South Carolina (MCZ 178, 2 specimens and MCZ 235, 5 
Specimens). The single male on MCZ 235 may be designated as

the neotype, and the remainder on MCZ 235 and 178 as neo- 
par atypes.

RANGE. Restricted almost entirely to the coastal plain 
of the southeastern United States. Southeastern North Carolina 
most of South Carolina, except for the western tip, southern 
Georgia and Alabama, and extreme southern Mississippi. The



jjFlorida panhandle, and peninsular Florida at least as far south
Iit as Pinellas and Brevard Counties*■I

DIAGNOSIS* The smallest species of* the genus Heterodon» 
Dorsal scale formula generally 25—25—21, a series of 3—14 scales 
in the azygous mass; rostral turned up rather sharply. Male 
ventrals less than 122, females with less than 134*

DESCRIPTION* Lepidosis* Head plates generally similar 
in arrangement to H. platyrhinos. Rostral generally triangular, 
although more rounded than in platyrhinos * It is followed by a 
series of 3-14 scales in the azygous mass; plates from this mass 
occasionally separate the dorsal margin of the anterior nasal 
from the rostral, and generally completely separate bilaterally 
the intemasals and the prefrontals* Frontal irregularly sep- 
tagonal, longer than wide. Parietals and supraoculars similar to 
platyrhinos *

Rostral roughly triangular from the side, but turned up 
more sharply than in platyrhinos* Nasals as in platyrhinos; 
loreals normally 1-3* Typically & supralabials, all higher than 
long. Oculars in a ring around the eye, typically involving 10-
II plates. Anterior chinshields as in platyrhinos. posterior- 
mesials much reduced or absent; posterior laterals absent. Mental 
triangular and very small, mfralabials 10—11.

Dorsal scale rows 25-25-21; all keeled but outer row; 2 
apical pits. Ventrals and caudals formed as in platyrhinos. 
Ventrals 109-122 in males; 122-134 in females. Male caudals 34-
■49, female 25-38.

Coloration. Inter ocular dark band as for platyrhinos. but



xyy|| generally interrupted across the azygous mass* Light band between
t i

eyes generally restricted to the frontal and the supraoculars and 
seldom with a longitudinal posterior extension passing to the first 
light cross band. The temporal stripes begin, usually, in a single 
irregular mass of dark on the pazietals and extend posterio-laterally. 
The nuchal stripe also originates in this dark mass. Stripe from 
eye to last labial as in platyrhinos. Remainder of head light in 
color.

Body pattern similar to platyrhinos. although the second 
row of lateral spots is more frequently absent or obscured.
Blotches brown or black. Ground color cream, tan or grey—brown.

Belly may be immaculate or, more frequently, mottled irregu
larly with an obscure grey-brown coloration.

Generally a shorter, stubbier snake than platyrhinos.

Specimens Examined
ALABAMA. Mobile county. Mobile (MCZ 294, 2 specimens).
FLORIDA. (USNM 22648). Alachua County (DBUF 1253, 1916,

2136, 2733; UMMZ 57026; PA 2431); Gainesville (USNM 10447, 10534, 
10691; MCZ 16300; UMMZ 57747; AMNH 3663). Brevard County. Eau 
Gallie (AMNH 6920). Dade County. Miami (USNM 65319)* Escambia 
County. Pensacola (MCZ 130, 250; Ca 12173). Gadsden County (UMMZ 
79576). Hernando County (DBUF 3029). Lake County (DBUF 2429-30); 
Leesburg (DBUF 2426-28, 2431; CM 19848). Marion County (CNHM 
48260-62; PA 2510); Candler (UMMZ 80451); Eureka (MCZ 12514); Sil
ver Springs (USNM 86896; AMNH 48470). Okaloosa County. 2 miles 
north of Fort Walton (AMNH 63013). Pinellas County* Gulfport 
(MCZ 10291).
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GEORGIA. Baker County (CM 5568). Grady County, Beachton,

Sprlngwood Plantation (Ca 9373); Beachton (BLUC 333); Birdsong
Plantation (Ca 9364, 9378, 9446-47; BLUC 332); Sherwood Plantation
(Ca 4805); Susina Plantation (Ca 9448). Jefferson County. 15 ailes
south of Thoason (UMMZ 84453). McDuffie County. 16 miles south of
Thomson (BLUC 309). Thomas County. Thomasvill* (CBHM 29480, 35567- 
68).

INDIANA. Franklin County. Brookville (USNM 4834, 2 speci
mens).

MISSISSIPPI. Harrison County. Biloxi (UMMZ 76779). Harri- 
son-Jackson County Line. 12 miles south of Vestry (AMNH 46739). 
Jackson County. Vestry (CNHM 21538).

NORTH CAROLINA. Craven County. New Bern (USNM 6422). Edge
combe County. Tarboro (UMMZ 3725). New Hanover County, Wilmington 
(USNM 9117). Wake County. Raleigh (USNM 56353). Wayne County. 
Goldsboro (USNM 65152-53).

SOUTH CAROLINA. (AMNH 39163-66). Abbeville County. Abbe
ville (USNM 1197)• Beaufort County. Beaufort (USNM 6399); Bluffton 
(MC2 5559). Berkeley County. Santee Canal, 14 miles north of Monck*s 
Corners (CM 21781-84); Wando (USNM 33882). Charleston County. 
Charleston (MCZ 178, 2 specimens; MCZ 235, 6 specimens); Christ 
Church Parish , Mt. Pleasant (USNM 48348-51); Mt. Pleasant (CNHM 
4765). Hampton County. (AMNH 8697). Jasper County. Pineland (AMNH 
8343). Lexington County. (CNHM 60562); Leesville (USNM 91023); 2 to 
5 miles southeast of Leesville (CM 9531, 9549; USNM 91402); 10 miles 
southeast of Leesville (CM 9854).



VIRGINIA. Clarke County (USNM 1187).

Literature Records 
ALABAMA. Autanga County. Holt (Snyder, 1945). Baldwin 

CpJfity, Perdito (Lttding, 1922; Haltom, 1931). Dale County. Ozark 
(Snyder, 1945). Tuscaloosa County (Haltom, 1931).
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I HETERODON NASICUS Baird and Girard
tj The species nasicus may be broken down into three geogra

phic races which apparently fulfil the definitions of subspecies 
currently used by vertebrate zoologists. In the lists of 
specimens examined only those which are phenotypic intermediates 
have been listed as intergrades*

HETERODON NASICUS NASICUS Baird and Girard 
Heterodon nasicus* Baird and Girard, 1852, Rep. Stansbury*s Exp., 

pp. 352-3.
Baird and Girard, IS53, Cat. N. Amer. Rept* Smithsonian Inst., 

I— Serpents, pp. 61-63.
Baird and Girard, 1854, Rep. Marcy's Exp., pp* 193-5.
Brown, 1901, Proc. Acad. Nat* Sci*, Philadelphia, 53, p. 90. 
Boulenger, 1894, Cat. Snakes British Mus., ii, p. 156. 

Heterodon catesbyi part., Gttnther, 1858, Cat. Colub. Snakes Coll.
British Mus., p. 83.

Heterodon nasicus. part., Jan, I863, Arch. Zodl. Anat. Phys*, ii,
p. 220.

VanDehburgh, 1922, Occ. Papers California Acad. Sci., x, pp.
655-S•

Heterodon simus nasicus. Cope, 1875, Bull. U.S. Nat. Mus., 1, p. 43* 
Yarrow, 1883, Ibid.,24, p* 19*
German, 1882, Mem. Mus. Comp. ZoBl., 8(3), p. 77.

Heterodon nasicus nasicus. Cope, 1892, Proc. U.S. Nat. Mus., xdv.
pp. 644-5*



Stejneger and Barbour, 1943, Check list., p. 125.
Smith and Taylor, 1945, Bull. U.S. Nat. Mus., 187, pp. 71-2

TYPE AND TYPE LOCALITY. The type, according to Baird and 
Girard, was collected by General Churchill in Texas; it is now 
apparently lost. According to the description it was fairly typi
cal of this subspecies on the basis of dorsal blotch counts, and 
thus probably came from some area in northwest Texas. It seems 
logical then to restrict the type locality to the vicinity of 
Amarillo, Potter County, Texas, both on the basis of what is 
known of the type and the possibility that the city was visited 
by General Churchill. Two specimens of this form have been ex
amined from Amarillo; they are USNM 32746, a female collected by 
Bailey, and SM 3792, a male collected by Nelson. The former may 
be designated as the neotype and the latter as a neoparatype.

RANGE. Texas panhandle and New Mexico (exclusive of the 
northwestern comer) north through western Oklahoma and Kansas 
to southwestern Manitoba and southeastern Saskatchewan in Canada. 
Eastward extension along the prairie peninsula in Missouri is 
to be expected, and it is known from Illinois prairie relicts.
Present in the prairie portion of Minnesota.

DIAGNOSIS. Intermediate in size between simus and platy
rhinos. Dorsal scale formula generally 23-23-19; a series of
9-28 scales in the azygous mass, usually two or more loreals.
Rostral turned up very sharply at the tip. Males usually with 
more than 129 ventrals; female ventrals more than 139; dorsal



blotches more than 35 in males and more than 40 in females. ^

DESCRIPTION. Head plates generally arranged as in platyrhinos. 
Rostral from above semi-lunar in shape; followed by 9-28 small 
plates in the azygous mass. These plates tend to be bilaterally 
symmetrical, but are often irregular, and are generally so exten
sive as to separate the prefrentals from the frontals; they also 
separate the intemasals and the prefrontals. Pref rentals gen
erally as in platyrhinos. Frontal irregular and 5-8 sided; us
ually wider than long. Supraoculars irregularly hexagonal; about 
as wide as long. Parietals rounded posteriorly and angular in 
front.

From the side the rostral is more sharply up-turned than 
in either simus or platyrhinos. Nasals as in platyrhinos. Lor- 
eals generally 2 or more. Oculars in a ring around eye, normally
10-11. Supralabials typically 8 .

Mental triangular. Anterior chin shields about twice as 
long as wide; posterior mesials much reduced or indistinguishible 
from the gulars; posterior laterals generally absent. Infrala
bials typically 10-12, the first three in contact with the an
terior chin shield.

Dorsal scale rows generally 23-23-19; outer row smooth, 
second feebly keeled, remainder strongly so; 2 apical pits,

Ventrals and caudals similar in structure to platyrhinos. 
Ventrals typically 129-147 in males; 139-156 in females; caudalsI
j 35-50 in males, 26-40 in females.
|j Coloration. Interocular dark band generally undivided,
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I similar to platyrhinos« and followed posteriorly by an interocular 
I light band. The dark stripe from the last supralabials to the eye 
j usually continues beyond the eye onto the supraocular and frequently 
onto the posterio-lateral margin of the frontal. The dark temporal 
band extends from the posterior margin of the parietals to the 
neck, and is separated from the eye—labial stripe by a light 
stripe which extends across the anterior portion of the parietals 
and contacts the interocular light band on the frontal. The 
nuchal stripe begins generally on the body scales just posterior 
to the parietals and forms the dark center of a U-shaped light 
band bounded by the temporal stripes. Most of the supralabial 
plates are white, but the interlabial sutures are dark.

The temporal stripe forms the first lateral blotch; 
there are a series of 35 to 52 dorsal blotches in males and from 
40 to 50 in females. The dorsal blotches alternate with a series 
of laterals which in turn may alternate with a series of secondary 
laterals; these latter are often absent.

The ground color is generally tan or brown. The dorsal 
blotches are dark brown in the center and edged in black typically; 
the primary lateral blotches are usually darker than the dorsals
which are quite distinct.

Belly usually quite black, but with the edges of the vent
rals and the lower dorsals a yellowish-white, and with irregularly 
spaced yellow blotches scattered through the black areas. Under
surface of tail black.

In general habitus this species has an extremely short head
i!
and a rather stubby tail. Generally the stubbiest species.
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HETERODON NASICUS GLQYDI. new subspecies1

DIAGNOSIS. Generally similar to H. n. nasicus * but with a 
lower number of dorsal blotches; less than 32 in males and less 
than 37 in females. Also characterized by slight qualitative 
differences in color.

TYPE AND TYPE LOCALITY. Type specimen: USNM 5083, female from 
Wheelock, Robertson County, Texas, collected by Kellogg. Para- 
types: USNM 5083, two males, same locality and collector as type.

RANGE. Southeastern Kansas, and Missouri, eastern Oklahoma, 
and all of Texas except for the panhandle, trans-Pecos Texas, and 
the extreme southern Rio Grande valley.

DESCRIPTION. Generally similar to H. n. nasicus. Identical 
in lepidosis.

Coloration. Head pattern generally similar to H. n. nasicus. 
Characterized chiefly by the reduced numbers of dorsal blotches; 
23-32 in males; 28-37 in females. The individual blotches also 
tend to be obscure. They are generally a light greyish-brown 
and are not sharply defined by black borders. The primary lateral 
blotches also tend to be obscure,but are generally darker than 
the dorsals. The secondary laterals are always absent. The ground 
color is a greyish-tan, usually quite similar to the color of 
the blotches. The coloration of the snake gives the appearance 
of being faded.

1. It is with a feeling of great personal pleasure that I name 
this new race for Dr. H.K. Gloyd, who is, perhaps, more responsible 
for the fact that this study was undertaken than any other person*



207HETERODON NASICUS KENNSRLYI Kennicott 
Heterodon kennerjyl, Kennicott, I860, Proc. Acad. Nat. Sci., Phila

delphia, p. 336.
Heterodon nasicus kennerlyj. Cope, 1892, Proc. U.S. Nat. Mus.,

xiv, p. 644.
Cope, 1900, Ann. Rep. U.S. Nat. Mus., 1898, pp. 773-774. 
Stejneger and Barbour, 1943, Check list, p. 125.
Smith and Taylor, 1945, Bull. U.S. Nat. Mas., 187, p. 72.
Smith and Taylor, 1950, Univ. Kansas Sci., Bull., 32, 2 (8), 

p. 361.
Heterodon nasicus. part., Boulanger, 1894, Cat. Snakes British 

Mus., ii, pp. 156-7.
VanDenburgh, 1922, Occ. Papers California Acad. Sci., x, pp. 

655-658.
Heterodon simus kennerlvi. German, 1882, Mem. Mus. Comp. Z08I., 8 (3 ), 

p. 77.
Yarrow, 1883, Bull. U. S. Nat. Mas., 24, p. 19.

TYPE AND TYPE LOCALITY. The most recent discussions of the 
types and type locality of kennerlvi has been presented by Smith 
and Taylor (1945, 1950). In the former paper they designate the 
types as USNM 1282 (two cotypes), and in the latter they restrict 
the type locality to Brownsville, Cameron County, Texas. These 
two cotypes may have been in the type series utilized by Kennicott, 
but it is obvious from the description that a larger series was 
examined. Both specimens on USNM 1282 have one loreal on each
side, whereas Kennicott states that kennerlvi sometimes lacks a 
loreal completely* Thus, although these specimens may have been
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j in the type series, they neither represent it in its entirety, nor
Ican we be sure that they were actually used by Kennicott* In view
3, I of the possibility that they were it seems logical to designate 
these two specimens as neotypes of H. n. kennerlvi * The male on 
USNM 1282 may be considered the neotype and the female the neo— 
paratype.

Both of these specimens were collected by Couch in the 
vicinity of Matamoras, Tamaulipas, Mexico* Although this city is 
immediately adjacent to Brownsville, Texas, it seems best to con
sider the former city as the type locality for the sake of consis
tency.

RANGE. Mexico from Tamaulip&s and central San Luis Potosi 
north and west along the Cordillera Occidental^ invading the United 
States in the extreme southern Rio Grande valley, trans-Pecos Texas, 
southwestern New Mexico and southeastern Arizona.

DIAGNOSIS. Similar to H. n. nasicus and H. n. glovdi. but with 
I reduced numbers of scales in the azygous mass (2-6).
J DESCRIPTION. Lepidosis. Identical in most respects to H. n.
Snasicus, but with only 2-6 scales in the azygous mass. Thus thei mt  in '

j frontal is generally not separated from the prefrontal, and the 
I prefrontals are often in contact. The loreals are generally single,sI and much reduced, or absent completely. In most specimens of kenner-
li the oculars are in contact with the postnasals.
il
| Coloration. Generally similar to H. n. gloydi, but showing a
nasicus nasicus influence to the west by higher blotch counts.



I Specimens Examined
I HETERODON NASICUS NASICUS| COLORADO. (USNM 0756). Bent County. Ft. Lyon (USNM 9524). 
Fremont County, Canon City (Ca 903). Kiowa County. Haswell (UMMZ 
60505). Carson County. Stratton (UK 6645)* Logan County. 25 
mileswest of Sterling (UMMZ 73365). Prowers County. Lemar (UMMZ 
62437-36). Sedgwick County. Julesburg (UK 19604). Washington 
County (UMMZ 62664), Akron (UMMZ 62663). Weld County. Greeley 
(USNM 20459;, 12 miles southeast of Greeley (PA 5409) 5 Hudson (PA 
5400). Yuma County. Wray (AMNH 14575); Yuma (CNHM 46154-55).

ILLINOIS* Carroll—Whiteside county line, sand area on county 
line, 2 miles south of Thomson (ISNHS 3165? RAE 1396-99). Henderson 
County. Henderson County State Forest (ISNHS 3231). Mason County. 
Havana (ISNHS 1599-1600, 1646, 4973). Mercer County. Keithsburg 
(ISNHS 3153-54). Rock Island County. Cordova (RC5 0130-31).

INDIANA. Bartholomew County. Wolf Creek (UMMZ 63125).
IOWA. Dickinson Comity. Milford (UMMZ 55162).
KANSAS. Ft. Hayes (MCZ 2462, 4346); Ft. Kearney (WZ 5920); 

j Platte River (UUiZ 4096). Cheyenne County. 23 miles northwest of j St. Francis (UK 20001). Clark County. Stephenson Ranch (UK 20314).
I Comanche County. Coldwater (UK 20313). Dickinson County (CNHM 10141)
j!
I! Abilene (Ca 5296). Graham County (UK 1713, 2716). Grant County.
|j (UK 21062). Greeley County (UK 10059). Hamilton County. Coolidge
| (UK 20317); Syracuse (Ca 10060). Harper County. Harper (UK 10534).
!l Haskell County, Cimmarron River (UK 20767). Kiowa County. Rezeau 
1 — " " "Ranch (UK 21421). Lane County. Pendennis (UK 2561-62). Logan 
County. Oakley (AMNH 60909); Vincent Ranch (UK 20304). Meade County.
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10 miles southwest of Meade (UMMZ 96063) ; 14 miles southwest of 
Meade (AMNH 62849; UMMZ 91517-20); Meade County State Park (UK 
23301); State Lake (UK 20306). Morton County. 81 Ranch near Elk
hart (UK 2560, 3565). Phillips County, Glade (UK 18930). Pratt 
Cogntjr, Cairo (CNHM 25780). Riley County. Manhattan (AMNH 36741)* 
Rawlins County. 27 miles east of Atwood (UK 1711); McDonald (UK 
1714-15)* Russell County. (UK 1710, 1712). Sherman County. Kanor- 
ado (CNHM 21555); Ruleton (CNHM 38120). Smith County. Athol (UK 
23131)* Stafford County. Little Salt Marsh (UK 1706-7, 3570, 3607)* 
Trego County. (UK 1716-17, 2715 , 2717); 12 miles south of Collyer 
(UK 3643 , 3655, 3569)* Wallace County. Wallace (MCZ 5201, 9886).

MISSOURI. Holt County. Craig (Ca 12918).
MONTANA. Big Muddy River (USNM 9323); Ft. Custer (USNM 14531,

5 specimens); Harding (AMNH 23086); Milk River (USNM 1278); Yellow
stone (USNM 9127, 2 specimens). Big Horn County. Crow Agency (USNM 
59768); Hardin (UMMZ 57043)* Dawson County. (MCZ 12328); Jordan 
(UMMZ 49816-17)* Powder River County. Powderville (USNM 54434). 
Yellowstone County. Billings (USNM 44346).

NEBRASKA. (Ca 38-39, 365-66); Ft. McPherson (MCZ 3813); Hack- 
berry Lake (UMMZ 74724)* Banner County. Harrisburg (UK 1718).
Boyd County. Bristow (CM 19887). Brown County. Ainsworth (CNHM 
33741). Cherry County. Crookston (CNHM 35815)* Custer County.
Gavin (UMMZ 78119)* Dundy County. Parks (CNHM 38119)* Garden 
County. Lisco (NU 1991). Holt County* Ewing (UMMZ 67408); 10 
males east of O’Neil (UMMZ 67392); Stuart (CNHM 46153). Keith 
County. Ogallala (UK 14167)* Sheridan County. Antioch (UMMZ 79696- 
97). Sioux County. Agate (CNHM 33799, 35010). Valley County. Ord



Ord (AMNH 36735).
NEW MEXICO. (MCZ 5921; USNM 6414); La Jornada Experimental 

Range (EHT-HMS A645) • Colfax County. 40 miles east of Taos (CM 
11576). Dona Ana County. Las Cruces (USNM 22137); west of Rope’s 
Springs (USNM 100893). Quay County. Tucumcari (Ca 10125); north of 
Tucumcari (MCZ 42593). Roosevelt County. Portales (UK 13793). San 
Miguel County. Cobra Spring (USNM 32774). Sante £e County. San 
Ildefonso (USNM 8415); Sante Fe (USNM 4863). Socorro County. Magde- 
lena (AMNH 66294).

NORTH DAKOTA. Billings County. 11 miles south of Medora (UMMZ 
54463); Medora Peaceful Valley Ranch (UMMZ 56910-11). Bottineau 
County. Turtle Mountains, Lake Metogoshe (UMMZ 74345). McHenry 
County. Granville (UMMZ 74346). Morton County. Mandan (CNHM 15993- 
94). Sargent County. Havana (UK 18060). Ward County. Minot (UMMZ 
74343).

OKLAHOMA. Alfalfa County (UOM 9180). Canadian County. El Reno 
(CNHM 25416). Cimarron County (UOM 6514; UMMZ 77546). Cleveland 
County. Norman (UOM 19690). Comanche County (UOM 13161). Creek 
County. Drumright (CNHM 15743). Custer County (UOM 3700). Oklahoma 
County. (UOM 12885). Woods County. 10 miles southwest of Alva (UOM 
19905); 12 miles west of Alva (UK 6614).

SOUTH DAKOTA. Southwest portion, Battle Greek Canyon (CNHM 
7886-87). Dewey County. White Horse (Ca 14247). Haakon County. 
Eagle Butte (Ca 14246). Jackson County. Kadoka (UMMZ 76496-97). 
ppnni ng-Kon County, Scenic (AMNH 36790). Stanley County (MCZ 12507). 
Todd County. Hidden Timber (Ca 11313). Tripp County. Carter (MCZ 
22429); Colome (UK 17425); Dog Ear Lake (UMMZ 78120).



TEXAS. (USNM 12747)* Armstrong County. Washburn (USNM 44351- 
ij 52). Briscoe County. Prairie Dog Town, Fork of Red River (.PA 5998).
>j Dallam County. Dalhart (USNM 104666-67). Dawson County. Lamesa (UK 
I 1708). Potter County. Amarillo (SM 3792; USNM 32746). Swisher
| County. Tule Canyon (UMMZ 69005;.I
I! WYOMING. Niobrara County. Lusk (AMNH 46388)#

HETEKODON NASICUS NASICUS x GLOYDI 
1 KANSAS. Barton County. (CM 5h32)* Dickinson County. (CNHM
| 18140). Meade County. Meade (UMMZ 90182).
IIS OKLAHOMA. Caddo County. Old Fort Cobb (USNM 11817). Cleveland|j County. Norman (AMNH 60497)* Okmulgee County (UOM 400). Osage 
| county. Pawhuska (UOM 26055).iI TEXAS. Dawson county. Lamesa (UK 1709)* Wilbarger County.
I Vernon (SM 4078)*
|I HETEHODON NASICUS GLOIDI
I KANSAS. Cowley County. Winfield (CNHM 25297)5 Kansas-Oklahoma
I! border south of Winfield (Ca 12174). Greenwood County. Toronto (UK
I 20321)* Saline County. Bavaria (CNHM 28458). Washington County.
! Haddam (UMMZ 67391)*
!! ,MISSOURI. Mississippi County. 2 miles east of Dielstadt (Ca
I 8141). Scott County. 2 miles east of Dielstadt (Ca 8142).
I OKLAHOMA. Cherokee Outlet (USNM 56133); Neutral Strip (AMNH
P
1 ^669). Carter County. (UOM 493). Cleveland County. Noble (UOM
II 20234); Norman (UOM 20160). Okmulgee County (UOM 8771, 12413;
UMMZ 64548); Okmulgee (UOM 8770). Osage County, Pawhuska (UOM 
26056); Tulsa (Ca 13302). Pottawatomi County (UOM 13665, 13795).



si County, Tulsa (Ca 12175)*
i
| TEXAS. North Llano River (USNM 32743); Sycamore Creek (USNM
! 32745). Bexar County. San Antonio (MEZ 5919). Brooks County. 
Falfurrias (UK 8405). Cameron County. El Jaboncella (USNM 32747)* 
SSE2E H  miles east of Post (AMNH 71011). Jim Hogg County.
Hibbrorrville (UMMZ 69671). McLennan County. Waco (SM 6551). Maver
ick County, Eagle Pass (USNM 1249). Roberts County (UK 16713). 
Jtotertson County Wheelock 9USNM 5083, 3 specimens). Tom Green 
County. Christoval (SM 5912, 6585).

HffTERQDQN NASICUS GLOYDI X KENNERLYI
TEXAS. Pecos County. Pecos City (SM 1581).

HSTBRODON NASICUS NASICUS x KENNERLYI
ARIZONA. Cochise County. Dos Cabezos (UMMZ 71161); Wilcox 

(UMMZ 71162).

HETERODQN NASICUS KENNERLYI 
No data (CNHM 3520).
ARIZONA. (USNM 8413); Southern (USNM 8878); Sulphur Spring 

Valley (USNM 5485#); White River Canon (USNM 10202). Cochise 
County. Apache (Ca 12176-77); 25 miles west of Bisbee (Ca 7810); 
Huachuca Mountains (CM 19819; CAS 4&070, data supplied by Dr. J. R* 
Slevin); Wilcox (EHT-HMS A646 ; USNM 44465-66).

The following two specimens from presumed Arizona localities 
are probably from more northern areas on the basis of their morpho—

| logy: Arizona, Northern Sonora (USNM 1253); Ft. Whipple (USNM 8025).
NEW MEXICO. Grant County. Hurley (UMMZ 102431). Luna County. 

Deming (UMMZ 7134$).



TEXAS. Davis Mountains, near Pecos City (MCZ 6692, 2 specimens) 
j Pecos River (USNM 4961). Brewster County. Alpine (CNHM 26612-13). 
SiS&lgo County, Edinburg (Ca 6529); McAllen (USNM 82278). Jeff 
Savis County, Davis Mountains, Fort Davis (UMMZ 52800). Pecos 
County, Fort Stockton (USNM 5185). Reeves County. Pecos (USNM 
1247). Webb County. Laredo (CNHM 38071).

MEXICO

CHIHUAHUA. (USNM 56132); 17 miles west of Carmen (USNM 
105290); Corralitos (USNM 17531); Rio St a. Maria near Progresso 
(USNM 104665).

COAHUILA. San Juan (CNHM 47086); San Pedro (EHT-HMS 5393); 13 
miles west of San Pedro (USNM 105296-99).

DURANGO. Tlahualilo (USNM 60044).
SAN LUIS POTOSI. Between Charcas and Venado (UMMZ 77244); 35 

kilometers north of San Luis Potosi (EHT-HMS 23515).
TAMAULIPAS• Matamoras (Ca 145; USNM 1282, 2 specimens, perhaps 

the types of H. n. kennerlyj): Rancho Sta. Ana, 8 miles southeast 
of Padilla (MCZ 46335).

ZACATECAS. Canitas (MCZ 42592).
SONORA. No data (USNM 69954). This specimen is typical of

H. n. nasicus; the locality is undoubtedly in error. Bogert and 
Oliver (1945) include nasicus in the Sonoran fauna on the basis of 
this specimen and the high probability that the species occurs in 
the state; although it will no doubt be found in Sonora, no speci— 
mens are available at present.



215Key to the Snakes of the Genus Heterodon 
The following key to the species and subspecies of the genus 

will allow designation of all species of the genus, and about $5% of 
the subspecies of Heterodon nasicus.

1. Azygous scale single or absents....a............#...platyrhinos
3̂ i More than one azygous ..... ••...2
2. Scale rows usually 25-25-21; males usually with less than 

122 ventrals, females with less than 134........... .simus
2.1 Scale rows usually 23-23-19; males usually with more than

129 ventrals, females with more than 139*.... ••*•••3
3 4 Generally less than 7 scales in the azygous mass... .nasicus

kennerlyi
3 #t Generally more than 9 scales in the azygous mass....4
4. Generally more than 35 blotches anterior to the vent in

males; more than 40 in females.............nasicus nasicus
4.1 Generally less than 32 dorsal blotches in males, less than

37 in females.  ..... .nasicusgloydi



216SUMMARY

Unusual morphology and bizarre behavioral characteristics 
have combined to make the hog-nosed snakes o£ the genus Heterodon 
among the most widely known of North American organisms# In view 
of this general interest it is surprising how little is known con
cerning these snakes. As a result of their grotesque structure it 
has been impossible to satisfactorily determine the position of the 
group in the family Colubridae. They may occupy an isolated position 
in the family and have no near relatives.

An analysis of certain morphological characteristics of 
the three species has shown that they are structurally distinct 
and apparently biologically distinct entities* In gross structure 
of the bone itself, in the form of its articulating processes, and 
in the number of teeth it bears, the maxillary bone of the genus 
differs markedly from species to species. The hemipenes of the 
three species also are of diagnostic value. The shovel-like ros
tral plate is one of the most unusual structures found in the genus. 
In all species this plate is broad, flattened, and pointed anteriorly. 
This plate was apparently modified from the rounded primitive Colu- 
brid type is response to selection pressures of the fossorial en
vironments in which these snakes live. Among the three species, 
pi a-hyWri nos has the least modified rostral, whereas simus and 
nasicus have highly modified plates. The shapes of the rostrals 
in the three species are distinct enough to be of taxonomic value. 
There is a differential size range for the three species. Hetero
don platvrhinos is the largest, nasicus is intermediate, and simus
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the smallest. As seems generally true of ectothermal animals the 
females are the larger, but both sexes tend to be larger in the 
north than in the south. Consequently the hog-nosed snakes seem 
to be an exception to the converse Bergmann principle, according 
to which size clines in poikilothermal organisms should show a 
southward increase. Relative proportions of body parts vary from 
species to species. Heterodon nasicus has the shortest, but widest 
head, whereas the head in platyrhinos is proportionally long and 
narrow; simus is intermediate in head dimensions. The length of 
the tail shows sharp sexual dimorphism. Males have longer tails 
in relation to the total length of the snake, and there are differ
ences in tail length among the species. The longest tails on 
either sex are to be found in platyrhinos. and the shortest in 
nasicus. Male simus have tails of about the same relative length 
as male platyrhinos. but regression lines for female; simus are 
almost identical to those for nasicus.

Certain traits not subject to geographic variability have 
been analysed. Heterodon platyrhinos and simus generally have 
twenty-five rows of scales around the anterior half of the body, 
whereas nasicus seldom has more than twenty-three. Just anterior 
to the vent nasicus and platyrhinos have nineteen; simus has 
twenty-one. Supralabials are typically eight on each side of 
the head, and infralabials are normally ten or eleven, but with 
twelve present too often on nasicus to be considered abnormal.
Ocular counts typically involve ten or eleven plates. Normally 
there are three anterior and four posterior temporals on platy
rhinos , and nasicus has four and five; simus may have either



three and four or four and five. The loreals of platyrhinos are 
generally single, whereas in simus there may be from one to three. 
Darkly colored blotches along the back of simus show a sharp sexual 
dimorphism, and the scales in the area of the azygous in this 
species show what may be a tendency toward a sexual difference.

Various traits within each species show geographical var
iation. The ventral plates of simus tend to be more numerous in 
the north than in the south; the caudals show a similar tendency. 
Both ventrals and caudals are sexually dimorphic: males have less 
ventrals and more caudals than females. Ytfhen considered separately 
both traits overlap, but when treated simultaneously they are dis
tinct .

In heterodon nasicus the numbers of scales in the azygous 
mass, the loreal plates, the dorsal blotches, and the ventrals and 
caudals all vary geographically. The number of scales in the 
azygous mass tends to be high in the northern part of the range of 
the species, and low in the south. Expression of the trait is 
similar through broad areas of the species range and defines two 
geographical races. Intermediates have been found in the area 
where the ranges of the two races abut, however, they are not 
as common as one would expect if the two entities were freely ex
changing genes in this area* The loreal plates vary with the 
scales in the azygous mass. Generally material from the south
ern part of the range has only one plate on each side, whereas 
those from northern areas have from one to five. Blotches on the 
dorsum tend to be lower in number in the south than in the north,

I
| but the zone of genic introgression is considerably north of that



219for the azygous mass genes. On the basis of azygous mass and dorsal 
blotches it is possible to define three geographic races of 
Heterodon nasicus. The ventral plates of nasicus vary clinally 
with the highest values in the south central portion of the species 
range; from this area of high expression the mean number of 
ventrals decreases in all directions. Caudal plates also vary 
clinally; they are high in the north and decrease to the south.
Both of these traits are subject to sharp sexual dimorphism.
There is also a tendency for a sexual difference in the position 
of the umbilical scar.

The ventrals of Heterodon platyrhinos vary in a manner 
similar to those of nasicus. High values are present in the 
western and central portion of the range, and they decrease to 
the periphery. Dorsal blotches are high in the north and de
crease toward the south. When considered together these two 
traits define a series of morphologically differentiated local 
populations. These populations, defined on morphological grounds 
are strikingly similar to the adaptive peaks of Sewall Wright, and 
have been called morphological peaks. Caudal plates of platyrhinos 
tend to be higher in number to the north; they are not correlated 
with the number of ventrals. Ventrals, caudals, and dorsal blotches 
are all sexually dimorphic. The single azygous plate of platy
rhinos is absent in a significantly high proportion of southern 
Florida material; in addition many other specimens show marked 

jj reduction in size of the plate. Melanistic platyrhinos occur in 
|| all parts of the range; they are not generally distributed
■'I

j| throughout the populations, but seem most common in relatively



!! . 220i restricted areas* The trait shows no sexual difference in ex—
1!I pression, and apparently- does not appear until relatively- late
| in the life of the individual* It seems to develop by the gradual
I suffusion of melanin, beginning at the anterior end of the snake*
I The position of the umbilicus of platyrhinos is correlated with
I the total number of ventrals on the snake, and shows a strikingi
sexual difference*

The ecology of platyrhinos is fairly well known, although 
there are many gaps in our knowledge; the other two species arei!| poorly known* Data are available on the eggs of all three species,

II but more information relative to egg size, dates of laying, types 
of nests, and incubation period are needed* Almost nothing is 
known about the embryo. The number of young hatched from egg

!

|| clutches is poorly documented, and the hatching process has been
|

j described only for nasicus. Shelter niches are unknown, but one
i

i| observation suggests that young nasicus may burrow into soft sand.
j i Data on pseudo-hibernation are poorly documented, although 
a few records suggest solitary hibernation in burrows and underi
debris. Other data suggest that temperatures between 50 and 60°
F. may be critical for inducing pseudo-hibernation. All these data 
are on platyrhinos. Little is known of breeding habits.of the genus 
although copulation has been described from the dissection of a 
pair of pi fl+.yyhinos preserved in coitus. Food preferences of platy
rhinos are well documented, and a few data are available for the 
other two species. A wide range of food is accepted, but toads seem 
the most common type. All hog-nosed snakes are adept burrowers, 
and it is suggested that they burrow into soft soils for shelter*



Few natural enemies other than man are known* In response to 
man the snakes go through a stereotyped pattern of nbluffing” 
and letisimulating activity. In the former, kinetic, phase of 
the pattern the snake spreads the anterior third of the body much 
like a cobra, hisses, and "strikes” at the intruder. Following 
this is an akinetic phase in which the snake turns belly—up, 
writhes for a few moments, and becomes still. This activity 
would seem the result of some neuro—endocrine activity. Mites 
are common on all three species of Heterodon and nen&tode and 
trematode parasites are frequently found.

The biogeography of the genus presents a number of inter
esting patterns of distribution. Heterodon simus is generally 
restricted to the Coastal Plain of southeastern North America.
It is probably limited to areas of sandy soils. Heterodon platy
rhinos is also an inhabitant of sandy areas but is widely dis
tributed through the eastern portion of the United States north 
to southern Canada and west to western Kansas. Heterodon nasicus 
is typically a prairie form which invaded the mid-western part of 
the United States during the xerothermic period, and left behind 
disjunct populations in the modem prairie peninsula. To the west 
its range is apparently limited by the eastern ranges of the Rocky 
Mountains, and to the east by deciduous forests. The range to the 
north is not well known, and to the south it extends well into 
Mexico; factors limiting dispersal in either direction are un-

I
! known. Since the close of the Pleistocene, during which both
I f
i i  nasicus and platyrhinos probably lived close to the glacial bound-
IJary, both species have reinvaded much of the drift area. Hetero-
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don simus is synqpatric over all of its range with platyrhinos, and 
the latter and nasicus are also broadly sympatric. In these areas 
the species may or may not be in competition.

The three species seem to be highly modified for fossorial 
Heterodon nasicus is the most bizarre species and platyrhinos 

the most generalized. The data seem to indicate that both s~i mug 
and nasicus arose independently from some early Heterodon stock 
which was much like the present day platyrhinos. Heterodon nasi— 
cus then produced three separate geographical races, one of which 
may have almost reached the level of a genetically isolated 
species. Heterodon platyrhinos has developed a series of closely 
similar, but morphologically differentiated local populations, 
probably in response to slight differences in selection pressures 
in such areas. Heterodon nasicus probably diverged from the 
pre-Heterodon stock early in the history of the genus, whereas 
simus apparently arose later. There is some evidence which may 
be interpreted as suggesting that platyrhinos and simus are still 
able to produce viable hybrids.

The three species of the genus have been redefined on the 
basis of the available information. One subspecies currently- 
recognized (Heterodon platyrhinos browni Stejneger) has been rele
gated to synonymy. The two recognized subspecies of Heterodon 
nasicus have been redefined and a third race has been described 
under the name Heterodon nasicus gloydi.
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