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IMOGENE R. HILL,

Department of Biology, University of New Mexico,

Albuquerque, New Mexico.

The identity of the Amphiuma of the Gulf Coast has been studied

by Ryder (1880), Cope (1886), Brimley (1909), Goin (1938) and
Baker (1947). These investigators have drawn different conclusions

from the study of similar material. Their conclusions have been based
on analyses utilizing either one or several of the following characters:

number of toes, color, ratio of total length to body length, number of

costal grooves and ratio of body length to limb lengths.
The early investigators, Ryder, Cope and Brimley, had only a small

number of individuals available for their studies. The more recent

workers, Goin and Baker, considered populations of individuals, but
none of the investigators, measured or dealt with ontogenetic vari-

ation, allometric growth or sexual dimorphism. Since some authors

give only the mean of the ratios and of the costal groove number, it

is not possible to evaluate the characters reported. A new approach
was required to evaluate the characters previously used and to investi-

gate other differences, if any, between the populations.
Historical—Garden described Amphiuma means in 1821. In 1827

Cuvier described a three-toed individual as Amphiuma tridactylum
and compared it with a two-toed one: "This description of the

Amphiuma of three digits agrees nearly in everything to the kind
with two digits. Its general form is the same; its diameter is one-

twentieth of its length; the length of its head is nearly one-fourteenth;
its tail is exactly one-fourth. It has similar folds on each side. Its

color is the same. Summarizing, it is necessary for descriptive purposes
to look closely at its extremities. Then one sees that each of its limbs
is divided into three perfectly distinct toes; it is in reality its only
exterior character which is readily discernable."

The three-toed individuals were placed in the genus Mauraenopsis
by Fitzinger (1843). Ryder (1880) studied a series of young
Amphiuma from Biloxi, Mississippi and reestablished the three-toed

salamander in the genus Amphiuma. Ryder based his classification

solely on the number of digits. He stated "so that in some the

number of digits (two) is characteristic of Amphiuma, and in others

(three) they are characteristic of Mauraenopsis." Cope (1886) could
not separate his specimens into two-toed and three-toed groups and
so he classified all individuals, regardless of the number of toes, as

Amphiuma means.

Brimley (1909) called the three-toed animal Amphiuma tridacty-
lum.. Brimley stated that the three-toed specimens differed from the

1 From a thesis submitted in partial fulfillment of the require-
ments for the degree of Master of Science of the Graduate School
of Tulane University.
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two-toed ones in being lighter in color on both the dorsal and ventral

surfaces and in being distinctly bicolored; the limbs of the three-toed

Amphiuma were "more strongly developed." The character used in

separating the two forms, prior to 1909, was number of toes.

Brimley also reported that he had never seen a two-toed individual

which had attained as great a size as the three-toed ones; one three-

toed individual examined by Brimley was 736.6 mm in length.

Goin (1938) examined 206 individuals and found that the costal

groove count and the ratio of total length to body length may also

be used as taxonomic characters. Considering the region where the

two ranges meet, he stated "coloration, costal groove count and ratio

of total length to body length change more or less gradually, but

the two-toed specimens of the east interdigitate with the three-toed

specimens of the Mississippi Valley." According to Goin, Amphiuma
means means is a two-toed, unicolored animal with 57-60 costal

grooves and a ratio of total length to body length which averages

1.33. Amphiuma means tridactylum is a three-toed, bicolored animal

with 60-64 costal grooves and a ratio of total length to body length

which averages 1.29- Goin considered the area of intergradation as

the region between Lake Pontchartrain in southeastern Louisiana and

Liberty County, Florida.

Baker (1947) examined over 280 Amphiuma and concluded that

"two species of Amphiumae, Amphiuma means and Amphiuma tri-

dactylum, occur, each occupying a distinct ecological range." Baker

found no evidence of intergrades and stated that all known specimens
could be designated as one of these species by the "valid species

characters of number of toes, body length in total length, length of

limbs in body length and coloration."

Procedures

Number of toes and coloration—In the course of this investigation,

537 Amphiuma were examined. Two hundred and forty-six of these

were two-toed, two hundred and eighty-eight were three-toed, and

three individuals had both two- and three-toed limbs (Table 1). All

individuals examined are placed into one of six arbitrary geographical

series to determine the degree of difference, if any, between the

series. Series 1 includes all three-toed Amphiuma from the west

bank of the Mississippi River westward. The most western locality

of an Amphiuma examined in this study is nine miles northwest of

Saratoga, Hardin County, Texas. Series 2 consists of the individuals

from Audubon Park in New Orleans, Louisiana. Series 3 includes

all individuals in the alluvial valley east of the Mississippi River.

Included in Series 4 are the three-toed Amphiuma from the region

east of the alluvial valley of the Mississippi River to western Alabama.

This series includes individuals from extreme southeastern Louisiana

and Mississippi.
Series 5 consists of the two-toed individuals from the same geo-

graphical area as Series 4, and Series 6 consists of those individuals

from the Atlantic coastal states westward to Liberty County, Florida
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TABLE 1.

Number of Toes
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(figure 1). The individuals from western Alabama to Liberty

County, Florida, were not placed into any of the six series because

they were too few in number to constitute an additional series. Series

4 and 5 extend as far east as the locality where both the two-toed and

the three-toed individuals are found in close association. This ar-

bitrary grouping into series does not mean to imply that the individ-

uals from western Alabama to Liberty County, Florida, are different

from those in Series 4 and 5.

Most of the specimens utilized in this study are deposited in the

collections of Tulane University (TU); a few were borrowed from

the American Museum of Natural History, the United States National

Museum, and the University of Florida.

An external morphological study was made on each individual.

The following information was recorded: museum catalogue number,
date collected, collector, tail length, body length, hind-limb length,

fore-limb length, head length, number of toes, sex and coloration.

The length of the tail was taken as the distance from the anterior

end of the cloacal opening to the tip of the tail. The limbs were

pressed posteriorly and horizontally along the body and the lengths

were recorded as the distances from the base of the limb to the

distal end of the longest digit. In the three-toed individuals, the

longest digit is the middle one and the outermost toe is the smallest

(when the limbs are pressed posteriorly and horizontally along the

body). The measurements were made consistently on the right limbs

of the animals unless the right limbs were mutilated. The head

length was taken as the straight line distance from the anterior end

of the brachial fissure to the tip of the nose. The number of toes

on each limb was recorded in a formula arrangement, e.g. 2/2 2/2.

The formula is read from left to right, and the numbers represent,

respectively, the number of toes on the right fore-limb, the number

of toes on the left fore-limb, the number of toes on the right hind-

limb and the number of toes on the left hind-limb. If the individuals

were sexed, this was done by dissection. The dorsal, ventral and

throat colorations were recorded. Table 2 indicates the throat colora-

tion of the specimens from the six geographical series.

The measurements were made with vernier calipers, except when

the structure was greater than 125 mm. In the latter case or if the

preserved animal were coiled, a string was used and transferred to a

ruler calibrated in millimeters. The measurements were recorded to

the nearest millimeter. All of the measurements were made on pre-

served specimens. There is undoubtedly some differential shrinkage

between the various body parts, resulting from the preservation, but

this possible error is likely to be minimized since all of the individuals

examined were preserved by comparable methods.

Only those individuals were measured whose parts were not muti-

lated. Mutilation could usually be detected by the presence of scar

tissue. Frequently, Amphiuma have part of a limb or an entire limb

missing. Obviously, it is easier to detect a mutilation which has
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Figure 2. Scattergrams showing the relationship of head length to

body length for each of the six series. The three symbols, X, circle

with dot and plain dot, identify respectively male, female and unsexed
individuals.

into two separate groups in any of the series; therefore, if sexual

dimorphism exists it is negligible ( figures 2-5 ) .

Obviously, there is a definite relationship of head length, fore-limb

length, hind-limb length and tail length to body length so the problem
is concerned with the degree of correlation and the nature of the

correlation (e.g., simple and linear). The degree of correlation of
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chosen, the reason being that the same graphs used to determine

sexual dimorphism could be used to determine the regression constants.

After obtaininng a and b for each of the four body proportions for

each of the six series, these constants were substituted in their

respective regression equations.

From a study of the regression lines, it was determined that the

body proportions do not remain constant throughout life. The reason

for the foregoing statement is that a is not equal to zero (the

regression line does not pass through the origin) (Klauber, 1943).

However, it should be mentioned that in some cases a is almost equal
to zero; although, additional collections may or may not reduce a to

zero. If the proportion remains constant throughout life, the relation-

ship of the head length to the body length should be the same in the

adults as it is in the juveniles. If a juvenile with a body length of

50 mm is substituted in the regression equation (H = 1.034 -\-

0.119B), the value of H is equal to 6.984 mm. If an adult body

length of 600 mm is substituted in the regression equation, H is

equal to 72.434 mm. The juvenile head length is 14 percent of its

body length; the adult head length is only 12 percent of its body

length. This indicates that the juveniles have proportionately larger

heads than the adults; therefore, the proportionality does not remain

constant with an increase in body length.

Standardization—Since there were insufficient numbers of individ-

uals. of a single body length in each series, a second method suggested

by Klauber was utilized to eliminate ontogenetic variation. This

method requires the conversion of the head length, fore-limb length,

hind-limb length, and tail length of the individual to a standard

body length. In using this method, the assumption was made that

any specimen in growing to (or returning to) the standard body

length does so by maintaining a constant percentage deviation from

the regression line (Klauber, 1941). The standard body length was

arbitrarily chosen as 400 mm. In determining the standard body
size, the writer was guided by the known biology of Amphiuma so

that the chosen body length would be within the adult (sexually

mature) body length range of the individuals of each of the six

series. The females of the Audubon Park population become sexually

mature when they attain a body length of 330 mm but the individuals

of the Audubon Park population do not attain a size as large as that

of Amphiuma collected from the surrounding areas (Cagle, 1948).
The 400 mm body length should include the sexually mature individ-

uals from all geographical series.

The body length range for the restricted number of specimens
was chosen to include the greatest number of individuals, the limit-

ing factor being the exclusion of individiuals less than 249 mm in

body length or greater than 600 mm in body length (Tables 3-6).

The statistical accuracy sacrificed by limiting the study to fewer

specimens (by taking a narrow range) is more than compensated for

by the elimination of possible errors in translating the specimens
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over too great a distance along their regression lines (Klauber, 1938).

The actual measurements of the body parts of each individual

within the restricted ranges were converted to the measurement they
would probably have at 400 mm body length by substituting the

actual measurements in a standardization formula (Klauber, 1941).

A survey of the available material indicated that a moderate number
of individuals (all sizes included) were available in Series 1 through

4, but the number in the restricted size range of Series 5 and 6 was

very small. The range could not be widened because the millimeter

spread on either side of the mid-point could not exceed 200 mm
(Klauber, 1938). Klauber has used as few as five individuals in his

snake studies.

In order to determine the standardized body parts for each individ-

ual of each series, the individuals from the restricted ranges of Series

1 through 6 were standardized by substituting the actual length of

the part and the body length in a standardization formula. The
estimated head length that the Amphiuma would have at the standard

body length of 400 mm is 34.33 mm. Standardized lengths of the

body parts, computed for the restricted number of specimens, were

gathered into an array (separate for each geographical series) and

their statistics computed (Tables 3-6).

Graphical relationships
—Bar graphs were constructed to show the

relationship of the range, standardized mean, standard error of the

mean and the standard deviation of the four body parts for each of

the six series. The horizontal axis was calibrated to include the

range of the standardized measurements. For each series (geograph-
ical locality) the range of variation is shown by a horizontal line and

the mean (M) by a short vertical line. The blackened part of each

bar comprises two standard errors of the mean (2q-m) on either side

of M. One-half of each black bar plus the white bar at either end

outline one standard deviation (q-) on either side of M. Standard

deviation indicates dispersion and two standard errors of the mean
indicates reliability (Hubbs and Hubbs, 1953).

Results

Number of toes and coloration—The division of the 537 individ-

uals into the six geographical series shows the Audubon Park in-

dividuals (Series 2) to be the most numerically representative of

any of the series. Series 6, 5, 4, 1, and 3 follow, respectively, in

decreasing numbers. The division of the individuals into size groups
of 50 mm to determine the adequacy of the various age groups of

each series, yielded the following information: of the three-toed

groups, Series 1 was not represented in the size groups of less than

50 mm, of 250-300 mm, and of 350-400 mm; Series 2 was not repre-

sented in the size groups of 100-150 mm and 550-600 mm; Series 3

was not represented in the size groups of less than 50 mm, 100-150

mm, 200-250 mm, and 550-600 mm; Series 4 was not represented
in the size group of less than 50 mm. The groups not represented
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in the two-toed populations by Series 5 are size groups of less than

50 mm, 300-350 mm, 450-500 mm, 500-550 mm, 550-600 mm; by
Series 6, 300-350 mm, 450-500 mm, and 500-550 mm (figures 6
and 7).
An inspection of the map showing the geographical distribution

of the individuals examined in this research indicates that the two-

toed and three-toed individuals occur together in the region where
the alluvial valley of the Mississippi River meets the East Gulf
Coastal Plain (figure 1). Within this region the proximity of the

three-toed Amphiuma to the two-toed Amphiuma varies. A col-

lection made in Amite, Louisiana, June 8, 1948, consisted of 42

Amphiuma taken from the same mud hole; of these, forty-one in-

dividuals had two toes on all four limbs and one individual had three

toes on all four limbs. There is reason to believe that these individ-

uals are from the same brood. All except one individual had a body
length of approximately 214 mm. In the same region individuals

with two toes on all four limbs and individuals with three toes on
all four limbs have been collected together, either in the same drain-

age ditches, in adjacent drainage ditches or within a few miles (less

o
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than five) of each other.

Three individuals with both two-toed and three-toed limbs on the

same individual have been collected within this same geographical
area. One of these was collected in Mandeville, Louisiana, in August,
1924, and the other two individuals were collected three miles north

of the town of Pearl River, Louisiana. Both of these individuals

were collected within the critical area (Series 4 and 5). The one
from Mandeville (TU 2207) has a body length of 235.5 mm. The
ones collected north of Pearl River in January, 1949 (TU 4777),
and January, 1950 (TU 11414), have body lengths of 356 mm and

433 mm respectively.

Courtship activity between a two-toed and a three-toed Amphiuma
has never been reported. The males of the Audubon Park series are

reproductively active from mid-January to mid-May (Cagle, 1948).
It is possible that in the region where the alluvial valley of the

Mississippi River meets the East Gulf Coastal Plain, the two-toed and
three-toed Amphiuma are reproductively active at the same time.

The reason for the foregoing statement is that a two-toed male

Amphiuma collected one mile north of Covington, Louisiana, March

6, 1950, was in a reproductive condition. The cloaca of this male
was red, swollen and partially everted. The animal had more than

ten well defined teeth prints and cuts on its body. These teeth marks
and cuts may indicate fighting between the males during the repro-
ductive season (Cagle, 1948).

All individuals examined could be placed into one of the two

groups on the basis of number of toes except the three peculiar

individuals, or 0.56 percent of the population. The toe formula for

the individual from Mandeville is 2/2 3/3; for the two Pearl River

specimens, the formulae are 2/2 3/2 and 3/2 2/3. All individuals

of the six geographical series can be definitely separated into two-
toed groups and three-toed groups on the basis of color, with the

exception of the same three individuals which cannot be separated
into one of two groups on the basis of the number of toes.

Within the three-toed group there are various degrees of ventral

pigmentation, but the overall coloration is never so dark as that of

the two-toed individuals. Whether this variation in the ventral

coloration within the three-toed group is due to the effects of preser-

vation, ecology, or inheritance has not been determined. The per-

centage of individuals of two of the three-toed series with ventral

pigmentation is as follows: 7.8 percent for the Audubon Park in-

dividuals and 19.1 percent for those examined in Series 4. The
individuals from the eastern alluvial valley usually have a mottled
ventral surface.

Characteristically, the three-toed individuals have a black throat

patch. The two-toed individual has no throat patch. Two of the

three individuals, which cannot be separated into either the two-toed
or the three-toed groups on the basis of a consistant number of toes

and coloration, do not have a characteristic black throat patch, but
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one of the individuals does have an indication of a throat patch.

Body proportions
—Although the ontogenetic spread is compara-

tively satisfactory for the six series, the frequencies of all size groups

should be increased, with the possible exceptions of the eastern two-

toed juveniles (50-100 mm) and the Audubon Park adults (300-

400 mm).

The correlation coefficients (r) are all high except that for fore-

limb length to body length of Series 3 (0.595). No explanation

is attempted for this low correlation coefficient.

The values for standard deviation (or) are calculated on the as-

sumption of normal distribution which is not likely to be realized

in small samples. There are reasons for distrusting the reliability of

the difference that is indicated by the graphical method when the

samples include fewer than thirty specimens. Consequently, the

limitation of the graphs (figures 8-11) is realized. The graphical

analysis indicates why a broad overlap of the dark bars indicates low

reliability of the observed difference between two samples and why
any considerable separation of these bars indictates a high reliability.

The plotting of one standard deviation on either side of the mean
indicates an 84 percent separation.

Figure 8. Bar graphs showing the relationship of the range, mean,
standard deviation and standard error of the mean for head length
for each of the six series. For each locality the range of variation is

shown by a horizontal line; the mean (M), by a short vertical line.

The blackened part of each bar comprises 2 standard errors of the

mean (2 crM) on either side of M. One-half of each bar plus the white
bar at either end outline 1 standard deviation ( o~) on either side of M.
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Figure 10. Bar graphs showing the relationship of the range, mean,
standard deviation and standard error of the mean for hind-limb

length. Arrangement as in fig. 8.

100 115 130 145 160
SERIES TAIL LENGTH, mm.

175 190

Figure 11. Bar graphs showing the relationship of the range, mean,
standard deviation and standard error of the mean for tail length.

Arrangement as in fig. 8.
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occur in Ampbiuma, but it is not evident that either one of these

conditions expresses itself in any of the three individuals. Poly-

dactyly has been observed only in individuals in the three-toed series,

which series were designated by number of toes, coloration (general

body color and the presence of throat patch), and geographical

location. TU 4777 would have to be considered a three-toed individ-

ual because of the presence of the throat patch. The toe formula

2/2 2/3 must then be a result of inheritance (didactyly) as there

is no evidence of mutilation. TU 2207 and TU 11414 because of

the absence of a throat patch would be considered two-toed individ-

uals. The toe formulae, 2/2 3/3 and 3/2 2/3, respectively, for

TU 2207 and TU 11414 must be explained also by inheritance

(Polydactyly); however, Polydactyly has not been observed in two-

toed individuals (concerning geographical ranges) in this collection.

In spite of the assumption of the presence of Polydactyly, and the

fact that the throat patch separates the three individuals into two

groups, the uniform coloration of the three individuals and the almost

identical general coloration of two of the individuals, TU 4777 with

the throat patch and TU 11414 without the throat patch, prevents

these three individuals from being separated into one of two groups.

Basically, the taxonomic position of the Mid-Gulf Coast Ampbiuma
resolves itself into the taxonomic position of these three individuals;

that is, whether or not the three can be separated into one of two

groups, a two-toed or a three-toed group, or whether all three should

be placed into a third group, an intergrade group. The question is

whether these three intermediates are true subspecies or hybrids.

With the exception of three specimens, all two-toed specimens

have one toe pattern and all three-toed specimens have another. Since

the two tables (1 and 2) are generally concordant and the forms

(consistent with respect to two different characters, number of toes

and pattern) are also sympatric in southeastern Louisiana (at least),

and, in some cases, in the same pond, we are probably dealing with

two separate species. It is difficult to conceive of two characters as

different as number of toes and pattern that would result from a

single genie element. If we were dealing with true subspecies and

an area of intergradation, we should expect to find an almost com-

plete mixture of characters in the intergrading area; that is, two-

toed individuals with all variations in pattern and three-toed individ-

uals with the same diversity. Intergradation is indicated in only

three specimens out of 131 from the critical area (Series 4 and 5).

On the basis of this investigation the writer considers the three

individuals to be hybrids. If there were a high proportion of mixed

individuals in the critical area, the case for intergradation and a sub-

specific relationship would be greatly strengthened, particularly if

the characters typifying the two groups were well jumbled in the

intermediates. More individuals need to be collected from the critical

area (Series 4 and 5).

Body proportions
—The indication of species separation is further
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reinforced by the fact that three-toed individuals, as a group, differ

from the two-toed in proportionate limb length, and that the differ-

ence exceeds the within-group divergence (Tables 3 and 4). This

is probably one of the most valuable parts of the investigation. It

is not as important to note that head and tail portionalities are similar

as to note that the latter reinforce and substantiate the fundamental

toe and color pattern differences.

Summary
Amphhima has been separated into two species, Amphiuma means

and Amphiuma tridactylum, by Baker on the basis of number of toes,

color and the ratios of total length to body length and body length
to limb lengths. In deriving the mean ratios, Baker did not recognize
the influence of ontogenetic variation, allometric growth or sexual

dimorphism.
This writer's research was concerned with the evaluation of the

three assumptions above and an attempt to determine the real dif-

ferences between the two-toed groups and the three-toed groups.

Heretofore, Amphiuma has been separated into a maximum of

three groups to be compared with each other. Goin divided Am-
phiuma into a three-toed group, a two-toed group and an intergrade

group and compared these groups. The author divided 537 Am-
phiuma into six series on the basis of geographical distribution.

Series 1 is composed of individuals collected west of the Mississippi

River; Series 2 consists of individuals from Audubon Park; Series 3

includes those individuals within the alluvial valley east of the

Mississippi River; Series 4 (three-toed) and Series 5 (two-toed)
includes those Amphiuma within the region where the alluvial valley
of the Mississippi River meets the East Gulf Coastal Plain; Series 6
is composed of individuals from the Atlantic coastal states.

The reason for this division of Amphiuma into series was to deter-

mine the range of variation within the three-toed series and within

the two-toed series so that the differences between two-toed and
three-toed Amphiuma could be interpreted more accurately. The
Audubon Park series was separated from all other series because it

is geographically isolated and the individuals of this series do not

reach a size as large as those from the surrounding areas. Since it

was not known whether or not the three-toed Amphiuma within the

eastern alluvial valley of the Mississippi River were genetically
similar to those west of the Mississippi, these two series were sepa-
rated. Series 5 was separated from Series 6 in order to determine
if there was any difference between these two two-toed groups and
to determine if there was a closer relationship between Series 5 and
Series 6 than between Series 4 and Series 5.

The characters used in determining the differences and/or simi-

larities between the series are number of toes, coloration, body pro-

portions of head length to body length, fore-limb length to body
length, hind-limb length to body length and tail length to body length.
The two-toed and the three-toed Amphiuma cannot be completely
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separated into two groups by any one of the above characters. The
best separation is obtained on the basis of number of toes and throat

coloration.

Intergradation is indicated in only three specimens out of 131

from the critical area (Series 4 and 5). On the basis of this investi-

gation the three individuals are considered hybrids. The indication

of species separation is further reinforced by the fact that three-toed

individuals, as a group, differ from the two-toed in proportionate limb

length, and that the difference exceeds the within-group divergence.
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