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THE (EOGRÂPHIC VARIATION AND DISTRIBUTION 
OF THE LONG-TOED SALAFiAIDER, 

AMi3YSh)MA MJCRODL GTYLUN BAIRD 

INTRODUCTION 

Ambystonia rnacrodactylum Baird belongs to the exclu- 

sively North American family of salamanders, Ambystom5.dae. 

The genus Ambystoma is represented by eleven widely scat- 

tereU species distributed from southern Alaska throughout 

southern Canada, most of the United States and. southward 

into northern Nexico. In western North America the spe- 

cies macrodactylurn, tigrinum and gracile occur. The geo- 

graphic distribution of A. macrodactylum Is shown on Nap 

1. The aniriìal ranges from Calaveras and iipine counties, 

California, north in the Sierra 1\evada into the mountains 

of northern California, throughout Oregon (except the 

southeastern part) and Wshington to northern British Co- 

lumbia and. eastward into western Alberta, western Montana 

and central and northern Idaho. Recentlï an apparently 

isolated population ha5 been dl$oovered. in Santa Cruz 

County, California by Russell and nderson (31, pp. 137- 

lLo). it is not indicated on the map that the species 

has also been collected near i3loomfield, Davis County, 

Iowa. Since the original discovery of six specimens, 

thought at first to 'be new to science, no further repre- 

sentatives of the species have been taken at this local- 

ity. 
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In general appearance nd morphology the species of 

Ambystoma are quite similar, exhibiting a minimum of struc- 

turai variation. Consequently, the species have tradi- 

tiorall' been defined and differentiated largely on the 

basis of differences in coloration and pattern of pigmen- 

tation, characteristics which display rather striking in- 

terspecific variation. The color pattern in macrodactyluin 

is one of the more brilliant to be found in the genus with 

the result tht color and pattern have been of prime im- 

portance in its taxonomy. 

The original description of A. rnacrodactylwn was pub- 

lished by Spencer F. Baird (2, p. 192) in l89. His de- 

scription being very brief Is here quoted in full: "Amby- 

stoma macrodactyla, Baird. Scull LsiJ longer than broad. 

'Joes long, unwebbed. A broad dorsal reddish brown stripe. 

Beneath dark brown, unspotted. 1pecimens in the Academy 

of Batural Sciences of Philadelphia. Brought from Astoria, 

¼)regon bi J. i.. Townsend, N. D. 

"Body rather more slender than in the other species 

of Ambystoma; the proportions nearly those of Desmognathus 

fuscus (haf.). The colors somewhat like those of a badly 

preserved Plethodon erythronotus (Green). Ground color 

dark brown. A broad dorsal stripe, originally, it is prob- 

able, of a chestnut brown color, now very obscure. Sides 

sprinkled with greyish. The brown of the sides becomes 

more concentrated towards the vertebral line. Thi]. 
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sub-rounded, not compressed. Largest specimen about 2 3/4 

inches. From the snout to the insertion of' the hind legs 

1 1/2 inches." 

Baird's new species was immediately accepted and has 

maintained its systematic status to date. However, on 

three occasions, certain J. inacrodactylum populations have 

been named as separate species but all were placed in sy- 

nonymy by later workers. 

The first of these was Ambystoma kraussil Peters 

described by Peters (28, p. 145) from the Flathead River 

in Montana in 1882. ¡ecording to his description, A. 

kraussil differed from /. macrodactylum in having an 

ochraceous dorsal band instead of glaucous or mauve color 

as in A. macrodactylum. 

In 1883, Cope (8, p. 16) described Ambystorns epixan- 

thuin Cope from the South Boise River in Idaho. In 1889 

Cope (9, pp. 96-97) rejected the validity of kraussii. but 

insisted on the validity of ejixanthum. He maintained 

that the strictura1 differences between epixanthum and 

macrodactylum were few but well marked. These differ- 

erices were a wider head in epixanthum which would enter 

the length (without tail) four times, doing so five times 

in macrodactylum. Accompanying this was a greater inter- 

orbital distance in epixanthum and supposedly shorter 

toes than in macrodactylum. Cope described epixanthum 
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as more brilliant, being b1ac with a yellow dorsal stripe 

and more robust as OppO$ed to macrodactylum, which he de- 

scribed as being brown. with a gray dorssl stripe and less 

robust. He considered the tints of epixanthuin brighter 

than those of any other species of' the genus. That both 

Peters and Cope should call attention to the band of spec- 

linens from Montana nd Idaho being more yellow than in 

coastal specimens is interesting, especially considering 

that the coastal specimens examined by them were probably 

alcohol specimens. his difference in band color will be 

alluded to later in the discussion. 
In 1912 Ruthven (32, pp. 517-519) described Ambystoma 

stejnegerl Ruthven on the basis of four specimens from 

near L1oomfielU, Davis County, Iowa. Ruthven held. that 

stejnegeri could easily be distinguished from macrodacty- 

luin by having a longer, more compressed tail than the 

latter and by possession of longer anterior digits. Since 

the oriina1 discovery of stejnegeri no specimens have been 

found at the locality. It seems likely that the origin of 

the animals may have been in error. 

In 19)48 Mittleman (2)4, pp. 81-95) studied the geogra- 

phic variation of' L. inacrodactylum and concluded that the 

species is composed of two ailopatric races. "I. rn. macro- 

dactylum Baird ranges from the Columbia Plateaus province 

and the northern Basin and Range province in Washington 



and Oregon, through the Cascade-Sierra province and. Pa- 

cific Border province from Calaveras County, California 

to southeastern British Columbia. The other race, 1. . 

krausei Peters, is known definitely from the Northern 

Rocky Mountain province in Idaho and Montana and from 

southwestern Alberta and British Columbia as far west as 

Kamaloops, and probably north to Lat. 58°; lt has been 

recorded also from Iowa." (2L, p. 82) 

Mittlemanpresented the following differences as 

criteria for distinguishing the two subspecies: 1) total 

vomerine count (67% of sexually mature macrodactylum with 

3k or more; 75 of sexually mature krausei with less than 

33); 2) ratio of head width to snout vent distance (more 

than the value of' j2 log SV)2-(log SV)2 in 65 of macro- 
SV 

dactylum; less than that value in 85 of krausei sped- 

mens); 3) ratio of head width to head length 69.5 or 

more in 7 of' rnccrodactylum and 69.L or less in 75« of 

krausel. 

According to IUttlemari relatively stable color dif- 

ferences exist between the two races as defined by him. 

"Thus, specimens from Idaho and Montana have a definitely 

greenish tinge to the dorsal stripe, while the background 

color of the back tends toward a very dark, almost black- 

ish brown. The sides and belly are liver-brown, or raw 

umber, usually very prominently maculated with gray, white, 

or light tan flecks. In specimens from Oregon and 
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Washington, the dorsal stripe often has a pale bluish or 

lavender tinge overlaying a basic brown color, while the 

ground color of the dorsum varies from a light chocolate 

brown to a darker shade best described as 'purplish-brown'. 

The sides and bellies of these western specimens are usu- 

ally a light tan or grayish brown, and are generally lin- 

maculate or but sparsely dusted with tiny whitish or gray- 

ish flecks (20, p. 92). 

In the present study it has not been possible to 

verify the existence of the two subspecies as proposed 

by i4ittleman. For example, whereas he has indicated a 

total voinerine count of' 3 or more in 67' of sexually ma- 

ture macrodactylui from Oregon and. Washington, I find that 

79.3; 
of' 222 specimens examined from western Washington 

and western Oregon have a total vomerine count of 33 or 

less. Idaho specimens examined by Fuittleman had. a total 

vomerine count of 33 or less in 75 of the specimens 

whereas only 30 .8 of the 26 Idaho specimens examined by 

me had vomerine counts of 33 or less. Only specimens ex- 

ceeding 38 mm. snout-vent were used in making the above 

counts. 

On the basis of the locality data presented by Nittle- 

man, it is apparent that he had. access to only one spec- 

imen from western Oregon (Baird's type) and his Oregon 

sample was drawn almost exclusively from the vicinity of 



Crater Lke (75 of' 87 specimens examined). The unfortunate 

consequences of these facts will be pointed out repeatedly 

in this paper. 

In general, the subspecies as defined by ?littleman 

hcve riot received acceptance by herpetologists. Stebbins 

(38, p. A4o) states regarding this separation, "In my opin- 

ion there is too great overlap in the characters submitted 

as criteria for recognition of' these races. The color 

differences presented are unconvincing.' Schmidt (33, p. 

20) has omitted reference to subspecies of macrociactylum 

in his checklist. Pailey (1, pp. l7ll7Li) 1ics criticized 
I4ittlernan's statistical methods, and he has subsequently 

defended them (25, pp. 43-46). Ferguson (14, p. 31) has 

pointed out that cox-xsiderable variability exists between 

specimens from western Oregon and those from Viallowa 

County in northeastern Oregon which is not taken into ac- 

count by the separation as proposed b Ilittleman. 

The validity of his ratios will be discussed later 
in connection with the statistical analyses, but let it 
suffice here to say that they have not proved useful when 

specimens from the entire range of the species are con- 

sidered. The color differences as presented. above have 

also been found to be irdecuate when living specimens 

were compared from various parts of the species' range. 

In view of the conflicting opinions concerning the 

status of the races of /. macrodactyluin as proposed by 



Mittleman and. the subsequent confusion which has arisen, 

the present study ws undertaken in order that the problem 

might be reexamined in light of new material obtained 

since the appearance of Mittleman1s work. 

since the initiation of the present study, an ap- 

parently disjunct race of ¿. macroclactylum has been dis- 

covered near Lb Del I'iar in Santa Cruz County, California 

by Russell and Anderson (31, pp. l37lJ4o). This locality 

is nearly four hundred miles south of the recognized coast- 

al range of rnacrodactylwn and one hundred and fifty miles 

southwest of the nearest Sierra Nevada populations, from 

which it is separatèd by the Great Valley of California. 

This population was considered subspecifically distinct 

and named Pmbystoma macrodactylum croceum Russell and 

Anderson. The diagnostic characters of this new form are 

a dull orange dorsal band (between Pekinese and Raw Sienna, 

Ridgway, 1912), a tendency for the band to be broken up 

into a number of discrete spots, and a reduced dorsal head 

pattern which consists of scattered dots, often absent an- 

tenor to the eyes. I have examined living specimens of 

croceum but have not had an opportunit' to study it i 

detail. However, the striking color differences and iso- 

lated geographic range of croceum, in my opinion, are suf- 

ficient to fully justify its being considered a distinct 

race. I, therefore, fully concur in Russell and Andersons 

decision that it be considered a separate subspecies. 



METHODS 10 

Specimens 'Jere collected from as much of the range 

of the species as could be visited during the term of the 

study. Notes regarding habitat, habits and other items 

of interest were recorded at the time of capture for all 

animals. Specimens were returned alive to the laboratory 

and kept refrigerated in large glass containers to which 

moistened paper towels v'ere added. This method of main- 

taming salamanders in captivity proved very successful, 

enabling them to remain in good condition as long as eleven 

months without feeding and with no harmful effects evident. 

Color comparisons and descriptions were made from living 

anesthetized animals (chioretone) from various parts of 

the range with the aid of' color charts in rtldgway (29, 

pp. 1-LiI+). A complete color description of representa- 

tives from ali localities collected was obtained before 

the specimens were preserved. At the time of preservation 

observations ere recorded for those characteristics con- 

sidered to be of' importance to the study which would be 

altered by preservation such as coloration and pigmenta- 

tion of the band, ground color, flecking and iris pigmen- 

tation. In. all nearly 1,000 transformed individuals were 

examined. 

after preservation a series of measurements and. obser- 

vations was made from each specimen. Measurements were 

taken with vernier calipers and read to the nearest 
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one-tenth millimeter, unless otherwise specified. Con- 

torted or poorly preserved specimens were forcibly flat- 

tened for measurement, if possible, or otherwise omitted. 

The following information was taken from each preserved 

specimen: 

Length of rig-xt front l: the distance from the 

tip of the longest toe to the point of limb attachment to 

the body. 

Head length: the distance from the tip of the snout 

to the guiar fold. 

Snout to vent length: the distance from the tip of 

the snout to the anterior end of the cloacal orifice. 

Nittleman (2J-, p. 83) found that sexual maturity was 

achieved at 38 mm. in males and about 39 mm. in females, 

his measurements being the conventional snout-vent distance 

(from the tip of' the snout to the posterior angle of the 

vent opening). In the present study it was determined that 
these measurements were valid only for inacrodactyluzn which 

metamorphose during the first year, such as those which 

are forced to metamorphose by drying up of the breeding 

ponds or those which normally leave the water the first 

year. However, specimens from certain areas, such as 

Crater Lake, frequently require two years in the larval 

state and therefore reach a larger size before leaving 

the water (see Kezer and Farner 23, p. 131). These re- 

cently metamorphosed individuals may commonly exceed 4O 
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mm. in snout-vent lexigth (sensu Nittleman) and. yet retain 

gill stubs, a larval tail fin, lack a dorsal band, and 

demonstrate the proportions characteristic of juveniles. 

This consideration is one of prime importance since the 

measurements were to be used as ratios for statistical 

analysis. Consequently it was decided that a selected 

length of 148.5 mm. snout to vent would assure that the 

mnajorit of the specimens were sexually mature and of 

adult proportions. 

Head width: the greatest width of the head, usually 

just posterior to the eyes. 

Internarial distance: the distance between the me- 

dial margins of the external nares. This measurement was 

made with a calibratea eyepiece micrometer under a binoc- 

ular dissecting microscope, each unit being equivalent to 

.08333 millimeters. 

Interorbitaj. distance: the distance between the an- 

tenor corners of the eyes. This measurement was obtained 

as was the internarial distance. 

Total lerith: from the tip of the snout to the tip 

of the tail, taken with the animal on its back and flat- 

tened out. 

Tail length: from the posterior margin of the cloa- 

cal orifice to the tip of the tail. 

Percent of total length in tail: a ratio obtained 
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by dividing the tail length by the total length. 

Axilia to groin distance: from the axilla or pit 

of the forearm to the groin, measured with the animal on 

its bacK and. flattened to the urface. 

Span of hind legs: the distance from the tip of the 

longest toe of one hind. foot to the tip of the longest 

toe on the other hind foot, measured with the animal on 

its back, the limbs at right angles to the body and ad- 

pressed to the table surface. 

Lens size: the greatest diameter of the extracted 

right eye lens, measured i.mder a binocular dissecting mi- 

croscope. Each unit of the eyepiece micrometer was equiv- 

alent to .023 millimeters. This character was used suc- 

cessfully by Hendrickson (22, p. 29) in studying the genus 

Batrachoseps. 

Width of band: the widest portion of the band. when 

relatively unbroken, measured between the fore and hind. 

legs at right angles to the body. If' broken. into spots, 

the width of the widest spot. 

Total vomerine tooth-count: the number of teeth in 

the four series added together to obtain a single total 

vomerine count for each specimen. 



COLOR DESCRIPTIONS l4' 

On the basis of color and. color pattern, all Amby- 

stoma macrodactyluin fall into four rather well defined. 

grouos in addition to 4. rn. croceun. The four groups are 

for convenience hereafter referred to as the EEstern Oregon, 

Western Oregon, Crater ike and Montana groups. The rarges 

of these four groups and. the localities from which sped- 

mens have been examined are shown on Map 2. It will be 

noted that the above names do not accurately describe the 

origin of the animals but are used only for purposes of 

identification. Leveral eharadteristics concerning the 

dorsal band. and general coloration were noted to vary in 

these groups. The following accounts consist of color de- 

scriptions of an animal representative for each group, 

accompanied by mention of variations and peculiarities for 

each of the four groups. All color data were taken from 

living anesthetized animals. The color terms used are 

those of Ridgway (29, pp. l-J44). Consistent color differ- 

ences of the internal orgaxs were not found between the 

groups considered. 

Eastern Oregon Group 

Color description of OSCÌ4i'i 3498, a female from near 

Anthony Lakes, Baker County, Oregon measuring 107 min. in 

total length and. 58 inni, in snout to vent length. Collected 
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by Denzel Ferguson. An animal similar to the one described 

and from the sanie locality is pictured on Plate 1. 

The dorsal stripe Is Orange Citrine to Medal Bronze 

at midbody and somewhat lighter on the tail. The ground 

color adjacent to the stripe i intermediate between I3lack- 

ish I3rovn 3 and Dull Purp1Ih Black. ¶ïhe band is wide End 

very distinct, although the edges show many shallow inclen- 

tations snd dight undulntions. On the head the stripe 
discontinues at a point just posterior to the eses, being 

represented between the eyes and on the snout by a dozen 

or so large conspicuous spots, with one present on each 

eyelid. The bnd extends from the point mentioned above 

almort to the tip of the tail with but a single in.terrup- 

tion one-half inch from the tip. On the tail several lob- 

ulations of the bend extend well down onto the sides. At 

midbody a conspicuous patch of ground color is isolated 
in the band. Superficial melanophores overlay the stripe 
pigment. Well defined spots of the stripe pigment occur 

on the dorsal surface of each limb. 

The guanophores (a term used here for irregular flecks 

of white pigment) are very distinct, appearing as small 

fluffs of cotton against the dark ground color when viewed 

under magnification. Guanophores occur ventral to a line 
extending through the external nares and pupil on the head 

and reach to a point within l-2 mm. of the band on the 

body. They are most abunnt ventrolaterally on the abdomen 
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Plate i 



and just anterior to the attachments of the forearms on 

the neck region. Guanophores occur, but are small, on 

the palms, ventral surface of the tail and in the region 

of the vent. They are sparse or lacking on the guiar fold 

arid upper surfaces of the limbs. Several distinct flecks 

of gold form a patch in the upper half of' the eye, which 

contrast with a warm brown or sepia iris. 

General: The band of Eastern Oregon animals is sharp- 

ly delimited from the surrounding ground color throughout. 

It is characteristically very wide with indentations or 

undulations along the edges, and often has large clearly 

defined patches of the ground color isolated in it. The 

stripe pigment varies from brilliant mustard yellow (my 

term) to tan, frequently displaying a metallic sheen. On 

the head. the band color is represented by large well de- 

fined, smooth-edged spots, which seldom have a diffuse ap- 

pearance. One such spot is generally present on each eye- 

lid. Occasionally1 conspicuous spots may be found isolated 

lateral to the band on the body and also are present on the 

lateral surfaces of the tail in most animals. Such spot- 

ting on the lateral surfaces of the tail is generally lack- 

ing in I4ontana and Crater Lake specimens, and only rarely 

present in. íJestern Oregon animals. Rather obvious patches 

of' band color are usually present on the limb surfaces, 

dorsally. 

The ground color is characteristically dark dorsally, 
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and only somewhat lighter below, due to a melanophore 

network. Guanophores are large and very conspicuous. 

The eye pigment is nearly always confined to the 

upper half' of the eye, being most dense in the peripheral 

portion. In a few adults I have examined, the pigment 

occurs in the ventral half also, but when present is usu- 

ally in isolated clumps rather thaxi evenly dispersed. 

Young animals have pigment granules throughout the eye. 

Certain specimens I have examined from the Palouse 

area of southeastern Washington do not conform to the 

band characteristics as described above, but more closely 

resemble the Western Oregon animal regarding the band. 

Their morphological characteristics, however, more closely 

approach those of the Eastern Oregon form. 

Crater Lake Group 

Color description of OSCNNH 3641k, a male measuring 

l24 mm. in total length and 66 mm. In snout to vent length. 

Collected september k, 1955 at Crater Lake, Crater Lake 

National Park, Kiamath County, Oregon by Denzel Ferguson. 

. representative of the Crater Lake group from the same 

locality as the animal described is pictured in Plate 2. 

The dorsal stripe at rnidbody is Sulphine Yellow, 

approaching Olive Lake on the tail. The ground color at 

rnidbody adjacent to the band is Blackish Brown 2. The 
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dorsal stripe is very narrow and much broken up into dis- 

tinct, isolated spots. Near the level of the forelegs 

the spots become Ernailer and more numerous and re repre- 

sented between the eyes, on the snout and eyelids by only 

minute, iistinct but very irregular flecks. On the tail 

the band breaks up about one inch from the tip and dis- 

continues 15 mm. from the tip. E3nd pigment is faintly 

represented on the dorsal limb surfaces when viewed under 

a binocular disectin scope. Guanophores are abundant 

ventrally except on the thu and guiar fold, being sparse 

in the palms. The dorsal and ventr.i limb surfaces are 

dotted with these white flecks as are the f1nger and. toes. 

Un the head, guanophores extend up onto the surfaces of 

the eyelids and thence posteriorly, ventral to a line l- 

min. lateral and. parallel to the dorsal midline. On the 

tail guanophores are sparse laterally, especially near the 

band. The guanophores of the belly are small, those of 

the sides frequently coalescing so as to appear larger. 

Superficial melanophore overlie the dorsal stripe pigment. 

Glandular areas are abundant on the tail (except ven- 

trally), lateral to the ;tripe on the body, and particu- 

larly on the sides of the head posterior to the eses. The 

latter region is conspicuously soilen. 

The upper half of the eye has a patch of reddish- 

silver flecks present above the pupil. 
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General: The band of' Crater LEke specimens is Con- 

picuously narrow and very frequently interrupted one or 

more times on the body between the bases of the front and 

hind limbs. The bnd edges may sometimes be parallel, 

but deep indentations are more often present in specimens 

in which the bend does not actually form a series of d.ef- 

iziite isolated spots. The band breaks down into sull but 

distinct spots at a point between the posterior margin of 

the head and a line connecting the eyes. On the snout the 

band color is represented by very small irregularly shaped, 

but distinct, flecks or dots. The band pigment is bright 

(Sulphine Yellow, Jniline Yellow, Lemon Chrome). 

A loose patch of gold to silvery colored flecks, hay- 

Ing a reddish tint due to superficial blood vessels, is 

present in the upper half of the eye over the pupil. This 

character has been ver,r constant in specimens exarniiied by 

me. In juvenile animals the pigment may be present in 

lesser quantities iii the lower half of' the eye as well. 

The undersides are usually sparsely pigmented with 

a light network of' rnelanophores and freauently appear 

translucent in life (with a pin.kish cast, or blue where 

internal organs show through) and a whitish grey in pre- 

servation. 

Animals examined by me from the Sierras In California 

tend to have a ulder band than those described above, 
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which nias' be interrupted, form1n a serles of' large trans- 

versely arrangeti smooth-edged spots. When not actually 

Interrupted, the band. rny have deep undultions which 

nearly break through as described by Russell and. Anderson 

(31, p. lO). Certain of the specimens I have studied 

from the west side of' Klarnath Lake in Oregon are nearly 

indistinguishable from the Sierran animals. Thus, al- 
though the Sierra macrodactylum differs somewhat from the 

"typical" Crater Lake form as described above, and also, 

i_n the stripe being more prominent as "spots" rather than 

t'cIots' on the head, they are probably more closely related 

to each other than to an other groups. I am inclined to 

view the variation as beii clinal in nture, with the two 

extremes located near Crater Lake in the Oregon Cascades 

and at the southern extremity of the species' range In the 

sierra Nevadas of California. This possibility needs con- 

uirmation, and it may turn out that the sierra form is a 

distinct race when it becomes better known. At the pre- 

sent, in view of the similarities that do exist and be- 

cause of the continuous distributional pattern of these 

two groups, it seems logical to place them together. 

Russell and Anderson bElve recognized. this in discussing 

the possible relationship of croceuni where they state 

(p. lLtO): "As far as can be determined from limited avail- 

able material, the affinities of the new race are with 
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southern Oregon, and possibly uith Sierra Ievada, popula- 

tions. As indicated above, certain Crater Lake examples 

show identical disruption of the dorsal pattern. In Sier- 

ran material there is a tendency toward. disruption also, 

in thit deep lateral indenthtion of the band is common, 

but actual transverse breaks in Its continuity re few. 

In intensity of the black hue of the dorsal around color, 

croceum is matched by live specimens from Cascade and 

Sierra localities in California, but individuals from the 

vicinity of Corvallis, Oregon, kindly supplied by Dr. E. 

M. Storm, exhibit a much paler ground color." 

L. in. croceum will not be described here but, as 

mentioned previously, differs from the Crater Lake group 

in color of the band (Iaw Sienna) and in having a more 

discontinuous bend than do some Crater Lake specimens. 

Montana Group 

Color description of OSCNNH 3580, a male measuring 

98 nun. in total length and 57 mm. in snout to vent length. 

Collected July 7, 1955 about il miles east of iisenhower 

Forks, Banif National Park, Ilberta, Canada by i)enzel 

Ferguson. The animal is shown in Plate 3, the picture 

having been taken after it had been preserved for nearly 

a year. 

The dorsal band is Aniline ellow at midbod.y becoming 
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darker ori the ridge of the tall. The ground color near 

the stripe at midbody Is between Aniline Black and black. 

Ihe dorsal stripe is narrow, starting at the mouth line 

and. extencting posteriorly to within 2 min. of the tail tip 

with but a single interruption on the tail. On the head 

the stripe expands immediately posterior to the eyes at 

which point a large patch of ground color is isolated 

within the band. The dorsal surface of each eyelid is 

covered iith a large well defined spot of the stripe pig- 

ment. The edges of the bAnd are nearly parallel and ab- 

ruptly separated from the surrounding ground color. On 

the body a dozen or so patches of band color re isolated 

lateral to the band proper, and many large distinct patches 

of the band color are present on the dorsal surfaces of' 

both fore and hind limbs. 

Guanophores are present on the sides of the snout and 

lateral surfaces of the body (up to the level of the dor- 

sai ed.ge of the eye), becoming more sparse laterally on 

the tall. Those guanophores on the lateral surfaces of' 

the body located rearest the bnd assume a tinge of the 

color of the band. Ventrally all nurfaces excepting the 

undersides of the tail are flecked with guanophores, which 

are somewhat larger than those of the sides of the body 

and are frequently clumped several to a patch to produce 

larger distinct flecks. This white flecking is even 
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present on the lips of the vent. Guanophores are absent 

on the dorsal surfaces of the limbs but are present in 

abundance ventrally, being rather sparse in the palms of 

the hands and feet. 

General: The band of Iontana specimens is charac- 

teristically narrow, parallel edged (lacking in uridula- 

tions) and very abruptly demarcated from the surrounding 

ground color. The ground color is often very conspicu- 

ously darkened adjacent to the stripe in preserved animals. 

The isolated patches mentioned in the above description 

are usual].y absent on the body but characteristically pre- 

sent on the eyelids. The characteristics of the band ex- 

tending to the mouth line or well onto the snout arid. ex- 

panding between or immediately posterior to the eyes is 

quite constant. The band is rarely interrupted on the body 

although I have seen two adult specimens from Glacier Na- 

tional Park in which the band ws broken into a series of 

irregular but well defined spots. 

The eye of adults contains reddish-silver to gold pig- 

ment granules (guanophores?) In the upper half, although 

these are occasiorlly absent. In juveniles the flecks 

may appear dull grey, interspersed with some that are red- 

dish-gold, and are dispersed rather evenly throughout both 

the upper and lower eye. 

The undersides are very dark in Montana animals due 

to a dense network of melanophores. 
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Specimens from Idaho nd VRlley counties, Idaho were 

at first considered most closely allied to the Eastern 

Oregon animals. J\fter I had an opportunity to examine 

enough Nontana material to be convinced that it differed, 

I was forced to reconsider and now would tentatively place 

them with the Jviontana form on basis of pattern or at least 

view them as intermediate between the two types, since 

they are morphologically similar to the Eastern Oregon 

group. 

Western Oregon Group 

Color description of OSCNi J985, a male measuring 

lO14.5 mm. in total length and 56.1 mm. snout to vent. Col- 

lected April 10, 1956 near Corvallis, 1enton County, Oregon 

by Denzel Ferguson. See Plate L 

The dorsn]. band is between Citrine and. Dark Citrine 

at midbody, changing to Dull Citririe on the tail. The 

ground color at niidbodj approaches Dark quaker Drab. The 

band. is very diffuse in appearance throughout. The dorsal 

pattern forms a gradual transition into the ground color 

along both edges rather than being sharply demarcated, so 

that it is difficult to determine exactly where one starts 

and. the other stops. A wash of the ground color is evi- 

dent throughout the band as the result of its diffuse 

nature. Anterior to the gular fold the stripe, as such, 
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Plate L 
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is absent, being represented by a very diffuse "wash" of 

band pigment, which consists of extremely irregular scat- 

tered. flecks. On the eyelids, the band color 1i also of 

this diffuse ì-iature. The edges of the band are formed by 

disperston of band pigment, similar to thst described for 

the head, which almost imperceptibly changes into a dense 

concentration of guanophores on the lateral surfaces of 

the body . These guaiiophores are extremely numerous , coa- 

lescirig 1n a manner to give the sides a solid. whitewashed 

appearance. This dense concentration of guanophores con- 

tinues from the level of the eyes ventrally to the level 

of a line connecting the fore and hind. limb bases, those 

below being more scattered as separate flecks and fewer 

in number. scattered guanophores appear on the gular re- 

gion, limb surfaces and lower halves of the lateral tail 

surfaces. The eye pigment consists of golden flecks, with 

a greenish or red tinge, located in the upper half of the 

eye (being most concentrated near the rim of the pupil) 

and scattered patches in the lower half as well. 

General: The Western Oregon form is characterized 

by the diffuse band (particularly along the edges, on the 

head, snout and eyelids) and the whitewashed appearance 

of the sides. Guanophores usually extend up to the tops 

of the dorsal ends of the costal grooves in this form and 

do not generally get that far dorsally in others. Also 
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distinctive, is the ground color as mentioned by Russell 

arid Anderson (31, p. i)+O) which appears light grey with 

tinges of brown in preservation. Bnnd color is frequently 

present on the upper limb surfaces, but not conspicuously 

so. These characteristics are constant enough to permit 

easy recognition of nearly 100 percent of the Willamette 

Valley animals when mixed with those from other regions. 

In some specimens from the Olympic Peninsula area of west- 

erri 1Jashington, the band may be somewhat more distinct, 
approaching the Eastern Oregon pattern. Confusion is not 

likely to result, however, if one is familiar with the more 

representative material or has such available for compari- 

son. 

In life the bnd of Western Oregon animals is much 

more drab in appearance (usually Dull Citrine or Dark Ci- 

trine) but may be considerably brighter in juveniles. In 

aquatic, breeding adults and many preserved specimens from 

the Willamette Valley, the band is apt to be so indistinct 
as to appear absent at a first glance. 

Pigment of the eye is most concentrated in the upper 

half over the pupil in adults but also occurs in lesser 
quantities in the lower half of most adults and all young. 

The ventral sides are moderately light, seldom as 

dark as in Eastern Oregon and Nontana animals. 
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I have examined a large number of' larvae, particularly 

from Western Oregon and Eastern Oregon, but a detailed 

study was not made of them. Consistent differences were 

not found, although there is some indication that lrvae 
from Eastern Oregon may have a somewhat darker coelom lin- 

Ing and perhaps more gill rakers. Further study is needed 

regarding these matters. 

Recently metamorphosed young from all areas are apt 

to exhibit bright stripes (Strontium Yellow, Wax Yellow, 

Oil Yellow, Amber Yellow, Olive Ochre, Deep Colonial Buff). 

Guariophores are less abundant in young and. the important 

characteristics of the banc! are not always obvious In re- 

cently metamorphosed inc!ividuals. In general, the young 

have been more difficult to allocate and In many cases, 

I was unable to do so. 

Sex 

In this study sex has been deterrnixied by examination 

of the vent or by examination of the gonads if in doubt. 

The sexual dimorphism involving the vent is particularly 

evident in breeding individuals but is also useful for 

correctly determining the sexes of all mature individuals. 

In breeding males the vent is extremely bulbous due to an 

enlargement of' the cloacal lips. In the female, it forms 

a much smaller cone-like jrotuberance. The vent of the 
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male Is more heavily pigmented. vith rnelanophores and has 

a much longer opening which is lined by protuberant flaps 

of tjsue having rows of papllae present on them. In 

females the vent is sparsely pigmented or lacking in pig- 

ment altogether, the slit is shorter, and the inside lin- 

ing of the vent is grooved or ridged in place of having 

papilae present. Dimorphism involving the vent is much 

more pronounced in Western Oregon animals than in those 

of Eastern Oregon and. Crater Lake but only slightly more 
so than in the Hontana form. 



STATISTICAL ANALYSES 

The animals used in the statistical an1yses consist 

of' the same four groups mentioned in the previous section, 

baseU ori geographic or1in and observed differences in col- 

oration arid color pattern. The object hs been to deter- 

mine if differences of a rnerjstic nature are correicted 

with geographic origin and the aforerne2ationed color differ- 

enees. In this mai-mer the degree of similarity and dif fer- 

ence between the four groups can be ascertained. For pur- 

poseE of analysis, animals from each area have been pooled 

to form four samples. Several measurements were selected 

to be tested. There being considerable variation in the 

size of the animals used. for this part of the study, al- 

though individuals measuring less than '8.5 mm. were not 

included, ratios were utilized in an attempt to reduce the 

amount of overlap. This method has been used successfully 

by Dunlap (10, pp. 31k-331) working with frogs. 

Ratlos were formed by dividing the larger number into 

the smaller In all cases except one. In this perticular 

case (percent of total length in tail/ total vomerine 

count) the two numbers vary as to which is the larger or 

smaller, but the vomerine count figure turned out to be 

most often the smaller of the two. 

The ratios used were fourteen in number as follows: 

head length! snout-vent; hecd length/ axilla-groin; head 

length/ percent of total length in tail; head length! 



length of right front leg; head. width/ axilla-groin; 

head. width/ snout-vent; head. 1dth/ head. length; band. width 

I head width; band width/ interorbital distance; inter- 

narial distance/ band vidth; interorbital distance/ axilla- 

groin; axilla-groin/ span of hind legs; length of right 

front leg/ axilla-groin; percent of total length in tail/ 

total vomerine count. In addition, the following five 

ratios, all involving the lens diameter ere tested only 

between the astern Oregon and Western Oregon groups: 

percent of total length in tail/ lens diameter; axilla- 

groin/ lens diameter; span of hind legs! lens diameter; 

snout-vent! lens diameter; lens diameter/ total length. 

Too few lens diameter measurements were available for 

Nontar and Crater Lake specimens since these areas were 

studied largely from material on loan from the collections 
of other universities. The lenses were not removed from 

such borrowed specimens. 

The type of' test used in this study is based on the 

completely randomized factorial design and. utilizes the 

analysis of' variance based onthe F distribution. Equal 

numbers of' the two sexes were used from each area but the 

number of animals for each area frequently differed. For 

every ratio three factors were tested, these being area, 

sex and sex x area (interaction). A mean square value 

was calculated for each of these factors, which when di- 

vided by the error mean square (pooled variance) resulted 



in an F value. The l significance level is utilized 

throughout the study. 

The critical region is determined by the number of' 

degrees of freedom, which ranges from 3 and Ll6 to 3 and 

128 degrees of freedom for area and sex x area and i and 

¿a6 to 1 and 128 degrees of freedom for sex, depending 

upon the number of animals used in the particular test. 

'lables are not available giving exact F values for such 

numbers of degrees freedom. However, the velues change 

only slightly between 120 arid infinity degrees freedom. 

In view of this fact, a value midway between that given 
for 120 and that for infinity degrees freedom was selected 

to establish the critical regions at F>3.85 for area and 

area x sex and F> 6.75 for sex. Since all of' the calcu- 

lated F values fall either well outside or inside of the 

critical region, no case is disputable, and further re- 

finement of the critical region is unnecessary. In the 

case of the five ratios involving lens diameter, testing 

only Eastern versus Westei Oregon, the critical region 

is F> 6.75 for all three factors. 

When an F value for area exceeds 3.85 and is, there- 

fore, significant, it indicates that the mean for the 

ratio being tested differs in two or more of the popula- 

tions from which the samples were drawn and that such a 

difference would only 'be indicated in 1 out of' 100 times 
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by chance. In this study, when the F value for area proves 

sigiiificant, the individual degree of freedom is used. to 

determine between which of the populations the indicated 

difference is to be found. Thus, further F values are 

obtained by testing Eastern Oregon versus Western Oregon1 

Eastern Oregon versus Montana, Eastern Oregon versus Crater 

Lake and. Western Oregon versus Crater Lake. These tests 

are also at the 1 significance level, with the critical 

region being P>6.75. 

A significant F value for sex indicates that sexual 

dimorphism is exhibited In the ratio being tested. A sig- 

nificant F value for interaction (sex x area) indicates 

that sexual dimorphism is not the same within one or more 

of the four groups tested. 

For each ratio two tables are presented. The first 

includes the following information. for specimens analyzed 

of each of the four types: 1) the mean (i); 2) the mean 

for each sex (,''); 3) the number of specimens used 

(N). The second. table consists of the results of the 

statistical analysis. All significant F values are so 
indicr ted. by an accompanying asterisk (*). 

Head length! snout-vent: 

A comparison of' the means reveals the conspicuous 

difference of longer heads in the Eastern Oregon and Crater 

Lake animals. The heads of Western Oregon animals are the 



shortest of the four ';hile the Montana 

ate between Eastern Oregon and Western 

to the measurement. Sexual dimorphism 

absent. The ratio appears best suited 

Eastern Oregon and Crater Lske animals 

em Oregon. 
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form is intermedi- 

Oregon in regard 

and interaction are 

for distinguishing 

from those of West- 

Eastern Western Crater 
Orepon Oregon Lake Montana 

.238 .219 .239 .227 

.238 .217 .238 .231 

.237 .221 .239 .223 

N 126 160 100 38 

Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

Area .O3J4330 3 .0114143 73.83* 

Eastern Oregon 
vs. .02i4319 1 .023l9 156.90* 

Western Oregon 

Eastern Oregon 
vs. .003328 1 .003328 21.Al7* 

Montana 

Eastern Oregon 
vs. .000055 1 .000055 .35 

Crater Lake 

Western Oregon 
vs. .023630 1 .023630 1S2.L4S* 

Crater Lake 

Sex .000035 1 .000035 .23 

Area x Sex .001176 3 .000392 2.53 

Error .06k680 1416 .000155 

Total .100221 1423 



Head length! axilla-prroin: 39 

Eastern Jestern Crater 
Oregon Oregon Lake Montana 

.LfOO .431 - 
.449 .391 .454 .429 
.459 .410 .472 .433 

N 120 158 100 38 

Source of Sum of Degrees Mean 
Variation Squares Freedom SQuare F 

Area .31281+7 3 .104282 86.90 

Eastern Oregon 
vs. .196835 1 .196835 164.03* 

Western Oregon 

Eastern Oregon 
vs. .015267 1 .015267 12.72* 

Montana 

Eastern Oregon 
vs. .004527 1 .004527 3.77 

Crater Lake 

Western Oregon 
vs. .241900 1 .241900 201.58* 

Crater Lake 

Sex .022200 1 .022200 1'.5O* 

Area x 3ex .002660 3 .O00E6 .74 

Error .489667 408 .001200 

Total .827574 415 

The larger heads of Eastern Oregon and Crater Lake 

animals is again shown, as opposed to relatively short 
heads in Montana and very short heads in Western Oregon 

specimens. There is also sorne indication that the axilla- 

groin distance averages slightly greater in Western Oregon 



¿iiimals as compared. to those from Eastern Oregon and Crater 

Lake. The ratio best separates Eastern Oregon and Crater 

Lake material from that of Western Oregon. Sexual dimor- 

phism is reflected in the shorter axilla-groin of males. 

Head 1enth/ percent of total length in tail: 

Eastern Western Crater 
Oregon Oregon Lake Montana 

.28k .22+5 .288 .249 

.298 .251 .299 .263 

.270 .239 .277 .235 

N 98 121+ 96 32 

Source of 
Variation 

Sum of 
Squares 

Degrees 
Freedom 

Mean 
Square F 

Area .139798 3 .046599 91.01* 

ìastern Oregon 
vs. .082603 1 .082603 161.33* 

Western Oregon 

Eastern Oregon 
vs. .029623 1 .029623 57.86* 

Montana 

Eastern Oregon 
vs. .000775 1 .000775 1.51 

Crater Lake 

Western Oregon 
vs. .099296 1 .099296 193.91+* 

Crater Lake 

Sex .035845 1 .035845 70.01* 

Area x Sex .003876 3 .001292 2.52 

Error .175282 342 .000512 

Total .354801 349 



A combination of longer heed and. shorter tail in re- 

lation to the body is exhibited in Eastern Oregon and. Cra- 

ter Lake material in contrast to shorter heads and gener- 

ally longer tails in Ivlontana ind Western Oregon animals. 

Sexual dimorphism results from a reiativel greater pro- 

portion of the total length of males being in the tail. 

Head lenth/ length of right front leg: 

Eastern Western Crater 
Oregon Oregon Lake i'Iontana 

.816 .801 .803 .780 

.8Li1 .855 .832 .823 

.791 7)47 .775 .737 

N 120 156 loo 38 

This ratio is useful only in separating Eastern Oregon 

and Montana specimens, the latter being characterized by a 

relatively shorter heed and longer forelirnbs, the former 

having a larger head and somewhat shorter forelegs. An 

extremely large F value for sex and differences in the 

means for the sexes shows the effect of the much longer 

legs in males as opposed to markedly shorter legs in fe- 

males. A possible explanation for this sexual difference 

would. be the usefulnes; of longer forelegs in males for 

clasping the female during amplexus. 

The significant F value for interaction is explained. 

upon examination of the means for the two sexes of the 

\Alestern Oregon and Montana groups. It is obvious that 



males arid females of these two forms are much more sexually 

dimorphic with respect to length of the forearms than are 

animals derived from the other two areas. 

Source of Sum of Degrees Mean 
Variation guares Freedom Square F 

Area .O1+O9A42 3 .Ol36LI7 L.86* 

kastern Oregon 
vs. .015532 1 .Oi'532 .5.53 

Western Oregon 

Eastern Oregon 
vs. .037635 1 .037635 l3»40* 

Montana 

Eastern Oregon 
vs. .008781 1 .008781 3.13 

Crater Lake 

Western Oregon 
vs. .01395k 1 .0139514 L,97 

Crater Lake 

Sex .617971 1 .617971 220.08* 

Area x Sex .066983 3 .022327 7.95* 

Error i.ikoki6 k06 .002808 

Total 1.866312 L13 

Head widthj axilla-groin: 

Animals from ali four regions differ significantly 

regarding this ratio, however, it is particularly useful 

in distinguishing between Western Oregon animals and. those 

of both Eastern Oregon and Crater Lake. The heads of Cra- 

ter Lake specimens are cuite conspicuously wider than are 

those of the Western Oregon form, whereas the heads of 
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Eastern Oregon animals are only moderately i':ider. A corn- 

biriation of wider heads and a shorter axilla-groin distance 

is evident in males, the females displaying a narrower head 

and longer axilla-groin distance as mentioned previously. 

Eastern Western Crater 
Oregon Oregon Lake Montana 

.345 .311+ .360 .329 

.336 .301+ .352 .315 
y .353 .325 .368 .343 

N 120 158 100 38 

Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

Area .11+1292 3 .01+7097 71.14 

Eastern Oregon 
vs. .061928 1 .061928 93.55* 

Western Oregon 

Enstern Oregon 
vs. .007128 1 .007128 10.77* 

Nontana 

Eastern Oregon 
vs. .012872 1 .012872 19.44* 

Crater Lake 

Western Oregon 
vs. .126707 1 .126707 191.40* 

Crater Lake 

Sex .038847 1 .038847 58.68* 

rea x ìex .001396 3 .000465 .70 

Error .270397 1+08 .000662 

Total .451932 1+15 



Head width! snout-vent: 

Eastern Uestern Crater 
Oregon Oregon Lake Montana 

.180 .172 .186 .173 

.177 .169 .185 .170 

.183 .176 .187 .177 

126 160 100 38 

source of Sum of' Degrees Mean 
Variation Squares Freedom uare F 

Area .012775 3 .001+258 50.09* 

Eastern Oregon 
vs. .00k370 J. .0OLl370 51.kl* 

Western Oregon 

Eastern Oregon 
vs. .001k59 1 .001459 17.16 

Montana 

Eastern Oregon 
vs. .00178k 1 .00178k 20.99* 

Crater Lake 

Western Oregon 
vs. .011200 1 .011200 131.76* 

Crater Lake 

Sex .003538 1 .003538 k1.62* 

Area x Sex .003750 3 .001250 14.71* 

Error .035485 416 .000085 

Total .055548 423 

The existence of a markedly wider head in Crater Lake 

specimens and a moderately wide head in Estern Oregon 

specimens is confirmed and contrasted to a moderately nar- 

row head in Montana, and a very narrow head in Western 

Oregon anin1s. The wider head, and possibly a somewhat 
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shorter snout-vent distance, differentiates the males from 

the females. The fact that sexual dimorphism is much more 

pronounced in animals from Western Oregon and. Montana, only 

moderately evident in Eastern Oregon forms and nearly ab- 

sent in the Crater Lake form, is apparently respons ibie for 

the highly si6nificant F value for interaction. 

Head width! head length: 

Eastern Western Crater 
Oregon Oregon Lake Nontana 

.760 .788 .779 .765 

.7411 .779 .776 .738 

.775 .797 .783 .793 

N 126 160 100 38 

This ratio was one which Mittleman claimed to be use- 

fui in separating the two races as proposed by hirn. The 

small F values obtained here would, however, cast some 

doubt as to its effective usefulness. Nevertheless, it 

does demonstrate significant differences between Eastern 

and Western Oregon specimens and between Eastern Oregon 

and Crater Lake specimens, ail of which would be lumped 

as a single subspecies (. . rnacrodactylum) according to 

his separaUon. yet, his /. rn. krausei, represented by 

the Nontana group in this analysis, was not found to differ 

significantly from Eastern Oregon animals (A. rn. macro- 

dactylum, sensu Mittlenian) in respect to this ratio, as 

was his contention. 
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The wider heads of males is reflected in a signifi- 

cant F value for sex. 

Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

Prea .061528 3 .020509 7.3'+* 

Eastern Oregon 
vs. .056393 1 .056393 20.17* 

Western Oregon 

Eastern Oregon 
vs. .000963 1 .000963 

Montana 

Eastern Oregon 
vs. .0211+09 1 .0211+09 7.66* 

Crater Lake 

Western Oregon 
vs. .001+615 1 .001+615 1.65 

Crater Lake 

Sex .055822 1 .055822 19.97* 

Área x ex .013872 3 .006290 2.25 

Error 1.163398 1+16 .002796 

Total 1.299620 ¿+23 

Band widthj head. width: 

A distinctly narrower band and the previously noted 

relatively wider head places Crater Lake specimens in sharp 

contrast to the Western Oregon (narrow heads and. moderately 

wide band) and Eastern Oregon pecimeiis (widest band of the 

four, accompanied by a moderately dde head). The band 

width measurement is particularly applicable to separating 



a.stern Western Crater 
Oregon Oregon Lake Montana 

.L96 L79 .289 .1+05 

.509 .477 .298 

.483 .482 .281 .405 

N 118 76 914' 36 

Source of thim of Degrees Mean 
Variation Squares Freedom Square F 

Area 2.56191+1 3 .853980 95.534; 

Eastern Oregon 
vs. .012896 1 .012898 1.44 

Western Oregon 

Eastern Oregon 
vs. .229510 1 .229510 25.68* 

Nontana 

Eastern Oregon 
vs. 2.235715 1 2.235715 25O.11 

Crater Lake 

Western Oregon 
vs. 1.517335 1 1.517335 169.714* 

Crater Lake 

Sex .013663 1 .013663 1.53 

Jrea X Sex .012751+ 3 .001+251 .48 

Error 2.824772 316 .008939 

Total 5.413130 323 

iastern Oregon and Crater Lake fonns and only somewhat less 

useful in distinguishing between animals derived from West- 

em Oregon and Crater Lake, as shown here and in the fol- 

lowing two ratios 1nvo1v1ng bnd width. The band width of 

Montana specimens is significantly narrower than that of 
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Eastern Oregon material. 

Band. vTidth/ interorbital distance: 

Eastern Western Crater 
Oregon Oregon Lake Montar'a 

.795 .754 .1+60 .662 

.815 .755 .478 .698 

Ó"oY .771+ .751+ .1+41 .627 

N 118 76 92 36 

Source of um of Degrees Mean 
Variation Squares Freedom Square F 

Area 6.441250 3 2.147083 97.93* 

Eastern Oregon 
vs. .074753 1 .071+753 3.1+]. 

Western Oregon 

Eastern Oregon 
vs. .1+82055 1 .1+82055 21.99* 

Montana 

Eastern Oregon 
vs. 5.801995 1 5.801995 264.63* 

Crater Lake 

Western Oregon 
vs. 3.617081 1 3.617081 164.98* 

Crater Lake 

Sex .093670 1 .093670 4.27 

Area x Sex .034286 3 .011428 .52 

Error 6.884528 314 .021925 

Total 13.453734 321 

All F values are similar and of the same relative 
magnitude as those obtained for the preceding ratio of 
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band. wid.th/ head. width, the present one being perhaps less 

useful in differentiating Eastern Oregon and Montana spec- 

imens. 

Internarial distance! band width: 

Eastern Jestern Crater 
Oregon Oregon Lake Montana 

.755 .776 l.JL5 .915 

.73J4 .766 1.312 .877 

.775 .785 1.378 .953 

N 118 76 92 36 

Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

Area 21.212013 3 7.070671 120.61* 

Eastern Oregon 
vs. .020202 1 .020202 .34 

Western Oregon 

Eastern Oregon 
vs. .708339 1 .708339 12.08* 

Montana 

Esstern Oregon 
vs. 18.019490 1 18.019490 307.37* 

Crater Lake 

Western Oregon 
vs. 13.497918 1 13.497913 230.25* 

Crater Lake 

Sex .177777 1 .177777 3.03 

Area x Sex .033144 3 .011048 .19 

Error 18.408195 314 .058624 

Total 39.831129 321 
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The strikingly large F values obtained in comparing 

Eastern arid Western Oregon animals with those from Crater 

Lake is indicative of the important taxonomic value of' 

this ratio in distinguishing these groups. It well d.e- 

monstrates the existence of a very narrow band and large 

internarial distance in the Crater Lake animals. Again, 

the narrow band in the Montana form is apparent. 

Interorbital distance/ axilla-groin: 

Eastern Western Crater 
Oregon Oregon Lake Montana 

.216 .195 .229 .212 

.211 .189 .223 .204 

.221 .202 .236 .220 

N 120 158 100 38 

The large F values obtained and comparison of' the 

means of Western Oregon versus Crater Lake reveal the util- 

ity of these characters in separating the two forms. The 

interorbital distance is greatest in the Crater Lake form 

decreasing through Eastern Oregon, ilontana and western 

Oregon groups, in that order. The relatively wider head 

and shorter axilla-groin distance of the males accounts 

for the indicated sexual dimorphism. It should be noted 

that significant F values were obtained only in those tests 

comparing groups that were placed together in the sub- 

species A. . macrodactylum by Mittleman. 



51 

Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

irea .073857 3 .0214619 82.3 

Eastern Oregon 
vs. .028031 1 .028031 93.75* 

Western Oregon 

Eastern Oregon 
vs. .000317 1 .000317 1.06 

Montana 

Eastern Oregon 
vs. .009818 1 .009818 32.8k* 

Crater Lake 

estern Oregon 
vs. .069508 1 .069508 232.1+7* 

Crater Lake 

Sex .016150 1 .016150 51+.01* 

i-rea x Jex .000311+ 3 .000101+ .35 

Error .122228 1+08 .000299 

Total .21251+9 1+15 

?xllla-groin/ span of hind legs: 

The span of hind legs is greater on the average in 

Eastern Oregon animals becoming smaller in the Crater Lake, 

Ilontana and testern Oregon groups. All calculated F values 

are significant but those for Easterii Oregon versus Western 

Oregon and Western Oregon versus Crater Lake appear most 

effective in making geographic separations. Conspicuously 

longer hind legs and shorter axilia-groin distances are 

evinced in niales as opposed to short hind limbs and greater 

axilla-groin distances in females. 
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Interaction results from the Western Oregon and. Mon- 

tana forms being greatly more sexually climorphic regarding 

the ratio than are the other two groups. 

Eastern Western Crater 
Oregon Oregon Lake Montana 

.674 .760 .655 .7O+ 
.692 .814 .684 .75j 
.656 .706 .626 .655 

N 118 156 98 38 

Source of 
Variation 

Suni of' 

Squares 
Degrees 
Freedom 

'iean 

Square F 

Area .826349 3 .275449 105.25* 

Eastern Oregon 
vs. .494625 1 .494625 189.00* 

Western Oregon 

Eastern Oregon 
vs. .()25410 1 .025410 9.71* 

Montana 

Eastern Oregon 
vs. .019220 1 .019220 7.34* 

Crater Lake 

Western Oregon 
vs. .660346 1 .660346 252.33* 

Crater Lake 

Sex .568118 1 .568118 217.09* 

Area x Sex .098046 3 .032682 12.49* 

Error 1.052088 402 .002617 

Total 2.544601 409 

Length of right front leg/ axilla-groin: 
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iastern Western Crater 
Oregon Oregon Lake Montana 

.559 .503 .578 .55]. 

.538 Lj58 .5L7 .511 

.581 .5Li9 .609 .591 

N 118 156 100 38 

Source of Sum of Degrees Mean 
Variation squares Freedom Square F 

Area .4002+90 3 .133196 77.03* 

Eastern Oregon 
vs. .210696 1 .210696 121.58* 

Western Oregon 

Eastern Oregon 
vs. .001839 1 .001839 1.06 

Montana 

Eastern Oregon 
vs. .018567 1 .018567 10.71* 

Crater Lake 

Western Oregon 
vs. .338391 1 .338391 195.26* 

Crater Lake 

Sex .502042 1 .502042 289.70* 

Area x Sex .041333 3 .013777 7.95* 

Error .700505 404 .001733 

Total 1.644370 411 

The results of the tests substantiate the fact that 

the right front leg (and presumably also the left) is much 

shorter in the Western Oregon animal than in the other 

three. This ws previouslj demonstrated in the tests of 

head length/ length of right front leg, the F values being 
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smaller in those tests due to both the head length and 

front leg measurements being small in Western Oregon ani- 

mais and. both measurements being reistively large in the 

other groups. 

Again, shorter forelegs and a greater axilia-groin 

distance very effectively differentiate females from the 

males. Significant interaction stems from the more pro- 

nounced sexual differences in Western Oregon animals, the 

difference becoming decreasingly obvious in the other three 

groups as follows: Montana, Crater Lake and Eastern Oregon. 

Percent of totel length in. tail! total vornerine count: 

Eastern Western Crater 
Oregon Oregon Lake Montana 

1.266 1.712 1.172 1.615 
1.212 1.595 l.lL7 l.L8+ 
1.321 1.829 1.196 l.7Li6 

N 96 l2 96 32 

The highest total vomerine counts are to be found 

among the Crater Lake and Eastern Oregon animals. est- 

em Oregon animals, on the average, exhibit the lowest 

counts with Montana counts generally fslling between these 

and the Eastern Oregon counts. The larger tail, relative 

to total length, in Western Oregon and Montana forms, pre- 

viously mentioned, is also apparent here. Mittleman found 

sexual dimorphism to be absent in samples tested by him 

with respect to combined vornerine count and none seems 
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Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

Area 19.963160 3 6.654386 50.41* 

Eastern Oregon 
vs. 10.764393 1 10.764393 81.55* 

western Oregon 

Eastern Oregon 
vs. 2.922910 1 2.922910 22.14 

Montana 

.La stern Oregon 
vs. .430491 

Crater Lake 

Western Oregon 
vs. 29.259145 

Crater Lake 

Sex 1.998968 

Area x Sex .601768 

Error 44.881694 

Total 67.445590 

1 .430491 3.26 

1 29.259145 221.65* 

1 1.998968 15.14* 

3 .200589 1.52 

340 .132004 

347 

evident in the above samples, the significant sexual dif- 

ferexices apparently being due to the relatively longer 

tails in males as alluded to in connection with an earlier 

use of the measurement. 

The striking differences between Western Oregon ani- 

mais (among which obviously muet be included }3aird' s type) 

and those from both Eastern Oregon and Crater Lake makes 

it clear beyond reasonable doubt that the latter two should 

not proper1 be lumped with the former, not even on the 

basis of vomerine counts as proposed by Nittleruian. These 

data emphasize the fal1ac in considering samples, largely 
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derived from the vicinity of Crater Lake, as being repre- 

sentative for ail of Oregon. 

Percent of total length in tail/ lens diameter: 

y- 
odY 

Eastern Western 
Oregon Oregon 

.538 

.5lL 
.677 
.658 

.561 .695 

Source of Sum of Degrees Mean 
Variation Squares Freedom Square F 

Prea .56148O+ 1 .5648O+ 257.78* 

Sex .053521 1 .053521 24.4f3* 

¡rea x Sex .000679 1 .000679 .31 

Error .2805k2 128 .002191 

Total .899546 131 

The conspicuously 1rge F value obtained is due to 

a much larger lens in . macrodîctyluin from eastern Oregon 

than in those from western Oregon. These results are par- 

ticularly impressive in view of the relatively small sain- 

pies utilized in the tests. The difference in tail 1enth 

(longer in western Oregon, shorter in eastern Oregon) con- 

tributes effectively to decreasing the amount of overlap. 

The indicated sexual difference is the consequence of 

longer tails and larger lenses in maies. The greater lens 

diameter of males is apparently corre1ted with the wider 



head so characteristic of that sex, a condition that is 

to be expected if the lens maintains a size proportional 

to thnt of the head. 

Axilla-groin/ lens diameter: 

Eastern Western 
Oregon Oregon 

.338 

.3'+6 

.331 

N ll4 

Source of 
Variation 

um of 
Squares 

Degrees 
Freedom 

Mean 
Square F 

Area .173)+05 1 .l7314O5 251.31* 

Sex .018291 1 .018291 26.51* 

Area x Sex .000621 1 .000621 .90 

Error .106265 15Li .000690 

Total .298582 157 

Larger lenses coupled with perhaps a slightly shorter 

axilla-groin distance contrast Eastern. Oregon animals with 

those of iestern Oregon, the latter having smaller lenses 

and probably a somewhat larger axilla-groin distance. 

Larger lens diameter distinguishes males from females. 

Snout-vent! lens diameter: 

The significant difference of larger lenses in Eastern 



Oregon animals and. males is again illustrated. 

Eastern Western 
Oregon Oregon 

.655 .750 
Ç .66k .760 

.6k6 .7Ll 

N ilk 

Source of Sum of' Degrees Neaxì 
Variation Squares Freedom Square F 

Area .287670 1 .287670 157.37* 

Sex .013912 1 .013912 7.61* 

Area x Sex .000130 1 .000130 .07 

Error .281638 15k .001828 

Total .583350 157 

Lens diameter! total leri,gt1: 

Eastern Western 
Oregon Oregon 

.785 .65k 

.791 .673 

.779 .635 

N 88 

This ratio further substantiates the existence of 

larger lenses in the Eastern Oregon form as compared to 

that of Western Oregon. The larger lens of males is again 

responsible for a significant F value for $ex. 
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Source of 
Variation 

Sum of 
Squares 

De rees 
Freedom 

Mean 
Square F 

Area .501818 1 .501818 142.20* 

Sex .027869 1 .027869 7.90* 

Area x Sex .004854 1 .00485k 1.38 

Error .451772 128 .003529 

Total .986313 131 

Span of hind, legs! lens diameter: 

Eastern Western 
Oregon Oregon 

.511 .538 

.503 .514 

.519 .562 

N 44 112 

Source of 
Variation 

Sum of 
Squares 

Degrees 
Freedom 

Mean 
Square F 

area .023316 1 .023316 20.28* 

Sex .060770 1 .060770 52.84* 

Area x Sex .007992 1 .007992 6.95* 

Error .174834 152 .001150 

Total .266912 155 

The combination of longer hind legs and larger lenses 

in Eastern Oregon and shorter hind legs coupled with 

smaller lenses in the estern Oregon form is confirmed. 

The relatively small F value obtained for area is a 
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consequence of failure of the ratio to reduce overlap 

since both measurements for the Eastern Oregon animal 

vere large and both in the case of the Western Oregon 

animal were small. The legs being greatly longer in 

males than in females accounts for the sexual dimorphism. 

Interaction results from a more manifest difference be- 

tween the sexes in the Western Oregon group. 

Statistical Summary and Conclusions 

Area: The specific differences between groups will 

not be repeated here. Instead, the following table sum- 

marizes the generai results of the sttistical analyses 

for area, for which l4 ratios were tested and found to 

differ significantly. The five rrtios wherein only East- 

em Oregon and Western Oregon animais were compared on the 

bssis of lens diameter are omitted in order to facilitate 

comparison. All five were significant. 

Source of Variation Differences Similarities Number 
(Significant (Non-signifi- Possi- 
F values) cant F values) ble 

E. Oregon vs. W. Oregon 10 4 1k 

E. Oregon vs. Montana li 3 1k 

E. Oregon vs. C. Lake 9 5 1k 

W. Oregon vs. C. Lake 12 2 1k 

One would conclude from inspecting the above findings 
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that the Eastern Oregon group Is most closely allied to 

the WeFtern Oregon and Crater Lake groups and most dis- 
tantly allied to the Montana group. If, however, the re- 

lative magnitude of the means for each of the 114 ratios 
is examined and comparisons made between the four areas, 

a somewhat different picture is to be had, if it i 

sumed that adjacent means Indicate similarity. This has 

been done below with the largest mean always appearing at 
the left and the smallest on the right. 

Head length/ snout-vent CL EO M WO 

Head length! axilla-groin CL EX) N WO 

Head length/ of total length in tail CL EU M WO 

Head length/ length of right front leg EO CL WO M 

Head width/ axilla-groin CL EQ M WO 

Head width/ snout-vent CL EO M WO 

Head width/ head length WO CL M EQ 

Band width/ head width EQ WO M CL 

Band width/ interorbital distance EQ WO M CL 

Internrial distance! band width CL M WO ] 

Interorbital distance! axilla-groin CL EQ M WO 

Axilla-groin/ span of hind legs WO M EO CL 

Length of right front leg! axilla-groin CL EQ M WO 

of total length in tail! vomerine count CL EO M WO 

In the above arrangement the Eastern Oregon means fall 
adjacent to those of Crater Lake 10 times, adjacent to the 
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Montana means 10 times and adjacent to the means of West- 

em Oregon only 3 times. Strangely enough, the Montana 

means fall adjacent to the Western Oregon means 13 times. 

It would appear on this basis that the Montana form most 

nearly resembles that in Western Oregon, from which it is 

separated by a distance of several hundred miles of inter- 

vening territory, all of which is occupied by the Lastern 

Oregon form. Yet, Westeriì Oregon falls adjacent to East- 

ern Oregon on only three occasions while the Montana form 

does so 10 times. It can therefore be observed that the 

Montana form is generally intermediate between those from 

Western Oregon and Easternì Oregon (in 9 out of the 14 

cases). 

On the basis of these data, geographic distribution 

and color differences, I am of the opinion that the general 

similarity between Montana and Western Oregon animals is 

a case of convergent evolution, rather than one indicating 

close genetic relationship. 

Sex: Sexual dimorphism has been demonstrated in 10 

of the ratios tested and is apparently due to the follow- 

ing measurements in all cases: 

Axilla-gro in 
g total length in tail 
Length of right front leg 
Head width 
Interorbital distance 
Span of hind legs 
Lens diameter* 

Females > Males 
Males > Females 
Males ; Females 
Males > Females 
Males Females 
Males > Females 
Males > Females 

*Measured and tested only in E. Oregon and W. Oregon forms. 



Interaction: Interaction proved significant for five 

ratios, all of which seem explainable on the basis of a 

more pronounced sexual dimorphism in Western Oregon and 

Montana groups as compared to those from Eastern Oregon 

and Crater Lake. In general, Western Oregon animals are 

the most sexually dimorphic, followed by those from Mon- 

tana, then Crater Lake, with the Eastern Oregon form being 

least dThorphic. It will be recalled that a somewhat sim- 

llar situation was found with respect to dimorphism of the 

vent. 



LIFE HISTORY DATA 6k 

Breed Ing 

A. macrodactylum goes to the breeding ponds at various 

times of the year in different parts of the range, the time 

apparently depending largely upon climate. In the Willa- 

mette Valley the males begin arriving at the ponds in late 

October or early Jovember, the females arriving shortly 

thereafter. The actual movement seems to coincide with the 

onset of the fall rains. The breeding season in this area 

is greatly prolonged, arid the animals may remain in. the 

pond or nearby vicinity until around the middle of April 

after which they disperse. Such a dispersal was noted at 

a small pond about six east Corvallis on April 

1k, 1955. Previous to this date, adults could be found 

only under boards, leaves and other objects at the water's 

edge. However, at this time rione were found at the edge 

of the water but thirty-three were collected from under 

logs and boards located at distances from 15 feet to 100 

yards from the water. The day was warm and balmy (16.8° 

C. at 3:30 p.m.) following a week of quite heavy rains. 

In contrast to the breeding pattern west of' the Cas- 

cades where macrodactylum is apparently active all winter 

long, excepting for cold spells of brief duration, the 

animal must have a definite period of hibernation in areas 

east of' the Cascades. In this region where the winter 

temperatures are very low and accompanied by a heavy 
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snowfall, the adults arrive at the ponds much later. 

Ferguson (16, p. 150) reports gravid females and eggs 

being collected on April 6, l95L. The actual migration 

to the ponds is probably triggered, by the melting of the 

snow accompanied by warming weather. 

On Vancouver Island near Langford Station, 8 miles 

northwest of Victoria, Carl (6, p. 56) reports finding 

freshly spawned eggs on March 9, 1941. Fitch (19, p. 636) 

reports freshly spawned eggs in mid-February and mid-March 

in the Rogue River Basin in Oregon. Bishop (3, p. 1143) 

collected eggs and. adults in ice bordered ponds at Reflec- 

tion Lakes on the slopes of Mt. Rainier on June 25, 1936. 

Kezer and Farner (23, p. 130) believed the eggs to be de- 

posited iii the vicinity of Crater Lake in May, June and 

July, depending upon the location and type of pond. Hatch- 

ing eggs were reported at Moliman Lake (elevation 7130 

feet) in the Mission Mountains of Montana on August 3, 

1950 by Brunzon and Demaree (5, pp. 306-306). 

The total number of breeding individuals using a par- 

ticular pond was found to be quite large by Storm and 

Pimentel (40, p. 163) who carried on marking and trapping 

studies near Corvallis. These workers report as many as 

39k individuals using a pond of one-seventh acre extent. 

The number of eggs lEid. by a female is quite variable. 

Slater (35, p. 235) records t;aking 114 mature eggs from 
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female measuring 127 mm. in total length. Below are 

listed the number of mature eggs found in the present study 

for animals from several localities in various parts of the 

range. The date of' collection also indicates in a general 

way the breeding season for the particular area. 

Total Snout- No. Ilature Date 
Locality Length Vent Eggs Collected 

Corvallis, Benton 
County, Oregon 133.0 68.0 199 1/1/514 

Near Corvallis, 
Linri County, Oregon 97.7 55.0 219 11/19/55 

Near Corvallis, 
Liim County, Oregon 107.3 60.7 208 11/19/55 

I'ear Corvallis, 
Li:rin County, Oregon 57.6 179 11/19/55 

Near Corvallis, 
Linn County, Oregon 104.5 58.0 130 11/19/55 

Near Corvallis, 
Linn County, Oregon 102.2 S4.7 158 1/16/55 

Near Keno, Kiarnath 
County, Oregon 132.0 70.5 3L5 

Near Medford, Jack- 
son County, Oregon 105.6 58.6 198 3/20/55 

La Grande, Union 
County, Oregon 98.0 52.7 85 

La Grande, Union 
County, Oregon 71.0 87 

Moscow, Latah 
County, Idaho 119.7 61.9 1k5 L/13/5LI. 

The eggs may be found singly but ere more frequently 

in small bunches and attached to the stem of some aquatic 
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plant, a rock or similar object. Females collected during 

the breeding season may deposit masses of eggs on the 

paper toweling when kept in the laboratory in large glass 

containers. The following counts of eggs per mass were 

made from egg masses deposited in this manner and, there- 

fore, may not represent the conditions to be expected in 

nature. The adult females were collected from the vicinity 

of Corvallis in Linn County, Oregon: 

No. Eggs/ I'1ass 

.5678910111213 1Ll5 1617181920212223 2L 25 
Frequency 
21112 2 0 1 2 1 3 0 0 1 2 1 1 0 0 0 1 

Slater (35, p. 235) has described the ovum as 2.5 mm. 

in cilarneter, black at the animal pole with the lower 2/5 

at the vegetal pole being grey; two jelly envelopes are 

present with the line of demarcation between them being 

indistinct; inner envelope 6-7 mm. in diameter, outer 12-17 

depending upon the age of the egg. 

Larval Development 

Kezer and Fanner (23, pp. 127-131) have demonstrated 

a considerable variation in the life history pattern of 

L. macroclactylurn in the vicinity of Crater Lake. These 

investigators found three rather clearly defined life his- 

tory patterns: 1) One season larval period, where the eggs 

are deposited In the spring, and the larvae transform in 
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late August or early beptember. This appears to be the 

"normal" course of events. 2) Two season (or more) larval 

period wherein the larvae do not metamorphose the first 
year but over-winter and do so the following year, forming 

large (70-90 mm.) larvae at the time of transformation. 

3) Facultative one season larval period wherein the larvae 

are forced to metamorphose by the drying of a semipermanent 

pond. These larvae form very tiny transformed individuals. 

Similar patterns are probably found throughout the 

ranges of the four groups of animals, the type of pond and. 

elevation determining the one present in a given area, with 

seasonal variations determined by macroclimate. I do not, 

however, believe that animals of the Western Oregon group 

ever have a two year larval period. Young from Kootenai 

Crossing, British Columbia examined b me fall into two 

definite size classes and. would. appear to represent some 

animals of the two year larval type (large, gill scars pre- 

sent, only a faint band, with a line or seam present down 
the dorsal midline representing the vestiges of the tail 

fin) and some which had managed to metamorphose the first 

year (small, with adult patternand no gill scars evident). 

Recently metamorphosed young from several localities in 

Deschutes County, Oregon also appear to belong to the two 

year larval class. Stebbins (38, p. 39) mentions larvae 

of two distinct size classes being reported by H. J. Snook 

in Alpine County, California. 



Dr. Royal Bruce Brunson of Montana State University 

(personal communication) has called to my attention the 

very small size of newly metamorphosed young in wstern 

Montana, where the facultative life history pattern is 

probabi common. The smallest metamorphosed animal I have 

examined has been from this area. 

Habitat 

E.cologically and. geographically, Ambystoma macrodac- 

tylum is one of the most adaptable and variable amphibians 

in the Northwest, and without a doubt, surpasses all other 

northwestern salamanders in these respects. Confirmation 

of this fact is to be had merely by inspection of the ani- 

mal's range, which includes sagebrush semi-desert and all 

the intermediate vegetation types up to alpine meadows. 

In the Willamette Valley macrodactylum oc:urs in bot- 

tom lanci situations and oak woodlands along the valley 

edges, uhere it breeds in permanent and. semi-permanent 

ponds. The animal is easily found near such ponds during 

the breeding season but is exceedingly difficult to locate 

at other times. It seenis likely that it leads a subterra- 

nean existence during the dry season, probably residing 

in rodent burrows and other underground excavations The 

animal does not appear to occur in the coastal type forests 

surrounding the valley. In this connection, it has 
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repeatedly been depicted as occurring along the coast In 

Oregon; see range maps In tebbIns (38, p. 493) and. Bishop 

(3, p. 114.0). Only two records are available for coastal 

areas, one on the Rogue River and Baird's type locality 

at Astoria, both of which are located near rivers drain- 

ing sreas in which the animal is definitely known to occur. 

That they have not been found elsewhere on the coast, in 

spite of diligent search by herpetologists at Oregon State 

College and the University of Oregon, leads me to doubt 

their presence there. 

The Eastern Oregon form is probably the most plastic 

of the four groups ith respect to habitat. It has been 

recorded from 7,800 feet in the Wallowa Mountains of north- 

eastern Oregon by Ferguson (15, p. 67) in the Hudsonian 

Life Zone where the vegetation consists of stunted willows 

(Salix 2'), Limber Pine (Pinus flexilis), and various 

grasses and sedges. Less than LQ miles from this locality, 

the animals have been found occupying an abandoned mine 

shaft at a place about 9 miles south of Robinette in the 

Snake River Canyon of Baker County, Oregon, by Ferguson, 

Payne and Storm (18). This locality is Upper Sonoran Life 

Zone (elevation roughly 1,800 feet), the vegetation being 

primarily a sparse cover of sagebrush (rtemisia triden- 

tata) and cheat grass (Bromus tectorum) with a few scat- 

tered hackberry trees (Celtis douglasil). Ferguson (1k, 

pp. 28-33) has reported the adults being difficult to 
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locate during the summer but larvae in abundance in springs 

and. ponds throughout the yellow pine forested areas of 

Wallowa County. 

Fitch (19, p. 635) found the Crater Lake form to occur 

irrespective of life zone from Crater Lake down to less 

than 2,000 feet in the Rogue River Valley. This fact has 

been substantiated in the present study, animals having 

been taken six miles north of Medford (elevation 1,150 

feet) and. at Crater Lake (elevation 6,170 feet). Fitch 

believed the adults to be subterranean in habit during the 

dry seasons in the Rogue River Valley. However, at Crater 

Lake Farner and Kezer (13, pp. L8-1462) found that the 

adults could be obtained throughout the summer along the 

edge of the lake. Stebbins (38, pp. 38-39) reports the 

animal at elevations of 6,820 feet and 7,000 feet in the 

Sierra Nevadas of Alpine County, California. 

The Montana form apparently occupies a wide variety 

of habitats and elevations. Brunson and Demaree (5, pp. 

306-308) have reported it from the Mission Mountains at 

elevations to 5,500 feet, and. I have examined specimens 

from the Bitteroot Valley near Missoula. I collected the 

animals in what was, in my experience, an unusual habitat 

near John's Lake, Glacier N&tionl Park, Montana (elevation 

around 3,500 feet). In working completely around the lake, 

all likely looking logs, sticks and other objects were 

turned and a thorough search made for salamanders, with 
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oi-i3y a single recently metamorphosed animal being found. 

Just before givii up, and more as a gesture of disgust 

than anything else, I tore apart a fallen log and to my 

surprise discovered a salamander inside. Continued search 

revealed five other animals in rotting hemlock (Tsuga 

heterophylla) logs, most of which were located at distances 

of 7.5 feet to 100 yards from the water. The lake is sur- 

rounded by a rather dense forest of spruce (Picea engel- 

marmi) , hemlock and. western red cedar (Thuja plicata) with 

scattered maples (cer .) being present nd much resem- 

bled the type of forest to be found in parts of western 

Oregon. The niche was very similar to that occupied by 

the salamander Aneides ferreus in western Oregon, where 

it frequently occurs abundantly in rotting douglas fir logs 

(Pseudotsuga menziesli). 

Russell and Anderson (dl, pp. 139-1kO) have described 

the habitht of croceum in great detail, so it will not be 

mentioned here. 

Although detailed investigations were not made of the 

physiology of ivacrodactylum in this study some observa- 

tions pertaining to moisture relationships seem noteworthy. 

It Was observed tht when animals of the Eastern 

Oregon (La Grande, Union County), Crater Lake (Nedlord, 

Jackson County) and Western Oregon (Corvallis, Benton 

County) types were placed in finger bowls with moist towel- 

ing in the bottoms, the Corvallis animals frequently took 
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refuge beneath the toweling, the others seemingly content 

to remain exposed. This ws interpreted as being due to 

a lesser ability in the Western Oregon animal to cope with 

drying. In order to test this hypothesis, animals (two 

macrodactylum from La Grandetwo from Corvallis, two Ensa- 

ti):ìEt eschscholtzi and two Aneides ferreus) were placed in 

small cages. The;e were placed on a screen platform in 

the bottom of c large aquarium over a layer of' a dehydrat- 

Ing agent (calcium chloride) approximately one inch in 

depth. large pane of glass, sealed with vaseline alorg 

the contacts with the edges of the aquarium, was used as 

a cover. The temperature was that of the room (l0 C.) 

but was observed to rise 3.50 C. within the aquarium during 

the four hours the experiment was in progress, probably 

due to chemically produced heat. All excess water was 

removed from the animals by blotting, and they were weighed 

at the beginning of the experiment and at hourly intervals 

thereafter. 

It was found that the Corvallis animals lost an aver- 

age of 33.5 of their original weight, thereas the loss 

in the La Grande animals consisted of only 28 of the ong- 

thai weight. Losses in Ensatina were very similar (28.5) 

to tht of the La Grande Ambystoma, and those of Aneides 

considerably less (2l.5'). 

These tests were unfortunately discontinued because 

of the difficulty involved in obtaining fresh material from 
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the two areas for use at the same time. Definite conclu- 

sions certainly and obviously should not be drawn from 

such a small sample, but these results may possibly indi- 

cate a better water retention ability in the Eastern Oregon 

form than in the Western Cregon animal. This problem is 

certainly one worthy of continued investigation. 

I'4iscellaneous Notes Concerning Food, Enemies arid. Size 

Regarding food, no detailed study was made, this as- 

pect having been investigated by Farner (12, pp. 259-261) 

and Sohonberger (34, pp. 120-121) at Crater Lake. These 

studies show the animal to be primarily scavengers, feeding 

lrgely ori insects snd their remains. Farner found Amby- 

stoma not to feed. on snails, vhereas Taricha which fre- 

quently occurred under the same rock, did do so. In the 

fecal pellets of several Ambystoma collected by me near 

Eisenhower Forks, Alberta, Canada two species of' snail 

shells were found In abundance. The snails had not at 

this writing been identified. 

Regarding enemies, I feel that the adults probably 

do not often fall prey, they being so secretive at times 

other than the breeding season. However, two adults (MVZ 

2707 and FIVZ 24698) were removed from the gut of garter 

snakes (Thamnophis) collected in Creighton Valley, British 

Columbia. Larvae, on the other hand, are probably taken 
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in large numbers by predaceous aquatic insects and garter 
snakes. 

On J\pril 10, 1956 I visited a small pond near Cor- 

vallis which contained a very large number of Ambystorna 

macrodactylum larvae. Two apprently well fed Thanmophis 

sirtalis concirmus were seen foraging in the water and were 

very hesitant to leave even when disturbed by my presence. 

That they were hunting and feeding upon the larvae seemed 

obvious, from their actions. 

The largest tmbystoina macrodactyluni I have examined 

was a female of the Eastern Oregon type in the College of 

Puget Sound Collection (CPS 3011) from 21.3 miles northeast 
of Goldenciale, Kliexitat County, Washington. Its preserved 

measurements were 155.6 mm. in total length (167 mm. in 
life) and 79.6 ¡mn. from the tip of the snout to the poste- 

rior margin of the vent, exceeding the largest specimen 

recorded in the literature, that being one from Wallowa 

County, Oregon reported by Ferguson (15, p. 67) which mea- 

sured 155 min. before preservatiofl. P maie from near Philo- 

math, Benton County, Oregon measured 151.3 mm. in total 

length and 7Le mm. from snout tip to posterior margin of 

the vent in preservation. Two specimens from Plumas County, 

California approach these maximum figures. 

The smallest transformed animal examined was a speci- 

men from John's Lake, Glacier National Park, Montana (DEF 

606 - to be deposited in the Park Collection). This animal 
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measured ¿43 mm. in total length and 29 mm. from snout to 

posterior angle of' the vent. The size of larvae is some- 

vth,t dependent upon the time required for transformation, 

so that the largest I have examined have been second year 

larvae from the vicinity of Crater Lake, many of which 

exceed 80 mm. in total length. 



TAXONOMIC CONCLUSIONS 77 

On the basis of the findings herein presented it seems 

apparent th. t 1umpng Eastern Oregon, Western Oregon arid 

Crater Lake animals into a sng1e subspecies is unjusti- 

fled. The original hypothesis assuming meristic and other 

quantitEtive differences to be correlated with the observed 

differences in color and geographic origin has been sub- 

stantiated. In view of the fact that animals of each group 

appear to differ quite markedly regarding ail these fac- 

tors, from those of the other geographically adjacent 

groups, it would seem that they merit recognition as dis- 

tinct geographic races. I am inclined to recognize them 

as such and. intend to apply names to them accordingly in 

the iaear future. Under this scheme of classification the 

name imbystoma macrodactylum macroclactyluin Baird would be 

restricted to the subspecies referred to throughout this 

paper as the Western Oregon group. J3aird's type has been 

examined and would seem to agree with this diagnosis. The 

name Ambystoma rnacrodactylum krausei Peters would be re- 

stricted to the rce referred to as the Non.tana group here. 

The Esstern Oregon and Crater Lake groups would appear to 

be unnamed. 

Below is a diagram depicting the relationships of the 

races as I would postulate them on the evidence herein pre- 

sented. A. in. croceum has been included to complete the 

picture for the species. As previously mentioned, Russell 
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Lake group. I am in agreement with their diagnosis. 

in. Crater Lake Eastern A. in. A. m. 
croceum Group Oregon krausei macr&Iactyluin 

Parental Stock 
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The section on statistical analyses should be referred 

to for other diegnostic characters, and Map 2 may be con- 

sulted to check ranges. 

A. Band color never orange but a yellow, gold or drab 

greenish-yellow; ground color generally not jet 

black. ---------------------- B 

AA. Band color orange (Raw Sienna); ground color jet 

black. Animals froni Santa Cruz County, California. 

------- Ambystorna macrodactylum croceuin 

B. Stripe appearing on the head. as diffuse flecks, well 

defined dots or spots; band diffuse, undulated or in- 

dented along the edges or frequently interrupted on 

thebod.y. -------------------- C 

138. Dorsal stripe continuous well onto the snout, usually 

expanded on the head between the eyes with a large 

distinct patch on each eyelid; edges of the band par- 

allel; combined vomerine count fewer than 33. 

------- Ambjystoma macrodactylum krausei 

C. Band represented on the head as diffuse flecks or 

large spots instead of distinct dots; band wider than 

internarial distance, not interrupted as a series of 

distinct spots on the body; uiidulations, when present, 

not deep. -------------------- D 
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CC. Band color on heRd forming small distinct dots; band 

narrower than the internRrial distance throughout, 

frequently interrupted forming smooth-edged spots, 

or deeply incised; head wide; total vomerine count 
in excess of 33. -------- Crater Lake Group 

D. Band on head, snout and eyelids as diffuse flecks; 

band dull in color and diffuse on edges; vornerine 

count less than 3J4; head short and narrow; white 

flecks on sides numerous and coalesced; lens of eye 

small. - - - Ambystoma macrodactyluni macrodactylum 

DD. Band on head, snout and eyelids forming distinct spots; 

band bright in colorstion and abruptly demarcted from 

the surrounding ground color; vornerine count exceeding 

33; head longer and wider; white flecks of sides sep- 

arate; lens large. ------ Eastern Oregon Group 
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The known di.stribution of Âmbyston macrodactylurn 

Baird is presented. and. the nomenclatorial history of the 

species reviewed. The validity of the races A. rn. macro- 

clactylum Baird and . rn. krausei Peters as proposed by 

Hittlernan is quet1oned. Concurrence s given to the re- 

cognition of P. in. croceum ss a separate subspecies by 

Russell and Jrìderon. On the basis of color nd color 

pattern of adult animals, four groups of A. macrodactylum 

(in addition to croceum) are recognized and referred to 

as the Eastern Oreon, Western Oregon, Crater Lake and 

Montana groups. Color descriptions of representative, 

living specimens of each group are given. Fairly constant 

geographic variation between the four groups has been dem- 

onstrateci, involving distinctness, continuity, coloration, 

extent, and distribution of the dorsal band; ground color 

uid guanophore distribution; e'e pigmentation. Distinctive 

peculiarities and local deviants of each group are pointed 

out. Striking differences in lrrvae and recently meta- 

morphosed individuals from the four areas were not detected. 

Sexual dimorphism involved in the vent is described. 

All specimens within each group were pooled to form 

four samples for statistical analysis. A series of 14 

measurements and counts was obtained from each specimen 

examined and from these data, ratios were formed by divid- 

Ing the larger figure into the smaller. The following 
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ratios were ut1ized to compare animals of the four groups: 

head. iength/ sxout-vent; head. length/ axilla-groin; head 

length/ percent of totF1 length in tail; head lerigth/ 

length of right front leg; heed wldth/ axilla-groin; head 

wldth/ snout-vent; head width! hend 1enth; band width/ 

head width; band width/ interorbital distance; thterriarjal 

dlstance/ band width ; interorbital di strnce/ axilla-gro In; 

axilla-groin/ span hind legs; length of right front leg! 

xilla-groin; percent of total length In tail/ total vo- 

merme count. In addition, five ratios involving lens dia- 

meter were tested only between the Eastern Oregon and West- 

ern Oregon groups. 

The means of these ratlos were compared for animals 

of the four groups using a completely randomized factorial 

design and the analysis of variance based on the P distri- 
bution. For each ratio te;ts were made for area, sex, and 

interaction (sex x area) at the l' significance level. If 
f signifloant F value wes obtained for area the single de- 

gree of freedom was utilized in further tests to detect 

between which groups the Indicated difference occurred. 

All F values for mrea were found to be significant; 10 

significant F values were obtained in comp&ring the Eastern 

Oregon and Western Oregon groups; 11 in comparing Eastern 

Oregon and. Montana; 9 in comparing Eastern Oregon and Cra- 

ter Lake; and 12 in comparing Western Oregon and Crater 

Lake. Sexual dimorphism was indicated in 10 of the ratios 
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tested and. interaction was evident in five. All ratios 

involving lens diameter differed significantly. 

Life history data pertaining to breeding, larval 

development and habitat are presented and compared between 

the four groups. Notes concerning food, enemies and size 

are included. 

On the basis of the findings lt is concluded that the 

species consists of' five distinct subspecies as follows: 

. macrodactylum represented by the Western Oregon 

group; .. . krausei represented by the Montana group; 

Â. ¡n croceum presently Iiown only from Santa Cruz County, 

California; the Eastern Oregon and Crater Lake groups ap- 

parently representing unrecognized subspecies. 

The relationships of the subspecies are discussed and a 

key to the adult animals given. 
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