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INTRA- AN1) INTERSPECIFIC VARIATION IN RANA OF THE 
CENTRAL OREGON CASCADES AND ADJACENT LOWlANDS 

INTRODUCTION 

General 

The frogs of the genus Rana have presented an annoying taxonomie 

and distributional problem to herpetoloi$t8 working in Central 

Oregon. Four native species, one of which includes two Subspecies, 

have been recorded from the area. These are Rana aurora aurora, 

Rana protiosa pretiosa, Rana pretiosa luteivantris, Rsna cascadae 

and Rana boylit boylli. Confusion has developed in distinguishing 

between R. aurora, R. L' pretiosa, R. L' lutoiventris and R. cascadas, 

but R. boylli has, to my knowledge, been confused with no other form 

in this area. This paper, then, will deal only with the first four 

forms. 

The extreme limits of the area encompassed by this study are 

the boundaries of the state of Oregon. Most of the collecting, 

however, wa carried out in an area running roughly from the suimnit 

of the Coast Range, east to Mill Crook ten miles east of Prineville, 

a distance of soins one hundred and forty miles, and from State 

Highway 222 south to State Highway 58, a distance of about eighty 

miles (Plate 1). This area contains part of the Coast Range, the 

Willamette Valley, the Central Oregon Cascades and a small area of 

Oregon east of the Cascades. It contains within its limits, there- 

fore, portions of the ranges of all the forms in this study. 



Plate 1. Locality records. Specimens examined: R. aurora , R. cascadae , R. pretiosa . 

Literature records: L aurora p , 
R. casoadao R. pretiosa . 

Fii] 
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Summary of Taxonomie Status 

Rana aurora was first described from the Puget Sound area in 

1852 by Baird and Girard (1, p.171j.), and has been considered a valid 

species from that time to the present except that Copo (4, p.439) in 

1889 considered it a sub8pocies of the European Rana agilis. 

Rana pretiosa was described the following year from the ssmo 

locality by the seme authors (2, p.378). It, likewise, has been 

considered a valid species exoept by Cope (14., p.432), who reduced 

it to a subspecies of Rana temporaria of Europe. 

Rana pretiosa lutoivontris was described in 1913 by Thompson 

(16, p.53) and is still considered a valid subspecies, although 

Slevixi (13, pp.133-136) did not consider it sufficiently distinct 

from R. £ pretiosa to warrant subspecific rank. 

Rana ossoadse was described by Slater (12, pp.145-149) in 1939 

from the Elysian Fields, Mount Rainier National Park, Washington, 

but is considered by the 1943 edition of the Check List of North 

American Amphibians and Reptiles (14, p.54) to be subapecific to 

R. aurora. 

Diagnostic Characters 

Rana pretiosa may, according to Baird and Girard (2, p.378), be 

'distinguished from Rana aurora in having proportionally shorter legs; 

especially the hind ones; also by the palmation of the toes, the 

mmibrane of which extends to their very tips whilst in Rana aurora 

the tip of the taos extend beyond their membrane. The granulation of 

the body and inferior surface of the feet is another feature by which 
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both species differ." Furthermore, they state that the fingers of 

R. aurora are long and slender and those of R. pretiosa are slender 

and tapering. Dickerson (5, pp.218-221) gives additional character- 

istics as follows: R. pretiosa--"salmon-red on undersurface of 

logs, and in a more or less conspicuous u-shaped marking on the 

belly...underparts light, obscurely or conspicuously marbled with 

greyish brown...lower sides light yellowish grey unspotted...dark 

cheek patches absent...iris bright yellow, not orange colored or 

brone...skin everywhere rough, even in the region of the ear...log 

to heel as long as the body" (I.e., forward to the ear); Rana 

aurora (5, pp.216-218)--"much red in the colouration, showing on 

the parts of the logs and feet which aro concealed when folded on 

the sides of the body and under the arms at their insertions. Throat 

and underparts light, obscurely mottled with dark...retioulations 

of black and yellow In the groin, dark cheek patches presont...iris 

golden yellow...skin very smooth...leg very long, its length to the 

heel exceeding the total length of the head and body." Wright and 

Wright (17, pp.LL2-529) mention the following characters: R. 

pretiosa, groin red and unmottled; R. aurora, groin red, yellow and 

green, heavily mottled. 

Rana L' luteiventris may be distinguished from R. L' pretiosa, 

according to Thompson (16, pp.55-56), by the difference in coloration 

and by the foot tuberoles. The bright color on the ventral surface 

is orange-yellow in adult R. L' luteiventris while it is bright 

salmon-red in adult R. j, pretiosa. R. j. luteiventris, furthermore, 



laek8 the tuberole at the base of the fourth toe, which is character- 

istio of R. L' pretiosa. In addition, the palmar tuberole is lacking 

in R. j. luteiventris and the mask is usually absent but may be 

present. 

later (12, pp.1)45-1)49), in his description of R. cascadae, 

states that the "throat and undersurfaco of the body and limbs (are) 

very light yellow, sides green-brown mottled with black and fading 

to light yellow toward the ventral surface, toes stout, web moderate, 

surfaces generally smooth with slight roughening on dorsal surface of 

body, posterior femur and dorsal tibia; palm with three elongate 

tuboroles, two metatarsal tubercics," Wright and Yright (17, pp.100 

and Lj)42) add that the heel reaches to or beyond the nostril, the 

groin is yellowish cream with slight mottling and the mask is usually 

present. 

We should, then, be able to distinguish R. pretiosa from the 

other two by the shorter legs, greater amount of webbing, lack of 

mottling on the sides, lack of mask, and presumably by the greater 

roughness of the skin. 

R. aurora should be distinguished from R. cascadae by the red 

color on the ventral surface of R. aurora as opposed to the yellowish 

venter of R. cascadas, by the red, yellow, and green with heavy 

mottling in the groin of R. aurora compared with the yellowish lightly 

mottled groin of R. cascadas, and by the greater stoutness of the toes 

and greater roughness of the skin in R. oascadae. 

Two main problems will be taken into consideration on the 

following pages. First, the distribution of the three forms, 



excluding the subspecies, as they are now diagnosed and second, the 

status and relationships of the three or four forms within the area 

studied. 
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DISTRIBUTION 
(Platea 1 and 2) 

Literature Records 

Gordon (8, pp.61-62) lista x. aurora from the following county 

looalities "Clatsop (Astoria, Seaside), Tillanook (Little Neatucea 

River, near Woods), Mulìornah (Portland), Clackarnas (near Oregon 

City), Lane (Eugene, Mapleton, Takenitch Lake), Marion (near Mehana), 

Douglas (Fort Thnpqua), Curry (Lobster Creek, Gold Beach), Jackson 

(Prospect), and Kiamath (Crater Lake). 

Gordon (8, p.6?) lists the following county localities for 

Rana £ pretiosa: "Klainath (Grater Lake), Jackson (hiskey Creek 

near headwaters of Rogue River), Coos (Lyrt1e Point), Tilla3nook 

(Garibaldi), Clatsop (Gearhart), Multnomah (Portland), and Linn 

(South Santiam River). It is probably distributed over most of 

Oregon west of the high Cascados," 

He also records Rana L' luteiventris (8, p.6Li.) from: "Klamath 

(Crater Lake, Old Fort Klainath, Kiamath Falls, Sprague River), Lake 

(Warner Lakes), Harney (Blitzen River Valley), Malheur (Jordan 

Valley), Crook (Crooked River, Prineville, ten miles west of 

Prineville, Marks Creek), Grant (John Day River), Umatilla (near 

Pendleton, Meacham), Union (Island City, Grande Ronde river), 

Wallowa (Wallowa River), and Linn (MoKenzie River eight miles above 

Beiknap, Ice Cap Springs, Clear Lake) Counties, and Deschutes River." 

Evenden (7, p.251) reports it from Santiarn, Red Butte, Jorn, Bowerman, 

and Blue Lakes in the Cascades, and states that at Jorn Lake it is 
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found with Rane . pretiosa. 

So far as the writer can find, Rana casoadac has been recorded 

frein Oregon only in two publications. Wright and Wright (16, p.L2) 

state that Slater has a number from J3reitenbush Lake, Marion County, 

Oregon. Dunlap and Storm (6) record it from the following counties: 

Linn (Pamelia Lake trail, one-eighth mile east of bridge across Red 

Creek--elevation 3,000 ft., Jorn Lake--5,050 ft., seven-tenths mile 

north of upper crossing of North Santiam River by State Route 58-- 

3,L.5O ft., Tombstone Prairie, U. S. Route 2O--L.,OOO ft.), Jefferson 

(Jack Creek, two miles west of confluence with etolius River-- 

2,900 ft., Suttle Lake--3A00 ft.), Lane (Scott Lake--L,750 ft., 

Horse Lake--13.,950 ft., Salt Creek Falls Forest Camp, State Route 

58--3,800 ft.), Desehutes (Tumalo Falls, Twnalo Creek--5,250 ft., 

Todd Lako--6,000 ft., Irish and Taylor Lakes--5,500 ft.), Klamath 

(Odoll Creek, two miles south of Davis Lake--L,L50 ft.), Crater 

Meadows, Crater Lake National Park--6,000 ft. 

Gordon (8, p.E4) in speaking of R. pretiosa states that ttSpeOi 

mens from the high Cascades and Eastern Oregon are palor and tend 

toward yellowish rather than reddish in ventral coloration." Since 

the collecting recorded by Gordon was done prior to 1939 when R. 

cascadee was described, it would appear that any yellow- or orange- 

legged frog in the region with an upper lip line and quite well- 

developed dorsolateral folds was considered to be Rana luteiventris. 

The author, therefore, believes that many of the earlier reports of 

Rana lutoiventris from the Cascades of Oregon were actually the 
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S. aurora ! oascadae R. pretiosa 



lo 

forni now described as R. cascadae. After collecting in the Jorn Lake 

area, the author is forced to conclude that Evonden's report of Rana 

protiosa in that lake is based on an erroneous identification and that 

the frogs there are actually R. oascadae. 

Specimens Examined 

In addition to those reported by Dunlap and Storni, the author 

has collected living frogs or examined preserved material that best 

fit the 
j. 

cascadas diagnosis from the following county localities: 

Lane (Benson Lako--5,300 ft., Irish Camp Lake--!,6OO ft., Coffee 

Lake--!,95O ft., Fingerboard Prairie--L,O5O ft., Frog Camp Forest 
Camp--L.,8OO ft., Hunts Cove--5,L.00 ft.), inn (Lost Lake Creek-- 

L,3OO ft., Fay Lake--!,OOO ft., Big lVeadows Forest Camp--3,600 ft., 

Duffy Lake--4,650 ft., Toad Creok--3,300 ft., Liarion Creek-- 

2,950 ft.), Desohutes (Corral Swamp--5,O50 ft., Lemish Lake--5,l50 

ft., Big Cultus Lake--L,750 ft., Elk Lake--L,89O ft., Doris Lake 

Trail--L,90O-5,OOO ft.), Jefferson (Link Croek--3,1450 ft.). 

The author has examined R. aurora from the followLng counties: 

Lultnomah (Portland--35 ft.), Benton (McFadden's Marsh, twelve miles 

south of Corvidlis--26L. ft., Oak Creek Pond, one mile west of 

Corvwllis--250 ft., Coffin Butte, ten miles north of Corvallis-- 

!.O0 Lt., five miles up Woods Creek road--700 ft., Suimit--72 ft., 
Blodgett--633 ft., Alsea Fish Hatohery--300 ft., three miles south 

of Corvallis--250 ft.), Linri (three miles southeast of Corvallis-- 

230 ft., Owl Creek--22L ft., RL4W, TUS, S3L1--225 ft., various Willam- 

otte River sloughe, Wiley Creek, three miles south of Foster--700 ft., 
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one and one-half mile southwest of Stayton--!.00 ft., one and one-half 

miles up Bear Pass road--1,300 ft., three-quarters mile above Pamelia 

Creek junetion--2,300 ft., little stream one mile south of Marion 

Forks--2,600 ft.), Lane (McKenzie Bridge--1,500 ft., Lost Creek in 

Liniberlost Forest Cainp--1,7L0 ft., Salt Creek, two miles southeast of 

MeCredie Springs--2,l00 ft., five miles northwest of Salt Greek 

Falls--2,300 ft., Salt Creek Falls--2,800 ft., Silt000s Forest Canip-- 

50 ft.), Douglas (two miles south of Douglas-Lane County line--50 

ft.), Lincoln (Yaquina), Coos (Charleston--30 ft.), Curry (Pistol 

River). 

Specimens a8Signed to Rana petiosa subspecies have been examined 

from the following county localitioss !7ultnomah (Portland--L.0 ft.), 

Benton (cFadden's Marsh, twelve miles south of Gorval1is--26t. ft.), 

Linn (RLw, TuS, S3L--225 ft.), 1)esohutos (Big Gultus Lake--L.,750 ft., 

Little Cu].tus Lake--!,650 ft. Mud Lake--1.,500 ft., Desohutes River-- 

RilE, T198, Section Li--Lt,lOO ft., Little Desehutes Rivor--!.,223 ft., 

between Lapine and Little Dosehutes River--L.,230 ft., Cultus Creek-- 

J4,500 ft., Big Lava Lake--L,7L0 ft.), Crook (Mill Creek, ten miles 

east of Prineville--3,lOO ft.), Kiamath (Crater Lake--6,000 ft., 

Davis Lake--J4,395 ft., Odell Creek--IJ.,1458 ft.), Grant (Hotaprings, 

ten miles south of John Day--L,l00 ft., Middle Fork John Day River-- 

approximately 3,000 ft.), Harney (Camp Creek, one-quarter mile north 

of Malheur Cave, Fish Lake, Stoens Mtns.), Union, 1allowa (Forks 

Meadows). 

Frein the above localities it may be seen that Rana cascadae is 
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found from 2,900 ft. altitude (Jack Creek, Jeffer8on County) to at 

leaat an altitude of 6,500 ft. (Green Lakes, Dcsohutes County) in 

the Cascades and their foothills. Its range overlaps that of 

. aurora on the west in the vicinity of Salt Creek Falls, and the 

ranges of the two forms approach each other on the North Santiam 

River and the ìîcKenzie River, Rana casoadae and R. pretiosa overlap 

in distribution at Odell Creek and Crater Lake in Klaznath County and 

in Big Cultus Lake in Desohutes County. 

R. aurora ranges west of the Cascades from near sea level to at 

least an altitude of 3,800 feet at Salt Creek Falls. They appear, 

however, to be rather scattered above 2,000 feet. 
R. pretiosa were found west of the Cascades from an altitude of 

at most 50 feet to at least 26L1. feet. East of the Cascades it is 

found from an altitude of approximately 3,000 ft. to about 14,850 ft. 
at Little Cultus Lake and near 6,000 feet at Crater Lake, 

Apparently R. aurora has a range including most of Oregon west 

of the Cascades and part way up the western flank of the Cascades. 

R. pretiosa rangos in most of Oregon both east and west of the Cascades 

and extends quite high up on the eastern s1opes of that mountain 

range. R. oasoadae extends down the Cascades and slightly overlaps 

R. aurora on the west and R. retiosa on the east. 
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RELATIONSHIPS 

Slater states that "some previous collectors have placed 

specimens of this species (R. cascadae) with Rana aurora aurora 

while others have called them Rana pretiosa, but lt appears to mo 
timt Rane. cascadae may be more primitivo than these other two 

species." As mentioned earlier, Stejcxeger and Barbour (iL'., p.5Li.) 

consider it to be subspeoifie to R. aurora. Most of the remaining 

part of this paper will be used in an attempt to show the relation- 
ships, if any, of these frogs in Oregon. First a statistical 

analysis will be made of various body proportions of the forma. 

Following that, various diagnostic characters will be examined in all 

the specimens at the author's disposal, and an attempt made to 

determine the extent of overlap of these characters between the 

forms. 
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STATISTICAL ANALYSIS 

Obj active 

The objective of this analysis is an attempt to find those 

characters which differ among three species of frogs and of equal 

interest, those characters that remain quite constant throughout 

the species. By finding what characters the groups have or do not 

have in common, conclusions as to their relationships to one another 

nay be drawn. While it does have certain defects, we may be able 

to say, with reservations, that those forms that have the most 

characters in common are the more closely related. Since sufficient 

R. pretiosa material was not available from west of the Cascades, 

all R. pretiosa material is lumped in this study. 

Materials and ethods 

A series of fourteen measurements were taken on twenty adult 

frogs of each sex for each species, one hundred and twenty frogs in 

all, All measurements were taken on preserved frogs. Vernier 

calipers were used to make the measurements, being read to the 

nearest one-tenth millimeter, The following measurements ware 

takeni (1) snout-anus lengthj (2) head length; (3) head width; 

(Li) diameter of eye; (5) diameter of tympanum; (6) internasal space; 

(7) interooular space; (8) length of femur; (9) length of tibia; 

(io) length of tarsus; (1.1) length of foot; (12) length of fourth 

toe; (13) distance from the anterior margin of eye to the tip of 

snout; and (]i4) from the anterior margin of the eye to the nares. 
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The meaeuroments of the eye and tyntpanuiu diameter, internacal, inter- 
ocular, anterior margin of eye to tip of snout, and anterior margin 

of the eye to the naros were all taken under a binocular microscope. 

Due to the phenomenon of continual growth in frogs, the sizes of 

adults, even of the saine species, vary so greatly that a direct coin- 

parison of measurements is difficult. Therefore, it wa decided to 

use ratios of different measurements from the same animal and compare 

these ratios in the analysis. The use of these ratios rests on the 

assumption that the variais body structures grow in a direct propor- 

tion to each other. This assumption is apparently sufficiently 
correct in the case of adult animals to enable the ratios to be of 

'vmlue (10, p.357). 

With fourteen different measurements, there are possibilities of 

a great many ratios, but only fourteen ratios are used in this study. 

The author does not contend that theso are the most useful or only 

useful ratios, but they were chosen either because they are commonly 

used, or because the author wished to check some statements in the 

literature. The ratios are as follows: head width/snout-anus length; 

head length/snouth-anus length; head length/head width; diameter of 

tympanum/diameter of eye; interocular space/mnternasal space; inter- 
nasal spaoe/headwidth; anterior margin eye to nares/anterior margin 

eye to tip of snout; length femur/snout-anus length; length f emur/ 

length tibia; length tarsus/length femur; length femur/length foot; 

length tibia/snout-anus length; length tarsus/length foot; length 

f ourth toe/length foot. 



16 

The method of statistical analysis used is a 2 x 3 factorial 

exporiment with equal numbers of observations. This is a type of 

aa1ysis of variance, so it is based on the F-distribution. Among 

the advantages of using this type of analysis are that the effects of 

two factors may be studied simultaneously, and that the interaction 

between the factors is much easier to discern than if the factors 

are analyzed separately. 

In a 2 x 3 factorial there aro two factors used, one with two 

replications (Sex) and the other with three (species). The three 

species are set up into threo columns (one for each species), each of 

which contains twenty observations of the same ratio for males and 

twenty for females. Thus, each of the three species is represented 

by forty specimens. The sexes are set up in two rows, male and 

female (see figure below). There is one of these factorials for 

each of the fourteen ratios. 

Sex iana aurora Rana oascadae Rana retiosa Total 

20 20 20 60 

20 20 20 60 

Total 140 Lo !j0 120 

The object of the computation is to calculate the rnan square 

for variation due to error, column, row, and interaction. After 

these are calculated the error mean square is divided into the 

interaction mean square to get the F-value. If this F-value does 

not fall into the critical region, i.e., is not significant, then the 
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interaction moan square and the error mean square aro pooled and used 

to test the significance of column and row. If interaction is 

significant the factorial is broken down into its component parts 

and sex and species aro analyzed separately. 

Interaction in this study shows that sexual dimorphism if present 

is not the saine in all of the species concerned. That is, in one 

species a ratio may be significantly larger in the male than in the 

female, while in the other species the reverse may be true, or 

sexual dimorphism might be significant in some species and not in 

others. If interaction is not significant thon sexual dimorphism, 

if present, has the saine relationship in all the species. 

The assumptions upon which the analysis of variance is based are 

as follows: The samples are random samples drawn from normal popula- 

tions, the variances of the population are equal, and the effect of 

the clumn, row, and other unknown factors is additive. Of these 

assumptions only that of randomness is fuilfillod with any certinty. 

However, non-normality and heterogeneity of the variances will not 

introduce serious error in the significance level of the F-test. The 

principal effect of non-additivity is a loss of information (3, 

223. 

The level of significance used throughout the analysis of vari- 

ance is l. This means that the probability of rejecting the 

correct hypothesis is 1%, or, one in a hundred. 

In this study three hypotheses are tested on each ratio. The 

first hypothesis is that there is no interaction between sex and 



apooies, the second is that the population means for each of the 

species are equal, i.e., the species ratios all have the same mean, 

and the third that the population mean ratios for the sexes are 

equal, i.e., there is no sexual dimorphism. 

There is a critical region for each of these hypotheses. If a 

calculated F-value falls within this region the hypothesis is con- 

sidered false. Since the degrees of freedom for the error mean square 

are one hundred fourteen (1114), for interaction mean square two (2), 

for row (sex) mean square ono (1), and column (species) mean square 

two (2), the critical regions for the hypotheses are as follows: for 

the interaction hypothesis F greater than 14.81, for the species 

hypothesis greater than 14.80, and for the sex hypothesis greater 

than 6.86. 

If a hypothesis is rejected the term significant is used, or 

in other words, if we accept a hypothesis we say that it is not 

significant. In testing the hypothesis that there is no interaction 

between sex and species, if the calculated F-value is greater than 

14.81 the hypothesis is rejected. We can say that interaction is 

significant, at least, for these data at the 1% significance level. 

This is also true for species or sex. If they are not significant 

all the means are considered equal and there will be no significant 

difference in that particular character between species or sex, as 

the case may be. If sexual differences are significant thon there 

will be a difference between the mean ratios, and sexual dimorphism 

is probably present in the spocios. If species differences are signi- 

f ioant the speoies are different in that mean ratio. This does not, 



19 

however, indicato whioh of the specios differ from each other, 

A further test is required after the analysis of varianoe to 

distinguish between species. The analysis of variance nrely helps 

conolude that there is, or is not a difference as far as the data and 

level of significance aro concerned. It does not determino the 

magnitude of the difference, or where the difference lies (in three 

or more replications). The magnitude muet be determined by 

confidenee intervals. 

Since there are only two replications of sex (male and female), 

any significance would indicate that the sexes were different. To 

conclude the statistical analysis of sex, it would be necessary 

merely to refer to the table of means. Species, however, with three 

replications require a further test. The method used here, since 

there are only three replications, is the least sIgnificant differ- 

enoe henceforth designated LSD. 

The method involves finding the LSD between any two sample 

4I- 
means The formula used is xi_x? t/-, . The quantity to the 

right of the inequality is ca1l' the LSD between the two means 

Y1 and x2. If the LSD is less than the difference between the means 

then the means are different at the particular significance level 

used (&(). t is the student's t distribution value at signifi- 

canee level, 2 is the error mean square of theanalysis ci' vari- 

ance, and N is the number of observations per sample. The 5 

significance level is used in this test. Therefore, t is equal 

to 1.98. 
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The results of the analysis will be discussed separately for 

each ratio. It should be pointed out that the value used for the 

ratio is obtained by dividing the 8rflaller uteasurement by the large 

one and multiplying by one hundred. 

Head Width/Snout-Anus Length 

The head width was ìeasured across the jaw at the tympanum, 

while the snout-anus length was taken from the tip of the snout in 

a straight line to the anal opening. 

Upon reference to the F-column of the table below, it will be 

noted that none of the values are large enough to be significant. 

With those data and the 1% level of significance we must accept all 

of the hypotheses. Therefore, none of the mean ratios is different 

and relative to body length tho head width apparently doss not 

vary significantly between species or sex. 

Critical 
Region 

Variation 
due to 

Mean 
Square F 

8pie 
Rana 

Mean 
With Observed Range 

F>4.80 Species 6.65 2.33 31.856 35.93L. 38.235 

F>6.86 sex .919 .30 auroras 32.156 36.875 39.872 

F>J.8l Interaction 8.O9L. 2,93 oasoadae 33.982 36.357 38.920 

Error 2.760 cascadae$ 33.878 36.753 L.O.35l 

Pooled 2.852 pretiosaI 32.833 36.193 )4.089 

pretiosa 32.031 35.381 38.136 
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Head Length/Snout-Anus Length 

The head length as used in this study is the distance from the 

tip of the snout in a straight line to the posterior edge of the 

tympanum. The snout-anus length is as before. 

Critical Variation Mean Siap1e Mean 
Region due to Square F Ram With Observed Ran&e 

F)4.80 Sp.cl.e 31.793 13.03 aurora' 29.323 32.3L9 35.103 

F>6.86 Sex 30.091 12.33 aurora 29.315 3l.Lj.3!. 33.600 

F>L.81 Interaction 1,593 00.63 cascadae 28.975 31.377 33.8L6 

Error 2.!56 oasoadae 28.080 5O.72L 35.072 

Pooled 2.1439 pretiosa 27.627 30.828 3L4.008 

pretiosa 27.831 29.319 31.250 

As may be noted, the F-values of both species and sex aro signi- 

ficant, while the F-value of interaction is not significant. By 

reference to the table of means it may be noted that in every case, 

the mean ratio of the females is snaller than that of the male. VQS 

can, therefore, conclude that the length of the head in relation to 

body length, is proportionally shorter in the females of all the 

species than the head length of the males. Furthermore, we may 

conclude that there is e. species difference in this ratio. In order 

to determine where the difference lies we must refer to the results 

of the LSD method in the next tabulation, 
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LSD R. pretiosa R. oasoade Rana aurora 
°( .05 M1 M3 

.691 30.109 .9L1.3 31.051 .8)4 31.892 

Since the LSD is .69]. and the differences between the means aro 

.9143 and .ßJ4li it may be seen that a].]. three species aro signifi- 

oantly different 'with respect to this mean ratio. Thua, on the 

average, the head length of R. pretiosa i probably shorter, relativo 

to body length, than that of R. oasoadae or R. aurora. Likewise, the 

head of R. oascadao is relatively longer than that of R. pretiosa, 

but shorter than the head of R. aurora. R. aurora, therefore, has 

proportionately the longest head relativo to body length. 

Head Length/Head Width 

Critical 
Region 

Variation 
due to 

Mean 
Square 

Sample 
F Rana 

Moan 
With Observed Range 

F>14.80 Species 107.220 L.68 auroral 78.392 90.136 10O.L9O 

F>6.86 Sex 353.983 l5.L5 aurora? 75.617 8!i..661 91.908 

F>14.81 Interaction 32.272 1,i.2 oasoadael 78.329 86.398 91.62L. 

Error 22.751 cascadae 77.717 83.656 92.079 

Pooled 22.916 pretiosal 76.)i.98 85.301 94.771 

pretiosa? 74.074 83.213 93.902 
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Upon comparing the critical regions to the F-values in the 

preceding table we see that sex is the only thing significant at the 

1% significance level. Reference to the table of means discloses that 

the female mean ratios are therefore significantly lower than those of 

males. This indicates that relative to the head width the head length 

of fems lee is proportionately 8horter than in the males. 

The results of the analysis of the last three ratios indicate 
that the head tends to be shorter in the females than in the males of 

all these species. Thus in male and female frogs with the same snout- 

anus length, the head widths should, on the average, be equal while 

the head of the male would form proportionally more of the body length 

than in the female, 

Much the same relationship is apparently true for the species, 

with R. pretiosa on the average resembling the females, R. aurora 

the males, and R. oascadae in an intermediate position. 

Diameter of T/mpsnum,4)iameter of Eye 

The diameter of the eye was measured from the anterior corner of 

the eyelid to the posterior corner, while the diameter of the 

tjinpanum was measured from its anterior to posterior rim. 

In this case neither interaction nor sex are significant, but 

species is significant. 
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Variation Mean Sample 

due to Square F Rana Mean With Observed Range 

Species 335.818 10.54 aurors / 45.7]4 59.172 73.438 

Sex 8.049 .25 aurora 7 55.556 62.035 70.330 

Interaction 69.134 2.216 easoadaeo" 49.254 59.353 73.585 

Error 31.196 oasoadae 50.617 60.370 68.333 

Pooled 31.850 pretiosa1 54.386 66.373 73.770 

pretiosa7 52.000 64.047 73.256 

As may be seen from the chart below, R. cascadac and R. aurora 

aro not significantly different but they are different from R. 

pretiosa. (LSD : 2.499 and the difference between the means is 

4.606.) Since the mean ratio of R. protiosa is larger than the mean 

ratios of the other two, we may conclude that the eye of R. pretiosa 

relative to the tympanuni is smaller than the eye of the other two. 

Whether the seme is true in relation to body length cannot be deter- 

mined from the present data. 

LSD 
.05 

R. oascadae 
M1 

Rana aurora 
M2-M1 M2 M3-M2 

R. pretiosa 
M3 

2.499 59.862 .742 6o.6o4 4.606 65.210 
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Interocular/Internasal 

Interooular distance was measured from the inner base of one 

bulbus to that of the other. Similarly, the internasal space was 

measured from the inner side of one nares to the inner side of the 

other. 

Variation Mean 
due to Square F Rana Mean With Observed Range 

Species l52L..O29 15.75 aurora 63.636 7b.363 83.721 

Sex 160.536 1.66 aurora? 63.333 80.329 100.000 

Interaction 109,399 1,13 cascadasl 5L1.5L.5 75.878 102.0L.O 

Error 96.530 oasoadae 56.000 75.Li.05 91.308 

Pooled 96.751 pretiosad 73.529 86.361. 107.692 

pretiosa.? 62.791 87.805 109.756 

Since the critical region begins lower for species than any of 

the others, and that for species is F )4.80, it is seen that only 

species is significant. 

LSD 

&c.05 

R. casoadae 
M1 

Rana aurora 

' 

R. pretiosa 
M3-M2 M3 

4.355 75.6L111. 1.702 77.3L.6 9.739 87.065 

A glance at the LSD chart shows that again R. casoadae and 



R. aurora are not significantly different from one another, but that 

they are significantly different from R. protiosa. The ratio is 

largest in R. pretlosa, which indicates that relative to the inter- 

nasal, the interocular space is wider in this species than in either 

R. aurora or R. cascadas. 

Internasal/Head Width 

A glance at the F-value for interaction indicates that it is 

significant. Therefore, the species and sex must be analyzed 

separately. 

Critical yariation Mean Sample Mean 
Region due to Square F Rana With Observed Range 

F>L1..8l Interaction 24.723 13.91 aurora" 20.087 22.167 23.889 

Error 1.778 aurora? 15.261 19.538 22.51.Ø 

cascadaoé 19.500 22.!j45 2L.l38 

cascadas? 20,526 22.960 25.000 

pretiosad' 15.247 16.982 19.608 

pretiosa9 12.962 15.951 18.286 

The next is the result of the analysis for sexual dimorphIsm. 

It may be seen that sex Is significant only in R. aurora and insigni- 

fieant in the other two species. Thus, sexual dimorphiam apparently 

occurs with regard to thii ratio only in R, aurora, As nay be seen 
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from tho mean chart, the female has the smaller mean ratio. Therefore, 

relative to head width the male of R. aurora has a wider internasal 

than the female. 

Sex 

Species 
Variation 
due to 

éÌrees 
Freedom 

Mean 
Square F 

Critical 
Regon 

Sex 1 69.127 33.76 F>7.36 
Rana aurora 

Error 38 2.0L8 

Sex 1 2.656 1.51 F7.36 
Rana cascadas 

Error 38 1.702 

Sex i lO.6L42 6.71 F.>7.36 
Rana pretiosa 

Error 38 1.585 

The species chart shows that the internasal/'head width ratio is 

significantly different for species in both sexes. 

Species 
Vaiatôn - Degrees Mean Critical 

Sex due to Freedom Square F Region 

Species 2 189.308 1)42.39 F.5.01 
Male 

Error 57 1.329 

Speoies 2 2L5.693 112.09 F>5.01 
Female 

Error 57 2.192 

Reference to the LSD table indicates that in the males the moan 

ratio of R. pretiosa differs significantly from those of R. aurora and 

.i. 
oascadae but the latter two do not differ from one another. The 

females, however, differ significantly between all three of the 



species in the mean ratio. Thus, on the average the internasal 

distance is less in relation to head width in R. pretiosa of both 

sexes than in the other two species. The males of R. aurora and 

R. cascadae are the sarte while in the females of the two species, 

the internasals are proportionately wider in R. cascadas than in 

R. aurora. 

lSD R. pretiosa iana aurora - R. oascadae 
Sex .O5 M1 M2 M3 

Male .729 16.982 5.186 22.167 .278 22.Ljh5 

Female .936 15.951 3.587 19.538 3.1422 22.960 

Anterior Margin Eye-Nars/Anterior Marçin Eye-Tip Snout 

Critical Variation Moan Sample Mean 
Region due to Square F_ Rana With Observed Range 

F>14.80 Species 435.558 43.32 aurora' 41.758 LiJ.i.76l 48.276 

F> 6.86 Sex 22.770 2.26 aurora? 41.129 45,319 51.485 

F4.8l Interaction 4.850 .413 casoadaeó1'35.644 46.047 53.846 

Error 10.146 oascadae 41.748 47.716 52.427 

Pooled lO.051. pretiosaf 44.681 51.256 56.757 

pretiosa 41.781 51.6L4.3 58.772 

There is a significant difference in the mean ratios for the 



species but not for sex or interaction. On reference to the LSD 

chart below it may be seen that there is a significant difference 

between the mean ratios of the three species. R. aurora has the 

lowest mean and R. pretiosa the highest1 while that of R. cascadae 

is intermediate. Therefore, it would appear that the nares aro 

nearest the tip of the snout in R. pretiosa and furthest from it in 

R. aurora with those of R. oascadae intermediate. 

LSD Rana aurora R. oasoadae R. pretiosa 
.O5 

'l 32 
1.1404 45.oL.O 1.842 46.882 4.567 5l.L49 

Femur/Snout-Anus 

Variation Mean Sample 
due to Square F Etna Mean With Observed Range 

Species 250.096 57.00 aurora1 48.122 52.506 55.075 

Sex 2.976 .68 aurora 45.466 53.105 60.000 

Interaction 14,597 3.47 casoadae/ 49.541 51.968 55.737 

rror 4.208 oaaoadae. 49.053 53.321i. 57.963 

Pooled 4.388 pretiosa! 45.161 48.902 53.630 

pretiosa 43.880 47.892 51.987 

The femoral length, in this study, was measured by flexing the 
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leg until the femur was perpendicular to the longitudinal axis of the 

body, and the tibia pressed against the femur. The distance from the 

anus to the end of the bent knee was considered the femoral length. 

The snout-anus length was measured as before. 

Only in species is there a difference in the mean ratios. Neither 

interaction nor sex is significant. 

LSD R. pretiosa - R. cascadas Rana aurora 
M1 M3-M2 M3 

.927 ).iB.397 52.6L46 .160 52.806 

R. protiosa differs in its mean ratio from either of the other 

two but the latter do not differ between themselves. The ratio is 
smallest in R. protiosa. Therefore, the average femur length, in 

relation to the body length, is proportionally smaller in R. pretiosa 

than in either R. cascadas or R, aurora. This length is proportion- 

ally the same in . cascadae and R. aurora. 

Ti'L, ia/Snout-Anus 

The tibial length was taken, by flexing the seuents at both ends 

of the shank and measuring from the knee joint to the tibio-tarsal 

joint. The snout-anus length was measured as before. 
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Variation Mean Sample 
due to Square F Rana Mean With Observed Range 

Interaotion L1.7.982 7.55 aurora1 14.7.846 55.695 59.813 

Error 6.369 aurora 51.180 57.129 67.14.00 

oascadae 51.730 55.926 59.077 

oasoadae 53.14.88 57.320 61.314.6 

pretiosa/ 14.8.172 50.698 54.455 

pretiosa? 45.833 48.520 51.753 

Interaction is significant so the factorial must be broken down 

and species and sex analyzed separately. 

Sex 
Variation Degrees Mean Critical 

Species due to Freedom Square F Region 

Sex 3. 20.654 1.70 F>7.36 
Rana aurora 

Error 38 12.151 

Sex 1 19.421 4.208 F>7.36 
Rana oascadae 

Error 38 4.617 

Sex 1 56.563 24.17 F>7.36 
Rana pretiosa 

Error 38 2.340 

As may be seen from the chart above, only R. prctiosa shows any 

significant difference in the mean ratios between the sexes. On 

reference to the mean table, it may be seen that the mean ratio is 
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smallest in the female, Therefore, on the basis of these data, in 

relation to the body length, the tibia is proportionately shorter in 

the female of R. pretiosa than in the male. No significant sexual 

difference is present for the other two species. 

Socoles 
Variation tegrees Mean Critical 

Sex due to Freedom Square F Region 

Speolos 2 161.026 28.5]. F>5.0l 
Malo 

Error 57 5.6L8 

Species 2 505.281t. 71.27 F>5.Ol 
Female 

Error 57 7.090 

Species is significant for both sexes. By referring to the LSD 

chart, it may be noted that the mean ratlos of R. pretiosa differ 

significantly in both sexes from those of R. aurora and R. oascadae. 

The last two, however, do not differ from ono another, Since the 

mean ratio of R. pretiosa is lower than the other two, it would 

indicate that relative to the body length, the tibia tends to be 

proportionately shorter in R. pretiosa than in the other two species. 

LSD R. pretiosa Rana aurora R. oascadae 
Sex .05 M2-M1 M2 MÇM2 M3 

Male 1.503 50.898 4.7914 55.692 .23L. 55.926 

Female 1.684 48.520 8.609 57.129 .191 57.320 
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F omur/ribia 

Variation Wean Saniple 
due to Square F Rana Moan With Observed Rance 

Species 208.99 12.78 aurorad 88.081 94.581i. 113.714)4 

Sex 5.78 .35 

Interaction )40.86 2.57 

Error 15.92 

Pooled 16.35 

aurora 86.557 93.171 100.221 

cascadaed" 87.379 92.987 100,3142 

oasoadae 81,662 93.123 100.000 

pretiosaö" 91.111 96.063 100.997 

pretiosa 93.153 98.658 106.02L. 

There is no signifloant interaction or sex, and only species is 

significant. 

LSD 
.05 

R. oascadae 
M1 

Rana aurora 
M2-M1 2 

R. protiosa 
M3-M2 M3 

1.790 93.055 0.823 93.878 3.1483 97.361 

Only between the mean ratios of R. aurora and R. pretiosa is the 

difference larger than the LSD. Therefore, R. oascadae and R. aurora 

do not differ from each other but they both differ from R. pretiosa. 

The moan ratio is largest in R. pretiosa. This would indicate that 

relative to the femur the tibia is proportionately shorter in 

. 
protiosa than in the other two species. 



Tarsus/v enur 

The tarsal length was determined by flexing the tibio-tarsal 

joint at the proximl end and bending back the toes at the tarsal- 

metatarsal joint at the distal end. The distance between the outer 

end of these joints was considered as the tarsal length. 

Variation Nean Sample 
due to Square F Rana Mean Iith Observed Rang 

Species 69.36 .92 aurora' 52.218 59.567 65.759 

Sex 1.08 .01 auroras 52.57L. 59.730 63.636 

Interaction L1..82 .06 casoadae 5L..30i4 57.!67 62.963 

Error 76.83 cascadae 52.313 57.725 69.637 

Pooled 75.58 pretiosad' 56.l6L. 6o.5L.6 65.ot.i 

pretiosa 56J.52 59.557 62.908 

None of the mean ratios is significantly different on the basis 

of these data. 

Femur/Hind Foot 

The length of the hind foot was determined by measuring from the 

flexed tibia-tarsal joint to the tip of the fourth toe. 
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Variation Mean Semple 
duo to Spiare F Rana Mean With Observed Range 

Species 156.512 18.15 auroral 56.263 6O.77. 6Lt826 

Sex 

Interaction 

Error 

Pooled 

118.885 13.79 

14.011 .146 

8.705 

8.6214 

aurora 57.768 62.142 70.677 

oascacìae/ 58.952 &4.315 70.381 

cascadao' 58.522 65.927 73.508 

pretiosa1 56.250 6oJ4.6 65.376 

pretiosa 58.1422 63.168 67.562 

As may be seen from the F column above, both sex and species are 

significant. The mean ratios of the females aro in all oases larger 

than those of the males. This would indicate a tendency for the hind 

foot of females in all the species to be proportionately smaller in 

relation to the femur than the feet of the males. 

LSD Rana aurora R. pretiosa R. cascadae 
04:.05 M1 2M1 M2 M3M M3 

1.300 61.593 .2314 61.807 3.3114 65.121 

The LSD table indicates that R. casoadae is significantly 

different from both R. aurora and R. pretiosa, but the latter two are 

not significantly different from each other in regard to this mean 
ratio, Since R. cascadae has the highest mean ratio, it would appear 

that relative to the femur, the foot of this form is proportionately 



shorter than the feet of R. aurora and R. pretiosa. As may be recalled 

the f emora of R. aurora and R. caseadae were the same relativo to the 

body length, while that of R. protiosa was proportionally shorter than 

either of the former. It would appear, therefore, that relative to 

the body the foot of R. oasoadae is proportionately shorter than that 

of R. aurora. Also it would follow that relative to the body length 

the foot of R. pretiosa is proportionately shorter than the foot of 

R. aurora, but probably quite similar to that of R. oasoadae. 

Tarsus/Hind Foot 

Variation Mean Sample 
due to Square F Rana Mean With Observed Rang 

Species 5J.8 1.92 aurora/ 31.098 36.176 L.O.114.3 

Sex 33.38 11.67 auroras' 32.574 37.2148 14.0.977 

Interaction .005 .001 oascadae 35.181 36.914 38.950 

Error 2.91 casoadae 32.960 37.992 1.40.695 

Pooled 2.86 pretiosa' 32.604 36.580 39.130 

protiosa? 33.580 37.597 40.165 

Sex, in this oase, is the only thing significant. The mean 

ratios of the females aro larger than those of the males. This would 

indicate that on the average the tarsi of males are proportionately 

shorter in relation to the rest of the foot than the tarai of females, 
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That is, in males the tarsus comprises less of the foot than in 

females. 

Fourth Too/Hind Foot 

The length of the fourth toe was measured from the tarsal- 

metatarsal flexure to the tip of the fourth toe. 

Variation Mean Sample 
due to Square F Rana Mean With Observed .[.ange 

Species 78.762 6.96 aurorac' 66.667 70.359 75.751 

Sex 5.631 .50 aurora. 66.191 69.306 79.135 

Interaction 3.220 .28 easoadaecfl 66.OLj.6 69.981 72.867 

Error 1i.L6i cascadae 65.022 70.0!2 7b.9iO 

Pooled 11.319 protiosad" 66.866 72.501 77.989 

pretiosa L1.6.173 72.194 77.686 

Species is significant but neither sex nor interaction aro. By 

referring to the table of LSD, it may be seen that the mean ratios of 

R. cascadas and R. aurora are not significantly different but they 

differ from the moan ratio of R. pretiosa. Since the mean ratio is 

larger in R. protiosa than in the other two, the fourth toe comprises, 

proportionally moro of the foot in R. pretiosa than in the other two. 



LSD Rana aurora R. oascadae R. pretioï 
x.05 M2M1 M2 M3-M2 M3 

69.832 0.179 70.011 2.336 72.3L7 

Summary of Statistical Analysis 

The following comparisons of the species and sex are based on the 

statistical significance or lack of significance of the mean ratios 

used in this study. Since the data analyzed are ratios, measurements 

cannot be used, but only relative proportions. The conclusions are in 

the opinion of the author valid for these data and the levels of 

significance used. Comparisons are, unless otherwise stated, relative 

to body length. 

Sex - Relative to the body length the head tends to be shorter in 

the females than in the males of all three species whereas the head 

widths are equal relative to body lengths, in all three species. 

Therefore, in a male and female frog, of any one of the three species, 

With the same snout-anus length, the head widths, should, on the 

average be equal while the head of the male would form proportioim11y 

moro of the body length than in the female. 

The internasal distance is wider, relative to head width, in the 

males of . aurora than in the females. This le true, however, only 

in R. aurora for there is no significant dimorphism in the sexes of 

the other tw species. 

In none of the species was there significant sexual dimorphism in 

the femur relative to snout-anus length. However, the female 
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R. pretiosa shows a tendency for the tibia to be proportionally 

shorter relative to snout-anus length, whereas the male does not. 

The hind feet of females in all the species tend to be shorter 

relative to the f emora, and consequently to the body length, than do 

those of the males. Furthermore, on the basis of these mean ratios 

the tarsus comprises more of the foot in females than in males. 

Species - The head width in all three species is proportionally 

the same. Head length, however, differs proportionally between all 

three species. Thus, the head of R. protiosa is the shortest of any 

of the species, and that of R. aurora the longest. The head of 

. 
oascadao is intermediate between the two, Difference in head 

shape is, therefore, probably due mainly to proportional differencea 

in the head length rather than head width. Relative to head width, 

the internasal space differs between all three species. The inter- 

nasal distance is proportionally the widest in R. oascadae, narrowest 

in R. pretiosa and intermediate in R. aurora. If only males are 

considered the width may not be considered different between R. aurora 

and R. cascadae, This is due to the presence of sexual dimorphism in 

R. aurora in 'which the width in the female is proportionally more 

narrow. 

The interocular space is proportionally wider in R. pretiosa, 

relative to the interiiasal space, than that of the other two species. 

The latter do not seem to differ between themselves. Since, as 

mentioned above, the internasal width is narrower in R. pretiosa, 

there may be little or no actual difference between the relative 
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width of the interocular spaces of the three species, but the 

significance of the ratio is due to the already mentioned difference 

in internasal width. 

The diameter of the eye relative to the tympanii is smaller in 

R. pretiosa than in the other two species. 

Relative to snout length the nares are nearest the tip of the 

snout in R. pretiosa (well over halfway down) and further back in 

R. cascadae and R. aurora (less than halfway to the tip). 

R. oaseadae and R. aurora, furthermore, differ with R. aurora being 

the furthest back from the tip and R. cascadae intermediate between 

R0 aurora and R. pretiosa. Both the femur and tibia are propor- 

tionally shorter in the other two speoie. R. cascadse and R. aurora 

are proportionally the same in these characters. Similarly, in rela- 

tion to the femur, the tibia of R. pretiosa is proportionally shorter 

than that of either R. oascadao or R. aurora. Therefore, the shorter 

lega of ¿. pretiosa are apparently due not to an equally proportional 

reduction of both by segments, but rather to a lesser reduction of the 

femur and a aomewhat more drastic reduction of the tibia. 

Relative to the femur, the tarai of all three forms are propor- 

tionally the same. Therefore, in accordance with the greater roduoon 

of the tibia in R. pretiosa, the tarsus appears to he somewhat longer 

in proportion to the entire leg. 

The hind foot, relative to the femur, isnaller in R. oasoadae 

than in the other two forms, This would indicate that in relation to 

leg length the feet of R. cascadae are smaller than the feet of either 
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of the others. Eoweer, in relation to body length it is probably 

smaller only in comparison to R. aurora, and may be nearly equal to 

that of R. pretiosa. The fourth toe of R. pretiosa would appear to 

comprise a greater portion of the foot than in either of the other 

two species. 

Some of the above relationships were derived indirectly from the 

ratios, end adthttedly may be subject to error. More ratios would 

have to be calculated and analyzed before more direct comparisons 

could be made. 

The following chart shows the number of characters the three 

forme have in common. Ra refers to Rena aurora, Re to Rana cascadas 

and Rp to Rana pretiosa. In those instances where a dash is present 

between the symbols it signifies that they differ; if no dash is 

present, then there is no difference. Thus, the three forms differ 

from each other with regard to three characters, but in no instance in 

the ratios were R. cascadae and R. pretiosa the same but different 

from R, aurora. In seven oases, R. aurora and R. cascadae ratios were 

Ra-Rc-Rp 

Ra-RoRp O 

RaRo-Rp 7 

Rc-Ra&p i 

Ra Ro Rp 

the same but differed from R. retiosa, in one case R. aurora and 

R. pretiosa were the same but differed from R. caseadao, and in four 
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cases of the fourteen all three forms were similar, 

If 'we conclude that frogs with the most characters in comnou are 

the more closely related, then R. cascadas and R. aurora would seem 

to be closer than R. oasoadae and R. pretiosa, or R. aurora and 

R. pretiosa. This similarity of R. osscadae to R. aurora in body 

proportions was possibly one of the factors responsible for the 

reduction of R. oascadae to subspecifio rank by Stejneger and Barbour 

since after the loes of oolor the forms appear more similar. 

Relationships based on similarities, however, must be given careful 

consideration in order to exolude the possibility of convergent or 

parallel evolution among possibly remotely related forms. 

This analysis also indicates that a considerable amount of 

sexual dimorphism is present in the frog populations. The dimorphism 

may be small and hardly discernable in samples of very few individual; 

but with these data it is quite evident. The tendency for sexual 

dirphism in a character, when present, to occur in all three forms 3s 

evident. However, the deviation from this tendency in two ratios is 

interesting (internasal/head width in which sexual dimorphism is 

present in R. aurora but not in the other two, and tibia/snout-anus 

length in which it is present in R. oretiosa but absent in the 

others.) 

The presence or absence of sexual dimorphism in a species should 

be valuable as a character. Therefore, the apparent presence of 

dimorphism in the internasal/head width ratio in R. aurora might serve 

as a character in whioh it differs from the other two. Similarly, 
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the sexual dinorphism in the mean tibia/snout-anus ratio in 

R. pretiosa might be considered a distinguishing character. 
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NON-STATISTICAL A1ALYSIS 

Ventral Color 

The dorsal ground color within any species vas f ound to be very 

variable among living individuals arid consequently was considered 

of little value in this study. The bright colors of the ventral 

surface were, however, quite consistent. 

AU adult living R. aurora examined had red on the ventral 

surfaoc, although there was considerable individual variation in 

intensity and extent. The color ranged from bright red on the 

ventral surfaces of the hind legs, along the sides of the body and 

under surfaces of the fore legs, and in scattered flecks on the 

abdomen, to a very pale red on the ventral surfaces of the h. id logs 

only. 

All adult living R. oascadae were various shades of yellow or 

buff on the ventral surface of the body. 

The living R. pretiosa from the Willametto Valley were red on 

the ventral surface of both pairs of limbs, along the sides and in 

a few scattered patches on the abdomen. Those from the east flank 

of the Cascades east to the Desohutes River and the Lapine area were 

also bright red below and on the sides. R. pretiosa from ill Creek 

and the John Day River area, which were alive vthen examined, wore 

more of an orange or yellow-orange below. The latter seem to follow 

the ventral color of R. L' luteiventris as described by Thompson 

(15, pp.52-56), more closely than do those from the east flank of 

the Cascados. 
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In no instance were specimens collected that showed overlap or 

integradation on the basis of these bright ventral colors. Specimens 

that were quite typically R. aurora, R. cascadae, or R. pretiosa in 

other characters always had the ventral color of the species. 

Groin 

Wright and Wright (17, pp.141, 527) state that Slator oomparos 

the three frogs on the basis of coloration and extent of mottling 

in the groin. Rana pretiosa's groin is red and not mottled, that of 

R. oascadae is mottled s'mewhat, with the lower sides yellowish-cream, 

R. aurora is always heavily mottled with black and is colored red, 

yellow and reon. 

All of the living adult R. pretiosa noted in this study had. red 

in the groin, but a few (10%) had. very faint gray mottling present 

in the groin. The living R. aurora all had some yellow in the groin, 

some had red, and a few had a hint of green. The black mottling, 

however, was very prominent and only about 2 of them could be 

confused with the next most mottled form, R. casoadac. Living 

. 
oasoadae from the area studied all had bright yellow or yellow- 

green in the groin region. Furthermore, they typically have less 

distinct mottling than R. aurora, but more than R. pretiosa. Of 

eighty-eight adults examined, two approached a R. aurora type of 

mottling and in three the mottling approximates that of the most 

mottled R. pretiosa (Plate 3). 

The following chart shows the numbers and percentages of each 

species that fall into the three more or less typical examples of 



Plate 3. Side view 

Top to bottom: R. aurora, R. casoadae, R. pretiosa 



groin mottling regardless of color. The colimuis indicate the species, 

R. oa8cadae (88) R. aurora (66) R. pretiosa (69) 

Ro 83 (9L.,32%) 3. (1.52%) 7 (lO.]J.i%) 

Ra 2 (2.27%) 65 (98.)4.8%) 

Rp 3 (3.k.1%) 62(89.86%) 

the rnmtber in parentheses at the oohunn heading indicates the nunibera 

of each species examined arid the rows indicate the type of mottling, 

i.e., Ro indicates a R. cascadae type, Ra a R. aurora type, etc. The 

most prevalent type in a series was taken as typical of that species. 

Thus, it may be seen that in preserved specimens in which the color 

has disappeared, but mottling has remained, the majority but not all 

of the specimens may quite definitely be placed in one species or 

another on this one character alone. However, in living specimens 

examined, practically al]. could be placed in the proper species on 

the basis of groin color and mottling together. 

Dorsal Spotting (Plates 14., 5, 6, 7, 8) 

Each species of frog seems to have one or more kinds of dorsal 

spotting which is quite typical for that species. There may be some 

overlapping of characters between forms, but the majority of mdlvi- 

duals with a certain type of spotting may be assigned to the correct 

Species on the basis of spotting alone. 

; aurora has two general types of spotting 
that are rather 

typical. One consists of more or less indistinct, irregular black 

spots, usually two or three millimeters in diameter, with many tiny 

black flecks between them (Plates 5, 7). The other consists of a 



Plate Li.. Rana aurora, dorsal view 
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Plate 5. Rana cascadse, dorsal view 
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Plate 7. Variation of dorsal spotting in Rana oascadae 
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Plate 8. Variation of dorsal spotting in Rana aurora (top row) 
and Rana pretiosa (bottom row) 
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reticulum of black lines all over the dorsum (Plate 5). 

The spotting of R. oascadae, although quite variable always 

consists of black spots of various 8hapes, invariably with very 

distinct margins. Very seldom is there a peppering of tiny flecks 

between these larger spots, as is the case in Re aurora. 

In R. pretiosa the spotting typically consists of large, usually 

rather indistinct spots, generally with light centers (Plates 5, f5). 

The light centers are sometimes also found in the spotting of 

R. casoadac but very seldom do the light centered spots forni the 

majority of the spotting in any one specimen of this form. 

The following table shows the results of an exemination of a 

group of specimens based on this character. The spotting of each 

specimen was examined to determine of which form its spotting was 

characteristic. The columns refer to the form to which the specimen 

belongs, and the rows the type of spotting on the specimens. The 

R. cascadas (88) R. aurora (66) R. pretiosa (69) 

Ro 86 (77.72%) 6 (9.09%) 3 (L,..35%) 

Ra i (1.1)4%) 60 (90.91%) 

Rp i (1.1)4%) 66 (95.65%) 

greatest overlap seems to be between R. aurora and R. oasoadae with 

seven of one hundred and fifty-four individuals overlapping. Plate 5 

shows a R. aurora with typical R. cascadao spotting. It may there- 

fore be seen that while the type of spotting may be an aid in allot- 

ting a specimen to its speoios, it is by no means an infallible 

character. 



Metatarsal Tuboroles (Plate 9) 

The number of metatarsal tubercies of a forrit Is often included 

in the descriptions, and indeed, this is one of the chief characters 

often used in distinguishing between the two subspecies R. £ pretioea 

and R. luteiventris. Consequently, it was considered an interest- 

ing item to chock. Every stage in the transition between one and two 

tuberoles was found, so often it was a matter of personal judgment as 

to whether one or two were present. The author made every attempt 

to be consistent, and feels that ho succeeded sufficiently to make 

his resulta of valuo. 

Of sixty-six R. aurora examined, forty-five (68%) had two 

metatarsal tuberelea on each hind foot and twenty-one (32%) had only 

one tuberole evident. Moat of the literature describen R. aurora 

as having two tuberoles. The number of tuberolos present on an 

individual seemed scattered indiscriminately throughout the collecting 

area, and both one *nd two were found in both sexes. 

R. cascadao, likewise, is described (12, p.148) as having two 

metatarsal tubereles. However, on examination eleven (13%) of 

eighty-three individuals had only one while the remaining seventy 

two (87%) had two metatarsal tubercies. Again both counts were 

found throughout the area studied. 

R. pretiosa luteiventris reportedly, has one metatarsal tubero le 

as opposed to two in R. L' pretiosa (16, p.56). Wright and Wright 

(17, p.532) following Gardon, tend to consider those R. protiosa in 

western Oregon R. L' pretiosa and those east of the crest of the 
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Plate 9. Webbing of hi'nd foot 
Top row, left: Rana pretiosa; right: modified Rana pretiosa 
Bottom row, left: Rana aurora; right: Rena eascadae 
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Cascades as R. luteiventris. Of seven R. pretiosa collected in the 

Willamette Valley in western Oregon, four had two tuberoles and three 

had one. Of sixty-four collected east of the Cascade crest, siXty 

(9L%) had one tubarde and four (6%) had two. If the number of 

metatarsal tubardes is considered a reliable subapecific character, 

then it could be stated on the basis of this small sample, that the 

Willamette Valley population is an intergrade in this character 

between the two subspecies. The eastern Oregon group, however, tends 

more toward R. luteiventris, 

Webbing (Plate 9) 

Baird and Girard (2, p.379) use the webbing of the toes as a 

distinguishing character between Rana aurora and Ran tio5a. They 

state that the membrane extends to the tip of the tose tri R. pretiosa, 

while in R. aurora the tips of the toes extend beyond their membranes. 

lt. cascadae, on the other hand, is described by Slater (12, p.1L5) as 

having ttmoderate webbing." 

In this study the frogs were divided into four web types 

diagnosed as followsz R. protiosa "type" - the web between toes one 

and two extends from very near the tip of one to the tip of two with 

the sesmoid tubardes of two well within the webbing, the web between 

toes two and three extends from the tip of two nearly to the tip of 

three; the second sesmoid tubarde from the base of two is also well 

within the web; the web between toes three and four extends from near 

the tip of three and gradually tapers to contact four just below its 

tip, all three sesmoid tubardes of toe four are within the web; the 
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web between toes four and five extends from near the tip of toe four 

(well above the third sesrioid tuberola) very nearly to the tip of 

five. 

Modified R. pretiosa type - the web between toes one end two, and 

two and three are as in the R. pretiosa type or the web between toes 

two and three ay be somewhat reduced; the web between toes three and 

four, however, extends from somewhat further down from the tip of toe 

three than the type above, and attaches to toe four slightly above 

sesmoid tubercie threes this web is thus considerably reduced from 

the "typical" R. pretiosa type; the web between tos four and five 

extends from just above sesinoid three of toe four to near the tip 

of toe five; it is also somewhat reduced from that of the "typical" 

R. pretiosa type. 

R. aurora type - The web extends from just above the sesmoid of 

toe one, in a line toward sesmoid one of toe two but before attaching, 

suddenly turns toward the tip of toe two and attaches near the base of 

the first joint of that toe; the web between toes two and three 

extends from the base of the last joint of toe two toward a point 

below seamoid two of toe three, but just before attaching suddenly 

turns toward the tip and attaches just above the second sesmoid 

tubercie of toe three; the web between toes three and four extends 

from the base of the last phalanx of toe three toward the second 

sesmoid tuborele of toe four and attaches just above the tuberole; 

a narrow strip of membrane continues from the point of attac1nent 

to a point above the third sosmoid tubercie; the web between toes 
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four and five starts from a point just above the third sesmoid 

tuberolo of four, follows the toe closely for a way and attaches near 

the tip of five ; the webbing, then, is much reduced from that of 

either R. pretiosa type. 

R. cascadas type - the webs between toes one and two, and two and 

three are much as in the R. aurora type, while the web between toes 

three and four extends from the base of the last phalanx of toe three 

to or, perhaps, a little above or below the third sesmoid tuberele of 

toe four; the web between toes four and five is similar to the 

corresponding web of the modified k. pretiosa type. 

Thus, the R. aurora arid R. cascadas types can be distinguished 

from the two R. pretiosa types by the lesser degree of webbing between 

toes one and two and two and three in the former types. The R. aurora 

type may be distinguished from the R. cascadas type by the greater 

reduction of' the web between toes three and four in the former. The 

R. pretiosa type can be distinguished from the modified R. pretiosa 

type by the reduction of the webbing between three and four in the 

latter. 

Of sixty-six R. aurora examined, twenty-seven had the R. aurora 

typo and thirty-nine the R. cascadas type. All specimens of R. aurora 

from the coastal area had the R. aurora type of webbing. Those from 

all other collecting areas were predominately of the R. cascadae type 

with a few scattered specimens showing the R. aurora type. 

The webs of eighty-five of flinty-one R. cascadae showed the 

R. oascadae type, one showed the R. aurora type, and five approached 
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a modified R. pretiosa typo. Those frogs that had the modified 

R. pretiosa type were soatterod quite widely over the collecting area, 

i.e., they wore not all found in areas where R. cascadse approaches 

or overlaps R. pretiosa. 

R. pretiosa showed two rather distinct types of webbing although 

specimens could be found which wore intermediate. Only seven 

spooimns of R. pretiosa were available from western Oregon, but all 

seven of these showed the full R. pretiosa type of webbing as 

described by Baird and Girard for R. pretiosa from the typo locality. 

The group along the eastern flank of the Cascades (the group with the 

bright red venters) were predominately of' the l'uil R. protiosa type 

with thirty-four of forty-four specimens showing the R. pretiosa typo 

and ten showing the modified R. pretiosa type. Those collected from 

Prineville eastward had the reduced web typo. Of nineteen specimens 

from this last area, seventeen had the modified R. pretiosa type and 

two had the R. oascadao type. 

A summary of the webbing follows. R. aurora along the coast has 

a greatly reduced webbing. However, as the species is examined 

further inland, this reduction is replaced by a moderate typo of 

webbing found most typically in R. cascadae. R. protiosa from western 

Oregon seem to have very full webs as do the majority of these on the 

east flank of the Cascados. Those pretiosa from eastern Oregon, 

however, tend to lose those very full webs and approach a R. casoadao 

type. It is interesting to note that, R. casoadae, with moderate 

webs, is isolated from those R. pretiosa approaching the moderate 



webbing by a strip containing R. pretiosa of which the majority have 

full webbing. Furthermore, it would appear that R. aurora and 

. cascadae tond to intergrade or at least overlap greatly in this 

character. In addition both R. aurora and R. caacadao are disting.sh- 

able in webbing from those i. pretiosa that occupy the same or 

closely adjacent areas. 

Relative Length of Leg 

The length of the hind leg, in relation to the head and body 

length has often been used to distinguish between R. pretiosa and the 

other two forms. This is usually done by extending the leg along the 

side or back of the frog and noting whore the flexed tibio-tarsal 

joint reaches. In R. pretiosa the heel usually does not reach the 

external nares while in R. aurora and R. oasoadae, it usually reaches 

to or beyond this point. The use of' preserved specimens made this 

character rather diffioult to determine, but comparison of this 

measurement on animals before and after preservation indicated that 

the measurement is valid if care is taken to use a uniform technique. 

The results of these observations are shown in the following tabula- 

tion. 

Rana aurora (66) R. cascadae (95) R. pretiosa (77) 

s 1 (7.57%) 9 (9.Ls9%) 71.i. (96.10%) 

N 3 (L.55%) 6 (6.33%) 3 (3.9o) 

B 59 (87.88%) 80 (8L.2L1%) 

The column again refera to the species of frog and the number 
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in parentheses refer to the number of each forni examined. S means 

that the heel is short of the nares, N, the heel reaches the flares and 

B, the heel extends beyond the nares. 

Reference to this table indicates that, at least with the 

preserved specimens, the leg to the heel is not always proportionally 

shorter in R. pretiosa than in the other two. Of the seven R. aurora 

in the table with heels to or short of the nares five were from areas 

above 2100 feet elevation, while only two were below this altitude. 

Indeed, only seven were colleoted above 2100 feet, so 71% of those 

above 2100 feet had relatively short legs. This tendency in R. aurora 

for shorter legs might be environmental in view of Schmidt's work on 

leg length in relation to latitude (li, p.377). However, the small 

size of the sample prevents any definite conclusions. 

The fifteen shortlegged R. casoadac come from all parts of the 

range with no apparent correlation to altitude. In most collecting 

areas only one or two shortlegged individuals would be found in a 

series. In Salt Creek, however, four of five specimens were short- 

legged. This is rather interesting in view of the fact that four of 

five R. aurora from the same area were shortlegged. 

Thus, we must conclude that while the relative length of the 

leg is a helpful taxonomic .haracter and holds in the riajority of 

the cases, it is by no means infallible and must be used in con- 

junction with other characters. 

Toes of the Forefeet (Plate 10) 

Baird and Girard (1, p.l7Li.) state that the fingers of the 



anterior limbs are rather long and slender in R. aurora and slender 

and tapering triR. pretiosa (2, p.378). Slater (12, p.th5) says 

that in R. cascadas the digits aro stout. Therefore, it was 

considered worthwhile to compare the relative stoutness of the anter- 

ior limb digits. Three categories, heavy (H), medium (M), and slender 

(s) were set up for this character. This method along with those 

used for some other characters in this study, is admittedly subjective 

and difficult to apply in cases whore there are great size differences 

in specimens, but the results are nevertheless thought to be of 

interest. 

The following table suimnarizes the results. The species are 

again in columns, and the rows indicate the category used. 

Rana aurora (61) R. casoadae (7L) R. pretiosa (69) 

H 2 (3.28%) 2L. (32.L3%) 

M 114 (22.95%) ¿42 (56.76%) 16 (23.19%) 

S ¿45 (73.77%) 8 (10.81%) 5(7,%L 

Thus, it may be seen that there is a definite tendency for 

i. 
cascadae to have much stouter digits than the other two forms. 

There is according to these data considerable overlap between the 

forms. It is of interest that the two R. aurora with heavy digits 

are from Salt Creek which is toward the eastern limit of R. aurora 

in the area. Furthermore, all six specimens from the coastal area 

hve very thin digits. The others were scattered throughout the 

range of the species. 
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Skin Texture (Plates 14.-8 and li-13) 

Baird and Girard (2, p.378) state that R. pretiosa and R. aurora 

differ in the "granulation of the body and inferior surface of the 

feet," Dickerson (5, pp.218, 220) describes the skin of R. pretiosa 

as "everywhere rough, even in the region of the ear", and the skin of 

R. aurora as vsri smooth. Slater (12, p.114.5) states that the surfaces 

of R. oascadae are generally smooth with a slight roughening on the 

dorsal surface of the body, posterior femur, and dorsal tibia. 

In this study, three general groups of degrees of skin texturo 

were sot up. The first, the R. aurora group, varied from completely 

smooth individual to those having a very fine granulation in the 

tibial arid tarsal region, aad culminating in frogs with a few low 

tubereles on the back and sides, The R. oascadae group varied from 

very fine granulation over legs, back and sides to this granularity 

plus tuberolea on the sides and back. The smoothest individuals in 

the . pretiosa group had the fine granulation all over the dorsal 

surface (excluding part of the head) plus many closely crowded large 

pointed tuberoles on the legs and sides. The extremely rough 

individuals of the latter species had large tubereles crowded all over 

the dorsal surface in addition. 

In the next table the columns refer to the species to which the 

frogs belong and the rows refer to the type of granulation. 



Rana aurora (67) R. caeoadae (loi) R. pretiosa (75) 

Ra 60 (89.55%) 15 (th.85%) 

Rc 7 (io.L.5%) 8L. (83.17%) 2 (2.6) 

Rp 2 (1.98%) 73 (97.33)) 

From this table it may be seen that 2. oascadao overlaps both 

other species. The skin texture of this form in the Casoade Mountahis 

of Oregon is remarkable since it varies from completely smooth to very 

rough reeu1tin in a considerably different appearance. Furthermore, 

i. 
cascadas from one lake may show practically the same range of 

variation in this character as a collection of R. oascadae from all 

over the area studied, The seven R. aurora that fall within the 

R. oascadao group most resemble the smoothest specimens of that 

group, while the two R. pretiosa resemble the roughest. Thus, no 

specimens were found in which R. aurora and R. pretiosa overlap in 

thi& character. The texture of the skin would serve to separate 

R. aurora and R. pretiosa but not R. casoadae from either other form, 

although the majority of R. casoadse could be separated on the basis 

of this character, 

Distribution of Ventral i'e1anophores (Plate 10) 

R. aurora and R. pretiosa were found in this study, some of 

which had the entire ventral surface heavily mottled and others in 

which the mottling appeared confined to the throat region. Even the 

same living individual varied greatly in degree of mottling over a 

period of time. The mottling of R. cascadas was confined largely to 
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Plate 10. Ventral views 
Left to right: Rana aurora, Rana easoadae, Rana pretiosa 
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the sides, throat and sternal region, but this too varied greatly. 

Upon low power microscopic examination of areas where mottling 

normally occurred in a species, but was not visible in an individual, 

rnelanophores were readily discernible. It was found that R. cascadas, 

in contrast to the other two forms, normally have a large melanophore 

free area in the median abdominal region. Specimens were examined to 

see if this character held good over a series. The results are 

tabulated below. 

Melanphores Rana aurora (60) R. cascadas (98) R. pretiosa (7L.) 

All over venter 59 (98.33%) 1 (1.02%) 71 (95.95%) 

Lacking on 
abdomen i (1,67%) 97 (98.98%) 3 (L..o5%) 

As may be seen from the table, this character serves very well as 

an aid in dietinguishing R. cascadas, Practically ail of the 

.. 
aurora were heavily covered with melanophores below. In a few 

specimens, they become rather dilute, and in one specimen were 

practically absent from the median abdominal area. The R. retiosa 

examined from western Oregon, and the east slop of the Cascades were 

ail heavily covered with melanophores. In eastern Oregon, however, 

along with the reduction of color, there occurs a scattering of 

abdominal melanophores. The three R. pretiosa in the lower right 

corner of the table represent the completion of this trend in a few 

individuals. Jis is true in several other characters, the 

R. pretiosa from eastern Oregon in which the abdominal melanophores 

tend to thin out, are separated from R. oascadae which lacks these 
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molanophores by a strip of R. pretio8a along the east sloof the 

Cascades in which heavily mottled abdomens are the rulo. 

Habitat Preference 

Dickerson (5, p.220) states that R. pretiosa is "thoroughly 

aquatic in its habits. It gets its food largely from the water, 

feeding greedily on small fish." She states further (5, p.217) that 

. 
aurora "seems to enjoy equally sitting under the shade of ferns or 

in the water." Storer (15, p.27Ls) states that R. pretiosa is a 

highly aquatic species. Jewett (9, p.71) says that R. aurora "is an 

inhabitant of the deep forests, resting under the cool sword ferns of 

this region (Portland) during the day and often coming forth at night 

in search of food." He continues that R. pretiosa is mainly aquatic, 

seldom leaving water." Thompson (16, p.5writos thatR. 

luteiventris "adults wore usually found along the edges of swiftly 

flowing streams or with only the head projecting from the vegetation 

of stagnant ponds. When disturbed, they slipped quietly under the 

surface, but quickly reappeared, usually in the same placa." 

R. oasoadae according to Slater (12, p.lLj5) is typically a Hudsonian 

frog. 

The author's observations have merely corroborated the above 

statements on R. aurora and R. pretiosa. The non-breeding adult 

R. aurora collected by the author were usually among down logs, in 

blackberry tangles or other typos of dense cover when they were first 

observed. Upon being disturbed they would immediately make an attempt 

to escape into the nearest pool or stream. The greatest departure 



from this was in some deep, steep banìd, man-made pools on Coffin 

Butte (Benton County). These pools are permanent end have only a 

few clumps of young willows along the edges. Furthermore, there is 

little other cover available for a great distance, in this area the 

frogs sit on the banks of the pools very close to the edge of the 

water, and if disturbed dive into the water. Often they would not 

even attempt to hide in the vegetation on the bottom of the pool, but 

merely crouch on the bottom in plain view through the clear swumer 

water of these ponds. 

The R. pretiosa, on the other hand, were usually first seen 

floating in the water among sedges (Carex) and pondweed (Pot&mogetozt). 

They were found most abundantly in pools and lakes which had well 

developed stands of sedge, pondwoed or waterlily in rather shallow 

water. The six inches to a foot and one-half of loose muck that 

covers the bottom of such areas is an excellent hiding place, The 

frogs can dive into the muck, swim through it a short distance and 

hide. R. pretiosa were also fount on the bank in the edge of the 

water along small pools and ditches, They were never found as far 

away from the water as were R. aurora. 

Non-breeding R. cascadae were found most abundantly along small 

mountain streams where they sat on ho bank among the grass and 

shrubs. When disturbed they would divo into the stream, but instead 

of trying to hide on the bottom would either swim across the stream if 

very narrow, or would swim down the stream for a few feet and climb 

partially out on the bank. The frogs would even hesitate to dive into 



some of the swifter, colder streams. In some areas R. cascadae were 

found in rather shallow, warm ponds. In these the behavior was 

considerably different. Upon diving into one of these pools the frog 

would immediately submerge arid swim along the bottom until it found 

something to hide under. This is much more similar to the behavior 

observed in R. aurora and R. pretiosa. 

From the foregoing observations it would appear that R. pretiosa 

is the most highly aquatic form of the three, while R. aurora tends to 

spend much more time on land. R. casoadse appears to be less aquatic 

than R. pretiosa but was not often observed as far from water as 

R. aurora. 
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DISCUSSION AND CONCLUSIONS 

The resulta of the statistical analysis based on various ratioe 

on three groups of frogs which were diagnosed as belonging to either 

R. aurora, . cascadas or R. pretiosa, indicate that R. oascadae is 

most closely allied to R. aurora. It must be kept in mind, however, 

that this analysis is based on fair sized samples, and is meant to 

hold for the populations studied and not on individual frogs. 

Furthermore, of the three ratios in which the three forma differ, 

R. oaaoadae is intermediate between R. aurora and R. pretiosa in two. 

In the other character R. aurora is the intermediate form. 

No intergrading or overlapping was observed in ventral coloration 

between . casoadae and the other two forms, since R. aurora and 

i. 
pretiosa are always reddish below and R. cascadas is yellowish or 

buff. The ventral coloration of R. pretiosa from eastern Oregon tends 

to fade out and approach that of R. casoadae, but is more orange than 

that of . casoadae, R. oascadae is, furthermore, separated from the 

light ventered R. pretiosa by a strip of R. pretiosa with bright red 

ventral surfaces (Plate 1). Although R. casoadae and the R. pretiosa 

with bright red below overlap in distribution, they remain distinct on 

the basis of ventral color. 

In adult living animals, three groups representing R. aurora, 

R. cascadac and R. pretiosa may be distinguished on the basis of groin 

markings and color. These groups do not overlap since R. aurora is 

yellow and red with heavy black mottling, R. casoadae is yellowish- 

green with some dark mottling, and R. pretiosa is red, usually without 
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mottling. Specimens that have been preserved for some time, however, 

lose the bright groin colors, but usually retain the dark mottling. 

The majority, but not all, preserved specimens examined from Oregon 

could be placed in the correct group on the distinctness of mottling 

alone, 

The dorsal spotting of each of the three groups is quite distino- 

tive. In none of the specimens examined did R. aurora have the large 

indistinot 8pOtS of R. pretiosa, nor did R. pretiosa have the many 

small black flocks characteristic of so many R. aurora, Several 

R. aurora (9%) had the large, distinct, black spots of R. oascadae, 

but only one R. oasoadae evon approached the R. aurora typo of 

spotting. Overlap in this character between R. cascadae and 

R. pretiosa was present but very small. 

The metatarsal tubardes, at least in the Oregon frogs, are not 

as fixed in number as the literature would lead one to believe. 

!:. aurora and R. oasoadae reportedly have two metatarsal tubardes on 

each hind foot, but only 68% of the R. aurora examined in this study 

had two and 32% had one, while 87% of the R. oascadae had two and 13% 

had one. R. pretiosa pretio8a is reported to have two metatarsal 

tubardes while R. . lutoiventris is characterized by one. The 

R. pretiosa of western Oregon are usually considered to be R. pretiosa 

pretiosa and those east of the Cascades R. £ lutoiventris. Of seven 

examined from western Oregon, four had two and three had one, while of 

sixty-four from east of the Cascade crest 91i.% had one tubarde and 

6% had two. 
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A].1 . aurora examinad from the ooa8tal section of Oregon had 

greatly reduced webbing, while the majority of the R. aurora from the 

remaining area had what might be called a moderate webbing. 

Practically all R. cascadae examined had the moderate type, 

R. pretiosa examined from western Oregon and the eastern slope of the 

Cascades had very full webbing while those further east had a somewhat 

reduced webbing. Thus, except for the coastal R. aurora, most 

R. aurora could not be separated from R. cascadac on the basis of 

webbing, but both R. aurora and R. cascadas can be separated from 

R. pretiosa, occupying the saine or closely adjacent territory, on 

this basis, 

R. aurora and R. oaacadae, reportedly, may be separated from 

. 
pretioaa on the basis of relative leg length, the heel of the 

extended hind leg reaching beyond the nostrils in the former two, and 

the heel 8hort of the nostrils' in the latter one. Of sixty-six 

!;' 
aurora examined for this character, in 12% the heel reached to or 

short of the nares and in 86% it reached beyond. In R. oasoadae the 

heel of i62 of the ninety-five animals examined reached to or short of 

the mares and that of 8L reached beyond. The trend was reversed in 

R. pretiosa in which L% of the seventy-seven examined reached the nares 

and the other 96 were 8hort of the nares, 

The toss of R. casoadae tend to be heavier than those of the 

other forms making quite a useful character in spite of the great 

amount of overlap evident for this character. 

The skin of R. aurora is generally quite smooth and in no 
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specimen examined did it even approach the roughness characteristic of 

R. pretiosa. . oascadae, however, is extremely variable in this 

character, with individuals from the same breeding population often 

showing every degree of roughness from the smooth R. aurora type to 

the rough i. pretiosa type. 

The author found the distribution of the ventral melanophoros 

was a character that tended to separate the majority of R. oasoadae 

from the other two forms. The melanophores were usually found to be 

absent from the medial abdominal area of R. oascadae but present in 

the other two forms. 

As a habitat R. aurora seems to prefer cool densely covered land 

areas in the vicinity of slow streams or near ponds or sloughs in the 

lower elevations of western Oregon. R. pretiosa, on the other hand, 

seems to be much mcre aquatic since it spends much of its time in the 

water and seldom ventures far from the edge of the poe1. This 

species is very wide ranging in eastern and western Oregon and seems 

to be absent only from the northern Oregon Cascades. R. cascadae is 

a mountain form dwelling along small mountain streams, ponds or lakes. 

It seems to prefer the edges of the banks of the streams and lakes, 

very seldom 8pending much timo floating in the water after the manner 

of R. pretiosa. 

On the basis of this study the author is inclined to believe 

that the three groups of frogs studied aro species. R. aurora and 

R. pretiosa are very distinct from one another being distinguished by 

the color and amount of groin mottling, the relative length of the 
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hind legs, webbing, dorsal spotting, roughness of the skin, the 

general body proportions as shown in the statistical section, and 

habits. A further item, not mentioned before in this study is the 

tendency for the eyes of R. protiosa to be oriented more dorsally 

while those of R. aurora are more lateral (5, p.221). Furthermore, 

the oyes of L. pretiosa are brighter yellow while those of R. aurora 

tend to be more orange or bronze. These two eye characters taken 

together lend the head of R. pretiosa a strikingly different 

appearance from that of R. aurora. The fact that both of these forms 

are found in western Oregon in the same ponds should dispel doubts 

of their specific distinctness. 

While R. casoadse has been more of a problem, examination of 

living specimens leaves no doubt the R. eascadae is distinct from the 

other two whether specifically or subspecifically so. The most 

obvioua point of difference from R. aurora and R. pretiosa is the 

yellow or buff ventral coloration and the yellowish-green, slightly 

mottled groin of R. oascadae. As mentioned above, the author found no 

signs of intergradation in these, although in distribution R. cascadae 

overlaps R. aurora on the west and R. pretiosa on the east. If 

genetic interchange were taking place it would seem that intermediates 

would be present, unless of course, the color pattern is due to a 

single genetic factor. R. cascadae differs further from the other two 

species by the lack of median abdominal melanophores, the greater 

stoutness of the toes in most specimens, the rather distinctive type 

of spots, and in the habitat preference. It may be distinguished from 



R. pretiosa by the longer legs, reduced webbing on the hind feet and 

the generally greater smoothness of the skin. Additional points of 

difference from R. aurora are the yellow, almost R. pretiosa-like eyes, 

and the greater roughness of the skin in most specimens. Although it 

more resembles R. aurora in general body proportions than it does 

R. pretiosa, R. oascadae is rather intermediate between the other two 

forms in other characters such as skin texture and groin mottling. 

Although specimens of R. pretiosa examined from western Oregon 

and parts of eastern Oregon were in rather small series, there would 

seem to be ample reason to separate the Oregon representative of the 

species into the two subspecies, R. . pretiosa in western Oregon and 

I luteiventris in Oregon east of the Cascades. The frogs of the 

two areas differ in ventral coloration, those in eastern Oregon being 

orange-red; in webbing, those in the east having the webbing somewhat 

reduced; in the distribution of the abdominal melanophores, those from 

the eastern part of Oregon being more widely dispersed; and in the 

proportion of animals having two metatarsal tubercies to those having 

one. The greater number of R. pretiosa from eastern Oregon have one 

and those from western Oregon have two metatarsal tubereles. ihe 

series from the eastern siopo of the central Oregon Cascados, east to 

the Desohutes River and Lapine are interesting in that they closely 

resemble western Oregon forms in all the above mentioned characters 

xe&pt the metatarsal tuberoles. In the latter character they follow 

the rest of the eastern Oregon R. pretiosa. 
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SUMMARY 

1. A study of the distribution and relationships of R. aurora, 

R. eascadae and R. pretiosa in Oregon is undertaken. A majority 

of the specimens examined were collected from an area in west- 

central Oregon with dimensions of approximately one hundred and 

forty miles by eighty miles. 

2. The taxonomie status of the frogs has been briefly 8urnmarized. 

3. R. pretiosa is distinguished from the other two forms by the 

shorter legs, greater amount of webbing, lack of mottling on the 

sides, lack of a mask and the greater roughness of the skin. 

R. aurora is distinguished from R. cascadae by the rod ventral 

color of R. aurora as opposed to the yellowish venter of 

R. cascadas, by the red, and yellow heavily mottled groin of 

R. aurora compared with the yellowish lightly mottled groin of 

R. oascadae, by the greater stoutness of the toes and greater 

roughness of the skin in R. cascadas. 

L1.. Three species are recognized, Rana aurora, R. casoadae and 

. 
pretiosa, the latter with two subspecies R. j. protiosa and 

; L. luteiventris. R. aurora and R. pretiosa are the most 

distinct of the forms while R. casoadae most closely resembles 

R. aurora in its external morphology, but in some characters is 

intermediate between R. aurora and R. pretiosa. 

5. The distribution of the frogs in Oregon may be summarized as 

follows z R. aurora occurs in western Oregon east into the lower 

foothills of the western slope of the Cascades. R. pretiosa 
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occurs all over the state, except the higher parts of the northern 

Oregon Cascades, in two subspecies, R. p. pretiosa west of the 

Cascades and R. L' luteiventris in eastern Oregon. R. oasoadae is 

found in a narrow strip down the Cascades at least as far south 

as Crater Lake. 



Plate li. Living Rana aurora 
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