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N NATURAL populations of meadow frogs from the north central I states an occasional individual is found that differs markedly in pig- 
mentation from the typical Rana pipiens. The latter has the back, sides, 
and legs covered with black spots of various sizes and shapes. The excep- 
tional individuals closely resemble pipiens in general form but are com- 
pletely or nearly devoid of the black spots (fig. I, 2). These “meadow frogs 
without spots” have been treated in a variety of ways by taxonomists. 
DICKERSON (1906) regarded them as a color variety of pipiens and was 
apparently of the opinion that the condition occurred only in juvenile 
frogs. In 1922 WEED suggested they be regarded as a distinct species and 
given the name Rana burnsi. This step was deemed necessary, since both 
spotted and non-spotted individuals are found together but with no evi- 
dence of intergradation. WEED’S species has not been universally accepted. 
Neither KELLOGG (1932) nor STEJNEGER and BARBOUR (1939) recognize 
Rana burnsi. WRIGHT and WRIGHT (1933) have provisionally listed it as 
a subspecies of pipiens. Academic treatment of this kind, however, can do 
little to settle the problem. 

A few years ago a shipment of Rana pipiens arrived from the middle 
west which included several Rana burnsi. This provided an opportunity 
for studying the early development of this non-spotted variety and for 
attempting to secure hybrids with typical Rana pipiens. Cross fertilization 
between burnsi and pipiens was successful, and a few tadpoles were kept 
until metamorphosis. In the controls, burnsi 9 X burnsi 8, three tadpoles 
transformed. These were of two kinds-one non-spotted like the parents, 
the other two spotted and indistinguishable from ordinary pipiens. The 
hybrids of pipiens and burnsi similarly gave rise to two types of offspring. 
Of the 24 transforming in this cross, 13 were non-spotted and 11 spotted. 
There was no evidence of blended inheritance. Seven controls, pipiens 
Q X pipiens 3,  differed in no way from their parents. 

These rather surprising results suggested that the non-spotted frogs that 
WEED had named Rana burnsi differed from the typical Rana pipiens by 
one dominant gene carried in the heterozygous state. Experiments with 
Rana burnsi were resumed the following year. The problem was assailed 

1 These experiments were performed in the Department of Zoology, Columbia University, and 
in the Department of Biology, Brooklyn College. The author takes pleasure in acknowledging his 
indebtedness to these institutions for the facilities supplied. 
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RANA BURNS1 409 

in two ways: (I) by a study of embryonic temperature tolerance and rate 
of development and (2)  by breeding experiments to throw light on the 
inheritance of the pigment pattern. 

TEMPERATURE TOLERANCE AND RATE OF DEVELOPMENT 

The embryonic temperature tolerance and rate of development in am- 
phibia is highly species specific. So far, these physiological characters have 
been measured in 15 species of frogs, toads, and salamanders. Although 
some of these species are closely related, no two are identical in these 
characters. For this reason the temperature tolerance and rate of develop- 
ment of eggs of Rana burnsi were compared with those of Rana pipiens. 

Morphologically the eggs of pipiens and burnsi are indistinguishable. 
The color and size of the eggs as well as the structure of the jelly mem- 
branes are identical. WRIGHT and WRIGHT (I 933) have found characters 
of this nature useful in separating species in many cases. 

For practical reasons, only the upper limiting temperature was deter- 
mined. Fertilized eggs of pipiens and burnsi were placed in finger bowls 
which were kept in water baths and cold rooms a t  the desired tempera- 
tures. All experiments were begun a t  first cleavage, and the eggs remained 
in the water baths until they hatched, a t  which time the number of normal 
tadpoles was counted. In every experiment from 48 to 165 (average 91.5) 
eggs of each female were used a t  any one temperature, making a total of 
4940 eggs altogether. The results are given in table I. The variability in the 

TABLE I 

Normal development [in percentage) in eggs of Rana pipiens, Rana 
burnsi, and their hybrids at diflerent temperatures. 

NORMAL TADPOLES (PERCENTAGE) 
- EXP. CROSS 

15.00 18.0~ 27.5' 29.7' 31.8' 
~~ ~~ ~ 

D burnsi 0 X bumsi 8 71 84 73 18 0 

D pipiens P Xpipiens 8 99 99 92 29 0 

0 - 2 0  - 95 E burnsi 0 X burnsi 8 
- E pipiens 0 Xpipiens  c? 95 92 76 

G burnsi 0 X burnsi 3 42 12 0 84 

G pipiens 0 Xburnsi 8 - 0 

- 

- 
G burnsi 0 Xpipiens  8 72 84 44 6 0 

G pipiens 0 Xpipiens  8 91 9 2  33 8 0 

H burnsi P X burnsi 3 89 7 5  6 0 0 

H pipiens 0 X burnsi 8 78 71 63 6 0 

92 44 24 

H burnsi 0 Xpipiens  8 79 7 2  I 0 0 

H pipiens 0 X p i p i e n s  8 79 80 58 5 0 
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410 JOHN A. MOORE 

percentage normal development is large at the upper critical temperatures; 
variations of such magnitude are expected in experiments of this type. For 
example, in the pipiens controls a t  29.7" the percentage normal develop- 
ment ranged from 5 percent in experiment H to 76 percent in experiment 
E. In the burnsi controls the percentage varied from o percent normal 
development in experiments E and H to 18 percent in experiment D. If 
differences do exist in the upper limiting temperature for pipiens and 
burnsi, they are so slight as not to be detectable by experiments of this 
kind. Likewise no difference can be detected between the reciprocal hy- 
brids, or between the hybrids and the parents. 

Several experiments on rate of developm.ent were conducted in which 
the eggs of the two species (and in some cases their reciprocal hybrids) were 
fertilized simultaneously and kept at constant temperatures. Comparisons 
of rate of development of burnsi and pipiens were made at 15" (four ex- 
periments), 18" (two experiments), 27.5' (four experiments), and 29.7' 
(four experiments). These failed to reveal any difference between the two 
forms. I n  two experiments in which the rate of development of the recipro- 
cal hybrids was compared with the parents no difference could be detected. 
This is of interest, since in species crosses in frogs those hybrids that de- 
velop beyond gastrulation are either retarded or accelerated over the ma- 
ternal rate (MOORE 19418, 1941b). 

These observations on egg size, type of jelly, rate of development, and 
temperature tolerance do not reveal any difference between Rana pipiens 
and Rana burnsi. If Rana burnsi proved to be a "good species" this would 
be surprising, but if the difference between the two is due to a single gene 
affecting pigmentation, as was suggested by the preliminary experiments, 
we would not necessarily expect embryonic differences of the type enu- 
merated. 

INHERITANCE OF THE PIGMENT PATTERN 

As previously stated, the pigment pattern of the two frogs is quite dis 
tinct (fig. I, 2 ) .  The black spots so characteristic of pipiens are nearly or 
completely absent in burnsi. The latter usually has a few spots on the hind 
legs, one on the elbow, and perhaps many tiny black dots in the middle of 
the back at the level of the pectoral girdle. Of about 50 specimens examined 
there was never any doubt whether a given individual was pipiens or 
burnsi. Confirming WEED'S experience, no intermediates were found. 

The breeding experiments were conducted in the following manner: a 
pipiens 9 and a burnsi 9 were each injected with frog pituitary glands to 
stimulate ovulation. Two or three days later, when eggs were present in 
the Mullerian Duct and ready for use, one burnsi 3 and one pipiens 3 
were killed, the gonads remloved and cut into small pieces to liberate the 
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RANA BURNSI 41 I 

sperm. The necessary precautions were taken to guard against contamina- 
tion by unwanted sperm. Eggs from each female were fertilized with both 
types of sperm. This gave four types of embryos: burnsi 0 Xburnsi 8, 
burnsi 0 Xpipiens 6, pipiens 0 Xburnsi 8 ,  pipiens 0 Xpipiens 8 .  
Hereafter these will be abbreviated B X B ,  B X P ,  P X B ,  and P X P ,  the 
“B” for burnsi, the “P” for pipiens, and the female preceding the male. 
Seven experiments were conducted (table 2). A and B were the preliminary 
experiments mentioned before. The tadpoles of these two were combined 
(the same burnsi male was used for both A and B females). Experiments 
D-H were conducted a year later than A and B .  In  G only B X B  and 
P X B ,  and in H only B X B  and B X P  embryos were kept until trans- 
formation. 

TABLE 2 

Results of crosses between Rana pipiens and Rana burnsi. In  the F1 
a segregation into burnsi and pipiens young occurs. 

BURNSI 9 x BURNSI 9 x PIPIENS 9 x PIPIENS 9 x 
BURNSI 6 PIPIENS 3 BURNSI c? PIPIENS c? 

EXPERIMENT BURNSI PIPIENS BURNSI PIPIENS BURNSI PIPIENS BURNSI PIPIENS 

I 2 4 2 0 7 A & B  9 9 
D 123 42 3 3  43 31 
E 8 ,  3 I9 I 1  35  54  0 40 
F 3 1  2 0  40 3 3  8 I 9  
G 35 7 
H 26 3 10 I 2  

21  0 4 2  

0 41 
- - 7 6 - - 

- - - - 

Total 224 77 I11  I08 85 102 0 130 
Expected 225; 7 5 t  109; 109; 93)  93)  0 1 3 0  
Deviation 1; 1: 1) I; 8) 8 )  0 0 

St. error 7 . 5  7.5 7 . 4  7 . 4  6 .8  6.8  

The different experiments were carried out in the same manner, so a 
description of one of them, D, will serve as an example for all. This experi- 
ment was begun January I. A total of 705 embryos were kept to be raised 
to transformation. Of these 316 were B X B ,  189 B X P ,  IOO P X B ,  and 
IOO P X P .  These tadpoles were kept in a variety of containers, and the 
optimum conditions were apparently attained when 10-1 5 animals were 
in a one gallon food jar. However, in most cases the animals were more 
crowded than this. The diet consisted of canned spinach and cooked fresh 
spinach. An effort was made to change the water three times a week. The 
embryos were raised a t  room temperature (22-26O), and transformation 
began early in March. Even a t  this time there was a tremendous variation 
in size-best correlated with the crowded culture conditions. As a result 
of this, tadpoles were transforming for several months. The mortality in 
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experiment D, as well as in the others, was large-amounting to about 50 
percent. In no case, however, was there any evidence of reduced viability 
as a result of hybridization. Experiment D was terminated August 11 and 
the few remaining tadpoles photographed and fixed for subsequent study. 
The number that had already transformed, together with the tadpoles 
fixed a t  this time, represented 53 percent of the original number in the 
B X B  cross, 50 percent in BXP,  61 percent in PXB,  and 50 percent in 
PXP.  

The adult pigmentation first appears a t  the time of metamorphosis. The 
first few animals to transform showed a clear-cut segregation in the B XB, 
BXP,  and P X B  crosses. These young frogs were either spotted as in 
pipiens or non-spotted as in burnsi (fig. 3-6). A total of 301 transformed 
in the B XB experiments (table 2).  Of these 224 (74.4 percent) were burnsi 
and 77  (25.6 percent) pipiens. In the B X P  a total of 219 were secured, of 
which 111 (50.7 percent) were burnsi and 108 (49.3 percent) pipiens. In 
the reciprocal cross, PXB,  187 transformed. Of these 85 (45.5 percent) 
were burnsi, and 102 (54.5 percent) pipiens. Combining both types of hy- 
brids (there is no valid reason to separate them) in a total of 406, 196 (48.3 
percent) were burnsi and 210  (51.7 percent) pipiens. In the P X P  cross 
only pipiens were secured. These results indicate that Rana burnsi differs 
from Rana pipiens by a single dominant gene and that this is carried in the 
heterozygous state. Thus, the B XB cross gives the expected ratio of three 
burnsi to one pipiens. Hybrids between burnsi and pipiens, the double re- 
cessive, show the expected I : I  ratio. In no case is the deviation of actual 
from expected results more than twice the standard error (table 2). Thus 
the results are of statistical significance. Designating the dominant (burnsi) 
gene B and the recessive b, these crosses may be illustrated as in figure A. 

BB B b  B b  bb B b  b b  b b  

50 % 50% 100% 
a c t u a l  74.4% 25.6% 48.3% 51.7% 100% 

FIGURE A. Diagram of the crosses involving Rana pifiens and Rana bumsi. 

ON THE QUESTION OF A HOMOZYGOUS BURNS1 

To obtain the results given in table 2 a total of 13 Rana burnsi were used. 
All were heterozygous (Bb) for the pigment pattern gene. With the hope 
of discovering a homozygous (BB) ,  individual further crosses were made 
in which pipiens eggs were fertilized with sperm from eight burnsi males. 
If any male was homozygous, all of its offspring would be burnsi. In every 
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RANA BURNS1 413 
case pipiens young appeared, indicating that the eight burnsi males were 
heterozygous. Altogether, a total of 21 burnsi were tested and found to be 
heterozygous. In other crosses, not reported in this paper, four additional 
burnsi proved also to be of the Bb genotype. 

The collection in nature of these 25 Rana burnsi shown to be heter- 
ozygous raises the question of the occurrence of homozygous individuals. 
In this connection it is necessary to give some data on the relative numbers 
of pipiens and burnsi as they occur in natural populations. The two forms 
are found together, but the burnsi are in the minority. In the localities 
where the frogs used in these experiments were secured the dealer supply- 
ing them estimates one burnsi to every 99 pipiens. DR. GOODNIGHT in- 
formed the author that in northwestern Illinois burmi likewise account for 
about I percent of the population. WRIGHT and WRIGHT (1933) found 
from 3-4 percent burnsi in Minnesota. Hardy’s Formula may be used to 
estimate the relative frequency of the BB and Bb burnsi if certain condi- 
tions are fulfilled-that is, if the breeding population is large, if mating 
between BB, Bb, and bb frogs is random, and if the three genotypes have an 
equal chance of reaching maturity. Thus, in a population consisting of 
I percent burnsi we should expect only one BB for about every 400 Bb. 
If the burnsi are more frequent, forming 4 percent of the total population, 
as in Minnesota, then approximately one BB would occur for every IOO 
Bb. These values should be taken as rough estimates since it is not known 
whether or not the conditions necessary for the application of Hardy’s 
Formula are realized. If Hardy’s Formula is applicable, it is in no way 
remarkable that all the 25 animals tested were heterozygous. 

Some observations on the burnsi offspring obtained in the various experi- 
ments strongly suggest that the phenotype of the BB and Bb is slightly 
different. In crosses between pipiens and burnsi all of the non-spotted 
young should be of one genotype-Bb. The F1 generation of BxB,  how- 
ever, in addition to an expected $ bb (pipiens), should contain 4 BB and 

Bb. A close examination of the young burnsi from the B XB cross (fig. 4) 
revealed two types that may represent the BB and Bb individuals. Most 
burnsi young have a few black spots on the hind legs, but a small number 
were noticed that were completely devoid of black pigment. These non- 
pigmented young were nearly all in the B XB cross. Some time after the 
experiments had been terminated the burnsi from experiments D, E, F, 
G, and H were examined and classified as pigmented (those having small 
black spots on the legs) or non-pigmented. The results of this study are 
given in table 3.2 Except for several cases, all of the burnsi from B X P  and 

* The discrepancy in total numbers between tables z and 4 is due to the omission in table 4 
of those individuals in such a poor state of preservation that accurate classification could not be 
made. 
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414 JOHN A. MOORE 

P X B  had some black pigment (fig. 5 ,  6) .  The B XB young, on the other 
hand, contained nearly 30 percent non-pigmented burnsi (fig. 4). It is 
probable that these are the BB individuals. Theoretically we would expect 
the burnsi young from the B X B  cross to consist of 4 BB and 3 Bb. The 
deviation of the actual from the expected results is 6.3 animals in a total 

FIGURE I.-A typical Ram pipiens. This was the pipiens female in expcriment H. 
FIGURE 2.-A typical Rana burnsi. This was the burnsi female in experiment H. 

FIGURE 3-6.--Examples of newly transformed young from the various crosses. Fig. 3 is from 
pipiens Q Xpipicns d. Fig. 4 is from burn'Q Xburnsi d. Fig. 5 is from pipiens 9 Xkrnsi  8. 
Fig. 6 is from burnri 9 Xpipicns d. In fig. 5 and 6 it will be noticed that the CurrrJi young have 
spots on the hind legs. This is probably an indication of their heterozygous (Bb)  nature. In fig. 4 
some of the burnsi have spots on the hind legs (upper row) while the two a t  the lower left are devoid 
of the black leg spots. The former are probably Rb and the latter BB. 

FIGURES ?-&-The two types of tadpoles, spotted and non-spotted. The spotted tadpol= in 
most cases give rise to pipiens young, and the non-spotted tadpoles in most cases give rise to 
bur& young. 
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TABLE 3 

415 

Classijcation of burnsi young f rom various crosses as to those with 
some black pigment and those devoid of black pigment. 

BURNSI 0 XBURNSI 3 BURNSI 0 XPIPIENS 3 PIPIENS 0 XBURNSI 3 
EXPERIMENT 

PIGMENT NO PIGMENT PIGMENT NO PIGmNT PIGMENT NO PIGMENT 

D 57 32 26 2 24  0 

E 8 0 I 5  0 27 0 

F '5 8 32 0 4 I? 

H 18 3 9 
6 G 23 8 '  0 - - 

0 - - 

Total 121 5' 82 2 61 I? 

% 70.3 29.7 97.6 2.4 98.4 1.6 

of 172. Since the standard error is 6.1, it is clear that the results are sig- 
nificant. These observations indicate that the burnsi gene is not completely 
dominant, and the small amount of black pigment on most burnsi is an 
indication of their heterozygosity. 

LARVAL DIFFERENCES BETWEEN PIPIENS AND BURNSI 

By the time the tadpoles reached 40 mm (and perhaps earlier) it became 
apparent that they were not uniform in their pigmentation. In the P X P  
cross all of the tadpoles were, covered with fine black spots [fig. 7). The 
B XB, B XP,  and P X B  crosses, however, consisted of some with spots and 
others nearly or completely devoid of spots (fig. 8). When the tadpoles 
were two months old, thqse in the D (except some B XB and B XP) and 
E experiments were classified as spotted and non-spotted tadpoles. There- 
after these two groups were kept in separate containers. The variation in 

TABLE 4 

The relation between larcal and adult pigmentation. In  general, spotted tadpoles 
transform as pipiens, and non-spotted tadpoles transform as burnsi. 

BURNSI BURNSI 0 x PIPIENS 0 x , PIPIENS '? x 
BURNSI 8 PIPIENS 3 BURNSI c? PIPIENS 3 

EXP. FI NON- NON- NON- NON- 

SPOTTED SPOTTED SPOTTED SPOTTED SPOTTED SPOTTED SPOTTED SPOTTED 

TAD- TAD- TAD- TAD- TAD- TAD- TAD- TAD- 

POLES POLES POLES POLES POLES POLES POLES POLES 

pipiens 9 3 20 0 20 I 4 2  0 
burnsi 0 28 0 18 '3 18 0 0 

burnsi 0 8 I 18 7 ~2 0 0 

E pipiens 3 0 IO I 51 3 40 0 
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416 JOHN A. MOORE 

size a t  the time of classification was considerable; in a few cases it was 
difficult to assign small tadpoles to the correct class, and some errors were 
.made, which became apparent when these small ones increased in size, but 
no change was made from the original classification. The results are given 
in table 4. Of the tadpoles originally classed as spotted, 90.3 percent gave 
rise to pipiens and 9.7 percent to burnsi. Of those classed as non-spotted, 
93.7 percent gave rise to burnsi and 6.3 percent to pipiens. The adult pig- 
ment differences are thus heralded in the larval stage. The exceptions 
(burnsi from spotted tadpoles and pipiens from non-spotted tadpoles) can 
be explained in part by incorrect classification of very young tadpoles. 
However, this cannot account for all the exceptions, since in a few cases 
definitely spotted individuals transformed into burnsi and others devoid 
of larval spots gave rise to pipiens. The amount of larval pigmentation does 
vary. In experiment E crosses involving pipiens eggs resulted in tadpoles 
with much heavier pigmentation than in the other experiments. Thus in 
experiment E the classification of P X B  tadpoles was as heavily spotted 
and lightly spotted (instead of non-spotted) tadpoles. It is possible that if 
classification were postponed until the tadpoles were 50 mm, an accuracy 
of 98 percent could be realized. 

CONCLUSIONS 

Rana burnsi differs from Rana pipiens by one dominant gene that in- 
fluences pigmentation. Twenty-five animals have been tested and found 
to be heterozygous for the mutant in question. Rana burnsi should not 
have the status of a species or subspecies but should be reduced to synon- 
omy with Rana pipiens and be referred to as the “burnsi mutant.” 
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