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CHAPTER I 

INTRODUCTION 

Possibly more work on developmental temperature adaptations has 

been reported on the frog genus Rana than on any other cold-blooded 

vertebrate. Moore (1939, 1942a) found that northern species can 

tolerate lower temperatures but are less tolerant to high tempera

tures than are southern species. Rana sylvatica, the northernmost 

frog in the western hemisphere, undergoes normal development at 

2. 5^C. whereas a more southern frog Rana catesbeiana, produces eggs 

which will not develop normally at temperatures below IS^C. The 

upper limit for R. sylvatica is 24°C.; for R. catesbeiana it is 

32^0. This same work suggested that northern species may offset 

the retarding effects of a low temperature through a faster de

velopmental rate. Thus the time lapse between stages three and 

20 at 20°C. is 72 hours for Rana sylvatica, 134 hours for R. 

catesbeiana; for R. palustris, which has a geographical range 

intermediate to these, it is 105 hours. 

Studies of geographic variation of developmental rates have 

yielded varying results. Rana catesbeiana from New York and 

Louisiana show no differences in rate of egg development or tempera

ture tolerance (Moore 1942a, 1942b). Similar developmental rates 

have been reported in Bufo americanus from Wisconsin and North 

Carolina (Volpe, 1955). Brown (1967) found different adaptations 
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in allopatric populations of Scaphiopus hammondii in California 

and Arizona. However these allopatric populations may not repre

sent the same species. 

The great majority of such studies have been concerned with 

Rana pipiens. This species has a greater range than any other 

terrestrial poikilotherm, stretching from Canada to Costa Rica, 

and surely copes with greater environmental temperature extremes 

than any other frog. Moore (1946a) reported geographic variation 

of temperature adaptations within this species and presented a 

comparison of adaptations in nine populations (1949a). Frogs 

from four northern localities (Quebec, Vermont, Wisconsin and 

New Jersey) had similar rates of development as well as tempera

ture tolerances. The five southern localities (central and southern 

Florida, Louisiana, Texas and lowland Mexico) varied from the former 

in having slower rates of development at lower temperatures, but 

above 20°C. exhibited faster rates than northern populations. The 

southern localities had higher minimum and maximum tolerances, but 

there was significant variation between populations. 

Moore (1946a) attempted to correlate the differences in tempera

ture adaptations with results of artificial crosses. Crosses between 

Rana pipiens from Vermont and from Texas, southern Florida and the 

Mexican lowlands produced hybrids with marked abnormalities. Mor

tality in Vermont frogs was as high as 100%. When Vermont frogs 

are crossed with central Florida and Louisiana frogs, only slight 

abnormalities are observed. In this case the latter localities 
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were termed "intermediate" localities. Later studies (Moore, 1947; 

Volpe, 1954) revealed incompatibilities in crosses of northern R. 

pipiens with those of the Mexican lowlands. Divergences in tempera

ture adaptations of parent populations were also observed. However, 

crosses between Vermont R. pipiens and those of highland Costa Rica 

exhibit 90% normal development at intermediate temperatures (Moore, 

1950; Volpe, 1957). Temperatures in the montane areas are moderate, 

being less distinct from those of Vermont than are those of lowland 

Mexico. The developmental rate for the Costa Rican population is 

near the Vermont rate, though slightly slower at all temperatures. 

Moore (1950) summed up his work by stating that defects are 

observed in crosses between Rana pipiens populations with differing 

temperature adaptations. Data indicated a clinal variation in adap

tations, so one would expect abnormalities in crosses to increase 

as the north-south distance between populations increases. Since 

highland forms in Latin America and northern temperate forms show 

convergences in temperature adaptations, one would expect crosses 

between them to develop normally. 

Since this earlier work, there have appeared reports which 

indicate strong genetic discontinuities between neighboring popula

tions of Rana pipiens. Post and Pettus (1967) described limited 

sympatry of readily distinguishable forms in eastern Colorado. 

Moore (1964) reported incompatibility in crosses of highland and 

lowland populations in southern Mexico separated by approximately 

150 miles. Using a method of haploid hybridization Moore (1967a) 



found evidence of divergence between other Mexican populations. 

Using this same technique, which is considered a more sensitive 

test than diploid hybridization, it was found that Oklahoma and 

Texas populations were more divergent than was originally believed 

(Moore, 1967b). Hemoglobin differences in Maryland populations 

separated by about 30 miles have been described (Gillespie and 

Crenshaw, 1966). 

There is considerable divergence among Texas populations. 

McAlister (1962) described three "morphounits" in Texas. Though 

he did not list subspecies, these correspond to Rana pipiens 

sphenocephala of east Texas; R. £. berlandieri of west, central, 

and south Texas (Wright and Wright, 1949); and an apparently un-

described form in northwest Texas. Little John and Oldham (in 

manuscript) have reported three distinct call types, geographically 

corresponding with McAlister*s forms, with one case of a possible 

sympatry of all three. Mecham (in manuscript) found that these 

Texas forms react differently in crosses to Rana montezumae and 

Rana megapoda of Mexico and Rana areolata of the U. S. Cuellar 

(1968) found differences in crosses to Rana areolata females. 

These differences indicate reduced gene flow between populations 

separated by relatively small distances. 

In line with this new evidence, Mecham (1968) reported a 

region of sympatry in the White Mountains of eastern Arizona. 

Frogs found in the same stream differed in body proportions, 

coloration and dorsal markings. The northern form has continu-



ous dorsalateral folds and males possess vestigial oviducts. The 

southern fom has broken folds and males lack oviducts. Artificial 

crosses suggested that factors other than gametic incompatibility 

or hybrid inviability were functioning in reducing gene flow between 

these morphological foims. Ecological separation and differences in 

breeding season were mentioned as possible isolating mechanisms. 

Dr. Mecham referred the writer to another possible area of 

sympatry in Mitchell County of West Texas. Investigation revealed 

the presence of two morphological foims at Big Silver Creek. These 

two types both have interrupted dorsalateral folds. However one 

foim (here termed "plains" type) possesses a distinct supralabial 

stripe extending to the tip of the snout and males lack vestigial 

oviducts. The plains form can be traced north from the region of 

sympatry and fits the description of the frog found in the eastern 

Colorado overlap. This form corresponds to McAlister's northwestern 

morphounit. 

The other form at Big Silver Creek has no supralabial stripe 

and males possess vestigial oviducts. This type corresponds to 

Rana pipiens berlandieri and McAlister's more southern morphounit. 

In late May and early June mating calls were of the Rana 

pipiens berlandieri type described by Oldham and Little John. One 

female of this type was found to have eggs in the oviduct and some 

had apparently released their eggs. No calls of the plains type 

were heard and all plains females collected still had their eggs. 

Apparently R. pipiens berlandieri had begun breeding while the 



plains fonn had not. Frogs from the Lubbock Co. area, which is 

within the range of the plains type and answers its description, 

do not breed until the late spring or early summer. 

These sympatries of Arizona and west Texas populations of 

Rana pipiens are valuable subjects for a study of temperature 

adaptations. In each case a morphological type of more northern 

distribution overlaps with a southern form and in both there is 

evidence of differences in breeding season. 

It is the purpose of this paper to determine if an apparent 

reduction of gene flow between these populations has resulted in 

different temperature adaptations. Such divergences in sympatric 

populations have not been described. Crosses between morphological 

forms were made to determine the role of adaptational differences 

in determining incompatibility. 



CHAPTER II 

MATERIALS AND METHODS 

Specimens of Rana pipiens used in the experiments were ob

tained from the following localities: 

Apache Co., Arizona - Both southern and northern forms were 

collected from Gooseberry Creek, 2.4 miles east of McNary. Eleva

tion = 7560 feet. 

Cochise Co., Arizona - Animals were collected at Herb Martyr 

Lake, 2.0 miles south of the Southwestern Research Station of the 

American Museum of Natural History. Elevation = 5000 feet. (Mecham 

in 1968 commented on this population's similarity to the White Moun

tain southern type, but here it will be called the "Chiricahua Moun

tain" type.) 

Lubbock Co., Texas - These plains animals were collected from 

McKenzie Park within Lubbock city limits. Elevation = 3250 feet. 

Mitchell Co., Texas - These animals, also of the plains type, 

were collected at Big Silver Creek, 19.8 miles south of Colorado 

City. Though both forms occur in this stream, the only Rana pipiens 

berlandieri female to release eggs was from Little Silver Creek, 

5.6 miles south of Big Silver Creek. Elevation = 1800 feet. 

Terrell Co., Texas - This Rana pipiens berlandieri locality 

is Independence Creek, 27.0 miles south of Sheffield. Elevation = 

2200 feet. 
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Representatives of all except the last population are illus

trated in figure 1. The localities are shown in Figure 2 and 

average monthly temperatures in Figure 3. 

Eggs were obtained by using pituitary injections to promote 

ovulation. Four pituitaries were usually sufficient, though in 

some cases it was necessary to repeat the injections two or three 

days later. Eggs were then taken from the female and placed in 

sperm suspensions prepared with aged tap water. Prior to cleavage 

the eggs were separated into small clusters in Petri dishes con

taining aged water and placed at the various temperatures. A 

minimum of 20 eggs were placed at each temperature. 

Temperatures exceeding that of the laboratory were obtained 

with self-controlled heating units. Temperatures lower than that 

of the laboratory were obtained by lowering the temperature of a 

60x35x12 inch water table with a Constant-Flow Cooling Unit (Blue M 

Electric Company). Insulated pans filled with distilled water were 

placed on the water table and the temperature was raised to the de

sired level with heaters controlled by mercury thermostats. The 

Petri dishes containing fertilized eggs were placed on racks in 

the pans. The greatest fluctuation within a dish was -.2°C. 

The embryonic stages are those of Pollister and Moore (1937). 

A cross is said to be in a stage of development if more than 501 

of the eggs are in that stage. The rate of development is the 

reciprocal of the time to reach stage 20 (gill circulation) times 

10^. 



CHAPTER III 

RESULTS 

Northern type, Apache Co., Arizona - The northern type is 

sympatric at Gooseberry Creek with the more robust southern form. 

Developmental rate and temperature limits are shown in Table 1. 

Embryos are intolerant to high temperatures as the upper limit 

is between 27 and 31.5°C., with exogastrulation at the latter 

temperature. Embryos develop normally at 15^C. and exogastru-

late when placed at 11.5°C. At high temperatures the rate is 

slower than all other populations except the two Arizona southern 

foims. At low temperatures the rate is faster than all other popu

lations . 

Crosses of northern females to males of other morphological 

types produce embryos with a developmental rate similar to the 

northern controls, although development is slightly faster at 

higher temperatures (Table 8). Lethal temperatures are those of 

the northern controls. When northern males are crossed to other 

females, the rate is similar to the maternal controls, though 

faster at lower temperatures. Embryos have a range of develop

ment similar to the maternal controls. 

Crosses of the two White Mountain foms indicate a high 

degree of compatibility (Table 7). A northern female x southern 

male male cross underv\'ent 100% normal development to stage 20, 
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while 94% of the embryos in a reciprocal cross reach stage 20 

and 89% reach stage 25 (all in teims of control). Eggs of north-

e m females develop noimally when fertilized by plains males. 

Northern males are compatible with all females tested except those 

of R. £. berlandieri. None of these embryos develop normally, be

ing microcephalic with a balloon-shaped abdomen. 

Southern type, Apache Co., Arizona - This population is 

sympatric with the preceding one, having been found in the same 

stream and in some cases, the same pool. The developmental rate 

for this population is slower than that of the northern type, 

especially at lower temperatures (Figure 4). This form is more 

tolerant to high temperatures, undergoing normal development at 

32°C. (Table 2). The experimental limit in the southern form is 

between 15 and 11.5°C., but development is slower at low tempera

tures than in the northern form. Hybrid crosses involving southern 

females develop faster than maternal controls and the temperature 

limits are those of the southern form (Table 9). Males when 

crossed to other populations do not transfer southern develop

mental characteristics. 

As was mentioned previously, there is a high degree of com

patibility between this and the northern form. A southern female 

X Chiricahua male cross developed noimally (100% in terms of control 

reached stage 25). Southern males x plains females (both Lubbock 

and Mitchell Co.) developed moderately well but when a southern 

male was crossed with a female R. £. berlandieri from Mitchell Co., 
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none of the embryos developed normally. Those which survived to 

stage 20 had abnormally large abdomens (Table 7). 

Chiricahua Mountains, Cochise Co., Arizona - This population 

is morphologically similar to the southern form found in the White 

Mountains. Both have the same robust proportions, broken dorsala-

tera folds, yellow-brown venters, and high numbers of dorsal spots. 

Because of poor egg quality it was impossible to determine the 

temperature adaptations of this population directly, but in crosses 

with members of other populations this form reacted in the same 

fashion as the White Mountain type. Both cross moderately well 

with the plains type, but when crossed with Rana pipiens berland

ieri from Terrell Co., development is abnormal (Table 7). Embryos 

that reached stage 20 had the abnoimally large abdomens typical of 

crosses to R. £. berlandieri females. When males of this population 

are crossed with the southern form, development is normal (Table 7). 

The development is near that of the southern control (Table 9). 

Plains type, Lubbock Co., Texas - This morphological type can 

be traced from the area of sympatry in Mitchell Co. (which probably 

represents its southern limit) north to a zone of a limited sympatry 

with the northern type in eastern Colorado (Post and Pettus, 1967). 

Developmental rates of four crosses are shown in Table 5 and the 

mean plotted in Figure 6. There is a high rate of development at 

high temperatures and the upper limit is between 31.5 and 35°C. 

Above the upper limit gastrulation fails to occur. The most signi

ficant aspect of the plains' adaptation is an intolerance to low 
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temperatures. Embryos failed to develop normally at 15°C., the 

primary abnormality being a failure to enter muscular response 

(stage 18). 

In crosses with males of other populations the Lubbock Co. 

eggs retained a high tate of development at high temperatures and 

temperature limits remained the same. (Table 10). When Lubbock 

males were crossed with females of other populations, the rate and 

tolerances followed those of the maternal population. 

In crosses of Lubbock females to northern males development 

was noimal (Table 7). Crosses with southern and Chiricahua popula

tions revealed moderate compatibility, while crosses to male R. £. 

berlandieri from Mitchell Co. died in stage 14. 

Plains type, Mitchell Co., Texas - Members of this population 

are morphologically similar to specimens from Lubbock Co. and are 

sympatric with R. £. berlandieri. Temperature limits are near those 

of the Lubbock Co. animals (Table 3), but the rate is faster at high 

temperatures in the Mitchell Co. embryos. 

Crosses involving males of other populations and the Mitchell 

Co. female develop slightly faster than does the Mitchell Co. 

control (Table 11). Mitchell Co. eggs are compatible with sperm 

of the northern, southern, and Lubbock Co. populations (Table 7). 

The plains female x R. £. berlandieri male embryos exogastrulate 

in stage 14, while 64% of the reciprocals reach stage 20, but have 

enlarged abdomens. 

Rana pipiens berlandieri. Mitchell Co., Texas - This is near 
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the northern limit of distribution for this form which extends into 

Mexico. Its temperature adaptations are almost identical with those 

of the Terrell Co. population of the same subspecies (Fig. 5). 

Development was abnoimal in crosses of Mitchell Co. females with 

males of the northern and southern types occuring in Arizona as 

well as the plains type occuring with it (Table 7). Those embryos 

which survived to stage 20 had abnormally large abdomens. Crosses 

with northern males were also microcephalic. 

Though the two Mitchell Co. forms both breed in the summer the 

embryos respond to certain temperatures differently (Fig. 3). Both 

go well at high temperatures, but R. £. berlandieri has a lethal 

lower temperature limit between 11.5^C. and 15° C , while the 

plains type dies at 15°C. 

Rana pipiens berlandieri, Terrell Co., Texas - The developmental 

rate and temperature tolerances are similar to R. £. berlandieri of 

Mitchell Co. (Fig. 5). Compared with the Arizona populations, the 

rate is relatively fast at higher temperatures and slower at the 

low temperatures. The upper limit is between 31.5 and 33.2 C. 

(Table 6), probably nearer the latter as some eggs reach abnoimal 

stage 20 at this temperature. The lower limit is below 12^0. 

The only cross to another type was Terrell Co. female x 

Chiricahua male. Several embryos reached stage 20 though all 

had abnormally large abdomens and most remained in the gelatinous 

membrane. 



CHAPTER IV 

DISCUSSION 

Temperature Adaptations 

Developmental temperature limits possibly reflect climatic 

adaptation in anurans. Information included here does not take 

into account daily temperature fluctuations which occur in a breed

ing pond. It is not known how long these embryos can be held at 

the "lethal" temperature and resume normal development when returned 

to moderate temperatures, or even if this is possible. 

The northern type of Rana pipiens in Arizona is apparently 

cold-adapted. The upper limit (between 27 and 31.5°C.) is the 

lowest for any population studied. At higher temperatures the 

developmental rate is relatively slow. However at lower tempera

tures embryos of this population develop faster than any other. 

Though the eggs died at 11.5°C., no other embryos were able to 

survive at this temperature. 

The southern type appears to be something of a compromise, 

developing slowly at all temperatures but having a wider range 

of tolerance than the northern type. 

Here then is a sympatry of two morphological types of Rana 

pipiens with two different temperature adaptations. Field obser

vations indicate the cold-adapted northern form breeds early in 

ponds and streams swollen by melting snow. Trips to the area in 
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late April revealed egg masses in ponds where only northern Rana 

pipiens were observed. In May northern females were collected 

which had apparently released their eggs. Southern females collect

ed at this time retained eggs. This fom apparently breeds later, 

perhaps with seasonal rains. Field observations of the Chiricahua 

population, which is probably closely related to the White Mountain 

southern form, indicate that the Chiricahua frogs breed periodically 

throughout the summer, with breeding linked to seasonal rains. 

In the other area of overlap in west Texas, both frogs appear 

to be wann-adapted. The Mitchell Co. plains type has a high rate 

of development at warm temperatures and a high maximum limit. 

Embryos will not survive at 15^C., indiating a wann-adapted nature. 

Though this is a relatively high lower limit, it is comparable to 

that of Rana catesbeiana, which is intolerant of temperatures be

low 15^0. (Moore, 1942a). 

Rana pipiens berlandieri of Mitchell Co. is adaptively similar 

to the Terrell Co. population of this same subspecies. Embryos 

develop fast at high temperatures and the upper, limit is relatively 

high, indicating a warm adaptation. Development is slow at lower 

temperatures, but the lower limit is below that of the plains type. 

The differences in temperature adaptation seen between the 

two Mitchell Co. forms are supported by field observation. Rana 

pipiens berlandieri breeds in the spring and throughout the summer. 

Trips to this locality in late May and June revealed mating calls 

of the R. £. berlandieri type. A few females of this type were 
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found to have released their eggs. No calls of of the plains type 

were heard, nor had any females released eggs. It is probable that 

this form, possessing the high lower limit, breeds later when there 

is less chance of sudden weather changes dropping the temperature. 

The prevalent abnoimality observed at temperatures just beyond 

the limits of Rana pipiens embryos was exogastrulation. At tempera

tures beyond the limits of tolerance there was a failure of gastru

lation. At 15°C. plains embryos failed to enter muscle response, 

indicating that this temperature is near the lethal limit. 

Cytoplasmic influence is important in determining the develop

mental rate and limits of tolerance. This is indicated by the fact 

that crosses between populations with different temperature adapta

tions tended to develop at the maternal rate and with the maternal 

lethal limits. In most cases there was slight acceleration, how

ever. 

Variation of temperature adaptation within a population appears 

to be slight. This is illustrated by the similarity of two R. £. 

berlandieri controls from Terrell Co. and of four plains controls 

from Lubbock Co. Much of the literature on temperature adaptations 

and compatibility between populations of Rana pipiens (Moore, 1946b, 

1947, 1966) is based on a single cross, or on multiple crosses to 

a single female. In view of apparent low intrapopulation variabil

ity, the rates and compatibility data reported in this paper may 

be treated as indicative of the population as a whole. 

There was greater variation of developmental rates within the 
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range of a morphological type. Although the rates of Rana pipiens 

berlandieri from Mitchell and Terrell Co. are similar, a single 

plains control from Mitchell Co. developed slightly faster at high 

temperatures than four Lubbock Co. controls. This may be due to 

differences in the environmental temperatures of the two plains 

localities, while those of the two R. £. berlandieri localities 

are almost identical (Fig. 3). 

Moore (1946a, 1947, 1949b) has postulated that incompatibility 

between northern and southern Rana pipiens is due to a fusion of 

"low and high temperature genomes." Yet crosses of a definitely 

warm-adapted plains type with a cold-adapted northern type produce 

normal embryos. The southern type, which develops slower at all 

temperatures, crosses normally with both of them. The only ab

normal embryos occurred in crosses involving R. £. berlandieri. 

While the northern male x R. £. berlandieri female cross was of 

a high and low temperature genome, the plains male x R. £. ber

landieri female (and the reciprocal) was of two warm-adapted forms. 

In the populations studied here, genetic compatibility does not 

appear to be dependent upon similar temperature adaptations. 
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Isolating Mechanisms 

Mechanisms vdiich restrict gene flow between populations are 

of two types (Mecham, 1961). Premating mechanisms are those eco

logical, behavioral, and mechanical differences which lower the 

possibility of matings. Postmating mechanisms include gametic 

incompatibility as well as hybrid inviability, inferiority, or 

sterility. Mecham (1968) reported that reproductive isolation 

between sympatric Arizona populations was due not to postmating 

barriers but rather to premating mechanisms. Ecological differ

ences as well as different breeding times were indicated. The 

present work also indicates compatibility in laboratory crosses. 

Evidence already presented indicates the more cold-adapted northern 

form breeds earlier than the southern form. 

Evidence of ecological separation in the west Texas zone of 

overlap has not been reported; rather the two have been collected 

from the same pond. While the plains fom delays breeding until 

relatively late in the year, Rana pipiens berlandieri breeds period

ically throughout the summer and presumably the two mating seasons 

overlap. Laboratory crosses indicate significant incompatibility 

between the two. However Mecham (in manuscript) has not found 

severe abnomalities in crosses between allopatric populations of 

R. £. berlandieri and the plains type. Crosses of male R. £. ber

landieri from Austin, Texas and Tamaulipas and Durango, Mexico to 

plains females from Lubbock Co. develop abnomally but recover. 
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The reciprocal with the Tamaulipas female is essentially normal. 

The same trend was noted in the present study, though much exaggerat

ed. Embryos of a cross involving a plains female and a R. £. berlan-

dieri male from Mitchell Co. were abnomal with extruded yolk and did 

not survive. Crosses of the same R. £. berlandieri male to two Lub

bock Co. females showed like results. (Controls involving this male 

developed nomally.) When a plains male (Mitchell Co.) was crossed 

with a sympatric R. £. berlandieri female, 64% survived to gill cir

culation, but were abnoimal. There is field evidence that the isola

tion may not be complete, however; intermediates have been collected 

in the field. If this incompatibility holds up through a series of 

crosses, this would be the first known case of postmating isolation 

between sympatric populations within the Rana pipiens complex. The 

relative fitness of hybrid tadpoles and adults also deserves study. 

That the plains type crosses normally with the northern type 

is interesting as the two are undoubtedly sympatric in eastern 

Colorado. Based on the laboratory crosses it appears the two are 

not separated by postmating mechanisms. In view of differences in 

temperature adaptation and in field observations, it appears season

al isolation would be responsible for reduced gene flow in any area 

of sympatry of these two forms. 
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Genetic Relationships 

Ruibal (1957) reported clinal variation of snout shape and 

vestigial oviducts in Rana pipiens. He found Mexican highland 

forms have rounded snouts and males lack vestigial oviducts, while 

lowland forms have pointed snouts and vestigial oviducts. In the 

U. S. and Canada the variation is latitudinal, northern frogs hav

ing pointed snouts and oviducts while southern forms lack oviducts 

and have a slightly more rounded snout. Based on these differences 

Ruibal suggested a pst geographic isolation of Mexican and U. S. 

groups. Following Ruibal's interpretation, the southern forms in 

the White and Chiricahua Mountains are of Mexican highland origin. 

Rana pipiens berlandieri originated in the Mexican lowlands. The 

northern and plains type are of U. S. Derivation. If this is cor

rect, it explains the distinctness in the Arizona and west Texas 

areas of sympatry. In both cases a Mexican form is meeting one of 

U. S. origin. It also explains the geographic isolation necessary 

for the divergence of R. £. berlandieri reflected in limited genetic 

compatibility with the northern and plains types. It does not ex

plain, however, the abnormalities seen in crosses of R. £. berlandieri 

and the southern type, unless there was also significant isolation 

between the Mexican lowland and highland foims. 

Morphologically the northern foim in Arizona is similar to 

Rana pipiens of the northern U. S. (Mecham, 1968). It is undoubtedly 

the form found sympatric in eastern Colorado with the plains form. 
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It also fits the general description of Wisconsin and Vemont 

animals used by Moore (1949), Volpe (1954), and Ruibal (1962). 

All have continuous dorsalateral folds and males of each have 

vestigial oviducts. Though the rate of development of the Ari

zona form is not identical with that of more northern R. pipiens, 

both have a relatively slow rate at high temperatures and a high 

rate at lower temperatures (compared with warm-adapted forms such 

as R. £. berlandieri of Texas). The upper limit of the Arizona 

population is between 27 and 31.5°C.; for Vermont frogs it is 

28°C. (Moore, 1949a). However the experimental lower limit 

(11.5°C.) of the Arizona form is above that of more northern 

Rana pipiens. 

Ruibal (1962) reported on a southern California population 

which he called a "slow race". Though its experimental upper 

limit is below that of the southern Arizona type, both have slow 

rates of development at all temperatures and both cross well with 

cold-adapted types. It is possible that the Chiricahua and White 

Mountain forms, along with morphologically similar types in the 

Huachuca and Atasco mountains of southern Arizona and the southern 

California type are closely related, though the possibility of 

local divergence should not be discounted. 

Moore (1946a) reported that crosses between Vermont and 

Texas populations of Rana pipiens show distinct abnormalities 

(macrocephalic when the female is from Vermont, microcephalic 

in the reciprocal). His locality was Ward Co. of western Texas, 
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an area near the overlap of R. £. berlandieri and the plains type. 

When plains animals are crossed with the northern Arizona fom 

(which is morphologically and adaptively similar to the Vemont 

type), development is essentially nomal. However a cross of a 

R. £. berlandieri female and a northern male produced microcephalic 

embryos. Also, the developmental rate and limits of R. £. berlandieri 

approach those of Moore's Ward Co. frogs. 

Since the original description of Rana pipiens its status has 

been under almost constant controversy. Cope in 1889 described 

three subspecies which Kauffield (1937) raised to species rank. 

Wright and Wright (1949) listed six subspecies. Many recent workers 

have refused to recognize subspecies because of suspected clinal 

variation, especially in temperature adaptations (Moore, 1947; 

Volpe, 1957). McAlister (1962) described the two morphological 

types in Texas considered here as well as a third in eastern Texas, 

but did not list subspecies. He reported that the morphological 

characters were not uniform. This was due in part to the fact that 

he grouped county and biotic province records. 

Recent work has revealed that geographic variation within 

the Rana pipiens con^lex is not uniformally clinal. There are 

in fact several reported cases of sympatric populations differing 

in morphology and mating call. This paper reports differences in 

breeding season and temperature adaptation. Because of the indi

cated reproductive isolation of these frogs, their status should 

be re-examined. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The two morphological types in eastern Arizona differ in 

breeding season and temperature adaptation. They are not se

parated by gametic incompatibility. The rate of development 

and temperature limits indicate the northern type is cold-adapt

ed and allied with similar foms in the northern U. S. and Canada. 

This form develops relatively fast at high temperatures and slow 

at lower temperatures. The upper limit is relatively low. Em

bryos of the southern type develop slowly at all temperatures, 

indicating this form is realted to the "slow race" of southern 

California. 

The plains type and Rana pipiens berlandieri of west Texas 

appear to be warm-adapted as both have a relatively fast rate of 

development at high temperatures. The plains type has a higher 

minimum temperature than does R. £. berlandieri. Laboratory 

crosses indicate greater incompatibility between sympatric popula

tions than between more widely separated populations of the same 

forms studied by Mecham (in manuscript) . Rana pipiens berlandieri 

also shows reduced compatibility with frogs of the Arizona locali

ties. While the plains type is probably of U. S. origin, R. £. ber

landieri is allied with populations in the Mexican lowlands. 

The Mitchell and Terrell Co. populations of Rana pipiens ber

landieri are adaptively similar. Embryos of the plains type from 
23 
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Mitchell Co. develop faster at high temperatures than do the Lub

bock Co. controls of the plains type. This may be due to environ

mental temperature differences between the two localities. 

Cytoplasmic influence is important in determining the rate of 

development and temperature tolerances of hybrid embryos. Genetic 

compatibility is apparently not dependent upon similar developmen

tal rates. 



25 

Figure 1. Female Rana pipiens from study localities. A. Northern 
type, Apache Co., Arizona; B. Southern type, Apache Co., Arizona; 
C. Chiricahua type, Cochise Co., Arizona; D. Rana pipiens berlandieri, 
Mitchell Co., Texas; E. Plains type, Lubbock Co., Texas; F. Plains 
type, Mitchell Co., Texas. 
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TABLE 1 

TIME REQUIRED TO REAQI NORMAL GILL CIRCULATION (STAGE 20) 
FOR RANA PIPIENS, NORTHERN TYPE (APACHE CO., ARIZONA) 

Temperature Hours Between Developmental Rate 
(±.2"C.) Stages 3 and 20 (lOVtime) 

11.5 exogastrulate in 12 

15.0 ' 192 5.21 

19.5 129 7.75 

23.0 91 10.99 

27.0 75 13.33 

31.5 exogastrulate in 12 

35.0 fail to gastrulate 
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TABLE 2 

TIME REQUIRED TO REACH NORMAL GILL CIRCULATION (STAGE 20) 
FOR RANA PIPIENS, SOUTHERN TYPE (APACHE CO., ARIZONA) 

Temperature Hours Between Developmental Rate 
(±.2°C.) Stages 3 and 20 (lOVtime) 

11.5 exogastrulate in 12 

15.0 249 4.02 

19.5 155 6.45 

26.5 76 13.16 

32.0 64 15.62 

35.0 exogastrulate in 12 
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TABLE 3 

TIME REQUIRED TO REACH NORMAL GILL CIRCULATION (STAGE 20) 
FOR RANA PIPIENS, PLAINS TYPE (MITCHELL CO., TEXAS) 

Temperature Hours Between Developmental Rate 
(±.2"C.) Stages 3 and 20 (10Vtime) 

11.5 

15.0 

19.5 

26.0 

32.0 

33.5 

35.0 fail to gastrulate 

exogastrulate in 12 

no muscular response 

142 

59 

45 

45 

-

-

7.04 

16.95 

22.22 

22.22 
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TABLE 4 

Tllvffi REQUIRED TO REACH NORMAL GILL CIRCULATION (STAGE 20) 
FOR RANA PIPIENS BERLANDIERI, (MITCHELL CO., TEXAS) 

Temperature 
(±.2°C.) 

11.5 

15.0 

19.5 

26.0 

31.5 

33.0 

35.0 

Hours Between 
Stages 3 and 20 

exogastrulate in 13 

fail to 

260 

119 

65 

45 

45 

gastrulate 

Developmental Rate 
(lOVtime) 

-

3.85 

8.40 

15.38 

22.22 

22.22 

-
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TABLE 5 

TIME REQUIRED FOR FOUR LUBBOCK COUNTY CONTROLS 
TO REACH NORMAL GILL CIRCULATION 

Temperature Hours Between Developmental Rate 
(±.2 C.) Stages 3 and 20 (lOVmean time) 

1 2 3 4 Mean 

11.5 exogastrulate in stage 12 

15.0 no muscular response 

19.5 134 132 141 132 134.8 7.42 

21.0 130 125 126 126 126.8 7.93 

26.0 66 60 60 60 61.5 16.26 

31.5 52 48 50 50 50.0 20.00 

35.0 fail to gastrulate 
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TABLE 6 

TIME REQUIRED FOR TWO TERRELL COUNTY CONTROLS 
TO REACH NORMAL GILL CIRCULATION 

Temperature Hours Between Developmental Rate 
(±.2 C.) Stages 3 and 20 (lOVmean time) 

1 2 'Mean 

12.0 350 370 360 2.78 

16.5 179 187 183 5.46 

21.5 99 101 100 10.00 

26.0 68 67 67.5 14.81 

30.0 51 47 49 20.41 

31.5* 45 45 45 22.22 

33.2* exogastrulate in stage 12 

*One Cross 



TABLE 7 

RESULTS OF ARTIFICIAL CROSSES BETWEEN MORPHOLOGICAL 
FORMS OF RANA PIPIENS. PERCENTAGE IN TERMS OF CONTROL 

OF EMBRYOS RMCFIING STAGE 20 (GILL CIRCULATION) AND STAGE 25 
(LARVAE)AT 19.5°C. 
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Female 

Northern type 

Southern type 

Plains type 
Lubbock Co. 

Plains type 
Mitchell Co. 

Male 

Southern type 

Plains type 
Lubbock Co. 

Northern type 

Chiricahua Mtns. 

Northern type 

Northern type 

Southern type 

Southern type 

Chiricahua Mtns. 

Chiricahua Mtns. 

R.p.berlandieri 
Mitchell Co. 

R.p.berlandieri 
Mitchell Co. 

Northern type 

Southern type 

R.p.berlandieri 

Number 
of eggs 

28 

55 

30 

20 

28 

38 

34 

22 

38 

23 

31 

34 

20 

20 

28 

Stage 
20 

100% 

75% 

94% 

100% 

63% 

100% 

54% 

50% 

87% 

63% 

0% 

0% 

88% 

61% 

0% 

Stage 
25 

-

-

89% 

100% 

73% 

94% 

62% 

62% 

71% 

74% 

0% 

0% 

88% 

54% 

0% 



TABLE 7 - continued 
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Female 

R.p. berlandieri 
Mitchell Co. 

R. p.berlandieri* 
Terrell Co. 

*crosses at 21.5^0 

Male 

Northern type 

Southern type 

Plains type 
Mitchell Co. 

Chiricahua Mtns 

Chiricahua Mtns. 
• 

Number 
of eggs 

25 

24 

24 

28 

85 

Stage 
20 

100% 

64% 

64% 

75% 

69% 

abn. 

abn. 

abn. 

abn. 

abn. 

Stage 
25 
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TABLE 8 

NUMBER OF HOURS BETWEEN CLEAVAGE AND GILL 
CIRCULATION IN CROSSES INVOLVING A SINGLE 
NORTHERN FEMALE (APACHE CO., ARIZONA) 

Temperature 
(±.2 C.) 

11.5 

15.0 

19.5 

23.0 

27.0 

31.5 

35.0 

Northern male Southern 
(Control) male 

exogastrulate in stage 12 

192 192 

129 129 

91 91 

75 68 

exogastrulate in stage 12 

fail to gastrulate 

Plains 
male 

192 

128 

90 

67 
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TABLE 9 

NUMBER OF HOURS BETWEEN CLEAVAGE AND GILL CIRCULATION 
IN CROSSES INVOLVING A SINGLE SOUTHERN FEMALE FROM 

APACHE CO., ARIZONA 

Temperature 
(±.2 C.) 

11.5 

15.0 

19.5 

26.5 

32.0 

35.0 

Southern male 
(control) 

exogastrulate 

249 

155 

76 

64 

fail to gas 

Northern 
male 

in stage 12 

216 

126 

76 

64 

>trulate 

Chiricahua 
male 

244 

139 

76 

64 
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TABLE 10 

NUMBER OF HOURS BETWEEN CLEAVAGE-AND GILL 
CIRCULATION IN CROSSES INVOLVING PLAINS 

FEMALES (LUBBOCK CO., TEXAS) 

Temperature Lubbock male Chiricahua Northern Southern 
(±.2 C.) (control)* male** male** male** 

11.5 exogastrulate in stage 12 

15.0 no muscular response 

19.5 134.8 132 132 137.5 

21.0 126.8 129 126 132 

26.0 61.5 60 60 60 

31.5 50 50 50 50 

35.0 exogastrulate in stage 12 

* mean of two crosses 
** mean of four crosses 
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TABLE 11 

NUMBER OF HOURS BETWEEN CLEAVAGE AND GILL 
CIRCULATION IN CROSSES INVOLVING A SINGLE 

PLAINS FEMALE (MITCHELL CO., TEXAS) 

Temperature 
(±.2 C.) 

11.5 

15.0 

19.5 

26.0 

32.0 

33.5 

35.0 

Mitchell Co. male Northern 
(control) male 

exogastrulate in stage 12 

no muscular response 

142 131 

59 53 

45 45 

45 45 

exogastrulate in stage 12 

Southern 
male 

131 

59 

45 

45 
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