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an attempt was made to rear them. All died soon thereafter 

except for six of the seven individuals from cross 17. 

These were still alive July l8, 1968, at which time the 

experiment was discontinued. 

Hybridization between R, areolata 
and R, berlandieri 

Crosses involving Rana areolata from Tulsa, Oklahoma 

and Monroe, Louisiana with members of Rana berlandieri from 

several localities in Texas and one in Mexico are given in 

Table 3. Also included are crosses involving male members 

of R. berlandieri-like populations from two localities in 

Mexico. Rana areolata X R. berlandieri crosses are gener­

ally completely unsuccessful. Crosses between R. areolata 

and R, berlandieri-like individuals are only slightly more 

compatible. 

Female R, areolata X male R. berlandieri. - Eggs 

of R. areolata from Oklahoma were fertilized with sperm of 

R. berlandieri males from San Angelo (Cross 2), Austin 

(Crosses 9-10, 12-14), W. D. Fawcet Ranch (Crosses 5-6), 

and Rio Corona (Crosses 15-17). Eggs of R, areolata from 

Louisiana were fertilized by sperm from San Angelo (Cross 

4), Rio Corona (Cross I8), and W. D. Fawcet Ranch males 

(Cross 7). Except for crosses 2 and 5, the majority of the 

hybrid embryos ceased to develop between heart beat and 

gill circulation. The most prominent abnormality was fail­

ure of the embryos to incorporate the yolk. This condition 

led to dorsal flexure of the body and rupturing of the belly 
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ectoderm at various places during the later stages of de­

velopment. The most common area in which rupture took place 

was the anal region. This abnormality was particularly mani­

fested at heart beat. Most that reached this stage were 

characterized by small papillae-like gills lacking circu­

lation, macrocephaly, abbreviated tails, hugh abdomens, 

and severe dorsal flexure. Eggs from femals from both lo­

calities exhibited the same abnormalities. One tadpole 

from cross 7 and the one from cross 1 were still alive July 

l8, 1968. Both looked normal and had grown to a size of 

approximately four centimeters. Moore (1946a) noted simi­

lar abnormalities in crosses between northern female plpiens 

from Vermont and Wisconsin with males from Monahans, Texas. 

Female R. berlandieri X male R. areolata. - Eggs of 

a female R. berlandieri from San Angelo and of a female R, 

berlandieri from Rio Corona were fertilized by sperm of 

four males from Tulsa, Oklahoma (Crosses 20-23, 25-28). 

As in the reciprocals, these crosses, with the exception of 

25 and 27* also exhibited a very high degree of incompati­

bility. Fertilization success was low in most crosses and 

controls. Also, in most crosses, embryonic development was 

arrested between tail bud and heart beat. The most striking 

abnormality was inability of the embryos to exit from the 

Jelly coat. This defect parallels closely that seen in the 

female sphenocephala X male areolata crosses. However, the 

defects are much more severe in this combination. Mosl 
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embryos were characterized by severe lateral body flexure 

and body deformation, failure to Incorporate the yolk, 

and rupture of the anal region. In crosses 25 and 27 

the embryos that reached the later stages of development 

lacked eyes and gills, and died enveloped in the Jelly 

coat. The ten larvae from cross 25 and the twenty from 

cross 27 that reached stage 25 were kept for further 

investigation. By July l8, 1968, none from cross 25 and 

only six from cross 27 remained alive. 

Female areolata X berlandieri-like males, - Members 

of the berlandieri-like populations resemble R̂. berlandieri, 

but the males lack oviducts. Crosses 29 through 33 were 

made involving females from Oklahoma and Louisiana with 

males from Torreon and Lake Chapala. Unlike most of the 

crosses involving R_. areolata with berlandieri males, at 

least a few of the embryos from each of the five crosses 

developed normally to the larval stage. The most striking 

abnormality was failure of most of the embryos to rupture 

from the Jelly coat. Other abnormalities were genetically 

Identical to those of the berlandieri embryos. These were: 

extreme dorsal and lateral body flexure, failure to in­

corporate the yolk, extrusion of yolk in the abdominal or 

anal region, macrocephaly, papillae-like gills with slow 

gill circulation in some, and lack of gills in many. 
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CHAPTER IV 

DISCUSSION 

The evolutionary importance of this study may lie in 

the abrupt and extreme differential in crossabllity exhibit­

ed between certain southwestern populations of the leopard 

frog when crossed to R. areolata, and the remarkable degree 

of continuity in crossabllity expressed by different mem­

bers within each of the populations. 

Reciprocal hybrids from crosses between R̂. areolata 

from Tulsa, Oklahoma, and the southern plains leopard frog 

type from Lubbock, Texas, were for the most part entirely 

normal. No consistent pattern of abnormalities was evi­

denced in the few larvae that failed to develop. Most of 

the crosses exceeded the controls in normal development. 

Most crosses Involving R. areolata females from 

Tulsa, Oklahoma, with R. sphenocephala males from Tulsa, 

Oklahoma, and Columbus and Nacagdoches, Texas, produced 

hybrids which equaled or exceeded the controls in normal 

development to the larval stage. Reciprocal crosses involv­

ing a single female from Tulsa, Oklahoma, and four males 

from the same respective locality on the other hand, proved 

unsuccessful. The most pronounced abnormality was failure 

of the embryos to exit from the Jelly coat. However, since 

the control cross was also unsuccessful and exhibited 
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essentially the same syndrome as the experimental crosses, 

reliance can not be placed on these results. 

Reciprocal crosses involving R, areolata from Okla-

home and Louisiana with R_. berlandieri from San Angelo, 

Texas, the W. D. Fawcet Ranch, Val Verde County, Texas, 

Austin, Texas, and the Rio Corona, Tamaullpas, Mexico, were 

for the most part unsuccessful. The only exception involv­

ed crosses with a berlandieri female from Rio Corona. In 

cross 25, 32.25̂  and in cross 27, 66,2̂ ^ of the larvae reach­

ed stage 25. The surviving larvae from crosses 25 and 27 

appeared normal and were kept for further investigation. 

Most were still alive July 18, 1968, at which time the ex­

periment was discontinued. In the other crosses (26,28) the 

majority of the embryos ceased development between heart 

beat and gill circulation. The principal abnormality for 

all the crosses was failure of the embryos to Incorporate 

the yolk. 

Crosses involving R. areolata from Oklahoma and 

Louisiana with berlandieri-like males from Torreon, Mexico, 

and Lake Chapala, Jalisco, Mexico, were for the most part 

unsuccessful. However, at least a few of the embryos from 

each of the crosses developed normally to the larval stage. 

The principal abnormality was the failure of the embryos 

to rupture from the Jelly coat. 

The data from this study suggests that R, berlan-

ciieri is very different from both the southern plains type 
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and R, sphenocephala, and that the difference is maintained 

even where R, berlandieri comes into close proximity with 

the other two types. Populations of the leopard frog from 

Columbus, Texas (R. sphenocephala), and Austin, Texas, 

(R. berlandieri), a distance of 77 miles, show extreme dif­

ference in crossabllity with R. areolata. The same is true 

between populations from San Angelo, Texas (R. berlandieri) 

and Lubbock, Texas (southern plains type), a distance of 

155 miles. 

Studies by Littlejohn and Oldham indicate that these 

two forms, at least in some areas, may occur sympatrlcally 

where they meet and that the areas of sympatry may be as 

wide as 25 miles. Recent collections by Mr. James R. Platz 

(personal communication) have produced specimens of R. 

berlandieri and the southern plains type from the Colorado 

River at Robert Lee, Texas. Mr. Jerry W. Purcell (1968) 

has also collected both types, approximately 30 miles above 

Robert Lee, Texas, on Lake Champion, Mitchell County. This 

evidence indicates that these forms are maintaining their 

identities under sympatry and that the area of sympatry 

may be as broad as 30 miles. 

There is no evidence, therefore, to indicate that 

the high degree of genetic incompatibility exhibited by 

R. berlandieri gradually grades into one of high compati­

bility as it approaches the range of the other two forms. 

Nor does the data indicate that distance between populations 
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within each type has any effect on degree of crossabllity. 

Instead, the same approximate level of incompatibility and 

hybrid abnormality exhibited by R. berlandieri prevails 

from San Angelo, Texas, to Rio Corona, a distance of ap­

proximately 750 miles, and the same approximate level of 

compatibility and hybrid normality is exhibited by R, 

sphenocephala from Columbus, Texas, to Tulsa, Oklahoma, 

a distance of approximately 420 miles. 

The concept of a single wide ranging species adapt­

ed to different environmental temperatures and exhibiting 

increasing levels of genetic incompatibility as the dis­

tance increases between populations is partially in con­

flict with the results of these experiments. The concept 

originated from hybridization experiments (Moore, 19^6a) 

Involving northern plpiens from Vermont and Wisconsin with 

plpiens from New Jersey, Tulsa, Oklahoma, Louisiana, Ocala 

and Englewood, Florida, and Monahans, Texas. Near normal 

development was obtained when northern plpiens were crossed 

to New Jersey plpiens, and slight to moderate development 

abnormalities were obtained when northern plpiens were 

crossed to Ocala, Florida (northern Florida), Tulsa, Okla­

homa, and Louisiana plpiens. Marked developmental abnor­

malities were obtained in crosses to plpiens from Englewood, 

Florida (southern Florida) and Monahans, Texas, These re­

sults indicated a graded pattern of incompatibility from 

north to south. However, recent evidence (littlejohn and 
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Oldham, loc. cit.) indicates that the southern Florida 

frog is different from the northern Florida frog and that 

the northern Florida frog corresponds to R̂. sphenocephala 

(as do the Louisiana and eastern Oklahoma populations). If 

the two Florida populations are genetically different, then 

these findings may help to explain the difference in cross-

ability obtained by Moore between these two forms. Studies 

on the distribution of the leopard frog in West Texas (Lit­

tlejohn and Oldham, loc. cit.) reveal that Monahans, Texas, 

is well within the range of R. berlandieri. In addition 

specimens of the leopard frog collected in Kermit, Texas 

(18 miles NNW Monahans, Texas), by Mr. Charles Howell con­

form in every character to R. berlandieri. Eastern Okla­

homa and Louisiana frogs are of the sphenocephala type. The 

lower crossabllity of the western Texas population there­

fore may be correlated with a species difference. 

Hybridization results from this study Indicate that 

R. areolata gives results similar to those obtained with 

northern plpiens when crossed to R. sphenocephala or R. ber­

landieri. For example, crosses involving northern plpiens 

females with R. sphenocephala males from Louisiana and 

eastern Oklahoma produce normal hybrids (Moore 1946a). 

Crosses involving R_. areolata females with R. sphenocephala 

males from eastern Oklahoma and Columbus, Texas, also pro­

duce normal hybrids (text). Crosses involving northern 

plpiens females with R_. berlandieri males from Monahans, 
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Texas, produce highly abnormal hybrids (Moore 1946a), as 

do crosses involving R. areolata females and R, berlandieri 

males (text). 

Therefore, theoretically at least, there is little 

reason to doubt that if R, spehnocephala males from Colum­

bus, Texas and R, plpiens females from Vermont or Wisconsin 

were crossed to one another they would produce normal hy­

brids. It may also be assumed that any crosses between 

northern plpiens females from Vermont and Wisconsin with 

R. berlandieri males from other Texas localities besides 

Monahans would result in severe hybrid abnormalities. 

Thus, at least for members of the complex in the 

southwest, it appears that the difference in crossabllity 

obtained by Moore between R. berlandieri from Monahans, 

Texas, and R. sphenocephala from eastern Oklahoma, and 

Louisiana, in crosses to northern plpiens is the result, 

not of different genomes adapted to different environmental 

temperatures, but of genomes that have developed difference 

as a result of some form of reproductive isolation. 

The question then arises as to how R. berlandieri 

acquired such a different genome. The question for the 

moment has no simple answer. One thing is certain, the 

genetic divergence is of such a magnitude that R, berlan­

dieri fails to cross even with certain members within the 

complex (Moore, 1946a and Purcell, 1968), In fact, it 

shows a certain degree of incompatibility with all other 
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members of the species group to which it has been crossed, 

Mecham (in manuscript). Its distribution indicates that 

it may have diverged in central Mexico. However, the ori­

gin of this divergence may only be surmised. The problem 

is compounded by the geographic variation between popula­

tions from Texas and Lake Chapala. For example, R, berlan­

dieri males possess vestigial oviducts and R. berlandieri-

like males do not. Both are highly incompatible when 

crossed to R. areolata. However, all crosses involving R. 

berlandieri-like males exhibit a syndrome different from 

that exhibited by hybrids between R. areolata and R, ber­

landieri , In addition, a higher percentage of R, aerolata 

X R,. berlandieri-like hybrids develop normally to stage 25. 

Rana berlandieri sppears to occupy the lowlands 

east of the Sierra Madre Oriental from Texas, south, to 

at least Ciudad Victoria, Other evidence indicates that 

it may range as far south on the Mexican Gulf Coast Plain 

as Villa Juarez, Puebla, Mexico. Rulbal (1955) obtained 

a difference in crossabllity between highland and lowland 

populations of the leopard frog from southeastern Mexico, 

when he crossed them to northern plpiens from Vermont, 

Vermont X lowland (Villa Juarez) embryos were almost com­

pletely viable. The high level of incompatibility exhibit­

ed in the Vermont X lowland crosses parallels that of Ver­

mont X Monahans, Texas, crosses. Thus, the similarity in 

crossabllity exhibited by R, berlandieri and members of 

the lowland population indicates that R. berlandieri may 
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range as far south on the Mexican coastal plain as Villa 

Juarez, 

Rana berlandieri-like populations appear to occupy 

the central highlands as far west as Torreon, and as far 

south as Lake Chapala, It is probable that the R, berlan-

dieri-like type and R. berlandieri grade into one another 

where they meet. Analysis of tape recordings of calls of 

males from Torreon and Lake Chapala reveals that these 

populations have a call that is not too unlike that of 

R* berlandieri males from Rio Corona and Texas (Mecham, 

unpublished data). Rana areolata males appear to cross 

slightly better with Rio Corona berlandieri females^ than 

with San Angelo berlandieri females. Rana areolata females 

also cross slightly better with Torreon and Lake Chapala 

berlandieri-like males. The slightly higher compatibility 

of Rio Corona females and Torreon and Lake Chapala males 

in crosses with R̂, areolata may be Indicative of some de­

gree of genetic relationship of these populations with 

leopard frogs of the Mexican Plateau. Rulbal (1955) and 

Moore (1950) found highland Mexican leopard frogs to be 

compatible with northern plpiens. The overall picture, 

however, is far from complete. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

(1) Hybrid crosses involving R, areolata from Tulsa, 

Oklahoma, and the southern plains form of the leopard 

frog from Lubbock, Texas, were for the most part com­

pletely successful, and exceeded the controls in nor­

mal development to the larval stage, 

(2) Hybrid crosses involving R. areolata females from 

Tulsa, Oklahoma, and Monroe, Louisiana, with R. spheno-

cephala males from Tulsa, Oklahoma, and Columbus and 

Nacogdoches, Texas, are highly successful in normal 

development. Reciprocal crosses for the most part 

did poorly, but the data are inconclusive, 

(3) Further hybrid crosses involving R. areolata females 

from the above mentioned localities with R. berlan­

dieri males from San Angelo, Texas, the W. D. Fawcet 

Ranch, Val Verde County, Texas, and Austin, Texas, are 

generally completely unsuccessful. Reciprocal crosses 

involving a single R. berlandieri female from Rio 

Corona Tamaullpas, Mexico, and four R, areolata males 

from Tulsa, Oklahoma, indicate a slightly higher level 

of compatibility. A small number of embryos from two 

crosses developed normally to stage 25. 

(4) Crosses involving R. areolata females and R, berlandieri-

like males from Torreon, Durango, Mexico, and Lake 
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Chapala, Jalisco, Mexico, were for the most part un­

successful, but a small number of embryos from each 

cross developed normally to stage 25. 

(4) The experiment demonstrates that R, berlandieri is 

very different genetically from R_. sphenocephala and 

the southern plains type, 

(5) There is no indication that where R. sphenocephala 

or the southern plains form meet with R. berlandieri 
* WM» I00m^0m0000mm0m0m0m0mm^mmmm^0mmmmm 

they grade into one another 

(6) The results obtained in this study are in conflict 

with the concept that the leopard frog complex is a 

single wide ranging species adapted to different 

environmental temperatures and exhibiting increasing 

levels of genetic incompatibility as the dlstince 

Increases between the populations. 

(7) The data indicate that, at least for members of the 

complex investigated in this study, the differential 

crossabllity noted is not the result of genomes 

adapted to different environmental temperatures, but 

of genomes which have developed differences as a 

result of some form of reproductive isolation. 
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