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The North American cryptic species 
pair of hylid frogs, Hyla chrysoscelis and 
H. versicolor, are respectively diploid 
and tetraploid (1, 2). Despite their re- 
markable morphological resemblance, 
these two species can be distinguished 
by karyotypic analysis, the non- 
overlapping pulse rates of the male mat- 
ing calls, and their incompatibility in hy- 
bridization tests (3, 4). 

Electrophoretic studies have demon- 
strated that populations of the diploid H. 
chrysoscelis from South Carolina, Geor- 
gia, Ohio, and Mississippi are genetically 
different from diploid populations of cen- 
tral Texas (5). The two population 
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groups, "eastern" and "western" H. 
chrysoscelis, can be readily distin- 
guished because they are monomor- 
phic for different alleles at the LDH-B 
[heart LDH (lactate dehydrogenase)] 
locus. The two groups of populations al- 
so have significantly different, but over- 
lapping, mating call pulse rates and dura- 
ations (5). 

We were interested in determining the 
time of separation of H. chrysoscelis into 
eastern and western gene pools, and esti- 
mating the age of origin of the tetraploid, 
H. versicolor. To approach these ques- 
tions, we used the quantitative immuno- 
logical technique of micro-complement 
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Table 1. Albumin comparisons involving populations of eastern and western Hyla chrysoscelis. 
The numbers in parentheses indicate the number of individuals for which immunological dis- 
tance was measured. 

Immunological distance to 

Individual plasma from Hyla chrysoscelis 

Eastern* Westernt 

Eastern populations: 
Mississippi (homologous) 0.0 5.0 
Mississippi (4) 0.5 5.2 
Ohio (4) 0.5 6.5 
Georgia (3) 0.3 4.0 
South Carolina (4) 0.2 2.2 
Average (15) 0.4 + 0.7 4.5 + 1.7 

Western (Central Texas) populations: 
Bastrop County (homologous) 9.0 0.0 
Bastrop County (4) (Alum Creek, sympatric) 8.5 1.0 
Bastrop County (3) (Colorado River, allopatric) 8.0 0.0 
Bastrop County (3) (Elgin, allopatric) 9.7 0.0 
Gonzales County (5) (Highway 90, allopatric) 10.8 2.2 
Gillespie County (3) (Fredriksburg, allopatric) 9.0 0.3 
Average (18) 9.3 + 1.5 0.9 + 0.9 

*Antiserum produced to H. chrysoscelis from Oktibbeha County, Mississippi. tAntiserum produced to 
H. chrysoscelis from Bastrop County, Texas. 
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fixation. This approach is useful in esti- 
mating divergence times of related spe- 
cies (6), in reconstructing phylogenetic 
histories (7), and in detecting cases of 
convergent evolution (8). At the time of 
collection, the species of all frogs used in 
our study were identified by mating call 
(9). Subsequent karyotypic analyses of 
samples from each population confirmed 
the specific designations (2, 10). 

Antiserums were produced to purified 
serum albumin of H. chrysoscelis from 
Oktibbeha County, Mississippi, and of 
H. chrysoscelis from an allopatric local- 
ity in Bastrop County, central Texas, by 
techniques described in Champion et al. 
(11). The two antiserums were tested for 
cross reaction with plasma samples of H. 
chrysoscelis from the same populations, 
from other eastern and western local- 
ities, and with plasma samples of H. ver- 
sicolor from Texas and northeastern 
populations. Genetic distances between 
sample pairs are reported in immuno- 
logical distance units (IDU). For hylid 
albumins, we have shown that a single 
IDU corresponds roughly to a single 
amino acid substitution (8), and the mean 
evolutionary rate of albumin is 1 IDU per 
0.6 million years (6). 

Thirty-three H. chrysoscelis were test- 
ed against both the eastern and western 
antiserums (Table 1). Serum albumins of 
15 H. chrysoscelis, from four eastern lo- 
calities, were identical to the Mississippi 
H. chrysoscelis antiserum (IDU = 0.4 
+ 0.7), but an average distance of 
4.5 ? 1.7 IDU from the central Texas, or 
western, H. chrysoscelis antiserum (12). 
Conversely, 18 frogs from five western 
populations were essentially identical to 
the antiserum against central Texas H. 
chrysoscelis (IDU=0.9 + 1.3), but an 
average distance of 9.3 + 1.5 IDU from 
the eastern H. chrysoscelis antiserum 
(13). The populations tested include one 
population sympatric with H. versicolor, 
three allopatric populations within 50 km 
to the west of sympatry and one popu- 
lation at the western extremity of the 
range in central Texas. In all of these 
cases, H. chrysoscelis individuals tested 
against both antiserums could be un- 
equivocally assigned to either the east- 
ern or western population group (14). 
Such magnitudes of immunological dis- 
tance are unknown among populations of 
other species of hylid frogs. For ex- 
ample, immunological studies of geo- 
graphically widely separated populations 
of H. crucifer show no albumin dif- 
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other species of hylid frogs. For ex- 
ample, immunological studies of geo- 
graphically widely separated populations 
of H. crucifer show no albumin dif- 
ferentiation (15), and extensive studies of 
geographically separated and morpho- 
logically diverse H. regilla populations, 
many considered subspecies (16), differ 
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only by a maximum of 2 to 3 IDU (7). 
Furthermore, recent immunological 
studies of clawed toads (Xenopus) have 
revealed several different species of this 
genus which differ only by 3 to 9 IDU 
(17). The immunological distances ob- 
served between the eastern and western 
populations of H. chrysoscelis can be 
achieved only by independent sequential 
amino acid substitutions in the albumins 
of each population. Therefore, we may 
infer that these populations have main- 
tained separate gene pools, and that they 
have done so, for a period of roughly 4 
million years. While electrophoretic 
studies of these populations also indicate 
such genetic differentiation (5), it should 
be noted that the ability to measure cu- 
mulative differences at one locus also al- 
lows us to infer total independence of the 
gene pools and to estimate the time of di- 
vergence. There are significant dif- 
ferences between eastern and western H. 
chrysoscelis mating calls in pulse rate 
and call duration. Although eastern fe- 
males prefer average eastern calls to av- 
erage western calls, the overlap in these 
interpopulational responses is large 
enough to permit the conclusion that 
eastern females exhibit a secondary pref- 
erence for a western call (18). Coupled 
with the fact that the eastern and western 
forms produce viable laboratory hybrids 
(4, 14), it seems likely that the two forms 
of H. chrysoscelis can exchange genes 
when they come in contact. Our albumin 
data indicate that such exchanges have 
not been evolutionarily significant in the 
past 4 million years. It has been shown 
(19) that protein evolution in anurans 
proceeds independently of morphologi- 
cal evolution and independently of abili- 
ty to form viable hybrids. Thus it is not 
surprising to find that these populations 
have undergone genetic differentiation, 
despite their morphological similarity 
and apparent genetic compatability. 

Individuals from a number of popu- 
lations of the tetraploid H. versicolor 
were also tested against the antiserums 
formed against both diploid H. chrys- 
oscelis populations (Table 2). Results 
were remarkably variable, particularly in 
the Texas populations, and therefore 
representative individuals are listed sep- 
arately. Some of the frogs from the Tex- 
as populations, collected from the same 
pond on the same night, show complete- 
ly reciprocal relationships. For example, 
frogs 72 and 74 from the Sam Houston 
National Forest (an allopatric H. ver- 
sicolor locality) are immunologically in- 
distinguishable, respectively, from west- 
ern H. chtysoscelis and eastern H. chrys- 
oscelis . 
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Table 2. Albumin comparis 
ern and western Hyla chrys 
sentatives of Hyla versicolo 
rentheses indicate the numt 

Hyla 
versicolor 

populations 
h 

Ea 

New Jersey (2) 
New York (1) 
Texas 

Sam Houston 
National Forest: 

No. 72* 
No. 74 
No. 75 
No. 76 
No. 78 
No. 117 

Bastrop State Park: 
No. 226 
No. 227 
No. 228 
No. 239 
No. 242 
No. 253 
No. 406 
No. 407 
No. 409 
No. 410 

ons between east- The conclusions to be drawn from the 
oscelis and repre- albumin data are consistent with all other 
r. Numbers in pa- a 
er of individuals. genetlc data available (4, 5). Eastern and 

western diploid populations have dif- 
Immunological ferentiated into two recognizable groups, 

dilstance to this differentiation having started some 4 
tyla chrysoscelis 

-ster--hnysXs4ern- million years ago. The tetraploid, H. ver- 
istern Western sicolor, appears to be of recent origin, as 
0 7 suggested by Blair (20) and Ralin (5), be- 
0 10 cause of the allotetraploidy of the east- 

ern and western H. chrysoscelis popu- 
lations. A thorough study of albumins, 

6 0 key electrophoretic loci (21), mating 
0 5 calls, and karyotypes, in sympatric and 
5 4 allopatric populations from throughout 
2 4 the range of this species complex is now 2 2 
3 9 needed. 

5 1 
5 9 
8 2 
4 5 
0 9 
6 6 

10 1 
3 10 
8 8 
6 7 

*The numbers represent individual frogs. 

The Texas H. versicolor fall into 
roughly three classes. One class is im- 
munologically identical to eastern H. 
chrysoscelis, a second is identical to 
western H. chrysoscelis, and the third 
and largest class is immunologically het- 
erogeneous. Never before has any im- 
munological population study exhibited 
variation in excess of the ? 2 IDU ex- 
pected from the normal polymorphic 
structure of evolving populations (7, 8). 
An interpretation consistent with the 
data in Table 2 is that the tetraploid H. 
versicolor arose as a result of allotetra- 
ploidy involving eastern and western H. 
chrysoscelis. Individual H. versicolor 
homozygous for either albumin will have 
an ID of 0 to the appropriate antibody, 
such as No. 72 and No. 74 above. Such 
data also indicate that the allotetraploidy 
was recent since the albumins are still 
immunologically indistinguishable from 
those of their respective diploid ances- 
tors. Individuals of any of the three het- 
erozygous genotypes will have unpre- 
dictable, but intermediate, immuno- 
logical distances. Studies of meiotic 
chromosomes of H. versicolor show 
quadrivalent formation, which in plants 
is often an indication of allotetraploidy 
(2). Alternatively, apparent tetraploid 
homozygotes could be accounted for by 
multiple autopolyploid origins. Distin- 
guishing between allo- and autopoly- 
ploidy is not possible at this time. 
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