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"Resolution" of Diploid-Tetraploid Tree Frogs "Resolution" of Diploid-Tetraploid Tree Frogs 

In their report on the albumin immu- 
nology of the diploid-tetraploid species 
complex of Hyla chrysoscelis and Hy- 
la versicolor (1), Maxson et al. state that 
all H. chrysoscelis individuals tested 
against both antiserums could be un- 
equivocally assigned to either the east- 
ern or western population group. How- 
ever, this statement is then contradicted 
by a note (2). The two diploid hetero- 
zygous individuals from the Angelina 
National Forest in extreme eastern Tex- 
as are explained away as "occasional hy- 
brids" between eastern and western H. 
chrysoscelis. Examination of a range 
map of the complex (3) would have re- 
vealed that, less than 40 km to the west 
of this locality, the tetraploid H. versi- 
color completely divides the range of 
H. chrysoscelis westward to central Tex- 
as and northward from the Texas and 
Louisiana coasts to southwestern Mis- 
souri. "Occasional" hybridization in 
southwestern Missouri could scarcely 
account for the appearance of two of two 
heterozygous individuals in extreme 
eastern Texas. If Maxson et al. are pro- 
posing that two distinct forms of H. chry- 
soscelis that rarely hybridize coexist in 
eastern Texas (that is, are distinct spe- 
cies), then the probability that two of 
two randomly selected individuals would 
both be hybrids is infinitesimally small. 
Moreover, the data they present are not 
relevant to the question of specific stat- 
us. Species distinctness of sympatric 
forms is determined by fieldwork, not by 
immunological distances. In addition, 
moderate frequencies of the eastern al- 
lele in western populations, and vice ver- 

SCIENCE, VOL. 202, 20 OCTOBER 1978 

In their report on the albumin immu- 
nology of the diploid-tetraploid species 
complex of Hyla chrysoscelis and Hy- 
la versicolor (1), Maxson et al. state that 
all H. chrysoscelis individuals tested 
against both antiserums could be un- 
equivocally assigned to either the east- 
ern or western population group. How- 
ever, this statement is then contradicted 
by a note (2). The two diploid hetero- 
zygous individuals from the Angelina 
National Forest in extreme eastern Tex- 
as are explained away as "occasional hy- 
brids" between eastern and western H. 
chrysoscelis. Examination of a range 
map of the complex (3) would have re- 
vealed that, less than 40 km to the west 
of this locality, the tetraploid H. versi- 
color completely divides the range of 
H. chrysoscelis westward to central Tex- 
as and northward from the Texas and 
Louisiana coasts to southwestern Mis- 
souri. "Occasional" hybridization in 
southwestern Missouri could scarcely 
account for the appearance of two of two 
heterozygous individuals in extreme 
eastern Texas. If Maxson et al. are pro- 
posing that two distinct forms of H. chry- 
soscelis that rarely hybridize coexist in 
eastern Texas (that is, are distinct spe- 
cies), then the probability that two of 
two randomly selected individuals would 
both be hybrids is infinitesimally small. 
Moreover, the data they present are not 
relevant to the question of specific stat- 
us. Species distinctness of sympatric 
forms is determined by fieldwork, not by 
immunological distances. In addition, 
moderate frequencies of the eastern al- 
lele in western populations, and vice ver- 

SCIENCE, VOL. 202, 20 OCTOBER 1978 

sa, could very well have gone undetected 
simply because sample sizes are only 
three to five individuals (six to ten genes) 
per population (1). Therefore the data at 
worst contradict, and at best provide no 
support for, the statement (1) that east- 
ern and western H. chrysoscelis have 
ever maintained separate gene pools. 

Nor do the data support the statement 
(1) that gene exchanges between the two 
forms of H. chrysoscelis have not been 
evolutionarily significant in the last 4 mil- 
lion years. The genetically intermediate 
tetraploid H. versicolor (1, 4) must have 
arisen from either a continuously exist- 
ing intermediate population of H. chry- 
soscelis, or from one or more hetero- 
zygous individuals produced as a result 
of secondary contact of the two forms. 
Either case represents evolutionarily sig- 
nificant gene exchange between the two 
forms subsequent to their acquisition of 
different major albumin alleles. 

To demonstrate that the two forms of 
H. chrysoscelis are genetically different 
enough to have produced an allotetra- 
ploid, Maxson et al. state (I) that the for- 
mation of quadrivalents during meiosis, 
as occurs in H. versicolor, is often taken 
as an indication of allopolyploidy in 
plants. This is a complete reversal of the 
generally accepted view (5). 

The average distance between the al- 
bumins of eastern and western H. chry- 
soscelis is approximately 7 immunologi- 
cal distance units (IDU) (1). Consistent 
with a number of assumptions about 
IDU's and amino acid substitutions in 
frog albumins, and the rate of evolution 
of frog albumins (6), the genetic dif- 
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ference inferred from this distance is 
thought to be too large to be a simple 
geographic allele frequency difference 
within a single, wide-ranging species. 
Despite claims to the contrary (1), 
sample procedures, sample sizes, and 
statistical analyses of results in prior al- 
bumin immunological studies (7) have 
not been suitable for detecting albumin 
immunoalleles in populations. This pos- 
sibility has been ignored in inter- 
pretations of results in these studies (6, 
7). 

The average distance of about 7 IDU 
(a calculated divergence time of approxi- 
mately 4 million years) is used in a fash- 
ion unwarranted by the statistical situa- 
tion. First, tests of eastern albumin with 
western antiserum and western albumin 
with eastern antiserum differ from a per- 
fect reciprocity by 100 percent (an aver- 
age immunological distance of 4.5 in the 
former test and of 9.3 in the latter). The 
difference in the reciprocal tests is highly 
significant (P < .001). Combining them 
to obtain an average of 7 IDU is not sta- 
tistically valid. Furthermore, since the 
eastern and western albumins are tested 
directly against each other and not 
against that of a third form, it is illogical 
to attribute the deviation from perfect 
reciprocity to "a different number of 
amino acid substitutions in the albumins 
of the eastern and western lineages since 
they last shared a common ancestor" 
[reference 13 in (1)]. Therefore the actual 
distance could be as small as 4.5 + 1.7 
IDU. Second, a figure of ? 2 IDU, 
which is characterized as "expected 
from the normal polymorphic structure 
of evolving populations" is elsewhere 
given as the maximum standard devia- 
tion observed "on repeated runs of a 
single sample" [reference 12 in (1)]. Fi- 
nally, interindividual standard deviations 
range from ? 0.7 IDU to ? 1.7 IDU in 
the sample groups. Given this variation, 
one can seriously question whether the 
average immunological distance of 7 be- 
tween the eastern and western albumins 
represents a reasonable measure of ge- 
netic distance between the two forms of 
H. chrysoscelis. The actual immunologi- 
cal distance could be small enough to be 
accounted for by only one or two amino 
acid substitutions. 

Maxson et al. demonstrate that there 
are two albumin immunoalleles in this 
complex (1). They also show that one is 
present in major frequency in eastern H. 
chrysoscelis populations as far west as 
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tetraploid. Although their sample sizes 
are much smaller, these data appear to 
be consistent with the allele distributions 
at 1 of 12 electrophoretic loci that have 
been examined (4, 8). Their data also 
show that both alleles are present in an 
eastern H. chrysoscelis population in 
extreme eastern Texas, nearly sympatric 
with H. versicolor. 

It is regrettable that the exciting dis- 
coveries of the first case of albumin im- 
munoalleles, and the first intermediate 
diploid population in this complex, were 
overlooked in favor of unwarranted 
speculation and erroneous interpreta- 
tion. 

DENNIS B. RALIN 

Department of Natural Sciences, 
Castleton State College, 
Castleton, Vermont 05735 
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We have presented data demonstrat- 
ing evolutionarily effective gene pool iso- 
lation of eastern and western populations 
of Hyla chrysoscelis (1). Ralin (2) misin- 
terprets our phylogenetic argument. The 
data indicate that an estimated seven 
amino acid substitutions have been con- 
fined to either the eastern or western lin- 
eages since their original divergence. 
Protein sequence divergence within rap- 
idly evolving proteins is a very sensitive 

indication of common or separate gene 
pools (3). The magnitude of albumin dif- 
ferentiation that we report has never 
been seen within a species (4), and is 
greater than the differences reported be- 
tween albumins of some taxonomically 
distinct and reproductively isolated spe- 
cies of hylid and pipid frogs (5). This de- 
gree of divergence is measured by single 
individuals. Therefore the necessary ex- 
istence of a barrier to gene flow is in- 
ferred without an exhaustive population 
survey, and Ralin's comments concern- 
ing sampling statistics are not relevant. 

The presence of two variants in the 
eastern Texas population (3 IDU to east- 
ern and 6 IDU to western H. chryso- 
scelis) invites speculation as to their ori- 
gin. We agree with Ralin that it is unlike- 
ly that these eastern variants are hy- 
brids. Whatever the case, it does not al- 
ter the measured albumin divergence 
between the eastern and western 
populations and their inferred historical 
isolation. 

As to the significance of immunologi- 
cal nonreciprocity, a third species, the 
antibody-producing rabbit, is always im- 
plicitly involved because antibodies can 
only be made to immunogenic sites iden- 
tifiable as "non-self." The albumin with- 
in the rabbit can influence the measure- 
ment if by chance it is "closer" to one or 
the other of the compared species. Non- 
reciprocal measurements are repeatably 
stable even when different rabbits are 
used (6). They are not, therefore, two 
samples of a single random variable, the 
"statistical situation" that Ralin criti- 
cizes (2). Nonreciprocity appears to re- 
flect the stochastic nature of molecular 
evolution in the two independent lin- 
eages. 

The proposed recent origin of the tet- 
raploid species H. versicolor is not evi- 
dence of successful gene flow between 
the parental "forms" as Ralin states (2). 
There is no evidence of triploid frogs, 
and no other indication that alleles pass 
from the tetraploid back into the diploid 
populations. 

Nowhere do we argue that quad- 
rivalent formation in H. versicolor im- 

plies an allotetraploid origin. The exis- 
tence of both eastern and western albu- 
min alleles within H. versicolor is dem- 
onstrated directly by our data. The sig- 
nificance of quadrivalent formation is 
that it provides a genetic mechanism for 
generating the observed immunological- 
ly intermediate tetraploids. Because of 
the conservative nature of chromosomal 
evolution in frogs (7), quadrivalent for- 
mation would be expected whether the 
tetraploid arose through auto- or allo- 
tetraploidy. 

We believe our original presentation is 
not "unwarranted speculation and er- 
roneous interpretation" (2), but follows 
logically from the molecular evidence. 
Our argument crucially hinges only on 
the degree of divergence of the eastern 
and western albumins. While it is Ralin's 
prejudice that only fieldwork can deter- 
mine "species distinctness" (2), it would 
appear that the phylogenetic dimension 
holds considerable promise of revealing 
important subtleties that might otherwise 
be overlooked. Further "resolution" 
will require additional data. 

R. D. MAXSON 
L. R. MAXSON 

Department of Genetics and 
Development, University of Illinois, 
Urbana 61801 
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