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Electrophoretic Pat-
terns and Systematic
Relations in South

American Toads'

by J. M. Cei and R. Cohen
Instituto de Biologia,
Universidad Nacional de Cuyo,
Mendoza, Argentina

The utility of paper electrophoresis
as a discriminating method in syste-
matic studies was pointed out in the
papers by Dessauer and Fox (6) and
Dessauer, Fox, and Ramirez (7). It
may be useless or play only a secondary
role in studies of species from different
phylogenetic stocks. Many recent stud-
ies support its value in taxonomic
studies of closely related forms, es-
pecially those in their incipient stages
of speciation.

Since 1959 our interest has been ad-
dressed to the study and control of
the specificity and characteristics of
the seroproteinic patterns of neo-
tropical batrachians belonging to the
local bufonid and leptodactylid stocks.
We have observed a remarkable and
specific constancy in their electro-
phoretic patterns, under standard con-
ditions of comparison (i.e. Buffer pH
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86; 9 v/cm rumn six hours; ionic
strength 0.05; 1.5 ma/cm; Whatman
3mm strips). Sera from adult speci-
mens recently bled by cardiac puncture
were used. In our experience, frozen
sera are equally useful in most in-
stances. We shall present here some
conclusive results that demonstrate a
significant agreement between the sug-
gested taxonomic relationship of vari-
ous neotropical species of the genus
Bufo and arrangements based on the
electrophoretic patterns of their serum
proteins. The optical densities were
determined by an Elphor H densitom-
eter (Bender and Hobein, Munich)
Bromphenol blue.

As indicated by Tihen (8) in his at-
tempt to define a supraspecific group-
ing of the New World toads, the genus
Bufo still needs systematic and evolu-
tionary studies. Tihen’s arrangement
and suggested evolution are based on
the available osteological characters.

Figure 1.
of the Bufo marinus group.

He assumes that the probable early
members of this generic stock were
similar in their major features to the
paleotropical toads such as regularis.
mauritanicus. and related forms. Five
major species groups of New World
toads are recognized: the haemutiticus
group. with only a single surviving
Central American species, originating
from the most ancient American stock;
the wu«lliceps group, a very large and
diversified group; the spinulosus group,
apparently limited to one Andean
form; the americanus group, extending
throughout North America; the boreas
group, related to a Bufo bufo-like stock
and probably of very early penetration
in the New World continents.

The valliceps group was further di-
vided into a South American section.
with the species narinus. arenarum,
ictericus, paracnemdis, crucifer. blom-
bergi: a Mexican section («lvarius.
valliceps. coccifer, etc.); and a Car-
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Densitometric curves and electrophoretic patterns in the major species

Bufo marinus: 1—Iquitos, Peru; 2——Paramaribo, Surinam; 3—S. Jose de Costa Rica;
Buxfo paracnemis: 4—Formosa, Central Chaco; Bufo ictericus: 5—Misiones, Argen-
tina; Bufo arenerum: 6—Montevideo, Uruguay; Bufo granulosus comglex: 7—B.g.
fernandezae Buenos Aires, Argentina; 8—Bufo gr. mayor, Formosa, Central Chaco.

(7-8, by Bertini, unpublished)

ibbean section, very heterogeneous, in-
cluding the debilis complex and granit-
losus, guentheri, peltocephalus. puncin-
tus, quercicus. retiformis. and ty-
phonius.

Our present report deals with the
species of the maurinus stock in the
South American section of the valliceps
group of Tihen, the spinulosus group,
and three southern forms of the gro»w-
losus complex.

In a previous publication (Peruvini
and Cei, 1), the general features of the
electrophoretic seroprotein fractions
of the Bufo marinus complex were ii-
lustrated. Another study (5) describes
the population variations of these pro-
teins in the Chilean species DBujfo
spinulosus. A remarkable uniformity
was found in the serum protein pat-
terns of the four species Bufo arenc-
run, B. marinus. B, paracnemis, aad B.
ictericus. These species shared zome
features and also retained some indi-
vidual variability.

Samples of male, adult specimens of
Bufo marinus from Costa Rica (8. Jose,
April 1962, 7 specimens), from Peru
(Iquitos, Amazonia, May 1962, 2 speci-
mens) and Surinam (Paramaribo, May
1962, 4 specimens) were studied again.
The specimens represent most of the
geographical area of distribution of
this species. The electrophoretic trends
of marinus are illustrated in Figure 1.
Previously reported patterns by Rertini
and Cei (4) were obtained again in
the Surinam and Peru samples. In
the Costa Rica specimens, two densi-
tometrically separate fractions of the
globulinic G, band were frequently ob-
tained. The G, fractions are analogous
to those obtained in the ictericus pat-
tern and are easily separated by elu-
tion.

Previous data by Bertini (1) were
thus confirmed for the widespread and
strongly adaptive wmarinus toad. The
specific differences previously found be-
tween paracnemis and ictericus were
also repeated. They are the Giant Toad
of the xeric “catinga’” belt and the
Yellowish Toad of the eastern Brazilian
tropical forest. Figure 1 shows the
seroprotein fractions characteristic for
both species. Evidently they originated
from a general marinus-like type, prob-
ably under some specific adaptive con-
dition of plasma equilibrium.

A number of observations by Bertini
and Cei (1,2) support the great sta-
bility of the seroproteinic pattern of
the Argentine Toad Bujfo arenarwin.
Quantitative variations of some globu-
linic fractions were reported in the
case of some populations such as those
in Cordoba and Mendoza.

Other of our data reaffirm the strik-
ing uniformity of the seroprotein con-
stitution of arenarum. Our analysis
could really support, in quite a differ-
ent way, Tihen’s statement that “. . .
this is a very uniform group osteologi-



Table |

Relative Concentration of the Seroprotein Fractions in Bufo spinulosus

Cordilleran Populations from Mendoza, between 34° and 37° South Latitude

Globulins* Ratio Ratio
G, Gy /G, A/G
18.2 24.3 1.52 0.43
14.3 33.8 1.92 0.32
174 27.5 1.36 0.45
13.5 25.2 1.37 0.74
22.1 27.8 1.11 0.32
19.4 17.9 1.40 0.55
18.8 21.2 1.38 0.51
19.7 28.7 1.16 0.40

Samples
Cordilleran No. of
Streams Specimens Albumin G,y
Arroyo Hondo 3 3 30.1 27.0
Carrizalito 29 23.8 27.8
Sosneado 44 31.2 23.4
lo 42,5 18.6
Malargue 1o 24.7 25.2
Rio Grande 12 2 35.5 26.7
Ranquil 53 33.9 25.6
1o 28.4 22.9
Cordilleran T
Streams 24 2 33.8+0.7+ 25.9+0.6

5¢ 28.6+3.6 244418
Bufo arenarum

(from S. Rafael

Mendoza,

34° 30’ SL)

18.8+0.5 21.0+3.4 1.40+0.06 0.51+-0.01
16.7+1.7 29.8+1.7 1.49+0.18 0.41+0.18

13 3 27.1+13 22.2+0.6 19.24+0.2 327+20 1.16+0.05 0.37+0.02

Cordilleran Bufo spinulosus g / Bufo arenarum g :

Ratio Gy /Gy, t = 3.00, P — 0.01

Ratio A/G, t

—4.48, P =0.001

*Globulins numbered in accordance with their mobilities.

+Standard error.

cally; most species differ from each
other only in minor detail .. " “. .. it
presumably is descended from the rep-
resentatives of the group that reached
South America at an early date and
has undergone only minor changes
since that time .. .”

Quite different trends are shown, on
the other hand, by the southern repre-
sentative forms of the granulosus com-
plex, belonging to the “Caribbean sec-
tion” of Tihen. From the studies of
Bertini (4, in press) summarized in
Figure 1, Bufo granulosus fernandezue
and Bufo granulosus d'orbignyi, mor-
phologically closely related, both differ
from the close Chacoan form Bufo
granulosus major. mostly in the rela-
tive mobility of the albumin-like,
fastest fraction. We are dealing here
with a peculiar genetic system, prob-
ably in different stages of evolution in
its widespread population. From the
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patterns presented in Bertini’'s papers
the striking difference between the
characteristic albumin and globulin
bands of the marinus group and those
of the granulosus group, strongly sup-
port the argument for a separate evo-
lution for the two bufonid branches, as
proposed by Tihen.

A separate category for the spinu-
losus group is more difficult to accept.
‘We have studied (5) only a population-
chain from the Atacama mountains and
the deserts in Northern Chile. How-
ever, the Central Chilean form, which
is synonymous with the Bufo chilensis
(sic), is incorporated by Tihen in the
South American section of the valliceps
group. An evident geographical varia-
tion has occurred. In the northern
populations (the Atacama and Huasco
samples) the fastest globulinic frac-
tions are impossible to separate by elu-
tion, probably because of protein-pro-
tein binding. The populations differ
also in albumin concentration; a lower
A/G ratio is characteristic of the aqua-
tic population from Huasco River
which is surrounded by sterile deserts.
In the sample from Santiago, Chile, a
clear separation into four globulinic
bands was recognized, with a rela-
tively very high G,/G. ratio. In our
present studies, a number of spinulosus
populations from the Mendoza Cordil-
lerans were analyzed. The neighboring
and, in some instances, sympatric
species, Bufo arenarum, was used as a
comparative electrophoretic standard.
Our results are summarized in Table I.

The characteristic trends described

above for the Central Chilean popula-
tions (Bufo chilensis Tschudi) were
repeated here in all the series of Men-
doza Cordilleran samples. A high al-
bumin content is typical of all the
spinulosus geographical forms (with
the exception of those from the Ata-
cama rivers). TFour clearly divided
globulinic fractions are recognized in
the Central Chilean and Mendoza
forms. The forms have a high G,/G.
ratio which is always higher than in
the surrounding Bufo arenarum popu-
lations. An evident division of the G,
band with a small cataphoretic frac-
tion is generally visible in Argentine
populations of the spinulosus group.

The electrophoretic pattern of spinu-
losus is clearly distinguishable from
all other species of the same genus, in-
cluding its closely allied arenarum.
The characteristic seroprotein trends
of this toad might indicate its con-
vergence with «renarum especially in
the sympatric geographical areas. How-
ever, the difference is not of sufficient
weight to separate the group as a dis-
tinct species. It is better considered as
a section of the spinulosus population
complex. In Tihen’s view “the propriety
of recognizing such a distinet species
group should be perhaps questionable.”
Perhaps it should be as he claims that
“it should be considered a fourth or
Andean section of the valliceps group.”
His same indecision as to the synonomy
of chilensis with the marinus of the
South American section supports such
a procedure.

In our present report the peculiari-
ties of the seroprotein pattern could be
strikingly reinforced from our com-
parative serological data. Thus, the ac-
curacy of paper electrophoresis as a
simple expression of population differ-
ences is reaffirmed.
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