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Since its discovery in Ceratophrys 
ornata (Saez and Brum, 1959), octo- 
ploidy of neotropical ceratofryid frogs 
(Ceratophrys ornata, C. dorsata) was 
demonstrated by a number of caryologi- 
cal contributions (Bogart, 1967; Begak, 
Begak and Rabello, 1967). However 
the peculiar geographical trends of 
polyploid-diploid populations of Cerato­
phrys ornata were explained by Barrio 
et al. (1970). On the other hand Mores- 
calchi (1967) and Bogart (1969) point 
out the striking similarity between the 
diploid caryotypes of Ceratophrys or 
Lepidobatrachus (2n = 26) and the 
caryotypes of the holarctic Pelobatid 
frogs (Pelobates, Scaphiopus). Such 
caryological evidence may suggest some 
kind of evolutionary and phyletic rela­
tionships between a Northern or Laura- 
sian Pelobatid stock and a Southern, 
probably Gondwanian, Leptodactylid 
stock of Anurans (Morescalchi, 1967). 
That assumption could be a really sur­
prising one, because of the past and 
present disjunctive distribution of Pelo- 
batidae and Leptodactylidae, and the 
still widely accepted phylogenetic rela­
tionships between the ancient Discoglossid 
and Pelobatid lines (Noble, 1931; Tihen, 
1965; Inger, 1967; Zweifel, 1956; Estes, 
1970). Moreover the recent systematic 
arrangements by Laurent (1942; 1967) 
or Reig (1958) emphasize the subordinal 
status of Archaeobatrachia (Liopelmoi- 
dea, Pipoidea, Discoglossoidea, Pelo- 
batoidea, Microhyloidea: in accordance 
with Laurent, 1967), opposing them to 
suborder Neobatrachia, which assembles 
the so-called “modern” or morphologi­
cally more evolved families of frogs, such 
as Leptodactylids, Ranids, Bufonids, 
Hylids, etc. The natural placement of 
Pelobatoidea fits therefore nearer the 
phyletic step of Discoglossoidea, than 
that of Leptodactylids, in agreement with 
the most classical views since Noble’s 
reports, and in discordance with the 
above mentioned new caryological find­
ings.

It would be interesting to carry on a 
serological study of the controversial 
question by means of the precipitin tests,

TABLE I

* Instituto Biología Animal, Universidad Na­
cional de Cuyo, Mendoza, Argentina.

anti-Pelobates cultripes
PORTUGAL

X Pelobates cultripes (PORTUGAL) 553 
Pelobates fuscus (RUMANIA) 
Pelobates syriacus (ISRAEL)

100%
83.9
80.5

SERUM A Discoglossus pictus (PORTUGAL) 70.4
Bombina bombina (RUMANIA) 66.1

Ceratophrys ornata (TUCUMAN-ARG.) 31.4
Ceratophrys ornata (SANTA FE-ARG.) 30.6
Pyxicephalus adspersus (RHODESIA) 28.4
Breviceps gibbosus (CAPETOWN) 27.6
Hyla arborea ( ISRAEL ) 23.3

anti-Pelobates cultripes X Pelobates cultripes (PORTUGAL) 100%
PORTUGAL Scaphiopus couchii (ARIZONA) 79.5

Discoglossus pictus (ALGER) 73.4
Xenopus gilli (CAPETOWN) 66.2

SERUM B Rana ridibunda (ALGER) 36.1
Bufo mauritaniens (ALGER) 33.7
Ceratophrys ornata (TUCUMAN-ARG.) 30.1
Lepidobatrachus asper (SANTIAGO DEL

ESTERO-
ARGENTINA).

25.2

anti-Pelobates cultripes X Pelobates cultripes (PORTUGAL) 100%
PORTUGAL Pelobates syriacus (ISRAEL) 82.5

Scaphiopus intermontanus (STATE OF 77.9
SERUM C WASHINGTON­

USA).
Discoglossus pictus (PORTUGAL) 69.5
Xenopus laevis (CAPETOWN) 64.1

Ceratophrys ornata ( SANTA FE-ARG. ) 30.00

ANTISERUM 1:1
anti-Pelobates cultripes X Pelobates cultripes (PORTUGAL) 100%

PORTUGAL Pyxicephalus adspersus (RHODESIA) 26.6
SERUM D Ceratophrys ornata (BUENOS AIRES-AGR.) 30.1

Ceratophrys ornata ( SANTA FE-ARG. ) 31.3

anti-Pelobates syriacus X Pelobates syriacus (ISRAEL) 100%
ISRAEL Pelobates cultripes (PORTUGAL) 533 82.2

Pelobates cultripes (PORTUGAL) 592 81.3

Scaphiopus intermontanus (STATE OF
WASHINGTON-USA)

74.6

Discoglossus pictus (PORTUGAL) 73.7
Xenopus laevis (CAPETOWN) 60.4

Ceratophrys ornata (TUCUMAN-ARG.) 32.0
Ceratophrys ornata (SANTA FE-ARG.) 33.3
Pyxicephalus adspersus (RHODESIA) 28.4

anti-Scaphiopus couchii X Scaphiopus couchii (ARIZONA) 100%
ARIZONA Pelobates cultripes (PORTUGAL) 592 77.9

Pelobates cultripes (PORTUGAL) 553 71.3

Discoglossus pictus (PORTUGAL)

(Continued on page 2)
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following the careful photronreflectom- 
etric techniques introduced since 1943 by 
Alan Boyden and colleagues, and applied 
on several occasions to the phyletic and 
evolutionary problems of Anurans (Cei, 
1963; 1965; 1969; 1970a, 1970b, 1972a, 
1972b). Extensive information about the 
characteristics and performance of the 
Libby’s photronreflectometer (AMINCO) 
used in the present work, may be ob­
tained from many of the former papers 
(Boyden, Bolton, Gemeroy, 1947; Boy­
den, 1956, 1967). Sera have been ob­
tained by cardiac puncture and stored 
at -20°C, all in a suitable interval of 
time to avoid the effects of aging on the 
specific antigenic properties (Frair, 1969; 
Cei and Castro, 1970). Immune sera 
were produced in rabbits, by reenforced 
antigens (Freund’s coadjuvant). Antigen 
dilutions in homo-heterologous tests 
began from a first 1:5 dilution (Evans 
Buffer). The following simultaneous 
samples of frogs have been utilized: 24 
species and 21 localities, covering a good 
bit of the whole distribution of the in­
volved taxa of Pipidae, Discoglossidae, 
Pelobatidae, Ceratophryidae, Leptodacty- 
lidae, Bufonidae, Hylidae, Ranidae, 
Microhylidae.

Pipidae: Xenopus laevis, Xenopus gilli, 
from Capetown (South Africa); Dis­
coglossidae: Discoglossus pictus, from 
Algarve (Portugal) and Alger (Algeria), 
Bombina bombina from Bucuresti (Ru­
mania); Pelobatidae: Pelobates cul- 
tripes from Porto de Mos (Portugal), 
Pelobates syriacus from Israel, Pelobates 
fuscus from Bucuresti (Rumania), Sca­
phiopus intermontanus from the State of 
Washington (United States), Scaphiopus 
couchii from Arizona (United States); 
Hylidae: Hyla arborea from Israel, Hyla 
meridionalis from Algarve (Portugal); 
Ceratophryidae: Ceratophrys ornata 
from Tucuman, Santa Fe and Buenos 
Aires (Argentina), Lepidobatrachus asper 
from Santiago del Estero (Argentina); 
Leptodactylidae: Odontophrynus occi­
dentalis from Cordoba (Argentina), Lep- 
todactylus ocellatus from Mendoza (Ar­
gentina); Bufonidae: Bufo mauritanicus 
from Alger (Algeria), Bufo bufo from 
Paris (France), Bufo arenarum from 
San Luis (Argentina); Ranidae: Rana 
ridibunda from Alger (Algeria), and 
Lisboa (Portugal), Rana grayi from 
Capetown (South Africa); Ptychadaena 
superciliaris from Mogamedes (Angola), 
Pyxicephalus adsperus from Salisbury 
(Rhodesia), Pyxicephalus delalandi from 
Capetown (South Africa); Microhylidae: 
Breviceps gibbosus from Capetown 
(South Africa).

The results of the crossed precipitin 
reactions are indicated in the tables I 
and II. The results of the tests with 
anti-Pelobates cultripes serum (B) are 
also plotted on the graphs of figure 1. 
It is quite evident that any crossed test 
between species of the same genus gives 
a very high homo-heterologous percent, 
suggesting a great amount of common 

TABLE I (Continued)
Rana ridibunda (ALGER) 27.6
Bufo mauritanicus (ALGER) 25.3
Ceratophrys ornata (TUCUMAN-ARG.) 31.6
Odontophrynus occidentalis ( CORDOBA- 20.0

ARG.)
Leptodactylus ocellatus ( MENDOZA-ARG. ) 24.6

anti-Discoglossus pictus
ALGER

X Discoglossus pictus (ALGER) 
Pelobates cultripes (PORTUGAL) 
Pelobates syriacus (ISRAEL)

100%
70.8
75.9

Scaphiopus couchii (ARIZONA) 43.3

Rana ridibunda (ALGER) 31.4
Bufo mauritanicus (ALGER) 25.9
Ceratophrys ornata (TUCUMAN-ARG.) 26.7
Ceratophrys ornata (SANTA FE-ARG.) 24.0
Odontophrynus occidentalis (CORDOBA­

ARG.)
23.6

TABLE II

anti-Ceratophrys ornata 
TUCUMAN- 
ARGENTINA

X Ceratophrys ornata (TUCUMAN-ARG.) 
Ceratophrys ornata (SANTA FE-ARG.) 
Ceratophrys ornata (BUENOS AIRES-ARG.)

100%
93.9
91.6

Odontophrynus occidentalis (CORDOBA­
ARG.)

33.9

Leptodactylus ocellatus ( MENDOZA-ARG. ) 32.6
Pelobates cultripes (PORTUGAL) 31.3
Scaphiopus couchii (PORTUGAL) 30.6
Discoglossus pictus (ALGER) 25.3
Rana ridibunda (ALGER) 23.7
Pyxicephalus adspersus (RHODESIA) 25.8
Bufo mauritanicus (ALGER) 30.0

anti-P y xicephalus adspersus X Pyxicephalus adspersus (RHODESIA) 100%
RHODESIA Pyxicephalus delalandi (CAPETOWN) 84.2

Breviceps gibbosus (CAPETOWN) 44.6

Rana grayi (CAPETOWN) 38.5
Rana ridibunda (ALGER) 32.9

Pelobates cultripes (PORTUGUAL) 29.4
Leptodactylus ocellatus (MENDOZA-ARG.) 30.9
Ceratophrys ornata (TUCUMAN-ARG.) 26.3
Bufo mauritanicus (ALGER) 24.3
Hyla meridionalis (PORTUGAL) 35.5

anti-Rana ridibunda X Rana ridibunda (ALGER) 100%
ALGER Rana ridibunda (PORTUGAL) 88.9

Ptychadaena superciliaris (ANGOLA) 42.4

Pyxicephalus adspersus (RHODESIA) 33.9
SERUM A

Bufo mauritanicus (ALGER) 28.1
Pelobates cultripes (PORTUGAL) 32.9
Scaphiopus couchii (ARIZONA) 26.4
Discoglossus pictus (ALGER) 30.3
Ceratophrys ornata (TUCUMAN-ARG.) 25.5
Leptodactylus ocellatus (MENDOZA-ARG.) 25.7

anti-Rana ridibunda X Rana ridibunda (ALGER) 100 %
ALGER Pyxicephalus adspersus (RHODESIA) 33.7

Breviceps gibbosus (CAPETOWN) 31.4
SERUM B Bufo bufo (FRANCIA) 26.8

Ceratophrys ornata (SANTA FE-ARG.) 23.5
Ceratophrys ornata (TUCUMAN-ARG.) 24.1

(Continued on page 3)
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whole albumin-globulin antigens. Be­
tween Pelobates cultripes, syriacus and 
fuscus the percents exceed 80; percents 
such as 84.2 or 88.9 are given by Pyxi­
cephalus adspersus X P- delalandi, and 
Rana ridibunda from Portugal X Rana 
ridibunda from Algeria. All the experi­
mental populations of Ceratophrys ornata 
exceed percents of 90 in many reciprocal 
tests, stressing a remarkable serological 
homogeneity of the species both in its 
diploid (Tucumán, Santa Fe) and octo- 
ploid populations (Buenos Aires). On 
the contrary the impressive serological 
differentiation of the widespread species 
of the Bufo group may be pointed out.

A noticeable high level of serological 
relationships was then supported by the 
several crossed tests between Discoglos- 
sid, Pipid and Pelobatid frogs. Percents 
ranging from 71.3 and 79.5 are the rule 
between Pelobates and Scaphiopus, but 
also between Pelobates and Discoglossus. 
The amount of common whole serie anti­
gens seems to be considerable (66.1%- 
75.9%), lowering somewhat in the 
crossed reactions between Scaphiopus 
and Discoglossus (43.3%-45.5%). Like­
wise percents of the homo-heterologous 
reactions are significantly high in the 
tests between Pelobatids and Xenopus 
(60.4%-66.2%). The serological reality 
of Archaeobatrachia is therefore evident 
in agreement with the former tentative 
approaches by Reig or Laurent.

But our attempts failed to make evi­
dent any eventual serological tie between 
Pelobatid and Ceratofryid frogs, to sup­
port a re-examination of their phyletic 
relationships in accordance with the re­
ported caryological similarity. All the 
performed 15 crossed reactions between 
Ceratophrys or Lepidobatrachus and 
Pelobates, Scaphiopus or Discoglossus lie 
always at percents ranging from 24.0 to 
33.3. They are not dissimilar from per­
cents observed between Pelobatids or 
Discoglossids and Leptodactylus and 
Odontophrynus (20.0%-24.6%), but like­
wise they do not differ from percents 
between Pelobatids or Discoglossids and 
Ranids (Rana, Ptychadaena, Pyxiceph- 
alus: 26.6%-36.1%) and between Pelo­
batids or Discoglossids and Bufonids 
(24.1%-33.7%), Hylids (23.3%) or 
Microhylids (25.7%-27.6%). A true 
breakage seems to separate Archaeo­
batrachia and Neobatrachia, and serologi­
cal distances between Ceratophrys and 
Pelobates do not support a close evolu­
tive relationship such as could be inferred 
by their showy caryological convergences.

It is a noticeable observation that 
serological distances between Cerato- 
fryids, Leptodactylids, Bufonids, Hylids, 
Ranids and Microhylids, are very large 
(percents: 23.5-35.5%) and compa­
rable to the same distances extending 
between Archaeobatrachia and Neoba­
trachia. That means a quicker evolutive 
or genetic differentiation of the probably 
tachytelic, stocks of “modern” Anurans. 
In example, Ranids placed some years

TABLE II (Continued)
anti-Breviceps gibbosus

CAPETOWN
X Breviceps gibbosus (CAPETOWN) 

Pyxicephalus adspersus (RHODESIA) 
Rana ridibunda (ALGER)

Bufo mauritaniens (ALGER) 
Pelobates cultripes (PORTUGAL)

100%
42.0
33.5

27.5
25.7

anti-Bu/o mauritaniens
ALGER

X Bufo mauritaniens (ALGER)
Bufo arenarum (SAN LUIS-ARG.)

100 %
54.6

SERUM A

Rana ridibunda (ALGER)
Pelobates cultripes (PORTUGAL) 
Scaphiopus coucha (ARIZONA) 
Discoglossus pictus ( ALGER )
Ceratophrys ornata (TUCUMAN-ARG.) 
Leptodactylus ocellatus ( MENDOZA-ARG. )

30.4
30.6
24.7
24.1
33.0
28.1

anti-Bufo mauritaniens 
ALGER

SERUM B

X Bufo mauritaniens (ALGER) 
Pyxicephalus adspersus (RHODESIA)

100 %
24.5

ago in the former genus Rana, such as 
Pyxicephalus or Ptychadaena, demon­
strate very low percents of crossed precip­
itin reactions with Rana species (32.9%- 
42.9%), in like manner to the reported 
data for the Bufo group (Cei, 1972a, 
1972b). Near serological relationships 
are tentatively inferred by a few prelim­
inary tests between a Ranid (Pyxi­
cephalus) and a Microhylid (Breviceps), 
giving as percents 42.0-44.6. This first 
result agrees with Morescalchi’s cary­
ological report (1968) on phyletic rela­
tionships between Ranidae and Micro- 
hylidae, and with the evidence of the 
quantitative analysis by Kluge and Farris 
(1969). Microhylidae have been placed 
tentatively in Archaeobatrachia by Laur­

Fig. 1. Serological relationships between Archaeobatrachia and Neobatrachia as 
indicted by the use of an anti-Pelobates cultripes serum (B) and the antigens of 
Scaphiopus, Discoglossus, Xenopus and Ceratophrys, Lepidobatrachus, Bufo (or 
Rana). The curves are expressed by P.U. — Photronreflectometric Units. The 
sera are tested in a doubling dilution series, beginning at the left with a dilution 
of one part of serum to five parts of buffered saline.

ent, but they appear reasonably as Neo­
batrachia in Reig’s arrangement.

Our conclusions, strenghthened by the 
present serological report and discussion 
indicate Archaeobatrachia and Neoba- 
trachis as independent taxo-genetic or 
phyletic branches, on the ground of the 
crossed immunological reactions. Con- 
trarily to the present caryological evi­
dence no direct serological relationships 
may be assumed between Pelobatid and 
Ceratofryid frogs, but a very short sero­
logical distance seems to lie between 
Pelobatidae and Discoglossidae. That 
finding agrees with a number of former 
morphological, paleontological, paleogeo­
graphic and biogeographical studies on 
the ancestry of primitive Pelobatids,
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Fig. 2. Serological distances between several representative genera of Archaeo- 
batrachia and Neobatrachia. Relative amounts of serological correspondence are 
indicated as percents of the crossed homo-heterologous reactions. Single tests 
are indicated as solid circles. Where more than one test was made between the 
same taxa, the range of values is represented as a line. In all cases the symbols 
are placed in the space next above the taxa concerned.

probably related to some Discoglossid- 
like stock of late Mesozoic Anurans.

The remarkable antigen differentiation 
of the several families of Neobatrachia 
must be pointed out. The tachytelic 
features of some of these families may 
intervene as a probable factor of dis­
junctive evolution. That is specially evi­
dent in Bufonid and Ranid toads and 
frogs, such as genus Bufo or many forms 
previously referred to the ancient genus 
Rana, like the African Pyxicephalus and 
Ptychadaena species. Some very pre­
liminary serological data seem at last to 
support the probable phyletic relation­
ships between Ranid and Microhylid 
frogs. Serological results are now in ac­

cordance with the cytogenetic evidence, 
such as the findings elucidated by the 
Morescalchi’s recent careful caryological 
works.
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