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Many authors have recently called attention to the precarious taxonomic
status of the widespread African species Bufo regularis Reuss (1943). Lau-
rent (1952), Schmidt and Inger (1959), Poynton (1964), Keith (1968), and
specially Blair and his collaborators (1969), have pointed out the inadequacy
of the several diagnoses and definitions dealing with the mosaic of species
and subspecies superficially assembled under the nominate form regularis.
Although many of its morphological and osteological characters do not
display greater variation than that displayed by species of more narrow range
(Martin: in press), Bufo regularis appears to be a speciating group. That
is stressed by very specialized derivatives such as Bufo perreti from Nigeria.
The existence of cryptic species that replace one another allopatrically and
that «have masqueraded under the name of Bufo regularis» has been claimed
by Blair. In accordance with his experimental interpopulational crosses
leading to high degrees of genetic incompatibility, two fundamental assemblies
of populations seem to be recognizable from Egypt to South Africa. In Blair’s
opinion the break between the two comes at Lake Victoria and the Rift Valley.

This paper presents a number of observations, made by means of preci-
pitin tests, on serological relationships between regularis toads throughout
the African continent. This study may add a different kind of evidence for
an objective discussion of the troublesome and evolutive problems of the super-
-specific features of the regularis complex.

(*) Museu e Laboratério Zooldgico — Faculdade de Ciéncias, Lisboa, Portugal
— ¢ Instituto Biologia Animal, U.N.C., Mendoza, Argentina.
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MATERIALS AND METHODS

Several samples of living toads (B. regularis) were received between
October 71 and February 72. They were collected in the Saharian Ahaggar
(Tassili n’Ajjer: Algeria); in the Uige forest (Carmona: Northern Angola);
in the small streams from the desertic range of Mogamedes (Southern Angola);
near Johannesburg and in the coastal territory of Durban, Natal (S. Africa).
Fig. 1 gives a general sketch of the distribution and relative remoteness of the
localities. Besides regularis, the following species belonging to the regularis
complex were obtained and tested: Bufo rangeri from Johannesburg, Bufo
maculatus from Uige and Bufo pusillus from Mogamedes, Bufo pardalis from
Capetown (S. Africa). Moreover heterologous tests were carried out with
different main lines of Bufo such as B. mauritanicus from Alger (Algeria), and
“Bufo arenarum from Rio Negro (Argentina: S. América). They ennance the
phyletic signification of our remarks.

Methods used in testing the precipitin crossed reactions have been for-
merly described by Boyden and De Falco (1943), later by Bolton, Leone and
Boyden (1948); Boyden and Gemeroy (1950) and myself (1965). Specific
sera were obtained simultaneously from cardiac bleeding, and kept at deep
freezer temperature. Antisera were produced in rabbits by the usual proce-
dure of spaced antigen injections strenghtened by Freund’s coadjuvant, through
45 days. After the trial bleeding, the rabbits were bled by cardiac puncture.
The blood was allowed to clot in centrifuge tubes, passed through Seitz fliters
and stored in deep freezer (-20°C). Photronreflectometric precipitin tests
were carried out rapidly, by the Libby technique, to make the homo-hetero-
logous cross reactions as suitable as possible.

RESULTS

Tables I and II show the results of the homo-heterologous tests, and Fig. 2
indicates the general serological relationships bearing upon the interrelations
of the scattered populations of regularis. A representative selection of some
of the curves showing the integrated areas, is given by Figs. 3 and 4.

The serological similarity, expressed as % of homo-heterologous precipitin
reaction, between Angola and Djanet samples lies between 80,6 —87,0. That
range is indicative of a very recent or current speciative process. Based on
former experiences, values above 90%, in homo-heterologous precipitin reac-
tions may represent only genetic and populational variations of the whole
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F1G. 1 — Geographical relationships of some African toads of the Bufo regularis complex.

Black circles: localities of the studied regularis populations. Hatched areas: Pleistocene

lakes and swamps in Sahara; the broken lines point out the dried pleistocenic main rivers,

upper 5° North Lat., Scattered significant altitudes of the continental relief are expressed

in m.a.s.l. Stippled areas indicate the approximate desert range of the Kalahari Basin.
(Redrawn in accordance with Furon’s general reports, 1941, 1960).
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TABLE I

PERCENTAGES OF CROSSED HOMO-HETEROLOGOUS PRECIPITIN REACTIONS IN Bufo regularis GROUP

SERA ANTIGENS %
anti-regularis Djanet (Sahara) regularis Djanet (Sahara) 100.0
» Uige (Carmona) (Angola) 87.0
» Mogamedes (Angola) 80.6
» Durban (S. Africa) 70.4
pardalis Capetown (S. Africa) 67.2
mauritanicus Alger (Algeria) 44.0 ()
anti-regularis Uige (Angola) regularis Uige (Angola) 100.0
» Djanet (Sahara) 86.6
» Mogamedes (Angola) 85.9
.o» Durban (S. Africa) 70.7
macularus Uige (Carmona: Angola) 64.3
pardalis Capetown (S. Africa) 66.2
mauritanicus Alger (Algeria) 47.2
arenarum Rio Negro (Argentina-
S. América) 46.1
anti-regularis Mogamedes (Angola) regularis Mogamedes (Angola) 100.0
Serum — A » Uige (Carmona) (Angola) 87.0
» Djanet (Sahara) 81.4
» Durban (S. Africa) 71.4
pardalis Capetown (S. Africa) 67.3
mauritanicus Alger (Algeria) 42.6
arenarum Rio Negro (Argentina) 46.3
anti-regularis Mogamedes (Angola)  regularis Mogamedes (Angola) 100.00
Serum — B » Durban (S. Africa) 729
pardalis Capetown (S. Africa) 69.0
rangeri Johannesburg (S. Africa) 68.8
pusillus Mogcamedes (Angola) 68.5
mauritanicus Alger (Algeria) 444
bufo Paris (France) 51.9

(*) In three former tests with anti-mauritanicus sera and regularis antigens from
Djanet (Sahara), the homo-heterologous percentages have been: 424 — 458 —49.4,
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PERCENTAGES OF CROSSED HOMO-HETEROLOGOUS PRECIPITIN REACTIONS IN Bufo regularis GROUP

SERA

anti-regularis Durban (S. Africa)

anti-rangeri Johannesburg (S. Africa)

anti-maculatus Uige (Carmona)
(Angola)
Serum — A

anti-maculatus Uige (Carmona)
(Angola)
Serum — B

anti-pusillus Mogamedes (Angola)

anti-pardalis Capetown (S. Africa)

ANTIGENS

regularis Durban (S. Africa)
» Johannesburg (S. Africa)
» Mogamedes (Angola)
pardalis (Capetown (S. Africa)
rangeri Johannesburg (S. Africa)
pusillus Mogamedes (Angola)

rangeri Johannesburg (S. Africa)
regularis Johannesburg (S. Africa)
»  Durban (S. Africa)
» Mogamedes (Angola)
pardalis Capetown (S. Africa)
mauritanicus Alger (Algeria)

maculatus Uige (Carmona) (Angola)

regularis Uige (Carmona) (Angola)
» Djanet (Sahara)

pardalis Capetown (S. Africa)

mauritanicus Alger (Algeria)

arenarum Rio Negro (Argentina)

maculatus Uige (Carmona) (Angola)

regularis Uige (Carmona) (Angola)
»  Djanet (Sahara)

pardalis Capetown (S. Africa)

mauritanicus Alger (Algeria)

arenarum Rio Negro (Argentina)

pusillus Mogamedes (Angola)

regularis Mogamedes (Angola)
» Durban (S. Africa)

pardalis Capetown (S. Africa)

pardalis Capetown (S. Africa)
rangeri Johannesburg (S. Africa)
regularis Durban (S. Africa)

» Mogamedes (Angola)
mauritanicus Alger (Algeria)

%

100.0
79.3
71.6
68.1
60.5
65.5

100.0
65.4
62.4
69.1
83.7
46.1

100.0

62.3
67.8
76.9
36.5
39.6

100.0

64.2
68.8
78.1
41.7
38.9

100.0
67.9
67.0
79.0

100.0
84.7
67.3
68.6
49.1
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F1G. 3 — Curves showing the integrated areas concerning the homo-heterologous precipitin
reactions between anti-sera of Bufo regularis from Durban and Djanet and some antigens

of regularis, rangeri and mauritanicus populations.

Top: serum anti-regularis, DIANET X antigens, 1 — regularis, DIANET; 2 — regularis UIGE

(CARMONA); 3 — regularis DURBAN; 4 — mauritanicus.

Bottom: serum anti-regularis, DURBAN X antigens, 1 — regularis, DURBAN; 2 — regularis,

JOHANNESBURG; 3 — regularis, MOCAMEDES; 4 — rangeri.
(PU: Photronreflectometric units)
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FiG. 4 — Curves showing the integrated areas concerning the homo-heterologous preci-
pitin reactions between anti-sera of Bufo regularis and Bufo pusillus from Mogamedes and
some antigens of regularis, pardalis and mauritanicus populations.

Top: serum anti-regularis, MOGAMEDES X antigens, 1 — regularis, MOGAMEDES; 2 — regula-
ris, DURBAN; 3 — pusillus; 4 — mauritanicus.

Bottom: serum anti-pusillus X antigens, 1 — pusillus; 2 — regularis, MOCAMEDES; 3 — regu-
laris, DURBAN; 4 — pardalis.
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antigen systems of specific sera. On the other hand, the percent values invol-
ving both the Angola and Djanet samples, and the Durban population, range
between 70,4 —72,9. In accordance with our serological yardstick, they
correspond to a clear cut serological distance, at a true specific level. The
only available percent value between regularis from Durban, and regularis
from Johannesburg, increased to 79,3.

All the homo-heterologous reactions between the above mentioned popula-
tions of regularis and the related species of the complex, pardalis, rangeri
and maculatus-pusillus are unquestionably lower than any reported values
of regularis samples inter-se. These values range between 60.5 — 69.09,
for 21 cross reactions. That seems to point out a stronger or more ancient
step of speciation and genetic isolation between these allopatric or sympatric
forms. Also noteworthy is the relatively high similarity between rangeri
and pardalis (83.7 — 84.7%). Moreover the available data for pusillus or
maculatus versus pardalis are teasonably high (76.9 — 79.0%). We must
emphasize finally the very low similarity between regularis from any locality,
pardalis, maculatus or rangeri, versus mauritanicus (36.5 — 49.1 %) or a South
American representative of the broadskulled line of toads such as Bufo are-
narum (39.6 — 46.3%,). There was general uniformity of the protein content
found in all the above mentioned forms of the regularis complex. Albumin-
-globulin in sera ranged from 2.6 to 3.5%; in all regularis samples, and from
2.5 to 2.8% in pardalis, pusillus, maculatus and rangeri.

DISCUSSION

The present data make evident the striking serological diversity of the
several African populations of Bufo regularis usually assembled under the
same specific taxon. We are apparently dealing with a population chain,
probably in process of genetic isolation. It spreads from the northern, now
lonely oases of the Sahara Desert, to the Southern countries of Angola, through
the central subtropical and tropical territories. On the other hand, a number
of more or less isolated populations of regularis, South of the very arid Kala-
hari basin, must be considered.

The reported tests therefore indicate the close serological relationship
between the toads from Djanet and the Angola samples from Uige and Moga-
medes, in spite of the wide geographical intervals of some 3200 and 4100 km
respectively. Conversely the serological distance increases between the Angola
and Durban regularis toads, in spite of a relatively smaller geographical sepa-
ration (2900 and 2250 km.). Percent values of homo-heterologous precipitin
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reactions between Uige or Mogamedes and Durban are, in fact, very similar
(70.7— 714 —71.6 — 72.9%) to the value obtained between the Djanet
and Durban toads (70.4), at some 6000 km of distance!. The present results
appear to be in striking agreement with Blair’s above mentioned assumption
of two fundamental African groups of Bufo regularis populations. He has
named them «Western» and «Eastern» groups, in accordance with their very
low rate of reciprocal genetic compatibility, expressed by the low percentage
of cross fertilization and hatching, they very low or no survival beyond
larval stage and metamorphosis, the chromosomal differences, etc. Our
data emphasize a parallelism between processes of speciation involved with
segregative mechanisms (inter-specific fertiliy) and secondary differences
reflected in structural changes in protein sequences of the antigen systems
of specific sera. .

Significantly greater serological distances pertain to the crossed reactions
between regularis toads from any locality reported in the present paper, and
the related species belonging to the 2n = 20 chromosomic complex as defined
by Bogart (1968). Our serological data also agree well with Poynton’s arran-
gement of the South-African toads (1964). The range of percent values
between regularis from «Western» and «Eastern» groups, and rangeri, pardalis
and pusillus-maculatus (60,5 — 69.0) stress the unquestionable position of
good allo-sympatric species of these morphological forms, suggesting their
probable and ancient speciative features. Furthermore the impressive sero-
logical affinity shown by rangeri and pardalis is remarkable. In Poynton’s
arrangement both species of toads have been considered as derivated from the
same evolutive branch, in the general line of the broadskulled toads leading
to the actual regularis complex (cfr. Inger, 1959). Fig. 1 gives a general sketch
concerning the geographical situation of the present distributional and spe-
ciative patterns of the regularis groups. Recent studies by Hecht, Hoffstetter
and Vergnaud (1961) and Vergnaud-Grazzini (1966) suggest that forms closely
related to the modern regularis toads were already in existence by the upper
Miocene (Morocco). Unfortunately no fossil Bufo are reported from the
Pliocene and Pleistocene of Africa, probably due to lack of apropiate collecting
techniques in this area. At any rate the Quartary paleoclimatic and biocenotic
features of the Sahara and neighbouring countries must be kept in mind
when the present distribution of the regularis populations is considered
(Siboulet, 1970).

Attending the very humid climate prevailing during the pleistocenic stages,
and the last arid cycle forthcoming gradually only 5000 years ago, it is
understandable that no barriers have prevent the probable genetic interchange
between continous populations of regularis toads, north of Cunene river up
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to Sahara. It is easily noticeable, for example, the likely hydrographical
connection, as far as a relatively recent time, of the remote oases of Djanet
with the ancient great lacustrine basin of Chad and the Congo basin by means
of the now dried «uidian» and the deep valleys of the Oubangui and Chari
rivers. On the other hand, the Kalahari basin and the coastal Namib Desert
seems to have been a geographical barrier since the Lower Pleistocene. This
is shown by the geological features of its eremic environment from the Great
Namaland relief to the high Zambezi valley. Thus, any genetic flux between
bordering Anuran populations could have been broken for a longer period,
in order to the extended isolating mechanisms of genetic incompatibility and
allo-sympatric speciation. It would be emphazised that in the careful checking
of Poynton (1964) practically no sampling of frogs and toads — inclosed Bufo
regularis — has been reported for the widely spread territories of Botswana,
north of Gaberones and south of Okawango Swamps.

SUMMARY

Serological relationships of several African toads of the Bufo regularis
group have been studied. Two fundamental assemblies of populations were
recognizable by crossed precipitin tests. They seem correpond to the Blair’s
«Western» and «Eastern» groups in accordance with their reciprocal rate
of genetic compatibility. Between the regularis toads North and South of
Cunene river percent values of homo-heterologous precipitin reactions range
between 70.4 — 72.99. On the other hand the Angolan populations and the
isolated regularis populations from Djanet (Sahara: Algeria) show values
ranging between 80.6 — 87.09,, in spite of the wide geographical intervals.
Serological distance increases between regularis toads and the several allo-
-sympatric species belonging to the same regularis complex, such as pardalis,
rangeri or maculatus-pusillus, (range of percent values between 60.5 — 69.0 %,).
Furthermore a noticeable similarity is remarkable between rangeri and
pardalis (83.7 — 84.7%) in accordance with Poynton’s systematic statements
(1964). Evolutive features of this troublesome group of toads were briefly
discussed. The paleogeographic interest of the pleistocenic climatic cycles
of the present Saharian Desert and the ancient Kalahari Basin were also
emphasized as very important ecological barriers.



244 J. M. Cei

ACKNOWLEDGMENTS

I wish achnowledge for their wide aid or assesment during the present
researches Dr. R. Siboulet from the University of Alger (Algérie), Dr. J.A.
Quartau from the University of Luanda (Angola), Mr. S. Newton da Silva
from Mocamedes (Angola) Dr. J.P. Poynton from the University of Natal
(S. Africa), Mr. J. Visser from the University of Stellembosch (S. Africa),
Prof. C.A. Du Toit from the University of Stellembosch (S. Africa) and
Prof. R. Laurent from Instituto Miguel Lillo, Tucuman (Argentina). I wish
also acknowledge Prof. Sacarrio Director of the Zoological Laboratory of
the University of Lisbon (Portugal) and other collegues from the same center,
for their wide and friendly interest and help during the first stage of my field
studies.



African toads of the Bufo regularis complex 245

LITERATURE CITED

BLAIR, F. W. (1969) — Especiacion en los Sapos. Acta Zool. Lill., 24: 317-326.

Bocarr, J. P. (1968) — Chromosome number differences in the Amphibian genus Bufo:
the Bufo regularis species group. Evolution, 22, 1: 42-45.

BoLtoN, E., LEONE C. & BoYDEN A. (1948) — A critical analysis of the performance of the
Photronreflectometer in the measurement of serological and other turbid systems.
J. Immun., 58, 2: 169-181.

BoypeN, A. & De FaLco, R. J. (1943) — Report on the use of the Photronreflectometer
in serological comparisons. Physiological Zoology, 16, 3: 229-241.

——— and Gemeroy D. (1950) — The relative position of the Cetacea among the orders
of Mammalia, as indicated by precipitin tests. Zoologica, 35: 145-151.

Cer, J. M. (1965) — The relationships of some ceratophryid and leptodactylid genera as
indicated by precipitin tests. Herpetologica, 20: 217-224.

Furon, R. (1941) — La Paléogéographie. Payot, Paris; 530 pp.

1960 — Géologie de P’Afrique. Payot, Paris, 400 pp.

Hecat, M. F., HOrpSTETTER, R. & VERGNAUD-GRAZZINI, C. (1961)—Amphibiens (in Chou-

bert G.), Lavocat R. at Al: les gisement de Vertebrés miocénes de Beni-Mellal
(Maroc). Notes et Mem. Service Géol. Maroc, Rabat, 155: 103.

INGER, R. F. (1959) — Amphibia. South African Life. Res. of the Lund Univ. Exp. 1950-
-1951, 4: 510-553.

KEeITH, R, (1968) — A new species of Bufo from Africa, with comments on the toads of
the Bufo regularis complex. Am, Mus. Nov., 2345: 1-22.

Laurent, R. F. (1952) — Bufo kisoloensis (Sic.) Loveridge and Chamaeleo iturievoensis
Schmidt. Herpetologica, 8: 53-55.

PoyNTON, J. C, (1964) — The Amphibia of the Southern Africa. Ann. Natal Mus., 17: 1-334.

ScummoT, K. P. & INGER, R. F. (1959) —— Amphibians exclusive of the genera Afrixalus and
Hyperolius. In «Exploration du Parc National de I'Upemba. Mission de Witte»,
Brussels, 56: 1-264.

SiBouLEeT, R. (1970) — Amphibiens d’Algérie: 1) Les Amphibiens du Tassili des Ajjers: Sur
la présence de Bufo regularis Reuss. Bull. Soc. Hist. Nat. Afrique du Nord., 59: 1-4,

VERGNAUD-GRAZZINI, C. (1966) — Les Amphibiens du Miocéne de Beni Mellal. Nofes
Serv. Géol. Maroc, Rabat, 198: 43-74,



COMPOSTO E IMPRESSO NAS OFICINAS DA
IMPRENSA DE COIMBRA, L.da
LARGO DE S. SALVADOR, 1-3 — COIMBRA



Os ARQUIVOS DO MUSEU BOCAGE publicam trabalhos originais de Zoologia,
Antropologia e Biologia Geral, realizados ou nio no Museu e Laboratorio Zooldgico e
Antropologico da Faculdade de Ciéncias da Universidade de Lisboa. Os originais devem
ser enviados ao Editor e cada trabalho constituird um fasciculo, que sera distribuido sepa-
radamente. Cada volume serd constituido, em principio, por quatrocentas a quinhentas
paginas, incluindo as «Notas e Suplementos» e podera corresponder a um ou mais anos civis.

O titulo dos originais, dactilografados a dois espagos, deverd ser conciso e bem defi-
nido e o(s) nome(s) do(s) autor(es) virdo seguidos pelo da Instituigdo onde trabalha(m).

Recomenda-se que ao titulo se siga um «abstract» que nao excedera as 50 palavras.

O texto do artigo deverd ser completado por um resumo em Francés, Inglés ou Alemdo.

Recomenda-se que a bibliografia seja apresentada como abaixo se indica.

Aos autores serdo concedidas 100 separatas gratis. Poderdo ser encomendadas cOpias
extra. O contexto dos artigos é da inteira responsabilidade dos respectivos autores.

Les ARQUIVOS DO MUSEU BOCAGE publient des travaux sur Zoologie,
Anthropologie et Biologie Générale, réalisés soit par des auteurs portugais, soit par des
auteurs étrangers. Les travaux doivent €tre envoyés & I’Editeur et chacun d’eux compo-
sera un fascicule qui sera distribué tout de suite. Les volumes seront constitués par un
nombre variable de fascicules, y compris «Notas e Suplementos», qui auront quatre cents
a cinc cents pages sans périodicité annuelle.

Le titre des travaux devra étre concis et bien défini. Le nom de I'auteur sera suivi
par celui de I'Institution ou il travaille. Les articles devront étre dactylographiés a4 double
interligne. Il est souhaitable qu’en téte de I’article I’auteur fasse figurer un «abstract» qui ne
devra pas excéder 50 mots.

Le texte de larticle devra étre suivi d’un résumé en frangais, anglais ou allemand.

La bibliographie devra étre présentée selon l’exemple donné plus bas.

L’auteur aura droit a 100 tirés a part gratuits. Des copies supplémentaires peuvent étre
commandées. Le texte des articles sera de la responsabilité exclusive des auteurs respectifs.

The ARQUIVOS DO MUSEU BOCAGE contains original papers, made by
Portuguese or foreign authors, within the general field of Zoology, Anthropology and
General Biology. Manuscripts should be sent to the Editor. Each paper will form a
separate number wich appears, at irregular intervals, as it become ready. Volumes will
have about four or five hundred pages, including «Notas e Suplementos», and will not
necessarily be completed within the calendar year.

The title of the papers should be concise and specific and the name(s) of the author(s)
should be accompained by that of the institution to wich he belongs.

An abstract will be printed at the head of all papers, that should generally not exceed 50
words, A summary, in English, French or German, should give a succint account of
the subject, results and conclusions.

Authors are requested to present the literature arranged alphabetically according the
surnames of the authors. References will be indicated as bellow.

One hundred reprints of each paper will be supplied free, additional copies may be
purchased. The text is of Author’s exclusive responsability.

Sacarri0 G. F. (1965) — On the origin and development of the epistellar body of
the Octopus (Octropus vulgaris Lam.). Arq. Mus. Boc., (2.2 série),
1, no° 1, 1-8

Editor: Faculdade de Ciéncias
Prof. Dr. G. F. SACARRAO R. Escola Politécnica, 58
Director, Museu Bocage LISBOA (2) PorRTUGAL



IMPRENSA
DE COIMBRA
LIMITADA



