SCIENTIFIC CORRESPONDENCE

Probabilistic basis of double jeopardy. The
preferences (p;, g;) of threebuyers (i = 1, 2, 3)
of two competing brands are defined by the
linear constraint p, + g, = 1 (solid line) and
satisfy X, p/3 = 2/3 and %, g/3 = 1/3. Buyers
of major and minor brand (filled and open
circles, respectively) are separated by the
decision (dashed) line; buying decisions can
be absolute (exclusive purchase) or relative
(mixed) and are dependent on the values of p;
and g;. It can be easily shown that p, + po, =1
+ qs. Because p; = 1 forall i, it follows that g,
= min (py, po) and the equality holds only if
max (p,, p2) = 1. In practice, the above
probabilistic description of DJ is valid only if
market size is large.

brands are &, and N,. What can we say
about consumer preferences based upon
these observations? The answer is given
by the conditional probability density in
the form of a beta distribution? (a two-
dimensicnal version of Dirichiet distribu-
tion) @ (p | N,) = C.p™" g™ where Cis
a function of N, and N,. The bayesian
mean estimates for consumer preferences
arep* = N, /Nand ¢* = N /Nsothatp” >
g* if N, > N, Thus greater market
penetration implies greater consumer
loyalty — quantity signifies quality.

As an example, suppose there are only
three buyers whose average preferences
for two brands are 2/3 and 1/3. From the
binomial distribution the market composi-
tion is likely to be 2:1. The figure shows
that except in extreme cases, the primary
patron of the minor brand must necessari-
ly be the least loyal. Thus DJis dictated by
consumer preferences and is completely
predictable by the laws of probability.

There is no question that the social
sciences can be as quantitative as any
branches of science. The discovery of
empirical laws is crucial, but mathematical
modelling is indispensable if the benefits
of the vast body of extant quantitative
knowledge are to be realized.
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Late Cretaceous
mammals

STR — Despite Madagascar’s renowned
subfossil fauna, and with the sole excep-
tions of a Miocene dugong' and an iso-
lated, poorly dated Plio-Pleistocene
faunule?, this island-continent has until
now yielded no confirmed pre-Holocene
mammal fossils. We report here the dis-
covery of a Late Cretaccous mammal
from the Mahajanga (Majunga) Basin of
northwestern Madagascar.

Late Cretaceous mammals from the
Southern Hemisphere are known only
from the Indian subcontinent?, which at
that time lay adjacent to Madagascar and
South America®; none has previously
been recovered from Afri-
ca, Australia or Antarctica. a
The 30 or more million g
years of the Late Cre-
taceous is the interval dur-
ing which the nontherian
Multituberculata flourished
and the diversification of
marsupials and placentals
began. However, despite
the good record of Late
Cretaceous mammals on
northern continents®, the
origins of many of the mod-
ern orders of placentals
remain obscure; at least
some probably originated
on southern, Gondwanan-
derived landmasses®.

In addition to numerous
new records of lower verte-
brates and invertebrates,
we discovered a single
specimen of a mammalian lower(?) cheek-
tooth during a 1993 expedition to the
Mahajanga Basin. The fossiliferous beds
are believed to be of Campanian age’ and
previously yielded only a moderately di-
verse assemblage of lower vertebrates,
including dinosaurs®. We found the mam-
mal specimen just east of Berivotra vil-
lage, in a white unit at the top of the
Maevarano Sandstone, below the suc-
ceeding Maastrichtian transgression. The
specimen is incomplete and exhibits heavy
premortem wear, but it is clearly that of a
mammatl as indicated by the presence of
two roots, enamel that does not grade
smoothly onto the root but terminates
abruptly at the base of the crown, inflation
of the crown beyond the dimensions of the
roots, and the presence of a cingulum
toward the mesial(?) end (see figure). The
incomplete and worn nature of the tooth,
as well as the paucity of knowledge of
contemporaneous mammals from south-
ern continents, precludes a precise identi-
fication. The most salient feature of the
tooth is its size; it measures 7.55 mm in its
longest dimension and is thus from one of
the largest known Cretaceous mammals.
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We think this specimen is a harbinger of
things to come. Future discoveries of Late
Cretaceous mammals in Madagascar will
undoubtedly provide significant insights
into the evolutionary history of mammals
on southern continents and, specifically,
of the highly endemic, imbalanced Mala-
gasy fauna itself. The biographical origins
of the biota of Madagascar, which started
separating from the east coast of Africa in
the middle Jurassic and reached its current
position relative to the continent by the
Early Cretaceous’, is one of the greatest
unsolved mysteries of natural history.
David W. Krause*,
Department of Anatomical Sciences, State
University of New York,

Stony Brook,
New York 11794, USA.

Fragmentary mammalian left (?) lower (?) cheektooth from the
Upper Cretaceous Maevarano Sandstone, Mahajanga Basin,
northwestern Madagascar in a, buccal view; b, lingual view of
naturally fractured longitudinal section; and c, occlusal view.
If a left lower tooth, mesial (anterior) is to the left in a and to
the right in b and c. Abbreviations: cm, cingulum; d, dentine;
e, enamel; pc, pulp cavity. Scale bar, 5 mm.

*Qther authors of this letter: Joseph H. Hartman,
EERC, University of North Dakota, Grand Farks, North
Dakota 58202, USA; Neil A. Wells, Department of
Geology, Kent State University, Kent, Ohic 44242,
USA; Gregory A. Buckley, Department of Geology,
Field Museum, Chicago, llinois 60605, USA;
Charles A. Lockwood, Christine E. Wall, Roshna E.
Wunderlich, Department of Anthropological Scien-
ces, State University of New York, Stony Brook, New
York 11794, USA; Joseph A. Rabarison, Louis L.
Randriamlaramanana, Service de Paléontologie,
Université d'Antananarive, Antananarive (101),
Madagascar.

We thank B. Andriamihaja, B. Rakotosamimanana, B. Rama-
nivosoa, E. Simons & P. Wright for logistical assistance
in the field and the NSFf SGER program for financial
support

1. Collignen, M. & Cottreau, . Ann. Paléont. 16, 135-171
(1927).

2. Sabatier, M. & Legendre, S. Actes du 100° Congrés
national des Societés savantes, Montpellier, sciences,
fasc. VI, 21-28 (1985).

3. Prasad, G.V.R. &Sahni, A. Nature 332, 638640
(1988).

4. Bonaparte, ). F. Natn. geogr. Res. 6,63-93
(1990)

5. Lillegraven, J. A., Kietan-Jaworowska, Z., & Clemens, W. A.
{eds} Mesozoic Mammals: The First Two-Thirds of
Mammalian History (Univ. Calif. Press, Berkeley, 1979).

6. Krause, 0. W._& Maas, M. C. Geo!. Soc. Am. Spec. Pap.
243, 71--105 (1990).

7. Besairie, H. Ann, Géologiques de Madagascar30, 1-463
(1972).

8. Sues, H.-D.J Paleont. 54, 954-962 (1980}

9. Rabinowitz, P. D., Coffin, M. F. &Falvey, D. Science 220,
67—69 (1983).
NATURE -

VOL368 - 24 MARCH 1994



	Late Cretaceous mammals

