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ABSTRACT 

During the early to middle Miocene of the Atlantic and lndian Oceans there were variations in species diversity of the lower bathyal to 
abyssal plain (3-4.4 km) benthic foraminifcral assemblages allhough, overall, diversity remained high and comparable with that of the 
modern environment. The early Miocene was a period of palaeoceanographic change and this has previously been documented both 
through studies of stable isotopes and the rate of appearances or disappearances of laxa (whether evolutionary or ecological). The diversity 
oscillations appear to represent shorter period change. The lowest diversities are associated with the peak abundance of bolivinids. Other 
variations cannot be correlated from one site to another and are thought to represent local environmental changes. During the early-middle 
Miocene, the diversity of the Atlantic abyssal plain was lower than that of the Indian and Pacific Oceans possibly indicating significan! 
diversity differences between ocean basins. On the basis of limited data, it is possible to speculate that the species diversity of the Miocene 
was perhaps higher than that of today. 

Kcywords: Benlhic íoraminifera, Miocene, species diversity, palacoccanography. 

RESUMEN 

Durante el Miocene inferior y medio, en los océanos Atlántico e Indico, hubo variaciones en la diversidad especifica de las asociaciones de 
foraminiferos bentónicos batiales, parte inferior, y abisales (3-4,4 Km), aunque en conjunto la diversidad permaneció alta y comparable con 
la actual. El Mioceno inferior fue un lapso de cambios paleoceanográficos, previamente documentados tanto por estudios sobre isótopos 
estables como por los de los índices de aparición y desaparición de los taxones (ya sean evolutixos o ecológicos). Las oscilaciones de la 
diversidad parecen representar cambios de período corto. Las diversidades ruás bajas están asociadas con los picos de abundancia de los 
bolivinidos. Sin embargo, otras variaciones no pueden correlacionarse de un lugar a otro y deben representar variaciones ambientales 
locales. Durante el Mioceno inferior y medio, la diversidad en la llanura abisal atlántica era menor que la de los Océanos Indico y Pacífico, 
indicando probablemente diferencias significa1ivas en la diversidad entre los mismos. Sobre esta base limitada, se puede especular que la 
diversidad específica miocena fue quizás mayor que la de hoy día. 
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INTRODUCTION 

Over the last decade there has been an increasing aware
ness of the importance of understanding the ecologicaJ and 
evolutionary significance of biodiversity. The rnodern deep
sea is proving to be a region of high species diversity for 
many groups of organisms (Gage and Tyler, 1991). The bent
hic foraminifera have the advantage that they posses a test 
which is preserved in the fossil record. lt is therefore possible 
to document changes in species diversity through geological 
time. This is important because modern diversity patterns are 
not just the result of current environmental pressures on the 
living fauna; they are also influenced by the historical deve
lopment of the habitats. 

Previous studies have established that the diversity of 
deep-sea benthic foraminifera has varied throughout the Ceno
zoic (Gupta and Srinivasan, 1992; Thomas, 1985, 1986, 1990; 
Woodrutf, 1985; Nomura, 1991). In relation to ocean size and 
diiferences of water depth, there are still very few data. In this 
study we examine the species diversity trends of benthic 
foraminifers at similar lower bathyal and abyssaJ water depths 
at different latitudes in the Atlantic and Indian Oceans during 
tbe early to middle Miocene. This was a period of fauna! 
turnover (extinctions and speciations) in the deep-sea (Tho
mas, 1992; Miller, et al. 1992) and led to the development of 
the essentially modern fauna in the middle Miocene (Berg
gren, 1972). It is thus a period of particular interest in terms 
of benthic foraminiferal diversity. 

METHODS 

Early to middle Miocene deep-sea benthic foraminiferal 
faunas have been studied from six sites in the Atlantic Ocean 
and three sites in the lndian Ocean: DSDP Site 368 (17°30.04'N, 
21°21.02'W; present water depth 3366m), DSDP Site 400A 
(47°22.90'N, 09°1 l.90'W; 4399m), DSDP Site 518 (29°58.42'S, 
38°08'12'W; 3944m), DSDP Site 529 (28°55.83'S, 02°46.08'E; 
305m), DSDP Site 563 (33°38.53'N, 43°46.04'W; 3786m), ODP 
Site 667 A (04°34.15'N, 21°54.68'W; 3529m), ODP Site 709C 
(03°54.09'S, 60°33.0l 'E; 3041m), ODP Site 710A (04° J8.07'S, 
60"58.08'E; 3824m) and ODP Site 758A (05°23.04'N, 9Q<>2l.60'E; 
2924m) (Fig. 1). These siles were chosen for their generally 
complete and continuous Miocene sections. Samples were 
collected from each core section at intervals of approximately 
1.5m equivalen! to 0.1 to 0.3 m.y. apart. 

For each of the 191 samples studied, more than 200 
benthic foraminifers were picked from the > 63 µm size-fraction 
to ensure that the large number of small-sized specimens 
were included in the analysis (see comments by Schroder, et 

al., 1987). 
Species diversity was recorded in terms of the a index 

and information function [H(S)]. The a index, lirst described 
by Fisher et al. (1943), gives a measure of species richness. 
Values were read off the base graph in Williams (1964, p. 311) 
by plotting the number of species against the number of 
individuals in a sample. This index is an objective method as 
it takes the size of the assemblage into consideration although 
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