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ABSTRACT 

Studies of foraminiferal assemblages of the Indian Ocean are represented by a few 
taxonomic papers per decade until the past 20 or 30 years when studies emphasizing 
foraminiferal ecology commenced. More than half of all the papers on modem assemblages 
of the Indian Ocean have been published in the past 10 years, developing primarily from 
the stimlus of the International Indian Ocean Expedition in the period of 1962-1965. 
Most of the recent papers highlight the study of foraminiferal-environmental relationships 
or of foraminifera and geochronology. The present publication rate indicates that this next 
decade will result in more than double the total number of existing reports on Indian 
Ocean Foraminiferida. 

New investigations needed include studies of the biology of foraminifera, studies of 
population gradients, biometric studies, biochemical analyses, studies of foraminferal 
relationships to ocean pollution, and general foraminiferal-environmental studies to develop 
new tools for paleoecology. New technologies in geochemistry, in paleomagnetism, in 
computer analyses, in collecting devices, all need to be applied to foraminiferal studies 
to not only discover new relationships but to corroborate and increase the precision of 
known relationships. 

I N T R O D U C T I O N 

SCIENTIFIC research involving Indian Ocean Foraminiferida has been much neglected 
in contrast to that of other oceanic areas. An important step to correct this situation 
occurred in the past 10 years as a consequence, in large part, of the International 
Indian Ocean Expedition (1962-1965). At this time of expanding interest and atten­
tion it is appropriate to summarize the results and define the existing trends. This 
should facilitate the coordination of future investigations and highlight the neglected 
areas and kinds of research needed. 

A history of foraminiferal research for the Indian Ocean requires definitions of 
(1) the area and (2) the kind of emphasis or scope of the subject under consideration. 
The Indian Ocean area (1) has been defined by the Marine Biological Association of 
India (Fig. 1) and this definition is followed in this report. It includes the Indian 
Ocean proper and a number of adjacent seas. Referring to the emphasis or scope (2), 
every paper on foraminifera within the defined area is included in this report regard­
less of the age of the fauna. Publications on faunas from land areas adjacent to the 
Indian Ocean are excluded with the one exception of the paper of Schwager (1866). 

• Presented at the ' Symposium on Indian Ocean and Adjacent Seas—Their origin, Science 
and Resources' held by the Marine Biological Association of India at Cochin from January 12 
to 18, 1971. 
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The Neogene fauna from Kar Nicobar he describes includes many important species 
that are extant. Reports on sedimentology refer to foraminiferans as sediment particles 
(e.g., Globigerina ooze). Some reports of this type were listed in the bibliography 
where they seemed to be especially pertinent to foraminiferal research (E3, Kl, M 6, 
M7, S8, VI). 

Fig. 1. Map showing the limits of the Indian Ocean and adjacent seas. 1. Red Sea, 
2. Gulf of Aden, 3. Persian Gulf, 4. Gulf of Oman, 5. Mozambique Channel, 
6. Arabian Sea, 7. Bay of Bengal, 8. Andaman Sea, 9. Malacca and Singapore 
Straits, 10. Great Australian Bight, and 11. Bass Strait. 

To facilitate the survey of the major fields of interest, the references have been 
tabulated with respect to subject of research and geographical subdivisions (table 1). 
This table should serve as a key to the bibliography. 

We wish to express our appreciation for support under grants GB-8628 and GV-
25749 of the U.S. National Science Foundation. Thanks are due to Dr. N. V. Beliaeva 
for assistance in compiling papers of the U.S.S.R., to Dr. G. Lutze and the staff at 
Kiel, West Germany, for information about the Indian Ocean at that institution, and 
to Dr. U. V. Stackelberg and Dr. B. Zobel of the Bundesanstalt fur Bodenforschung 
in Hannover, West Germany, for supplying information on the programme there. 
This study was conducted in the Allan Hancock Foundation, University of Southern 
California. It represents Contribution Number 230 of the Department of Geological 
Sciences, University of Southern California, Los Angeles, California. 
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HISTORY OF FORAMINIFERAL RESEARCH 

The first chapter in research on Indian Ocean foraminiferal faunas commenced 
at the end of the 18th century when Fichtel and Moll (1798) described new species 
from the Arabian Sea and the Red Sea. D'Orbigny (1826) was the next to present a 
faunal description of various species from the Indian Ocean area. The material for 
these early studies was taken from accidental gatherings made by travelling scientists 
rather than from organized sampling programmes ; samples were small and localities 
were poorly defined. Taxonomy, with little regard to the environmental origin of 
an assemblage, remained the main goal also in the first investigations based on 
more methodically sampled material: Schwager (1966) studied a Neogene fauna 
from one of the Nicobar Islands (Novara Expedition) and Moebius (1880) described 
the shallow water fauna from a reef area of Mauritius Island. 

In the latter part of the 19th century the investigation of the world's oceans began 
to be of major concern for the scientific world. The Challenger Expedition (1873-
1876) was the first of many cruises to systematically collect bottom samples. This 
started the second chapter in, the history of foraminiferal research in the area of the 
Indian Ocean. Brady's monograph of the Challenger foraminifera (1884), although 
not restricted to the Indian Ocean, is one of the most important taxonomic papers 
on materials from this region. Following this break-through, a number of impor­
tant taxonomic papers appeared in the next decades, based mostly on material 
collected on major cruises. Important studies relevant to the Indian Ocean were 
carried out by Chapman (1895), Millett (1898-1904), Heron-Allen and Earland (1914-
1915), Wiesner (1921), Hofker (1927-51), Chapman and Parr (1935, 1937), and Parr 
(1932-1950). Still, the Indian Ocean was not a major research objective and 
foraminiferal studies were essentially taxonomic. 

Stimulated by the beginning of extensive programmes in polar research (Antarctic 
expeditions), distribution patterns and ecology became issues to be considered. In 
addition to cruise reports of expeditions, many papers appeared describing shallow 
water faunas from areas of easy access along the coastal regions of Australia, India, 
etc., encompassing some aspects of ecological considerations. Studies by Howchin, 
Chapman, Parr, Said, Gnanamuthu, and Kurian exemplify these. Reports by 
Leroy (1938) and Said (1949-1950) were the first Indian Ocean studies in which 
foraminiferans were applied as ecological indicators. 

A third chapter commenced as a result of the International Geophysical year in 
1958. With this stimulus given to international co-operative programmes the ground­
work was laid for the International Indian Ocean Expedition (1962-1965). Using 
the modern taxonomical framework the resulting studies were directed mostly toward 
ecological and/or paleontological problems. Special attention was paid to the 
patterns of distribution and variability of planktonic species, both in recent faunas 
and in the fossil record ; some studies were directed particularly at depth distributions 
of benthic species. 

General distribution patterns of living planktonic faunas in the Indian Ocean 
are best defined and shown by the many works of Beliaeva and by B6 and Tolderlund 
(1971); studies of planktonic species in tows on a more limited scale include the works 
of Ujiie (1968), Ujiie and Nagase (1970), Herman (1968), Boltovskoy (1969), and 
Zobel (1970). Studies of benthic assemblages, planktonic tests in bottom sediments, 
and faunal analyses of deep-sea cores are numerous. These include depth zonations 
near the Antarctic (Saidova, 1961 ; Bandy and Echols, 1964), and a depth zonation 
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in the Andaman Sea (Prerichs, 19J67, 1970). Additional studies of cores and fora-
miniferans in bottom sediments include the reports on the Red Sea by Said (1949, 
1950), Herman (1965,1968), Berggr€n (1969), Berggren and Boersma (1969) ; on the 
Andaman Sea by Frerichs (1967, 1968, 1970, in press) • on the southwestern Indian 
Ocean by Herman (1963), Ericson and others (1963), Vincent (1969, 1970), 
Boltovskoy (1969), Glass and others (1967, core V16-66), Bandy and Casey (1969, 
core V16-66), Bandy, Casey, and Wright (1971); off southwestern Australia 
by ConoUy (1967), and other areas (Olausson, 1960 ; Oba, 1967,1969 ; Parker, 1967). 
Faunal studies of the littoral and neritic zones are many, including those of many 
Indian scientists and the work of J. W. Murray on assemblages of the Persian Gulf. 

GENgRAL TRENDS 

One method of assessing research productivity is in terms of numbers of papers 
and reports per unit of time. Certainly, there is the built-in fallacy that a single 
report such as that of Brady (1884) is vastly more extensive than the 17 short papers 
by Millett (1898-1904). In spite of this there is a general overall trend of interest in 
terms of productivity (Fig. 2). Until the last decade of the 19th century there are 
few papers; because of the many papers of Millett in the 1898-1904 interval, there is 
an increase in productivity to 15 papers per decade dropping to about half this in the 
next two decades. An increase to 11 papers per decade occurred between 1931 and 
1950, to 21 papers in the 1951-60 interval, and to at least 81 in the 1961-70 decade. 
About 20 papers have appeared in the past year; this rate suggests that the next 
decade will result in more than double the total of at least 177 papers published to 
this time. This remarkable acceleration of scientific output stems from the stimulus 
and opportunities offered by the cooperative International Indian Ocean Expedition. 

There are at least 14 countries involved in Indian Ocean foraminiferal research 
as represented in the papers we have compiled. Beliaeva of the U.S.S.R. alone has 
16 titles of the 20 titles by Russian authors. The U.S.A. has more than 25 authors 
who have contributed to more than 32 papers. Identification of numbers of papers 
per country is subject to considerable variation depending upon procedures : studies 
by members of one country, while in another country, may be credited in various 
ways. Including the 17 short papers by Millett, there are 39 contributions from 
England. Generally, there are 20 titles or more from five countries: the U.S.A., the 
U.S.S.R., England, India and Australia. There are 14 titles from Germany and 6 
or less each for 8 additional countries : Israel, France, Argentina, Portugal, Holland, 
Japan and Sweden. 

Many studies resulting from the International Indian Ocean Expedition have 
appeared, many other reports are in preparation, and still many others will result 
from current and planned studies of the extensive samples now on file in the many 
different laboratories. Many institutions in India have investigators working on 
near shore assemblages. Studies under way in other countries are many. Russian 
scientists are working on planktonic faunas in the equatorial Indian Ocean and faunal 
assemblages of the Antarctic areas to the soiith. German scientists at Kiel and 
Hannover are investigating recent and fossil faunas in the Persian Gulf and the 
Arabian Sea. Active programmes are in progress in England at the universities in 
Bristol and East Anglia ; in France at the marine station of Endoume ; in Japan at 
the Natural History Museum in Tokyo, and at Tohoku University in Sendai; and in 
Argentina at the Museum of Natural History, Buenos Aires. In,the United States, 
current programmes involving Indian Ocean faunas include those at the Lamont-
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Doherty Geological Observatory, University of Southern California, Woods Hole 
Oceanographic Institution, and Scripps Institution of Oceanography. Ships operat­
ing in the Indian Ocean area include the U.S.N.S. ELTANIN in the southern areas, 
the German vessel METEOR in the Persian Gulf and Arabian Sea, and cruises 
from time to time by vessels of Woods Hole, Lamont-Doherty, Scripps, and the 
National Oceanographic and Atmospheric Agency of the U.S. 
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Fig. 2. Number of papers on Indian Ocean foraminiferans per decade. Seventeen 
short papers by Millett (1898-1904) are [responsible for the increased values in the trend 
at the turn of the century 

DISCUSSION 

Areas of investigation hardly touched upon at this time include (1) studies of 
the biology of Indian Ocean species, (2) studies comparing the planktonic living 
populations of the water column with the planktonic tests resting on the sea floor, 
(3) definition of population gradients of planktonic species across boundaries of 
water masses, (4) biochemical studies of test composition and protoplasmic com-
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position in terms of habitats, (5) studies of foraminiferal populations as related to 
ocean pollution, exemplified by Bandy and others (O. L. Bandy, J. C. Ingle, Jr., and 
J. M. Resig, 1965, Foraminiferal trends, Hyperion Outfall, California—Limnology 
and Oceanography, v. 10, no. 3, p. 314-332), (6) studies of live-dead ratios as a cross 
calibration of sedimentation rates or sediment transport compared with values 
obtained by isotope studies and other means, and (7) analyses of diversity gradients 
with water depth in the different areas of the Indian Ocean. 

The discovery of sea floor spreading and the ability now to compare patterns 
of foraminiferal evolution and ecological variability with magnetic reversals and 
paleotemperature data (oxygen isotope data) all combine to stimulate studies of 
faunal distribution and ecology with a much expanded base of interest involving 
the separate disciplines of geophysics, biology, paleontology, isotope geology, and 
the many related aspects of each. With this increased scope of interest, the number 
of involved scientists has increased in a most significant way. Thus, many of the 
kinds of studies are now of major interest to investigators of interdisciplinary areas 
and each new discovery must stand the critical examination and review by this 
diverse group. Examples of this interaction are the studies of deep-sea cores utilizing 
planktonic datum planes and paleomagnetic data as two independent methods of 
correlation (compare Glass and others, 1967 ; Bandy and Casey, 1969 ; and Bandy, 
Casey, and Wright, 1971). 

Other examples of strong interdisciplinary interests in common problems are 
those that relate to paleoclimatic studies. Similarity of cycles, suggested in a bipolar 
model (Bandy, 1968) based upon planktonic foraminiferal studies has been corro­
borated or supported by other planktonic studies (Morin and others, 1970) and by 
the isotope data of Epstein and others (S. Epstein, R. P. Sharp, and A. J. Gow, 
1970, Antarctic Ice Sheet: stable isotope analyses of Byrd station cores and inter-
hemispheric climatic implications.—science, v. 168, p. 1570-1572). New and different 
techniques are needed for evaluating such cycles in the geologic past; core studies 
of the Indian Ocean offer excellent opportunities for such investigations. 

Multiple approaches are under way to better understand foraminiferal-environ-
mental relationships employing classic and newly developing technologies. Some 
iexamples of this are seen in the applicability of the shifting variability range of Neo-
•globoquadrina dutertrei in relation to temperature (Bandy and others, 1967) or of the 
environmental controlled variation of benthic species as illustrated in the work of 
Lutze (G. F. Lutze, 1964, Statistical investigations on the variability of Bolivina 
argentea Cushman.—Cushman Found. Foram. Res., Contr., v. 15, p. 105-116). 

Areas of the Indian Ocean not yet studied are many (table 1); these need con­
sideration in the planning of cruise programmes for the next decade or two. Improve-
pient is needed urgently in terms of collecting devices, in the utilization of appropriate 
computer techniques, and in the coordination of studies involving physical, chemical, 
land biological parameters. Valuable and needed contributions include discoveries 
bf new relationships, new and improved techniques, new collecting devices, as well 
as the description of new taxa. 
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TABLE 1 

Tabulation of references according to subject and subdivisions of the ImSan Ocean anda^acent areas.' 
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•For convenience, references are identified by keys vdiich combine the first letter of the author's name with a 
number : for example, Al refers to Albani, 1965; A2 to Avnimelech, 1959, etc. 
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INDIAN OCEAN FORAMINIFERA 

This bibliography lists all publications known to us that relate to the defined scope. 
Where the content of a paper is not obvious from the title a brief annotation specifies the 
kind of research and geographical locations. References which we were unable to check 
directly are marked with an asterisk. Russian titles are transliterated from the original 
pubUcation following the ' Manual of Foreign Languages' by G. F. Osterman (Central 
Book Co., New York, 1952,4th ed., p . 224). English translations are given to all Russian 
titles. Three earlier bibUographies which partially cover the scope of this report (C15, S6, 
Yl) are quoted as well as a series of' Collected Reprints' of the IIOE, published by the 
UNESCO (U5). References mentionedin this report which do not involve Indian Ocean 
assemblages are given in the text. References added while this paper was in press were not 
tabulated and are listed in the appendix. 
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ecology of planktonic foramiiiifera of the Indian Ocean.) Biull. M. 0-va Isp. Prirody, 
odt. geologii, 36 (6): 122-123 (abstract). 
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7 (4) : 645-654,7 text-fig., 2 tab. English translation: Distribution of the shells of plank­
tonic foraminifera on the floor of the Bay of Bengal and some methodological aspects 
of the analysis of foraminifera. Oceanology, 7 (4) : 500-507. 
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tonic foraminifera in the sediments of the World Ocean.) Voprosy, Micropaleont., 
vyp. 12 :168-172,1 map, 4 tab. [Density patterns of planktonic forams.] 
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otlozhenii i voprosy metodiki ikh izucheniia. (Distribution of planktonic foraminifera 
in sediment cores and methods of their study.) Akad. NAUK SSSP, Sbornik 
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