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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 modern assemblages
of the Indian Ocean have been published in the past 10 years, developing primarily from
the stimlus of the Internatiopal Indian Ocean Expedition in the period of 1962-1965,
Most of the recent papers highlight the study of feraminiferal-environmental refationships
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, blometric studies, biochemical analyses, studies of foraminferal
relationships to ocean pollution, and general foraminiferal-environmental siudiesto develop
new tools for paleoecology. New technologies in geochemistry, in paleomagnetism, in
computer analyses, in collecting devices, all need to be applied to forsminiferal studies
to not only discover new relationships but to corroborate and increase the precision of
known relationships.

INTRODUCTION

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 Qcean 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 2 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),

* Presentod at the © ynp}&osmm on Indian Ocean and Adjacent Seas—Their origin, Science
amiguis;?l’llm' held by the ine Biological Association of India at Cochin from January 12
to 18, .
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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 0oze). Some reports of this type were listed in the bibliography

erl%?rg Sth%y )seemed to be especially pertinent to foraminiferal research (E3, KI, M 6,
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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. Bayof 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.S8.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 fiir 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 moiiograph 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, Gnranamuthu, 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 atiention 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 Bé and Tolderlund
(1971) ; studies of planktonic species in tows on a more limited scale include the works
of Uijiie (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 (Frerichs, 1967, 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), Berggren (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 Conolly (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.

GENERAL 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 ithe 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 stimylus
and opportunities offered by the cooperative International Indian Ocean Expedition,

There are at least 14 countries involved in Indian Ocean foraminifaral 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.5.R., England, India and Australia, There are 14 titles from Germany and 6
or less each for 8 additional countries : Istael, France, Argentina, Portugal, Holland,
Japan and Sweden. -

Many studies resulting from the International Indian Ocean Expedition have
appeared, many other repprts 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 sotth. 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; 1In.the United Statas,
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.5, 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. Wumber 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
I. M. Resig, 1965, Foraminiferal trends, Hyperion Outfall, California—Limnology
and Qceanography, 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 ecolegical varigbility with magnetic reversals and

leotemperature data (oxygen isotope data) all combine to stimulate studies of -
aunal distribution and ecology with a much expanded base of interest invoiving
the separate disciplines of geophysics, biclogy, paleontology, isotope geology, and
the many related aspects of each. With this increased scope of interest, the number
of involved scientists has increased in & 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 cftaleomagnetic 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, 1948) 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 (8. 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
" examples 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-
ment is needed urgently in terms of collecting devices, in the utilization of appropriate
- computer techniques, and in the coordination of studies involving physical, chemical,
and biological parameters. Valuable and needed contributions include discoveries
pf new relationships, new and improved techniques, new collecting devices, as well
as the description of new taxa,
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Tabulation of references according to subject and subdivisions of the Indian Ocean and adjacent areas.*

 TanLE }

araa general ("I I E Mhr4 ol 3 5 [ 7 g51y| w0 L
“arter BY=11,1k B 819,
cotewn  [W15.34.33 | BHa ] ©
#10,13-15, "9, 1
£ |8 tosron 708,20, 9, 82, Ik 6.6), [F2 |a
P51 sadiment  [a2i,39,m6, €10 ey, $i6,¥2
HH N7.02,00, L f Ry
= —: 310
3 5. [ [ 1" 82526, we, fPIOT]
2 = | tore 0B ek, gforia] m e, Bl wdaetl v e
k stracigr.+ B-3, ES . :
‘55 palecmsy. [P eh:ss,m i #o
Pt i
% -é acology ::gi.s' *ﬂ'l.& ::?i g:‘. 11 F.3
° #5-7,37 m, Jar, 2,
vaxonomy g3 pi,z0 [ASS]  Ls3i ezt | 5 sis,z2| 62 [99 o
test
comostt. |m.n
k8,23,
g [Httoea? 02, (4, W16, | 1597, 1AL,
H st oo [z 5 ey [l | i [ [me LM [
=3
=
= ah, 56,
£ g 12,00 2,4
5 [iviag [TIT l
é fovans b JLY.N03 1.2
g cora i Fi
g scology L3 |5t 53 m * :.;’2' Fl
B6,35-37, [Al,C1 €3,5,[601,13[a2.c0, w, ] ;. [ez13 {295 5,10,
| [titreral JE3.NI, 05 |cB.ME mg-12JP6 VT, FI] [m2, 5tz, {012.042, #t‘l 3, |6
|| sheif . W, wi,3 M1 RVRS, | [k 514, [62,3,5.6 P3.4.6,|P5
g 3 iz '3 Tz TR TR p7-9
« N L3537 12fen ‘, 10,
: g Eg.sﬁ-.g{ | e P57 ¥ o2 s,6 |

*For convenience, references are identified by keys which combine the first letter of the author’s name with a

number : for example, Al refers to Albani, 1965; A2 to Avnimelech, 1959, etc.

T6

SYHHLO ANY AQNVd “T HTIIANO



Al

A2

B1

B -

Bs

B7

BS

‘B9

HISTORY OF RESEARCH, INDIAN OCEAN FORAMINIFERA 93

BIBLIOGRAPHY
INDIAN OCEAN FORAMINIFERA

This bibliography lists all pﬁblicatiohs known to vs that relate 1o 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 io check
directly are marked with an asterisk. Russian titles are transliterated from the original
ublication following the * Manual of Foreign Languages® by G. F. Osterman (Central

ook Co., New York, 1952, 4th ed., p. 224). English translations ar¢ given to all Russian

titles. Three eaclier bibliographies which w cover the scope of this reéaort (C15, 86,
Y1) are quoted as well as a series of * Collected Reprints’ of

UNESCO (US). References mentionedin this fe‘d%ort which do not involve Indian Ocean
assemblages are given in the text. References a

tabulated and are listed in the appendix.

the IIOE, published by the
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ALBANL A. D. 1965, Theforaminifera in a sample dredged from the vicinity of Salisbury
Island, Durban Bay, South Africa. Contrib. Cushman Found. Foram. Res., 16 (2):
60-68, pp. 5-6, 1 text-fig. [43 benthic and planktonic species.]

AvnmMeLECH, M. 1959, Contributions to the knowledge of the Red Sea, No. 11. Report
on foraminiferal sands from the Red Sea coast, Seq Fish. Res. Sta., Bull. No, zgo 4
Halfa [List of benthic species from 9 samples.)

BanDpY, Q. L. 1968. Cycles in Neogene paleooeanografhy and custatic changes. Palgeo-
geography, Palaeoclimatol., Palaeoecol., § ; 63-15, 4 text-fig. (Based on variation in
planktonic assemblages and change of coiling ratios.)

Banpy, O. L. and Casey, R. E. 1969, Major Late Cenozoic planktonic datum planes,
Antarctica to the Tropics. Antarctic J. of the U.S., 4(5) 1 170-171, 1 text-fig. [Short
discussion of planktonic foraminiferal and radiolarian datum planes in relation to the
Miocene-Pliocene and Miocens-Pleistocene boundaries. Refers to Vema core 16-66
in the Indian Ocean.]

Baroy, 0. L., CaseY, R. E. and WeicHT, R.C.  1971. Late Neogene planktonic zonatios,
magnetic reversals, and radiometric dates, Antarctic to the Tropics. 4m. Geophys.
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logic significance of Neogloboguadrina Bandy, Fretichs, and Vincent,gen. nov, Cush-
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Research, 17 : 595-601, 3 text-fig., 1 tab.

BE, A. W. H. and TorDERLUND, D. §. 1571, Distribution and ecology of living_plank-
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versity Press, p. 105-149, 27 text-fig., 3 tab. - .

BELAEVA, N. V. 1961, Ekologia plankionnykh foraminifer Indiiskogé Okeana. (The
ecology of planktonic foraminifera of the Indian Ocean.) Biuill. M. O-va Isp. Prirody,
odt. geologii, 36 (6) 1 122-123 (abstract). -
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floor of the Indian Ocean.) Trudy Inst. Okeanol., Akad. NAUK SSSR, 68: 12-83, 3
pl.,, 27 texi-fig., 22 tab. (English abstract). [286 bottem samples and 400 plankton
tows support the discrimination of 5 biocoenoses as a function of the temperature of
the surface water masses.]

BeulAEVA, N. V. 1967, Raspredelenie rakovin planktonnykh foraminifer na dnie Bengal-
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in sediment cores and methods of their study.) Akad. NAUK SSSR, Sbornik
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okean i mariakh,” Isdatelstuvo NAUKA, Mowcow, p. 165-175, 3 text-fig.
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vodakh i osadkakh Uzhnogo Okeana. Okeanologiia, 9 (6): 1063-1070, 4 texi-fig.,
3 tab. (English abstract), English transigtion : Distribution pattern of planktonic
foraminifera in the waters and sediments of the Antarctic Ocean. QOceanology, 9 (6) :
854-860. [Distribution of Globigerina pachyderma and G. bulloides around Antarctica.)

BeLIARVA, N. V. 1970. Regularities in the distribution of planktonic foraminifera in the
water and sediments of the Southern Ocean. Im: M. W, Holdgate, [ed.] Antarctic
ecolpgy, Academic Press, 1 : 154-161, 2 text-fig., 4 tab. [Globigerina pachyderma and
G. bulloides distribution around Antarctica.)
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riftoyoi zony Indiiskogo Okeana. (The distribution of the tests of planktonic foramini-
fora in the sediments from the Rift Zone of the Indian Ocean.) Okeanologia, 10 (4) :
681-685, 3 text-fig. (Engl. abstract).

*BELIAEVA, N. V. in press. Trace elements in the tests of planktonic foraminifera.
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Cochin, India. p. 64 (Abstract). =
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BERGGREN, W. A. 1969. Micropaleontologic investigations of Red Sea Cores, summation
and synthesis of results. Ju: Degens and Ross (ed.). Het Brines and Recent Heavy
Metal Deposits in the Red Sea, Springer-Verlag, New York, p. 329-335, 2 text-fig,
Flup];u}ation in the frequency of some planktonic species and other planktonic micro-
ogsils.

BerGGREN, W. A. and BogrsMa, A. 1969. Late Pleistocene and Holocene planktonic
foraminifera from the Red Sea. In: Degens and Ross (ed.). FHor Brines and Recent
Heavy Metal Deposits in the Red Sea, Springer-Verlag, New York, p. 282-293, pl. 1, 3
text-fig. [Fluctuations in the frequency distribution of planktonic species in 20 cores.]

BerTHOIS, L., LE CALVEZ, Y, and GUILCHER, A. 1964. Influence des factenrs dynamiques
sur la répartition des Foraminifrés dans le lagon de l'ile Mayotte (Comores). C. R.
Acad. Sci., Paris, 258 : 1292.1294, 1 text-fig. [See Le Calvez, 1965.]

BHALLA, 8. N. 1968. Recent foraminifera from Vishakapatnam beach sands and its
relation to the known forameogra?hlc provinces in the Indian Ocean. Nat. Inst.
Sci. India. Bull., 38: 376-392, pl. 1-2, text-fig. 1-2. (Proc. Symp. Indian Ocean,
New Delhi, 1967). {16 species from the Bay of Bengal.)

BuatLa, S. N. 1970. Foraminifera from Marina beach sands, Madras, and faunal pro-
vinces of the Indian Ocean. Comtr. Cushman Found. Foram. Res., 21 (4) : 156-163,
pl. 20-21, 2 text-fig. {15 species, Bay of Bengal.]

BHATIA, §. B, 1956. Recent foraminifera from shore sands of western India. Ibid.,
7(1): 15-24, pl. 1-5, 1 text-fig. [46 species from 3 beach samples.)

BHATIA, S. B, and BHALLA, 5. N. 1964, Recent foraminifera from beach sand at Puri,
Ofri;s:. }1’451. Soc. India, Jour., 4 (1959), (1) : 78-81, pl. 1-2, [14 benthic species; Bay
of Bengal.

BLANC-VERNET, L. 1965, Note sur la répartition des foraminiféres au voisinage des
cotes de Terre Adélie (Antarctique). Rec. Trav, St Mar. Endoume, $2. (Bull. no.
21): 191205, pl. 1-2, 3 text-fig. {[Benthic and planktonic species of dredge samples
from 10 to 270 metres depth.]

BoLtovskoy, E.  1969. Living B!lanktonic foraminifera at the 90° E. meridian from the
equator to the Antarctic. Micropaleoptology, 18 (2) : 237-255, pl. 1-3, 4 text-fig., 1
tab, [Distribution of 27 species in plankton tows between 0 and 1500 m. depth.]

Borrovekoy, E. 1969. Tanatocenosis de Foraminiféros planctonicosen el estrecho de
Mozambique. Revistg Espancla de Micropaleontologia, 1 {2): 117-129, pl. 1-3. [32
species from one sample.]

BraDy, H. B. 1879. Notes on some of the Reticularian Rhizopoda of the * Challenger '
Expedition. I. On new or little known Arenaceous types. Quart. J. Microsp, Sei.,
n.ser..19 : 20-63, pl, 3-5. 1. Additions to the knowledge of Porcellaneous and Hyaline
types. JIbid., 19 : 261-299, pl. 8. [Includes material from the Indian Ocean.]

Brapy, H. B, 1881. Notes on some of the Reticularian Rhizopoda of the ¢ Chalienger’
Expedition. Ik (1) Classification ; (2) Further notes on new species; (3) Note on
Biloculina mud. Ihid., 21: 31-71. [Taxonomic study, including material from the
Indian Ocean ‘and the Red Sea.]

Brapy,H.B. 1884. Report on the Foraminifera collected by H.M.8. *Challenger’ during
the Years 1873-1876. Rep. Sci. Res. Voyage Challenger, Zool.,9 : 21 4814 p., 22 text-
fig., 4 tab., 2 maps and atlas with 115 pl. [Mostimportant taxopomic study.]
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BRraGA, J. M. 1960.. Foraminiferos da Costa de Mozambique. Junta de Investigacoes
do Ultramar. Estud. Ensalos ¢ Documentos, 67 : 19211, pl. 1-20. [Description of
270 species ; bottom samples from 16-700 m. depth.]

*BURMISTROVA, 1. 1. 1969. Kolichestvennoie raspredelenic bentosnykh foraminifer v
poverkhnostaom sloie .osadkov cevérnoi chasti Indiiskogo Okeana. . (The quantita-
tive distribution of the benthic foraminifera in the surface layer of the sediments in
the north part of the Indian Ocean.) Akad. NAUK, S§SSR, Sbornik ° Osnovnye
problemy nﬁcroaaleontologlii organogennogo osadkonapleniia v okeanakh i mariakh.’
Isdatelstvo NAUKA, Moscow, p. 176. -

CartER, H. J. 1877. On a Melobesian Form of Foraminifera (Gypsina melobesioides,
Miki) ; and further observations on Carpenteria monticnlaris, Ann. Mag. Nat. Hist.,
ser. 4,20 172-176. [Material from the Red Sea and Mauritius.]

CHaPMAN, F. 1895, On some Foraminifera obtained by the Royal Indian Marine
Survey's S.5. ‘Investigator,’ from the Arabian Sea, near the Laccadive Islands.
Proc. Zool, Soc., London, g 4-55, 1 pl. [Description of 277 species from 6 bottom
samples from unrecorded depth,]

Crarman, F, C, 1900, List of the Foraminifera from the boat-channel., Flying Fish Cove,
Christmas Island, 11 fathoms. Ibid., 1900, p. 141, [List of 24 species.}

» F. 1902, Recent Foraminifera-Shoreham District. Vietorian Naturalist,
19(8) : 112-113. {List of 17 species from intertidal areas, SE of Melbourne, Australia.j

CMMN, F. 1903. Notes on an interesting occurrence of the pelagic foraminifera,
Cymbalopora (Tretomphalus) bulloides, on_the coast of South Australia. Ibid., 19
(11} : 153-154. ([Reference to a paper by Earland.]

CHaPMAN, F. 1907. Recent Foraminiféra of Victoria: some littoral gatherings. J.
Quekert Micro. Club, ser. 2, 10 : 117.146, pl. 9-10. [Faunal description.]

CHaPMaN, F. 1915.- Report on the Foraminifera and Ostracoda obtained by F.1LS.
¢ Endeavour’ from the east coast of Tasmania, and off Cape Wiles, South Ausiralia.
Dept, Trade and Customs, Fisheries, Zool. (Biol)) Res. Endeqvour 1909-1914, 3 (1) :
3-51, pl. 1-3. [Faunal description from 3 samples.] :

CuapMaN, F. 1924. A first report on foraminifera collected by the 5. African govern-
ment Fisheries and Marine Biological Survey. Union of South Africa, Fisheries and
Marine Biological Survey, Annual Rep., no.3, special rep. no. 11,19 p., 1.pl. [Short
faunal description from 9 dredge samples off the coast of South Africa.]

CHaPMaN, F. 1941, Report on foraminiferal soundings and dredgings of the F.1.8,

* Endeavour * along the continental shelf of the south-cast coast of Australia, Trans,

- Roy. Soc. South Australia, 65 (2): 145-211, pl. 7-9, . [Foraminiferal taxopomy and
distribution, also including Kerguelen area.)

CrarMan, F, and Parr, W. J. }935. Foranﬁnifer'a‘and Qétracoda from soundings made
by the trawler * Bonthorpe ’ in the Great Australian Bight. Jour. Roy. Soc. Western
Australia, 21 : 1-7, pl. 1. [List of 112 species.]

CHAPMAN, F. and Parr, W. J. 1937. Foraminifera—dustralian Antarctic Expedition
. 1911-14, ser. C, 1 (2) ; 1-190, 4 pl., 4 tab, [Major faunal description (planktonic and
_benthic), 30 new species, SE part of Indian Ocean.]

CHATIERJEE, B, P. and GurRURAJA, M. N, 1968. Foraminifera off Mangalore coast,

south India. Bull. Nat. Inst, Sci., India, 38 . 393-397, 3 text-fizg., 3 tab. (Proc.

- Symp. Indian Ocean, New Delhi, 1967). [8 samples from 8-10 fathoms depth, species
not identified.] _

CHAUDHURI, A. and Biswas, B. 1954, Recent gerforate forgminifera from Jubu Beach,
Bombay. The Micropaleonrologist, 8 (4) : 30-32. [12 species.]

NoLLy, J. R. 1967. Postglacial-glacial change in climate in the Indian Geean.  Nature,

214 873-875, text—izﬁ. 1-3, [Frequency distribution of planktonic species in § deep
sea cores off the southern coastiof Western Auvstralia.]
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CRESPH;, 18.8 1955, A bibliography of Australian foraminifera. Micropateontology, 1 (2):
172-188.

CresPIN, 1. 1960, Some Recent Foraminifera from Vestfold Hills, Antarctica. Tohioku
Univ. Sci. Rep., 2 ser. (Geology), Spec. Vol. no. 4 (Hanzawa Mem, Vol.), Sendai: 19-
31,3 pl., 1 text-fig. [23 recent species from former fjord area.]

CusHMaN, J. A, 1946, The species of foraminifera named and figured by Fichtel and Mol
in 1798 and 1803. Cushman Lab. Foram. Research, Special Publ., 17 : 1-16, 4 pl;
[Includes recent species from the Red Sea.]

DakiN, W. J. 1906. Report on the Foraminifera collected by Professor Herdman, at
Ceylon, in 1902. In: Herdman, W. A., Report to the Government of Ceylon on the
Pearl Qyster Fisheries of the Gulf of Manaar, pt. 5 1 225-242, 1pl,, 1 text-fig. [Anno-
tated list of 131 shallow water benthic species.)

*DaniEL, C. 1. 1949, Encrusting Foraminifera of Krusadai Island. J. Madras Univ.,
Ser. B., 18: 27-37,

Durranp, A. 1898. On Anchor Mud from the Malay Archipelago. Roy. Sec., Microsp.
J., 1398, p. 255-257. ([Locations of the material of the study of Millett (1898-1904).]

EARLAND, A. 1902. On Cymbalopora bulloides (D'Orbigng) and its internal structures,
J. Quekett Microsp, Club, ser. 2, 8 (51) : 309.322, pl. 16, 1 text-fig. [Beach samples;
Southern Australia.]

Ecnots, R. J. and KEnngtT, J. P., in press. Distribution of foraminifera in Antarctic
Subantarctic surface sediments. Antaretic Map Folie Ser., Amer. Geographical Soc.
{Compilation of distribution data.] -

EucEr, J. G. 1893, Foraminiferen aus Meeresgrundproben, gelotket von 1874 bis 1876
von S. M. 8ch. Gazetle. K. Bayer, Akad. Wiss., Minchen, Math.-Phys. Ci., Abh.,
18 (2) : 193458, 21 pl. [In¢ludes many Indian Ocean samples.)

EMERY, K. O. 1964. Sediments of Gulf of Agaba (Eilat). Papers in Marine Geologi’;
In: R.L. Miller, (¢d.) Shepard Commemor. Vol., Macmillan Co., London-New York,
pR. ﬁsg-ﬂf, 5 text-fig., 2 tab. [Refers to foraminiferal components of organic debris ;

ed Sea.

_Ericson, D. B., EwiNe, M., and WoLiy, G. 1963, Pliocene-Pleistocene boundary in

deep-sea sediments. Seience, 139 (3556): 727-737, 14 text-fig. [Planktonic species
from core V16-66 from the southern Indiar Ocean.]

FicHTEL, L, vON, and von MoLL, J. P. C. 1798, Testacea microscopica, aliaque minuta
ex generibus Argonauta et Nautilus, ad naturam picta et descripta. 7+123 p., 24 pl,,
Wien (second edit. 1803). [See Cushman 1946.]

Frericus, W.E. 1967, Distribution and ecology of foraminifera in the sediments of the
Andaman Sea. Ph.D. Dissertation, Univ, of Southern California, Los Angeles, Calif,,
269 p., 50 text-fig., 10'tab. [Frequency distribution of planktonic and benthic assem-
blages from numerous cores and grab samples.]

FrericHs, W.E. 1968. Pleistocene-Recent boundary and Wisconsin glacial biosiratigraphy
in the northern Tndian Ocean. Science, 159 : 1456-1458, 1 text-fig., 2 tab.

FrericHs, W. E. 1970. Distribution and ecology of benthonic foraminifera in the sedi-
ments of the Andaman Sea. Contr. Cushman Found. Foram. Res., 21 (4): 123-147,
15 text-fig., 7 tab. [Five faunal provinces, based on ecological factors.]

Frericus, W. E. 1971, Planktonic Foraminifera in the sediments of the Anduman Sea.
Journal of Foraminiferal Researci, 1 (1)1 1-14, 2 pis., 17 text-fig.. 2 tab., 1 appendix.

Frertens, W.E., in press. Paleobathymetri¢ trends of Neogene foraminiferal assemblages
recovered from the Roor of the Andaman Sea. Marine Geology.
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*GANAPATI, P. N. and Saronnt, D, 1959. Ecology of foraminifera off Visakhapatnain
coast. All-Indle Congr. Zvel. Inst. Proc., 2, Sci. Papers : 311-315. [Distribution of
benthic species from same material as studied by Ganapati and Satyavati, 1958.]

YGaNAPATL P. N. and Satvavars, P. 1958. Report on the foraminifera in bottom sedi-
ments in Bay of Bengal off east coast of India. Andhra Univ., Mem. Oceanogr., 2
100-127, pt. 1-6.  [103 species from the continental shelf .

GHose, B. K. 1966, Asterorotalia trispinose (Thalmanm), a spinose roialiid frcm Digla
beach, southern Bengal. Cusiman Found. Foram. Res., Contr, 17 (3) : 104-108, 6 text-
fig. [Bay of Bengal.j

GLass, B., Ericson, D, B, Hezzen, B, C., Orbyke, M. D, and Grass, J. A. 1967, Geo-
magnetic reversals and Pleistocene chronology. Narure, 216: 437-442, 6 text-
fig. [Also using planktonic faunas from core ¥V16-66 from the southern Indian Ocean.]

GNaNaMuTHU, C. P, 1943, The foraminifera of Krusadai Island in 1Le Gulf of Manpar.
Madras Govt. Mus, Bufl., new ser., Nait. Hist. Sect., 1 (2) pt. 5 1-28, pl. 1-4, {Des-
cription of 47 littoral benthic species ; Bay of Bengal.]

Haake, F. W. 1970. Zur Tiefenverteilung von Miliolinen (Foram.) in Persischen Goif.
Pglaomt. Zeitschr., Stutigart, 44, (3/4) pl. 23, 3 text-fig. [Depth ranges of two miliolids.]

Hays, J. D,, Satro, T., OrpYKE, N. D, AND BURCKLE, L. H. 1969. PFliocene-Pleistocene
sediments of the Ec& atorial Pacific : their Paleomagnetic, Biostratigraphic, and Cli-
matic Record. Geol. Soc. Amer. Buil., 80 : 1481-1514, 16 text-fig., { lﬁl. [Correlation
of magnetic and planktonic faunal stratigraphy including a core from the Indian Ocean.]

Hepman, Y. 1963. Cretaceons, Paleocene, and Pleistocene sediments from the Indian
Science, 140, (3573): 1316-1317, 1 text-fig. [Planktonic species from 2
cores SE of Cape Town.)

Hemman, Y. 1965, Etude des sediments guaternaires de la Mer Rouge. Ann. Inst.
Océanogr. Monaco, 42 (3) : 339-415, pl. 1-12, 15 text-fig., 1 tab. -

HermaN, Y. 1968, Evidence of climatic changes in Red Sea Cores. In: R. B. Mortison
and H. B. Wright, Jr., (ed.} Means of Correlation of Quaternary Successions, Uniy.
Utah Press, 8 : 325-348, 1 pl., 6 text-fig., 5 tab. [Planktonic foraminifera and ptero-
.pods from 7 cores and 6 plankton tows.]

HeronN-ALLEN, E. and EARLAND, A. 1914-1915. The Foraminifera of the Kerimba
Archipelago (Portuguese East Africa), Part I. Trans, Zool. Soc. London, 20 (12) :
363-390, pl. 35-37. Part 11. . Ibid., 20 (17) : 543-794, pl. 40-53, 3 text-fig. [Descrip-
tion of 467 species from 16 bottom samples ; depth range (-85 fathcms.]

Heron-ALLEN, E. and EARLAND, A. 1928, On the Pegididae, a new family of foramini-
fera. J.Roy.Microscop. Soc.,ser.3, 48 :283-299, 3 pl., 1 text-fig. [Based on material
from off the east coast of Africa.]

Horker, J.  1927. The Foraminifera of the Siboga Expedition. Part ! : Families Tino-
poridae, Rotaliidag, Nummulitidae, Amphisteginidae. Irr: Siboga-Expeditie, Mon.,
IV : 1-78, 38 pl., 11 text-fig., Brill (Leiden).

Horker,J. 1930. The Foraminifera of the Siboga Expedition. Part1I : Families Astror-
hizidae, Rhizamminidae, ReoPphacrc}ag, Anomalinidae, Peneroplidae, with an intreduc-
t];oﬁl?lrfe t_lé: l;fc-cycle of the Foraminifera. Ibid., 1Va : 79-170, pl. 39-64, 22 text-fig.,

r iden),

Horker, J. 1930, Sur quelques Foraminiféres. Résultats Scientifiques du Voyage anx
Indes Orientales Néerlandaises. Mém. Mus. Roy. Hist. Nat. Belg., Hors Sér., 2 (1) :
3-12, pl. 1-3. [ species from shallow water environtent.]

Horker, J. 1933, Foraminifern of the Malay Archipelago. Vidensk. Medd., Dansk
naturk, Foren., 93 : 71-167, pl. 26, 35 text-fig. [Detailed taxonomic study.]
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HofKER, J. 1951. The Foraminifera of the Siboga Expedition. PartIH : Ordo Dentata,
Sub-ordines Protoforaminata, Biforaminata, Deuteroforaminata. Sfbaga Expedirie,

Mon, IVa, p. I-XII, 1-513, 348 text-fig., Brill (Leiden). [Detailed taxonomic study of
material from the Dutch East Indies Expedmon ]

Howcrin, W, 1890. The estuarine foraminifera of the Port Adelaide River. Roy. Soc
Sowth Australia, Trans., 13 : 161-169. [Brief description of 51 species from dredgings.]

KeLLer, G. H, and Ricuarps, A. F. 1967, Sediments of the Malacca Strait, southeast

Asia. J, Sed. Petrology, 37 (1) : 102127, 17 textfig. [Refers to foraminiferal com-
peneats as organic constituents.]

*Kanysm, T. A. 1970, Vertikalnoie raspradelenie foramiifer v severo-sapadnoi chasti
Induskogo Okeana, {The vertical distribution of foraminifera in the northwest Indian
Ocean.) Kh nauchnaia molodezhnaia konferenziia. AN SSSR, Inst. Okeanol. im.
P.P. Shirshova, Moscow.

Kurian, C. V. 1951, The presence of Operculing granulosa (Leymerie) foraminifera in the
coastal waters of Travancore. Curr. Sci., 20(12) ; 335. [Westcoast of India.]

*Kurian, C. V. 1953. A preliminary survey of the bottom fauna and bottom deposits of
lh%. '}r‘ravancore coast within the 15 fathom line. Proc. Nar. Inst. Sct., India, 19 (6) :
746-775.

Lacrotx, E. 1941. Les Orbitolites du golfe d’Akaba. Bull. Inst. Oceanogr. Monaco,
794 ¢ 38, 33 fig. (in text and on 4 pl.). [Taxonomic study.}

Le CaLvez, Y. 1965, Les récifs coralliens et le lagon de I'Ile Mayotte (Archipel des
Comores, Océan Indien). In: Guilcher, A.. L. Berthois, Y. Le Calvez, R. Battistini,
and A. Crosnier. ORSTOM, Paris, p. 181-_201, pl. 13-16, 1 text-fig., tab. 16-24.
[Distribution of planktonic and benthic in relation to 7 physiegraphic zones.] .

Leroy,L.W. 1938. A preliminary study of the microfaunal facies along a traverse acmsé
Peper Bay, west coast of Java. Jugen. in Nederl, Indie, 5 (8) : 130-133, 3 text-fig,
[Distribution of shallow water benthic species.]

Linpsey, M. 1913. On Gypsina plana Carter, and the relations of the genus, Trans.

Linnean Soc. Lond., ser. 2, (zool.), 16 : 45-51, 6 text-fig. [Material froin the Mascarene
Islands, western Indian Occan1

*Logan, B. W, 1959. Environments, foraminiferal facies, and sediments of Shark Bay,
Western Australia. Univ. of Western Australia, Nedland, Doctoral Thesis.

*Lurze, G. F., manuscript. Forarmmferen-l’opulanonen im nérdlichen Persischen Golf
(Vertellung lebender Foraminiferen in den Oberflichensedimenten). (Kiel,
Germany). [Distribution of living benthic species.)

*Lurze, G. F., GRaBERT, B., and SmsoLp, I., manuscript. Lebendbeobachtungen an
GroBforaminiferen (Heferostegina) aus dem Persischen Golf. (Kiel, Germany.)

*Marie, P. 1941, Surla famille des Foraminiféres des depdts littoraux actucls de la Mer
Rouge et de Djibouti, Mém. Soc. Linn. Normandie, n. sér., 1 : 53.

Muierr, F. W. 1898-1904. Report on the Recent Foraminifera of the Malay Archipelago
collected by Mr. A. Durrand, F.R.M.S8. Roy. Micresp. Svc., J., 1898 : Part 1 : 258
269, pl. 5-6; Part 2: 499-513, é:ol 1112 ; ‘Part 3 ; 607-614, pl, 13; 1899 Part 4:
249.255, pl. 4; Part 5; 357.365 pl. 5; Part 6; 557-564, pl. 7; 1900: Part 7:
613, pl, 1; Part 8:273-:281, pl. 2; Part 9 539-549 pl 4, 1901; Part 10
1-t, pb. 1 Part 11 :485-497, pl. 8; Part §2: 619—628 pl 14 ; 1902 Part 13:
509-528, pl. 11; 1903 ; Part 14: 253- 275 pl. 5, Part 15 685-704, pl. 7; 1904;
Part 16 : 489-506, pl. 10 Part 17: 597- 609, pl. 11. [Shallm\' wa(er fauna from

vg;:sc:;u]s samplings in harbour areas throughout the Archipelago (see also A, Durrand,
1 '

MorBiys, K. 1880. Foraminifera von Mauritius, ¢ Moebius, Richter, und Martens,
Beitrige zur Meeresfauna der Insel Mauritiug und der Seychellen. Guiman, Berlin,
p- 65-136, 14 pl. [Detailed description of 40 benthic shallow water species.]
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MomN, R. W., THEYER, F., and VINCENT, E. 1970. Pleistocene climates in Atlantic and
Pacific Oceans : a reevaluated comparizon based on deep-sea sediments. Sclence, 169
365-366, 2 text-fig. [Variation in fr&\;ency distribution of some planktonic species
in two cores from the Mozambique noel.]

-Moura, A. R. 1965. Foraminiferos da llha da Inhaca. Esfudes Gerais Univ. Mocam-

bique. Revista, ser. 11, 2 : 3-74, pl. 1-7, | text-fig., ] map, 1 tab. [102 shallow water
species, Mozambique Channel.]

Murray,J. 1910, On the depth and myrine deposits of the Indian Ocean, with descrip-
tions of the deposit-sampies collected by Mr. J. Stanley Gardiner in 1905. Trans.
Linn, Sec. London, 2nd Ser. Zoology, 13 (3) : 355-396, pl, 22-24 (charts). [Distribution
of Globigerina ooze.)

Murray, J. and RENARD, A.F. 1891, Report on Deep-Sea Deposits based on specimens
collected during the voyage of H.M.S. “Challenger’ in the years 1872-1876. Reporis
Sci. Res. Voyage HM.S. Challenger, Deep-Sea Deposits, 294325 p., 36 text-fig., 29
pl.,43 charts, 22 diagr.  [Lists, discussion and illustrations of foraminiferal assemblages
and data on their distribution from bottom samples along the Challenger track.)

MURRAY, J. W. 1965, The Foraminiferida of the Persian Gulf, Pari 1. Rosaling
adhaerens sp. nov.  Ann. Mag. Nat. Hisr. (13), 8: 77-79, 1 pl., 2 text-fig.

MuRraY, J. W. 1965, The Foraminiferida of the Persian Gulf. Part 2. The Abu Dhabi
Region. Palacogeography, Palaeochimarol., Palaeoecol,, 1: 307-332, 4 textfig., 5
tab, [Shallow water faunas from lagoon to delta facies.]

Murray, J. W. 1966. The Foraminiferida of the Persian Gulf. Part 3. The Halat al
Bahrai:u Region. [fbid., 2 : 59-68, 3 text-fig., 1 tab. [Shallow watercarbonate environ-
ment.

MuURrRraY, J. W, 1966, The Foraminiferida of the Persian Gulf, Part4, Khoral Bazam
Ibid., 2 : 153-169, 14 text-fig. [Distribution patterns in lagoonal inlet.] :

Murray, J. W, 1966, The Foraminiferida of the Persian Gulf, Part 5. The shelf off
the Trucial Coast. Ibid., 2 : 267.278, 4 text-fig. [3 profiles in shallow water facies.]

Mugray, J. W. 1970. The Foraminiferida of the Persian Gulf, Part 6. Living forms
in the Abu Dhabi Region. J. Nat. Hist., 4 : 55-67, 2 text-fig., 2 tab. [Faunas from
lagoonal to shelf environment.} .

Murray, J. W. 1970. The Foraminifera of the hypersaline Abu Dhabi Lagoon, Persian
Gulf. Lethaia, 3{1): 51-68, 10 text-fig.. 2 tab. [36 species listed, some illnstrated.]

NuTTaLL, W, L. F. 1927, The localities whence the foraminifera figured in the report of
H4.Nf.s. * Challenger® by Brady were derived. Ann, Mag. Nat. Hist., ser. 9, 19 ; 209-
241.

OpA, T. 1967. Planktonic foraminifera from deep-sea cores of the Indian Ocean. Tohoku
Univ. Sci. Rep., 2nd ser. (Geol.), 38 (2} : 193-219, pl. 17-24, 10 text-fig., 3 tab.

Osea, T. 1969. Biostratigraphy and isotopic paleo-temperature of some deep-sea cores
from the Indian Ocean. Ibid., 2nd ser. (Geol.), 41 (25)?. 129-195, pl. 20-23, 40 text-fig.,
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