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Abstract: 

Deep-sea drilling by the "Glomor Challenger" has produced a vast quanlity of data on the biogeo
graphical distribution of calcareous nannoplankton in all lhe Cenozoic epochs. This data has been used here as the 
basis for geographical zonation schemes of lhe Atlantic and the Indian Oceans for 25 Cenozoic time slices. "föe 
main means of creation of lhese schemes was analysis of the areal-ranges of nannofossil species and species
-groups in each of lhe intervals of geologic time. Both the entire areal-range and abundance changes witl1in 
the areal-ranges were taken into account. Detailed study of the ecology of modern nannoplankton assemblages 
and identification of the temperature limits on the distribution of the species and species groups made it possible 
to identify species groups that are characteristic of particular geographical zones. 

Subtropical and tropical zones existed throughout lhe Cenozoic. Temperate zones existed from 40 Ma, 
and subpolar from lhe Miocene. The equatorial Atlantic Ocean shows special conditions in the Early Paleocene
-Middle Eocene which do not recur. The two most distinctive nannofossil regions were: tempernte - subpolar 
and subtropical - tropical. Migration of zones during the Cenozoic resulted in a general tendency toward narrowing 
oftropical zones with time, shifting of subtropical, temperate and subpolar zones toward lhe Equator and widening 
of subpolar zones. This process indicates a gradual cooling of climate at all latitudes of the oceans. 

1. Introduction 

One of the basic approaches to the study and reconstruction of climate is the 
paleobiologic method of using the areal-range distribution of various animal and plant 
groups as indicators of climatic zones. Among the various groups of microflora, which 
readily react to environmental changes, the calcareous nannoplankton is distinguished 
as an indicator of surface water temperature. The remnants of these organisms make up 
a large part of the biogenic carbonate deposits which now cover half the area of the ocean 
floor. In the Cenozoic, these areas were even greater and thecontentofbiogenic components 
much higher. For all these reasons nannofossils should provide an excellent record of 
paleotemperature distribution across the climatic zones. However, the calcareous 
nannoplankton inhabit the euphotic water layer and their distribution is greatly affected by 
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water mass circulation whose oceanic zonation is in turn controlled by several factors, such 
as: the irregular supply of solar energy to the Earth, the disposition of the oceans and 
continents, various hydrologic properties of watermasses, theircontinual mixing to equalize 
the characteristics of areas at different latitudes and the interaction of deep and surface 
currents. All these effects cause disturbance in the strictly latitudinal zonation, provoke 
collisions and mixing of waters of various genesis and produce the confused pattern of 
water mass zoning in the oceans. 

Tue calcareous nannoplankton, being too small to actively move independently 
and having almost no mass, constitutionally belong to the surface waters. They are involved 
in complicated transferences and inter-relations of waters of different origins, passively 
follow their movement and mixing, and record the whole complexity of motion and 
interaction between water vortices. All these processes affect the species composition of 
thanatocoenoses of modern sea floor sediments and this restricts reconstruction of the true 
pattern of the initial areas of habitat of coccolithophorids and indicates an indirect con
nection of areal-ranges of species with climatic zonation. 

Because of these oceanographic and taphonomic complications studies of the 
geographical distribution of nannofossils need lo be carried out on the largest possible 
scale in order to derive useful information. The ideal scale is that of the entire world ocean. 
Studies on this scale are now possible since deep-sea drilling by RV "Glomar Challenger" 
has produced a vast amount of information on the biogeographical distribution of planktonic 
microfossils from all geological stages of the Late Mesozoic and Cenoioic. 

A major study of global nannofossil distribution throughout the Cenozoic using the 
DSDP database has been undertaken. The primary product of this scheme was a sequence 
of biogeographical zonation schemes, these were previously published in a series of articles 
(DMITRENKO, 1988 a,b; 1989 b,c) and partly in a book (DMITRENKO, 1989). This paper 
provides an English language overview of the methods and results of this study. 

2. Previous work 

Reconstruction of the biogeographical zonation in paleo-oceans is a major objective 
of paleoceanography, and has been the subject of extensive research. For instance, 
much oxygen isotopic data from calcareous microfossils has been collected in different 
points of the oceans. Nannoplankton have been used to indicate climatic changes in the 
Cenozoic for different water masses. Temperature curves have been constructed based 
on abundance changes of different species. Nannofossil assemblages have been interpreted 
as low, middle, or high-latitude nannofloras and migration of the different assemblages 
used to indicate climatic changes. These approaches produced a large amount of different 
(and often inconsistent) information about times of warming and cooling during the 
Cenozoic (BACKMAN and PESTIAUX, 1987; BERGGREN, 1970; BERGGREN and 
SCHNITKER, 1983; CHAMLEYetal., 1979; HAQ, 1980; HAQ andLOHMANN, 1976, 
1978; HAQ et al., 1977; HAQ and MALMGREN, 1982; HAQ and WORSLEY, 1982; 
KENNETT, 1977; KENNETT, 1987; KENNETT et al., 1979; KRASHENINNIKOV and 

Fig. 1: The distribution of coccolith relative abundances within Late Pleistocene-Holocene bottom sediments 
(0-0.9 Ma) of the Atlantic and Indian Oceans. 1-6) Abundance of coccoliths: 1) Dominant. 2) Abundant. 
3) Common. 4) Few. 5) Rare. 6) No dat.a. 7) DSDP Sites. 
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Fig. 2: Distribution of Coccolithus pelagicus coccoliths. 2a) 5-4 Ma. 2b) 0.9-0 Ma. Relative abundance 
coccoliths : 1) No data. 2) Rare. 3) Few. 4) Common. 5) Abundant. 
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Fig. 3: 111e areal-ranges of species and species groups in the Late Oligocene. 1-26) Boundaries of U1e species 
distribution(N-north boundary,S- south boundary): I)Reticulo/enestra umbilicus(N). 2) Cyc/icargolithus 
floridarws, Helicosphaera reticulata, lsthmolithus recurvus, Reticu/ofenestra hess/andii, Discoaster 
deflandrei and Braarudosphaera bige/owi (N). 3) Reticulo/enestra abisecta, Chiasmolithus altus, 
Helicosphaera euphratis, Zygrhablithus bijugatus, Sphenolithus moriformis and Triquetrorhabdulus 
carinatus (N). 4) Cyc/ococcolithus neogamrnation (N). 5) lsthmolithus recurvus (S in the south of 
North Atlantic). 6) Sphenolithus distentus (N). 7) S. ciperoensis and Helicosphaera intermedia 
(N). 8) H. parallela and Discolithina segmentata (N). 9) Helicosphaera recta (N) and H. euphratis 
(S in the North Atlantic). 10) Disco/ithina anisoterrna, D. vigini/orata,Discoasteradamanteus (N) and 
Triquetrorhabdulus carinatus (S). I l)Reticulo/enestra gartneri (S). 12) Cyc/ococcolithus neogammation, 
Helicosphaera intermedia,H. parallela,Sphenolith11s distentus and S.predistentus (S). 13) S. ciperoensis 
(S). 14) Cyclococcolithus rotulus, Chiasmolithus oamaruensis, Reticulo/enestra abisecta, R. hillae, 
Zygrhablithus bijugatus, Splzenolithus moriformis, Discoaster deflandrei and D. tani nodifer (S). 
15) Reticulo/enestra bisecta, Cyclicargolitlz11s/loridanus and Chiasmolitlzus altus. 16) Ch. oamaruensis 
and small Reticulo/enestra. 17) lsthmolithus recurvus, Coccolitlzus eopelagicus, Retic11/o/e11estra 
gartneri, R. scrippsae, R. abisecta, Ericsonia subpertusa, Discoaster de/laruirei, D. nodi/er and 
Spheno/ithus mori/ormis. 18) Dictyococcites dictyodus and Triquetrorlzabdulus carinatus (S). 
19) Helicosphaera recta and H. euplzratis (S). 20) Splze110/ith11s distentlls, S. predistentus,Zygrhablitlzus 
bijugatus and Discoaster tanii (S). 21) Reticulo/enestra hillae, Sphe110/itlz11s belemnos, Discoaster 
woodringi, Braarudosplzaera bigelowi (S), change of abundance: Cyc/icargolithus /loridanus and 
Sphenolithus mori/ormis. 22) Ericsonia s11bpert11sa (N). 23) Change of abundance ofTriquetrorhabdulus 
carinatus. 24) Splzenolithus abies. 25) Rhabdosphaera c/avigera (S). 26) Coccolithus prirnalis, 
Pontosphaera plana, Retic11/ofe11estra /aevis and Splrenolithus conicus. 
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BASOV, 1986; LOHMANN and CARLSON, 1981; MILLER and CIESIELSKI, 1989; 
MUZYLEV, 1978; MÜLLER, 1976, 1979; PERCH-NIELSEN, 1977, 1979; PERCIVAL, 
1984; POMEROL, 1981; SANSETIE, 1978; SA VIN et al., 1975; SHACKLETON and 
BOERSMA, 1981; SCHRADER et al., 1976; STEINMETZ, 1979; SUBAKOV and 
BORSENKOV A, 1983; WILLIAMS et al., 1989; WISE, 1988; WISE and WIND, 1977; 
ZIMMERMAN et al., 1984; Y ASAMANOV, 1985 and others). In some of these studies 
factor analysis was used, but only a few of them include mapping of the biogeographical 
zonation, and those mainly for modern and Upper Pleistocene sediments. 

MclNTYRE et al. (1967, 1970, 1976) first obtained data on the restriction of 
calcareous nannoplankton species to particular regions of the oceans and compiled bio
geographical zonation maps for the surface layer of sea-floor sediments in the Atlantic 
andPacific Oceans. Their map ofthe Atlantic Ocean shows tropical, subtropical, temperate 
and subpolar zones, these zones were used here as a basis for the generalized maps of 
biogeographical zonation of earlier geological epochs. The zones were traced progressively 
from younger sediments to older ones. 

3. Material and methods 

Tue main database for these maps was the numerous chapters on nannofossil 
distribution produced by deep-seadrilling in the Atlantic and Indian Oceans by RV "Glomar 
Challenger" (Initial Reports of the DSDP 1969-1983). Additional data came from studies 
of core and bottom grab samples collected by Soviet Expeditions of the R/V "Vityaz", 
"Dmitriy Mendeleev", "Akademik Mstislav Keldysh" and others. 

We adopted McINTYRE's updated biogeographical zonation of the Atlantic and 
started the analysis of areal-ranges of species in Late Pleistocene - Holocene time assuming 
that the warmest stages of this geological interval correspond to modern temperatures of 
surface wa,ters. Tue calcareous nannoflora of that time inhabited significant areas of the 
oceans from 76°N in the Atlantic Ocean to almost 60°S in the Indian Ocean. The map 
(Fig. 1 ), showing the total population of coccoliths, indicates abundances varying from rare 
or isolated in near-polar regions to high at lower latitudes and primarily reflects the 
large-scale distribution of climatic regimes. Similar maps were constructed for all epochs 
of the Cenozoic. 

The principal technique used in drawing the maps of biogeographical zonation 
was analysis of areal-ranges of individual species (e. g. Fig. 2) and species-groups of 
nannoplankton. From 12 to 50 maps of areal-ranges of individual species were compiled 
for each of the 24 time-intervals analyzed. The Paleogene (65 to 25 Ma) was divided 
into 9 intervals at 5 Ma spacing. The Neogene was divided into 10 intervals (23-21, 21-18, 
18-17, 17-15, 15-14, 14-13, 13-11, 11-7, 7-5.6and 5.6-5 Ma). ThePlioceneand Quaternary 
were divided into 5 intervals (5-4, 4-3, 3-1.8 Ma and 1.8-0.9, 0.9-0 Ma). Biostratigraphical 
assignment to the time-intervals was based on the nannofossil zonation schemes 
ofMARTINlandBUKRY (MARTINI, 1970; MARTINiandWORSLEY, 1970; BUKRY, 
1978; OKADA and BUKRY, 1980). (Table 1). 

The boundaries of individual nannofossil areal-ranges were used as the basis for 
plotting the boundaries of biogeographical zones (Fig. 3). For this, compilation of the 
schemes ofbiogeographical zonation was preceded by paleoecologic analysis of the species 
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1 

Martin Dura.! Boun. 
A9e Zone Subzone ( 1971) ti on dary 

Zone (m.y.) (Ma) 
i:' CN15 Emiliania huxlevi NN21 0.2 ... Gephyrocapsa CNl4b Ceratolithus cristatus NN20 0.1 0.2 c CN14 ·~ L oceanica CN14a Emiliania ovata 0.6 QJ 1=g= ... c renal i thus ~N l 3b Geohvrocaosa caribbeanica NN19 -o.r ... CN13 ::J doroni coi des Emiliania annula ----0.Z -~- ~N 1 Ja 

l=H= CN12d Calcidiscus macintvrei NN18 0.2 
CN12 Oiscoaster CN12c Oiscoaster oentaradiatus NN17 0. l 

brouweri ~Nl2b 01scoaster sulculus 0.4 l 
QJ NN16 ,--lJ_ c CN12a Oiscoaster tamalis OT „ 
u Re t i cu l of enes tra ~N l lb Di scoas ter asvnwretri cus 0.5 3.0 
0 CNll NN15 I~ ·- oseudoumbilica CNlla Sohenolithus neoabies OT - '~ c.. CNlOc Cera to 1 i thus !lL.!.! _.Q.,_!_ Amaurolithus ru9osus '~ 

--- -- CNlO tricorniculatus CNlOb Ceratolithus acutus NN12 0.6 5.0 CNlOa TriQuetrorh~bdulus ruqosus ----o:-6 
Discoaster CN9b Amauro 1 i thus orimus 1. 0 5.6 

1 CN9 auinaueramus CN9a Oi scoas ter berqqreni i NNll ----o:4""" ---r:-6 

CNB Oiscoaster CN8b Discoaster neorectus ___Qd_ ,-Z.:.Q_ 
neohamatus CN8a Discoaster bellus NNlO 3.5 7.5 

Discoaster CN7b Catinaster calvculus 1.0 11.0 
CN7 NN9 12.0 „ 

hamatus CH7a Hel ico~phaera carteri ----r:o-c 13.0 QJ CNb Catinaster coalitus NNB 0.2 u 13.2 0 Oi scoas ter ICNSb Oiscoaster kualeri NN7 0.2 
:E CN5 exilis CN5a Cocco 1 i thus mi ooe l aa i cus NN6 0.6 13.4 

CN4 Sohenolithus heteromorohus NNS ~ 
14.0 
15.0 

-1 
CN3 Hel icosphaera ampl iaperta 

1 ,.......L.Q__ 17 .0 CN2 Sohenolithus belemnos NN2 ~ 18.0 
Triquetrorhabdulus ICHlc Oiscoaster druqqii 3.0 21.0 CNl CNlb Discoaster deflandrei NNl 2.0 -- -- - carinatus CNla Cvclicaroolithus abisectus ~ 23.0 

24.0 
CP19 Sphene 1 i thus CP19b Dictvococcites bisectus t1P25 ~ 25.0 

QJ c i peroens i s CPl9a Cvc 1icaroo1 i thus f1 ori danus N?24 1. 5 26.5 c CP18 Sphenolithus distentus .........Ll-„ 
NP23 30.0 u CP17 Sohenolithus predistentus 4.0 0 34.0 "' CP16c Reticulofenestra hillae NP22 0.5 - CP16 Hel i cosphaera CP16b Coccol i thus formosus --1..2.... 

34.5 
0 reti cu 1 a ta NP21 ~ CP16a Coccolithus subdistichus 1.0 -- --- Di scoas ter CP15b Isthmolithus recurvus 19/20 3.0 38.0 

CP15 41.0 barbadiensis CP15a Chiasmolithus oamaruensis Np18 1.0 42.0· 
CP14 Reticulofenestra CP14b Discoaster saioanensis. NP17 2.0 ·44.()" 

umbi lica CP14a Oiscoaster bifax NP16 1. 0 45.0 
Nannotetrina CPl Je Coccolith"s staurion 1 ----r:s- 46--:S-CPlJ quadrata CP13b Chiasmolithus oioas NP15 --0-:S '~ „ 

CPlJa Discoaster strictus ----r:o-c 
'~ „ 

Oiscoaster CP12b ~habdos.phaera inflata 1.0 u CP12 NP14 49.0 0 - sublodoensis CP12a Oiscoasteroides kueooeri --0-:S ... 49.5 
CPll Oi scoas ter lodoensis 12/13 0.5 '~ 
CPlO Tribrachiatus orthostylus ----Z:-0 

I~ Oi scoas ter CP9b 1 Discoaster binodosus NPll 0.8 CP9 
diastvous CP9a Tribrachiatus contortus NPlO o·. 1 52.8 

- „„ - - 53.5 
CP8 Di scoas ter CP8b Camovlosohaera eodela NP9 ~ 54.0 

multi radi a tus CP8a Chiasmolithus bidens 1. 0 55:0 CP7 Discoaster nobi lis 7/8 0.5 55.5 „ CP6 Oiscoaster mohleri l":5"" 57.0 c CP5 _Hel iol_i thus k leinpel 1 ;.c===-__:_::-_-- NP6 1.0 „ 
58.0 u - CP4 NPS 2 .0 0 r~2cicul i_th~ t.x~i_f_o_~i5_ 60.0 „ . CPJ Ell ipsol i thus macellus NP4 -... CP2 Chiasmol i thus danicus NP3 ---c.. 

Lygodiscus iCP lb 1 c ruc i p l aco 1 ithus tenuis NP2 
CPl siomoides CPla 1 Cruciolacolithus orimus NPl 65.0 

Table 1: Modified coccolith zones and subzones and corresponding code nwnbers (OKADA and BUKRY 
1980). 
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and by detennination of their temperature and geographical distribution. Tue analysis 
was carried out by comparing, stage by stage, areal-ranges of species and the changes 
in their spatial abundance distribution from the Recent to Early Cenozoic time. By using 
this approach it was possible to make references to modern temperatures and to identify 
species and species- groups as climatic groups for Recent and Pleistocene time-intervals, 
and as paleoecologic indicators of similar environments for thanatocoenoses far removed 
from the modern ones. At first the species in the LatePleistocene-Holocene were distributed 
by latitudes, then with mean annual surface temperatures and as a result we were able to 
derive the "temperature series" (Fig. 4). Four groups of species, typical of various 
biogeographical zones, were identified by the temperature preferences of individual 
species (DMITRENKO, 1989a). 

A similar paleoecologic analysis was applied to the earlier time-intervals. Tue 
paleoecologic characteristics of the distribution and abundance variation of individual 
species and species-groups determined the groups which served as a basis for the biogeo
graphical zones identified in the Cenozoic. Plots for the Neogene-Quatemary (Fig. 5) and 
for the Paleogenc (Fig. 6) show the most common and numerous species. Less numerous 
species (not shown in lhe plots), but wilh distinct areal-ranges were also taken into account 
and used as a basis for biogeographical construction. Changes in species diversity in time 
were also considered (Fig. 7). 

4. Results 

The zones idenlified and their migration through time are summarised in Figure 8. 
Analysis of the biogeographical zonation schemes affords possibilities to identify some 
peculiarities and regularities in the evolution of the Cenozoic climate. 

A. Paleogene 

In the Paleocene, an equatorial zone is identifiable inside the tropical zone. This 
equatorial zone persisted till the end of the Early Oligocene. In addition there are the 
subtropical zones, with different coccolith assemblages in the northem and the southem 
zones. 

The tropical and subtropical zones can be traced through the Eocene. The 
temperate zones appear at about 40 Ma in both the North Atlantic and in the south-eastem 
part of the Indian Ocean. This appears to be an indication of cooling. 

In the Oligocene, all these zones continue their development and gradually shift 
toward the Equator, thus suggesting continued cooling through time. 

During the Paleogene, two regions in the Atlantic Ocean are found to be rich in 
individual species of coccoliths: the Falkland Islands area, and the central part of lhe 
North Atlantic (from Cuba to the Bay of Biscay). In the Indian Ocean, the species and 

Fig.; 4: Tue distribution of coccolilh species wilh reference to temperature. 1) Presence of the species in Allantic. 
2-4) lncrease of abundance of species: 2) In Allanlic. 3) In lhe Indian Ocean. 4) In south-eastem part 
of the Pacific (DMITRENKO, 1987). 5) Optimum of ihe plankton species in the Allantic (Mc!NTYRE 
and BE, 1967). 
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Fig. 7: Changes in species diversity during Cenozoic. 

population characteristics in the north
-westem and the north-eastem parts visibly 
differ up to 45 Ma, after which the differen
ce disappears. During the Paleogene, at 
high latitudes of the Southem Ocean, the 
nannoplankton of the Pacific varied signifi
cantly from that of the Atlantic up to 25 Ma, 
which testifies to the partial isolation of these 
regions. In the Paleogene, the effect of sur
face currents on the areal-range distribution 
of coccoliths increases. In the Early and 
Middle Paleocene in the Atlantic Ocean, 
between the high and temperate latitudes, 
the surface waters scarcely mixed where
as in the Eocene free water-exchange 
occurred over the entire Atlantic. In the 
Oligocene, the influence of the currents 
notably increased, particularly at the middle 
latitudes of the northem hemisphere. 

B. Neogene and Quaternary 

In the Miocene, the biogeographial 
zones of the Oligocene develop further. 

This epoch has several peculiar features. For example, in the South Atlantic and in the 
Indian Ocean the biogeographical zones are situated sub-latitudinally, which is not the 
case for the North Atlantic. From the relative extent of the subtropical and boreal zones, 
the North Atlantic seems much warmer than the South Atlantic. There were significant 
differences in the species assemblages of the same zone in North and South Atlantic 
and in regions situated at the same latitudes in the same zones. 

A sudden change in climatic conditions has been detected in the South Atlantic 
- Indian Ocean and particularly in the North Atlantic. Strong changes in the number of 
species of nannofossils occur during the Miocene implying a great change in conditions. 
Maximally favourable conditions are suggested in the beginning of the Early Miocene 
(23-21 Ma), in theMiddle (15-14 Ma) andin the endoftheLateMiocene (7-5.6 Ma). In the 
Miocene the activity of surface currents is prominent especially in the Atlantic Ocean, 
which affects the distribution of nannoplankton over the area and provokes considerable 
migration of boundaries of biogeographical zones. 

In the Pliocene there were only minor changes in the biogeographical zones in both 
the Atlantic and Indian Oceans. The climate was warmest at the beginning of the Pliocene 
(5-4 Ma), when the number of species of calcareous nannofossils was greatest (over 70). 
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A considerable cooling, which occurred in the Late Pleistocene, is clearly recorded 
in the North Atlantic. In the South Atlantic andin the Indian Ocean major changes are not 
observed in the Pliocene-Quatemary. 

The Pliocene and Quaternary are characterised by certain peculiarities: 
1. The majority of species occur over a wide area covering both the subtropical 

and tropical zones. In this process the equivalent zones in the northern and southern 
hemispheres of the Atlantic Ocean are neither distinct nor symmetrical relative to the 
Equator, and the tropical zone in the Pliocene and Early Pleistocene is shifted to the 
northern hemisphere. 

2. According to the distribution of equivalent zones, the North Atlantic was warmer 
than the South Atlantic throughout the Pliocene and Quatemary. 

3. Endemie species are absent in the subpolar, temperate and subtropical zones 
during the Pliocene and Quatemary. 

4. In equivalent climatic zones the species compositions of coccoliths are different 
in the eastem and westem parts of the Atlantic, particularly in the Pliocene, and the 
equivalent zones of the North and South Atlantic have different sets of species. 

5. Surface currents significantly affected the distribution of calcareous nanno
plankton in the sea-floor sediments of the Pliocene and Quaternary. The Gulf-Strearn and 
the North-Atlantic Current are clearly traced by coccoliths in the Atlantic Ocean, they 
brought warm waters rich in coccoliths from tropical and subtropical regions to the Reykjanes 
Ridge area. The Brazilian Current supplied tropical species to the Rio Grande Rise. The 
Benguela Current pushed warm waters north in the eastem part of the South Atlantic. At 
the close of the Early Pliocene, the South Atlantic Current becarne perceptibly stronger 
and its effect on the distribution of species in the eastern direction was much greater. 

6. In the Indian Ocean, the change in conditions seems relatively slight. 
Figure 8 summarises these pattems of migration of biogeographical zones in the 

Indian and Atlantic Oceans. A general tendency of narrowing of tropical zones with time is 
evident, also shifting of subtropical, temperate and subpolar zones toward the Equator, and 
widening of subpolar zones. This process indicates a gradual cooling of climate at all 
latitudes in the oceans. Concurrently, climate becarne increasingly differentiated - the 
chiefly warrii-water subtropical and tropical climate of the Paleocene-Middle Eocene 
changed to the temperate-subtropical-tropical climate in the Middle Eocene-Oligocene 
and then 20 Ma ago to the sharply differentiated climate with subpolar, temperate, 
subtropical and tropical conditions which are still developing. 

The gradual changes in area of the different biogeographical zones, which 
were typical of the Paleogene, have since the Miocene become sharper and more 
short-lived; this characteristic increases in the Quatemary. 

The greatest change occurred in the size of the tropical zone which has become 
narrower throughout the period from the Early - Middle Eocene to the Late Pleistocene
-Holocene. During the sarne period the number of species has been reduced to one fourth 
and the average size ofthe coccoliths has shrunk to less than a half; the temperatures in the 
near polar regions, which in the Eocene were over 13-15° C are now reaching record 
minima. Regions in the modern temperate zone with temperatures of 5-10° C were, in the 
Paleogene, in the subtropical zone with temperatures from 10-15 to 25° C. Therefore, 
the general fal' of temperature is 10° C or more. 
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5. Discussion 

In the literature analyses ofbiogeographical pattems for the Cenozoic have concen
trated generally on the migration of different species and groups of species between 
lower and high latitudes. Some regions were studied in detail (HAQ, 1980; WEI and 
WISE, 1989 and others). This study compared data from geological time-intervals on the 
widest possible geographical scale. All this data was synthesized, yielding a clear overall 
picture of warmer past conditions. The changes in biogeographical zonation pattems 
reflect the common general direction of climatic development during the Cenozoic. 
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