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MODERN COCCOLITHOPHORIDAE IN THE,PACIFIC OCE.AN 

( f-... {7* 1-: h (1 ~ *i!t J 11)') J;(I)<1'( ~ 1" '( ) 

by 

HISATAKE OKADA 



Abstract 

About 700 samples from the surface water, euphotic and 

subphotic layers were systematically collected along five 

sampling routes in the North and Equatorial Pacific. 

Population and assemblage of coccolithophorids were 

biogeographically studied in detail. Each coccolithophorid 

species has been taxonomically examined.: 

Six coccolithophorid floral zones were thus established 

in the North and Equatorial Pacific. The northern and 

southern bounda,ries for each zone seem to he almost parallel 

to latitude. The formation of zones is now considered to be 

closely controlled by the existing ocean current systems (Fig. 8). 

Coccolithophorids are densely populated in the Sub-Arctic 

Current. Coccolithus huxleyi is especially abundant in this 

crrent. Rhabdosphaera stylifera and Discosphaera tubifera 

are abundant in the North PacifiC Current. Coccolithus 

huxleyi is also common in the Kuroshio Extension but less 

numerous than in the Sub-Arctic Current. Urnbellosphaera 

ir~egularis is richly ,found both in the North EquatD~ial 

and Equatorial Counter Current. 

The specific assemblage is remarkably different between 

norhtern and southern parts of the South Equatorial Current. 

In the northern part of the South Equatorial Current r the 

specific assemblage is further subdivided into two types., 

Coccolithus huxleyi, Cyclococcolithus fragilis, Cyclococcolithus 

leptopolus and Gephyrocapsa oceanica are commonly found, 
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however the relative abundances of each species are different 

in the two types of coccold..thophorid flora. While, the 

southern part of the South Equatorial Current is characterized 

by the predominance of Umbellosphaera irregularis. 

Generally speaking, coccolithophorid population of the 

surface layer is higher in the tropical seaway than in .the 

sub-tropical and tempera~e seaways. 

Coccolithophorids are classified into several groups of 

species in respect to the vertical distribution in the euphotic 

layers. 

Discosphaera tubifera, Rhabdosphaera stylifera and 

Umbellosphaera irregularis are character~stic stenoforms of 

the upper euphotic layer, while Cylococcolithus fragilis and 

Umbellosphaera tenuis are characteristic stenoforms of the 

middle euphotic layer. Coccolithus huxleyi, Cyclococcolithus 

leptopolus and Gephyrocapsa oceanica are rather eubathic in 

vertical distribution ranging from the surface to middle 

euphotic layers. The lower euphotic layer is characterized 

by such coccolithophorid flora of Deutschlandiaanthos, 
. " ," __ .••• :. " .~; .,..... ,", ". " ....... N·. . ' 

Deutschlandia sp. ~ and Deutschlandia sp. B. 

Ninety two species of coccolithophoridae including thirty 

seven new species and two new varieties are recognized in all 

iri the North and Equatorial Pacific. All these species are 

described in this paper, 
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1) Introduction and acknowledgements 

Many phytoplanktons are inh~bit~d in the euphotic layer 

of sea, waters. There are very minute phytoplanktons small 

enough to pass through a plankton net. They are known as 

"N:annoplankton ll • The majority of nannoFlanktonare belonging 

to coccolithophoridae. 

Coccolithophorids are members of golden-brown algae belonging 

to biflagillata which has been classified as one of the forms 

of the class Haptophyceae. Their calcareous skeltal Blements 

have been called coccoliths in general, which are commonly 

found in pelagic sediments. Coccoliths and shells of planktoni~ 

foraminifera are generally main constitute of sediments of 

warm water region. 

Coccolithophorids are believed to have first appeared in 

the,Jurrasic and flourished in the Cretaceous ( Noel 19~7, 

Fisher, Bonjo and Garrison 1967 ). 

Of the Cretaceous formation, coccoliths are found chiefly 

in the chalks, which are studied in detail by Black and Barnes 

(1959), Stradner (1961), Bramlette and Martini (1964) and 

Honjo (1970). 

Hany paleontologists, especially Bramlette and Riedel 

(1954), Stradner and Papp (1961) and Takayama (1967) studied 

on the Tertiary coccoliths" and. found out many horizon indicators 

among them. 

Coccoliths of the Pliocene and Pleistocene have been, 

hQW~Y~p! gQm~~~~~Y~1¥ ~~@~ §tH2~~g t1~1 nQWe 
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Reviwing all those studies above mentioned, detailed' 

info~mation on recent coccolithophorids seems to be very 

much neccessary, the author thinks, to promote paleontology 

on coccoliths for any geologic ages. 

Indeed, Wallich (1861) already made observation on living 

coccolithophorids and some other European marine-biologists 

studied them to some extent under optical microscope (Lohmann 

1902 r Schiller 1925, Kamptner 1937 ). 

In addition to this, electron microscopy has been introduced 

for.stu~ying of coccolithophorids since 1952. Observation 

of fine structure has been accordingly possible and the taxonomy 

of this group is now greatly advanced by this new technique 

( Defrandre 1952, Halldal and Markali 1954, Gaarder 1962. ).' 

McIntyre and B&'s work (1967) on the distribution of the 

Atlantic coccolithophorids may be an epoch making study in 

this field •. They compared living boccolithophorids with 

the fossil coccoliths found in the deep-sea cores of the 

Atlantic. However. distribution of coccolithophorids in the 

Pacific has been little known prior to the author's study, 

even though there were already present some works on distribution 

of these minute organisms made under optical microscope ( Norris 

1961 r Hasle 1959, 1960. ). 

Geographical distribution, ecology and classification of 

coccolithophorids in the North ~nd Equatorial Pac~fic, 

systematically sampled will be first given in the present 

paper. 
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2) Sampling 

About 700 samples .of water were collected along five survey 

routes, (1) from off Kyushu to Port Darwin along the 1290 E 

meridian, (2) from off Hokkaido to the northern waters of 

New Guinea along the 1420 E meridian, (3) diagonally from 

o o· . 0 0 
35 N to 50 N along the route from Tokyo to the 50 N 155 W 

point, (4) from 500 N to l60 S along tb,e l550 W meridian and 

(5) diagonally from 350 N to l30 S along the Apia-Tokyo route 

( Fig. 1 ). 

Samples have been systematically collected from November 

1968 to January 1969 along the rou~es (1) and (2) by the 

research vessel "Oshoro-maru", Hokkaido University. A short 

summary on route (1) and (2) was already published by Okada 

and Honjo (1970). 

Systematic samples along the routes (3), (4) and (5) have 

been collected from August to November 1969, by the research 

vessel "Hakuho-maru l1 , Tokyo University. A part of the study 

dealt with those samples was already given by Okada (1970). 

The water samples were collected from sea surfice either 

at intervals of one degree of latitude or a half degree of 

latitude in the tropical region. The vertical samples of 

water purposely collected at nineteen stations along the 

route' (4). Namely, every 10 or 25 meter depth from the 

surface untill 200 meters in depth. Sea water samples' were 

collected in those nineteen stations above stated on the 

route (4). In addition to such samples of the euphotic 
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Fig. 1. Sampling routes and sampling stations 

.. ~.Samoa • 

• - APIA . Tahiti 

I I I 
1800 1600W 1400W 

Large solid circles represent the major stations where 

vertical samples were thoroughly.collected from the euphotic 

and subphotic layers. Small solid circles represent 'the 

minor stations where vertical samples were collected only 

from the euphotic layer. 
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layer~ subphotic samples were further collected from 200 

meter depth successively down to the sea bottom for fifteen 

stations amongst the nineteen stations in the same route (4). 

Ten or two litres of water samples were pre-filtered with 

a brass wire filter ( pore diameter; 150 microns ), then 

put through a type AA millipore filter ( pore diameter; 0.8 

microns ) immediately after the sampling. Salt was then 

removed by adequate distilled water. The sheets of the 

fuillipore filter with the residue were dried in an oven at 

o' . 50 C for a few hours and delivered to the laboratory in an 

air tight plastic container. 
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3) Techniques 

3a) Preparation for optical microscopy 

A piece of the filter with residue ( lcm X l~m ) was immersed 

by a drop of Cargile oil for study of coccolithophorid population. 

Coccolithophorids on the millipore filter were counted 

for the whole area of a preparate under high magnification 

of polarized image. Based on the counted coccolithophorids, 

popUlation"corresponding to the unit volume ( one liter) of 

the water W0S thus estimated. 

3b) Preparation for electron microscopy 

A piece of the filter with residue was placed directly in 

the vacuum evaporator ( Shimadzu type SM-400G-SP ) and was 

shadowed with Pt-Pd at 450 shadowing angle. It was then 

uniformly coated with carbon by the rotary shadowing apparatus. 

The filter was removed by soaking in an aceton b~th. 

The thin replica film with residGe was placed in a strong 

oxidizing solution to remove calcareous skeletons and organic 

matters. The replica was then washed in distilled water, 

and mounted on a 150 mesh electron microscope grid ( Okada 

and Honjo 1970 ). 

The grids were observed in the electron microscope ( Hitachi 

type HU-llB ). 
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4) Surface distribution of coccolithophoridae 

4a) ° . Along the 155 W route ( Route (4) ) 

Through the study of the population and specific assemblage. 

of coccolithophorids" six biogeographic zo,nes were distinguished 

along the 1550W ( Fig. 2 ). Each zone here designated means 

the seaways characterized bi one or the combination of dominant 

forms of coccolithophorids. Therefore, it dose not involve 

any stratigraphical meaning •. 

They are named as follows: 

° A zone ( 500 N - 45
0

N ) 

° B zone ( 44°N - 30
0

N ) 

° C zone ( 290N - 50
30 1 N ) 

° D zone ( 50N _ 2°30'S ) 

° E zone ( 30S _ 100S ) 

° F zone ( 110S 1 1'"0 C! o /oJ ) 

The A zone is especially rich in coccolithophorids, of 

which Coccolithus huxleyi is highly populated with sub-ordinate 

number of species belonging to the genus Syracosphaera. 

The B zone is generally low in population, although it may 

be divisible into two sub-zones in from degree of population 

or the specific assemblage of coccolithophorids ( Fig. 6 ). 

Coccolithus huxleyi is also fairly dominant in the northern 

sub-zone of this zone. While, in the southern sub-zone, 

Rhabdosphaera stylifera, Discosphaera tubifera and Umbellosphaera 

tenuis become to be increasing in population instead of 
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Coccolithus huxleyi. Several species of the genus 

Syracosphaera together with holococcolithophorids are present, 

although not richly found. 

The C zone is charactristic in low popu~ation of coccolitho-

phorids, although it slightly changes from north to south~ 

Howev.er, Umbellosphaera irregularis is a predominant species 

throughout the entire area of this zone. The pattern of' 

specific assemblage is comparatively uniform throughout this 

zone,.although relatively small changes may be recognizable 

at 250 N, l7°N, lOoN and 7°30 ' N as Fig. 2 shows. 

The D zone showi larg~ population: :Coccolithus huxleyi, 

Cyclococcolithus fragilis, Cyclococcolithus leptopolus, 

Gephyrocapsa oceanica and Umbilicosphaera hulburtiana are 

common in the entire zone. 
. 0 

The southern seaway ( 0 30'N ) 

of this zone seems however to have relatively low population 

than the northern seaway, where Umbellosphaera irregularis 

is decreasing in number against gradual ~ncreasing of 

Coccolithus huxleyi. 

The E zone is also comparatively large in population and 

Cyclococcolithus fragilis, Cyclococcolithus leptopolus, 

Gephyrocapsa oceanica, Gephyrocapsa sp. A and Umbellosphaera 

irregularis are commonly found. The degree of occurrence 

of Cyclococcolithus leptopolus, Gephyrocapsa sp. A and 

Umbellosphaera irregularis is, however, decreasing in the 

south of 80 s. 

The F zone shows a comparatively' small population. 

Umgellosphaera irregularis is a dominant species and 

Umbilicosphaera sibogae is rather common in this zone. 



4b) Alonlthe Apia-Tokyo route ( Route (5) ) 

The population and specific assemblage along the Apia-Tokyo ' 

route are divided into five zones ( Fig. 3 ). For explanation, 

these zones are here provisionally named as follows: 

o G zone 

o H zone 

o I zone 

o J zone ( 4°30'S - 90 S 

o K zone ( the south of 100S ) 

The G zone has a large population in the northern part 

and the population abruptly reduces in size in its southern 

part. Coccolithus huxleyi is the most dominant form in this 

zone, and Gephyrocapsa ericsoniae, Gephyrocapsa oceanica, 

Umbellosphaera irregularis and Ca1ciopuppus caudatus accQmpariy ___ """,,-..... -:0...;;.._ I 

with the former in population. Gephyrocapsa oceanica is 

reduced and Umbellosphaeta irregularis and Umbellosphaera 

tenuis are increasing in number in the south of 320 N. In 

cbnt,rast, Calciopuppus caudatus is ha~dly found in the southern 

o area beyond 30 N. 

The H zone is characteristic in comparatively low population. 

Yet, Umbe~losphaera ;rregularis is dominant throughout the 

whole area of this zone. Coccolithus huxleyi, Cyclococcolithus 

fragilis, Gephyrocapsa oceanica, Discosphaera tubifera and 

Rhabdosphaera stylifera are al~o commonly found. Somewhat 

significant changes on the specific assemblage are recognized 

at ~loN~ 8°N and 50 N! 
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Fig. JO Surface distribution of coccolithophoridae along the Apia-Tokyo route 
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The I zone has a large populdtion. Cyclococcolithus 

fragilis and Gephyrocapsa oceanica are especially dominant 

than the other species. 

The J zone is also characterized by relatively low population 

far fewer than the H zone. Gephyrocapsa oceanica is, however, 

rather dominant and Umbellosphaera irregularis is also fairly 

rich in population than in the preceding zone. 

The K zone has a low population. Umbellosphaera irregularis 

become rather dominant and Gephyrocapsa oceanica is ~ecreasing 

in population towards south. 
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5) Biogeographical zones and current systems 

Geographical boundaries between the zones in the both l550 W 

route ( Route 4 ) and Apia-Tokyo route ( Route 5 ) mark nearly 

the same latitude with each other. Namely, the B zone in 

the l550 W route corresp~nds to the G. zone in the Apia-Tokyo 

route, the C zone in the l550 W route to the H zone in the Apia-

Tokyo route, and so on. All these ·boundaries stated in the 

preceding chapter seem to be parfectly parallel to the latitude. 

Accordingly, the zones established by the special assemblage 

and population of coccolithophorids in the present study are 

now supposed to have certain and intimate relationship with 

the current system in the Pacific. 

Further, a mutual r;elationship is recognized among the 

biogeographic zones ( Fig. 2, Fig. 3 ), the coccolithophorid 

population ( Fig. 4, Fig. 5 ) and the distribution of salinity 

and temperature ( Fig. 6, Fig. 7 ). 

Marumo, Nakai and Hasumoto (1970) classified the current 

systems along the l550 W meridian as follows: 

500 N ° L~5 N the Pacific Sub-Arctic Current 

45°N 250 N the North Paci fic Current 

(45ON - 350 N)---- the Kuroshio Extension 

25°N - lOoN the North Equatorial Current 

lOoN - 50 N the Equatorial Counter Current 

south of 50 N --- the South Equatorial Current 

The A zone seems to be corresponding to the Sub-Arctic 

Current. The population of coccolithophorids is the largest 
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Fig. 5. Salinity and temperature in the surface layer 

along the Apia - Tokyo route 
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Fig. 7. Coccolithophorid population in the surface layer 

along the Apia - Tokyo route 
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and the salinity and temperature are low in this current. 

In the B zone, a significant change is recognized at 35
0

N 

along the 1550W route in specifi~ assemblage, which definitely 

shows the southern boundary of the Kuroshio Extension • 

. Th~northern sub-zone is characterized by the dominance of 

Cocco1ithus hux1eyi, and the similar specific assemblage is 

also observed in the Kuroshio area along the Apia-Tokyo route. 

The C zone characterized by the predominance of Umbe110sphaera 

irregu1aris corresponds to the area characterized by both 
\ 

the North Equatorial Current and the Equatorial Counter Current. 

Although the area, north to 250N also belongs to the North 

Pacific Current; this area may be considered as the transitional 

zone between the B zone and C zone. 

The H zone is doubtlessly corresponding to the C zone 

from the floral assemblage. The degree of predominance of 

Umbel10sphaera irregularis is, however, a little larger in 

the H zone than in the C zone. 'The area betweep. lOoN and 

5
0

N in the C zone corresponds to the Equatorial Counter Current 

and should be distinguished from the Horth Equatorial Current. 

Hpwever, the significant difference cannot be recognized 

between these two currents in the specific assemblage. 

The area extending from 7°30'N to 50N in the C zone characterized 

by the mixe'd floral assemblage ,extends in the area of the 

South Equatorial Current and the Equatorial Counter Current. 

This is also found in the area from 50N to 1°30 ' N in the H zone. 

The specific assemblage remarkably changes in this mixed zone. 

The salinity and temperature also abruptly change in these 

- 22 



mixed zones and the change of water mass is clearly r~cognized. 

The area south to 50 N along the 1550 W route almost wholly 

corresponds to the South Equatorial Current, ·the specific 

assemblage varies in this current from north to south. 

The D zone and E zone along the l550 W route are considered 

to belong to the same biogeographical zones of the I zone 

and J zone along the Apia-Tokyo route respectively. 

Cyclococcolithus fragilis and Gephyrocansa oceanica play an 
= 

important role in the specific assemblage in the I zone, while 

the specific assemblage is more complex in the D zone. 

In the D zone, Coccolithus huxleyi and Gephyrocansa oceanica 

are predominant species andCyclococcolithus Jragilis, 

Cyclococcolithus leptopolus, Umbilicosphaera hulburtiana 

and Umbellosphaera irregularis are commonly found. The 

population is high in both zones. However, it abruptly 

decreases in the area near the Equator. The salinity and 

temperature show a resembled pattern in these two zones; 

the temperature shows low in degree while the salinity shows 

high in degree. 

The E zone and J zone show a similar pattern of the specific 

assemblage that Gephyrocapsa oceanica is predominant and 

Umbellosphaera irregularis is abundant. These two species 

form the majority of the specific assemblage in the J zone, 

but Cyclococcolithus fragilis, Cyclococcolithus leptopolus, 

Gephyrocapsa sp • .A... and Umbellosphaera hul burtiana are fairly 

common in the E zone besides the two species above mentioned. 

The population is "higher in the E zone than in theJ zone. 
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The temperature is generally higher along the Apia-Tokyo 

route than in the 1550 W route. The surface temperature of 

the J zone is approximat~ly 20 C higher than in the D zone. 

The salinity in these two zones shows a reverse in condition 

viz., it is higher in the southern area of the E zone and 

lower i.n the southern area of the J zone. 

The F zone and K zone are considered to be the same biogeographic 

zone. Umbellosphaera irregularis is predominant in these 

zones. This speci~s is also predominant in the C zone and 

H zone. Umbilicosphaera sibogae is abundant in the F zone, 

while rarely found in the J zone. Gephyrocapsa oceanica:is 

fewer in the F zone, while greater in the J zone in population. 

Although the entire population of coc~olithophorids shows a 

similar pattern in both the F and J zones, the salinity of 

seawater is remarkably different in these zones. The salinity 

is high in the southern area of the F zone, while it is low 

in the southern area of the J zone. 

Accordingly, the biogeographical zones so far described 

in this paper are now well established. Surface distribution 

of the Pacific coccolithophorids is well demonstrated by the 

present study. The boundaries between biogeographic zones 

of coccolithophorids may be concluded as shown in Fig. 8. 

The Correspondence between each biogeographic zone of 

coccolithophorids and the current system may be enumerated: 

A zone 

B zone 

the Sub-Ar~tic Current 

the North:~ac~fic Current ( partly the Kuroshio 

Extension ) 
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Fi~. 8. The biogeographic zones of coccolithophorids and 

ocean current systems. 

B zone 

C' zone 

~b0\:=:t:=::::::::::=~::::::::~-J- 0 zon e --
E zone 

,- F zone 

-----------------------------------------------------------------

S.A.C. the Sub-Arctic Current 

K.C. the Kuroshio 

K.E.C. the Kuroshio Extension 

N.P.C. the North Pacific Current 

N.E.C. the North Equatorial Current 

E.C.C. the Equatorial Counter Current 

S.E.C. the South Equatorial Current 
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C zone ---- the North Equatorial Current and the Equatorial 

Counter Current 

D zone 

E zone 

the northern part of the South Equatorial Current 

the central part of the South Equatorial Current 

F zone e~.~ the southern part of the South Equatorial Current 
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6) vertical distribution of coccolithophoridae 

6a) Vertical change of population 

it series of samples was systematicalY collected from the 

various layers of the euphotic zone at the nineteen stations 
o . 

which were set up along the 155 W route. The vertical change 

of population of coccolithophorids in these stations is shown 

in Fig. 9. 

At the two stations, 500 N and 450 N respectively, belonging 

to the A zone, temperature of seawater is nearly the same 

with each other and the population is high through the upper 

euphotic layer. Below 50m in depth, temperature suddenly 

falls down, and population number also abruptly decreases 

in both middle and lower euphoti~ layers. 

At the three stations ( 40oN,350 N, 300N ) belonging to 

the B zone, population is rather small in the surface layer, 

but it is remarkably increasing in the middle euphotic layer. 

The latter is ten times larger than the former. The population 

is generally lower in the southern station than in the northern 

station. At the 400 N station which is situated at the 

Kuroshio Extension, the tendency of popUlation in the middle 

and lower euphotic layers resembles the two stations of 50 oN 

and 450 N, both belonging to the it zone .. The decreasing ratio~ 

viz, population gradually decreasing from the middle to lower 

euphotic layer is especially remarkable in the two stations 

( 350N~ 30
0

N ) belonging to the North Pacific Current. 
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,Fig. 9 ° Vertical change of coccolithophorid population in 

the euphotic layers along the l550 W route 
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At six stations ( 250N - 7°30'N ) belonging to the C zone, 

population is the largest in the middle euphotic layer although 

the variation of population is small through the entire layers. 

The particular pa~tern of population is recognized at the 

There, the population is abnormally large in the 

50m deep layer while it is small in the upper layer. This 

peculiar pattern may be due to the existence of the cold under 

current. ( see Fig. 17 ) 

At the four stations ( 50 N - 2030'S) belonging to the 

D zone, population shows an especially high level for the 

whole layers and the degree of decreasing in population from 

the middle to lower euphotic layers tends to be less remarkable 

in the southern stations. 

At the three stations ( 50S - 100S ) belonging to the 

E zone, population is observed to be again increasing in the 

lower euphotic layer deeper than 150m, although it is decreasing 

in~the middle-lower euphotic layer~ 

At the 14°40 1 S station belonging to the F zone, population 

is rather constant in the upper and" middle-euphotic layers 

shallower than 125m, but the population falls down remarkably 

in the 150m deep layer. Further, it again increases in the 

lowe~ layer below 175m and the population reaches the maximum 

in the 200m deep layer. This abnormaly high population in 

the lower euphotic layers may be due to the predominance of 

the particuler coccolithophorid group. The minimum population 

at the 150m deep layer just coincides with the boundary between 
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the deep and shallow flora. Both eurybathic and stenobathic 

species will be later mentioned ~ome in detail. 

6b) Specific assemblages in the euphotic layer 

The specifi~ assemblages in the euphotic layer are studied 

at the nineteen stations along the l550 W route. The results 

are shown in Table to 

Through these table j six zones ~ ~ originally established 

by the surface distribution of coccolithophorids may be quite 

significant units even for the middle and lower euphotic layeri. 

Aithoughj the transitional tendency is present in each marginal 
. . 

part of neighboring zones, in respect to the vertical distribution 

of coccolithophorids, definite and proper pattern in population 

and assemblage characteri~ing each zone can be still recognized 

throughou t en tire eupho tic layers. ( ",,~. r. ' 

The representative stations are chosen from each of the 

six zones and their typical patterns of the vertical specific 

assemblages are , ' shown in Fig. 10. 

In the A zone, Coccolithus huxleyi is predominantly found 

in the whole layers of the euphotic zone. Acanthoica acanthifera 

is common in the upper layer and Calciopuppus caudatus is 

also commonly found in the middle euphotic layer. The number 

of species is so small and only ten species are detected at 

the 450 N station. 

In the B zone, Discosnhaera tubifera and Rhabdosphaera 

stylifera are abundaitly found, ~canthoica quatrospina, 

Cali~trosphaera oblonga, Umbel10sphaera irregularis, Umbellosphaera 



Fig. 10. 
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Vertical distribution of coccolithophoridae in 
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tenuis. SyracosDhaera mediterania and Syracosnhaera pulchra 

are commonly found in the upper euphotic layer. Umbellosphaera 

tenuis is predominant and the other species are rarely found 

in the middle euphotic layer. Coccolithus huxleyi, 

Cyclococcolithus fragilis, Anthosphaera quadriconu, Deutschland:i.:a 

sp • .A and Deutschlandia sp. ]. are richly found in the lower 

euphotic layer. The number of species significantly varies 

in the southern area and fifty-five species are found at the 

300 N station. 

In the C zone, Umbellosphaera irregularis is a leading 

f6rm, while Coccolithus huxleyi, Discosphaera tubifera and 

Rhabdosphaera stylifera also fairly abundant-in the upper 

euphotic layer. Umbellosphaera tenuis is the most predominant 

species, and Umbellosphaera irregularis and ~occolithus huxleyi 

are richly present in the middle euphotic layer. While, 

Deutschlandia anthos, Deutschlandi asp . .!:-. and Deutschlandia sp. EL 

take an important role in the specifi~ a~semblage of the 

lower euphotic layer. The number of species tends to be 

rpduaing and fQrty~six species are observed at the 17qN station. 

In the D zone, the specific assemblage is uniform in the 

upper and middle euphotic layers, Coccolithus huxleyi, 

Cyclococcolithus fragilis, Cyclococcolithus leptopolus. 

Gephyrocapsa oceanica, Umbilicosphaera hulburtiana •. and 

Umbellosphaera irregular-is are commonly found. While, 

Anthosphaera ouadriconu, Deutschlandia anthos, Deutschlandia 

sp . .1;" Deutschlandia sp. Band Cyclococco1 i thus fragilis var. A 
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are leading forms in the lower euphotic layer~ The nUi11ber 

of species is small and twenty-seven species are recognized 

at the 2°30'N station. 

In the E zone, Cyclococcolithus fragilis, Cyclococcolithus 

leptopolus, Gephyrocapsa oceanica, Gephyrocapsa sp. A and 

Umbellosphaera irregularis are especially flowrishing in the 

upper euphotic layer, while Cyclococcolithus fragi1is and 

Gephyrocapsa oceanica are predominant in the middle euphotiC 

layer. Deutschlandia a.nthos, Deutschland-i asp. 1:.... and 

Deutschlandia sp. B occupy the greater part of the specific 

assemblage in the lower euphotic layer. The number of species 

is small and twenty~nine species are counted at the 7°30'S 

station. 

In the F zone, Umbellosnhaera irregularis is predominantly 

found in the upper euphotic layer, while Umbellosnhaera 

irregularis, Umbilicosphaera sibogae, Coccolithus huxleyi, 

Cyclococcolithus fragilis and Umbellosphaera tenuis are 

common in the middle euphotic layer. Further, Deutschland-ia 

anthos and Deutschlandia. sp. A are fairly common in the lower 

euphotic layer. Species greatly increase in number and 

forty-five species are found at the 140 40 l S station • . 
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7) Species.preference in surface and vertical distribution 

7a) Species preference in surface distribution 

The surface distribution of each species is considered 

to be mostly regulated by a physico-chemical environment 

such as chemical com~osition and temperature of sea water. 

The relative abundance of the more important speci~s along 

the 1550 W route and the Apia-Tokyo route is shown in Fig. 11 

and 12. 

The six floral zones mentioned above are corresponding to 

the climate conditions as follows: 

Tropical area ------ D zone and E zone 

Sub-Tropical area ------ C zone and F zone 

Temperate area ------ B zone 

Sub-Arctic area ------ A zone 

The preference of water temperature was already studied 

for certain species of the Atlantic coccolithophorids ( McIntyre 

and Be 1967 ). 

The more important species of the Pacific coccolithophorids 

may be enumerated in dec ending order in population within 

respective climate area, together with the Atlantic forms of 

coccolithophorids: 

Tropical area 

Pacific Ocean 

Ji. oceanica 
J;... frafsilis 
C, leJ2topolus 
C .111:f'xIeY:L" '"'' 

JI.. irregularis 
Gephyrocapsa sp. 

.lI. hulburtiana 
JI. s; bogae 
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Atlantic Ocean 

JL. irregularis 
.f.. annulus 
C. fra~ilis 
U • . teYlu~s""" 
J2.. tubifera 
R. st;'llife:('a 
H. carteri 
£. oceanica 
..Q.. huxleyi 
..£. 1 eI2to·ool us 



Fig. 11. Relative abundance of important coccolithophorid 

species in the surface layer along the 1550 W route 
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Fig. 12. Relative abundance of important coccolithophorid 

species in the surface layer along the Apia-Tokyo 

route 
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Sub-Tropical area U. irregularis 
c. huxleyi 

Temperate area. 

Sub-Arctic area 

l2.. tubifera 
U. tenuis 

u. 
.Q. 

u. si.bogae 
stylifera 
hulburtiana 
oceanica 

D 
2.;:..-

-.Q. huxleyi 
H. stvlifera 
Jl. tubifera 
.JL. tenuis 

c. huxleyi 
C. caudatus 

'T u. 
R. 
D. 
c. 
r, 
\:i. 

JL. 
H. 
C. 
" ~ . 

..Q.. 

c. 
.£. 
G. 
R. 
G. 
U. 
C. 

C. 
c. 
..9... 

tenuis 
stylifera 
tLl.bi.fera 
annulus 
oceanica 
mirabi.lis 
carteri 
le]2topolus 
fragilis 
huxleyi 

huxleyi 
leptopolus 
ericsoniae 
st:ylifera 
oceanica 
tenuis 
pelagicus 

pelagicus 
huxle~ci 
le-otopolus 

Certain difference in horizontal distribution regarding 

t~ the climatic condition is observed between the present 

authers result of the Pacific and the Atlantic reported by 

McIntyre and Be (1967). 

The auther's data are however based on only from the collection 

of autumn; seasonal fluctuation of floral distribution has 

been not yet checked at all, in contrast to the case of study 

in the Atlantic. Further study should be required in purpose 

to settle the relationship betwee.n the ecological condition 

and horizontal distribution of each predominant .. species in 

both oceans. 
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7b) Species preference in vertical distribution 

The relative abundance of important species in the entire 

,uphotic layers along the 1550 W route is shown in Figs. 13 

.0 16. 

Coccolithus huxleyi is widely distributed from the sub

arctic to tropical area but remarka'ol;y fluctuate in population 

from latitude to latitude. This species predominates in the 

whole layers of the euphotic zone ahd especially in the middle 

euphotic layer of the tropical to temperate area. It is 

observed that the relative abundance of this species again 

increases in the lower euphotic layer of the certain temperate 

are. 

Cyclococcolithus fraRilis shows two different groups of 

:ribution. This IJISlecies is common in the middle-lower 

hotic layer of the temperate area, while it is uniformly 

tributed in the entire layers of the tropical euphotic 

.e, although it is a little increasing in the middle layer 

~ its population. 

Gephyrocapsa oceanica is selectively distributed in the 

tropical seaway. It is especially abundant in the upper 

and middle euphotic layers, although it is not seldom found 

even in the lower euphotic layer. 

Cyclococcolithus leptopolus again shows two distinct groups 

of distribution. In the temperate seaway, it is rather 

reichly found in the middle and lower euphotic layers, while 

in the tropical seaway, it is more or less commonly found 
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Fig. 13. Relative abundance of i~portant coccolithophorid 

species in the euphotic layers along the 1550
W route 
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Fig. 14. Relative abundance of important coccolithophorid 
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Fig. 15. Relative abundance of important coccolithophorid 

species in the euphotic layers along the l550 W route 
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Fig. 16. Relative abundance of important coccolithophorid 

species in the euphotic layers along the 1550
W route 
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in the upper and middle euphotic layers. 

The distribution of Umbilicosphaera hulburtiana ranges from 

the temperate to tropical area. This species is abundantly 

f6und in the upper euphotid layer, is common~1n the middle 

euphotic layer and is rarely found in the lower euphotic layer. 

Discosphaera tubifera is distributed in the temperate and 

sub-tropical area. This species is abundant in the upper 

euphotic layer, is rarely in the middle euphotic layer and is 

seldom found in the lower euphotic layer. 

Rhabdosuhaera stylifera is distributed in the temperate 

and sub-tropical area. The distribution of this species 

is rather limitted in no±th, compered with Discosphaera tubifer~ 

This species is dominant in the upper euphotic layer, rarely 

found in the middle euphotic layer and is almost unobserved 

in the lower euphotic layer. 

Umbellosphaera irregularis is distributed from the temperate 

. to tropical area and is especially rich in the sub-tropical 

seaway. This species predominates in the surface and upper 

euphotic layers and is only occasionally found in the lower 

euphotic layer. 

Umbellosphaera tenuis is distributed in the temperate and 

sub-tropical area. This species is commonly found in the 

upper euphotic layer and is abundantly found in the middle 

euphotic layer. 

Deutschlandia anthos is confined in the lower euphotic layer 

in general, but it is richly distributed in two areas like 
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· temperate and tropical seas. In between the above two areas, 

it is almost lacking. This species is rarely found in the 

middle euphotic layer but is never found in the upper euphotic 

layer. 

Deutschlandia sp • .:Lis widely distributed in the entire 

area from the temperate to tropical. This species is 

especially rich in the middle-lower layer of the tropical 

seaway. Generally speaking, this species seems to prefer" 

a layer a little above the 'preference l'iliveau" of Deutschlandia 

anthos. 

Deutschlandia sp. ~ is also distributed from the temperate 

~o tropical seaway. The feature of vertical distribution 

resembles that of Deutschlandia anthos and Deutschlandia sp. A, 

while the relative abundance is smaller than the other two 

species. This species is also never found in the upper 

euphotic layer. 

In summary, the species preference in vertical distribution 

may be grouped as follows: 

Upper euphotic layer species 

Umbellosnhaera irregularis 
Discosnhaera tubifera 
RhabdosDhaera stylifera 
Acanthoica guatrosnina 
Caliptrosnhaera oblonga 
Umbilicosnhaera hulburtiana 
Gephyrocasa sp. ll. 

Middle euphotic layer species 

Cyclococcolithus fragili~ 
Umbellosphaera tenuis 
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Upper and middle euphotic layer species 

Coccolithus huxleyi 
GephyrocRPsa oceanica 
Cyclococcolithus leptouolus 

Lower euphotic. layer spec'ies 

Deutschlandia anthos 
Den tschlandia sp. A . 
Deutsch12ndia sp. B 
Anthosphaera ouadriConu 
Cyclococcolithus fragilis var. JL 
Syracosphaera spp. (double layer stage) 
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8) Relationship between phytoplankton distribution and 

physico-chemical environment in the euphotic layer 

The distribution of coccolithopharids, diatoms, chlorophyll-A, 

temperature and salinity in the euphotic layer along the 

" 

155 "own in Fig. 17. 

Coccolithophorids and diatoms are considered to be important 

memhers for primary production. These two lives generally 

have similar pattern of distribution. However, coccoli thophorid 

is one order higher than diatom in population throughout the 

whole area and vertical layers, excepting in the middle and 

lower layers of the high latitude area. Especially, the 

population of coccolithophorid is approximately two order higher 

than the diatom's in the tropical seaway. 

Therefore it is, considered that coccolithophorid play 

the most important part on the primary production in the 

tropical area. 

The relationship among the distribution of coccolithophorid, 

salinity and temperature is not well setteled yet. Nevertheless , 

o o· in the area close to 10 Nand 0 ) the distribution of 

coccolithophorid and chlorophyll-A is observed to be greatly 

influenced by the existence of the cold under current. 
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Fig. 17. 
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9) Distribution of free coccolith in subphotic layer 

When a coccolithophorid dies, the organism is immediately 

decomposed by certain bacteria and the coccosphere may be 

disintegrated into free coccoliths. 

When a coccolithophorid is eaten by a zooplankton, 

coccoliths are excreate as a fecal pellet and the greater 

part of them are also decomposed by bacteria into coccoliths. 

Finally) the free coccoliths are slowly precipi ta te in th-e. 

subphotic layer to the sea bottom. 

The distribution of free coccoliths in the subphotic layer 

along the, 1550 W route is shown in Fig. 18. 

In the high latitude area belonging to the A zone, the 

coccolithophorid population in the euphotic layer is very 

large and the coccolith population in the subphotic layer 

is quite small. The predominant coccolithus huxleyi has 

the irregularly formed and weakly crystallized coccoliths 

in this area. Accordingly, the coccoliths are immediately 

dis~olved by the severe environment which is influenced by the 

.acid water caused by the low temperature. As a matter of 

fact~ the free coccoliths found in this subphotic layer are 

mostly belonging to the species Coccolithus pe1agicus and 

Cyclococcolithus leptopolus r while coccoliths belonging to 

Coccolithus huxleyi is hardly detectabl~. It may be evident 

proof that Coccolithus huxleyi has so fragi:a coccoliths 

in this area. 

In the area belonging to the B zone, the coccolithophorid 
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Fig. 18. Coccolithol)horid po~ulatioh in the euphotic zone 

and co'ccolith population .in the subphotic zone 
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population in the euphotic layer and tne coccolith population 

in the subphotic layer are both large. As in the previous 

descriptions, Coccolithus huxleyi is predominantly found 
I 

in the Kuroshio Extension. This species) however, has the 

regularly fo~~e~and solidly crystallized coccoliths in this 

area. But) in the lower subphotic layer of this area) the 

free coccoliths are eroded away and its population is rapidly 

decreased. 

In the area belonging to the C zone) the coccolithophorid 

population in the euphotic layer and the coccolith population 

in the subphotic layer are both small. Predominantly observed 

Umbellosphaera irregularis in this area is so fragile in 

skeletal elements that its coccoliths are hardly found in the 

subphotic zone. 

In the area belonging to the D zone and E zone, the 

coccolithophorid population in the euphotic layer is large 

and the free coccoliths are also ~b.undantly preserved throughout 

the layers of the subphotic zone. Especially, in the subphotic 

layer of the equator, the largest population of free coccolith 

is observed and approximately 4.2 ~ 104 pieces of the coccoiith 

are detected from a ~iter of the water at the 4,OOOm deep layet. 

In the area belonging to the F zone, the coccolith population 

in the subphotic layer is small and its feature quite resembles 

that of the C zone. It is because of the predominance of 

Umbellosphaera irregularis and the small population of 

coccolithophorids in ,the euphotic layer. 
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It is accordingly doubtless that coccoliths are most 

richly preserved in the deep sea sediments of tropical seas 

as fossils. Calcareous ooze including a large number of 

coccoliths are most commonly distributed in the floor of the 

tropical sea. 
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A list of coccolithophorid species 

Coccolithus huxle:li (Lohmann) Kamptner 

Coccolithus huxle:l i (Lohmann) Kamptner var. Ji 
Coccolithus sp. A 

Coccolithus sp. D 

Goccolithus sp. C 

Cvclococcolithus fragilis (Lohmann) Defrandre 

C:lclococcolithus fragilis (Lohmann) Defrandre var. ~ 

Cyclococcoli thus leptol:)olus (Hurray and Blackman) Kamptner 

Ge:eh;zro cEl.psa ericsoniae !"'lcIn tyre and Be 
Geph;zrocapsa oceanica Kamptner 

GeI2h;y:roca-f2sa sp. ,A 

Geph;zrocapsa sp. B 

Genh;y:roca:esa. sp. C 

Helicosphaera carteri (Wallich) Kamptner 

Helicosnhaera hyalina Gaarder 

Helicosphaera sp. A 

Umbilicosnhaera hulburtiana Gaarder 

Umbilicosnhaera mirabilis Lohmann 

Umbilicosphaera sibogae (Weber-von Bosse) Gaarder 

Acanthoica acanthifera Lohmann 

Acanthoica guatrosI2ina Lohmann 

BrrarudosI2haera bigelowi (Gran and Brrarud) Defrandre 

CalcioI2upnus caudatus Gaarder and Ramsfjell 

Calciosolenia sinuosa Schlauder 

Ceratolithus cristatus Kamptner 

Ceratolithus telesmus Norris 

C;zclol1thella annulus (Cohen) McIntyre and Be 
Deutschlandia anthos Lohmann 

Deu t s c hlandia sp. Jl 
Deutschlandia sp. B 

Discoaster I2er:elexus Bramlette and Riedel 

Discolithus anistrema Kamptner 



Discolithus sp.~ 

Discoli thus sp • .E.. . 
Discosnhaera tubifera (Murray and Blackmann) Lohmann 

Michaelsarsia elogans Gran 

Ophiasterhydroideus Schiller 

Ophiastor , 
sp.~ 

Rhabdosphaera stylifera Lohmann 

Scyphosphaera ansteini Lohmann 

Umbellosphaora irregulari~ Paasche 

Umbellosnhaera tenuis (Kamptner) Paasche 

Umbellosnhaera sp. A 

Anthosphaera quadriconu Lecal-Schlauder 

Anthosphaera robusta (Lohmann) Kamptner 

Ca1yptrosnhaera catillifera (Kamptner) Gaarder 

Calyptrosphaera oblonga Lohmann 

Cal:yptrosr;.haera papillifera Halldal 

Calyptrosphaora sp. A 

Calyptrosphaera sp. B 

Corisphaera arethusae Kamptner 

'Corisphaera strigilis Gaarder 

Hel1adosphaera aurisinae Kamptner 

HelladoGPhaera cornifera (Schiller) Kamptner 

Homozygosnhaera dalmatic~ (Kamptner) Okada 

Homozygosphaera tholifera (Kamptner) Halldal and Harkali 

Homozygosphaera·triarcha Halldal and Harkali 

Homozygosphaera quadrip~rforata (Kamptner) Gaarder 

HomozYijosphaera vlettsteini (Kamptner) Halldal and ~'larkali 

Homozygosphaera sp. A 

Homozygosphaera sp. B 

EOr.lozyr50sphaera sp. C 

Homozyr.;os,')haera sp •. J2.. 
Homozygosnhaera sp. E 

HomozygoGPhaera sp. F 

Periuhyrophora mirabilis (Schiller) Kamptner 

Zygosphaera divergens (Schiller) Kamptner 

Zygosphaera sp. !::.. 



Syracoli thus sp. A 
Sy~acosTIhaera binodata Kamptner 

Syracosnhaera confusa Halldal and Markali 

Syracosphaera rnediteranoR Lohmann 

Syracosphaera molischi Schiller 

Syraco8nhaera nanna (Kamptner) Okada 

Syracosphacra nodosa Kamptner 

Syracosnhaera pilus Halldal and Markali 

SyracoGPhaera pulchra Lohmann 

Syracosnhaera tuberculata Kamptner 

Syracosnhaera Gp • ..b:.. 

Syracosphaera sp. B 

Syracosnhaera sp. ~ 

Syracosphaera sp . .lL 
S;vraco'-~T)haerc.. sp. t;, 

J~j 

Syracosphaera sp. F 

Syracosphaera sp. r> 
U 

SyracosT)haera sp • .B. 
Syracos]2haera sp. I 

SyracosDhaera sp. J 

Syracos-phaera sp. K 

S;zracosnhaera sp_ L 

Syracosphaera sp. t·T 

Syracos-phaera sp. N 
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Explanation of plate 1 

Cpccolithus huxleyi (Lohmann) Kamptner 

Cvclococcolithus leptopolus (Murray and Blackman) Kamptner 

Cyclococcolithus fragilis (Lohmann) Defrandre 

Gephy:cocapsa oceanica Kamptner 

Gephyroca.psa sp. Jl 
Umbilicosphaera hulburtiana Gaarder 

Umbilicosphaera sibogae (Weber-von Bosse) Gaarder 

Helicosphaera cateri (Wallich) Kamptner 

Explanation of plate 2 

Umbellosphaera irregularis Paasche 

Umbellosnhaera tenuis (Kamptner) Paasche 

l~habdosphaera stylifera Lohmann 

Discosphaera tubifera (l'-iurray and Blackman) Lohmann 

.syracosphaera tuberculata Kamptner 

Anthosphaera auadriconu Lecal-Schlauder 

Deutschlandia sp. fA 

Deutschlandia anthos Lohmann. 
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