HOKKAIDO UNIVERSITY

Title MODERN COCCOLITHOPHORIDAE IN THE PACIFIC OCEAN
Author (s) Okada, Hisatake
Degree Grantor biEEKE
Degree Name Bt (EF)

Dissertation Number 6905

Issue Date 1971-03-25
Doc URL https://hdl. handle.net/2115/32523
Type doctoral thesis
File Information 0690, pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




£2 ¥4

" MODERN COCCOLITHOPHORIDAE IN THE PACIFIC OCEAN

(KA I REIT) Y71 F71x00)

-

oy
HISATAKE OKADA

 (He R

ATl F



Abstract

About 700 samples from the surface ﬁaier, 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 boundaries for each zone seem to be 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 Kuroshic Extension but less

numerous than in the Sub-Arctic Current. ‘Umbellosphaera‘

“irregularis is richly found both in the North Equatorial

and Equatorial Counter Current.

The specific assemblage is remarkably differeﬁt between
norhtern and southern parts of the South Equatoriél Current.
~ In the northern part of the South Equatorial Curfent, 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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nhowever the relative abundances of each species are different
in the two types of coccoldthophorid flora.. While, the
southern part of the South Equatorial Current is characterized

by the predominance of Umbellosphaera irregularis.

Generally speaking, coccolithophorid ropulation 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. |

Diséosphaera tubifera, Rhabdosphaera stylifera and

Umbellosphaera irregularis are characteristic stenoforms of

“the upper euphotic layer, while Cylococcolithus fragilis and

Umbellosphaera tenuls 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 Deutschlandialanthqs,

~Deutschlandia sp. A and Deutschlandia sp. B.

Ninety two species of coccolithophoridae including thirty
seven new species and two new varieties are recognized in all
in the North and Equatorial Pacific. All these species are

described in this paper,
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1) Introduction and écknowledgements

Many-phytoplanktons'are inhdbited in the euphotic layer
of sea waters. There are very minute phytoplanktons small
enough to pass through a plankton nét. They are known as
"Nannoplankton'. The majority of nannoplankton are 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 Haptophybeae. Their calcareous skeltal elements
have been called coccoliths in genéral, which are commonly
found in pelagic sediments. Coccoliths and shells of planktonic
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 ( No&l 1957,
Fisher, Honjo 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 (196L) and.
Honjo (1970). |
Many paleontologiéts, especially Bramlette and Riedelv\
(1954), St;adner and Papp (1961) and Takayama (1957) studied
on the Teftiary coccoliths, and found out many horizon indicators
among them. |
Cpccoliths of the Pliocene and Pleistocene have been;
s

however, gompard

vely
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Reviwing all those studies abdve mentioned, detailed
information on recent coccolithophorids seems to be very
much neccessary, the author thinks, to promote baleontology
on coccoliths for any geologic ages.

Indeed, Wallich (1861) already made observation on living
coccolithophorids and some other European mérine—biologists
studied them to some extent under optical microscope (Lohmann
1902, Schiller 1925, Kamptner 1937 ).

In addition to this, electron microscopy has been introduced
ﬁQr,studying of‘coccolithophorids since 1952. Observation
6f 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 Bé's work (1967) on the distribution of the
.Atlantic coccolithophorids may be an epoch making study in
this field. .They compared living chcoliuhophorids‘with
the fossil coccoliths found in the deep-sea‘cores of the
Atlantic. Hovever, 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, Hasle 1959, 1960. ).

Geographical distribution, ecology and classification of
coccolithophorids in the North and Equatorial Pacmfic,
systematically sampléd will be first given in the present

paper.



Before stepping further into description, the author wouid
like to acknowledge P;Ofessor.Masao Minato for his continuous
guldance and encouragement, He wishes to thank Dr. Susumu
Honjo and Dr. Makoto Kato for their helps in varicus ways.

He wishes to extend his cordial  thanks to_Dr. Tokimi Tsujita,
scientific members and crews of R/V Oshoro-maru during the
crulse for.sampling. He is also grateful to Dr. Ryuzo Marumo,
sclentific members and crews qf R/V Hakuho-maru for their

‘kindness during the cruise.



2) Sampling

About 700 samples of water were collected along five survey
routes, (1) from off Kyushu to Port Darwin along the_129oE
meridian, (2) from off Hokkaido to the northern waters of
New Guinea'along the 142°E meridian, (3) diagonally from
35°% to 50°N along the route from Tokyo to the 50°N 155°W
point, (4) from 50°F to 16°S along the 155°W meridian and
(5) diagonally from 35°N to 13°S along the Apia-Tokyo route
( Fig. 1 ). |

Samples have been systematically collected from November
1968 to January 1969 along the routes (1) and (2) by the
research vessel "Oshoré-maru", Hokkaido University. A short
summary on route (1) and (2) was already published by Okada
"and HonJjo (1970).

Systematic samples along the routes (3), (4) and (5) have
been collected from August to November 1969, by the research
vessel '"Hakuho-maru", Tokyo University. A part of the study
'dealﬂ with those samples was alfeady given by Okada (1970).

The water samples were collected from sea surface either
at intervals of one degree of latitude of 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
c§llected 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
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from the euphotic layer.



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 diameﬁer; 150 microns ), then
- put through a type AA millipore‘filter ( pﬁre diameter; 0.8
microns ) immediately after the sampling. | Sait»was then
removed by adequate distilled water. = The sheets of the
millipore filter with the residue were dried in an oven at
SOOC‘for a few hours and delivered to the laboratory in an

air tight plastic container.



3) Techniques
' 3a) Preparation for optical microscopy

A piece ofthe filter with re81due ( lcm X lem ) was immersed
by a drop of Cargile oil for study of COCCOlltnopﬂOfld population.
Coccolithophorids on the millipore filter were counted
for the whole area of a preparate under high magnification
o: polarized image. Based bn the counted coccolithophorids,
: pé?uiation'correSponding to the unit volume ( one liter ) of

the water was 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 coatéd with carbon by the rotary shadowing‘apparatﬁs.
| The filter was removed by soaking in an aceton bath,
The thin replica film with residue was placed in a strong
dxidizing solution to remove calcareous skeletons and crganic
matters. The replica was then washed in distilled water,
and mounted on a 150 mesh electron microScdpe grid ( Okada
and Honjo 1970 ).

The grids were observed in the electron microscope ( Hitaéhi

type HU-11B ).
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L) Surface distribution of coccolithophoridae
Lia) Along the 155°W route ( Route (4) )

Through the study 6f the population and specific assemblage.
of coccolithophorids, six biogeographic zones ﬁere distinguished
along the 1550W ( Fig. 2 ). Each zone here designated means
the seaways characterized by one or the combination of dominant
forms of coccolithophorids, Therefore, it dose not involve
any stratigraphical meaning..

They are named as follows:

o A zone ( 5OON - 450N )

o B zone = ( Lo - 30°K )
o C zone ( 29°N - 5%°30'N% )
o D zone ( 5°N - 293015 )

D
o E zone ( 3% -10% )
o (o]

o F zone ( 11% - 18% )
The A zone is especlally rich in coccolithophorids, of

which Coccolithus huxleyi is highly populated with sub?ordinate

number of species belonging to the genus Syracosvhaera.

The B zone. 1s generally low in~populationf 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 Unmbellosphaera

tenuis become to be increasing in population instead of

- 11 -
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Fig. 2. Surface distribution of coccolithophoridae along the 155 ¥ route-
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Coccolithus huxleyi. Several species of the genus

Syracesphaera together with holococcolithophorids are present,
although not richly found.

The G zone is charactristic in low population of coccolitho-
phorids, although it slightly changes from north to south.

However, Umbellosphaera irregularis is a predominant species

throughout the entire area of this zone. Thé pattern of -
specific assemblage is comparatively uniform throughout this
zone,although relatively small changes may be recognizable.
at 25°N, 17°F, 10°N and 7°30'N as Fig. 2 shows.

The D zone shows large population. Coccolithus huxleyi,

Cyclococcolithus fragilis, Cyclococcolithus leptopolus,

Gephyrocapsa oceanica and Umbiliéosphaera hulburtiana are

. . : o)
common in the entire zone. The southern seaway ( 0°30'N )
of this zone seems however to have relatively low population

than the northern seawa where Umbellosphaera irregularis
’ &

is decreasing in number against gradual increasing of

Coccolithus huxleyi.

The E zone is also comparatively large in population and

Cyclococcolithus fragilis, Cyclococcolithus leptopolus,

Gephyrocapsa oceanica, Gephyrocapsa sp. 4 and Umbellosphaera
pay P ) bay b. 4 S

irregularis are commonly found. The degree of occurrence

of Cyclococcolithus leptopolus, Gephyrocapsa sp. A and

Umbellosphaera irregularis is, however, decreasing in the

south of 8°s.
The F zone shows a comparatively small population.

Umbellosphaera irregularis is a dominant species and

Unbilicosphaera sibogae is rather commcn in this zone.
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Lb) Alongthe 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 ( 34°40'N - 29°N )

o H zone ( 28°N - 1%20'% )
o I zone ( 1°K - 4% )
o J zone { 4°30's - 9% )

o XK zone ( the south of 10%s )
The G zone has a large population in the northern part
and the population abruptly reduces in size in its southern

part. Coccolithus thlayi is the most dominant form in this

zone, and Cephyrocapsa ericsoniae, Gephyrocapsa oceanica,

Unbellosphaera irregularis and Calciopuppus caudatus accompany
|

with the former in population. Gephyrocapsa oceanica is

reduced and Umbellosphaera irregularis and Umbellosphaera
: . . . . . ’ - o}
tenuis are increasing in number in the south of 32°N. In

contrast, Calciopuppus caudatus is hardly found in the southern

area beyond BOON.

The H zone is characteristic in comparatively low population.

Yet, Umbellosghaera irregularis is dominant throughout the

whole area of this zone. Coccolithus huxleyi, Cyclococcolithus

fragilis, Gephyrocapsa oceanica, Discosphaera tubifera and

Rhabdosphaera stylifera are also commonly found. Somewhat

significant changes on the specific assemblage are recognized

‘at 21°N, 8°N and 5°,

- 14 -
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The I zone has a large population. 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 decreasing

in population towards south.

TN
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5) Biogeographical zones and current systems

Geographical bbundaries between the zoﬂes in the both lBSOW
route ( Route 4 ) and Apia-Tokyo route { Route 5 ) mark nearly
the same lafitude with each other. Namely; the B zone in
the lSSOW route correspbnds to‘the G zone in the Apia~Tokyo
route, the C zone in the 1550W route to the H zore in the Apla-
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 ﬁhe specilal assenmblage
and population of coccoliihophorids in the present study are
now supposed to have certain and intimate relationship with
the current system in the Pacific.

Further, a mutual'qelationship is recognized among the
Eiogeographic 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.cufrent

systems along the 155°W meridian as follows:

50°N = 45°N —--- the Pacific Sub-irctic Current
45°N = 25°N =--- the North Pacific Current
(450N - BBON)---~ the Kuroshio Extension'

25°N - 10°N =-=- the North Equatorial Current
10°N - 5°N ---= the Egquatorial Counter Current

south of SON ~-= the South Eguatorial Current
The A zone seems to be corresponding to the Sub-Arctic

Current. The population of coccolithophorids is the largest

-17 =



- Fig. 4, Salinity and temperature in the surface layer

along the 155°W route
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Fig. 5. Salinity and temperature in the surface layer

élong the Apia - Tokyo route
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Fig. 7. Coccolithophorid population in the surface layer
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and the salinity and temperature are 1ow in this current.

In the B zone, a significant change is recognized at,35ON
along the 1550W route in specific assemblage, which definitely
shows the southern boundary of the Kuroshio Extension.

. Thé northern sub-zone is charactefized by the dominance of

Coccolithus huxleyi, and the siwmilar specific assemblage is

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

The C zone characterized by the predéminance of Umbellosphaera

irregularis corresponds to the area characterized by\poth

the North Equatorial Current and the Equatorial Countér Current.
Although the area, north t§ 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 1s doubtlessly corresponding to the C zone
from the floral assemblage. The degree of predominance of

Umbellosphaera irregularis is, however, a little larger in

the H zone than in the C zone. The area between 10°N and

SON in the C zone correéponds fo the Equatorial Counter Current
and should be distinguished from,tﬁe North Eéuatorial Current.
.However, the significant difference cannot be recognized
betweén these two currents in the specific assenmblage.

The area extending from'7030'N to BON in the C zone characterized
. by the mixed floral assemblage extends in the area of the

South Equatorial Current and the Equatorial Counter Current.
This is also found in the area from,SON to lOBO'N in phevﬁ zone.
The specific assemblage remarkably changes in this mixed zone.

The salinity and temperature also abrupﬁly change in these



mixed zones and the change of water mess is clearly récognized.
The area south to BON along the 155OW route almost ﬁholly

correspoﬁds to the South Equatorial Currént,'the specific

assemblage varies in this current from north to}south.

The D zone and E zone along the 155°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 Gephyrocapsa oceznica 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 Gephyrocapsa oceanica
e ’ - b

are predominant species and Cyclococcolithus fragilis,

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 dégree while the éalinity 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, Cycloccccolithus leptopolus,

Gephyrocapsa sp. A and Umbellosphaera hulburtiana are faifly

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

' The‘population is..higher in the E zone than in the J zone.

- 23 -



The temperature is generally higher along the Apia-Tokyo
foute than in the 155°W,route. . The surface teﬁperature of
the J zone is approximately 2°%¢ ﬂigher 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 zdné and
lower in the southern area of the J zone.
The F zone and K zone are considered to be the same biogeographic

zZone. Umbellosphaera irregularis is predominant in these

ZONes. This species 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 oceanicalis

fewer in the F zone, while greater in the J zone in ropulation.
Although the entire population of coccolithdphorids shows a
similar pattern in both the F and J zones, the salinity of
seawaler is remarkably différent in thesé zones, The salini%y
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 describved
in this paper are now well established. Surface distribution
of the Pacific coccolithophorids is wellldemonstraﬁed by the‘
present study. The boundaries between blogeographic zones
of coccolithophorids may be concluded as shown in Fig. 8.

The Correspondence between each blogeographic zone of

coccolithophorids and the current system may be enumerated;

A zone ---- the Sub—Arctic Current |

B zone ---- the North.Pacific Current ( partly the Kuroshio

'Extension )

- 24 -



Fig. 8. The biogeographic zones of coccolithophorids and

bcean current systems.,
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6) Vertical distribution of ccccolithophoridae
6a) Vertical change of population

A series ofvsamples was systematicaly collected from the
various layers of the euphotic zone at the nineteen stations
which were set up aiong the 155°W‘route. The vertical change
of population of coccolithophorids in these stations is shOWn
in Fig. 9.

At the two statious, 5OON and 450N respeciively; belonging
to the Aizone, temperature §f seawater is nearly the sane
with each other and the population is high through the upper -
euphotic layer. Below 50m in depth, temperature suddenly
falls down, and pépulation number also abruptly decreases
in bdth middle and lower euphotic layers.

At the three stations (VQOON,jBEON, 20°¥ ) belonging to
the B zone, populatibn is rather small in the surface layer,
but it is remarkably increasing in the widdle euphotic layer.
The latter is ten times largerrthan the former. The population
is generally lower in the southern station than in the northern
station. At the MOON station which is situated at the
Kuroshio Extension, the tendency of population in the middle
and lower euphotic layers resembles the two stations of 5OON
and QSON, both belonging to the A zone.  The decreasing ratio,
viz7 population gradually decreasing from the middle to lower
euphotic layer is especially remarkable in the two étations

( 35°N, 30°N ) belonging to the North Pacific Current.
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-Fig. 9. Vertical change of coccolithophorid population in

the euphotic layers along the 1550W route
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At six stations ( ZBON - 7030‘N )} telonging to the C zone,
population is thellargest in the miadle euphotic,layer although
the variation of population is small through the entire layérs.
The particular pattern of population is recognized at the
‘lOON station.  There, the population is ?bnormally'large in the
50m deep layer while it is small in £he upper layer. This
peculiar pattern may be due to the ekistence of the cold under
current. ( see Fig. 17 ) _

At the four stations ( 50N —'ZOBO'S ) belonging to the
"D zone, population shows an especilally high ievel for the
whole layers and tﬂé degree of decreasing in population from
~ the middle to lower euphotic layers tends to bé less renmarkable
in the southern stations. |

At the three stations ( 505 - 10%s ) 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 14040'8 station belonging to fhe 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
lower layer below 175m and the population reaches the maximunm
in the 200m deep layer. This abnormaly high population in
the lower euphotic layers may be due to thé predominance of
the particuler coccolithophorid group. The minimum population

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

species will be later mentioned some in detail.
6b) Specific assemblages in the euphotic layer

The speclfic assemblages in the euphotic layer are studied
at the nineteen stations along the 155°W route, The results
- are shown in Table to .

Through these table, six zones . ~ originally established
by the surface distribution of coccolithophorids may be quite
significant units‘even for the middle and lower euphotic layers.
Aithough, 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 characterizing each zone can be still recognlzed
'throughout entire euphotic layers,( "i-. *

The representative stations are chosen from each of the
six zones and their tYpiCal patterns of the vertical specific
assémblages 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 Calciopupdpus 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 45°N station.

In the B zone, Discosphaera tubifera and Rhabdosphaera

stylifera are abundaﬁtly found, Acanthoica quatrospina,

Caliptrosphaera oblonga, Umbellosphaera irregularis, Umbellosphaera
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Fig. 10. Vertical distribution of coccolithophoridae in

the euphctic layers at each representative station
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tenuis; Syracosphaera mediterania and Syracosvhaera 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 cuadriconu, Deutschlandiam

sp. A and Deutschlandia sp. B 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

300N station.

In the C zone, Umbellosphaera irregularis is a leading

form, while Coccolithus huxleyi, Discospheera tubifera and

Rhabdosphaera stylifera also fairly abundant-in the upper

euphotic layer. Umbellosphaera tenuis is the most predominant
p y

species, and Umbellosphaera irregularis and Coccolithus huxleyi

are richly present in the middle euphotic. layer. While,

Deutschlandia anthos, Deutschlandia sp. & and Deutschlandia sp. B

take an important role in the specific. assemblage of the

lower euphotic layer. The number of species tends to be

redusihg and forty=-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,

Cyclococcglithus fragilis, Cyclococcolithus 1eptopolus;

Gephyrocapsa oceanica, Umbilicosphaera hulburtiana. and

Umbellosphaera irregularis are commonly found. While,

Anthosphaera guadriconu, Deutschlandia anthos, Deutschlandia

sp. A, Deutschlandia sp. B and Cyclococcolithus fragilis var. A
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are leading forms in the lower euphotic layer, The number
of species is small and twenty-seven species are recognized
at the 2°3C'N station.

In the E zone, Cyclococcolithus fragilis, Cycloccccolithus

leptopolus, Gephyrocapsa oceanica, Gephyrocapsa sp. A and

Umbellosphaera irregularis are especilally flowrishing in the

upper euphotic layer, while Cyclococcolithus fragilis and

Gephyrocapsa oceanica are predominant in the middle euphotic

°

layer. Deutschlandia anthos, Deutschlandia sp. 4 and

Deutschlandia sp. B dccupy 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 7030'5
station.

- In the T zone, Umbellosphaera irregularis is predominantly

found in the upper euphotic layer, while Umbellosphaera

irregularis, Umbilicosphaera sibogae, Coccolithus huxleyi,

Cyclococcolithus fragilis and Umbellosphaera tenuis are

common in the middle euphotic layer. Further, Deutschlandia

anthos and Deutschlandia sp. 4 are fairly common in the lower

~euphotic layer. Species greatly increase in number and

forty-five species are found at the 14°40'S station.

¥
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7) Species .preference in surface and vertical distribution
7a) Species preference in surface distribution

Thevsurface distribution of each species is considered
to be mostly regulated by a physico-chemical environment
such AS chemical composition and temperature of sea water.
‘-The relative abundance of the more important species along
the 155°W roufe and the Apia~Tokyo route is shown in Fig. 11
and 12,
The six florai zones mentiﬁned above are corresponding to

the climate conditions as follows:

Tropical area @ —-==- - D zone and E zone
Sub-Tropical area =——w=-- C zone and F zone
Temperate area —-—-—; B zone
Sub~Arctic area - w=-=-- - A zone

The preference of water temperature was alreadyAstudied'
for certain speéies of the Atl;ntic COccolithophorids ( McIntyre
and Bé 1567 ).

The more important species of the Pacific coccolithophorids
.may.be enumerated in decending order in population within

respective climate area, together with the Atlantic forms of

coccolithophorids:
Pacific Ocean Atlantic Ocean
Tropical area G. oceanica -U. drregularis
L. fragilis C. annulus
L, leptopolus C, fragilis
L. huxlevi 7 T. tenuis
Y. drregularis - . D. tubifera
Gephyrocapsa sp. 4 R. stylifers
Y. hulburtiana H. carteri
Y. sibogae G. oceanica
L. huxlevyi
£. leptovolus
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Fig. 11.
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Sub-Tropical area

U. irregularis U. tenuis
L. huxieyi R. stylifera
D. tubifera L. tubifera -
U. tenuis L. annulus
U. sibogae G. oceanica
R. stylifera U. miravilis
U. hulburtiana H. carteri
G. oceanica L. leptopolus
' L. fragilis
L. buxleyi
Temperate area L. huxleyvi C. huxleyi
R. stylifera £. leptopolus
D. tubifera G. ericsoniae
U. tenuis R. styvlifera
G. oceanica
U. tenuis
C. pelagicus
Sub-Arctic area L. huxleyi C. pelagicus
L. caudatus €. huxleyi
C. leptovolus

Certain difference in horizontal distribution reggrding
to the climatic condition is observed between the present
authers result of the Pacific and the Atlantic reported by
McIntyre and Bé (1967).

The auther's data are however based on only ffom the coilectidn‘
of autumn; seasonal fluctuation of floral distribution has
beéh‘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 between 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

o e .0y L . \
ruphotic layers along the 1557W route is shown in Figs. 13
O 16,

Coccolithus huxleyi is widely distributed from the sub-

arctic to iropical area but remarkably fluctuate in population
from latitude to latitude. This species predominates in the
bwhdle layers of the euphotic zone and especially in the middle
euphotic layer of the tropical to temperate area. It is
observed that the relative abundance ¢f this species again
increases in the lower euphotic layer of the certain temperate
are,

Cyclococcolithus fragilis shows two different groups of
(=)

tribution. This fsecies is common in the‘middlé_lover
hotic layer of the temperate area, while it is uniformly
tributed in the entire layers of the tropical eughotic
., although it is a little increasing in the middle layerv"
. its population.

Gephyrocapsa oceanica is selectively distributed in the

tropical seaway. It is especially abundant in the upper
and nmiddle 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

H
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Fig. 13. Relative abundance of important coccolithophorid
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Fig. 1l&4. Relative abundance of important coccolithophorid
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Relative abundance of important coccolithophorid
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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
found in the upper euphotic layer, is common in 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 euéhotic layer.

Rhabdosphaera stylifera is distributed in the'temperate'

and sub~tropical area. The distribution of this species

is rather limitted in north, compered with Discosphaera tubifera.
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
uppér 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. A is 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 spéaking,vthis species seems to prefer.
a layer a little above the’'preference !'aiveau' of Deutschlandia

anthos.

Deutschlandia sp. B is also distributed from the temperate

to tropical seaway. The feature of vertical distribution
resembles that of Deutschlandia anthos and Deutschlandia sp. 4,
while the relative abundance is smaller than the other two
species. This species is also never found in the upper.

euphotic layer.

1
In summary, the species preference in vertical distribution

may be grouped as follows: .

Upper euphotic layer species

Umbellosphaera irregularis
Discosyphaera tubifersa
Rhabdosvhaera stylifera
AcanthHolica guatrospina
Caliptrosphaera oblonga
Umbilicosphaera hulburtiana
Gephyrocasa sp. A

" Middle euphotic layer species
Cyclococcolithus fragilis

Umbellosphaers tenuis

-y




Upper and middle euphotic layer species

Coccolithus huxlevi
Gepvhyrocapsa oceanica
Cvclococcolithus leptopolus

Lower euphotic layer species

Deutschlandia anthos
Deutschlandia sp. A
Deutschlandia sp. B
Anthosphaera cuadriconu

Cvclococcolithus fragilis var. A

Syracosphaera spp. (double 1ayé;_siage)
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8) Relationship between phytoplankton distribution and

physico~-chemical environment in the euphotic layer

The distribution of coccqlithophdfidé, distonms, chlorophyll-i,
temperature and salinitiy in the euphotic layer along the
1557 puuis o uown in Fig. 17.

Coccolithuphorids and diatoms are considered tc be important
members for primary productiion. These two iives generally
have similar pattern of distribution. However, coccolithophorid
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. ESpécially, the
population of coccolithophorid is approximately two order higher
than the diatom's in the tropical seaway. |

Therefore it is, ccnsidered that coccolitbophorid play
fhe most important part on the primary production in the
tropical area.

The relationshiﬁ among the distribution of coccolithophorid,
‘salinity and temperature is not well setteled yet.‘ Neverﬁheless;'
in the area close to 10°N and OO; the disﬁribution‘of
lvcoccolithophorid and chlorophyll-A is observed to be greatly

influenced by the existence of the cold under current.
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Fig. 17. Distribution of coccolithophorid, diatom,
chlorophyll-a, temperature and salinity in the

euphotic layer along the 155OW route
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9) Distribution of free coccolith in subphotic layer

When a coccolithophorid dies, the organism is immediateiy
decomposed b& certain bacteria and the coccosphere may be |
disintegrated into free coccoliths.

fihen a coccolithophorid is eaten by.a zooplankton,

" coccoliths are excreate as a fecal pellet and the greatér
part of them are also decomposed by bacteria into coccoliths.

Finally, the free coccoliths are slowly precipitate in the
subphétic layer to the sea bottom.

The distribution of free coccoliths in the subphotic layer
along thé,ISSOW route is shown in Fig. 18.

In the high 1atitude area belonging to the A zone, the
coccolithophorid population in the euphoiic 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 grystallized coccoliths

in this area. Acéordingly, the c&ccoliths are immediately
dissolved by the sevefe environment which is influenced by the
acid water caused by the low temperature. As a mattef of
-fact, the free coccoliths found in this subphotic layer are

mostly belonging to the species Coccolithus pelagicus and

Cyclococcolithus leptopolus, while coccoliths belonging to

Coccolithus huxleyi is hardly detectable. It may be evident

proof that Coccolithus huxleyi has so fragiie coccoliths

in this area.

In the area belonging to the B zbne, the coccolithophorid
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population in the euphotic. layer and the coccolith‘population
in the subphotic layer are both large. As in the previous

descriptions, Coccolithus huxleyi is predominantly found

in the Kuroshio Exténsion. This species, however, has the
regularly forwed and solidly crystallized coccoliths in this
area, But, in the lower subphotic layer of this area, the
free éoccoliths are eroded away and its population is rapidly
decreased.

Iﬁ 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 abundantly preserved throughout
thé layers of the subphotic zone. Especially, in the subphotic.
layer of ihe equator, the largest population of free coccolith

4 pieces of the coccolith

is observed and approximately Q.Z.X 10
are Getected from a liter of the water at the 4,000m deep layer.
Iﬁ the area belonging to the F zone, the coccolith population
in the subphotic layef is small and its feature guite resembles
vthat of fhe C zone. It is because of the predominance of

Umbellosphaera irregularis and the small population of

coccolithophorids in the euphotic layer.

- 50 -



It is accordingly doubtless that coccoliths are most .-
_ richly preserved in the deep sea sediments of tropical seas
as fossils. Calcareous oocze 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 huxleyi (Lohmann) Kamptner

Coccolithus huxleyi (Lohmann) Kamptner var. A

Coccolithus sp. A

Coccolithus sp.

Z
Coccolithus sp. C

ragilis (Lohmann) Defrandre

Cvclococcolithus

b
Cyclococcolithus fragilis (Lohmann) Defrandre var. A

Cyclococcolithus leptopolus (Murray and Blackman) Kamptner

Cephyrocapsa ericsoniae McIntyre and Bé

Gephyrocapsa oceanica Kamptner

Gephyrocapsa sp. A

Gephyrocapsa Sp. B

Gephyrocapsa sp. C

Helicosphaera carteri (Wallich) Kamptner

Helicosphaera hyalina Gaarder

Helicosphaera sp. A

e

Umbilicosvhaera hulburtiana Gaarder

Umbilicosphaera mirabilis Lohmann

Umbilicosphaera sibogae (Weber-von‘Bosse) Gaarder

Acanthoica acanthifera Lohmann

Acanthoica cguatrospina Lohmann

‘rrarudosphaera bigelowi (Gran and Brrarud) Defrandre

Calciopuppus caudatus Gaarder and Ramsfjell

Calciosolenia sinuosa Schlauder

Ceratolithus cristatus Kamptner

Cerztolithus telesmus Norris

Cyclolithella annulus (Cohen) McIntyre and Bé

Deutschlandia anthos Lohmann

Deutschlandla sp. 4

Deutschlandia sp. B

Discoaster perplexus Bramlette and Riedel

Discolithus gnistrema Kamptner




0y

Discolithus sp, A
Discolithus sp

B

Discosnhaera tu

bi
Michaelsarsia elegans Gran

Ophiaster hydroideus Schiller
Ophiaster sp. A .

Rnabdosvhaera stylifera Lohmann

Scyphosphaera apsteini Lohmann

Umbellosphaera irregularis Paasche

Umbellosphaera tenuis (Kamptner) Paasche

Umbellosvhaera sp. &

Anthosphaera quadriconu Lecal-Schlauder

Anthosphaera robusta (Lohmann) Kamptner-

Calyptrosvhaera catillifera (Kamptner) Gaarder

Calyptrosphaera oblonga Lohmann

Calyplrosvhaera papillifera Halldal

Calyptrosphaera spn., A

Calyptrosphaera sp. B

Corisphaera arethusae Kampiner

‘Corispvhaera strigilis Gaarder

Helladosphaera aurisinae Kamptner

Helladosphaera cornifera (Schiller) Kamptner

Homozvgosphaera dalmatica (Kamptner) Okada

ifera (Murray and Blackmann) Lohmann
J

Homozygosphaera tholifera (Kamptner) Halldal and Markali

Homozygosnhaera triarcha Halldal and Markaldl

Homozygosphaera guadriperforata (Kamptner) Gaarder

Homozygosphaera wettsteini (Kamptner) Halldal and Markali

Homozygosphaera sp.
PR )

Homozygosphaera sp.

Homozygosphaera sSp.

Homozygosphaera sp.

Homozygosvhaera sp.

I = o o lw =

Homozygosvhaera sp.

Periphyrophora mirabilis (Schiller) Kamptner

Zygosphaera divergens (Schiller) Kamptner

Zygosphaera sp. 4




Syracolithus sp. A

' Syracosphaera

binodata Kamptner

Syracosphaera

Svracosvhaera

confusa Halldal and Markali

mediteranca Lohmann

Syracosphaera

Syracosphaera

molischi Schiller

Kamptner) Okada

Syracosphaera

nodosa Kamptner

Syracosvhaera

pilus Halldal and Markali

Syracosphaera

vulchra Lohmann

Svracosphaera

Svracosphaera

Syracosphaera

Syracosvhaera

Syracosvhaersa

Syracosvhaera

Syracosphaera

Syracosnphaera

Syracosvhaera

Syracosphaera

Syracosnhaera

Syracosphaera

Syracosphaera

Syracosphaera

Syracosphaera

tuberculata Kamptner
5p. A

sp. B_
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Explanation of plate 1

Coccolithus huxleyi (Lohmann) Kamptner

Cyvclococecolithus leptopolus (Murray and Blackman) Kamptner

Cyclococcolithus fragilis (Lohmann) Defrandre

Gephyrocavpsa oceanica Kamptner

Gephyrocapsa sp. A

Umbilicosphaera hulburtiana Gearder

Umbilicosvhaera sibogae (Weber-von Bosse) Gaarder

Jelicosphaera cateri (Wallich) Kamptner

Explanation of plate 2

Umbellosphaera irregularis Paasche

Umbellosphaera tenuis (Kamptner) Paasche

Rhabdosphaera stylifera Lohmann

Discosphaera tubifera (Murray and Blackman) Lohmann

Syrscosphaera tuberculata Kamptner

Anthosphaera guadriconu Lecal—Schlauder

,Deutschlandia sp. 4

Deutschlandia anthos Lohmann .
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