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INTRODUCTION 

I n  the in te r t ropica l  oceans, the  equatorial zone is a region of high 

productivity i n  waters which a r e  generally pooro 

d i f f e r s  nevertheless f r o m  those of the  other oceans. 

It extends from 8OoW t o  130°E, over a distance of more than 9,000 miles, 

about 17,000 km. Second, the  mecanisms of superf ic ia l  enrichment, equatorial 

upwelling, westward advection of surface water derived from the  Peru upwel- 
l ing,  turbulent ve r t i ca l  mixing i n  the  upper homogeneous layer  seem t o  be 

extremely actives Finally, the  equatorial undercurrent or Cromwell current, 

which was the  first subsuperficial equatorial current t o  be studied i n  de-. 
ta i l ,  i f  one l e t s  aside the  observations of Buchanan and the remarks of Puls 
(Montgomery 1962, Stmup and Montgomery 1963) is very w e l l  developped, 

T h a t  of t h e  Pacific ocean 

first by its dimensiono 

Since the  end of t he  last world war considerable e f for t s  have been 

aimed at its studyo 
equatorial sections, numerous japanese measurements o f  the  equatorial 

currents i n  the  western Pacific and many russian transequatorial sections 

of the R.V, Vityaz and other ships,, 

t o  t he  detailed knowledge of the  equatorial circulation west of 140°W, and 

of the  north-equatorial countercurrent, but when the Rev. Coriolis of the  

Centre ORS9014 of Nomea reached the Pacific i n  1965, l i t t l e  w a s  known of 

the  eqyatorial circulation i n  i t s  western part  and many questions were still, 

pending concerning the  westward extension of the equatorial upwelling and 

of the  Cromwell current, two fundamental characterist ics of t he  equatorial  

circulation i n  the eastern and central  Pacific. 

I n  1965, there were no l e s s  than 84 american trans- 

These studies have great ly  contributed 

A s  far as the equatorial upwelling proper i s  concerned, that is t o  say 
the  upward movement, towards surface waters impoverished by photosynthesis, 

of r icher  subsuperficial waters, it is bound t o  a surface divergence o f  t he  

wind-driven d r i f t  induced by the dominant tradewind,, All year amund, the  

equatorial waters of t he  central  Pacific a r e  r icher  than the  adjacent ones 
and the  enrichment i n  nutrients by westward advection of the  upwelled 

waters off  Peru cannot explain alone t h e i r  re la t ive ly  high productivity. 

Thus, there must be an act ive equatorial upwelling, the  probabili ty of it 
being increased by the fact that t h e  strongest tradewinds a r e  precisely met 

i n  this regionb 

l a t ion  t i e  t h e  Cromwell current t o  an equatorial divergence and cansequently 

Nevertheless, some models of meridional equatorial circu- 
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t o  an upwelling without sor t ing the  cause from the  effect .  Thus, t h e  equa.- 

t o r i a l  upwelling might well be an indication of a divergence of t he  surface 
current induced by the  wind, as well as of the  Cromwell current. I n  t h e  

western equatorial Pacif ic  the tradewind tension seems to  be too weak t o  
cause a permanent and important equatorial upwelling. Nevertheless, t he  

surface equatorial cooling due to  upwelling had been occasionally met. 

A t  the  start o f  the cruises of t he  N.O. Coriolis, the  westward exten- 

sion of the  equatorial upwelling was very l i t t l e  knowno 

the  seasons and its importance as an enrichment m e c a n i s m  of superf ic ia l  

waters re la t ive  t o  the  westward advection of r icher  waters formed eastwards 
was s t i l l  to  be determinedo W t h e r  i t s  possible t i e  with the  Cramwell 

current gave some doubts on the westward extent of the  former since the  

disappearance of any one of them implied t h e  disappearance of t he  other, 

t he  causes of the observed fluctuations of the  Cromwell current being 

unclearo 

It can vary with 

On the other side, bntgomery (1962) has noted than i n  t h e  western 

Pacif ic  the  velocity cores of the  Cromwell current and of the  north equa- 

t o r i a l  countercurrent a r e  generally t i ed  together by a continuous zone of  

eastward f lowo Other eastward flows have been evidenced i n  the  southern 

hemisphere (Reid 1959) both at the  surface and at  the  subsurface (isopycne 

26,81 g/l or i s ams te re  125 cl/t) and one must not re jec t  a p r io r i  the  

hypothesis o f  some kind of continuity between themselves and the  Cromwell 

current. 
and the  north equatorial countercurrent converge through the whole Pacific. 

The eastward circulation, both superf ic ia l  and subsuperficial appears thus 
l i k e  a juxtaposition of flows which a r e  d i s t inc t  from each other i n  the  

central  and eastern Pacific and which could have a common part  i n  t h e  wes- 
t e r n  Pacific where they a re  formed. 

Finally, Burkov (1968) has suggested that the Cromwell current 

During three years, the cruises of t he  R.V, %r io l i s  were devoted t o  

these problems, The studies limited t o  the  upper lr500 metres have been 

devoted t o  t he  equatorial and t ropica l  waters at 170°E, between 2OoS ancl 

4ON, from the point of view of the  movements of the water masses, t h e i r  

hydrological properties, t h e i r  primary productivity, t h e  d is t r ibu t ion  of ' 

the  biomasses of zooplankton and micronekton and the  time variations of a l l  

these factors  
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The present work gives the observed dis t r ibut ions of the main dynamical 

and hydrological parameterso 

ned only the d is t r ibu t ion  of the micronekton and of t he  macraplankton du- 

r ing  the  cruises 

main features of the  dis t r ibut ions with regards to  the  general circulation, 

exclusively of any detailed study o f  the  f ine  s t ructureso 

A s  far as the  biological studies a r e  concer- 

have been included together with “ m e n t s  an the 

The raw data o f  t he  various cruises have been published i n  the  local  

s c i en t i f i c  reports of the  Centre ORSTOM de Nownea, Section Oceanographie, 

and a r e  also available at the World Data Centers B and Bo 

THE CRUISES 

&om november 1965 t o  may 1968, I I  cruises en t i re ly  or par t i a l ly  
devoted t o  the  oceanography of the  meridian 17O0E were made i n  two series,, 
The t r imes t r ia l  cruises rrBbrall  have defined the general oceanographical 

frame and indicated time variations much greater  than expected, 

monthly cruises rtCy.clonelr have studied the average term variations and i n  
same cases the  shorter term variations of the  equatorial currents system, 

The date. of these cruises and that  of t h e i r  equatorial s t a t ion  are given 

table  1 : 

The 

Table 1 

L i s t  and dates o f  t he  cruises and of the equatorial 
s ta t ions a t  170°E of the  R,Vo Coriolis 

Dates Elquatorial s ta t ions  . - Cruises 

BORA 

BORA 
BORA 
BORA, 

CYCLOIlE 

CYCLONE 

CYCLONE 

CYCMNE 

CYCLONE 

7 012065 
1 5 ~  3,66 
22, 6.66 

2, IO, and 10,10066 
22, I I ,  - 3 0 . ~ 1 1 ~ 6 6  

26. 4.67 

72. 7.67 

22. 3.67 

60 6067 

CYCLONE 6 170 8.67 - 9. 9.67 25. 8,67 
CYCLONE 7 g o  4*68 - IQo 5.68 18. 4$ 2 4 0 4 ~ d 8 0 5 0 6 8  

On the  whole, 102 s ta t ions have been occupied between 2OoS and 5OS and 

228 between 5 O S  and 40N0 
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Methods 

The one cast hydrological s ta t ions used 20 t a  24 reversing Nansen type 

bot t les  internal ly  p las t i f ied  (T S K) during the first cruises and then a l l  
PVC (General Oceanics) Niskin type during the  last cruises. 

depths were choosen according to  a BT cast  pr ior  t a  each s t a t ion  so tha t  t he  

t rans i t ion  layer i n  the  t ropical  zone and the Cromwell current i n  the  equa- 

t o r i a l  region were best  described, 

successive samples was 10 m e  
g ica l  cable clase t o  ver t ica l i ty ,  

80 miles from 2OoS t o  4OS and 30 miles 

The sampling 

A t  some s t a t i n n s  the  distance between 

Most of t h e  casts were made with an hydrnlo- 

The distance between s ta t ions was 60 t o  

north of 4OS. 

!The reversing thermometers were almost  a l l  japanese (Y~sh ino)  Pairs 
of protected thermometers were mounted on the reversing bot t les  used above 

200 m depth; below, the  thermometers frame contained al ternat ively two pro- 

tected and one unprotected thermometers and then one protected and two 

unprotected thermometers. 

the  probability leve l  of 0-05 is  2 00020C For a thermametric depth less 

than 1,000 m t h e  accuracy of the depth determination is  2 5 m. 
thermometer (Ppometrie Industrielle,  accuracy - Oa20C)  gave a continuous 

reading of the surface temperature. 

marine Recorder) was made before each s ta t ion,  at 30 miles intervals  i n  tra- 

pical  zone and at IO miles intervals  i n  equatorial waters. 

The accuracy of the temperature measurements, a t  

A recording 
f 

JI BT cast with a 300 m type BT (Ther- 

The salinity was measured with an inductive salinometer (Auta-Lab 
O 

Mark III), with an accuracy of 5 0.003 / o o  (Brawn and IEzman 1961), 

studies of t he  Ekpatorial Pacif ic  it is cm"mn use to express densi t ies  

(sigma-t) i n  t e r m s  of thermoster,ic anomally 6 s t  ("tgomery and Wooster 

1954) which has been defined as : 

I n  the  

(La Fond 1951) G t - 0,02736 - 
Ost  - 1 10-36~ 

L -  

The correspondence between A st and Ct is given tab le  2 : 
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Table 2 

G t  and A s t  Correspondence between 

A st G t  

1 O0 27 070 
200 26,017 

300 24.964 
400 23-915 
500 22 -868 
600 21 -823 

Oxygen has been measured by the  Winkler method modified by %een (1965) 

and Carritt and Carpenter (1966), 
t i t r a t o r  (Beckman Model K) coupled t o  an e l ec t r i c  buret te  (Metrohm) and 

modified t o  obtain a complete automatism of the  t i t r a t i o n  ( R u a l  and Voituriez 

1969). The accuracy of t he  determination is 2 0,05 m l / l .  

The t i t r a t i o n  was made with an automatic 

Phosphate, measured by the method o f  Murphy and Riley (1962) on a 

Beckman Model I) U spectroph~tocolorimeter,  is known with an accuracy o f  
2 0.02 mat-g/m 3 e 

Nitrate, measured on the same colorimeter by the method o f  Morris and 

Riley (1963) modified by Wood, Armstrong and Richards (1967), is known with 
4- 3 an accuracy which varies acmrding/the concentration between - 0,l mat-g/m 

and 0.7 m a t - g / m  o The n i t r i t e  w a s  measured by the  method of Bendschneider 

and Robinson (1952) with an accuracy of 2 0,02 mat-g/m 

tQ 

3 
3 

Al1 colorimetric measurements made on the  Beckman Model D U spectropho- 

tocolorimeter used 10 cm o r  I cm ce l l s  according t n  t he  in tens i ty  o f  the 

colore 

No d i r ec t  current measurements were made during the cruises llBora"o 

During the  cruises ltCyclonelt current measurements were made with 1, 2 o s  3 
(according t o  the cruise) recording currentmeters (Qdro-Pmducts model 501 ) 
with Savonius rotors, 
the  meters being attached to  the hydrolngicaL cable maintained as close as 

possible to ver t ica l i ty ,  the direct ion and the  sp.eed of the ship being kept 

The measurements were made from the d r i f t i ng  ship, 
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constant during the  s ta t iono  The currents a r e  expressed re la t ive  t a  a depth 

of 500 m supposed t o  be motionless. 
+ - 5 cm/s on the  in tens i ty  of the E k W  component and 5 5" on the direction* 

The accuracy of the  measurements i s  

The chlorophyll - a was determined by the  method of Richards and 

Thompsop (1952) s l igh t ly  modified t a  adapt it to  oligotrophic t rop ica l  

waters : f i l t r a t i o n  of b ig  volumes of water 10 t a  20 l i t r e s  and, f o r  the  

colorimetric measurements, use of special  ce l l s  with a long opt ical  path 

(10 cm) and a small capacity (5 m l ) .  

by the  formulas of Parsons and Strickland (1963) with an accuracy o f  2 7 $ 
fo r  a range of concentrations of 0,05 - 0.20 mg/m . 

The concentration has been computed 

3 

The r a t e  of  photosynthesis has been measured during the cruises IIBoral' 

I n  the range 0005 - Oo90 mg/m3/h 

only, by the method of Steeman-Nielsen (1952) with i n  s i t u  incubation of the  

samples between 0700 and 1200 local  time. 
the relative error  is - 40 %. 4- 

The dis t r ibut ion of micronekton and macroplankton has been systematically 

studied only during t h e  cruises lrBoral* with a 10 f e e t  Isaacs-Kidd midwater- 

t r a w l ,  of  4 mm mesh. Its cod end was a 50 cm diameter ordinayy conical net, 

of 000 mesh s i ze  (mesh aperture between 0.9 and 1,O mm). 
and a bathykimograph (Marine Advisers) were mounted on the gear. 

samplings were made nightly, between 0800 and 1100 pomo local  time with 

oblique hauls the  depth of which varied according to  the  cruises, 

masses a r e  expressed as humid weights. 

separated from the  r e s t  of the catch by f i l t r a t i o n  i n  water with sieve having 

circular holes of a diameter of 304 mm, 

B flowmeter (TSK) 

All t he  

The bio- 

The small plankton f rac t ion  has been 

HYDROLOGICAL SECTIONS AND MEXIDIONAL DISTRIBUTIONS 

The sections present t h e  ve r t i ca l  dis t r ibut ion to ZL depth of 500 m, of  

the currents measured between 4OS and 4ON, of t he  geostrophic currents bet- 

ween ZOOS and 5 O S  and, between 20°S and 4 O N ,  of temperature, sa l in i ty ,  ther- 

mosteric anomaly, dissnlved oxygen, n i t ra te ,  reactive phosphorus, with the 

ident i f ica t ion  numbers given i n  tab le  3. 
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Besides various meridional distributions of biological parameters are 

given, 

(Fig, g), the  photosynthetics rate i n  the  layers 0-50 m and 0-100 m (Fig, I O ) :  

various biomasses (Fig, 11) : t o t a l  biomass and tha t  of the small plankton, 

bathypelagic copepods and themsoma pteropods 

organisms, mysids and amphipods, peneids and euphausids, carids and serges- 

t i d s ,  cephalopods, f ishes  and fish larvae. 

They are chlorophyll a i n  the  layers O150 m p  0-100 m and 0-200 m - 

chzetognats and gelatinous 

Table 3 
L i s t  of i l lu i3 t ra t ibns  

;Measured i 
;currents ,A 

! 
t 

1 ? 9 ! r ! ! r geostro- 

Dhic- . _ .  . I '  I cl/t I ml/l !mat-g/m !mat-g/m'! 
- T O C  ! 5 " / 0 0  ! St ! '2 ! N03 3 I  'O4-' ! 

I I I 1 ! I ! 1 1 I 
! r ! ! ! i 1 ! ! 

1 I 
! 

! ! ! 1 ! ! I t ! 
I r 

'currents i 

? ! ! i 6  f 7 ; a - ,  ! * !  I 
. 3  * 4 .  5 

No Qf 
1 .  1 -  ident i f icat ion 

of the figure I - 
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1 
! 
i 
! 
! 
I 
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t 

! 
! 
I 

I 
! 
! 
! 
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! 

? 

B I  ! 
1 

B 2  r 
! 3 3  

! c 3  
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! c 5  

C 6  1 
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c 7  ! 
I- - ! 
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Figure 9 ,: Distribution a f  chlorophyll a 
Rgure 10 ,: Distribution of primary production 
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A rapid survey of the various cross-sections shows that the  ve r t i ca l  

dis t r ibut ions a r e  s tmngly  determined by the  zonal and meridional circula- 
t i o n  such as they appear from the d i rec t  measurements, and considerations on 

continuity and mass conservation. 

Currents 

"he measured currents (Fig. ? o  f - ru) indicate three main zonal equa- 

---_I-- ----- 

t o r i a l  flowso 

divided i n  two cores. 

of the order of 200 m and its m a x i m u m  speed is close t o  50 cm/so 

is located near 2O30 Na 
which is also smaller var ies  more, 

small m a x i m u m  at the  equatoro 

At t he  surface, the  westward equatorial current is usually 

One core is  centered at about 2O30SO has a thickness 
The secnad 

Its thickness is smaller and its m a x i m u m  speed 

Quite of ten there is a third super f ic ia l  

Below this westward equatorial surface current and between its two 

m r t h  and south extensions t h m e  i s  t he  equatorial undercurrent o r  Cromwell 
current approximately centered at the equator. 

one at  about 100 m depth, t he  other at abaut 200 m depth, separated at abou% 

I50 m by a m a x i m u m  of the southward component of the  currento The upper 

l i m i t  of t he  upper core is close t o  50 m and ít flows 

of the surface layer. 

and it is 50 cm/sec i n  the  lower core. 

subsurface equatorial circulation is not always observed. 

(figa 1 g) a t  the  equator, the surface current was eastwards. 
c e l l  of the  Gramwell current was then replaced by a westward "rent bound. 

t o  the  two north and south branches of t he  equatorial westward currento A t  

depths greater  than 200 m t he  currents were pnchaqed and the  lower core 
of t he  Cromwell current was fourd at this depthho T h i s  change of surface 

It has two velocity coresq 

thus i n  the  lower par t  

The average velocity i n  the  upper core is 30-40 cm/sec 
This general scheme of surface and 

I n  ap r i1  1967 
The upper 

circulation followed a strong north-west wind which blew west of the  50ne 

under study some days before the  cruisee It underlines the strong deper- 

dency of t h e  currents i n  the upper layers of  the equatorial region over the  

dominant winds system and the independency of the  deep flows towards the  

same w i n d s .  
%WO other  eastward flowsc 

north equatorial countercurrent which dives obliquely equatorwards and 

extends i n  depth t o  at l ea s t  500 ìn; this flow joins the  &"well current 

through a "bridgeft located at  a%ou.t 200 m at  2O30 N i n  which the  velocity 

var ies  greatly. 

North and south of the  equator t h e  Cromwell current is t i e d  t o  

North, it is the  southern par t  of  the surface 

The thickness of this %bridge" is also highly variable and 
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the  meridional component of the velocity indicates a tendancy nf  the water 
at  this level  t o  diverge6 

equatorial countercurrent and the Cramwell current indicated by Montgomery 

(1962) i n  the western Pacif ic  is thus conf'irmed. 

these two currerrts have a " m o n  origin,  l ike ly  t o  the mrth of New-Guinea. 

However, they seem t o  separa te  east of 170°E. 
is also an eas - twd  f lou with a core at about 2OS and 200-300 m depth and a 
velocity of the order of  30 cm/sec. This s table  current reaches a depth o f  

1,500 m at leas t  and could be the current described by Reid (1965) 'between 

3 O S  and ? O S  on the  i s a m s t e r i c  surface 925 cl/t.  

The continuity o f  the flow between the  m r t h  

Similarly, it appears that 

South o f  the equator, there 

I n  these two deep north and south extensions of the  Cromwell current 

is embedded a westward flow, the upper l i m i t  of  which is near 300 m, where 

the velocity can be as high as 20 cm/sec, which i& extremely thick since it 
has been found t o  extend t o  at l e a s t  1,500 mo and which is l ike ly  t o  be very 

important i n  the balance of flows I n  the equatorial regiano 

c a l l  this newly discovered current the intermediate equatorial current. 

It is proposed t o  

The geostrophic currents between 20°S and 5OS (Fig, 2, a - k)  indicate, 

i n  a general westward flaw, the permanence of two eastward countercurrents, 

t he  south equatorial cnuvltercurrent and the  south t ropica l  countercurrent. 

The velocity core of the former is near loos with a m a x i m u m  speed of the  

order of 20 cm/so 

it seems t o  reach great depth. 

a r e  generally limited -bo the  upper 300 m. 
thinner and its meridional extend smaller. It flows south of 15OS and its 
southern l i m i t  is d i f f i c u l t  t o  define because the observations have been 

limited t o  20° S .  

current measurements with current meters and with GEX which were made on 

board of the  R,V. b r i o l i s  and by a d r i f t  b n t t l e  observation giv ing  at 23OS 
a westward current between the longitude of the  Fiji Islands and that o f  
New Caledonia with an average welocity of 0.5 knats. Thus, it o a m t  be 

considered as part  of t he  westward south Pacific current pertaining t o  the 

b ig  anticyclonic m e  which includes the Peru 

current and the east aus t ra l ian  current and located south o f  the south st&- 

t ropical  convergence (Bwkov, 1968). 

Its width varies considerably f r o m  300 km t o  900 km and 
Hnwever, veloci t ies  greater  than 10 "sec 

The l a t t e r  is more sluggish, 

However its existence at 170°Eis  ascertained by d i rec t  

current, the south equatorial  
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To sum up, a t  the  surface, the  circulation i n  the  western Pacif ic  

appears t o  be guite different  from the  simple scheme based on the  existence, 

over t he  greatest  par t  of t he  south Pacif ic  of one simple anticyclonic gyreo 

A t  the  equator, when the dominant wind is  the tradewind the  current is 

westwards and it reverses when the  w i n d  reverseso 

is wind induced, 

a t  the  la t i tude  where i s  located the wind convergence during the  southern 

summerp (november-april) ; it coresponds 

between 5ON and 10°N7 called equatorial countercurrent and which should be 

named m r t h  equatorìal countercurrento 

munt ercurrent having also its counterpart i n  the northern hemisphere 

(Yoshida and Kidakoro, 1967), which has been called the  subtropical mu& 

tercurrent e 

This coun y g a t o r ï a l  r current 
A t  IOOS there is the  south equatorial/current which flows 

t o  the  similar w r e n t  exis t ing 

A t  2OoS there  is the  south t ropica l  

I n  subsurface, besides t h e  eguatorial undercurrent o r  &"well current 

there is a deep equatorial westward flow which we propose to c a l l  equatorial 

intermediate current. Because of i ts  existence the term equatorial under-, 
current used for the  Cromwell current is ambiguous and it is proposed t o  
use o n l y  f o r  it the  name Cromwell current, 

--------- Temperature (Fig 3 , a-m) 
--------Y_ 

Three main features appear i n  t h e  temperature distribution. An equa- 

t o r i a l  spreading of the  isotherms of the  thermocline is present between 

3 O S  and 3ON, i n  a water layer extending from at  l ea s t  IO0 m depth to 300 m 
deptho 1% af fec ts  also a large range of'temperatures, from 25OC t o  10°Cm 

T h i s  spreading is  much more marked than that described by Knaws (1960) at 
140°W and associated t o  the Gromwell current. It suggests that the l a t t e F  

at 170°E is larger and thicker than at 140°w7 w h a t  is confirmed by the 

d i rec t  measmementse 

winter time (april-november)* 

therms is limited t o  the  lower ones whereas the upper ones remain horizontal, 

Nevertheless, at a l l  seasons, below a depth of about 300-400m, the  equator- 

ward slope of t h e  isotherms reverses i n  the  v ic in i ty  of the equatoro 

slope upwards equatorwards. I n  terms of geostmphy t h i s  means that a west- 

w a r d  current, the  equatorial intermediate current is flowing i n  an eastward 

flow indicated by the  downward slope equatorwards of the  isotherms deeper 

than 300 m o  

Such a spreading is typical  of the  s uthern hemisphere 
(Fig, 3 ,  a ami gg 

During the summerJthe bulgrng o f  t he  iso- 

They 
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Generally the  upward bulging of the  upper isotherms resu l t s  i n  a 

cooling of the  equatorial surface water re la t ively t a  the  adjacent waterso 

It is  t h e  equatorial upwelling. Usually, this upwelling is not symetrical 

t o  the  equator as it should be i f  it were due only t o  the  equatorial diver- 

gence of t h e  equatorial westward surface current- 

northwards o r  southwards depending on the dominant wind during the cruises 

When the wind has a north component the upwelling is displaced northwards, 

the  reverse when the  wind is  fmm the  southeast, These facts confirm the  

model o f  meridional circulation proposed by Cromwell (1953) t o  explain the 

Again, the equatorial  

It is  displaced e i ther  

' thermal f ronts  which he met i n  the central  Pacific. 

u2welling does exist only i n  southern hemisphere winter time, 

december 1965 (Figo 3 a) and apr i1  1967 (Fig, 3 g) the  wind induced surface 
curren.t is eastwards because the  wind is blowing from the  north-west, the  
surface divergence is replaced by a convergence resul t ing in an increase of 

the thickness o f  the  isothermal layer a t  the  e F a t o r  and there  is  no wal ing  

of the surface watere 

I n  summer 

Finally i n  the t rop ica l  waters t he  thermocline gets  thicker south of 

c 5 O S ,  Its deeper isotherms slope downwards southwards whereas the upper ones 

indicate at some locations very marked changes of slope, 

hemisphere an upward slope golewards i s  associated e i ther  t o  the m r t h  equa- 

t o r i a l  countercurrent (Kendall 1966) or t a  the m r t h  t ropica l  countercurrent 

(Robinson 1969), that is  t o  say, to  a geostrophic eastward current. 

southern hemisphere, at 170°Eo it coincides respectively with the south 

equatorial countercurrent near IOOS and with the  south t ropica l  countercur- 

rent south o f  15"s. 
the  location and the  strength of these countercurrents vary great ly  with 

time, It must also be noted tha t  the upper part  of t he  thermocline presents 

at  various la t i tudes a ridge duo t o  an upward movement of the  lower water a t  

the southern limit of  an eastward countercurrent; such a movement f u l f i l l s  

t he  continuity equation. 

movement which is associated to a surface convergenceo 

I n  the northern 

I n  the 

Further, the thermal structure indicates c lear ly  that 

On the  contrary, the troughs a re  due to a downward 

The dis t r ibut ion of salinity (Fig. 4, a-m) is  more complicated and gives 

more indications an the influence of -the zonal c i rculat ion over t he  hydrr?lo- 

@cal  properties* 

i n  subsurface o 

There a r e  interest ing features at the  surface as well as  
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A t  the  surface, north n f  3 O N  there  is a low sa l in i ty  water (So/,, 

lower than 3 5 ° / 0 0 )  quite close to  the  northern l i m i t  o f  the westward equa- 

t o r i a l  current and l i ke ly  t o  be bound to  the  m r t h  equatorial countercurrenta 

I n  the  central  and eastern Pacific this equatorial water i s  mostly formed by 

the  advection of  the  upwelled Peru and equatorial water. 
t y  maps show that i n  the  western Pacif ic  this waters cormes from the  extreme 

western end of the equatorial Pacific where there is a great excess o f  ra in  
over evaporation. 

The surface salini- 

The subtropical surface water of the  south Pacif ic  extends south o f  

3 O N  and has a s a l i n i t y  higher than 35°/,,0 
by a well marked salinity front. 

o f  the  salinity gives evidences o f  the upwelling. 

a core of  low salinity water, par t ly  entrained by the  south equatorial com- 

tercurrent. It originates i n  the  western equatorial Pacific, near New Guinea 

where can be found the  only source of low salinity water i n  this part  of the 

south Pacific. 

water and the  low salinity water of t he  south equatorial countercurrent and 

t h i s  front as well as the others which can be noticed at varinus la t i tudes  

might be indications of surface convergence and of downward mnvement i n  the  

upper layer, 

c l ine and of the  pycl~ncline. 

It is separated from the  f m m d  
I n  the.equatnria1 region the d is t r ibu t ion  

Close t o  I O O S  there  i s  

There i s  a sa l in i ty  front between the subtropical surface 

Some of them a r e  i n  fact associated t o  thmughs of t h e  thermo- 

Near IOOS and 200 m depth, there  i s  a core of sa l ine  water with a sali- 

nity higher than 3 6 O / , ,  o 

formed a t  the  surface to  the  southeast of Polynesiaó A s  indicated by the 

location o f  the 35.50°/,, isohaline i ts  equatorward extent varies greatly. 

This water participates t o  the  formation of the  Cromwell current and, close 

t o  the equator, i t s  core is  very near and generally sligthly above tha t  of 

the  Cromwell current. 

equator but at  the level  of the  velocity core of the Cromwell current an 

isolated core of salinity, t race  o f  the  subtropical water of the south 

Pacific integrated into the current i n  t he  western Pacif ic  (Yhntgomery and 

Stmup 1962, Knauss 1966, Wyrtki 1967). 

a similar isolated core which suggeststhat this lc?ngitudc is close t o  t h e  

eastern l i m i t  of integration of  the subtropical water of the south Pacific 

into the Cromwell current. 

width of the  l a t t e r  i n  the western Pacif ic  since the  salinity core is fur ther  

It is the  subtropical water of t he  south Pacif ic  

I n  the central  Pacific there i s  always, south of t he  

On some sections a t  170°E there  i s  

F'urther it is another indication of the  greater 
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south. 

south of 2OoS, between llOoW and 140°W extends westwards and northward, 

along several paths as indicated by secondary isolated maxima both north and 

south of the  main core.. 

The subtropical south Pacific water formed i n  the central  Pacific, 

A t  the  equator i n  subsurface the salinity s t ructure  is extremely compli- 

cated by the presence of numerous m a x i m a  derived from the southern hemis- 

phere and m i n i m a  formed of northern hemisphere’ water. 

converge equatorwards and par t ic ipate  to  the formation of the  Crnmwell 

currento 

nity water which is the north Pacif ic  intermediate water. It extends south- 

wards and reaches almost the oquatnr where it forms with the  sa l ine  water o f  

southern or ig in  a well marked salinity front.  

depends on the  equatorward extent of the subsurface waters and it can be seen 
that it varies greatly. 

4 g) the  equatorial surface water was desalted. 

current was then replaced by an eastward current formed north of New Guinea 

and transporting the law sa l in i ty  water formed i n  this regiono 

These two waters 

North of the  equator, at about 200 m depth, there  i s  a l n w  sal i -  

The in tens i ty  o f  this front  

I n  december 1965 (Fig. 4 a) and i n  apr i1  1967 ( E g o  

The westward equatorial 

Ridges and troughs i n  the upper par t  of the  Palncljlie a r e  a lso indica- 

t ions of ver t ica l  ascending o r  descending motions i n  the  upper layer. 

The ver t ica l  dis t r ibut ion of thermosteric anomaly (fig. 5, a-m) re f lec ts  

tha t  of temperature* 

i s a m s t e r i c  surfaces locates the  Cromwell current and confirms -khat it is 
wider and thicker a t  170°E than at 140°W, If this current is geostrophic 

the  ve r t i ca l  shear of the  zonal current, both sides o f  the equator, is given 

The ver t ica l  spreading, between 3 O S  and 3ON of the  

bY 

26 (1) f - = - f g  as a u  
3 5  

whereas at the equator it is givenby 
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i n  which g is gravity, d anomaly of spec i f ic  volume, f & r i o l i s  force ard 

ß = df/dy. 
is m a x i m u m  at  the  level  where an isanoster ic  surface is horizontal. T h i s  

fact had been pointed out by Montgomery aM Stmup (1962) at  150OW and is 
confirmed at 170°E where the  depth of the  horizontal i samstere ,  of t he  or- 
der of 200 m, is’that of the velocity core of the Cmmwell current.. 

must a lso be pointed out that the surface conditions do not affect the depth 

of the  core of the  Cromwell current as it appears f r o m  the density distribu- 

t ion,  whatever the surface current i s  eastwards or westwardso A t  15OoW it 
was found thah the core of the  Cmmwell current was at a depth of 125 m on 

the 300 cl/t isanoster ic  surfacel, 
and closer t o  the surface. 

Both equations indicate that the zonal component of t he  currerrt, 

It 

Flowing west t o  east  it gets thus l i gh te r  

The lower l i m i t  of the Cromwell current seems to  be associated t o  a 
thermosteric anomaly of the order of 1801140 cl/t because at  this l eve l  

there  is a reversal  o f - t h e  descending slope equatorwards of the isanosteres. 

I n  terms of geostrophy, an ascending slope equatorwards a f  these surfaces 

implies a westward current which is the  equatorial intermediate current 

embedded i n  the eastward flaw of  the deep extensions of the Gromwell current; 

the  depth of the  l i m i t  between these two currents is  300-400 m r  

The upper l i m i t  of the  Cromwell current is not c lear  at a l l  because the 

ascending slope equatorwards of the upper isannsteres of the pycnocline is 
due to  the  generally westward surface current. k t h e r ,  i n  an homogeneous 

layer  i n  which there  a r e  two opposite flows only one of them can be geostm- 

phice This  is more or l e s s  the case of the surface current which is some- 

w h a t  ref lected by the density distribution. 

the Cromwell current does not show on the density distribution, 

indicate nervertheless an equatorial upwelling which is not necessarily syme- 

t r i c a l  t o  the e q L ” ,  its latitude depends on the meridional component of 

the dominant w i n d  (cf supra, temperature). T h i s  upwelling which brings t o  

the  surface water heavier than the adjacent one disappears when the w i n d  re- 
verses and blows from the  north-west, T h i s  shows i n  december 1965 (Fige 5 a) 
anil i n  ap r i1  1967 (l?ig. 5 g) when the surface current being eastwards the 

surface divergence isxsplaced by a convergenceo 

then warmer, l e s s  sa l ine  and l igh ter  than north and sauth. 

Consequently the upper core of 
The latter 

The equatorial water fs 
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In the  t rop ica l  region the upward slope polewards of the  upper isanos- 

te res  of t he  pycnocline points out t he  location of the  geostrophic south 
equatorial countercurrent near I O O S  and of t he  southtropical countercurrent 

south of I5OS. 

and ridges marking the  l i m i t s  of the geostrophic currents and indicating 

ascending or descending motions a t  the  bottom of the  hmogeneous layer. 

But there  a re  also, at the  top of tho pycmcline, troughs 

The ve r t i ca l  oxygen dis t r ibut ion (Fig. 6 a-m) suggests also an equato- 

rial upwelling (Fig- 6b,d.and j )  and is typical  i n  case of convergence (mg. 
6 a and 9). 

d is t r ibu t ion  is  the  homogeneous core, associated t o  the Cromwell current 

(Knaws 1960) wider ancl thicker a t  17WE than at 140°W, 
at 170°E being also higher %han at  140°W there  is 

while t he  current is flowing eastwards e i ther  by remineralization of organic 

matter, e i ther  by diffusion into the  l e s s  oxygenated water which frame it or 
by the two processes., 

ve r t i ca l  mixing within t h e  cnre o f  t he  Cromwell m r e n t r  
later (Rotschi and Wautw 1969) that it is due to the  superposition of diffe- 
rent  water masses having very similar oxygen content. The upper water is a 

mixture of subtropical water of the south Pacif ic  and of water of  t h e  north 
equa to r i a l  countercurrent. 

Nevertheless, one of the  most important features of the  oxygen 

The concentration 

consumption of oxygen 

Knauss a t t r ibu ted  the  oxygen homogeneity t o  a stmng 
It has been shown 

"he lower water is from the  Coral sea. 

Below the  Cmmwell current, at depth greater than 300 m, the equatorial  
intermediate flow transports water with a re la t ive ly  small concentration of 

oxygen ref lect ing the  nyygen m i n i m u m  fnrmed along the coast o f  Peru (Reid 

1965). 
waters with different  oxygen cnncentrations, 

which prolongs i n  depth the  &"well current and made e i ther  from Coral sea 

water i n  the  southern hemisphere (Tsuchiya 1968) e i ther  from m r t h  Pacif ic  

water i n  t h e  mrthern hemisphere. 

the oxy'gen m i n i m a  formed along the central  american coast i n  the  northern 

hemisphere and off  Peru south of the equator. 

Both sides of this oxygen m i n i m u m  this current is embedded i n  various 

Erst, there  is  owgenated water 

Then it is low oxygen content water from 

I n  the  sonthern par t  of the sectinns a highly oxygenated water at more 

than 4 m l / l  appears. It resu l t s  from the transport equatnrwasds of antarctic 
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intermediate water formed at the surface near 600s where it gains an oxygen 

cantent higher than 6 m l / l .  

r i c h  i n  oxygen and the poor inter t ropical  water of Peru is located between 

1OoS and 2OoS and i ts  meridional extend varies much. The la t i tude  of the  

3 m l / l  i sopleth associated t a  a strong meridional gradient of oxygen and 

which can be considered as  the l i m i t  a f  the  southward extent of the  Peruvian 

water being re la t ive ly  s table ,  it is  the northward extent of the an tarc t ic  

intermediate water which varies mast, 

The contact region between this antarc t ic  water 

The dis t r ibut ion of nutrientst  n i t r a t e  (Fig. 7 ,  a-m) and phosphate 

(Fig. 8, f-m) r e f l ec t s  t ha t  of the main hydrological and dynamical features 

described above;. 

manent mechanism except when there i s  a surface convergence of the eastward 

wind-induced surface current during the  north-west wind period (Fig. 7 a and 

g, Fig, 8 9). 
ned by the spreading of the  thermocline, o f  the pycnocline, and by the 

oxygen homogeneous core, there i s  a layer  i n  which the  ver t ica l  gradient 
of phosphate and n i t r a t e  is not negligibleo 

core of the  Cromwell current there is  nn strong ve r t i ca l  mixing and that 

waters of different  origins but with similar oxygen content and d i f fe ren t  

phosphate and n i t r a t e  concentrations superpose. 

core of  water r icher  than the adjacent one and poor i n  oxygen, 

bedded by two tongues o f  water re la t ive ly  poor corresponding t o  water flowing 

eastward. 
minima off  central  America and Peruo 

The enrichment of the equatorial surface layer is a per- 

In  subsurface, coinciding with the Cromwell current as  defi- 

This  confirms that within the  

Below 300 m, there  is a 
It is  em- 

Further poleward there a re  waters re la t ive ly  r icher  of t he  oxygen 

At intermediate depths af the in te r t ropica l  zone of the  southern hemis- 

phere appears dearly a core o f  high concentration of phosphate and ni t ra te  
d i rec t ly  t i e d  t a  the law oxygen water, Besides the antarctique intermediate 

water is  much poorer i n  nutrients salts s o  tha t  there i s  a strong meridional 

gradient between t h i s  water am1 the Peruvian water, 

The high time variations af the phytoplard6tanic biomasses makes it ex- 

tremely d i f f i c u l t  t o  @ve a picture n f  t h e i r  dis t r ibut ion,  The observations 

have thus been grouped i n  order t o  give the average concentration of chloro- 
phyll m a i n  the  layers 0-50 mt  0-100 m and 0-200 m (Fig, 9) and of da i ly  pri- 

mary production i n  gC/m /day i n  the layer 0-50 m and 0-100 m (Fig;. IO). The 

chlorophyl l2  expressed as active chlorophyll plus phaeophytin s h ”  a 

2 
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typical  equatorial maximum i n  the  layer 0-200 ma 
is a secondary m a x i m u m  between 12OS and 16oS, 

secondary m a x i m u m  appears between 5"s and 6oS, 

quite well the geostrophic annal circulation implying a divergence at the  

northern l i m i t  sf the south equatnrial countercurrent and of the south tro- 

pical  countercurrent and a convergence a t  the i r  southern l i m i t ,  

bution n f  primary productivity shows on ly  one region of high productivity, 

the  equatoro 

I n  the  layer 0-100 m there  

I n  the  layer 0-50 m another 

This dis t r ibut ion i l l u s t r a t e  

The d i s t r i -  

The same problems o f  presentation of the resu l t s  were raised by the  

biomasses of micronektnn and macroplankton. 

changes i n  the sampling technique complicate the interpreation of the  resu l t sa  

The r e su l t s  of a l l  the  hauls made during the  cruises lrj3nra11 have thus been 

cumulated at the leve l  o f  the sorted groups (Fig, II) 2 small plankton, 

bathypelagic copepods, thecosoma pteropods, chaetognats gelatinous organisms, 

mysids, amphipods, peneids,euphausids, carids, sergestids,  cephalopods, 

f ishes  and f i s h  larvae, 

biomass. Each of  these curves gives thus a f i c t i v e  dis t r ibut ion looking l i k e  

an average distribution, The t o t a l  biomass (A) shows an equatorial and an 

inter t ropical  maximum; the  l a t t e r  corresponds -to t he  t rop ica l  maximum of 

ch lorophyl l s  i n  t he  layer 0-100 m o  
mysids (G), cephalopods (M),  f i shes  (N), f i s h  larvae (O)o 

t o r i a l  m a x i m u m  more o r  l e s s  displaced : bathypelagic copepods (C), -theCosoma 

pteropods (D) euphausids (F) carids (K) sergestids (L), 
dis t r ibu t ion  gelatinous organisms (F) peneids (I)* 
t ropical  maximm well marked a t  about 5 O S  chaetognats (E) amphipods (G) .  

These dist r ibut ions confirms the  gross feature of  the 5 n n a l  circulation and 

of the  surface convergences and divergences that it implies. The r e l a t ive  

displacements of the peak regions could be due t o  the  patchiness dis t r ibut ion 

of some groups which have thus been badly sampled, but also to  the dwlation 

of t he  biological cycles of the various components o f  %he micronekton, t o  

l a t e r a l  transports and t o  ve r t i ca l  migration the amplitude o f  which varies 

from one species t o  the  other,  

Great time variations and 

Besides, a cumulated curve gives also the t o t a l  

Other dis t r ibut ions give similar m a x i m a  : 
Some show an equa- 

Othemhve a uniform 

Some have only an inter- 

I .  

c 



CONCLUSION AlVD SUMMARY 

Taking into account the  currents both measured and computed and the 
hydrological and biological observations, it appears tha t  the western equa- 

t o r i a l  and south t ropical  Pacific has a circula-tinn which is  more complica- 
ted than indicated by the  accepted schemes, that  this circulation strongly 

determines the hydrological llclimatell of the region and has also a strong 

impact on the f e r t i l i t y  of t h i s  region. 

As far as the circulation is concerned, the new fac t s  concern the two 
ce l l s  s t ructure  of  the  Gromwell current i n  the western Pacific,  the  very 
thick westward equatorial intermediate current giving some ambiguity to  the  

name equatorial undercurrent used f o r  the Cromwell current and requiring a 
recnnsideration of the balance of flows of the currents i n  the  equal;nriai 

region, the deep extensions o f  the Cromwell current and the permanence o f  

the south equatorial and south t ropica l  geostrophic currents o 

The hydrological factors  permit an easy ident i f icat ion of z 

- the  equatorial upwelling the axis of which seems t o  depend on the  

meridional cnmponent of the wind; it disappears when the smface 

current reverses, 

- the  Crclmwell current broader and tkicker than i n  the central  and 

eastern Pacific with a lower l i m i t '  c learly v i s ib l e  at about 300 m; 

- the  westward intermediate current embedded i n  the  deep m r t h  and 

south extensions of the Cromwell current and transpnrting water with 

specif ic  oxygen, phosphate and n i t r a t e  contents, 

- the  south equatorial and south t ropical  countercurrents, 

a- the  subtropical subsurface water mass of the south Pacific converging 

equatnrwards, whereas the nnrth Pacific intermediate water flows 

southwards 

- the  northward extent o'f the an tarc t ic  intermediate water, 

- the  water o f  t he  oqgen  minima formed off  Peru and the central  

american cnast o 
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They also show that some hydrological characterist ics o f  the Cromwell 

current a r e  gained fur ther  west, north of  New Guinea, t h a t  the  core of the 

Cromwell current is homogeneouslbecause it is  formed by the superposition 

of different  water masses with the same or iginal  content but different  by 

t h e i r  o r ig in  and t h e i r  nutrient salts content, 

i n  xygen 

Finally thes’e data give strong evidences o f  enrichment mechanisms of 

surface waters by deeper waters from the  upper part  of the discontinuity 

layer at the equator where the  upwelling is  present during the  tradewind 

season (april-nnvember) and i n  t rop ica l  waters where upward and downward 

movements a r e  permanent and lncated respectively a t  the southern and northern 

l i m i t  of eastward countercurrents. These ver t ica l  movements are par t  o f  a 

general c e l l  l i ke  circulation i n  the  homogeneous layer creating regions nf 
greater productivity characterized by a greater biomass of  micronektonic o r  
macroplanktonic organisms 
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