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INTRODUCTION

The earlicst evidence for a southward-flowing
warm currcnt off western Australia came from
obscrvations of warm waters and tropical marine
flora and fauna around thc Abrolhos Islands
(-29"S) by naturalist Savil le-Kent in 1897. In
1922 Hall igan. a hydrographer, inferred such a
curreDt from temperature maps derived from
merchant ship measurements. Further, he
rcported "a warm southerly and eastcrly surface
current from the vicinity of Cape Lccuwin" with
spceds  o f  0 .3  1 ) .4  knots .

Sincc th|t t ime studies of currcnts, water prop-
crtics zrnd plankton have contributcd to thc
descr ip t ion  o f  a  warm,  low-sa l in i ty  cur rcn t  tha t
starts off NW Australia and luns down to Cape
Leeuwin whcre it pivots to flow eastward across
the Grcat Australian Bight. The response of
CSIRO satell i tc-tracked drifters to this currcnt
was quite dramatic somc lifteen ycars ago and lcd
to it being called the Leeuwin Current. The
Lcr ' r iw i r r  (L i r rncs :  in  Eng l rsh)  uus  r  Dutch  sh ip
lh i r l  e \ f ' l ( ' reJ  e i rs t \ \a rd  towi rd (  th (  B igh(  in  1622.

The Lecuwin Current f lows principally, but not
exclusivcly. in autumn and winter. It probably
inllucnces thc coastal climate; it acts as ti conduii
to bring tropical marine faula and flora to soutlr-
e rn  Aus l r r l i r :  i r r rd  i r  uppe l rs  to  p lay  i rn  impor tan l
t t ' l c  i n  t h (  m i g r r r t i , ' r :  o f  s e v e r u l  5 p c c i e \ , ' [  6 \ h  i t n J
birds. It is unusual in that it f lows seuthwitrd and
into thc wind. (Jther currcnt systems on the
castern sides of oceans - the Benguela, Canary,
Peru, and California current syitems of thc
Atlantic and Pacific Oceans - f low equarorward.
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The Leeuwin Current is an unexpected current because it carries water from the tropics to south-
western Auslral ia and then eastward, possibly as far as Tasmania. In some places and at some t imes
i l  has speeds up lo 3.5 knols, thereby r ival l ing the East Austral ian Current. This paper outl ines some
of i ts features.
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Fcatures of the Leeuwin Currcnt and the
marine environment of Western Australia are
outlined in the following sections.

THE LEEUWIN CURRENT SYSTEM:
DIMENSIONS AND SPEEDS

Ofl NW Australia the Leeuwin Current is
broad and shallow (2(X) km by 50 m) and has
spceds of up to 1 knot. It accclcrates along its
southward path and by the time Cape Naturaliste
is reachcd (33'S) it can havc speeds up to 2 knots.
Therc its warm watcrs arc some tens of km widc
and can be as dccp zrs 200 m. Thc Current further
accclcrates in thc Capc Lccuwin vicinity and
spccds of up to 3.5 krots havc been mcasured
just beyond thc shelf edgc bctween the Cape and
Esperancc. Eastward fftrm Capc Lceuwilr its
warm watcrs spread quitc close to shore, although
thc  max imum spccds  a t  midshe l f  a re  on ly  I  kno t .

Changes in the streDgth of the Leeuwin Currcnt
are reflccted in ntcan sea levcl changes at coastal
stations. These typically show arr annual
amplitude of 15-20 cm. with highcst virlucs in
March (NW shclf) to May or Junc (SW Aust-
ralia); this seasonal movemcnt of thc sea-lcvel
maximum reflects the southward passage of the
Lccuwin .Cur ren t  pu lsc .  I t  i s  wor lh  rn in t ion ing
that passing weather patterns commonly produci
sea levcl changcs of ,10 cm; thcse havc periods of
several days.

All along its path southward from NW Aust-
ralia, the Leeuwin Currcnt both rrreanoers ancr"spins up" eddies. It providcs thesc eddics with
warm "fresh" waters while, at thc same timc,
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t l kes  co ld  ' sa l t t  watc rs  f lom thcm.  Th is  mix ing
contrrbut!-s t() a progrcssivc cctr])l ing ancl incrcirsi,
| | ) ,  \ j l l t  l l \  l r l , ,  : : .  t l r e  l i t t h  , , t  l l ) r .  (  r r r r , . . n t .  l l t t .
c ( r ' l r L \ , ' l t l  l r ( ) n t  t l l (  u \ ' \ l  q r r . 1 . 1  ; 1 1 1  r r 1 r 1 1 1  r  l , , r . k $ i r r
and ln t i c lockrv isc  und ure  roug l r l v  150 k rn  in
, l l i r l l l \ ' l ( r .  S l ' u , . l r  , ' i  u l r  l , '  \  k n i r ' \  h l r r g  1 ' . . r . 1 1
nrc i rsurcd  in  thcm un i l  thc i r  I i te t in tcs  c i rn  be  ovcr
t * o  m o n t h s  ( F i e .  I ) .

igLrrr  L nr .  tur l iLL t rntptrurut t  d i \ t r ihut ion t l l  *$t tn l
,1u\ t tu l t t  d\  t l t r t rnuntd lntm M in l f t l t i l  ;ur t l l in 'nngt
ln,u l5 . lut t t  I t )El  7h( Lut \ i  (  urrot  uor^ d\  u
bt1)ul  l  t l  t ) l  t \ont  \ut t t  t>)1 ' (  )  o l l  rht  nnh-y* ut l
ptugt t \ t t \  \ t )utht iutd !o (d l t  l reu\ in unl  thoi  , i t ! t t \ . ( ! t ( l
k)  r lu, ( ;n,ut  ,1u. \ r f t  i tn Etqht  Ttun uf t  d l iu,  nutnt lo:
ud ol l thrnrs ^\ot i r tc l  r i th t l tL Lccuxi t t  (  urn 'nt .
, \ l i r tn! ,  rudiutk und r ' td l )arut ton t  u\ t ,  i t \  \urL,r t  ro tool
ud h( t )nr  l | r t  a\  th. \  ptoNr( t t .

C o r e  a  1 4 ( 4 )

As l t  ruos  cas t \ \ ' i i rd  t l t c  I_ccr r rv in  ( 'u r rcn t  loscs
v i rs t  a lnounts  o l  * i l l r r  in to  o f fs l l (x )1s  th i r t  c l tn
cx tcnd L lp  to  scvc la l  I r r rnc l rc t l  k i lon tc t rcs  sout l r
*'artl. The offshoots i lrc 5{) knl rvidc anci 150 rrr
i lccp and llrve tritugh-sllr ltcd cross scctions. C)n
thc i I  Ncs tern  s ic les  r rc  south-qo ing  cur rcn ts  i tnd
on t l l c l r  cas tc rn  s idcs  arc  D i t l t l rgo ing  cu t rc r r ts l  t l t c
spccc ls  tue  up  to  I  k l to ts  anc l  tu rbr r lencc  bc twecn
thc . two s ( rcants  g ivcs  r i sc  to  ovcr tu rn i0g  i rnd
rn ix in ! .  

' l  
hc  o l i sho l ) ts  t l r i ve  c lock* isc  and an l i

c lockwisc  cc lc lv  p i t i r s  l lX )  kn t  d ian tc lc r  on  lhe i r
cas tc rn  l tnd  \ \ ' cs tc rn  s idcs  rcspcc t ivc l \ , .

[ ] c low thc  Lccu l l in  C 'u r rcn t .  i r r r t l  cx tc ld inq
( )vcr  a  dcp th  n rnge o i  scvcr l l  l tun t l rcc l  n tc l rcs .  i i
i r  rcversc  undcrcur ren t  o f  up  lo  ( l  5  k lo ls

WATER TYPES OF THE WESTERN
AUSTRALIAN REGION

' l 'hc  
l i r l l ou ing  \ \ l l l e rs  i l r c  encountc rcd  i l  thc

uppr r  5 (X)  m in  thc  su i r t rop ics  \ \ ' cs t  o l  Ar rs l ra l ia :
' l  

l r  Lccr t t t in  ( i r r rc i r l .  Sur facc .  lou-sa l i r r i l v
{ .  . l < . i r r  l r j l r t .  I , r ' r  I I I , , I I . j I I L I L  l r r : : l r - r ( r r r P ( I l ,  I r . .
(>24 " ( ' ) . l ow  nu  1 r  i cn  t .  t r op i ca l  \ \ , a te r s  t h i l t  sp rcuc l
sou th  I r om 20 'S  i n  l [ l l l Ln tn  i t nd  \ \ ' i n1c f .  O l l
Ro t l r ) cs1  I s l i ! n ( l  ( - l l ' S )  t hc  u . i r r t c r  sa l i n i n  i s  J5 . l ( ] '
. 15 . -1 ( l  anc l  t hc  I - eeL tw i l t  ( ' u t r cn t  I r o l ds  t hc  sc r r
su r i i r cc  t cn rpc ra lu l c  t hc t c  l l ) i ) \ ' c  l l "C  un l i l  l r l t c f
. l r r n  c .

. \ o t t t l t  l t t l i u t t  ( i , r r t r r r l  $a te rs  l r r c  h i ! l t - s i r l i n i l t '
( >35 . i i 0 )  \ \ ' i l h  t cn rpc r i i l u r . c \  o l  l 7 "  l 9 ' ' ( '  a l l c l  a r c
l ound  nc l r  t hc  su r l acc  o i l  A l l s t l a l i a  s  SW co rnc r .' l hcv  

s i nk  t o  scvc ra l  hun ( l l cd  n re l r es  as  t hcv
. 1 r 1 ! ; 1 1 1  1 1 , ' 1  1 1 1 v .  : r r , i  i t \  : r l l  t l l l . l (  r \ ' U I I L  n l .  r r  i t  l r  r r r r r r n l :
p rog rcss i vc l l  k r vc r i n i t  t he i r  sa l i r r i t \ ' .  I n  s t r n tn r c l
l l r ( \  L \ l c n ( l  t  l l  \  r r r r J  i | l  u t  l . r  I , ,  l ( ' \ .  T l l (
r torthrvard sprcacl is alrcslccl bv t lrc rvcstrvlrrr l  f lorv
o l  the  rc la t i vc ly  Io$-sa l in i t l  (<3-1 .5)  SorL th
Lquator ia l  ( 'u r rcn t .  ' I ' hc  

South  Ind ian  Ccr )1ra l
watcrs are also prevL'ntcd fr(rm rcaching thc con-
t incn ta l  shc l f  be t rvccn  l0 '  and 20 'S  bv  thc  lo rv -
. i r l i I i l )  |  c | .  t t r r r r r  (  t r t t .n t  s , 'u re r :  r r r r l t  r . .

Tlrc West Attstruliurt Crrrrorl. Surlacc. high-
s i r l in i t v  (>15.90) .  lo$-nu t r i cn t .  suh t rop ica l
wrtcrs with temperaturcs of 20"-22'Cl at l0'S. In
sumnler thev arc carricd rortlr$ard to 2-5"S ancl
ciorvn to l(X) m dcpth.
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Tropitul ox,vgen minimum; Subsurfacc (l(XI-150
nr), low salinity (<3-5.00). low-oxygen (< l50pM-).
tropical water spreading southward to about 26'5
in  la tc  summer  and au tumn.

Subtropical oxygcn moximutz: Subsurfacc
(40(I-5(X) m). low-salinity (<3-5.00) warcrs of rhc
subtropical oxygen rnaximum (>l75pM) drift ing
nor thward  to  about  l ' 1 "S  in  w in tc r .

The Leeuwin Current sprcads southward over.
and mixes  w i th .  South  Ind ian  Cent ra l  water .
thcreby beconting progressively more salinc ancl
cooler with increasing latitude. Seasonal varia-
l ions  in  \o l i r r  hc r l ing .  c lapr r r r r t ion-prc t ip i t r t i r r l
e l f c c t s .  d y n r r n r r e a l  u p l i t r i n g  o l  S o u r h  I n d i i r l
C e n t r : r l  w l r t e r .  n t i r i r r g .  i r n d  r h e  r u p p l y  ' r l  w i r t e r i
ol the Leeuwin and Wcst Australian Currents are
coltroll ing fack)rs for the tempcrature and salinity
of the surfacc layer off western Australia.

Whcn the Lccuwin C--urrcnt turns 1() the cast at
Cape Lccuwin  i t  l cavcs  a  rcg ion  whcrc  i t s  sa l in i tv
i s  l e s .  t l t . r n  r l r , .  l m h i c n r  a .  l 5  x  S , ) u t l l  I n J i i r n
Ccnt ra l  watc r )  and cn tc rs  one u ,hcre  i t s  sa l in i tv  i s
h i g l r .  r  t h r r n  l h (  . r n t h i c l t  . 1 5 . 5 .  l r r  r h <  s e c , , n d
( f rcshcr )  reg imc the  Lccuwin  Cur rcn t  has  been
observed to carry with it a shcath ol salty South
I n d i r r r  C L n l n r l  $ i t t c r .  I  h c  . l r e r r r h  i s  t h c n  s l , , u l v
L r s l  d , r w n r l r c ; r r n  l l ) r , ' l l g h  c n e r t (  t  ( .  n t i x i r r g  u i t h
thc freshcr offshorc u'aiers (Fig-. 2).

EFFECTS ON SHELF WATERS

The ctTccts oI the various currcnts on the watcrs
of t l lc contincrtal shclf wcrc first nronitored at a
hycirology station on Rottnest Islanq tr i l  walcr
depth of -50 rn. Thcrc is a soutltward flow of low-
sa l in i tv  water  in  i ru tumn/win tc r  and a  nor thward
l low o f  h igh-sa l in i ty  water  in  summcr .  Thc  nor th -
ward flow is opposite to thc southward open
ocean suntmcr flow ancl is probably thc effeci of
i r  p red{ 'm in i tn t l )  { ( )Uthcr ly  1y in , l  .1 rqs , ,  r rn  111!
s h r r l l o u  u l r t e r '  o f  t l t e  : h ( l l .  l l r t .  r r r r r r r r l  c u c h
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a u t u m n  o f  t h e  l o w - s a l i n i t y  w a t c r s  o f  t l t c
.rq o Lccuwin Currcnt at thc Rottncst Islancl 50 m
; ; .  l r l d r o l o g l  ( t  l i o n  f r o \ l u ( c \  i r n  r n n u r l  \ i r l j  j l )

,  
"  

v i r ia t io r io t  n 'ugh ly  U.5 .  Rec(n t  r * , ' r k  r r r  p l r l  o l  r l rc
. ; .  I c c u w i n  C u l r c n l  l r r r < r d i ' . i p l i n r r y  L x p c r i m c n r .

L U C I E .  q u i t e  c l c r r h  . l r t ' u c d  r h c  r n r j , , r  t . t f , . t t
of the Lccuwin Current to occur at the outer
she l f .

(lurrcnt measurcmcnts at the southern part
of thc NW Shelf showed thc Lccuwin Currcnt
to run parallel to the bottom topography and
to be strongcst at thc shelf break in Fcbruary
and June,  reach ing  a  max inrun  spccd o f  0 .5
knots (Fig. 3).

THE SOURCE REGION

T h e  w r r t t  r s  N W  o f  A u r t r l r l i t r  l r p p e i l r  l r )  ( r r n l i r i n
the sourcc rcgion for the Leeuwin Currcnt.
Historical temperaturc-dcptlt profi les were
in tc rpre ted  by  Gent i l l i  i n  1972 to  show tha t
thc autumn and wintcr throull ltf low pulsc lront
thc Pacific to the Indian Occan bccontcs isolated
ofT NW Australju by u ro,ersal of the flow
in spring. Ovcr thc sumnrcr this wirtcr l]cconcs
a  w a r m  l l o m o g c n c o u s  ' n t f t ' .  w h i c h  t l t c n
sprcads soutllwarcl (as thc l-eetrwin C-'urrcnt)
dur ing  the  fo l low ing  au tur rn  anc l  w in tc r  (F i l l s  4
r n d  5 ) .
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INTERANNUAL VARIABILITY

The cx ten t  o f  in te rannua l  var ia t ions  in  thc
strcngth of the Lccuwin C-'urrent is not known. lt
has  bccn found tha t  an t i -ENSO (ENSO:  c l  N ino

Sou lhcrn  Osc i l la t ion)  events  a re  accompan ied
by highcr than normal sea-level at Darwin and
Port Hcdland, and suggestcd that the enhanced
sca-level i l long Westcrn Australia is associated
with a stronger than normal Leeuwin Currcnt.
This suggestion finds support in the Rottnest
Island records, which, for the 1973 76 anti-ENSO
event, showed low salinit ics suggestive of aD
cnhanccd flow of low-salinity water frrtrn thc
troplcs.

WHY IS THERE A LEEUWIN CURRENT?

A c c o r d i n g  t o  S t u a r t  G o d f r c y  o f  C S I R O
thc Leeuwin Current is diffcrcnt from other
castcrn boundar.v currents in a nurnbcr of
u'ays. u'lr ich appear to be l inked in a feed-
track loop. The first unusual feature of the
Lccuwin (lurlcnt is that thc currcnt f lows dilcctly
in to  t l l c  w ind .  thc rcby  ca l ry ing  warn l  watc r  po lc -
warcls.

This is probably thc rcason for a second
turrusual fcaturc: thcrc is a strong hcat f lux out of
thc occiul frol]] thc rvatcrs of thc Lccu\\, in
Cur ren t .  ra ther  than in tO the  occ i rn  as  in  a l l
othcr castcrn boundary currcnts. 

' l 'his 
heat

krss favours convection and hence the formation
of cleep mixed layers. which are a third unusual
feature of the Leeuwin Current. Thompson
argucd in l9tl,1 that thcsc deep mixed layers
arc  cssent ia l  to  thc  main tcnancc  o f  the  observed
largc alongshorc prcssurc gradicnt (a tburth
u n u s u a l  f c a t u r c  o f  t h c  L c c u w i n  C u r r e n t ) .
Drawing thcsc points together. the warm wirters
flow downhil l to the south. in response to thc
alongshore pressure gradient, thcrcby over-
coming the efforts of the wind to push thcm
northward. The wincl is much less cffcctivc
in moving a deep surfacc mixcd layer thiln i l
sha l low one.

So far, there is no explanation why all thcsc
linkcd fcaturcs occur olf Westcrn Australia and
not in other eastern boundirry currents, but it
might be duc to the Pacific to Indian C)ccan
throughflow. as Gentil l i  suggcstcd. 

'I 'he question
is  s t i l l  very  much opcn.

BIOLOGICAL IMPLICATIONS

The Lecuwin Current otrviously can carry
passivc organisms hunclreds of kilometrcs and
along thc south coast this was first notcd by
Wood. who suggcsted i l current to bc rcsponsiblc
for thc distribution of dinoflagellates that hc
obscrved tiom SW Australia to Tasntania. [t
i s  a l s o  p o s s i b l e  t h a t  o t h c r  c r e a t u r e s  m a y
actively takc advantage of the Leeuwin Current
to transport their eggs, larvae rnd juvcniics;
examples of this are the Southcrn Bluctin
Tuna that spawn otT NW Australia and thc
Austlalian salrnon and herring that nigrate
from South Australian \\,atcrs to spawn off SW
Aust ra l i r .

Also. while thc cxact mcchanism may be dcbat-
able. Pearce and Phil l ips have found recently that
the settlement of western rock lobster puerulus
larvae to the nearshore reefs of Western Australia
is higher in anti-ENSO years with a strong
Lccuwin Current.

On a smaller scalc, cluring LUCIE the seaward
cclgc of the Leeuwin Current on tlrc contincntzll
shelf at Rottnest Island was observed to be a
rcgion of congregation lbr dolphins, ycllow-noscd
albatross and pilchards. Depth sounders revealcd
considerable marine l ife in thc waters down to
thc  bo tbm.
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