
Tlt( Stds Arouttd Us Nunh. -l

INTRODUCTION

The Coral Sea and Grcat Barrier Reef (Fig. l)
havc prlaycd a significant role in Australian
natural and marit ime history. Thc carlicst explor-
ations by navigators such as James Cook. who
sailed thc Enclcavour up the Queensland coast in
1770, revealed the dangcrs of navigating in a
region strcwn with extensive coral rccfs. Cook's
measurements of ship s sct produced the first
known cstimates of f low in the East Australian
Current (Joncs and Jones 1992). I-lowever,
knt>wleclge of the major features of thc Coral Sea
circulation has only accuntulatcd during the lattcr
half of this century. Among the earliest systematic
oceanographic studies in thc Great Barrier Rccf
(GBR) are those by Orr (1933a,b) and Moorhouse
(1933). Pickard. Donguy and Henin (1977) provide
aln extensivc review of the physical occano-
graphv and climutc of the Coral Sca and GBR.
including studics by various Amcrican, Australian,
European, Jzrpanese and Russian oceanographers.
Relativcly frequent research cruiscs beginning in
the latc 50s resulted in significant contributions
being made; particularly by oceanographers
trom the CSIRO, Divisions of Fisheries and
Oceanography, the Royal Australian Navy
Rescarch Laboratory. the Centre ORSTOM d;
Noumca. and the Hawaii Institutc of Geophysics.
By the rnid-seventies Wyrtki and Scully-Power
had decluccd the essential tcatures of the Coral
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Sca circuiation using ship drift data or rnalyscs of
temperature and salinity proli les using the classical
'dynamic height' or 'geostrophic method' described
by  Hanron (1990) .  Church  (1987)  and Andrews
and Clcgg (1989) discuss later work in which high
resolution hydrographic sampling and modern
volume transport cstimation mcthods rcvcalcd
important new details of the temporal and spatial
variation of geostrophic currents. More reccnt
research conducted by the Australian Institutc of
Marine Science (AIMS) in collaboration with
CSIRO and James Cook Universitv (-lCU) and
using modcrn ship-board and l,?-sila current
measurement techniqucs, continues to reveal new
phenomena ancl insights into the dynamics and
variabil ity of the Coral Sca circulation. Some of
thc new results are described hcrc. With continuous
monitoring of thc occans by satell i tcs carrying
intia-red and microwavc rcmotc sensing systenls.
it is anticipated that a systematic study of thc
searsonal and inter-annual changes in the surfacc
circulation wil l be possible over thc ncxt decade.
Somc of these possibil i t ics are described bricfly in
the concluding section.

Figurc 2 shows thc major featurcs of the Coral
Sea circulation decluccd trv Andrcrvs and Clcgg
( 1989) based on their analyiis ol the hydrograph-ii
data frorn an R.V. Frunklfu cruise in 198-5.
Thc following generai dcscription emcrgcs; The
South Equatorial Current (SEC) transports
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The South Equatorial Current brings tropical water westward nto the Corai Sea between the
Solomon lslands and New Caledonia, then branches near the Queensland Plateau. The East Austra-
lan Currenl branch flows soulhward along lhe Great Barrier Beef lo enter the Tasman Sea, while the
northward{lowing branch iorms a clockwise coastal current and partially-closed gyre in the Gulf ol
Papua, with an exil into the Soiomon Sea. These currents strongly influence drift on the outer continental
shelt and barrier reef.
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i tppr(ximatcly 2-5 x 106 mrs-r (or 25 Sverclrup,
Sv) of warm equatorilr l water into the Coral Sei,
betwecn the Solomon Islands and New
Calcdonia, ovcr depths rirnging from the surface
(1 , )wn t ( ,  |  000  m ( lhc  tL , l r l  l r i rnsp{ , r t  Ih rough lh is
.cc t ion  l f . )n t  s r r r l - l r te  lo  bo t tum is  appr , ' r , in ra te ly
35 Sv). Ol this, approximatcly l0 Sv cscape.s
dircctly into the Solonton Sea, while about 5 Sv
cscapes imnrediately southward, towards Ncw
Zealand. Thc rcmaining flow of about l0 Sv
crosses the Coral Sca to divide at the Oueensland
Platcilu into two approximately cqual branches.' l 'hc 

southcrn branch is the source for the East

Australian Current (EAC) which flows southward
along thc outer Great Barrier Reef, into the
Tasman Sea, then eastward towards New
Zealand, thus forminq a southern closure of thc
South Pacinc sub-tropical gyre. The northward
br.rnch circulzrtcs clockwise ar()und the nofthern
Coral Sea and forms a partially closcd gyre at the
entrance to the Gulf of Papua beforc entering thc
Solomon Sea around thc tip of the Louisiade
Archipelago. This flow, which we call the 'Hiri

Current' after the annual 'Hiri '  event in which
Papuan sea traders sailed across the Gulf of
Papua (Hughes. Burrage and Bode 1993), is
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thought to bc continuous with thc Ncw Guinca
Coastal Unclercurrent (NGCIJ. Lindstrom c1 a1.
1987). The latter ult imately fccds into thc equa-
tori it l  under-current in a northcrn closurc of thc
South Pacific circulation. Superimposed on this
gcnclal circulation scheme is a pattern ol marked
tcmporal and spatial variabil ity which is of con-
sidcrable ecological importance. In the following
scction wc prcscnt cxamplcs of f ield data from
recent investigations which i l lustratc thc major
leatures. some of thc obscrved temporal variabil ity
and some signil icant spatiai details.

CORAL SEA CIRCULATION

The South Equatorial Current

Wyrtki (1962a) dcscribed a westward flow of
6 26 Sv bctwccn Vanuatu and New Caledonia
with most of thc transport bctween depths of 100
and 600 m. Scully-Power (1973) found that in
wintcr thc SEC carried about 20 Sv westwirrd into
the Coral Sea and about l7 Sv into the Solomon
Sea. with a maximum inflow at a depth of about

150 m. Surfacc flows arc gcncrally wcakcr irnd
might at t imcs even be eastwaud. Near-surface
flows estimated from recent Acoustic Doppler
Current Profi ler (ADCP) and satell i te-tracked
drifter data suggest typical current speeds of ordcr
0 .2  rns '  (about  0 .4  knots )  wes tward  a t  a  dcp th
o f  100 m.  In  1991 thc  ADCP showcd thc  SEC
inflow as a band of currcnt of that ordcr o[
magnitude. having a width of about 350 km.

Thc prccisc location of the SEC branch point.
and thc relativc intensity of the southern and
northern branchcs and gyre, appear to vary both
scasonally and inter-annually. By analysing data
lronr R.V. Sirrlgttly cruiscs from thc pcriod
l9u0-81,  Church  (1987)  pu t  the  b i fu rca t ion  po in t
in tl lc upper 900 m at about l8'S, but found it
near l4"S in the monsoon summer. The analysis
of Frunklin clata from 19i35 presented by Andrews
and Clegg are also consistcnt with bifurcation
near 18'S. Current meter data from a long-term
nrooring maintaincd by AIMS oir the North
Oueens land cont inenta l  s lope a t  14"21 'S  s incc
1988 (see Fig. 1 for location: Burragc c/ ri/.,
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unpub l .  da ta l  show both  nor thward  ard  south-
wartl currcnts at depths between -.15 and 150 m.
with predonlinant southward dow suggesting that
thc nciln bifurcation position in ncar-surti lce
waters occurs north of 1.1"S. Sornc of the differ-
ences [)etween otrserved positions of the bifurca-
tion arc duc to an apparent variation in its latitude
s a lunction of depth. As a conscquence the

bifurcation position of the surlace Ilow is further
north than that of lhe depth-averagcd flow
( Hughcs et al. 1993).

Flows dctcctcd by ADCP aboavJ Franklin
during AIMS cruiscs in 1988 and 1990 showcd
st rong (>1 .00  msr )  cur rcn ts  f low ing  nor thward
between Jewel ancl Osprcy Reefs at depths of
about  l (X)  n  (F igs  3a  and b) .  However ,  in  i991
thc flow was strongly to the south at 16'5 ncar
Cairns (Fig.3c). Thc currents in thc biturcation
lcgion as evidenced by hvdrographic data, 1990
ADCP obscrvations and satell i tc trackecl-drifter
trajectories (Burrage et a1., unpubl.). are rclativcly
weak.  w i th  an  ordcr  o f  magn i tude o f  typ jca l l y
0 . I  m s  r  o r  l c s s .

W h i l c  i t  i s  p o s s i h l e  t , r  ' , l r t i r i n  J  n c r r - \ v r ) , ' p l i c
view of the Coral Sea circulation in a rescarclt
cruisc of arpproximately onc montil duration, the
higlr cost and efibrt precludc adcquate re-sampling
on a seasonal and intcr-annual basis. Futurc use
oI rcpeated, approximately fortnightly sampling
by rirdar alt imeters flown aboard satell i tes such as
ERS I and TOPEX should facil i tate ruore definitc
itssessmenls of the temporal and spatial variabil ity
in the position of thc SEC bifurcation.

Tha East Australian Ourrent and Under Ourrent

Thc East Australian Current is thc western
boundary current of thc South Pacific sub-tropical
gyrc. Such western boundary currents provide a
rcturn flow fbr the equatorward drift ( 'Sverdrup
transport') induccd by the sub-tropical wind
vorticcs ovcr each of the major occan basins. This
rcturn flow is intensilied near the westem boundary
by the effects of latitudinal variations in thc
strength of t lrc Coriolis force ('Bcta effect').
Unlike other western boundary currents such as
thc Gulf Stream (North Atlantic) and the Kuroshicr
(North Pacific), the EAC is diminished by diversion
duc to complex bottom topography as well as by
'leakage' fronr thc Pacific into the lndian Ocean
through the tropical lndo-Pacific (being less than
20 rn decp, Torres Strait is effcctivcly a barrier
for largc-scale. deep ocean flows).

I . igure. l .  C(. , r r r . )prr{  \ ( lat i t \ . \ t \ tu)n i t ) t  s t )  u( to\s t l l (  l : ts l
Aust f t l id t t  Cuf t?nt  (LACj und th(  LAC Unt?t  (wrcnl

(l:Li() .lrom th? lt)L)l Fri\rklin (rui:te irk'tr lo !h( norllt
r|,at). Vdorit ptolil( "\\e usrinukd d ru nttrks locutctl
hetwctn blxryntphu snn ,)ns 90 lA2. Itu EA( is ittdi(uk\l
b-r Ihe positirt (touth\\,a,d) t(k)ti\ tl|u\inutn itt lt( upp?l
.100 m (sp?els exkl\l"tg 0..1 n s t, slntlttl) aul tht utttl(
.ut tu l t  by thc ur ler l r i t lg  ncgut i r (  (no hwtt t t )  t t tLwl lu
(spf tds a(e&l t1g 0.1 nt  :1 shut l t t l ) .

The EAC, fcd h)' thc southcrn branch of t l lc
SEC. transports approximately :1 Sv southward
through thc upper 3(X) rn of the Queensland
trough. Associatcd surface currcnts. l ls indicatcd
by strlp Arift data. are of ordcr 0..1 msr (Church
1987). Thc nett volumc flux through the trough
is smaller, howevcr (about 3 Sv), due to thc
compcnsating cffect of a no hward flowing undcr
current (Church and Boland 1983). The relative
magnitudes of the EAC, the undercurrcut and the
nett tr!rnsports vary both interannually and
seasonally (Hughcs el a1. 1993). A t) 'pical gco-
strophic velocity section through thc Oueensland
Trough is i l lustr ated in Figure .1. Duc to l imita-
tions ol the geostrophic method. there is an
unknown constant otTsct in the velocity values
indicated. However. thc vcrticai variatiorls in
ho zontal vclocity, which arc rclaled to ti l t ing of
intcrnirl constant dcnsity surfaccs, arc significant,
and indicative of thc EAC ard its undercurrent.

The ncar-surface EAC flow deepcns ot1 thc
southcrn GBR where it is augmcDted by inflow
from a southcnr branch of thc SEC. Here. surface

:
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cur ren t  spceds  arc  o f  o rder  0 .7  msr .  I t  then
scp l ra tes  l rom the  southern  GBR in  the  v ic in i ty
oi thc Swains Reefs to mcander across thc
Capricorn channel and rcattaclt to the shelf
ncar  Fraser  Is land.  Thc  western  boundar ry  o f
the meandcring scparated part oI t l lc strcanl
(anulogous to thc Gulf Stream cold wall ) oftcn
shows cv idcnce o f  wave- l i kc  shcar  ins tab i l i t ies
which rnight contribute to mixing between shelf
luncl Coral Sca waters (Fig. -5). Thc scparation
rcgion is f i l lcd by a partially-closed mesoscale
(ordcr 100 km across) clockwisc cddy (Griff in.
Micldleton and Bode 1987). This cddv drives a
northward currcnt along the slope otT thc
Capricorn -B un kcr group of recfs and entrains
coolcr watcr cnanating from the shelf seawirrd
across the Capricorn channel, and into the
u r r r n t c r  n l l r i r r  \ t r c i r n r  ( , f  t l r c  E A (

Some of the EAC flow is rcturned bv a countcr-
c r t r r c n l  h ' r ' ; r t t r l  l u r l h c r  u l l s h u r e  t C h u l c h  l , r x 7 1 .
This l i)rnls a largc-scalc (ordcr I 0(X) kn across),
partially-ckrsed anti-clockwisc gyrc in the deep
water otT the southern Ouccnsland and northern
New South Wales coasts. A rcccnt discovery is
th i r l  th is  l i r rgc- rc i r l c  gvr<  is  fed  h)  in ten \e  l rJns i (n t
castward '. jets' of warm. ancl thus buoyant, EAC
watcr. Hydrographic sections. satell i te-tracked
drifter trajectories, ADCP data and NOAA
satcll i tc imagcry obtaincd during l99l show that
these warm surface jets overlie c(' lder waters
flowing north from the Tasman Sea into the
southcrn lnd ccntral Coral Sca off the southern
GBR (Burrage ct a/., unpubl. data). This l inding
shows thert warrn EAC ncar-surfacc waters can
branch away from the main stream and flow east-
ward as far as the Chesterfleld reefs. 

'I 'he 
main
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stream forms meanclers rnd cddics off the Ncw
South Walcs coast bcforc ult imately separating
from thc coast neilr Newcastle . It thcn crosses thc
Tasmal Sca to rcturn finally into thc central
Pacitic via the nofihern tip of New Zealand.

The Papua Ncvv Guinau Coastd Currcnt and
Gulf of Prpua G 1"re

Thc northcrn branch of the SEC in the western
Colal Sca lbrms a western boundary currcnt (the
'Hiri Currcnt'; Hughes el a/. 1993) which cilculates
clockwise around thc Gulf of Papua, following
thc northern Queensland and soulhern PNG con-
tinental slopes. Figure 6 is a Geostrophic scction
.lcross thc Hiri current and the SEC. Rcccnt
analyses of the data obtaincd since 1987 supports
the speculation by Lindstrom et dl. (1981) Ihat
this northern branch feeds the NGCU along thc
northcrn PNG coast. Andrews and Clegg (1989)
estimated that of thc 20 Sv flow in thc northern
branch during the 1985 winter. 6 Sv escaped into
the Solomon Sea. while 1,1 Sv recirculatecl in a
closcd gyrc at thc mouth of thc Gulf of Papua.
From gcostrophic principlcs. the perimetcr t l l  the
gyre is expected to have warmer and faster flowing
cur rcn t  than i t s  in tc r io r .

The presence of a closed gyrc was confirmcd in
the summer of 1988 by the trajcctory of a satcll i te-
tracked drifter depbyed in late October at 14"S,

l'iE]rrc 6. Gco\ttolhi( r.lo(ity section uctuss the southern
nntorcntal slor ol PNO utul tht norrhcrn Coral Sea shownts
thc utfo*,ing SE( (skttbB 95 97) unt! outflowing Hiti
( urrcnt (benlccn s!a!bn:97 od 102) which le?ds the N(;CLl
(rief ppto\onue\ wcst||urd). Itbws c\rc?ding 0..] i, st aft
shad&l. Thc lliti Currcnt (Ha) i.\ llnu!<ht to bc.ontinuous
\ith lt EA(' Undtr ( urrent IEU( ) shown m Figun: 4.
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Fisrtc 1. ARGU.S driJir ta(k n1o.'\,n4: vh-su,lik drli trujet
kries. I h? lriltet, rlrollucd b u kpth of ]00 nt, was rkplol,crl
ut 11".t. llqE (tuhcll&l D ) on 22 OrtoUr. 1968 und (tsul
trmsmissiotts tLithin uhout 50 nil6 ol its dcpbymtnt point on
27 F(hnmy. 1989.

149'E (Fig.7). This performed a clockwise loop
of approximately 500 km diametcr ovcr a pcriod of
four months. at an averitge speed of 0.24 ms' and
returned to within 90 km of its init ial deployment
point bcfore ceasing transmissions. The ADCP data
obtained from Franklin in the
1988 winter (three months prior to release of
the dritier) showed northwards flow over the
continental slope between Osprey Reef and Jewel
Reef (Fig. 3a) of ordcr 0.75 msr, and castwards
flow along the southem PNG slope of order
0.5 ms r. ADCP dalta from the winter t ime 1990
Frunklin cruise shows a similar pattern of partial
recirculation in the northern Coral Sea (Fig. 3b).
but thc flow off Jcwcl Rccf is wcakcr (of ordcr 0.5
m s  r ) .

C<tral Sea Volume Transp<trts and Currents

I.'igurc ll is a plot of thc cstimzrtcd r.rppcr I -5(X) rrr
volumc transports through hydrographic transects
obtained during AIMS 1990 Franklin crLrisc.
Hughes et c/. (1993) give pbts fbr the other AIMS
cruises. The overall picture is as described by
Andrews and Clegg based on the 1985 data, but
some inportant new details ernerge . While somc ol'
the differences can be attributed to different
analysis mcthods, choice of depth of no motion and
different cruise track locations. thcrc irrc significant
spatial flow diflerences suggcsting dclinite seasonal
and inter-annual variations.

Sratons sEc
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In l9fi8. the Hiri Currcnt carried about 32 Sv
northward following the North Queensland conti-
nental slope and therc was strong outflow along
tlle southern PNG coast which escaped into the
Solornon Sca around thc tip of thc Louisiades.
The implied clockwise boundary circulation was
associatcd with thc partially closcd Gulf of Papua
Cyre described atrove (sce thc drifter traiectory,
Fig. 7). Thc northward flow bctween Osprey Reef
and Jewel Reef was conlirmcd by ADCP data
from thc same cruise (Fig. 3a).

In 1990 (Fig. i l). thc actual SEC inflow betwccn
thc Louisiades and the southcrn GBR was
observed. Dctails of the source of thc Hiri
Currcnt (northern branch of the bifurcation) and
its cxit into the Solomon Sea wcre again revealed
but the transport appeared strengcr (about 35 Sv).
l 'he EAC (southcrn branch) was also revealed,
with hints of eastward flow near Saumarez Reef.

In 1991, thc SEC bifurcation region was dis-
placcd northward and the northern branch
appeared wcakcr (about 25 Sv), while the EAC
was strongcr and originated lurther north. The
EAC branchcd eastward off the southern GBR
and rccirculated anti-clockwisc in a northward

,.. 
'.'.-: 
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countcr currcnt located furthcr ofTshore. Signifi-
cant eastward geostrophic volume transports
observed again off the southern GBR were
rclated to the strong eastward flowing EAC'jets'
discussed carlier.

FLOW ON THE CONTINENTAL SHELF

Currcn ts  on  the  GBR cont inenta l  she l f  a re  a
conlbiration of t idally-induced flows and more
slowlv virlying'low-frecluency' currents driven by
winds and oceanic sca lcvcl variations. The dccp
ocean ticlcs, clriven by astronomical t idal varia-
tions originating in the Pacihc Ocean and Coral
Sea arc modified by local bathymctry and the
semi-pcrmcable reef matrix as they travcrsc thc
contincntal shelf. Recent studies (Andrcws and
Bode 1988;  Gr i f f in .  M ic ld lc ton  and Bode 1987;
Church .  Andrews and Bo land 1985;  Midd le ton ,
Buchwald and Huthnance 1984: Wolanski 1983)
indicatc that thc tidally-induccd sea level and
current variations on the GBR shelf can be
adequately predicted using harmonic analysis of
observations combined with analytical or numerical
models. Current amplitudes for the major semi-
diurnal lunar tidal constituent (M2) are relatively
strong (order 0.30 ms'r) in the northcrn GBR at
10 'S  decreas ing  to  about  0 .10  ms ia t  l5 'S  and are
strongly influenced by reef topography. In the
ccnt ra l  rcg ion  M2 t id r l cur ren ts  r re  agu in  s t rongcr
(order  0 .  l5  ms- r )  and the  t ida l  c l l ipscs  t raccd  ou t
by the rotating current velocity vectors are orien-
tatcd mainly across shore. ln the southern GBR
at about 23'S they are moderate (order 0.15 ms-r)
on the shelf but strong (order 0.,10 msr) in the
Capricorn channel, and the tidal ell ipses are
orientated diagonally across the shelf. Reintbrce-
ment occurs where tidal \ iaves converge arQund
the reef inatrix ncar Mackay. Thl: shape of Broad
Sound causes further arnplif ication witl l  the result
that the amplitude of thc semi-diurnal t ide may
reach 2.5 m at its entrancc with associirted M2
tidarl currents of order 0.50 ms I.

Previous studics of the low frcquency currcnts
indicatc they tend to bc in geostrophic balancc
with thc across-shclf sea level slope (Wolanski
and Bennett 1983; Burrage, Church and Stein-
bcrg l99l ) and recent studies (Burragc, Black and
Ness tg93; Burrage, Black and Steinberg 1993)
have madc use of this rclationship to make reliable
long-term estimatcs (from 1966 1990) of past
along-shelf f lows. These estimatcs are bascd on
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l inear systems modcls dcveloped at AIMS, which
arc forced by historical coastal and offshore watcr
lcvel records. Rcccnt results emphasize the con-
troll ing influence of the EAC on currents right
i lcross the contin(jntal shelf near Townsvil le. with
Iocal winds playing a significant secondary rolc in
the shallower coastal locations. During the 1985
model calibration pcriod mean currents were 0.03
ms I to the north on thc inner shelf, 0.1 ms I south
within the reef matrix (on the outer shelf) and
about 0.2 ms-r south at the shelf break. Accord-
ingly. model predictions indicate that currcnts tend
to bc strongly southward in the outer shelf and
progrcssivcly weaker. or more readily reversed in
response to local wcather events. closer to the coast.

Figure 9 shows a time series of prcdicted low-
frequencv. along-shclf currents fbr the period
l9lJ5 1990, together with observed currcnts for a
mid- lagoon s i tc  (18 '48 .8 ' .  147 '8 .5 ' )  near  Kceper
Rccf in the central GBR. off Townsvil le. The
long-tcrm mcan current at this site is small. Thc
predictive variable is the differcncc bctween low
frecluency sea levels at Townsvil lc Harbour and
those :rt Noumcil, Ncw Caledonia (the latter
further smoothed to removc local weather influ-
cnccs). Hence, long-term sea level f luctuations in
the Coral Se!r due te scasonal and climatic factors
arc thus takcn into i lccount.

A loDg-term plot of predicted current ovcr thc
full 15 year prcdiction period emphasizes this
seasonal and inter-annuirl variabil ity (Burrage,

_,^=r---'--& rfvVrfq".\,-A.t;,*^l\+4..^5,**7,: rgss

;;nt-tjJr-rr-\u,\/tu\\f!\ -1987

Black and Ness 1993). Thc seasonal signal shows
weak southward flows on the outcr shelf and
northward flows on the inncr shelf in April, and
: . l r , rng  re ru lhwr r rd  f lows a t  l l l  5 l l l i ( )ns .  in ( re l rs inP.
to se.lward, during Novembcr. At intcr-annual
time scales, pcriods of enhanced southward flow
along thc contincntal shell coincide with El Nino/
Southern Oscil lation events.

Linear systcms modcls arc presently being
developed fol the northcrn GBR rcgion, where
the SEC bifurcation and Hiri current are cxpccted
to influcnce the dircction and strength of the
along-shelf f lows. More frcquent and strongcr
northward along-shelf f low cvcnts are anticipated
in that rcgion.

WATER TYPES OF THE CORAL SEA

Pickard et ul. (.1977). Tomczak (19t.t3) and
Andrews (1983) have reviewcd and described thc
major watcr masses of thc Western Coral Sea and
GBR lagoon. whilc Hughes er a/. (unpubl. data)
havc analysed morc rcccnt cruise data. Four
major  water 'masses '  o r ' t ypcs '  ( the  d is t inc t ion
between thesc tcrms made try Tontczak, 1983 is
not essential herc) are generally idcnti l led.

Coral Sea Surface Water (CSW): Temperaturc
greater than 24"C. salinity frorn 3;1.0 to 35.6 ppt.
Surfacc waters tend to be warmcr in summer and
cooler in wintcr. and [lore sall inc in autumn and
frcsher in spring. Based on tempcrlturc i lnd
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salinity relationships. inflow fronr thc north-cast
I n  s u n t m c r  r r n d  f r o m  t h c  c a s t  i n  w i n t e r  u a s
in lc r rcd .  D, rngxv  and Hcn in  t l t ,75 .  lq77)  fuund
r  \ l r t i l c i j  \ a j t n t l )  m l n j m u m  i n  t h e  G u l f  , r l  p a u u r
wh ich  thc)  ln r ihu led  l ( ,  rhc  c [ [cc l \  r r t  run '_e1J
from PNG rivcrs, and another south of New
Claledonia at about 30.S. Both were clearlv
scparatcd from that of the Central pacific basinl

_,Gn Ltt Barricr Rrcl Lqoun WLrtcr IGLW):
T l ro r rg l r  , . l c r i rcd  mrr in i l  t rom CSW. rhc  mod i f i cu-
l r , )n \  r r r  .u l f i c ic  r l y  s t rong 1q ,  jus r i t y  i r  sep t ra te
cr lc ts r , ry  {  f , ,m( / i rk  lqx . l ) .  Whi l i  the  icmpcr r tu re
dilfercnce bctwecn GLW and CSW is ivpicallv
oniy about 1'C, river run<rff, rainfall, evapora-
tion and cxchange with the Coral Sca induce
relatively large salinity. and hencc density. difter_
cnces. In suntmer, temperature is about 29"C in
the north and ceotrc zones and about 2{].C in the
south. In winter, tcmperatures drop to about 24.
22 and 20"C in the north. central and south,
r ( \ l ) c ( l i v e l ) .  S r r l i n i t i e s  r r n g c  I r o m  1 4 . 0  3 { ' .  1 ,
. l l  r * 1 5 . 1  r r r d  f r o m  1 5 . 2 - J 5 . S  p p l  i n  t h c  l l ( ) r t h .
ccntre irnd southcrn zones. respectively; thcy are
frcslrcst in summcr (centrc) or iutumn (north and
south). and most saline in spring. Studics by
Wolanski and van Sendcn (1983) and Burragc,
Black and Stcinberg ( 1993) show that the reduc-
tion in salinity which occurs whcn the Burdekin
Rivcr f loods significantly modil lcs the along-shelf
currcnt, especially on the inncr shclf bctween
Townsvil lc and Cairns.

Sub Tropical Lower Water (SLW): Tempera-
turc l{J-25"C. salinity 35.5-36.0 ppt, with the core
charactcrized by thc sub-surface salinity maximum.'l 'hc 

core dcpth is 5G-150 m in thc wcstern Coral
Sca, but the water mass surfaces south of about
23"S (c.g. off the southern GBR). Based on the
salinit), and dissolvcd oxygcn distributions Wyrtki
(1962b). infcrred inflow from the cast.

Attffctic Interme diate Water (AIW): Tempera-
turc 4.2 5.0'C. salinity 34.37 34.53 ppt with the
corc characterized by a salinity minimum. The
core depth is 700--1 tXX) m in the Western Coral
Sca. Salinity and oxygen distributions imply
inllow from the south east, with branching to
north and south in thc southern GBR.

Thc occurrence of these water masses and
geographical variations in thcir tcmpcraturc irnd
sulinity charircteristics are generally related to the
dcpth. latitudc and proximity to cstuarinc sources
of a given sitc. With the exception of sites ncar
the continental boundary, they are only weakly

depcndcnt upon the locations of the major Coral
)ea currents

INTERACTIONS BETWEEN CORAL SEA
AND GBR

Rccent studics suggest th_at cltangcs in intensity
and meand^cring of the SEC in responsc to large"_
scalc Pacific basin climatc and weather events
cou l t l  induce ' ign ihcan l  chanpes in  wa lc r  mtsses
and currents on the continental shelf and slope of
tfe -G_B-|. For example, scasonal meanderiig of
the SEC will produce predominantly northwlrd
or southwitrd l low along the continental slope and
outer shelf between Cairns and Cooktow;. This
r r l l c rn i , r t ing  cur rcn t  teg imc has  s ign i f i can t  imp l ic r r -
l ron \  lo r  r  number , r l  ccu log ic r r lp rocesscs  such l .
the spawning of Bfack Marlin Makaira indica,
which occurs off Cairns in October.

Rccently launched occanographic satell i tcs
such irs TOPEX/POSEIDON and ERS- l which
citrry microwave radar alt imctcr systcrns, can now
be uscd to monitor changes in sca surface height
around thc globe on a fortnightly or monthly
basis. The resulting geostrophic surface currcnt
fluctuations can be decluced on montlt ly or bi-
monthly time-scales, and on spatial scales ranging
from about 20 to 200 km.

Associated fluctuations in thc intensity of thc
EAC will modulate the southward along-shelf
l low in the central and southcrn regions of thc
GBR, and change the intensity and character of
the recirculating mesoscale eddy spun up by the
EAC across the entrance to the Capricorn channel.
Thc distributions of chemical constitucnts (e.g.
nutrients or pollutants) and of marinc biological
communities (e.g. reef f ishes) wil l also be influ-
enccd by mcsoscale incursions ol the EAC into
these regions. Such incursions can bc monitored
using sea surface temperature (SST) maps dcrivcd
from the NOAA polar orbiting satell i tes.

NOAA satell i te SST imagery has shown that
exchange and mixing of shelf and slope waters in
thc ccntral and southcrn GBR may be enhanced
by a number of processes including frontal waves
and eddies induced by across-front shear of the
EAC, by transient jets and sub-mcsoscalc cddics
associatcd with pulsing of thc EAC, and by
impingement of the EAC upon the shelf edge
near Fraser Island. Similar processes may occur
in the northern GBR in response to fluctuations
in thc Hiri current system. Such phenomena can
be tracked using a suite of occanographic rernote
sensing mcthods. In addition to the NOAA satell i tc
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imagcry. high accuracy thcrrr1al infra-red data
frorn the ERS-1 Akrng-track Scanning Radiomctcf
and synthetic aperture radar imagery from thc
ERS- I AMI instrument package havc rcccntly
bccomc available to Australian oceanographers.
Largc-scale dispersal of the larvae of mass-
spawring corals. the coral prcdator, Crown of
Thorns Starfish Acunthuster sp., and various
spccies of fish is also likelv to be significantly influ-
e t t . c d  l ' )  r u . h  p t , ' i . . . , . s .  T h t  v l r r j r r u s  r c r n , ' l c
scnsing methods thus have the potential to signifi-
cantly improvc our capabil ity to study larval
dispcrsal processes by cnabling more accuratc
indications of circulation patterns to be obtained,
ancl by allowing direct dctcction of associatcd
shcitr zones and surfacc slicks.

'[ 'hc 
present challcngc in Coral Sea ocean-

ographv is to develop ct1cctive methods lor
integrating in-situ and remotc sensing data with
th rce-dimensional hydrodynamic modcls so that
flow variabil ity can bc accurately simulatccl on
scasonal and intcr-annual t ime scalcs. The result-
ing simulations could bc uscd to address a variety
of questions regarciing the evolution and dispersal
o l  t l l c  smal l  mar inc  o rgan isms wh ich  suppor t  the
sca bird food chain.
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