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Oceanic Circulation and Hydrology off the

Southern Half of South Island,

New Zealand

by

R.A. Heath

ABSTRACT

A survey of temperature and salinity variations with depth, conducted during February/
March 1970, is described for the region off the southern half of South Island, New Zealand.

Warm saline water of mainly subtropical origin was found to flow south-westwards
down the west coast of South Island, eastwards across the Snares Shelf, and north-east-
wards over the continental shelf off the east coast of South Island. Cooler, less saline,
water flowed north-eastwards along the continental slope onthe east coast of South Island
towards the Mernoo Gap from where part flowed northwards through the Gap and the rest
flowed eastwards along the southern flank of the Chatham Rise. Cool, low salinity,
Subantarctic Water flowed generally in an eastwards direction over the Bounty Trough.
An anticlockwise flow of Subantarctic Water (the Bounty-Campbell Gyral) was found in
the south-western corner of the Bounty Trough.

INTRODUCTION

The oceanic flow off the bottom half of South Island,
New Zealand, isin an anticlockwise direction. Previous
studies have been made at fixed locations across the
flow (e.g., Houtman 1966; Jillett 1969) but the continu-
ity of the flow has hardly been studied. The present
paper aims to discuss the spatial continuity of the
flow in this area, by using both the geostrophic method
and the changes in characteristics of the water along
its flow path.
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PREVIOUS WORK

The principal well-defined current in this region is
the Southland Current. Garner's (1961) view of the
Southland Current as a branch of the ‘Tasman Current’
which flows eastwards through Foveaux Strait into the
surface water off the Otago coast was supported by
Brodie (1960) who found that drift cards released on
the west coast of South Island south of latitude 45°S
were recovered on the east coast of South Island.
Rurling (1961) suggested that the Southland Current



originated to the south-west of Stewart [sland and con-
sisted mainly of water from the Subtropical Convergence
region, with some admixture of Australasian Subantarc-
tic Water. Thus it appears that water which passes
through a wide range of latitudes to the west of New
Zealand can flow northwards in the Southland Current.

The circulation off the south-west coast of South
Island has been shown by Garner (1967b) to be very
complicated. A general inflow from the west had large
vertical variations, with a south-geing surface geo-
strophic flow relative to 500 dbar, and a north-going
surface geostrophic flow relative to 1750 dbar.

The mainly subtropical nature of the Southland
Current in Foveaux Strait has been confirmed by Hout-
man (1966). Jillett (1969) showed that off the Otago
Peninsula the Southland Current was located on the
continental shelf and slope, bounded on the seaward
side by low salinity Subantarctic Surface Water.
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Burling's (1961) analysis of the Southland Current
System can be summarised as follows:- The Southland
Front existed off the south-eastern coast of New Zea-
land as a subsurface feature in which the isotherms
and isohalines sloped steeply downwards from the
base of the summer thermocline (depth approximately
70m) in the Subantarctic Water. This Front, which
extended south to the Auckland Islands, marked the
boundary between the Circumpolar Subantarctic Water
and the warmer, more saline water of the Southland
Current. South of the Subtropical Convergence in the
Tasman Sea another front, the Australasian Subant-
arctic Front, was formed between Australasian Sub-
antarctic Water (salinity >34.5%.) in the north, and
Circumpolar Subantarctic Water (salinity <34.5%.) in
the south, but this front was not dynamically connected
with the Southland Front. The Australasian Subant-
arctic Water could not be recognised separately at the
Southland Front since the waters of the Southland
176°

172° 174°

T T T T T

3 TASMAN BASIN

o HéI

SNARES

Snares Gap

re [T

T \-) e | 42.J

CHATHAM
RISE

-
—4¢6
S
BOUNTY TROUGH
2000 —m
® H36 ° ] 1
Hi4 H:\““‘-&
eHI3 ®Hs - 148
i
ey \\
l‘_.-
&° o f
F
CAMPBELL PLATEA K
b % %
- Al TR Ll abss LHEN '/‘\" ey T A = W,

Fig. 1. Station positions for a cruise conducted between 3 February and 2 March 1970. The bathymetry of
the survey area is also shown (in metres).
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Fig. 2. Contours (dyn cm) of the geopotential topography of the sea surface relative to 500 dbar for data
collected in February/March 1970. Arrows show flow direction.

Current were a mixture of both Subtropical and Austra-
lasian Subantarctic Water. At about 30-50m depth,
above the Southland Front, Circumpolar Subantarctic
Water moved shorewards into the Southland Current
and upwelled off Dunedin. Below 70m the Southland
Current continued mainly northwards until south of
Banks Peninsula it turned eastwards. Above 70m the
water of the Southland Current mixed with the Circum-
polar Subantarctic Water and continued mainly north-
wards along the east coast of South Island, as the
“Canterbury Current™.

* The term Canterbury Current has previously been used to
define the northwards coastal flow to the north of Banks
Peninsula. However, this flow has been shown to be con-
tinuous with the Southland Current, and it has therefore
been suggested (Heath 1972b) that the term Canterbury
Current is withdrawn and the term Southland Current used
for all the northwards flow along the east coast of New
Zealand.

2¢

Heath (1972a, b) showed that at least part of the
subsurface water of the Southland Current passed north-
wards through a gap in the western end of the Chatham
Rise (the Mernoo Gap, maximum depth 580m) but the
relative amounts of water passing northwards and east-
wards still need to be examined.

Burling (1961) found the general movement in the
western side of the Bounty Trough was counter-clock-
wise, the Bounty-Campbell Gyral, but as this inter-
pretation was based on only a limited amount of synoptic
data, it is open to question. Further east Heath (1968)
found a general clockwise movement centred around
latitude 45°30°’S, longitude 178°E. Ridgway (pers.
comm.) showed the surface geostrophic flow relative
to 1000 dbar (calculated from data collected in Jan-
uary/February 1969 in the eastern side of the Bounty
Trough) as being in a general clockwise direction
centred at latitude 48°S, longitude 180°E.



OBSERVATIONS

Ninety standard temperature-salinity stations were
occupied between 3 February and 2 March 1970, between
longitudes 163°30’E and 176°E, and latitudes 50°S
and 44°30’S tothe west, and latitudes 50°S and 42°30°S
to the east of New Zealand. Station positions and the
bathymetry of the region are shown in Fig. 1; station
circumstances are given in Table 1. This survey was
the last in a series of summer block surveys conducted
by the N.Z. Oceanographic Institute, to define the
hydrology and circulation around New Zealand. The
area discussed here is bounded by other block surveys.
Garner (1967a) has described a survey off the east
coast, to the north of the region discussed here, and
also a survey (1967b) to the north on the west coast. A
further survey to the east of the region was made in
1969 (Ridgway, in press).

Unlike the former surveys, where observations could
in most cases extend tc wirelengths of 2500 m, in this
survey many observations were made in some com-
paratively shallow areas (i.e., the average depth of the
surveyed part of the Campbell Plateau, the Snares
Shelf, is about 300m).

Data were collected in a manner similar to that
described by Ridgway (1970). Station data and the
derived water densities, cumulative dynamic height
and potential energy anomalies are given in the Appen-
dix. These measurements were supplemented by bathy-
thermograph casts at each station and a continuous, sea
surface, thermograph record.

Station sampling depths were restricted during
several periods of gale-force winds.
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Fig. 3. Isotherms (°C) at a depth of 200 m for data collected in February/March 1970. Arrows show flow
direction based on higher temperatures being on the left looking downstream.



TABLE 1

STATION CIRCUMSTANCES

Stn Date Time N.Z. Latitude Longitude Depth Stn Date Time N.Z. Latitude Longitude Depth

No.  Start Finish S) (E) (m) No. Start Finish S) (E) (m)
o L (o] (o] ¥ o

February 1970 February 1970 continued

H1 3/1440 3/1628 42 25 176 00 1985 H48 19/0553 13/0648 46 40.1 169 24 .2 70

HR 3/2055 3/2210 43 00 176 00 530 H49 19/0850 19/0925 46 52.5 169 40 117

H3 4/0652 4/0809 44 00 176 05.7 500 H50 19/1042 19/1133 47 00 169 50 650

H4 4/1701 4/1%35 44 58.7 176 03.2 1300 H51 19/1355 19/1520 47 15 170 10 1070
H5 5/0207 5/0638 46 00 176 GO 2000 H52 19/1725 19/1938 47 30 170 29 1200
Ho 5/1235 5/1418 47 00 175 59 1650 H53 19/2400 20/0148 48 00 170 00 900
H7 5/2i11 5/2248 48 00 176 00 1300 H54 20/0830 20/0942 49 00 170 00 800
H8 7/0442 7/0625 47 55.5 174 30 1330 H55 20/1629 20/2112 50 00 170 00 600

H9 7/1830 7/1952 49 00 173 00 595 H56 21/0507 21/0607 50 00 168 30 500
H10 8/1014 8/1107 50 00 171 26.5 500 H57 21/1637 21/1929 50 00 167 02 150
Hi1 8/1807 8/1905 49 00 171 30 560 H58 23/0515 23/0530 50 00 163 38.5 4750
H12 9/0137 9/0306 48 00 171 30 1300 H59 23/1743 23/2108 49 00 163 46.0 1300
H13 9/1008 9/1134 48 00 173 00 1200 H60 - 24/0633 24/0845 47 55 164 55 1800
H14 9/2105 9/2251 47 00 174 30 1320 H61 24/1643 24/1735 47 59.5 166 47 140
H15 10/0630 10/0855 46 00 174 30  >1600 H62  25/0040 25/0139 48 00 168 30 130
Hi6 10/172510/1841 45 00 174 30 1000 H63  25/0736 25/0840 47 42 169 42 758
H17  11/0353 11/0532 44 00 174 30 520 H64 25/1058 25/1145 47 27 169 29 480
H18 11/0938 11/1318 43 50 173 45 90 H65 25/1429 25/1532 47 05 169 10 113

H19 11/154011/1622 43 50.2 173 15.5 7R H66  25/1815 25/1848 46 45 168 53.1 55
H20 11/1906 11/1933 43 26.0 173 19.9 65 H67 25/2022 25/2107 46 52 168 41.5 65

H21 11/2348 12/0115 43 24 174 04 710 H68 25/2319 25/2400 46 57.5 16820 50
HR2  12/0523 12/0609 43 30 174 45 350 H69 26/0442 26/0600 46 37.5 167 53.9 50
H23 12/0943 12/1145 43 51 174 15 450 H70 26/0657 26/0728 46 30.1 167 52.6 43
HR4  12/1516 12/1610 44 21 173 57.5 650 H71 26/1032 26/1138 46 21 167 30 43
H25 12/1949 12/2131 44 52.5 173 445 1100 H72 26/1600 26/1656 46 47.5 167 19 138
H26 13/0151 13/0248 44 32 173 00 560 H73  26/233027/0033 47 30 167 00 160
HR7  13/0557 13/0734 44 15 172 25 65 H74 27/0447 27/0723 47 18.7 166 05 1188
HR28  13/0945 13/1013 44 05 172 00.5 28 H75 27/102027/1202 47 13 165 13 823
H29 13/133013/1413 44 27.5 171 38.5 47 H76 27/1516 27/1758 47 08 164 32 5500
H30 13/2033 13/2117 44 48 171 22 33 H77  27/2208 28/0042 47 00 164 00 4100
H31 14/0036 14/0110 45 00 171 45 115 H78 28/0615 28/0815 46 49 164 47.5 14650
H32  14/0257 14/0654 45 04.0 171 55 520-400 H79 28/132028/1523 46 26 165 44 950
H33 14/100514/1119 4518.0 172 24.0 1420 H80 28/171528/1754 46 22.8 166 01.6 185
H34 14/1538 14/1824 4537 173 00 1500 H81 28/2036 28/2136 46 00 166 20 225

H35 14/222514/2356 46 00 173 00 1500
H36 15/0722 15/0945 47 00 173 00 1300

H37  15/1709 15/1857 47 01 171 258 1320

H38  15/2305 16/0033 46 41 17103 1100  March 1970

H39  16/0325 16/0437 46 28 170 42 860  HS2 28/2330 1/0155 45 46 166 09 1500
HA0 16/0712 16/0806 46 19.7 170 29 140  HS3  1/0248 1/0619 45395 16609 2500
H41  16/1231 16/1347 46 14 17114 1185 H84 1/0752 1/1041 4522.2 166 00 4400

H42 16/175516/1920 46 06.5 172 03 1370 H85 171258 1/1512 45 24.5 166 22.5 3250
H43 16/2132 16/2300 46 02.5 171 38.5 1400 H86 171623 1/1824 45 24.8 166 33.9 2400
H44 17/0054 17/0200 45 55.5 17119 1080 H87 171912 1/1942 45248 166 42 150
H45 17/060517/0700 45 51.5 171 07.6 800 H88 2/0145 2/0534 44 27 166 58 3600
H46  17/0807 17/0828 45 49 170 56 .4 102 H89 2/0727 2/0930 44 32.2 167 15 3600
H47  17/0938 17/0952 45 45.2 170 44.9 25 H90 2/1133 2/1300 44315 167 35.5 1000
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Fig. 4. Vertical cross-sections of temperature (°C) (left) and salinity (%.) (right) off the west coast of
South Island, New Zealand.

DISCUSSION

GENERAL CIRCULATION

In the area surveyed the general direction of surface
geosttophic current relative to 500 dbar (0/500dbar )
was from west to east, with the flow off the west coast
of South Island being directed towards the south-west
and that off the east coast being directed towards the
north-east (Fig. 2). Close to the coast the distribution
of temperature at 200m (Fig. 3) was similar to the
geostrophic circulation. Over the Bounty Trough where
the relative geostrophic flow was weak (Fig. 2), there
was less similarity between the two distributions
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(Figs 2, 3). The currents here were not constrained
by topographic features as they were elsewhere in the
surveyed area. Off the west coast, between stations
H88 and H89, there was a weak flow towards the north.

Cross-section of temperature and salinity across
the south-westwards flow off the west coast of South
Island, and over the Macquarie Ridge, are shown in
Figs 4-7. The southwards flow was intensified near
the region of sloping bottom topography. Near-surface
salinities were lowered by freshwater runoff from tne

Fiordland coast, Fiordland being a region of very high



rainfall. The effect of runoff on the near-surface salin-
ities in this area has previously been shown by Garner
(1967b). Subsurface salinities, below the zone affected
by coastal runoff, were largest close to the coast and
decreased southwards (Figs 4-6). Deacon (1937) show-
ed that, in the vertical plane, a subsurface tongue of
high salinity water extended southwards from the
Subtropical Convergence to, in places, almost the
Antarctic Convergence. He explained its dynamics as
follows:- “Whilst the wind drives the .surface (sub-
antarctic) water towards the north, another factor -
the difference of climate between the southern and

o HE4 H85 H86 H87
L 4
- I . 12~03
iy —_l
_: ° _-"\.|0
400 R [ ] _\19
= °
1\ .8
800 . 4
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(F9 ) i l-h )
A%%EAVM%WWWWWWAW,/,VAW
; / %

1600 =

2000~

0 25 km
I

northern parts of the (subantarctic) zone - sets up a
density gradient which tends to cause a current in the
opposite direction”. The subsurface salinitv maxima
found at stations H59, 60, 75, 76, and 77 (Appendix)
would result from this tongue, while closer inshore the
development of a relatively high salinity subsurface
water structure results from coastal dilution at the
surface, the salinities being consistent with Subtrop-
ical Water flowing in from the north-west.

High salinity Subtropical Water flowed eastwards
across the Snares Shelf and through the Snares Gap
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Fig. 5. Vertical cross-sections of temperature (°C) (left) and salinity (%.) (right) off the west coast of
South Island, New Zealand.
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Vertical cross-sections of temperature (°C) (upper) and salinity (%.) (lower) over
the Macquarie Ridge. (Line joining Stns H77 to H80, Fig. 1.)
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Fig. 7. Vertical cross-sections of temperature (°C) (upper) and salinity (% ) (lower) over the Macquarie
Ridge. (Line joining Stns H77 to H73, Fig. 1.)

(Fig. 1), and turned north-eastwards off the east coast
(Figs 2, 3, 14, 18-20). Cool, less saline water flowed
along the continental slope of the Campbell Plateau
(Figs 2, 7, 8) and also turned north-eastwards on the
continental slope off the east coast. Thus, along the
east coast, offshore from the region affected by coastal
runoff, warm, saline Subtropical Water was found on
the continental shelf and upper part of the continental
slope (i.e., depths shallower than 200m), overlaying

Sig. 3
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low salinity, cooler water of Subantarctic origin. The
region of relatively high horizontal gradients of salinity
and temperature between the Subtropical Water inshore
and the Subantarctic Water offshore is the Southland
Front (Figs 8-13). The Front is formed as a gradual
rather than an abrupt change in hydrological properties,
and is therefore best regarded as a zone of finite
horizontal and vertical extent rather than a planar
boundary. Burling (1961) found that this Front arises
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Fig. 8. Vertical cross-sections of temperature (°C) (upper) and salinity (%.) (lower) off the east coast of
South Island, New Zealand. (Line joining Stns H11 to H66, Fig. 1.)

at its southern extremity as the boundary where op-
positely directed flows of Subantarctic Water meet but,
off the east coast, the contrast is accentuated by the
presence of Subtropical Water on the continental shelf.
Because all the water in the Southland Front, as well
as that closer inshore, travels northwards off the east
coast, this entire flow should be referred to as the
Southland Current and not just “the flow of Subtropical
Water”.

FLOW NEAR THE CHATHAM RISE

Burling (1961) showed the Southland Front as ex-
tending northwards past Dunedin, then eastwards south
of Banks Peninsula to become continuous with the
Subtropical Convergence over the Chatham Rise. He
stated that below 75m the Southland Current was
deflected to the east, south of Banks Peninsula.
However, Heath (1972a, b) found that the Southland
Front extended northwards through the Mernoo Gap,
with cool, low salinity water being forced upwards
through the Gap so that the Southland Current was
recognised as a low salinity, low temperature, tongue
of water north of the Mernoo Gap. The western side of
this tongue was the Southland Front and the eastern
side the northward extension of the Subtropical Con-
vergence. In the present survey, cool, low salinity
water of Subantarctic origin was found over the contin-
ental slope forming the western side of the Mernoo Gap
(see Stns H21, 23, 26 in Fig. 15) and also north of the
gap, and warmer, more saline water of mixed Subant-
arctic and Subtropical origin was found over the eastern
side of the Gap. Low salinity water was also found at
Stn H3 (Figs 15, 17) located east of the Mernoo Gap,
on the southern flank of the Chatham Rise (Figs 16, 17)
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and, because the flow near this station was towards
the east (Fig. 2), low salinity water must have flowed
from the vicinity of the southern entrance to the Mernoo
Gap. Therefore, it can be seen that water of Subant-
arctic origin flows both northwards through the western
side of the Mernoo Gap and eastwards along the sou-
thern flank of the Chatham Rise. The form of the iso-
lines at the Subtropical Convergence over the Chatham
Rise (Figs 16, 17) is similar to those at the Southland
Front on the continental slope south of the Mernoo
Gap. However, these two regions of rapid spatial
change of water properties are not continuous, since
they are separated by the presence of low salinity
water in the Mernoo Gap. For this reason it is probably
better to confine (&) the term Southland Front to that
portion of the boundary between the warm, saline in-
shore water and the cooler, less saline offshore water
on the continental slope, and (b) the term Subtropical
Convergence to the region where the warm, saline
Subtropical Water meets the cool, less saline Subant-
arctic Water along the Chatham Rise and in the South-
land Current north of the Chatham Rise (see Heath
1972a, b; in press).

DIRECT CURRENT MEASUREMENTS

The relative amounts of water passing northwards
through the Mernoo Gap, and eastwards along the
southern flank of the Chatham Rise can be determined
only by direct current measurements. Heath (in press)
has shown that anticyclonic eddies of Subtropical
Water are shed from a larger eddy situated at approx-
imately latitude 41°30’S, longitude 178°E. These
eddies are guided by the bottom topography towards
either Kaikoura or the northern end of the Mernoo Gap.



Because the transport of the Southland Current will be
greatly affected by the presence or absence of one of
these eddies, the relative transports of water south-
wards and eastwards from south of the Mernoo Gap
must be highly variable. Direct current measurements
were recently made both in the Mernoo Gap and near
Kaikoura, using parachute drogues (Heath 1973). On
23 April 1970 a drogue was launched in the northern
end of the Mernoo Gap at position latitude 43°26°S,
longitude 173°48.6’E (position A, Fig. 1, bottom depth
360m), and over a 9.8 h period the mean current velocity
at awire length of 300 m was 8 5cm s~ !towards 025°T.
Near the same launching position the mean current at
a wire length of 100m was 26 cm s~1 at 049°T over
6.5h. Both of these measurements had a marked tidal
effect, the drogues initially moving slowly southwards.
Near Kaikoura (latitude 42°36°’S, longitude 173°45’E)
(position B, Fig. 1, bottom depth 850m) the drogue

at a wire length of 500 m had a mean speed of 19cms -1
at 029°T over 7 h, and at a wire length of 100m had a
mean speed of 21cm s -1towards 026°T over 10.5h.
Tidal effects on both of these measurements were
marked by changes in speed but not in direction.
(For an extended analysis of these current measure-
ments see Heath (1973).) These four current measure-
ments confirmed the presence of a relatively strong
northwards flow along the continental slope north-
wards from the Mernoo Gap, which must be fed from
the northwards flow which passes along the continental
slope and through the western side of the Mernoo Gap.

North of the Chatham Rise the geostrophic flow in
the Subtropical Water was towards the east (Fig. 2);
this agrees with previous geostrophic circulation pat-
terns in this area (Garner 1967a; Heath 1968, 1972Db,
1973).
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Fig. 9. Vertical cross-sections of temperature (°C) (upper) and salinity (%.) (lower) off the east coast of
South Island, New Zealand. (Line joining Stns H12 to H48, Fig. 1.)
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South Island, New Zealand. (Line joining Stns H13 to H40, Fig. 1.)

FLOW OVER THE BOUNTY TROUGH

The relative geostrophic flow over the Bounty Trough
was much weaker than in the Southland Current (Figs 2,
10-12). Burling (1961) postulated the presence of an
anticyclonic rotation, the Bounty-Campbell Gyral, in
the western side of the Bounty Trough (see Burling
1961, chart 1). Heath (1968) found that the geostrophic
currents of the surface relative to 1000 dbar near
position 45°30’S, 178°E were in a general clockwise
direction, with a maximum speed of 8.8 cms-!. Ridgway
(pers. comm.) found a strong clockwise movement in
the surface geostrophic current relative to 1000 dbars
centred about 49°S, 180°E. In the present study sur-
face geostrophic currents relative to 500 dbar (Fig. 2)
showed a weak anticlockwise movement near position
17°S, 171°E, immersed in a general flow eastward over
the Bounty Trough. The position of the centre of this
anticlockwise movement agreed with that given by
Burling (1961) for the Bounty-Campbell Gyral. Inte-
grating all previous current observations over the
Bounty Trough (Burling 1961; Heath 1968; Ridgway,
pers. comm.) with those given here the general circu-
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lation consists of -

1. A strong northwards flow of Subantarctic Water
along the continental slope, and of water of subtropical
origin along the continental shelf (the surface geo-
strophic speed with respect to 500 dbar between Stns
H44 and 45, off Dunedin, was 20cms—'). The shelf
water flows northwards through the eastern side and
inshore of the Mernoo Gap, while part of the Subant-
arctic Water flows through the western side of the Gap
and the remainder flows eastwards along the southern
flank of the Chatham Rise.

2. A general weak movement from west to east over
the Bounty Trough (surface geostrophic speed 0/500
dbar 1-6cms-Y) is met by a strong northwards flow
along the Subantarctic Slope to the east of the Bounty
Islands, giving rise to a strong clockwise flow.

3. A weak anticlockwise flow about 50-100 km across
centred near 47°S, 171°E, lying between the northwards
flowing Southland Current to the east of Stewart Island
and the general east-west flow, the Bounty-Campbell
Gyral.
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Fig. 11. Vertical cross-sections of temperature (°C) (upper) and salinity (% ) (lower) off the east coast of
South Island, New Zealand. (Line joining Stns H35 to H47, Fig. 1.)

THE SUBTROPICAL CONVERGENCE

WEST OF NEW ZEALAND

The largest horizontal changes in surface temper-
ature (Fig. 18), surface salinity (Fig. 19), and near-
surface maximum salinity (Fig. 20) which occurred
perpendicnlar to the east coast of South Island, marked

17

the position of the Southland Front, and across the
Chatham Rise marked the position of the Subtropical
Convergence. Off the west coast the position of the
Subtropical Convergence was not defined but the water
there was of mainly subtropical origin.

There has been some conjecture as to the position
of the Subtropical Convergence to the west of New
Zealand. Deacon (1937) and Wyrtki (1960, 1962a)



placed the Convergence in a line extending north-
eastwards from immediately south of Tasmania, towards
the west coast of North Island, to the north of Cape
Egmont. However, Garner (1959, 1967b) and Fleming
(1944) placed the Convergence in a line extending
eastwards from immediately south of Tasmania towards
the region of Foveaux Strait.

Different opinions as to the position of the Sub-
tropical Convergence may arise, as mentioned by Garner
(1967b), from differences in the definition of the Con-
vergence. The region of relatively large meridional
gradients of temperature, salinity, and density at the
boundary between the Subtropical and Subantarctic
Waters (used by Garner 1959, 1967b) would appear to
have smaller non-seasonal fluctuations in position and
therefore have more significance on the global scale
(see Deacon 1966) than the boundary between con-
verging non-geostrophic surface currents (used by
Wyrtki 1960).

Defining the Subtropical Convergence as the boundary
between water masses it follows that a proper analysis
of the position of the Convergence in the Tasman Sea

14 H3l Hi2 H33

will depend on an analysis of the dynamics of the
circulation in the Tasman Sea, especially as the main
input into this sea appears to be via the southwards-
directed East Australian Current off the east coast of
Australia. This flow can be envisaged as follows : low
density Subtropical Water meets denser Subantarctic
Water near Tasmania. Because the flow of Subtropical
Water off the east coast of Australia has a larger
meridional component than anywhere else at the same
latitude in the Tasman Sea, the density gradient be-
tween the two water masses near Tasmania (and hence
the horizontal velocity shear) will be greater than else-
where at the Subtropical Convergence in the Tasman
Sea. That this is realistic is borne out by Reid’s
(1961) and Wyrtki’s (1962b) figures for geostrophic
flow, and Reid’s (1965) figures for salinity on con-
stant density surfaces. From near Tasmania the flow
obtains a larger zonal component, horizontal mixing
will take place in the eastwards flow and the horizontal
velocity there will decrease; this also is borne out by
Reid’s (1961) and Wyrtki’s (1962b) figures.

The Subtropical Convergence therefore becomes
less well defined as mixing increases, i.e., further
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Fig.

12. Vertical cross-sections of temperature (°C) (upper) and salinity (%.) (lower) off the east coast of
South Island, New Zealand. (Line joining Stns H15 to H30, Fig. 1.)
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South Island, New Zealand. (Line joining Stns H16 to H28, Fig. 1.}

from a western boundary for eastward flow. (This is
one reason why the Subtropical Convergence is better
defined to the east of New Zealand; the other reason
is that the Chatham Rise determines the position of the
Convergence to the east of New Zealand by limiting
the meridional flow of the two water masses.) If we
choose a particular dynamic height anomaly contour in
the Subtropical Water of the western Tasman Sea then,
because of the mixing which will take place mainly
across the region of large horizontal density contrast
with the lower density Subantarctic Water to the south,
the density of the Subtropical Water will be increased
as it travels eastwards. Therefore most of this Sub-
tropical Water will be found south of the same dynamic
height anomaly contour after it has travelled across
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the Tasman Sea. By the same reasoning, Subantarctic
Water near a particular dynamic height anomaly con-
tour in the western Tasman Sea will be located north
of that contour in the eastern Tasman Sea. Therefore a
dynamic height anomaly contour near the Subtropical
Convergence in (say) mainly Subtropical Water on the
western Tasman Sea will be further north of the
middle of the Convergence in the eastern Tasman Sea.

All the geopotential topographies of the surface of
Tasman Sea relative to 1000 dbar (Reid 1961; Wyrtki
1962b) show the 1.2 dynm contour forming a tongue -
like shape pointing towards the north-east between
longitudes 160° and 165°E, with the northernmost point
of the tongue at about 44°S. Contours of some hydro-
logical parameters also show tongue-shaped distri-



400

BOO

Depth(m)

400

800

Fig. 14. Vertical cross-sections of temperature ('C) (upper)
and salinity (%.) (lower) off the east coast of South
Island, New Zealand. (Line joining Stns H54 to H62,
Fig. 1.)

butions extending from the south in the south Tasman
Sea (Reid 1965) and these tongues could lead to the
wrong assumption that the west coast of South Island
is bathed by Subantarctic rather than Subtropical Water.
The geostrophic flow in this tongue is in a general
clockwise direction, water entering the flow from an
anticlockwise movement off the south-east coast of
Australia and leaving towards the south-west of South
[=land (see Garner 1969, figs 1, 2).

Water in this general movement, having arisen in
the East Australian Current, must be of mainly sub-
tropical origin. Essentially Subtropical Water was
found off the south-west coast of New Zealand both
by Garner (1967b) and by the present survey. In the
present survey the water found over the Snares Shelf
consisted of warm saline water derived both directly
from the Subtropical Water to the north of the Sub-
tropical Convergence and from a sub-surface tongue of
water of subtropical origin extending southwards from
the Convergence. The Subtropical Convergence must
therefore be south of the 1.2 dynm contour in the
eastern Tasman Sea.
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Direct confirmation of a southwards flow of Subtrop-
ical Water off the south-west coast of New Zealand is
given by some recent direct current measurements.
On 12 April 1971 near positions latitude 44°S, longitude
168°E on the west coast a parachute drogue at a wire
length depth of 500m showed a mean current velocity
of 24cms-1at 203°T over a 10h period. Similar mea-
surements on 13 April 1971 at positions latitude
44°50'S, longitude 167°14’E showed mean current
velocities of 40cms~! towards 241°T with the drogue
at a wire length of 500 m, and 60cms-1! towards 240°T
with the drogue at a wire length of 100m (Heath 1973).
These current measurements made in Subtropical Water
are consistent with the general south-westerly geo-
strophic current down this coast, carrying water of
mainly subtropical origin on to and eastwards across
the Snares Shelf to contribute to the Southland Current.
The Subtropical Convergence lying at the southern
edge of this water becomes continuous with the South-
land Front off the east coast of South Island, the
Southland Front initially arising as the boundary
between the oppositely directed movements of Sub-
antarctic Water inthe Southland Current and the Bounty-
Campbell Gyral (Burling 19€1, see also Fig. 2).

Deacon (1937) reported that the middle temperature
at the Subtropical Convergence boundary was about
57°F (14°C) in summer and 50°F (10°C) in winter,
and the middle salinity was 34.9%., with little seasonal
variation. Garner (1959) found that around New Zealand
the Convergence followed approximately the isotherms
of 15°C in February and 10°C in August, and the iso-
halines of 34.7%. to 34.8%,, with little seasonal
variation. More recent observations have also indicated
that the Convergence is located near to thtse isoline
values (Garner 1967a, b; Heath 1968, 1972b, in press).
Garner (1959) also pointed out that the position of
largest horizontal temperature and salinity gradients
marking the position of the Subtropical Convergence,
from Deacon’s (1937) and Wyrtki’'s (1962a) data, is
consistent with the Convergence in the Tasman Sea,
extending towards Foveaux Strait rather than Cape
Egmont, as shown by them.

Wyrtki’s (1960) opinion as to the position of the
Subtropical Convergence in the Tasman Sea was based
on surface-water movements recorded by ships, and
later (1962a) on hydrological measurements; in both
cases he showed the Convergence extending towards
the west coast of North Island. The shallow subsurface
maximum salinity layer in the Tasman _Sea, which
Wyrtki took to lie to the south of the Subtropical Con-
vergence 1is interpreted by the present author and
previous authors (Deacon 1937; Garner 1967b) as lying
north of the Convergence as defined here. The region
of converging surface currents (Wyrtki 1960) and the
region immediately north of where the salinity maximum
is found at the surface (Wyrtki 1962a) were found by
Wyrtki (1962b) to be in close correspondence, but the
position of this region would be highly variable and
not as closely linked to the general dynamics of the
circulation as that used here to define the Subtropical
Convergence.
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EAST OF NEW ZEALAND

Comparison of the surface salinity distribution
(Fig. 19) and the near-surface maximum salinity (Fig.
20) shows that the surface water was diluted by coastal
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runoff along the entire coastline surveyed, rhe dilution
being most pronounced off the west coast, in Foveaux
Strait, and in Canterbury Bight. A horizontal tongue of
more saline water of mainly subtropical origin extended
from the north-west over the Snares Shelf and north-
wards along the east coast to the Mernoo Gap. This
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more saline water was bounded inshore by water diluted
by coastal runoff and offshore by Subantarctic Surface
Water. The outer edge of this tongue lay over the
continental slope off the east coast. Offshore from
this saline tongue the surface water was relatively
isohaline. At many stations in the Subantarctic Water
over the Bounty Trough there were slight temperature
and salinity inversions between 100m and 500m
(Appendix). Garner (1967a) and Heath (1968, in press)
have shown that in the vertical plane a subsurface
tongue of Subtropical Water extends southwards from
the Subtropical Convergence in this area, although this
tongue does not extend as far south here as that found
by Deacon (1937) in the open ocean away from any
topographic obstruction such as the Chatham Rise.
The diffuse remains of this high salinity warm water
probably gave rise to the inversions found by this
survey.

164° 166° 168°
I

Comparison in Fig. 17 of a station in Subtropical
Water (H1) with a station in Subantarctic Water (H5)
shows that the vertical salinity gradient in the Sub-
antarctic Water is relatively small compared with
that in the Subtropical Water.

Surface temperatures inthe surveyed region generally
decreased with both distance offshore and towards the
south (Fig. 18). A distinct region, with temperatures
lower than the surrounding water, was found immediately
offshore from the continental slope on the east coast.
In this region surface salinities were also lower than
in the surrounding water. This temperature and salinity
contrast would appear to be between the mixed Sub-
antarctic - Subtropical Water of the Southland Current,
which had flowed initially northwards then offshore
and southwards, and the enclosed Subantarctic Water
in the Bounty -Campbell Gyral (Figs 2. 18, 19).
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Fig. 18. Isotherms (°C) at the sea surface for data collected in February/March 1970.
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CONCLUSIONS

From the present and previous studies an integrated
description of the mean circulation around southern
New Zealand has been obtained as follows. Subtropical
Water in the form of eddies, cast off from the East
Australian Current, flows in a general eastwards direct-
ion across the Tasman Sea. This warm, saline water
meets cooler, less saline Subantarctic Water in the
Subtropical Convergence which extends north-eastwards
from Tasmania towards about longitude 160°-165°E,
then south-eastwards on to the Snares Shelf to the
south of New Zealand. Subtropical Water flows north-
wards along the west coast of New Zealand to the north
of about latitude 44°S and southwards to the south of
that latitude. Water of mainly subtropical origin flows
eastwards through Foveaux Strait and across the Snares
Shelf, then north-eastwards on the continental shelf on
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the east coast of New Zealand, as the Southland Cur-
rent. Subantarctic Water also flows north-eastwards
along the continental slope off the east coast and
meets the inshore warmer, more saline water in the
Southland Front. The combined north-eastwards flow
of coastal, Subtropical, and Subantarctic Waters off the
east coast is referred to as the Southland Current.
At its southern extremity the Southland Front arises
as the boundary between the opposing movements of
Subantarctic Water in the Southland Current and the
Bounty-Campbell Gyral, but where it is formed as the
boundary between mainly Subtropical and Subantarctic
Water it can be regarded as being continuous with the
Subtropical Convergence of the west coast. Warm,
saline water in the Southland Current flows north on
the continental shelf, past Banks Peninsula. Some of



the cooler, less saline Subantarctic Water flows north-
wards through the western side of Mernoo Gap and the
remainder flows eastwards along the southern flank of
the Chatham Rise, meeting the Subtropical Water of
the East Cape Current in the Subtropical Convergence.
Water in the eastern side of the Mernoo Gap is of
mixed Subantarctic and Subtropical origin.

The Southland Current alters its surface hydrological
characteristics north of the Mernoo Gap, for, whereas
south of this Gap it is defined by a warm, saline surface
tongue of water, with coastal water producing the in-
shore contrast and Subantarctic Water the offshore
contrast, north of the Gap it is defined by a cool, low
salinity surface tongue. This alteration in character-
istics is the result of cool, low salinity Subantarctic
Water being brought closer to the surface in flowing

164°

northwards through the western side of the Mernoo
Gap. The warm, saline water which flows northwards
on the continental shelf produces the inshore contrast,
and the warm, saline Subtropical Water of the East
Cape Current produces the offshore contrast to the
north of the Gap.

Flow over the Bounty Trough is weaker than in the
Southland Current, and west of longitude 180°E is

directed towards the east. Immersed in this flow is the
anticlockwise-flowing Bounty-Campbell Gyral centred
near latitude 47°S, longitude 171°E, which is about
50-100km across. East of longitude 180°E a strong
northwards flow along the Subantarctic Slope gives
rise to a strong clockwise flow over that part of the
Bounty Trough.
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Fig. 20. Contours of the near-surface maximum salinity (%.) for data collected in February/March 1970.
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APPENDIX
NUMERICAL STATION DATA

P is the thermometrically measured pressure in decibars at each sampling point.
This is numerically nearly equal to the geometric depths in metres. A more
accurate conversion using representative mean density figures (La Fond 1951,
p. 8) is as follows:-

pressure (decibars): 200 400 600 800 1000 1500 2000 2500
depth (metres): 199 398 595 793 991 1484 1976 2467

T is the sample temperature in °C x 100
S is the sample salinity in %. x 100.
9t is the water density reduced to surface pressure isothermally x 100.

Ostp is the in situ water density.
The ‘¢’ value is derived from the relative density, p from the relationship
o= (p-1)x 10° where p is the water density in g cm =

SAD is the cumulative anomaly of the geopotential distance between the sea
surface and the sample depth in dynamic centimetres.

C is the in situ sound velocity in ms-1x 100.

Cm is the integral mean sound velocity between the sea surface and the
sample depth in ms-1 x 10.

K is the correction, in metres x 10, to be applied to an echo sounding of a
depth corresponding to the depth D on a machine calibrated for a velocity
of 1 500 ms -!

SAX = [°8pdp is the potential energy anomaly from the sea surface to the sample
depth in kg ms=*x 103 (p isthe pressure and § the specific vol-
ume anomaly giving the difference between the actual specific vol -
ume and that in a standard ocean at temperature 0°C and salinity at

35%o).
D T S Ut Ustp ZAD (C Cm K 540X
1
0 1700 3518 2567 2567 0.0 15138 15138 0 0.0
28 1795 3521 2546 2557 5.5 15169 15153 2 64.3
47 1606 3542 2607 2628 10.9 15120 15149 5 252.9
70 1500 3542 2631 2663 15/, 2 15090 15134 6 501.7
94 1460 3535 2635 2677 19.3 15081 15122 8 841.4
188 1291 3519 2658 2742 34.5 15038 15091 11 2983.8
274 1133 3496 2670 2793 47.1 14996 15068 i1¥2) 5899.9
360 1000 3477 2679 2842 59.0 14960 15046 il Tk 9666.7
440 912 3465 2684 2883 69.7 14939 15025 8 13916.2
556 812 3457 2694 2946 84 .4 14919 15008 S 21270.7
673 728 3452 2702 3008 98.5 14905 14991 -4 29931.2
1200 398 3451 2742 3291 151.1 14857 14943 -46 79165.4
12
0 1704 3489 2544 2544 0.0 15135 15135 0 0.0
22 1691 3491 2549 2558 SmS 15135 19135 2 6'1%:y2
43 1650 3489 2557 2576 10.7 15125 15133 4 230.2
63 1560 3489 2577 2606 1'5%9 15103 15126 5 509.1
108 1206 3495 2656 2704 24.0 14994 15095 7 1209.5
152 1049 3477 2671 2739 30.3 14944 15058 6 2037.2
235 1019 3466 2667 2774 42.0 14945 15018 3 4294.2
305 859 3462 2691 2829 5143 14896 14995 -1 6797.3
380 831 3456 2690 2863 60.5 14898 14975 -6 9949.4
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