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FOREWORD 

One of the major deficiencies in our knowledge of the marine environment has 
been the scarcity of definitive studies of -the planktonic fauna. 

In this memoir the author presents an account of near-shore plankton populations 
in northern waters, and of their variability with respect to changes in environment 
and season. The studies reported here and others currently in press that deal with 
the plankton fauna from central New Zealand make a substantial contribution to 
our knowledge of the New Zealand plankton. 

J. W. BRODIE 

Director 
N.Z. Oceanographic Institute 
Wellington 
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Zooplankton and Hydrology 
of Hauraki Gulf 

New Zealand 
JOHN B. JILLETT 

University of Auckland, New Zealand�' 

Abstract 
Records �f temperature, salinity, turbidity, and zooplankton abundance and compos1t10n were gathered at regular intervals from two Hauraki Gulf stations. These t,,:o stations were chosen to represent conditions in the au:er and inner gulf respectively. Hydrological processes at both stations were those expected from the effect of climatic factors on shallow i...uhore waters. Surface water temperatures were closely related to air temperatures, and surface salinities "ere closely related to rainfall. Temperature and salinity gradients were established at the outer gulf station in spring, and these persisted until autumn. In late summer and autumn 1965 a subsurface intrusion of off­shore water into the outer gulf resulted from persistent offshore winds. ariations of abundance of the various zooplankton components were followed in successive samples at both ations. Inshore the zooplankton was typically neritk and lacked variety except amongst larvae of benthic a.:id littoral organisms. Copepods and larvae together accounted for more than 90% of the average catch, but ;, ndicularians, cladocerans, medusae, and ·ctenophores were sometimes moderately abundant. The essential :'eamres of seasonal succession were similar in both years of sampling. In the outer gulf the zooplankton was more varied, and, although it was essentially neritic in character, an 0rrsbore element was nearly always ·present. Copepods (93%) were again the most abundant group, but larvae c -c, J ,,·ere much less abundant than inshore. Other groups included cladocerans, appendicularians, salps, euphausids, medusae, ctenophores, chaetognaths, pteropods, and heteropods. Variations in the strength of the offshore element have been interpreted in relation to the sequence of hydrological events. The affinities of Hauraki Gulf zooplankton are clearly subtropical and warm temperate. 

INTRODUCTION 

Ti · - bulletin considers seasonal zoo plankton and 
.:ilogy in the Hauraki Gulf, northern New Zealand. 
based on fortnightly samples taken between May 
and January 1965 from a station in Waitemata 
ur (Sta. A), and monthly samples taken between 

Aarh 1964 and April 1965 from a station in Jellicoe 
C el (Sta. B). Each station is representative of 

- itions in the inner and outer gulf respectively. 

� Pne·ent address: University of Otago, Dunedin, New Zealand. 
9 

HISTORICAL BACKGROUND 
Study of plankton communities of New Zealand 

waters has been neglected in the past. The various ex­
peditions that have collected in the area have mostly 
concentrated on dredging, shore collecting, and bathy­
pelagic programmes. The first serious observations 
were the descriptions by Dana (1852, 1855) of pelagic 
crustaceans from the collections of the U.S. Exploring 
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Expedition in 1838-42. Then in the winter of 1874 
HMS Challenger made a number of tow-nettings in the 
Tasman Sea, and the reports of the expedition are the 
first comprehensive accounts of the plankton of the 
area. 

Foremost of the expedition reports on plankton are 
those of the British Antarctic Terra Nova Expedition, 
1910- 13. The Terra Nova made 75 plankton hauls in 
northern New Zealand waters, between 30° and 40°S, 
in the winter of 191 1. A further eight hauls were taken 
in more southerly waters between 30° and 50°S be­
tween 1910 and 191 3. These are the most extensive 
and thoroughly worked plankton collections made in 
these waters by an expedition, and the Terra Nova 
reports must remain the basic l iterature for many zoo­
plankton groups in the area. Material from most of the 
expedit:ions since the Terra Nova remains largely un­
worked. 

Apart from expedition reports, individual workers 
have added to the knowledge of planktonic groups. 
Even so, few groups are little more than superficially 
documented. In spite of ·this lack of local information 
concerning permanent plankton the world literature i s  
adequate for the ident:ification of  the commoner species, 
and it is apparent that there is little endemism amongst 
open-water species. Endemism is greater amongst in­
shore and estuarine plankton communities. where 
earlier workers have concentrated their efforts. At some 
seasons larvae and temporary plankton are important 
and even dominant ·in inshore plankton, yet at present 
it is necessary to put them together into major systema­
tic groupings from which only the more distinctive and 
ubiquitous larvae are d istingui'Shed. Such groupings 
include decapod, barnacle, polychaete, molluscan, ecto­
proct, echinoderm, and ascidian larvae and eggs, and 
larval and post-larval stages of fish. 

New Zealand plankton communities have been the 
subject of relatively few publications and the following 
is a nearly comprehensive l ist : Bary ( 1951. 1 956, 1 959a, 
1 959b, 1 960) ; Brewin ( 195 1 ) ;  R. M. Cassie ( 1958. 
1 959a. 1 959b. 1 959c, 1960a, 1 963 ) ;  U. V. Cassie ( 1960, 
196 1 ) ;  Fuller ( 1950, 1 953) ; Stuckey ( 1948) ;  and Wear 
( 1 965c) . The only seasonal studies of zooplankton 
have been those of Fuller ( 1953) and Wear ( 1965c) . 

This study considers seasonal zooplankton together 
with the hydrology in the Haurald Gulf, northern New 
Zealand. 

Kramer ( 1894) gave an account of the most abund­
ant copepods and dadocerans of the Hauraki Gulf 
summer plankton. He recorded 1 2  copepods and four 
cladocerans. 

Fuller ( 1950) recorded the abundance of the clado­
ceran Penilia avirostris during summer and autumn and 
commented on the probable temperature requirements 
of the species. Fuller ( 1953) also recorded the seasonal 
occurrence and composition of the Hauraki Gulf plank­
ton and found that the inner gulf had a resident popu­
lation of relatively constant composition, while that of 
the outer gulf varied. 
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Fuller also recorded surface salinities at each of his 
stations and attempted to explain the ·seasonal occur­
rence of plankton populations in the outer gulf accord­
ing to alternating influences of oceanic water from two 
different sources. He gave no sampling dates or station 
details, but it is apparent that the work was not based 
on regular sampling from the same stations. 

The physical environment for plankton in the Hau­
raki Gulf has been described in general terms by R. M. 
Cassie ( 1960b) , who outlined the sequence of hydro­
logical events in the annual cycle. 

THE HAURAKI GULF 

The Hauraki Gulf lies between 36° and 37° JO'S and 
between 174° 40' and 175° 30'E and is situated on the 
north-eastern coast of the North Island, New Zealand 
(Fig. 2) .  The gulf is landlocked excepted in the north 
and north-east where its seaward boundaries are marked 
by two islands, Little Barrier and Great Barrier. The 
gulf is a broad trough of about 40-45m average depth, 
deepening towards the open sea and becoming shallow 
towards the western and southern shores. 

The waters of the inner gulf (Wwitemata Harbour, 
Tamaki Strait, and Firth of Thames) are shallow and 
enclosed and receive a number of sizable rivers, so 
salinity and temperature of the inner gulf m ight be 
expected to reflect weather variations (Skerman, 1958) .  
In the outer gulf the catchment area of inflowing rivers 
is small, and this, coupled with greater depth of water. 
tends to make temperature and salinity less variable 
than closer inshore (R. M. Cassie, 1960b; Garner. 
196 1 ) .  Most of the important geographic, climatic, and 
geologic features of the area have been presented by 
Dellow ( 1955). 

Climatically the gulf 1is relatively homogenous. Maxi­
mum air temperatures and sunshine hours occur in mid­
summer (January) and minimum values in winter (June 
or July) . The average rainfall has a winter maximum 
and a summer minimum but there is a good deal of 
variation about the average. Winds are variable and 
though westerlies area the most common. gulf waters 
are protected from them by land. High winds are some­
times experienced from the exposed north-east quarter. 

Offshore water masses have a variable effect i n  outer 
areas of the Hauraki Gulf (R. M. Cassie, 1960b; Fuller. 
1 953) .  The major currents to the north are the Tasman 
Current and the Trade Wind Drift (Fig. I ) .  Off the 
North Auckland Peninsula the current sets in a south­
erly direction down the east coast as the East Auckland 
Current which originates in the subtropical Tasman 
Current (Wyrtki ,  1 962; Garner and Ridgway, 1 965 ; 
Barker and Kibblewhite, 1965) .  The East Auckland 
Current is the only offshore current likely to affect the 
region of the Hauraki Gulf. This current retains its 
subtropical character and is warmer and more saline 
than the mean for this latitude. 
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STATIONS 

Two stations were selected in the Hauraki Gulf for 
regular hydrological and planktological sampling (Fig. 
2 ) .  They were placed so that ea,ch represented one of 
the two regions recognised by Fuller ( 1953) and by 
R. M. Cassie ( 1960b ) .  As emphasis was to be placed 
on regular, standardised sampling, the stations were 
chosen close to shore so that the work could be 
carried out from the available boats in all but the most 
adverse weather. One ( Sta. A) was in the Waitemata 
Harbour and the other (Sta. B) ,in the Jellicoe Channel 
(Fig. 2 ) .  

STA. A - WAITEMATA HARBOUR 

Sta. A was in the main shipping channel at about 
20m depth. The channel at this point is 750m wide, 
hoaling to 5m on each side. The bottom sediment at 

Sta. A is coarse, tide-swept shell gravel, but on each 
:ide of the shipping channel are extensive areas of fine 
mud and silt with their associated fauna (Powell, 1937) .  
The tidal stream in the channel attains a speed of 2 
knots during spring tides. Estuarine influences and 
· e proximity of Auckland city could introduce special 
::unditions of increased dilution and pollution. Pollution 
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through the discharge of sewage at Orakei had ceased 
in 1963-5, but sewage was still discharged at North 
Head and at Birkenhead on a small scale. Formerly 
pollution was serious on the beaches to the south-east 
of Sta. A (Wallace and Newman, 1953a, 1953b). Pos­
sible effects of dilution and pollution were minimised 
by sampling near to the harbour entrance at high tide. 
Conditions here resemble those for the inner gulf in 
general. 

STA. B - JELLICOE CHANNEL 

Sta. B was in the Jellicoe Channel at about 50m 
depth, 8.5km (5 nautical miles) east of Cape Rodney. 
The channel is wide, with a level bottom from Cape 
Rodney to Little Barrier Island, a distance of 23.4km 
(13.5 nautical miles). Tidal streams in the channel 
attain speeds of 1 knot, but, because of the greater 
depth, open situation, and distance from any major 
source of freshwater inflow, it was not considered neces­
sary to limit the tidal conditions under which samples 
were taken. This station is close to meridian l 75°E, 
chosen by R. M. Cassie ( 1960b) as a transect line in 
describing Hauraki Gulf hydrology. Conditions here 
resemble those of the outer gulf. 
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FIELD AND LABORATORY METHODS 

SAMPLING PROCEDURE AT SEA 
As there was considerable difference between the 

techniques used at each station the sampling procedures 
for each are listed separately. 

STA. A - WAITEMATA HARBOUR 

Sta. A was sampled once a fortnight for 21 months 
from May 1963 to January 1965. 

The effects of diurnal variations in the behaviour of 
plankton were minimised by taking vertical hauls from 
near the bottom to the surface, so that all levels of the 
water column were sampled equally, and by limiting 
sampling to approximately the same time of day on 
each occasion. Methods were standardised by sampling 
plankton at slack water within half an hour of high tide 
on days when high tide was between 1000 and 1200 
hours. Tides at this time of day 1in Auckland recur 
fortnightly and are amongst the highest in each tidal 
cycle. 

On all but four occasions this station was sampled 
from a 12ft dinghy. 

Hydrology 
Temperature. Until the end of March 1964 surface 
temperatures only were taken using a thermometer 
graduated in 0. 1°C. After this both surface and sub­
surface temperatures were taken using protected revers­
ing thermometers (Negreui and Zambra). 
Salinity. Until the end of March 1964 surface water 
samples were taken. After this subsurface samples were 
taken as well, with a Nansen reversing water bottle. 
Water samples were stored in 250 ml bottles with wax­
impregnated cork stoppers until salinity determinations 
were made. 
Turbidity was estimated on  each sampling occasion by 
Secchi Disc readings. 

Zoo plankton 
A simple conical net of monofilament nylon bolting 

cloth (250 micron mesh) was used. The mouth diameter 
of the net was 0.5m and the length 1.8m. The cod-end 
was weighted so that it fished only on the way to the 
surface in a vertical haul. On each occasion :three verti­
cal hauls were made by hand-hauling the net from near 
the bottom ( 18m) to the surface. Zooplankton samples 
were preserved immediately after collection to minimise 
the effects of predation. When live plankton was re­
quired for examination separate samples were taken. 
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Phytoplankton 
Special attention was not given to phytoplankton in 

this survey, but the numbers of phytoplankton species 
were estimated in samples taken concurrently with the 
zooplankton and hydrological samples (U. V. Cassie, 
1966) .  

STA. B - JELLICOE CHANNEL 

Sta. B was sampled at monthly 1intervals for 14 
months from March 1964 to April 1965. 

Except for two occasions this station was sampled 
from an 18ft motor boat. 

Hydrology 
Temperature and Salinity. Temperature observations 
and water samples were taken using the Nansen revers­
ing water bottle with attached reversing thermometers 
as at Sta. A. Observations were made at 9m intervals 
from the surface to 45m. Only one bottle was available, 
so each observation was made by a separate cast, and 
during sampling the boat usually drifted. 
Turbidity. Water transparency was estimated on each 
sampl ing occasion by means of a Secchi Disc. 

Zoo plankton 
Although it is theoretically desirable to use the same 

methods at both stations, vertical hauls with the gear 
already in use at Sta. A were not suitable for the con­
ditions at Sta. B. Usually there was a considerable swell 
at Sta. B, and it proved impossible to vary the hauling 
rate to compensate for the motion of the boat. Further­
more, varying rates of drift and tidal flow made the 
0.5m net stream out rather than sink vertically when it 
was being lowered. These difficult!ies were overcome 
by using a Clarke-Bumpus sampler in oblique hauls. 
While the boat was drifting the dosed sampler was 
lowered to 45m (near the bottom). The net was then 
opened by messenger before being hauled slowly to the 
surface while the boat was moving at about  2-3 knots. 
Three hauls were made on each occasion. As at Sta. A 
zooplankton samples were preserved immediately after 
collection. 

The net used with the Clarke-Bumpus sampler was 
made of bolting silk (mesh 132 microns) and was finer 
than the net used at Sta. A. 
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Phytoplankton 
Jar samples (2.5 l) were taken from the surface for 

qualitative and quantitative estimates ( U. V. Cassie, 
1966) .  

LABORATORY PROCEDURE 
SALINITY DETERMINATION 

The salinities of stored water samples were deter­
mined using a transistorised conductivity bridge 
( Hamon, 1956; Houtman, 196 1 ) .  The temperature 
reading was discarded (following the suggestions of 
Houtman 196 1 )  in favour of built-in temperature com­
pensation over the normal laboratory range. The instru­
ment was used solely in the laboratory as a transfer 
instrument between samples of unknown salinity and 
sea water that had been standardised from Copenhagen 
"normal water" . Undoubtedly some accuracy was lost 
through not using Copenhagen water as a direct stand­
ard, and the absolute accuracy is about + 0.02° / 00S. 
However, the bridge proved to be extremely sensitive 
and discriminated between samples differing by as little 
as 0.01  °looS ( as determined by Knudsen-Mohr titra­
tions) ,  so the precision is considered to be ± 0.0 l°lo0S. 
Each salinity value was derived from the mean of four 
potentiometer readings taken after the instrument had 
stabilised. 

COU NTI NG AND RECORDING OF ZooPLAN KTON 

RepresentaHve data sheets for samples from each 
station indicate the methods and degree of detail for the 
recording of zooplankton components (Appendices A, 
B and C) .  The full data are appended to the original 
thesis, copies of which are deposited in the University 
.of Auckland library. 

It was usually necessary to subsample the plankton 
catches after removing and counHng the larger and less 
numerous organisms. In the earlier samples, sub­
samples were drawn by repeatedly dividing the catch, 
after vigorous shaking, until eight equal portions of the 
original catch were obtained . One of each pair in the 
final division to eighths was counted from nearly every 
haul. Data presented in Appendix A have been ob-

1 5  

tained by this method for each of the three catches of a 
typical sample. After October 1963 subsampling was 
carried out with a whirling subsampler (Kott, 1953) ,  
which produces tenth subsamples. Initially four one­
tenth subsamples were counted from each catch, but 
this number was reduced as results encouraged greater 
confidence. At least two subsamples were counted from 
all but the catches in the last few samples. Data .in 
Appendices B and C have been obtained by this method 
for samples from Sta. A and Sta. B respectively. Both 
the relative and absolute abundance of the various 
components are similar, not only for subsamples of the 
same catch but also for subsamples from replicate 
catches. This agreement is better for the commoner 
components than for the less common ones. Results 
have been expressed in numbers per standard haul 
rather than in numbers per unit volume. It is essential 
to note that hauls at each station were made with differ­
ent gear so they are not directly comparable. At Sta. A 
approx•imately 2.5m3, assuming completely efficient fil­
tration, would be filtered in each standard haul (mouth 
area of net 1 ,964cm2 ; distance hauled 18m) . By com­
parison, about 4. 15m3 would be filtered in each Clarke­
Bumpus haul at Sta. B. The numbers caught have been 
adjusted to the number expected -per 1 ,000 revolutions 
of the net cyclometer. The total numbers and volumes 
of zooplankton in each of the three hauls in each sample 
were also estimated . For Sta. A a standard haul is a 
vertical haul through 18m, from near the bottom to the 
surface, made with a net of 0.5m d iameter and 250 
micron mesh. At Sta. B oblique hauls were made from 
near the bottom to near the surface ( 45m) using a 
Clarke-Bumpus sampler fitted with a No. J O  silk net 
(mesh 1 32 microns ) .  For both stations values have been 
transformed to values per cubic metre. but these figures 
are not meaningful in absolute terms and are presented 
to allow comparison with the results of other workers. 
Except where otherwise stated, the figures quoted are 
means per standard haul. For Sta. A (0.5m net) a fil­
tration coefficient of l :  1 has been assumed in deriving 
absolute values, and for Sta. B these values have been 
calculated from calibration data supplied with the 
Clarke-Bumpus sampler. 
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FIG. 3. Sea surface temperatures at Sta. A and B and air temperature with its deviations from average 
(for Auckland) .  (Air temperature data from the Department of Civil Aviation, Auckland) 
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RESULTS 
THE PHYSICAL ENVIRONMENT 

STA. A TEMPERATURE (FIG. 3; TABLE 1 )  

Surface temperatures followed the trend of air tem­
peratures. The lowest readings were 12. 1 °C iin early 
August 1 963 and I 2.8°C in early September 1964. High­
est temperatures were 22.7°C in mid February 1964 and 
22.4°C in early January 1965; thus ranges of 10.6°C and 
9.6°C were recorded in each annual cycle. The dates 
of minimum temperatures differed by 4 weeks and those 
for maximum values by nearly 6 weeks. Between mid 
March and mid J uly in both years temperatures de­
clined at a uniform rate of l .9°C per month. However, 
rising temperatures in each cycle followed quite d iffer­
ent patterns. From August to December 1 963 tempera­
tures rose at an average rate of l .75°C per month with 
a marked check in early November. There was a further 
check in  late December and in January before a maxi­
mum was reached in mid February. In the following 
year temperatures rose steadily, without check, reaching 
a maximum in early January some 6 weeks earl ier than 
in the previous year. 

Subsurface temperatures, at a depth of 18m (near the 
bottom),  were recorded for I year from April 1964 to 
March 1 965. They closely approximated those at the 
surface. The average difference was 0.09°C and ranged 
from -0.55 to +0.02°C. Subsurface temperatures ex­
ceeded those at the surface only during periods of rapid 
decline from early May to mid July. At all other times 
subsurface temperatures were identical with, or less 
than. those at the surface. 

STA. A SALI N ITY ( FIG . 4, TABLE I )  
Surface salinities were recorded at Sta. A for two 

annual cycles (May 1963 to May 1965) .  Lowest values 
were in early August 1 963 (33. l O°loo) and in mid July 
1964 (33.23°1o0 ) .  Highest values were in early Apri l  
1 964 (35.58°1 o0 ) and in mid March 1 965 ( 35. 1 5°1o0 ) .  

Ranges for each o f  these cycles were 2.48° / 00 and 
1 .920/oo respectively. While the seasonal trends are 
similar in both years there are considerable differences 
in detail and in absolute values. During 1963 and until 
July 1964 surface salinities varied regularly, but after 
July 1964 values were consistently lower than in the 
previous year and fluctuated a good deal about the 
upward trend l ine. 

Subsurface salinities (Apri l  1964 to March 1 965 ) 
approximated the surface values but were generally 
slightly greater. Sample-to-sample variations were less 
at depth than at the surface. 
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STA. A TURBIDITY (FIG. 5; TABLE 2) 
The Secchi Depth varied from 1 . 1  to 4.8m. There 

was no pattern in  these values except that they were 
generally low in w inter. 

Although approximate extinction coefficients can be 
obtained from Secchi Disc readings in open water, using 
the simple formula of Poole and Atkins ( 1929) ,  extinc­
tion coefficients have not been presented for Waitemata 
Harbour readings because of the anomalous results 
obtained using this method. Values varied from 0.36 
to 1.55, the latter being an improbable figure. It appears 
that such estimations have no value in extremely turbid. 
harbour waters. However, the depth of the euphotic 
zone extends to three to four times the Secchi Depth 
( Strickland, 1965) .  

STA. B TE M PERATURE ( FIG. 3, 6 ;  TABLE 3 )  

Temperature at the surface was highest (20.4°C)  in 
early March 1964 and afterwards declined stead ily at 
a rate of I .9°C per month, reaching a minimum value 
( I 3.4°C) in late August. From mid September until 
mid December the surface temperature rose steadily 
reaching a maximum of 20.0°c in late January. The 
recorded range was thus 7.0°C. some 3.6° less than in 
the Waitemata Harbour. 

Subsu rface temperatures departed appreciably from 
those at the surface. In March 1 964 the upper 20m 
were nearly isothermal at approximately 1 9.2°C. Below 
20m the temperature decreased regularly with depth 
reaching 1 7.6°C at 45m (near the bottom ) .  By early 
Apri l  the whole water column was more or less ,iso­
thermal at 1 8.5°C. After this it remained isothermal as 
temperature decreased throughout winter and reached a 
minimal value in late August. Thermal gradation was 
initiated in the water column in early spring (Septem­
ber) when a d·ifference of 0.3°C was recorded between 
the surface and 25111. Below 25111 temperature was uni­
form at l 3.3°C, the minimal winter value. As tempera­
tures rose near the surface, the thermal gradient intensi ­
fied until by December surface waters were 4°C warmer 
than those at 45m. During this period there was little 
tendency for a thermocline to develop except in Novem­
ber, when the upper 25m was nearly  isothermal and 
temperatures below this decreased regularly with depth. 
As surface waters cooled in late summer (February) 
the upper portion of the water column became isother­
mal, and with further surface cooling in March and 
Apri l  th is isothermal layer deepened down to 35m. 
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TABLE 1. Temperature, Salinity, and D ensity at Sta. A - Waitemata Harbour 

Date 
15 .  5.63 
26. 5.63 
1 2. 6.63 
25. 6.63 
1 1 . 7.63 
24. 7.63 
9. 8.63 

23. 8.63 
1 0. 9.63 
23. 9.63 
7.10.63 

22. 10.63 
8. 1 1 .63 

21 . 1 1 .63  
5. 1 2.63 

I 9. 1 2.63 

3 .  1 .64 
18 .  1 .64 
3 1 .  1 .64 
1 7. 2.64 
2. 3.64 

17 .  3.64 
I .  4.64 

16. 4.64 
30. 4.64 
1 5. 5.64 
3 1 .  5.64 
14. 6.64 
29. 6.64 

I .  7.64 
1 3. 7 .64 
14. 7.64 
28. 7 .64 
I I . 8.64 
28. 8.64 
1 1 .  9.64 
26. 9.64 
9. 1 0.64 

27.10.64 
I 0. 1 1 .64 
25. 1 1 .64 

8 . 1 2.64 
9. 1 2.64 

23.1 2.64 

7. 1 .65 
21 .  1 .65 
5. 2.65 

1 9. 2.65 
5. 3.65 
9. 3.65 

23. 3.65 
6. 4.65 

22. 4.65 
21. 5.65 

__ T_E_M_P_E_R_A_T_U_R_E_(_OC_) - __ s_A_L_I_N_ITY __ (_O/�o�o) ___ I DENSITY at 
Surface / Bottom ( 1 8m )  Surface / Bottom ( 1 8m ) -Surface / Bottom ( 1 8m)  

16 .2 - 34.90 - 25.7 -

14.9 - 34.55 - 25.65 -
14.8 - 34.00 - 25.22 -
1 3.4 1 3.4 34.30 34.4 25.86 25.93 
12.4 - 33.20 - 25.1 2  -
1 2.45 - 33. 1 7  - 25. 1 0  -
1 2. 1  - 33.10 - 25. 14 -
1 2.5 - 33.60 - 25.45 -
14.0 - 33.46 - 25.01 -
14.7 - 33.30 - 24.7 1 -
15 .8 - 33.80 - 24.86 -

16 .4 - 34.20 - 25.1 5  -
1 6.2 - 34.72 - 25.55 -

16 .7 - 35.1 5  - 25.64 -
1 8.0 - 34.99 - 25.30 -
19 .5 - - - - -

1 8.9 - 35.37 - 25.32 -
1 8.9 - 35.32 - 25.29 -
20.4 - 35.34 - 25.04 -

22.7 - 35.47 - 24.34 -
22.4 - 35.40 - 24.54 -

20.5 - 35.40 - 24.99 -
1 9.7  1 9.6 35.58 - 25.26 -
1 9.l 1 9.0 35.53 35.60 25.43 25.49 
1 8.25 1 8.2 35.48 35.48 25.63 25.63 
1 6.5 1 6.7 34.87 35.01 25.67 25.79 
14.6 14.75 34.41 34.87 25.51  25.89 
14.85 14.85 34.46 34.74 25.56 25.79 
1 3.25 1 3.5 33.79 34.05 25.48 25.69 
1 3.9 14.0 33.41 33.79 24.98 25.48 
1 3.0 1 3.2 33.23 33.88 25.03 25.55 
1 3 .25 1 3.2 33.43 33.87 25. 1 9  25.55 
1 3.0 1 3. 1  34.05 34.14 25.69 25.77 
1 2.9 1 2.9 33.89 34.05 25.56 25.69 
1 3.0 1 2.9 33.50 33.55 25.24 25.29 
1 2.8 1 2.7 33.60 33.69 25.33 25.40 
1 3.55 1 3.55 34.1 6  34.09 25.58 25.52 
14.95 14.75 33.77 33.85 25.05 25. 1 1  
15.5 15.1 33.99 34.00 25. 1 1 25.24 
1 6.45 1 6.05 33.69 34.1 9  24.76 25. 1 6  
1 7.35 17.2 34.35 34.51 25.02 25.1 5  
1 8. 1  18.0 34.82 34.84 25. 16  25. 1 7  - - 34.79 34.83 - -
1 9.65 1 9 . 1  34.40 34.51 24.44 24.65 

22.4 22.0 34.65 34.68 23.96 23.98 
2 1 . 15  21 .15 34.26 34.35 23.% 24.04 
21 .8 2 1 .6 34.48 34.56 24.00 24.07 
1 9.4 1 9.25 34.74 34.78 24.72 24.80 - - 34.28 - - -
1 8.8 1 8.4 35.15 35.17 25.16 25.37 
20. 1 - 34.26 - 24.22 -
19.8 - 34.74 - 24.59 -
18.8 - 34.92 - 24.98 -
15.2 - 34.28 - 25.43 -
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TABLE 2. Weather Conditions and Secchi Disc Readings for Sta. A - Waitemata Harbour 

Date 
1 5. 5.63 
26. 5 .63 
1 2. 6.63 
25. 6.63 
1 1 . 7 .63 
24 . 7 .63 
9. 8.63 

23. 8.63 
9. 9.63 

23. 9.63 
7.10.63 

22. 1 0.63 
20. 1 1 .63 
5 . 12.63 

1 9. 1 2.63 

3. 1 .64 
1 8. 1 .64 
3 1 .  1 .64 
17. 2.64 
2. 3.64 

17. 3.64 
1 .  4.64 

1 6. 4 .64 
30. 4 .64 
15 . 5 .64 
3 1 .  5.64 
14. 6.64 
29. 6.64 
1 3. 7 .64 
28. 7 .64 
1 1 .  8.64 
28. 8 .64 
1 1 .  9.64 
26. 9.64 
9.10.64 

27. 10.64 
10. 1 1 .64 
25.1 1 .64 
9.1 2.64 

23.1 2.64 

7 . 1 .65 
21 .  1 .65 
5. 2.65 

1 9. 2.65 
9. 3.65 

Wind Speed 
(Knots) 

light airs 
1 5-20 
2-5 
5- 10 
1 5 
1 0  
3-5 
2 
0-3 
7 
2-3 
5-7 
1 5 
3-4 
3-5 

3 
20-25 
8-10 
light airs 
calm 
calm 
4-5 
light airs 
5- 10 
light airs 
calm 
10  
1 0  
8-10 
5-8  
3 
8 
1 5  
1 5 
2 
5-6 
1 0  
light airs 
2- 10 
1 5-20 

8-10 
0-5 
1-3 
1 5 
0-5 

Wind 
Direction 

-
SW 

s 
SW 

NE 

SW 

SW 

SSW 

w 
NE 

NE N 
SW 

NE 

N 

w 
SW 

SW 

N 
-
-
w 
w 
SW -
-
NE 

s 
N 

SW 

N 

SW 

SW 

w 
E 

s 
SW 
-
SE 

SW 

NE 

NE 

SW 

SW 

NE 

20 

Cloud 
2/10 
4/ 10  
1 / 10 
3/10 
1 / 10 
8/10 
3/10 
1/10 
4/10 
7/10 
3/10 

1 0/ 10  
9/10  
2/10 

10/10 

5/10 
6/10 
6/10 
3/10 
3/10 
3/10 
7/10 
6/10 
7/ 10  

nil 
nil 

10/10 
9/10  

1 0/10 
2/10 
3/10 
3/10 
6/10 
7/10 
8/10 
3/10 
6/10 
9/10 
1 /10 
8/10 

5/10 
8/10 

10/10 
7/10 
5/10 

Sun 
clear 
clear 
clear 
o'cast/clear 
clear 
hazy 
dear 
slight haze 
hazy 
hazy 
slight haze 
slight haze 
hazy 
clear 
overcast 

clear 
clear 
o'cast/clear 
clear 
clear 
clear 
clear 
clear 
hazy bright 
slight haze 
clear 
overcast 
overcast 
hazy 
hazy bright 
bright 
bright 
intermittent 
intermittent 
intermittent 
intermittent 
intermittent 
hazy 
clear 
hazy 

clear 
hazy 
overcast 
intermittent 
'hazy 

I Secchi 
Disc (m) 

3.0 
2.5 
2.7 
2.2 
3.2 
2. 3  
1 .5 
3.5 
2.5 
3.3 
2.0 
3 .3  
3.0 
2.0 
3 .2 

3 .0 
2.3 
2. 3  
2.3 
-
-
-
-
1 . 8  
2 2  
2.5 
1 . 1  

2.6 
1 .7 
2.4 
2.4 
2.8 
4.8 
3.8 
3.5 
3.0 
2.8 
2.8 
4 .5 
2.5 

2.4 
1 . 5  
1 .8 
1 .5 

2.5  
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Temperatures near the bottom reached their maximum 20 

in April, 3 months later than at the surface. 

STA. B SALINITY ( FIG. 4, 7; TABLE 3 )  
A t  the surface maximum salinities were recorded in 

autumn (April 1964; 35.50°1o0) ,  coinoiding with maxi­
mum values inshore. However, minimum surface values 
were recorded some 3 months later than in the Waite­
mata Harbour (October; 34.5°/00) .  The total range 
was thus 0.9°1o0, about half that recorded inshore in 
the same period. Surface salinity decreased from April 
to July at a steady rate of 0.07°1 o0 per month; then, 
after an abrupt drop in  early August, continued to de­
cline until October. Salinities rose sharply to 35.03° / 00 

in November, but this rise was checked; the November 
value was not exceeded again until February. The 
general depression of salinity noted for the Waitemata 
Harbour during the latter half of 1964 and early 1 965 
was also apparent in the Jellicoe Channel. Surface 
salinity rose during autumn 1965, reaching a maximum 
of 35.4°1o0, some 0. 1 0° / 110 lower than in the previous 
year in April. 

Subsurface salinities differed considerably from those 
at the surface. The annual range of salinity variation 
decreased with depth. The variation was 0.50° / 00 below 
20m, half the range in surface values (Table 2). During 
late autumn and early winter salinity gradually de­
creased while the water column was more or less isoha­
line. In late winter (August) there was an abrupt salin­
ity decrease in all but the deepest water. In spring there 
was a progressive decrease of salinity towards the sur­
face. Then in November salinities of the upper waters 
increased, so that by early summer the column was 
again nearly isohaline though the deeper waters were 
still slightly more saline. Salinities increased at all 
depths during summer. but in autumn the increase was 
more rapid at depth than nearer the surface. In April 
salinity values approximated tho e recorded at the same 
time in the previous year. 

STA . B TURBlDJTY ( FIG. 5 ;  TABLE 4) 

The Secchi Depth in the Jellicoe Channel varied be­
tween 6.4 and 18.3m, and thus was always greater than 
any value obtained in the Waitemata Harbour. There 
was a pattern to the variations of Secchi Depth. It was 
relatively high in autumn, decreased through winter, 
and reached a minimum value in spring. After this it 
rose again until in autumn 1 965 values were comparable 
with those recorded at the same time in the previous 
year. 

Extinct·ion coefficients have been estimated from the 
formula of Poole and Atkins ( 1929) : 

1 .7 
K = -

D 
where K is the extinction coefficient and D is the Secchi 
depth in metres. 
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PREVIOUS WORK 

Knowledge of the hydrology of the Hauraki Gulf is 
far from comprehensive. Most of the published data 
concern surface temperature (Hounsell, 1 935; Dellow 
1955; R. M. Cassie, 1 956; Skerman, 1958; Garner 
1 96 1 ) . These temperature records have been collected 
mainly as supplementary information •in the course of 
other research projects, and as a result they reflect the 
original purpose for which they were taken. As nearly 
all were taken at single fixed points from the shore 
without reference to tidal conditions, they refer to 
waters of differing tidal history, and the timing of the 
seasonal maxima and minima applies to waters flowing 
past the fixed points. Equivalent values for data re­
corded under standard tidal conditions will differ from 
these. 

R. M. Cassie ( 1957, 1960b) discussed subsurface 
temperatures of the gulf, and Fuller ( 1953 ) surface 
salinity, but neither author was able to draw on regular 
observations. 

Turbidity observations in Hauraki Gulf waters are 
confined to the few Secchi Disc readings of Dellow 
( 1955) , and the visual observations of R. M. Cassie 
( 1957, 1960b) .  R. M. Cassie ( 1960b) ,  in his ,Jiscussion 
of Hauraki Gulf hydrology, used temperature and sal in­
ity to differentiate "Gulf" from "Oceanic" waters and 
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Depth 
(m) 

1 . 3.64 
0 

26.4.64 
0 
9 

1 8 
27 
36 
45 

20.6.64 
0 
9 

1 8 
27 
36 
45 

22.8 .64 
0 
9 

1 8 
27 
36 
45 

1 7 . 1 0.64 
0 
9 

1 8 
27 
36 
45 

1 9. 1 2.64 
0 
9 

1 8 
27 
36 
45 

20.2.65 
0 
9 

1 8 
27 
36 
45 

24 .4.65 
0 
9 

1 8 
27 
36 
45 

TABLE 3. Temperature, Salinity, and Density at Sta. B - Jellicoe Channel 

Temperature (OC) 
20.4 

1 8.65 
-
-
-
-

1 8. 35 

15 .95 
1 5.9 
15 .85 
1 5.9  
15 .85 
1 5 .9 

1 3.4 
1 3 . 1 5  
1 3. 15  
1 3.3  
1 3 . 35 
1 3 . 3  

14.8 
14.7 
14.25 
14 . l  
1 3.95 
1 3.55 

1 9.0 
1 8 . 1  
1 7.4 
16 .7 
1 6 . 1 5  
1 5.05 

1 9.0 
1 9.0 
1 9.0 
1 8 .7  
1 7.25 
1 6.45 

1 8.6 
1 8.6 
1 8.6 
1 8.6 
1 8.45 
17 .8 

Salinity 
(Ofoo) 

*'· ·· . , 
35.46 

35.50 
-
-
-
-
-

35.37 
35.46 
35.46 
35.44 
35.45 
35.43 

34.76 
34.78 
34.78 
34.88 
34.92 
35 . 10 

34.51  
34.51 
34.68 
34.88 
35.03 
35.01 

34.86 
34.94 
34.92 
34.98 
34.98 
35.08 

35. 1 7  
35. 1 2  
35. 14 
35. 14 
35. 1 3  
35. 1 1  

35.40 
35.36 
35.35 
35.40 
35.40 
35.42 

Density Ut 
-

-
-
-
-
-
-

26.06 
26 . 1 3  
26.1 3  
26. 1 1 
26.1 2  
26 . 10 

26 . 14 
26.21 
26.21 
26.26 
26.28 
26.43 

25.64 
25.63 
25.89 
26.1 0  
26.25 
26.32 

24.93 
25.24 
25.36 
25.62 
25.73 
26 .05 

25.1 9  
25.14 
25.16 
25.24 
25.60 
25.67 

25.49 
25.46 
25.45 
25.49 
25.52 
25.64 
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Depth 
(m) 
29. 3.64 

0 
9 

18 
27 
36 
45 

23.5 .64 
0 
9 

1 8 
27 
36 
45 

24.7 .64 
0 
9 

1 8 
27 
36 
45 

1 9.9.64 
0 
9 

1 8 
27 
36 
45 

1 5 . 1 1 .64 
0 
9 

1 8 
27 
36 
45 

23.1 .65 
0 
9 

1 8 
27 
36 
45 

26. 3 .65 
0 
9 

1 8 
27 
36 
45 

Temperature (OC) 
1 9.3 
1 9.2 
1 9.2 
1 8.95 
1 8 .45 
1 7 .65 

1 6 .95 
17 .05 
1 6.95 
16 .9 
1 6 .9 
1 6 .7 

14 . 15  
14. 1 
1 4.05 
14.05 
1 4 .0 
14 .0 

1 3 .6 
1 3.5 
1 3.5 
1 3. 3  
1 3 .3 
1 3 . 3 

16 .0 
1 6 .0 
15 .95 
1 5 .9 
1 5 .35 
1 3 .85 

20.0 
1 9.85 
1 9. 3  
1 8 . 3  
1 7 .95 
1 7 .2 

1 8 .8  
1 8 .8 
1 8 .7 
1 8 . 1  
1 7 . 2  
1 7 . 1 5  

Salinity 
(Ofoo) 

-
-
-
-
-
-

35.44 
35.43 
35.43 
35.44 
35.46 
35.44 

35.29 
35.33 
35.23 
35. 1 5  
35.24 
35 .0 1  

34.58 
34.67 
34. 4 
34 .90 
34.95 
35.00 

3 � .03 
34 .9 
34 . 
34.91  
r.o3 
. · . 10 

3-t ' '  
34.r 
�·.99 
3 .02 
., ·.o 

' - ' 
., • ,J .. .! ·-3 ·· .... "t . ., 
., - , ,, J .:,--

3 .·L - , - . 

I 
I 

Density at 
--
----

25.88 
25.87 
25.87 
25.88 
25.90 
25.88 

26.43 
26 .46 
26. 38 
26. 3 1  
26.38 
26 .2 1  

25 .96 
26.05 
26. 1 1  
26.28 
26.3 1  
26.36 

25 .80 
25.76 
25.69 
25.72 
25.95 
26.33 

24.68 
24.7 1 
24.9 1  
25.22 
25.33 
15.56 

25.29 
25 .29 
25.40 
25.54 
25 .83 
25.84 
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TABLE 4. Weather Conditions and Secchi Disc Readings for Sta. B - Jellicoe Channel 

Date Wind Speed (Knots) Wind Direction Swell Sea Cloud Sun I Secchi I Extinction Disc (m) Coefficient 1. 3.64 8-10 N N mod. 5/10 clear 9.1 0 . 19  29. 3.64 5 SW NE mod. swell 1/10 clear - -26. 4.64 15 NE nil mod. 2/10 clear - -23. 5.64 calm - nil calm 9/10 hazy 16.0 0.10 20. 6.64 light airs SE SE slight 1/10 bright 15.5 0.10 25. 7.64 5-8 w N slight 5/10 hazy 10.5 0.16 22. 8. 64 light airs - nil glassy 2/10 clear 9.1 0.19 1 9. 9.64 20-25 w N heavy chop 8/10 overcast 9.1 0.19 17.10.64 15 w N mod. chop 7/10 clear/o'cast 8.5 0.20 15.11.64 15 w nil mod. chop 10/10 overcast 6.4 0.27 19.12.64 10 E N slight 23. 1.65 10 NE N mod. 20. 2.65 15 SW nil mod. 27. 3.65 15-20 w N mod. 24. 4.65 15 NW nil mod. 

related this division to that made earlier on plankto­
logical evidence by Fuller. The two bodies of water so 
recognised occupy different regions of Hauraki Gulf 
and their characteristics are summarised below. 

Inner Hauraki Gulf 
The outer boundary of this region corresponds quite 

closely with the 30m contour, and waters in this region 
are too shallow for a summer thermocline to develop. 
Shallow depth and proximity to land make temperature 
and salinity more variable here than further offshore. 
High turbidity of these waters (R. M. Cassie, 1957) is 
maintained by the introduction of material in suspen­
sion in freshwater run-off from the land and also by 
wave action on the extensive mud-flat shores and soft 
bottom. Fuller ( 1953) found the plankton in this region 
to be relatively constant in species composition and 
characteristically neritic. 

Outer Hauraki Gulf 
Waters seaward of the 30m contour are deep enough 

for a temperature gradient to develop in summer. The 
catchment area discharging directly into the outer gulf 
is small, and this, together with the greater depth of 
water, reduces the effects of proximity to the land. 
Therefore, temperature and salinity follow the broad 
seasonal trends rather than short-term weather varia­
tions. Water in this region is usually very dear. Plank­
ton composition is variable and is related to the varying 
influence of offshore water (Fuller, 1953) .  

For the outer gulf R .  M .  Cassie ( 1960b) also des­
cribed a summer (January) thermocline separating an 
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5/10 clear 9.1 0.19 5/10 clear 9.1 0.19 4/10 clear 14.6 0.12 chop 4/10 bright 18.3 0.09 10/10 overcast 14.1  0 . 12 

upper layer ( 18-27m) of · ·Gulf" water of inshore origin 
from a deeper layer of "Oceanic" water or iginat ing 
from and continuous with offshore water. This is con­
trasted with the winter situat·ion in which the separate 
identity of water masses is not as marked, but 
"Oceanic" water of high salinity fills the outer gulf and 
cushions inshore water of lower salinity against the 
shore. 

DISCUSSION 

The present results are consistent with Garner's 
( 1961) and R. M. Cassie's ( 1960b) contention that 
seasonal variations of surface temperature and salinity 
in the Hauraki Gulf are simple. climatically controlled 
processes. 

In the inner gulf the effect of climate is particularly 
evident because of the shallow depth and the proximity 
to land. 

Sea-water temperature variations in Waitemata Har­
bour followed the contemporary trend of air tempera­
tures* (Fig. 3). Although winter water temperatures 
stabilised within half a degree of the minimum value 
for 8 to 10 weeks during July and August, summer 
temperatures were unstable and remained within 0.5°C 
of the maximum for only 2 to 3 weeks. Both winters 
in the sampiing period were appreciably warmer than 
average, and this was reflected in the surface water 
temperatures. 

* Department of Civil Aviation, N.Z. Miscellaneous Meteoro­logical Publication 1 07 for 1963, 1 964, and 1965. 
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In November 1963 and in January 1964 checks in the 
rise of water temperature occurred. These both coin­
cided with spells of overcast weather accompanied by 
cool southerly winds. The monthly mean air tempera­
tures for these months were lower than average while 
those for months before and after this period were 
higher than average. This iillustrates the effect that air 
temperatures can have on inshore water temperatures. 
Similarly, the 6-week difference in the timing of annual 
maximum sea temperatures between 1 964 and 1965 
reflects the trend in air temperatures for both years. ln 
the late winter and early summer of 1963-64 air tem­
peratures were below average, particularly in January. 
After this both a,ir and water temperatures rose to attain 
heir maximum values for the cycle in February. How-

ever, in the following summer ( 1964-65 ) air tempera­
tures were higher than average in December and early 
January but then became lower than usual. These dif­
ferences were reflected in water temperatures, which 
reached a maximum in early January, some 6 weeks 
earlier than in the previous year. 

Salinity variations followed the trend of rainfall (Fig. 
) . Salinity variations in the Waitemata Harbour were 

"'enerally similar in both years. Salinities were lowest 
· mid and late winter and highest in summer and 
utumn, reflecting the inverse relationship of salinity 

and rainfall distribution. During spring 1963 salinity 
increased and remained high until late autumn. How­
ever, in the following spring ( 1964) and summer the 
salinity varied greatly, and, although it tended to in­
crease, absolute values were considerably lower than in 
the previous year. These differences can be related to 
differences in rainfall in the two years. The year May 
1963 to April 1964 was drier than average; only March 
had more than average rain. Dryness was particularly 
marked in October, which had less than a third of the 
average rnin, and in this month salinity rose more 
rapidly than in any other. The following year, May 
1964 to April 1965, was generally wet, two months 
(June and November) having less than average rain. 
Salinity in the harbour was continually depressed, par­
ticularly in the summer 1964-65, but the general trend 
was upward . 

Air temperature and rainfall acted jointly so that sur­
face waters were generally less dense (Table 1). This 
stable situal!ion resulted from the higher salinities at 
depth during periods of cooling and dilution of surface 
layers and from a combination of higher salinity and 
lower temperature at depth when both values are in­
creasing at the surface. As any change in temperature 
or salinity in surface waters ,is rapidly expressed in sub­
surface values, rapid mixing by tide and wave action 

0 -,--------,---,-----,-------,---,,-----,-,--,-,--,--....._--,--,,----,------, 

24 -75 

25 · 75 ) 
\ 

25 - 00 

25 · 25 
26 · 00 26 · 25 25 - 75 

26 · 25 

M A s F M A 

1 964 1 965 FIG. 8. Isopleth diagram of seasonal variations of density at Sta. B - Jellicoe Channel 
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APRIL 1 964 MAY J U N E  JULY 

AUGUST SEPTEMBER OCTOBER NOVEMBER 

DECEMBER JANUARY FEBRUARY MARCH 

DIRECTION 

N 

? 
o. d ays ca lm 

w E } Wind 1 -9 knots 

} Wind I 0- 1 9  k nots 
APRIL 1 965 

} Wind > 20 knots 

F REQUENCY 

o 1 0  20 
Days K E Y  

FIG. 9 .  Ylonthly frequency of wind direction and speed at  Auckland, April 1 %4 - April 1 965. (Based on 9 a.m. readings) 
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must occur. Waitemata Harbour is therefore slightly 
mixed by reciprocal tidal movements that affect all 
depths (Stammel, 1953) .  

Seccbi depths for harbour waters were always very 
much smaller (Fig. 5, Table 2) than in the ·outer gulf. 
Results were recorded at high water and are undoubt­
edly representative of the inner gulf and not peculiar to 
the enclosed harbour waters. If the general rule that 
the euphotic zone extends down to three to four Secchi 
depths (Strickland, 1965) is accepted, i t is likely that, 
despi te their shallowness, inner gulf waters are fre­
quently too turbid for the euphotic zone to extend to 
the bottom. This would tend to reduce the productivity 
of the inner gulf. 

In the outer gulf (Jellicoe Channel) the trends of 
surface salinity and temperature were similar to those 
inshore, except that they were not as pronounced and 
there was a slight timing lag between the two areas 
(Figs 3, 4 ) .  Here, in deeper waters away from pro­
nounced shore influence, the sequence of hydrological 
events was more complex, particularly with respect to 
the subsurface hydrology (Figs 6-8) . Throughout late 
autumn and winter (April to August) the water column 
was isothermal and isohaline. Temperature and salinity 
decreased during this time as a result of heat loss and 
dilution at the surface. Falling temperature was the fac­
tor that increased the densi ty of the surface waters and 
caused vertical instability. In later winter the fall in 
temperature ceased and the surface layers began to 
warm. Surface salinities continued to decline, minimum 
values being recorded in late October. During this 
spring period (until late October) warming and dilution 
:i t the surface both worked to lower the densi ty of the 
surface waters, reinstating stabili ty to the water column. 
.-\s stability increased the deeper layers became effec­
tively isolated from those nearer the surface and con­
sequently showed little change in ei ther temperature or 
·alinity. Depression of salinity during spring affected 
progressively shallower layers. Since the deeper layers 
are diluted directly only during the late autumn and 
winter period of complete vertical mixing in the water 
-olumn, the amount of rain falling during this period 

1ill probably determine the minimum salinity reached 
y the deepest water in any one year. In 1964 late­

autumn and winter rainfall was higher than average. 
nd it is reasonable to suppose that the salinity of the 
eeper waters was depressed. 
Late spring (November) was drier than average and 

falling surface salinities were first checked and then rose 
rapidly, the rise recorded in 4 weeks exceeding half the 
nnual range (0.52°1 o0 ) .  This rapid rise of salinity 

raused temporary instability in the upper 30m of the 
·acer column, which became isothermal and isohaline. 

By December a density gradient was again present at 
.1U levels, and this situation persisted into January. 

After attaining maximum temperatures in mid sum­
mer, the surface layers cooled and became more saline. 
These changes gradually extended into deeper water as 
an upper layer of isothermal and isohaline water de-
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veloped. At the same time other significant changes 
were occurring in the water below 30m. In February a 
drop of 0.7°C from the previous month's value was 
recorded near the bottom. This drop, associated with 
increasing salinities, could hardly have resulted from 
processes operating at the surface but most probably 
resulted from a subsurface intrusion of oceanic water. 
The characteristics of offshore water at this season are 
consistent wi th this hypothesis (Garner, 1961). A sub­
surface intrusion could have been the result of the pre­
vailing offshore winds during February (Fig. 9) . In 
the previous two months (December and January) 
winds were mostly onshore northerlies and north­
easterlies, and these would tend to hold the lighter 
neri tic water within the gulf. In February moderate to 
fresh offshore southerlies and south-westerlies prevailed. 
The lighter surface waters would tend to be blown from 
the gulf by these winds to be replaced at depth by 
denser offshore waters of lower temperature and higher 
salinity. 

In autumn the cooler water in the lower 20m of the 
water column gradually lost its thermal identity though 
salinity continued to increase. This salinity increase 
possibly resulted from further mixing of offshore waters. 
By April the column had become nearly isothermal and 
isohaline, with increasing salinity and falling tempera­
tures at the surface. 

Larger Secchi depths in early winter and again in late 
summer and autumn could well indicate the presence 
of clearer oceanic water, and the progressively shallower 
ones in late winter and spring are consistent with the 
development of neritic characteristics indicated both by 
hydrology and by plankton composition. So, to some 
extent, the Secchi Disc depths reflect the hydrological 
condi tions in Jellicoe Channel during late summer and 
autumn, which are probably controlled by the prevail­
ing winds. 

It is d ifficult to gauge the extent to which the condi­
tions encountered during this survey are typical of the 
Hauraki Gulf. Data recorded for inshore waters during 
this survey are similar to those recorded by previous 
authors, but those for the outer gulf are appreciably 
different. The January situation described by R. M. 
Cassie ( 1 960b) had a thermocline lying between 18 and 
27111, which separated a distinct upper mass of "Gulf" 
water and a lower mass of "Oceanic" water. Each of 
these water masses was described as being relatively 
homogeneous. No comparable situation was found in 
the summer 1964-65, and the "Oceanic" element in the 
plankton was less pronounced than at any other season. 
The nearest approximation to Cassie's mid-summer 
situation occurred in March ( 1965) , when "Oceanic" 
water had undoubtedly been intruded beneath "Gulf" 
water. At this time a broad thermodine, between 18 
and 36m, separated water masses of distinct origins and 
physical characteristics. The upper mass had a tem­
perature of 18.8°C and a salinity of 35.3°1oo, and the 
respective values for the lower mass were 17.2° and 
35.4° I oo-
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It has been postulated that a thermocline develops as 
a result of the subsurface intrusions of offshore water 
during periods of strong or prevailing offshore winds. 
There is no reason to expect such intrusions to take 
place at a particular time of year, as they are a result 
of weather patterns that vary considerably from year 
to year. Intrusions of offshore water would be expected 
to introduce offshore plankton into the gulf, and it is 

aotable that swarms of Thalia denzocrutica such as were 
noted in the outer gulf in late spring and summer by 
Fuller ( 1953) and R. M. Cassie ( 1956) were not ob­
served in this survey. That such swarms are typical 
is borne out by local fishermen and by personal observa­
tion in three previous summers. On this evidence it 
may well be that the conditions during this survey were 
to some extent atypical. 

THE COMPONENTS AND OCCURRENCE OF ZOOPLANKTON 

The zooplankton has been identified as far as possible 
in this general survey, and, of the holoplanktonic 
groups, only the appendicularians and minor crusta­
ceans have not been classified into species. Most larvae 
are unknown, and identification is difficu lt and beyond 
the demands of a general survey. Except where they 
are unmistakable, no attempt has been made to separate 
species within larval groups such as polychaetes, cirri­
pedes, decapods, and molluscs. 

In general, larvae were not separately recognised, but 
the following were sufficiently distinctive to be noted : 

Cephalochordata 
J-leteropleuron hectori Benham Decapoda - Anomura 
Petrolisthes elongatus (Milne-Edwards) 
Petrolisthes novaezelandiae Filhol Decapoda 
Jaxea sp. 

Apart from these species the following larval groups 
have been recognised separately :  teleost eggs and lar­
vae, ascidian tadpoles, echinoderm plutei, auriculariae, 
gastropod veligers, bivalve veligers, actinotrochs, cypho­
nautes, polychaete larvae, barnacle nauplii and cyprids, 
brachyuran zoeae, and miscellaneous decapod larvae. 

Each of the zooplankton components is discussed 
with respect to the variations in abundance (Sta. A, 
Table 5; Sta. B, Table 6) and dominance at each 
station over the period sampled. Distributional notes 
are also given. 

The distribution and abundance in time of each of the 
more important zooplankton components are shown •in 
Figs. 1 0-41 .  Abundance has been plotted as (n + 5) 
on a logarithmic scale, n being the average number of 
individuals per haul. The addition of a small constant 
reduces the visual effect of variations that have little 
sismificance between small numbers. In most cases a 
fifth of each haul was counted and the occurrence of a 
ingle -individual would give an estimate of five in the 

total haul. The addition of five as a constant raises 
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a single occurrence to 1 0, a convenient level on a loga­
rithmic scale. Values smaller than 1 0  indicate that there 
was less than one individual counted from each of the 
three hauls in each sample. A series of code words has 
been used to aid the discussion of abundance, and the 
scale corresponding to this series is as follows : 

Range (No. per Haul) 
< I  1. 1 - 10.0 10.1 - 100.0 1 00. 1 - I ,000.0 I ,OOO. I - l 0,000.0 

> 10,000.0 

rare occasional frequent common abundant very abundant 
Vertical broken l ines in the figures indicate intervals 

terminated by a zero observation. 
Dominance ( %  abundance) has also been repre­

sented in Figs 10-4 1 .  The symbols and code words are 
as follows : 

Symbol Range Code Words 
( ?,n of total ) 

0 < I  minor const ituem 
<D I 0 - 67 sub-associate 
C, 6 8 - 23-3 associate 
0 23-4 • 50 sub-dominant 
a 50· 1 · 76·7 dominant 
• { 768 · 93·3 } 934 - 99 u l tra-dominam 
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The scale of dominance has been derived from the 
percentage of items expected to fall in each class inter­
val of an eight-class-interval binomial distribution. The 
practical value of this is to reduce the perecntage inter­
vals at the upper and lower ends of the scale where 
small changes are most likely to have significance. In 
any sample, using this scale, it is only possible to have 
one dominant ( over 50%) or, where there are no dom­
inants, there may be as many as four sub-dominants if 
they are very nearly equally represented. 

Since copepods dominated most samples and usually 
comprised more than 50% of the total numbers, the 
zooplankton has been divided into two fractions for the 
estimation of dominance, i.e. copepods and non-cope­
pods. Therefore dominance for any copepod is related 
to the numbers of other copepods in the particular 
sample, and non-copepods are related only to non­
copepods. Copepods and non-copepods are discussed 
separately, and there are dominants or sub-dominants 
of each group in each sample. 

HOLOPLANKTON 

CoPEPODA 

Calanoida 
Calanidae 

Ca/anus australis Brodsky 

Occurrence : Tables 5, 6; Fig. 10. 
Sta. A :  Rare in Waitemata Harbour, s ingle specimens 

being taken in two samples ( 26 September 1 964 
and 9 December 1 964 ) . These occurrences co­
incided with high levels of abundance for the 
species at Sta. B. 

Sta. B :  Frequent in Jellicoe Channel and absent only in 
winter (May to August) . In summer it was 
twice a sub-associate, but its maximum n umeri­
cal abundance was in late spring. When present 
it was usually frequent and was once common. 

Disrribution : New Zealand (Farran, 1 929; Brodsky, 
1 959, 1 96 1 ;  Bary, 1 95 1 ) ;  south-eastern Australian waters 
( Dakin and Colefax, 1 933 ,  1 940; Vervoort, 1 957 ) ; Chile 
( Brodsky, 1 959, 1 96 1 ) .  

Brodsky ( 1959, 1961) described Ca/anus australis as 
one of a group of closely related Pacific and South 
Atlantic species formerly recognised as Ca/anus fin­
marchicus (Gunner) and Ca/anus helgolandicus 
I C1aus) . Brodsky ( 1961) noted that from figures and 
escriptions accompanying New Zealand and Australian 

records of C. finmarchicus (Farran, 1929; Dakin and 
Colefax, 1940; Vervoort, 1957) ,  it is obvious that they 
deal with C. australis. It is likely that Kott ( 1957) was 
also dealing with C. australis as C. finmarchicus. 

Bary ( 1951) recorded specimens of Calanus from 
outhern New Zealand and placed them in C. helgo-
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landicus. Again it is apparent that he too was dealing 
with C. australis. 

C. australis is not a normal component of inshore 
Hauraki Gulf plankton. It is unrecorded from sub­
tropical waters, and northern New Zealand appears to 
be near the northern limit of its range. From Farran 
( 1929) and Bary ( 1951 ) ,  who found it sparingly in the 
open ocean but quite plentifully within the 100m depth 
contour, C. australis appears to be characteristic of 
"shelf" plankton. Vervoort ( 1957) found it more com­
mon near the surface than at depth. 

Calanus tenuicornis Dana 

Occurrence : Table 6; Fig. l 0. 
Sta. A :  Nil. 
Sta. B :  Taken in small numbers during winter and 

spring, maximum numbers in late winter. Never 
more than a frequent minor constituent of the 
copepod catch. 

Distribwion : Northern New Zealand (Farran, 1 929) ; 
Foveaux Strait (Bary, 1 95 1 ) ; south-eastern Australian 
waters (Dakin and Colefax, 1 933, 1940) ; East Indies and 
from 400N to 52°S in the Indo-west Pacific, but only 
sparingly and from few localities towards the limits of 
this range (Vervoort, 1 946) ; and widespread in the 
warmer Pacific (Grice, 1 96 1 ) .  

In this area C. tenuicornis is probably characteristic 
of oceanic waters. It is recorded as common in the 
North Island, New Zealand, but taken only once further 
south by Farran ( 1929) . Bary ( 1951)  took it from 
Foveaux Strait but regarded it, with Labidocera ceni, 
as indicating a warm-water influence. Probably this 
species is characteristic of warmer oceanic waters and 
is seldom numerous south of the Subtropical Conver­
gence. 

Nannocalanus minor ( Claus) 

Occurrence : Table 6; Fig. 1 0. 
Sta. A :  Nil . 
Sta. B :  An  occasional to frequent minor constituent in 

autumn and early winter 1 964, and, excepting 
one minor occurrence, then absent until l ate 
summer 1 965 when it was again a frequent 
minor constituent. 

Distribwiofl : Northern New Zealand (Farran, 1 929) ; 
oft eastern Australia (Dakin and Colefax, 1 940) where 
it is characteristically oceanic (Kott, 1 957 ) ; East Indies 
(Vervoort, 1 946 ) ; and widespread in warmer Pacific 
waters (Wilson, 1 942, 1 950; Grice, 1 96 1 ) .  

Like Calanus tenuicornis, Nannocalanus minor is not 
characteristic of inshore waters in this area. Farran 
( 1929) found N. minor common off the North Island, 
New Zealand. but not south of 40° 12'S, the southern­
most record for the species. This species is character­
istically found in warmer oceanic waters. 
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Abundal,ce and Occurrence of Zooplankton Components at Sta. A - Waitemata TABLE 5. 5 = 1000.1 to 1 0,000.0; 

Year 
Month 
Day 
Calanus australis 
Paracalanus parvus 
Clausocalanus arcuicornis 
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Centropages aucklandicus 
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Oncaea media 
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TABLE 6. Abundance and Occurrence of Zooplankton Components of Sta. B - Jellicoe Channel. 
1 1.0 or fewer per haul; 2 = 1 . 1 to 10.0; 3 = 0. 1 to 100.0; 4 = 100. 1 ,to 1,000.0; 5 = 1,000.1 to 

10,000.0; 6 = 10,000. 1 to 100,000; 7 = more than 100,000.1. 

Year 1964 1965 Month M A M J J A s 0 N D J F M A Day 29 I 26 I 23 I 20 I 25 I 22 I 19 I 17 I 15 I 19 23 I 20 I 27 I 24 
Ca/anus australis 2 3 - - - - 3 3 4 3 3 3 3 2 
Ca/anus tenuicornis - - 2 - 2 3 3 - I - - - - -
Nannocalanus minor I 2 2 2 - - - - - - - 3 3 -
Eucalanus sp. (immature) - - - 2 - - - - - - - - - -
Rhincalanus cornutus - - - - - 2 - - - - - - - -
Mecynocera clausi 2 2 2 3 - - 2 3 - 3 - 2 3 3 
Paracalanus parvus 4 4 4 5 4 6 6 6 5 5 5 4 5 4 
P. aculeatus - - 2 2 - - - - - - - - - -
C/a11socala11us arcuicornis I 3 3 3 3 3 4 4 4 - - 2 3 3 
Cte11ocala11us vanus I 2 3 3 3 4 4 - - 3 - 3 3 3 
Centropages aucklandicus 2 3 - 2 - 3 4 4 4 4 4 - - -C. bradyi - - - 2 - - 2 - - - - - - -
Temora turbinata 5 5 2 4 3 5 5 5 5 3 5 3 5 4 
Pleuromamma graci/is - - - 2 2 2 - - - - - - - -
P. abdo!minalis - - - - 2 2 - - - - - - - -
Lucicutia flavicornis - - - 2 2 - - - - - - - - -
H eterorhabdus papil/iger - - - - - 2 - - - - - - - -
Ca11dacia bipi11nata - - 2 2 - - - - - - - - - -
Labidocera cervi I - - - - - 2 3 - - - - - -
Acartia clausi 5 5 3 4 4 5 5 5 5 5 4 4 5 5 
A . danae 3 - 3 3 - 3 I - - - - 4 4 3 
Microsete/la rosea - - 2 3 - 3 3 - - - - - - -
C/ytemnestra rostrata 3 3 4 3 - - 2 - - - 4 - - 4 
Euterpina acutifrons 3 4 4 4 2 5 4 4 4 4 5 - 4 4 
0ithona similis 3 4 5 5 4 4 5 4 5 5 3 5 4 5 
0. plumifera 2 - 3 3 3 3 3 3 4 4 - 3 - -
0. na11a - 4 - - - - - - 3 4 5 - 3 4 
0ncaea media I 2 2 3 3 3 3 3 3 I - - I -
0. mediterranea - - - 2 2 - 2 - - - - - - -
0. venusta - 2 2 3 3 3 2 - - I - - - -
0. conifera - - - 3 2 - - - - - - - - -
0ncaea sp. - - 2 3 3 4 3 3 3 3 - I - -
Corycella rostrata - - - 3 - - 2 3 - - - - - -
Corycaeus aucklandicus 5 5 4 5 3 5 4 5 5 4 5 4 5 5 C. crassiculus - - - 2 2 - - - - - - - - -
Penilia avirostris 4 4 - - 2 - - - - 3 7 3 4 5 
Padon polyphemoides - 2 - - - - - - - - - - - -
Evadne nordmanni 4 3 2 - - 5 3 3 4 - - 3 - 2 
Nyctiphanes australis - - 3 4 3 3 4 5 5 3 4 5 4 4 Mysids I - - - - - - - - - - - - -Isopods 1 - - - 2 - 3 - - 3 3 - - -Ostracods - - - 1 3 - - - - - - - - -

0ikopleura spp. 4 5 3 4 5 5 4 4 5 5 5 5 5 5 

Fritillaria sp. - - 2 - 3 - - - - - - - - -
Salpa fusiformis - - - - - - - - - - - 2 - -
Thalia democratica - - - - - - - - - - - - - 2 
Dolio/um nationalis - - - - - - -- - - - - - 5 6 
Creseis virgula - - - - - - - - - - - - - 2 
Limacina inflata - - - - - - - - - - - 3 - -

Firoloida desmaresti - - - 2 - - - - - - - - - -

Sagitta serratodentata 1 2 3 3 3 3 3 2 3 3 4 3 3 3 
Pterosagitta draco - - - 2 - - - - - - - - - -

Pleurobrachia pi/eus - 3 3 3 3 3 2 4 3 3 5 - 2 3 
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TABLE 6 - continued Year Month Day 
Obelia medusae Miscellaneous medusae Nectophores 
Sundry decapod larvae Brachyuran zoeae 
Petrolisthes elongatus 
P. novaezelandiae 
Jaxea sp. 
Jasus (phyllosoma) 
Callia11assa larvae Stomatopod larvae 
Barnacle nauplii Barnacle cyprids 
Amphioxus juveniles Ascidian tadpoles Echinoderm plutei Auriculariae Other echino larvae 
Cyphonautes Actinotrochs Gastropod veligers Bivalve veligers Polychaete larvae Pilidium larvae 
Teleost eggs Teleost larvae 

Eucalanidae 
Eucalanus sp. 

Occurrence : Table 6. Sta. A :  Nil. 

M 29 
-
-
-

2 
-
-
-
-
-
-2 

l 3 
-
-

5 2 
-

-
-

3 
3 1 -
2 
3 

A M J 
I 26 I 23 I 20 I 

- - 4 3 2 3 2 3 2 
3 3 4 
3 2 3 

- - -
- - 2 
- - -
- - -3 2 -
- - -

2 2 3 
3 - 2 

- - -
- - -4 2 2 

3 - -
- - -

2 2 3 - - -
3 3 4 
3 3 3 
3 3 3 

- - -

- - -2 2 2 

Sta. B :  The only specimen collected was immature, and the species could not be identified. A number of species of Eucalanus are recorded from oceanic waters of the region (Farran, 1929; Bary, 1951) . 
The single occurrence in coastal waters is consistent vith the oceanic distribution of the genus in these waters. 

Rhincalanus cornutus (Dana) 
Occurrence : Table 6. Sta. A :  Nil. Sta. B :  A single immature specimen was taken in August 1 964 and identified from the distinctive anchor­shaped rostrum. 
Distribution : Off northern New Zealand (Farran, 1929) ; Great Barrier Reef (Farran, 1936) ; south-eastern Aus­tralian waters (Dakin and Colefax, 1933, 1 940) ; East Indies (Vervoort, 1946) ; and widespread in the tropical and subtropical Pacific (Grice, 1961) . 

Rareness of this species is surprising since Fuller ( 1 953) cited it as being found occasionally in the outer gulf in association with salps and indicating the pres-

1964 1965 J 25 
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ence of oceanic water. It is also recorded from off northern New Zealand but not from the south (Farran, 1929) . The species is characteristically oceanic (Ver­voort, 1 946) . 
Mecynocera clausi I. C. Thompson 

Occurrence : Table 6; Fig. 10. Sta. A :  Nil. Sta. B :  Occasional to frequent through most of the year, but never more than a minor constituent. Only once absent from two consecutive monthly samples (July and August 1964) . Absent from two other samples (November 1964 and Janu­ary 1965) . 
Distribution : Common off New Zealand but not south of 400S (Farran, 1929) ; off south-eastern Australia ( Dakin and Colefax, 1933, 1940) ; East Indies (Vervoort, 1 946 ) ; oIT southern New Zealand (Bary, 1951) . 

Although never very abundant in the outer gulf this species is very distinctive in appearance and will prob­ably prove to be a useful oceanic indicator in the area. Farran ( 1 929) found it especially plentiful off northern New Zealand but not south of 46° 60'S. Although nor­mally regarded as a warm-water, oceanic species (Ver­voort, 1946) ,  Bary ( 1 951 )  captured it well to the south of New Zealand. 
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FIG. 44 Variations in the relative abundance of major cope­pod species at Sta. B - J ellicoe Channel, 1964-65 
? � racalanidae 
P:iracalanus parvus (Claus) 

Occurrence : Tables 5, 6; Figs. 1 1, 42, 43, 44. Sra. A :  The most abundant copepod in the Waitemata Harbour, and abundant or common in nearly all samples. In both years of sampling it was -abun­dant in autumn, when the species was generally sub-dominant. In winter other species were most poorly represented, so that it was frequently dominant and at times ultra-dominant. In spring other copepods became more numerous. Early summer was the time of lowest numbers and the species was only a sub-associate or associate copepod. It was more abundant in 1964-65 and was also more important and abundant in that spring than in the spring of ,the previous year. Sta. B :  By far the most numerous copepod taken in the Jellicoe Channel as well as in inshore waters. Numerous during autumn 1964, but only a sub­associate within the large copepod population. Jn June it became an abundant associate and in the following month (July) , although less fre­quent, rose to sub-dominant rank. A huge rise in numbers occurred in late winter, and from August to October P. parvus was very abundant and dominant. After this, the species declined in both abundance and relative importance until by autumn it was a common associate, as it had been in the previous year. 
5 1  

Distribution : Hauraki Gulf (Kramer, 1894; Fuller, 195 3 ) ;  off northern New Zealand, B ay of Islands, and to the south (Farran, 1929) ; southern New Zealand (Bary, 1951) ; Wellington Harbour (R. M. Cassie, 1959c, 1 960a) ; Otago Harbour (Brady, 1899) ; and very wide­spread in all oceans (Vervoort, 1946) . 
Paracalanus parvus was the most ahundant copepod 

at both inshore and outer gulf stations. The species 
belongs to a group of very similar species, and, al­
though a great many were dissected, no other member 
of the group except the rather distinctive Paracalanus 
aculeatus Giesbrecht was found. While it is possible 
that small numbers of other paracalanid species have 
been included here, the vast majority of individuals 
belong to P. parvus. 

Variations of abundance and dominance occurred at 
different times at each of the two stations. Inshore in 
the Waitemata Harbour greatest abundance was in 
autumn and greatest dominance in winter, which, in the 
Jellicoe Channel, were seasons of fow abundance. In 
the JeUicoe Channel the species was most abundant 
and dominated late winter and spring samples, a time 
of declining values inshore. At both stations maximum 
dominance occurred at the time of minimum salinities, 
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indicating perhaps greater tolerance to salinity depres­sion than many other copepods. However, greater tolerance of salinity depression is not consistent with the evidence of R. M. Cassie ( 1959a, 1960a) ,  who demonstrated a negative relationship with temperature and a positive relationship with salinity for the micro-distribution of P. parvus in Wellington Harbour winter and spring plankton. R. M. Cassie (pers. comm.) has subsequently taken P. parvus in a transect of Pelorus Sound where it was most abundant at about 34.6° / 00S, about 6 miles in from the sound entrance. The relationship of P. parvus to salinity was conditioned by temperathre, which was about l l .9°C at the salinity optimum. Kramer's ( 1 894) statement that P. parvus is only an occasional visitor to the Waitemata Harbour does not agree with the present findings. 
Paracalanus aculeatus Giesbrecht 

Occurrence : Table 6. Sta. A :  Nil. Sta. B :  One specimen taken in May and two in June. 
Distribution : One specimen off northern New Zealand (Farran, 1929) ; Great Barrier Reef (Farran, 1936) ; south-east Australian waters (Dakin and Colefax, 1933, 1 940; Kott, 1957) ; south of Tasmania (Vervoort, 1957) ; East Indies (Vervoort, 1946) ; and widely distributed in the tropical and subtropical Pacific (Wilson, 1942, I 950; Grice, 196 1 ) .  

A subtropical species commonly distributed in the Indo-west Pacific between 22°N and 40°S (Farran, 1 936) .  
Pseudocalanidae 
Clausocalanus arcuicornis (Dana) 

Occurrence : Tables 5, 6; Fig. 12. Sta. A :  A minor con stituent in a few samples in spring 1964. Present in greatest numbers at its first appearance but then became less frequent. Its frequency distribution was almost identical to that of Cte11ocala11us vanus in samples from this station. Sta. B :  Taken in all but the December and January samples. Normally a minor constituent, but a sub-associate in May, June, and November, after which it was not taken for 2 months but re­appeared in February and was frequent in autumn 1965. 
Distribution : Hauraki Gulf (Kramer, 1894) ; off north­ern New Zealand and south to the Antarctic Circle (Farran, 1929) ; Otago Harbour (Brady, 1899) ; off southern New Zealand (Bary, 1959a) ; south of Australia to the Antarctic Circle (Vervoort, 1957) ; south-east Australia (Dakin and Colefax, 1933, 1940; Kott, 1957) ; Great Barrier Reef (Farran, 1936) ;  and widespread in the Pacific (Grice, 196 1 ) .  

C. arcuicornis is probably more characteristic of shelf or oceanic than neritic waters. It has been taken in the outer Hauraki Gulf by Kramer ( 1894) and commonly from off northern New Zealand (Farran, 1 929) .  It 
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appears to be a cosmopolitan species found in all oceans and ranging from 74°N (Atlantic) to 84°S (Pacific) ( Vervoort, 1946) . 
Ctenocalanus vanus Giesbrecht 

Occurrence : Tables 5, 6; Fig. 12. Sta. A :  Occurrence almost identical to that of Clauso­
calanus arcuicornis in spring 1964. Taken in five consecutive samples - initially frequent but sub­sequently only occasional. Sta. B :  Taken in most samples except in October, Nov­ember, and January. Increased in abundance from autumn 1964 to the following spring, when it became common, and achieved maximum abundance in September. Frequent in December and again in autumn 1965. 

Distribution : From northern New Zealand to the An­tarctic (Farran, 1929) ; Australia to the Antarctic (Ver­voort, 1957) ; off south-eastern Australia (Dakin and Colefax, 1933, 1940) . 
C. vanus was recorded from northern New Zealand and commonly south to the Antarctic (Farran, 1929) and south of Australia (Vervoort, 1957 ) .  It is primarily an oceanic species of temperate and high latitudes. 

Centropagidae 
Centropages aucklandicus Kramer 

Occurrence : Tables 5, 6; Fig. 13. Sta. A: Taken in every sample; though often common, it never exceeded associate rank. More abundant and dominant in the second year of sampling, but throughout the sampling period it was one of the more ubiquitous and important calanoids. Rather less important in the winter of 1963 and less numerous than in the following winter. Maximum numbers occurred in late spring or summer, with a secondary peak in late autumn or winter. Sta. B :  Not as important or abundant in the Jellicoe Channel as inshore. Poorly represented in winter as an occasional minor constituent; but in August it increased in number, and in spring and early summer it further increased and was generally a common sub-associate ;copepod. Absent in Feb­ruary and not subsequently taken. 
Distribution : Endemic to New Zealand waters. Otago Harbour (Brady, 1899) ; Hauraki Gulf (Kram er 1 894) ; off northern New Zealand and Bay of Islands (Farran, 1 929) ; C ook Strait (Bary, 1951) . 

C. aucklandicus appears to be characteristic of neritic rather than oceanic waters . Farran ( 1929) took speci­mens from the Bay of Islands and also in open water off northern New Zealand and once to the east of Cook Strait. Bary ( 1951 )  took two specimens from Cook Strait. He regarded the species as an oceanic one. This is almost certainly incorrect, for C. aucklandicus has never been taken in abundance in open waters and is probably abundant only inshore. 
Centropages bradyi Wheeler 

Occurrence : Table 6. Sta. A :  Nil. 
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Sta. B :  One specimen taken in June and two in Sep-tember. Only a rare minor constituent. 
Distribution : Several stations off New Zealand (Farran, I 929) ; off southern New Zealand (Bary, 1951) ; south­eastern Australian waters (Dakin and Colefax, 1933, 1940; Kott, 1957; Vervoort, 1957) . 

C. bradyi is almost certainly oceanic, as in other localities, being rarely taken in the outer gulf and never inshore. It has been previously recorded from New Zealand oceanic waters, but never in any number (Far­ran, 1929; Bary, 195 1 ) .  
Gladioferens pectinatus (Brady) 

Occurrence : Table 5 .  Sta. A: Taken in only one sample in March 1964, when it was frequent. Sta. B: Nil. 
G. pectinatus was also taken in supplementary hauls from the upper Waitemata Harbour in June and December 1963. In �a�y hauls it was common and frequently sub-dominant. 

/)istributinn : Otago Harbour; off Napier (Brady, 1899) ; Queen Charlotte Sound; Lake Ellesmere; Otago Har­bour; and many estuaries and coastal lagoons of eastern Australia, from Queensland in the north to Tasman ia in the south (Bayly, 1963) . 
-ndou btedly this species is an estuarine indicator. It is common in estuarine localities from southern New Zealand and eastern Australia (Bayly, 1963, 1964) but ba not been previously recorded from northern New Zealand. 

Tcmoridae 
T emora turbinata (Dana) 

Occurrence : Tables 5, 6; Figs. 14, 42, 43, 44. Sta. A :  Present in every sample, and the third most abundant copepod (after Paracalanus parvus and 
Corycaeus aucklandicus) taken in Waitemata Harbour. Maximum abundance and dominance in both years was in summer and autumn, and these were the only seasons when the species was an abundant dominant or sub-dominant copepod. Numbers declined through winter, and were generally low in spring. Higher levels of domin­ance were maintained in winter and spring in 1 963 than in the following year. This reflects the lower numbers of other species present in the first sampling year. A notable point is that the spring rise in numbers began much earlier in 1963 than in 1964, though similar levels of abundance and dominance were attained by mid summer. This is probably related to salinity varia-tions, for, while temperatures rose in a s imilar way in the two years, salinity rose much more rapidly in 1963, October of that year being one of the driest on record. Temora turhinata followed the trends of salinity variation, though with some lag. The species was abundant, except in summer 1965, only when salinities in the previous sample exceeded 34.90/oo - Even in the summer of 1965 salinities were higher than they had been in the previous winter and spring. Minimum abundance coincided with the minimal salinities for the year. 
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Sta. B: Taken in every sample. Although seldom very numerous it was abundant and dominant in Mar-eh 1964. Numbers declined rapidly in early winter, but it then once more became abundant and maintained this rank until mid summer, after which it was less numerous. 
Distribution : Hauraki Gulf (Kramer, 1894; Brady, 1899; Fulier, 1953; off North Island, New Zealand, and to the south (Farran, 1929) ; Wellington Harbour (R. M. Cassie, 1959c) ;  Otago Harbour and Bay of Islands (Brady, 1899) ; south-eastern Australian waters (Dakin and Colefax, 1933, 1940; Kott, 1957) ; and from the \\'estern tropical Pacific (Wilson, 1 950) .  

T. turbinata was present in every catch at both Hau­raki Gulf stations. It is one of the more abundant and ubiquitous copepods of the area. Greatest abundance was in summer and autumn at both stations, but the species was relatively much more important ,in outer gulf spring plankton than inshore. The sharp drop in numbers in the outer gulf in February 1965 is thought to be related to hydrological changes ( discussed in de­tail on page 85) .  
T. turbinata was less abundant inshore i n  winter and spring when salinities were lower than in the outer gulf, where it was still abundant. Probably T. turbinata is nearing the lower limit of salinity tolerance in winter neritic waters and is more characteristic of shelf waters. This contention is supported by Farran ( 1929) ,  who found T. turbinata in great abundance, sometimes con­stituting almost the entire sample, off the northern coast of the North Island, New Zealand. Farran's samples were taken in winter, a season of minimum abundance inshore in the Waitemata Harbour. Farran found the species rare off the South Island, New Zealand. 
T. turbinata is characteristic of northern inshore and shelf waters and occurs rarely off southern New Zea­land. 

Metridiidae 
Pleuromamma abdominalis ( Lubbock) 

Occurrence : Table 6. Sta. A :  Nil. Sta. B :  An occasional minor constituent in two c onsecu­tive winter samples (July and August) ; absent from all other samples. 
Disrribution : From New Zealand to the Antarctic (Farran, 1929) and to the south of Australia ( Vervoort, 1 957) ; off south-eastern Australia (Dakin and Colefax, 1933, 1940; Kott, 1957) ; and widespread in the tropical and subtropical Pacific (Wilson, 1 942, 1950; Grice, I 961 ) .  

This species has oceanic affinities. It is widely dis­tributed in the south-west Pacific except south of 60°S (Farran, 1929; Vervoort, 1957) . Farran found it in much larger numbers off northern New Zealand than elsewhere. It is possibly a useful indicator of oceanic waters. 
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Pleuromamma gracilis (Claus) 
Occurrence : Table 6. 
Sta. A :  N il. 
Sta. B :  An occasional to frequent minor constituent in 

the three winter months (June to August ) ,  bu t  
otherwise absent. 

Distribulioll : Off northern New Zealand and to the 
Antarctic (Farran, 1 929 ) ; off Kaikoura, South Island, 
New Zealand (Bary, 1 95 1 ) ;  off south-eastern Australia 
(Dakin and Colefax, 1 933 ,  1 940; Kott, 1 957) ; to the 
south of Tasmania (Vervoort, 1 957 ) ; G.reat Barrier Reef 
(Farran, 1 936 ) ; and widespread in the tropical and sub­
tropical Pacific (Wilson, 1 942, 1 950; Grice, 1 96 1 ) .  

Two of the recognised forms of this species were 
taken. In June a single female of forma piseki (Farran, 
1929) was taken. In July only forma maxima (Steuer, 
1932) was taken and in August both were taken. 

P. gracilis is primarily an inhabitant of warmer, 
oceanic waters. Farran ( 1929) found it commonly off 
the North Island, New Zealand, and took a few speci­
mens as far south as 60°S. Bary ( 1951 )  took a few 
specimens from off Kaikoura. He also regarded the 
species as a warmer, oceanic one. Kott ( 1957) sug­
gested that this species was a valuable indicator of 
deeper offshore New South Wales waters. 

Lucicutidae 
Lucicutia flavicornis (Claus) 

Occurrence : Table 6 .  
Sta. A :  Nil. 
Sta. B :  An occasional minor constituent in two con-

secutive winter samples ( June and July) . 
Distribu tion : Off northern New Zealand (Farran, 1 929) ; 
off eastern Australia (Dakin and Colefax, 1 940) ; and 
widespread in the tropical and subtropical Pacific (Wil­
son, 1 942, 1 950; Grice, 1 96 1 ) .  

Another primarily oceanic species taken commonly 
from off northern New Zealand but not from further 
south. The species is probably found in warmer 
oceanic waters. Kott ( 1957) regarded it as a useful 
indicator of deeper offshore New South Wales waters. 

Heterorhabdidae 
H eterorhubdus papilliger (Claus) 

Occurrence : Table 6 .  
Sta. A: Nil. 
Sta. B :  One specimen taken August 1 964. 
Distribution : Off northern New Zealand (Farran, 1 929) ; 
off south-eastern Australia (Dakin and Colefax, 1 933, 
1 940) ; and widespread in the tropical and subtropical 
Pacific (Wilson, 1 942, 1 950; Grice, 1 96 1 ) .  

Primarily an inhabitant of warmer oceanic waters. 
Farran ( 1929) took H. papilliger from off northern New 
Zealand but not to the south. 

Candacidae 
Candacia bipinnata (Giesbrecht) 

Occurrence : Table 6 .  
Sta. A :  Nil. 
Sta. B :  A few specimens taken in May and rn June 

1 964. 
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Distribution :  Off northern new Zealand (Farran, 1 929) ; 
off south-eastern Australia (Dakin and Colefax, 1 933 , 
1 940; Kott, 1 957) ; and widespread in the tropical and 
subtropical Pacific (Wilson, 1 942, 1 950; Grice, i 96 1 ,  
1 963) . 

This is primarily an oceanic species of subtropical 
waters found in all three major oceans but not south of 
35°S ( Grice, 1963 ) .  The Hauraki Gulf is just beyond 
the recorded southern limit of this range, and these were 
probably stray specimens brought south in the East 
Auckland current. Farran ( 1929) found C. bipinnata 
the most common member of the genus off northern 
New Zealand. 

Pontellidae 
Ponte/la novaezelandiae Farran 

Occurrence : Table 5. 
Sta. A :  One specimen taken in February 1 964. 
Sta. B :  Not taken in the normal d iagonal Clarke­

Bumpus hauls but in small numbers in supple­
mentary horizontal smface tows in July, August 
and December. 

Distribu tion : Off northern New Zealand (Farran, 1 929 ) ; 
otI south-eastern Australia (Dakin and Colefax, 1 933, 
1 940 ) ; and off Albany, Western Australia (Vervoort, 
1 957 ) .  

This species is deep blue with bright orange markings, 
and almost undoubtedly it is epiplanktonic in the first 
few centimetres below the surface. This habitat would 
explain its absence from diagonal and vertical hauls. 
The species is probably widely distributed in northern 
New Zealand waters. 

Labidocera cervi Kramer 

Occurrence : Tables 5, 6; Fig. 1 6. 
Sta. A :  Least abundant of the commoner copepods taken 

in the Waitemata Harbour, but absent from only 
two samples. Usually a frequent minor con­
stituent, but several times it was more abundant. 
Few well defined peaks of abundance and little 
recognisable seasonality in its occurrence. 

Sta. B :  Taken in small numbers in three samples 
(March, September, and October 1 964) .  

Distribu tion : Hauraki Gulf (Kramer, 1 894 ) ; off north­
ern New Zealand (Farran, 1 929) ; and Cook Strait and 
Foveaux Strait (Bary, 1 95 1 ) .  

By far the largest member of the inshore copepods. 
and, by analogy with other members of the genus, it is 
probably carnivorous (Lebour, 1922; Wickstead, 1962) . 
For this reason its importance in the plankton may 
exceed its relative numerical importance. Taken in 
nearly every sample inshore, but only infrequently in 
the outer gulf, this species is probably neritic. This is 
consistent with the findings of Farran ( 1929) , who 
records the species in several inshore hauls from north­
ern New Zealand but only once from open water. Bary 
( 1951) took a few specimens from Cook Strait and 
from Foveaux Strait. 
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Farran ( 1929) recorded a variety of L. cervi from _ !elbourne Harbour, and Dakin and Colefax ( 1933, 1 9-40) recorded it from south-eastern Australia. How­e er, the differences between the New Zealand and Aus­ualian populations are probably specific (A. Fleminger, piers. comm. ) ,  and the species in the strict sense is prob-bly endemic to New Zealand. 

. -\cartiidae 
Acartia clausi Giesbrecht 

Occurrence : Tables 5, 6; Figs. I 5, 42, 43, 44. Sta. A :  Taken in every haul and -the fourth most abund­ant copepod. Never dominant but -often sub­dominant. In both years two periods of high abundance occurred, one in winter and one in late spring or summer, separated by one -of low abundance in spring. Maximum dominance was in winter, a period when other copepod species were not abundant. Except in early summer 1963-4, -the abundance of A .  clausi seemed in­versely proportional to salinity. Abundance was attained only when salinities were less than 34.50fo0, except in summer 1 963-4. Sta. B: The third most abundant copepod taken in Jelli­coe Channel and well represented in all samples. Important in mid autumn, but then numbers were low until spring, when they increased rapidly. The species remained at maximum numbers throughout spring and was sub-domin­ant in the October sample, but then declined, though remaining common until the end of the sampling period. In February A. c/ausi was sub­
dominant as a result of the scarcity of other copepods in the sample. Seasonal variations in !he Jellicoe Channel, at least in winter and spring, seem inversely related to salinity values, as they were inshore. Maximum abundance oc­curred later than in Waitemata Harbour, as did IIlllllIIlum salinities. The three consecutive months of greatest abundance were also the months of minimum salinities. 

iJm.ribution : Hauraki Gulf (Kramer, 1 894; Fuller, .::3 ) ;  Wellington Harbour (R. M. Cassie, 1 959c) ; �o Harbour and Napier ( Brady, 1 899) ; off New �and (Farran, 1929 ) ; off south-eastern Australia Dakin and Colefax, 1933, 1 940; Kott, 1 957) ; and wide­�d in the tropical and subtropical Pacific (Wilson, I -, 1 950) . 
Omer species of Acartia closely resemble A .  clausi are often sympatric with it (Conover, 1956) .  Of only Acartia negligens is recorded from these � and is readily distinguished from A .  clausi by the of the fifth swimming legs. Although a great many �ens were dissected, only A .  clausi and A .  danae � present. However, it would not be surprising if  er species of Acartia were found in these waters. The species is eurythermal and euryhaline, i.e. , char­eristic of neritic and shelf waters. Farran ( 1 929) � d it common off New Zealand especially in the Bay of Islands. 
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A cartia danae Giesbrecht 
Occurrence : Table 6; Fig. 10. Sta. A :  Nil. Sta. B :  Only a minor constituent in the period March to September and absent from two samples. From October until January it was absent, but in Feb­ruary and M arch it was a common sub-associate. In April it was again a frequent minor constitu­ent, as in the previous autumn. 
Distribution : Off northern New Zealand and once found in the south (Farran, 1929) ; off south-eastern Australia (Dakin and Colefax, 1933, 1940) ; and widespread in the tropical and subtropical Pacific (Wilson, 1942, 1950; Grice, 1961) . 

A .  danae is characteristic of subtropical oceanic­waters. Farran ( 1929) found it very common off north­ern New Zealand and took one specimen from the south . That Bary ( 195 1 )  did not record it from south­ern New Zealand is consistent with its warm water affinities. 
CoPEPODA Harpacticoida Ectinosomidae 

Microsetella rosea (Dana) 

Occurrence : Table 6; Fig. 1 7. Sta. A :  Nil. Sta. B :  Taken in four samples bet\\'een May and Sep­tember (absent in July) ; usually a frequent minor constituent. 
Distribution : Off northern New Zealand and to the south (Farran, 1929) ; off south-eastern Australia (Dakin and Colefax, 1 933, 1 940) ; south of Tasmania (Vervoort, 1957) ; and widespread in the tropical and subtropical Pacific (Wilson, 1942, 1 950) . 

M. rosea is probably an oceanic species in this area. Taken a few times off northern New Zealand by Far­ran ( 1 929) and once further south ( 40°S ) . It is prob­ably more characteristic of warmer waters, although Vervoort ( 1957) records a single specimen from 48°S. south of Tasmania. 
Tachidiidae 
Clytemnestra rostrata (Brady) 

Occurrence :  Tables 5, 6; Figs. 17, 44. Sta. A :  Although taken often, never more than common and only occasionally more than a minor con­stituent. During the year abundance rose to a maximum three times. Between each peak there was at least one sample in which the species was absent. Each peak was of about the same dura­tion but occurred at different times in the two years. Sta. B :  Frequent or common in late autumn and early winter; absent in late winter and spring except for a single occurrence in September. Common in January, thereafter absent until April. 
Distribution : Previously unrecorded from New Zealand but widespread in the tropical and subtropical Pacific (Wilson, 1 942, 1 950) . 

C. rostrata was more frequent inshore, is probably neritic, and usually an inhabitant of warmer waters. 
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Euterpina acutifrons (Dana) 
Occurrence : Tables 5, 6; Figs. 1 8, 42, 43 , 44. 
Sta. A :  Taken in every sample but only once abundant. 

In 1 963 maximum abundance occurred in late 
winter and early spring, but in the following 
year numbers continued to increase until early 
summer. Autumn was the season of minimum 
abundance. In 1 963-64 numbers showed an 
inverse relationship to temperature and also, in 
most instances, to salinity. Abundance was great­
est in l ate winter and spring, the time of mini­
mum salinities. In I 964-65 this inverse relation­
ship was apparent in autumn and winter but 
broke down in spring. However, salinities were 
very much lower in spring and summer 1 964 
than in the previous year, and the abundance of 
E. acu tifrons continued t o  rise only until shortly 
after salinities increased quite sharply in early 
summer. 

Sta. B :  Taken in all but one sample. Relationships be­
tween abundance and temperature/salinity were 
not as apparent as inshore, though maximum 
abundance from August -to January did coincide 
with salinities below 350fo0, 

that is, in the lower 
half of the annual range. 

Distribution : Hauraki Gulf ( Kramer, 1 894; Fuller, 
1 953 ) ; Pelorus Sound (R.  M. Cassie, pers. comm.) ;  
Otago Harbour, Auckland Harbour, off Gisborne and 
off Napier (Brady, 1 899) ; off New Zealand and to the 
South (Farran, 1 929) ; off south-eastern Australia 
(Dakin and C olefax, 1 933, 1 940) ; and in the south-east 
Pacific (Wilson, 1 942) . 

E. acutif rans was better represented inshore, and this, 
coupled with the tendency to abundance during times of 
low temperatures and salinities, indicates that it is 
almost undoubtedly neritic. Farran ( 1929) found it 
"scarce off New Zealand except in the littoral waters of 
the Bay of Islands where it was frequent". 

COPEPODA 

Cyclopoida 

Oithonidae 

Oithona similis Claus 
Occurrence : Tables 5 , 6; Figs. 1 9, 20. 

Sta. A :  Taken in many samples, usually as an occasional 
to frequent minor constituent. Most consistently 
present in late winter and spring when ,tempera­
tures and ·salinities were low; less consistently 
present at other seasons. Poorly represented 
when temperatures were high. 

Sta. B :  Present in every sample and at times sub-domin­
ant or even dominant. Little correlation between 
abundance and physical factors. When relatively 
important other species were usually scarce. 

Distribu tion : Hauraki Gulf ( Kramer, 1 894) ; Wellington 
Harbour (R. M. Cassie, 1 959c) ; off south-eastern Aus­
tralia (Dakin and Colefax, 1 933 ,  1 940) ; and widespread 
in all oceans (Wilson, 1 932, 1 942, 1 950) . 
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The greater importance of 0. similis in the Jellicoe 
Channel samples probably is the result of using a finer 
net there than was used inshore. The species is eury­
thermal and euryhaline (Vervoort, 1957) but was least 
abundant at the highest temperatures. Farran ( 1929) 
found it common off New Zealand and south to the ice 
barrier. 

Oithona plumifera Baird 
Occurrence : Tables 5 , 6; Figs. 1 9, 20. 

Sta. A :  Taken only in two consecutive samples in late 
winter/early spring 1 963 and in three consecu­
tive spring samples in 1 964. 

Sta. B :  Taken in all months except January, March, and 
April. Never very numerous and only ever a 
minor constituent or sub-associate. 

Distribution : Off New Zealand and to the south (Far­
ran, 1929) ; off south-eastern Australia (Dakin and Cole­
fax, 1 933 ,  1 940) ; and in the tropical and subtropical 
Paci fie (Wilson 1 942, l 950 ) . 

This is the largest of the three Oithona species taken 
(0.90 - l .35mm) ,  and if present i t  would have been re­
tained in the coarser net used inshore. Probably norm­
ally an inhabitant of shelf or oceanic waters. It is 
typically an offshore species in the Gulf of Mexico 
(Grice, 1960) .  Farran ( 1929) records it as being com­
mon throughout the New Zealand region and to the 
south except within the Antarctic circle. 

Oithona nana Giesbrecht 
Occurrence : Tables 5, 6; Figs. 1 9, 20. 
Sta. A :  Taken in many samples, usually as a minor 

constituent, but once as a sub-associate. It oc­
curred regularly in winter samples in 1 963 and in 
autumn and winter samples in 1 964. M aximum 
abundance in both years was in early winter. In 
spring 1 964 0. nana was consistently present, 
though it had been absent at this ,time in the 
previous year and this is probably related to the 
lower salinities recorded in spring 1 964. 

Sta. B :  A common constituent in April 1 964 but not 
taken after this until the following November, 
when it was frequent. In December 0. nana 
became more numerous and was abundant in 
January. In February it was absent, but it re­
appeared in autumn. 

Distribution : Not previously recorded in New Zealand. 
Off south-eastern Australia (Dakin and C olefax, 1 933 ,  
1 94-0) ; Fiji Islands (Wilson, 1 950) ; and scattered in the 
Pacific (Wilson , 1 942) . 

Oithona nana is about equally represented at both 
stations but since this species is very small most would 
not be retained in the coarser net so it  may be more 
abundant in the inner gulf. 
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Oncaeidae 
0ncaea media Giesbrecht 

Occurrence : Tables 5, 6; Fig. 21. Sta. A: One specimen taken on 17 October 1964. Sta. B :  Present in all samples from March to December 1964, usually as an occasional to frequent minor constituent but once (July) as a sub-associate. Also a rare minor constituent in March 1965. 
Distribution : Off northern New Zealand and to the south (Farran, 1929) ; off south-eastern Australia (Dakin and Colefax, 1933, 1940) ; and in the tropical and sub­tropical Pacific (Wilson, 1942) . 

It is probably an oceanic speoies in this region. Far­ran ( 1929) found it common off northern New Zealand and rare to the south but extending to within the An­tarctic Circle. It has not been recorded from southern \few Zealand. 
0ncaea mediterranea Claus 

Occurrence : Table 6. Sta. A :  Nil. Sta. B :  Single specimens were taken in each of three monthly samples in winter and early spring. 
Distribu tion : Off New Zealand and to the south (Far­ran, 1929) ; off eastern Australia (Dakin and Colefax, 1 933,  1 940 ) ; south of Tasmania (Vervoort, 1957) ; and in the central south Pacific between 300S and 400S (Wilson, 1942) . 

0. mediterranea is almost undoubtedly oceanic, and recorded widely from tropical and temperate seas (Ver­·oort, 1957) .  Although Farran ( 1 929) recorded a rare -o!ourless form to the south this is typically a warmer rnter species. 
0ncaea venusta Philippi 

Occurrence : Tables 5, 6; Fig. 21. Sta. A: Taken in one sample, 28 August 1964. Sta. B :  In consecutive monthly samples from April to September; occasional to frequent minor con­stituent, and in one sample a sub-associate. 
Distribu tion : Off northern New Zealand (Farran, 1929) ; off eastern Australia (Dakin and Colefax, 1933, 1940) ; and widespread in the Pacific (Wilson, 1942, 1950) . 

This is probably a warm-water, oceanic species. It was taken by Farran ( 1 929) off northern New Zealand _md not south of 36°S. 
0ncaea conifera Giesbrecht 

Occurrence : Table 6 .  Sta. A :  Nil. Sta. B :  Taken in two winter samples as an occasional to frequent minor constituent. 
Distribution : Off New Zealand and south to beneath the ice (Farran, 1929) ; off eastern Australia (Dakin and Colefax, 1933, 1940) ; south of Australia to the Antarctic ( Vervoort, 1957) ; and widespread in all oceans (Wilson, 1942, 1950) . 

0. conifera is undoubtedly oceanic and is recorded from all oceans from Arctic to Antarctic (Vervoort, 1957 ) .  
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0ncaea sp. 
Occurrence : Tables 5, 6; Fig. 21. Sta. A: Taken from August to October in all but one sample; only a minor constituent. Sta. B :  Frequent in samples from May to December. Usually a minor constituent but once a sub­associate (July) . Also taken in February. 

This is the smallest and most abundant 0ncaea col­lected. Ovigerous females were often taken. Infrequent occurrence inshore and the small numbers from the Jellicoe Channel indicate that this species also is prob­ably oceanic. 
Corycella rostrata ( Claus) 

Occurrence : Tables 5, 6. Sta. A :  One specimen, on 28 August 1964. Sta. B :  An occasional to frequent minor ,constituent rn June, September, and October. 
Probably oceanic. Farran ( 1 929) found it common off northern New Zealand but scarce further south. Also taken from south-eastern Australia (Dakin and Colefax, 1940) . 

Corycaeus aucklandicus Kramer 
Occurrence : Tables 5, 6; Figs. 22, 42, 43, 44. Sta. A: The second most abundant copepod taken in­shore and dominant in more samples than any other species. The variations of abundance fol­lowed a distinctive pattern. After being abundant and sub-dominant in autumn, numbers reached a minimum level, usually as a frequent minor con­stituent in winter, then rose rapidly in late win­ter, becoming abundant and dominant or even ultra-dominant in spring. After this peak, num­bers declined, but in the second year a high level of abundance was maintained, and, although dominance dropped in late spring, it rose again in early summer. This difference can be related to the salinities in spring 1964, which were low compared with those in the previous year. Sta. B :  Variations appear to follow a similar pattern here to those inshore. After being abundant and dominant in mid autumn it declined to a mini­mum as a frequent sub-associate in mid winter. In late winter numbers rose to abundant, and a level varying from abundant to ,common per­sisted until the following autumn when, although numbers at this time were only slightly greater than in spring, o ther copepod species were less abundant. As inshore, minimum abundance was in the winter months. 
Distribution : Common and ubiquitous in the gulf but recorded from northern New Zealand only. Probably typic:o1l of neritic and shelf waters. Hauraki Gulf (Kramer, 1894; Fuller, 1953; R. M. Cassie, 1959b ) .  

Farran ( 1 929) did not record C.  aucklandicus, which is one of the most abundant copepods in the area in which his samples were taken. He described C. inuncus as a new species common off northern New Zealand and especially plentiful in the Bay of Islands. This is almost certainly the same species as that described by Kramer ( 1 894) . 
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�orycaeus crassiculus Dana 
Occurrence: Table 6. Sta. A : Nil. Sta. B: A minor constituent in two winter samples (June and July) . This species was common off northern New Zealand (Farran, 1 929) but not to the south. It is probably oceanic and restricted to warmer waters. 
Distribution : Northern New Zealand (Farran, 1 929) ; off Great Barrier Reef (Farran, 1936) ; off south-eastern Australia (Dakin and Colefax, 1 940) ; and widespread in the southern Pacific but not south of 360S (Wilson, 1942) . 

CI..ADOCERA 

Three species of cladocerans, Evadne nordmanni Loven, Podon polyphemoides (Leuckart) , and Penilia 
avirostris Dana, were seasonally abundant at one or other station. Most Padon spp. are P. polyphemoides. Other species may may been present but were not identified. 
Sididae 
Penilia avirostris Dana 

Occurrence : Tables 5, 6; Fig. 23. Sta. A: Seldom well represented, it was initially (May) a frequent associate. In winter and spring only occasional single specimens taken in separate samples. In late spring frequent for a brief period but absent in early summer before re­appearing in January. A similar pattern was re­corded in both years except that it was not taken in spring 1964. Sta. B: Seasonally very abundant. More numerous in January 1965 ,than any other species in a single sample. In autumn 1964 at first common and sub-dominant, then absent, excepting a minor occurrence in mid-winter, until the following summer. In December a frequent minor constitu­ent then in January numbers increased to exceed 1 00,000 per standard haul as the ultra-dominant non·copepod before dropping ,to frequent in late summer. 
Distribution : Hauraki Gulf (Kramer, 1 894; Fuller, I 950, 1953) ;  Bay of Islands (Calman, 1917) ; south­eastern coastal Australia (Dakin and Colefax, 1 933, 1 940; Kott, I 957) ; coastal Japan (Kitou, 1 957) . 

At both stations maximum abundance of P. avirostris coincided with maximum temperatures, and it was not taken, except as an occasional minor constituent, at temperatures lower than 1 8.5°C. Similar seasonal oc­currence was recorded for P. avirostris in the Hauraki Gulf by Fuller ( 1 950) ,  and it seems to be characteristic of coastal waters of south-eastern Australia (Dakin and Colefax, 1 933, 1 940; Kott, 1957) ; off Zanzibar (Wick­stead, 1 963 ) ;  off Japan (Kitou, 1957) ; and on the Atlantic seaboard of the United States (Deevey, 1 952, 1 956) .  There is little doubt that the species is tempera-
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ture limited in its seasonal and geographic distribution. It is surprising that Calman ( 1 9 17 )  recorded it as com­mon in the Bay of Islands in late winter, a time when it is usually scarce. In spite of its greater importance in the outer gdf, 
P. avirostris -is a neritic species and its range hardly ex­tends beyond the shelf. It is not known from southern New Zealand. 

Polyphemidae 
Podon polyphemoides Leuckart 

Occurrence : Tables 5, 6; Fig. 25. Sta. A: Occasionally abundant and sub-dominant. Dis­tribution was quite different in the two years; it was absent in winter 1963, but attained maxi­mum abundance in winter 1964. A similar dif­ference was recorded for Evadne nordmanni, and these two species had very similar patterns of abundance throughout the sampling period. The reasons for this anomaly are not dear. It is of interest that the period of maximum abundance in winter 1964 coincides with the only period when Clausocalanus arcuicornis, Ctenocalanus 
vanus, and Oncaea sp. were -taken inshore. Fuller (1953) found Padon polyphemoides and 
Evadne nordmanni in summer only, and this is probably their usual season of maximum abund­ance. Sta. B: Taken in small numbers in April 1964. 

Distribution : Hauraki Gulf (Kramer, 1894; Fuller, 1953 ) ; south-eastern Australia (Dakin and Colefax, 1933, 1 940; Kott, 1 957) . 
Padon polyphemoides has a strong preference for neritic waters and was the only cladoceran never taken in abundance in the Jellicoe Channel. It is not recorded from southern New Zealand and is absent from Terru 

Nova samples from the Bay of Tslands in early spring. 

Evadne nordmanni Loven 
Occurrence : Tables 5, 6; Fig. 24. Sta. A : A pattern of abundance simila-r to Padon poly­

phemoides; absent in winter 1963 but achieved high abundance then in 1964. Large numbers were also found in summer. Sta. B: Absent in early winter af.ter being common in autumn. In late winter E. nordmanni became abundant and sub-dominant and was frequent in spring but then absent until February and April, when there were two further minor occurrences. 
Distribution : Hauraki Gulf (Kramer, 1894; Fuller, 1953 ) ; south-eastern Australia (Dakin and Colefax, 1933, 1940) ; coastal Japan (Kitou, 1957) ; and in coastal waters of the United States Atlanti-c seaboard (Deevey, 1 952, 1956) .  

E. nordmanni atta-ined maximum abundance at the two stations in August 1964, the period of minimum salinities. This is consistent with the neritic affinities of the speoies. Fuller ( 1953) took E. nordmanni only in inner gulf waters. 
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EUPHAUSIACEA 

Nyctiphanes australis G. 0. Sars 
Occurrence :  Table 6; Fig. 25. 
Sta. A :  Nil. 
Sta. B :  Present in all but the first two samples in March 

and April 1 964. Three main peaks of abundance 
occurred i n  June (sub-dominant) ,  in November 
(sub-dominant) , and in February (sub-associate) . 
No  adults were taken, only calyptopis and fur­
cilia larvae identified from Dakin and Colefax 
( 1 940 ) , Sheard ( 1 953) , and Bary ( 1 956) . Each 
peak of abundance (Fig. 25) corresponds to a 
period of high relative abundance of the smaller 
and less active" calyptopis larvae. Probably the 
late larvae and adults are too swift to be caught 
in a Clarke-Bumpus sampler towed at normal 
sampling speed. The absence of larger euphau­
sids from samples from small mouthed nets is 
well known (Tattersall, 1 924 ) . For this reason 
it is probable that N . australis is much more 
abundant in the Jellicoe Channel than these 
numbers indicate. 

Distribution : Otago Harbour (Thomson, 1 9 1 3) ; off 
nor thern New Zealand (Tattersall, 1 924) ; off southern 
New Zealand (Bary, 1 956) ; off south-eastern Australia 
(Dakin and Colefax, 1 933, 1 940; Sheard, 1 953) . This 
species is confined to New Zealand and south-eastern 
Australia. 

It has been shown that N. australis makes extensive 
diurnal vertical migrations and is usually taken in much 
larger numbers in surface hauls at night than those dur­
ing daylight hours (Tattersall, 1924 ; Bary, 1956). There­
fore, it might be thought that the absence of post­
larvae and adults is a reflection of this behaviour. This. 
however, is unlikely because these hauls were diagonal 
ones from very near the bottom to the surface. 

The developmental stages of the specimens taken 
were analysed, although separate instars have not been 
recognised. Differentiation is based on the stage of de­
velopment of the eyes and uropods in calyptopis larvae 
and of abdominal appendages and telsal spines of fur-
ilia larvae. Following Sheard ( 1953) the following 

larval groups have been recognised : metanauplius, a 
group of three calyptopsis larvae, and three (I, II, III) 
groups of furcilia larvae (Tables 7-9). 

A Furcilia I larva lacking pleopods was not described 
. either Sheard or Bary. This stage is best placed in 

this group rather than with the calyptopis larvae be­
cause of their well developed eyes, which are not cov­
ered by the carapace, and because the uropods are well 
developed. Amongst Furcilia II larvae the following 
numbers of setose and non-setose pleopods were not 

untered by Bary ( 1 956) : 1S 2N. 2S I N, 2S 2N, 
...:S 3,\1, 3S, and 3S l N. 

Furcilia III larvae with six or four telsal spines, as 
described by Bary, were not taken in the Hauraki Gulf. 

When larger total numbers were taken there was a 
iigber proportion of smaller larvae, especially calypto­. and Furcilia I groups (Table 10). The occurence 
vf three separate periods in which calyptopis larvae 

ere taken suggests that there are three broods hatched 
in each year. One brood hatches in early winter, an-
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other in late spring, and a third in late summer. Little 
is known of the population dynamics, and older larvae 
were not taken in sufficient numbers to ,indicate the age 
structure of post-larval and adult populations. 

In this area N. australis is characteristic of mere open 
waters. The Terra Nova took it in large numbers to the 
north of the North Island but not inshore in the Bay 
of Islands (Tattersall, 1924 ) .  Bary ( 1956) found it 
common to the south but only in "coastal" waters with 
a marked preference for warmer waters (above 13.5°C) .  
Probably it  is characteristic o f  shelf plankton. 

Holoplanktonic Crustacean Groups 
of Minor Importance 

No holoplanktonic crustacean group (mysids, cuma­
ceans, amphipods, isopods, and ostracods) was ever 
more than an occasional minor constituent, and their 
occurrence appears to have no significant seasonal pat­
tern (Tables 5, 6). 

Mysids and cumaceans were never taken in the Jelli­
coe Channel but were often taken together in the Waite­
mata Harbour. Their joint occurrence may be related 
to common behaviour or possibly the net disturbed the 
bottom. 

APPENDICULARIA 

Oikopleura spp. 
Occurrence : Tables 5, 6; Fig. 26. 
Sta. A :  In all but one sample and sometimes abundant. 

Patterns of abundance not evident in the two 
years. More numerous and dominant, but also 
more variable, in the second year. Maximum 
dominance appears to be attained in autumn and 
in spring. The spectacular drop in September 
1 964 was concurrent with the occurrence of the 
normally open water copepods Clausocalanus 
arcuicornis, Ctenocalanus vanus, and Oncaea sp . 

Sta. B :  Nearly always common or abundant and often 
sub-dominant or dominant. In February sample, 
mainly because of the scarcity of other species, 
they were ultra-dominant. 

Inshore in the Waitemata Harbour Oikopleura dioica 
Fol was the only abundant species, though others were 
noted from time to time but not identified. Samples 
from the Jellicoe Channel contained a variety of species 
but 0. dioica was of only minor importance. 

This is a widespread genus and, without making 
specific identifications, affinities cannot be assessed. As 
in southern New Zealand (Bary, 1960) and eastern 
Australian waters (Thompson, 1948), 0. dioica is prob­
ably ubiquitous in northern New Zealand coastal waters 
but rare in the open ocean. 

Fritillaria sp. 
Occurrence : Table 6. 
Sta. A :  Nil. 
Sta. B :  Present in small numbers in the May and July 

samples. 
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TABLE 7. Characters Used to Differentiate Stages of Development of Calyptopis Larvae of 
Nyctiphanes australis 

Stage No. Examined Eyes Uropods Telson Length (mm) 

Calyptosis I 24 rudimentary Jacking little longer than wide 0.94 - 1 .08 
Calyptosis II 1 34 rudimentary lacking longer than wide 1 .07 - 1 .22 
Calyptosis III 86 well developed rudimentary longer than wide 1 .40 - 1 .78  

TABLE 8. Characters Used to Differentiate Stages of Development of Furcilia I 
Larvae of Nyctiphanes australis 

No. of Pleopods (non-setose) 

0 
1 
2 
3 
4 

No. of Telsal Spines 

7 
7 
7 
7 
7 

No. Examined 

1 7  
1 1  
10  
1 1  

8 

Length (mm) 

2.08 - 2.32 
2. 1 8  - 2.20 
2.25 - 2.50 
2.38 - 2.72 
2.64 - 2.94 

TABLE 9. Characters Used to Differentiate Stages of Development of Furcilia JI 
and III Larvae of Nyctiphanes australis 

No. of Setose (S) and 
No. of Telsal Spines I No. Examined Length Non-setose (N) Pleopods 

Furcilia II 
I S  2N 7 3 2.8 - 3.2 
IS 3N 7 1 3  3.0 - 3 .3  
2S I N  7 5 3.0 - 3 .3  
2S 2N 7 14  3 . 1  - 3 .8 
2S 3N 7 1 3.6 
3S 7 2 3.5 - 3.5 
3S I N  7 9 3.7 - 3.9 
3S 2N 7 12 3.7 - 4.0 
4S 7 2 3 .8 - 4.0 
4S I N  7 25 3.6 - 4.5 

Furcilia Ill 
SS 7 45 4.7 - 5.0 
5S 5 1 6  4.7 - 5.3 
5S 3 4 4.9 - 5.4 
5S 2 2 4.8 - 5 .8  
5S 1 23 5.7 - 6.4 

TABLE 10. The Monthly Occurrence of Larvae of Nyctiphanes australis in Each Larval Group. 
Month M A M J J I A I s I 0 I N I D J I F I M I A 
Metanauplius 4 
Calyptosis 9 3 4 29 34 9 1 52 3 I 
Furcilia I 1 1 9  1 2  8 17  3 2 3 
Furcilia II 2 20 2 10  32 10 2 1 5 1 
Furcilia III 9 35 2 4 6 1 1 2 30 

Total 1 2  8 3  5 6 32 70 66 4 1 2  155  38 5 
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Fritillaria sp. are not usually taken in neritic waters, 
They are hitherto unrecorded from New Zealand but 
several species are recorded from Australia (Thompson, 
1948). 

THALIACEA 

Salpidae 
Salpa fusiformis Cuvier 

Occurrence : Table 6. 

Sta. A :  Nil .  
Sta .  B :  A s ingle aggregate form taken in February 1 965. 

Distribution. : Hauraki Gulf (Fuller, 1 953) ; and eastern 
Australia (Thompson, 1 948 ) . 

Though scarce in samples in  this survey, S. fusiformis 
was common in Hauraki Gulf summer plankton in 1 950 
and 1 95 1  (Fuller, 1 953). The species is undoubtedly 
oceanic and appears to be limited to warmer seas (Fox­
ton, 1961). Specimens taken by Bary ( 1960) from 
Cook Strait and south to the subantarctic were almost 
certainly S. thompsoni. 

Thalia democratica F orskal 
Occurrence : Tables 5, 6 .  
Sta. A:  A few specimens taken in one sample in Nov-

ember 1 963 .  
Sta. B :  A single specimen taken in April 1 965. 

Distribution : Hauraki Gulf (Fuller, 1 953 ) ; off the 
south-east of  the S outh Island and in Cook Strait (Bary, 
1 960) ; Wellington Harbour (Wear, 1 965c ) ; Kaipara 
Harbour, New Zealand, and widespread in warmer Aus-
1ralian seas (Thompson, 1 948, Russell and Coleman, 
1935 ) . 

The poor representation of this species, at least in 
.::::.e outer gulf, contrasts with Fuller's ( 1953) observa­
• ns that it dominated outer gulf summer plankton to­

�ther with Salpa fusiformis Cuvier and Salpa cylindrica 
C ·ier. Dense swarms of Thalia democratica were also 

red in the Jellicoe Channel in February 1 962 and in 
_ ·ovember 1 962 and 1 963 (personal observation). 

Thalia democratica is undoubtedly oceanic and must 
he only an occasional minor component of inshore 
rank.ton. Together with other salps, it probably occurs 

ma.inly in warmer waters in the New Zealand region 
though it has been taken from the south-eastern 

roast of the South Island ( Bary, 1 960), and it is also 
seasonally common in Wellington Harbour summer 

iallk.ton (Wear, 1 965c). 

Doliolidae 

Dolio/um (s. str.) nationalis Bogart 
Occurrence : Table 6; Fig. 27 . 

Sta. A :  Nil. 
Sta. B :  Taken in two samples in autumn 1 965 in which 

it was dominant and ultra-dominant. 
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Distribution : To the north of New Zealand (Garstang, 
1 933 ) ; and probably grouped with D. denticu/atus, which 
is widespread in warmer Australian seas, Thompson, 
1 948 ) . 

There is some doubt of the validity of this species, 
since Garstang ( 1 933) stated that the differences be­
tween D. nationalis and D. denticulatum Quoy and 
Gaimard are probably no more than environmental 
modifications. Nevertheless, the specimens taken in these 
samples agree in every respect with those described for 
D. nationalis rather than for D. denticulatum, and the 
former name has been retained (Van Zyl, 1 960). More­
over, Fraser ( 1 947) has recognised the two as separate 
species. Even if they are genetically identical they may 
have distinctly different affinities, which is more likely if 
the morphological differences are environmentally in­
duced (Fraser, 1 947). 

Although several thousand specimens have been ex­
amined this was the only doliolid found in the Hauraki 
Gulf autumn ( 1 965) swarms. With the e�ception of one 
larval stage all were gonozoids. This is the first record 
of an inshore occurrence of a doliolid in the area since 
T. H. Huxley based his re-description of D. denticula­
tum on specimens taken in the Bay of Islands from 
HMS Rattlesnake (Huxley, 185 1 ) .  

D. nationalis, like D. denticulatum, is limited to tem­
peratures of above 1 4  or 1 5°C. In the Pacific it inhabits 
the subtropical anticyclonic gyres and the area between 
them (Berner and Reid, 1 96 1). This would include the 
eastward moving Tasman Current in the Tasman Sea 
and also the East Auckland Current. It -is an oceanic 
species and must be carried inshore by horizontal mix­
ing processes. It is unrecorded from southern New Zea­
land and probably never occurs to the south of the Sub­
tropical Convergence. 

PTEROPODA 

Thecosomata 
Cavolinidae 
Creseis virgula Rang 

Occurrence : Table 6 .  

Sta. A :  Nil . 
Sta. B :  A minor constituent in one sample, April 1 965. 

Distribution : Off northern New Zealand (Massey, 1 920) , 
off south-eastern Australia (Dakin and Colefax, 1 933,  
1 940; K ott, 1 957 ) ; off the Great Barrier Reef (Russell 
and Coleman, 1 935) ; and in the North Pacific (Hida, 
1 957) . 

This oceanic species was taken in small numbers off 
northern New Zealand by the Terra Nova (Massey, 
1 920) and is common •in subtropical waters of the north­
ern Pacific (Hida, 1 957) .  
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Spiratellidae 
Limacina inflata ( d 'Orbigny) 

Occurrence : Table 6. Sta. A :  Nil. Sta. B :  A minor constituent m one sample, February 1965. 
Distribution : Off northern New Zealand in dredgings (Mestayer, 191 6) ; from northern New Zealand to the Antarctic (Massey, 1 920) ; and in the North Pacific (Hida, 1 957) . 

This is a widespread oceanic species, previously taken from off northern New Zealand to the Antarctic by the Terra Nova (Massey, 1920) .  

HETEROPODA Pterotracheidae 
Firoloida desmaresti Lesueur 

Occurrence : Table 6. Sta. A :  Nil. Sta. B :  Taken in June as an occasional minor constitu-ent. 
Distribution : Off Auckland and in Cook Strait (Ralph, 1 957) ; to the north of New Zealand (Purchas, 1963) ; and in the Tasman Sea and all warmer oceans (Tesch, 1949) . 

Normally an oceanic species often encountered in swarms in the Tasman Sea and in the Pacific to the north of New Zealand (Purchas, 1963 ) but not south of the South Island, New Zealand (Tesch, 1949 ) .  

CHAETOGNATHA 

? Sagitta serratodentata Krohn 
Occurrence : Tables 5, 6; Fig. 27. Sta. A :  Taken infrequently, one or two mature speci­mens occurring in January and in three winter and spring samples 1964. Sta. B :  Frequent or common in all but one -sample, but never more than sub-associate. Higher levels of abundance occurred in winter and again in sum­mer, but there was no pronounced ·seasonal var.iation. 
Distribution : Off northern New Zealand (and south to the Antarctic?) (Burfield, 1930) ; Hauraki Gulf (Fuller, 1953) ; off eastern Australia (Tokioka, 1940; Thomson, 1 947) ; and in the Atlantic (Alvarino, 1 965) . 

Most specimens were immature but their serrate jaws leave no doubt that they belong to the "serratodentata" group. Considering their size, the shape and position of the seminal vesicles, and the well developed collarette, all mature specimens are best referred to S. serratoden­
tata rather than to any other species within the group as defined by Alvarino ( 1961 ) .  In her review of ·chaetognaths, Alvarino ( 1965) re­cognises S. serratodenta as occurring only in the Atlan­tic, and she refers all Pacific records to S. pacifica and 
S. tasmanica, both of which were formerly regarded as varieties of S. serratodentata. Certainly my specimens 
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do not belong to S. pacifica, S. tasmanica, or S. pseudo­
serratodentata. Bary ( 1951 )  took S. serratodentata often throughout southern New Zealand waters, but he referred all his specimens to S. serratodentata var. tasmanica, which is now regarded as being a distinct species (Alvarino, 196 1 ) .  
Pterosagitta draco (Krohn) 

Occurrence : Table 6. Sta. A :  Nil. Sta. B :  One immature specimen, June 1 964. 
Distribu tion : Off northern New Zealand (Burfield, 1930) ; off south-eastern Australia (Dakin and Colefax, 1 940; Tokioka, 1 940, Thomson, 1947) ; widespread in the tropical and subtropcal Pacific (Hida, 1957) . An oceanic, epiplanktonic, cosmopolitan species of warm temperate seas (Alvarino, 1965) . 

This is an oceanic spec-ies taken commonly off north­ern New Zealand by the Terra Nova (Burfield, 1930) , but not recorded far south of the Subtropical Conver­gence (David, 1958 ) .  
CTENOPHORA 
Tentaculata 

Pleurobrachia pileus (0. F. Muller) 
Occurrence : Tables 5, 6; Fig. 28. Sta. A: Most distinctive and most characteristic of the winter and -spring plankton. Not ,consistently present and never numerous in late autumn. Numbers increased throughout winter, and it was common and an associate in rank by early spring, usually disappearing in mid-summer. By volume, P. pileus is dominant in late winter and spring plankton, and because of its preda­tory habits (Lebour, 1923; Fraser, 1962) it must be more important than numbers indicate. Wear (1965c) found a similar pattern of seasonal abundance in the Wellington Harbour. Sta. B :  Present in all but the February sample, but it did not show similar seasonality here to that inshore. Although the greatest numbers occurred in the January -sample, nearly all specimens at this time were very small larvae. Winter was the only season when large, mature specimens were taken and the species was -significant by volume. 
Distribution : Wellington Harbour (Ralph, 1950; Wear, 1965c) . 

At times when P. pileus was numerous other plankton was relatively scarce, but how far -this can be related to the presence of ctenophores has not been assessed. 
P. pileus is a neritic form. It is common on both sides of the North Atlantic but is rarely taken in the open ocean (Fraser, 1 962) . 

HYDROZOA Siphonophora 
Nectophores 

Occurrence : Table 6; Fig. 27. Sta. A :  Nil. 
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Sta. B :  One or two specimens taken in most autumn and winter samples but not taken from August until February, when a single specimen occurred. 
Siphonophores are oceanic in affinity. 

Anthomedusae 
Turritopsis nutricula McCrady 

Occurrence : Table 5; Fig. 3 1 .  Sta. A :  Taken inshore from late autumn until early spring in both years. Present when sampling commenced in 1 963 and also in April 1 964. In both years the last appearance was in October and it was continuously present up until this date. Although never more than frequent, it is relatively large (4-5 mm) and likely to prove a useful macroscopic indicator. The pattern of distribution is almost identical with that in Brit­ish waters, where it is used as an indicator of the influx of Channel water into the North Sea (Russell, 1953 ) .  Sta. B :  Nil. 
Dis1ribu1io11 : Bare Island, Hawke Bay (Kramp, 1928) ; Wellington Harbour (Ralph, 1 957) ; Hauraki Gulf ( Kramp, 1 965) ; widespread in warmer seas (Kramp, 1 96 1. 

Undoubtedly neritic in affinity. 

Leptomedusae 
Obelia spp. 

Occurrence : Tables 5, 6; Fig. 29. Sta. A :  The most abundant medusa taken. Frequent through most of -the year though never more than sub-associate in rank. Poorly repreesnted or absent in autumn. Sta. B :  Common only in winter and early spring, some­times as an associate. Small numbers sometimes present in summer and in one autumn sample. 
Wear ( 1965c) records a similar pattern of abundance for the Wellington Harbour. These medusae are neritic, since they are released by littoral or sub-littoral hyd­roids. 

\1 iscellaneous medusae 
Occurrence : Tables 5, 6; Fig. 30. Sta. A: Taken in every sample. In both years lowest numbers occurred in autumn and winter and increased in late winter and spring. The group was often common and sometimes associate in rank in spring and summer plankton. Sta. B :  Numbers t ended to increase from autumn 1964, reaching a maximum in mid-spring. Absent in November but common in January, after which numbers declined to an autumn minimum. 

Medusae are normally neritic in affinity, being re­leased by littoral and sub-littoral hydroids. 
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MERO PLANKTON 

Larvae of Littoral and Benthic Animals 
Teleostei 
Teleost eggs and larvae. 

Occurrence : Tables 5, 6. Sta. A :  Taken in many samples throughout the year but seldom more than occasional minor constituents. In one sample (December 1 964) fish eggs were common and sub-associate. Sta. B :  Either eggs or larvae were taken in all but the February sample. Eggs were usually frequent minor constituents but were absent in late autumn and early winter 1964. Larvae were most abundant in spring and early summer as fre­quent sub-associates but were absent in late summer and autumn 1 965. 
Cephalochordata 
Heteropleuron hectori Benham (amphioxus larvae ) 

Occurrence : Tables 5, 6; Fig. 27. Sta. A :  One specimen, taken 1 9  December 1964. Sta. Il: Taken in three ·consecutive monthly samples from August to October. They were common in August, frequent in September, and occasional in October. In the first two months they were sub-associates. 
Adult amphioxus are often taken in dredge samples from the region of the Jellicoe Channel (personal ob­servation) .  They are apparently rare in or near har­bours and estuaries. Larvae were only taken in a limited period so their breeding season must be quite brief. At their first appearance (August) all specimens were much the same size and their length frequency was unimodal (2.70-3.30 mm) .  In the following month two size groups were present. The larvae in one group were of comparable length to those taken in the previous month (2.85-3.86 mm) and in the other they were considerably larger ( 4.82-6.00 mm) . These two groups could represent two distinct spawnings, the larger Sep­tember group probably being the only one present in the previous month. Probably these larvae are typical of spring samples from open coastal localities in the region. 

Urochordata 
Ascidian tadpoles 

Occurrence :  Tables 5, 6; Fig. 3 1 .  Sta. A :  Occasional minor constituents in  winter samples and less abundant than in the spring months. Taken in every sample in summer and autumn and often sub-associates. Sta. B :  Taken only in the December sample as minor constituents. 
This group is mainly neritic. 
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Echinodermata 
Echino- and Ophio-plutei. 

Occurrence : Tables 5, 6; Fig. 32. Sta. A: Taken from late spring until late autumn and absent in the 5 month period from May to September. Absent in 1 963 until October and after reaching a peak in November ,they were only occasional in December, then frequent in late summer and autumn. Plutei disappeared in April and were absent until October, the same month as their first appearance in the previous year. Numbers were low in spring but common in summer Sta. B :  Seasonal distribution similar to that inshore, -though appearance and disappearance was two months later. Abundant in autumn 1 964 but not taken again until the following summer and autumn, when they were again abundant. 
Nearly all of the plutei taken belonged to one of three 

types, of which one was exclusive to Waitemata Har­
bour samples. This inshore type was a small spatangoid 
pluteus that was only taken in the early stages of de­
velopment. It is probably the pluteus of Echinocardium 
australe, the only abundant spatangoid in the Hauraki 
Gulf. In the Jellicoe Channel two types of pluteus were 
abundant; one was a spatangoid type at a late stage of 
development and the other an ophiopluteus. All these 
plutei had similar seasonal distributions and were not 
differentiated in counts. 

Echinoderm plutei are more abundant and more strik­
ing in samples fro� the open gulf waters, of which they 
are more typical. 

Auriculariae 
Occurrence : Table 6; Fig. 32. Sta, A :  Nil. Sta. B :  Frequent in March and April in both 1964 and 1965, and common associates in one sample (March 1965) . Also taken in January. 

Auriculariae, though larvae, were absent inshore and 
are probably more common in open coastal situations. 

Mollusca 
Gastropod and bivalve veligers 

Molluscan larvae have been differentiated only into 
gastropod and bivalve veligers. Both categories, especi­
ally the gastropods, contain a great variety of species. 

Occurrence : Tables 5, 6; Figs 33, 34, Sta. A: Both groups taken in nearly every sample as frequent sub-associates. Neither group showed pronounced seasonal variations. Bivalve larvae were least abundant in late sum­mer, autumn, and winter. Maximum abundance was in early to mid spring in 1963 but not until early summer in 1964. Gastropod veligers had two pedods of greater abundance, one in mid spring and the other in late summer. Numbers were generally low in winter and early summer. 
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Sta. B :  Both groups showed a more definite pattern ,· : abundance than inshore. A sharp increase o� ­curred in mid spring (October) , and number; reached greatest abundance in late spring and early summer. A sharp drop occurred in Febru­ary, and autumn values fluctuated between fre­quent and common. 
Generally more numerous in neritic plankton. 

Phoronidea 
Actinotrochs 

Occurrence : Tables 5, 6; Fig. 35. Sta. A: Very seasonal in occurrence. In 1 963 they \\We taken in every sample from late July to late October but at no other time. In 1 964 they were taken in the same period and also in small num­bers in January 1965. Never very numerous though taken in this restricted period in both years. They are very distinctive and could prove useful in determining the extent of neritic waters in the gulf in late winter and early spring. Sta. B :  Taken in two samples in A ugust and October, the time of their occurrence inshore. 
The number of species of phoronid in the area is 

unknown, but the group is very limited and it is un­
likely that there are more than one or two. They have 
been recorded only from Howick Beach (Wood, 1962), 
but considering the relatively large numbers of larvae 
in the plankton they must be quite common. 

Bryozoa 
Cyphonautes 

Occurrence : Tables 5, 6; Figs 34, 35. Sta. A :  In many samples, usually as occasional minor constituents. In one or other year of sampling they were taken at every season. Their longest period of absence was from May to October 1963. Sub-associates only in spring. Sta. B : Taken in small numbers in autumn and winter, but, as inshore, they were numerous only in spring as common associates or sub-associates. Absent in summer and autumn. 
Annelida 
Polychaete larvae 

Occurrence : Table 5, 6; Fig. 36. Sta. A :  Present in every sample and usually frequent sub-associates. More numerous in winter in both years and relatively numerous in spring. A minor peak occurred in autumn 1 964, but the most constant feature was the winter peak. Although species were not counted separately, larval spionids (probably mostly Polydora) and polynoids formed the bulk of the winter popula­tion, together with fewer of the distinctive larvae of Pectinaria and Magelona. Magelona larvae were also present ,in spring when the mitrariae of Owenia were quite numerous. Occasional alciopids occurred in autumn and, although adult, they have been included with these larvae. 
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Sta. B: Frequent sub-associates in autumn and early winter but most numerous in late winter and early spring. Also frequent in autumn. 
Cirripedia Barnacle nauplii and cyprids 

Occurrence : Tables 5, 6; Figs 37, 38. Sta. A: The most abundant and numerous non-copepod group taken inshore (though of relatively little importance in the Jellicoe Channel) . Commonly sub-dominant or -dominant and at times more numerous than calanoid and cyclopoid ·copepods. Relatively few nauplii were taken in the late autumn plankton but their numbers increased, reaching a peak in mid winter. In early spring numbers fell to a low level, but in late spring (November) they suddenly became abundant and dominant. In December (1 963) nauplii fell in abundance but in the following month rose to very abundant and ultra-dominant, after which, in autumn, values declined. This December drop in numbers did not occur in 1964, and nauplii remained common throughout summer until the end of the sampling period. In both years greatest abundance and dominance were attained after spectacular rises in late spring and early summer, a secondary peak oc­curring in the late winter months. Barnacle cyprids were much less numerous than nauplii but, predictably, .had a similar seasonal distribution. They were most numerous in spring and early summer, the only ,time when they were common associates. A secondary period -of abundance occurred in late winter and early spring, which corresponded with a slightly earlier peak for nauplii. The only major anomaly be­tween the numbers of nauplii and cyprids was in January 1 964 when maximum numbers of nauplii were taken but -cyprids were relatively scarce. Sta. B: Both nauplii and cyprids were minor, though occasionally abundant, components. As ,inshore, greatest numbers were taken in January while a secondary period of importance was in winter. Minimum abundance was in spring. 
Species of nauplii have not been separately recognised although those of Elminius modestus have been identi­fied (Knight-Jones and Waugh, 1 949) .  Two groups of barnacle nauplii were readily differentiated by their size. One, a group of relatively small naupHi (Stage VI, 0.47-0. 50mm) , was present throughout the year but was rather more numerous in late winter and again in sum­mer. These are most probably the larvae of E. modes­

tus and Chamaesipho columna, the two abundant small barnacles of the area. Of these, Elminius modestus nauplii would be expected to be more numerous since the adult has a wide range of habitats extending into the sub-littoral. The winter and spring maxima for num­bers of naupli i  correspond approx imately to the settle­ment peaks of E. modestus at North Head (Skerman, 1 959) .  The second type of nauplius was much larger (Stage VI, 0.6 1 -0.71mm) and was a balanoid type. They were restricted in occurrence to the period November to February with peak abundance in January. These are undoubtedly the nauplii of Ba/anus amphitrite and 
B. trigonis, the two most abundant balanoids, which 
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settle from November to March. B. amphitrite had a peak settlement in January and February ( Skerman, 1959) . Wear ( 1965c) found no d istinctive peak in barnacle larvae numbers in Wellington Harbour and on this evidence stated that "this group does not form the strik­ing planktonic landmark in the spring in the South Pacific as it does in Europe" (Pyefinch, 1 948;  1 949 ; Barnes, 1 950, 1957) .  Dakin and Colefax ( 1 933)  re­corded little fluctuation in the numbers of barnacle nauplii off Sydney, but their station was too far offshore for the larvae of predominantly littoral animals to be very important. The fact that Wear took few nauplii in Wellington Harbour could be explained as he used a coarse net (36 gauge grit gauze, mesh 525 microns) .  In Waitemata Harbour the spring outburst of barnacle larvae is very distinct. 
Decapoda 
Petrolisthes elongatus (Milne-Edwards) 

Occurrence : Tables 5, 6; Fig. 39. Sta. A: Zoeae were taken throughout the year, and, though not always present, ,they were only once absent from two consecutive samples (in April 1 964) . They were never common, and the only evidence of periodicity is that , they were more numerous in early summer. The continual pres­ence of zoeae in the plankton and an early summer maximum are consistent with the oc­currence of ovigerous females on the shore throughout -the year but which are more numer­ous in late winter and spring (Greenwood, 1 965) . In Wellington Harbour (Wear 1 964b, 1 965b) zoeae were absent from the ,plankton from April to August, and it is likely that lower winter temperatures at that locality inhibit autumn and winter breeding. Sta. B: A single specimen was taken in January I 965. 
Petrolisthes novaezelandiae Filhol 

Occurrence : Tables 5, 6; Fig. 39. Sta. A: In all but one sample, but only once an associ­ate, and only twice common (August and Sep­tember 1 964) . Little seasonal periodicity was shown, numbers gradually rising from early win­ter to late summer in 1 963-64 and rising abruptly in early spring 1 964. Wear (1 964a) also took zoeae throughout the year from Wellington Harbour. Sta. B: Taken from August to October, and in January and April, generally as frequent minor constitu­ents. 
That P. novaezelandiae zoeae were more abundant than P. elongatus at both stations is not surprising. The latter species has the more extensive habitat, being widely d istributed in the sub-littoral. 

Jaxea sp. 
Occurrence : Tables 5, 6. Sta. A: An occasional minor constituent in one sample, December 1 963, and in three consecutive samples in spring 1 964. 
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Sta. B :  Occasional in September and frequent in Octo­ber, but not taken at any other time. 

Brachyuran zoeae 
Occurrence : Tables 5, 6; Fig. 40. Sta. A :  Taken in every sample, usually as associates and frequently as sub-dominants. In 1963-64 there was little marked seasonal variation in numbers, but they were rather less numerous in the early winter and in autumn. In 1964 there was greater variation. From low autumn values numbers rose, reaching a minor peak in early winter, but reaching maximum abundance and dominance in early spring. After this, numbers varied consid­erably, showing no trend in abundance but de­creasing towards summer . In both years numbers increased throughout win­ter to reach peak abundance in ea,rly spring, but this •peak was less pwnounced in 1963 than in 1964. Sta. B :  Less abundant than inshore. Common only twice and frequent in all other samples except in March and November 1964 and February 1965, when none were taken. 

Sundry decapod larvae 
This group includes all decapods except those listed 

separately. 

Occurrence : Tables 5; 6; Fig. 41. Sta. A: Similar patterns of abundance were recorded in both years. Minimum abundance was in autumn and winter. From mid winter on numbers rose so that the larvae became common in Septem­ber, and they fluctuated about this level until mid summer. After this numbers declined. Sta. B :  As inshore, decapods were most numerous in spring when they were common in three con­secutive samples. Also common in June but otherwise frequent, except in February when they were absent. 

AFFINITIES OF HAURAKI GULF 
ZOOPLANKTON 

The affinities of Hauraki Gulf plankton have been 
assessed by the number of species that are common to 
both this and other South-west Pacific localities and to 
South African waters. In Table 1 1  copepods have been 
listed first as they are the most numerous, varied, and 
frequently the best documented organisms and are 
likely to yield the most useful and reliable information. 
The localities are arranged in order of decreasing num­
bers of copepod species held in common with the Hau­
raki Gulf. 

Only two other New Zealand localities are available 
for comparison : northern New Zealand (based on the 
Terra Nova collections) and southern New Zealand 
(based on the 1951 (unpublished ) thesis of Bary) .  It 
is immediately apparent that of these, and all other 
localities listed, Hauraki Gulf copepods have more in 
common with those from northern New Zealand and 
less in common with those from southern New Zealand. 
This difference might be expected as the Subtropical 
Convergence separates southern New Zealand from the 
north and is undoubtedly the most important physical 
boundary of plankton dispersal in the area. It is notable 
that of the 1 1  species common to both southern New 
Zealand and the Hauraki Gulf, Bary regarded six 
( Calanus tenuicornis, Centropages bradyi, C. aucklan­
dicus, Pleuromamma abdominalis, P. gracilis, and Labi­
docera cervi), none of which were numerous, as strays 
of warm-water species from the north. This indicates 
an even greater difference between the copepod faunas 
north and south of the Subtropical Convergence. 

South-eastern Australian and South African waters 
also have a large number of copepod species ,in common 
with the Hauraki Gulf, and, in spite of their geographi­
cal separation, they have many hydrological features in 
common. These localities are comparable in latitude 
and all lie to the north of the Subtropical Convergence. 
so that the main ocean currents are derivatives of the 

TABLE 1 1 .  Affinities of Hauraki Gulk Plankton as Indicated by the Number of Species Held in Common with 
Other Southern Hemisphere Waters. Arranged in Decreasing Order of Abundance for Copepods 

Hauraki Northern I South-eastern I South Plankton Gulf N.Z. Australian African Copepoda 37 32 28 21 Cladocera 3 1 3 Thaliacea 3 1 2-3 Euphausidacea l 1 I Chaetognatha 2 2 2 Pteropoda 2 2 1 Heteropoda 1 1 I 
Authorities : I Farran (1929) ; 2 Dakan and Colefax (1940) ; 3 De Decker ( 1964) ; 4 Farran (1936) ; 5 Grice ( 1961) ; 6 Bary (1951) ; 7 Calman (1917) ; 8 Garstang (1933) ; 9 Thompson ( 1948) ; I O Van Zyl ( I  960) ; 11 Tattersall (1924) ; 1 2  Sheard 

2 0 2 
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r Great Barrier I Equatorial Reef Pacific 13 
1-2 0 2 I 1 

13  
2 2 

Southern N.Z. 11 0 2 l l ?  0 

Authorities (see below) 1, 2, 3, 4, 5, 6 7, 2, 6 6, 8, 9, J O  6 ,  11, 12, 13, 14 6, 15, 16, 17, 18, 23 2, 6, 18, 21, 22 19, 20, 22 
(1953) ; 13 Nepgen (1957) ; 14 TattersalJ (1936) ; I 5 Burfield (1930) ; 16 Thomson (1947) ; 17 Heydorn (1959) ; 18 Hida (1957) ; 19 Teach (1949) ; 20 Kott (1957) ; 21 Massey (1920) ; 22 Russell and Coleman (1935) ; 23 Burfield (1950) . 
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southern anticyclonic gyres. The major current of south­
eastern Australia is the south-flowing East Australian 
Current, and this has a common origin with the Tasman 
Current (Fig. 1 ) ,  the chief water mass affecting north­
ern New Zealand waters, so biological similarities be­
tween northern New Zealand and south-eastern Aus­
tralian localities might be expected. The main water 
mass of South African waters is the south-flowing Agul­
has Current, which, like the waters of the Tasman Sea, 
has a subtropical origin and is modified in its passage 
south in much the same way as the Tasman Current as 
it approaches New Zealand. 

The copepods of the tropical and subtropical waters 
of the Great Barrier Reef and the Equatorial Pacific are 
not very similar to those of the Hauraki Gulf. Thirteen 
species are common to both localities. Even so, these 
species are characteristically tropical and subtropical in 
distribution and comprise a distinctive subtropical ele­
ment in the Haurak·i Gulf fauna. It is also significant 
that Hauraki Gulf copepods have more similarities with 
the subtropical Pacific species than with those of south­
ern New Zealand. 

Apart from the copepods other holoplankton groups 
indicate the same affinities. Of the cladocerans, Bary 
( 1 951) records none from southern New Zealand while 
all three species are common off the south-eastern Aus­
tralian coast. Amongst salps, only the doliolids of the 
Terra Nova expeditions have been studied. The doubt 
about the number of species in Australian waters that 
also occur off northern New Zealand arises through the 
recorded occurrence of Doliolum nationalis, which some 
workers recognise only as a variety of D. denticulatum. 
Though Bary took Salpa fusiformis in southern New 
Zealand, this was forma aspersa, now recognised as a 
distinct subantarctic species, S. thompsoni (Foxton, 
1 961) .  Bary (1951) also took Thalia democratica, but 
regarded it as a stray from warmer waters. 

The euphausid Nyctiphanes australis is a shelf species 
and is common to south-eastern Australian waters and 
northern and southern New Zealand. Both chaetog­
naths Sagitta setratodentata and Pterosagitta draco are 
recorded from all localities north of the Subtropical 
Convergence. The one species common to northern and 
outhern New Zealand, ? Sagitta serratodentata, was 

represented by different varieties at the two localities. 
The pteropods and heteropods also show a similar pat­
tern to other groups, the same species being recorded 
for all localities for which information is available ex­
cept southern New Zealand. 

This evidence indicates the strong subtropical char­
acter of Hauraki Gulf and northern New Zealand plank­
tonic fauna. However, in numbers of individuals, both 
inner and outer gulf plankton have a dominant neritic 
element. For example, although 35 species of copepods 
were taken in the Hauraki Gulf, few of these were 
abundant, and four species together comprised over 
90% of the copepods taken at Sta. A and over 80% of 
the copepods taken at Sta. B. AH four of these species, 
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Paracalanus parvus, Corycaeus aucklandicus, Temora 
turbinata, and Acartia clausi. are characteristically coas­
tal species. Of these only Corycaeus aucklandicus ap­
pears to be restricted to northern New Zealand waters, 
while the other three species have similar status in 
inshore waters elsewhere, Acartia clausi and Paracala­
nus parvus being particularly widely distributed. Species 
of Corycaeus are not recorded as major elements of 
copepod fauna elsewhere though they are often minor 
components and are sometimes represented by a variety 
of species (Dakin and Colefax, 1940; Farran, 1936; 
Grice, 1960; Digby, 1950) . By number, neritic species 
dominated the -copepod catch throughout the year, but 
in autumn 1965 the non-copepod zooplankton of the 
outer gulf was predominantly oceanic (see page 89) .  

Further information concerning the affinities of Hau­
raki Gulf copepods can be gained by comparing them 
with those of the Terra Nova collections. Besides samp­
ling in the open ocean, the Terra Nova sampled in the 
Bay of Islands, an inshore locality about 80 miles north 
of the Hauraki Gulf which in many ways is comparable 
to the outer gulf. The comparison of the two collec­
tions shows that they are strikingly similar (Table 12) . 
Farran ( 1929) recorded 23 species from the Bay of 
Islands, and all but two of these have now been taken 
in the Hauraki Gulf. In addition, 1 1  species that Far­
ran ( 1929) recorded only from the open ocean have 
now also been taken from the outer gulf. Nearly all of 
the open ocean species have subtropical centres of  
abundance and few have been recorded south of 43°S 
except as strays. Three species, Clausocalanus arcui­
cornis, Ctenocalanus vanus, and Oithona similis, are ex­
ceptions, being eurythermal and having wide ranges. 

In Table 12 species are arranged in order of abund­
ance in inshore waters (W aitemata Harbour) and in the 
outer gulf. All of the common copepods at both stations 
are neritic species which are more abundant inshore in 
both this and the Terra Nova collections. Although 35 
species were taken in the gulf, only a few were abund­
ant. The variety of species was considerably less in the 
inner gulf, as 21 and 35 species occurred at Sta. A and 
Sta. B respectively. Even though 2 1  species were taken 
from inshore, at various times iit was unusual for more 
than eight to be present in the same sample. There were 
usually twice this number present in the outer gulf. 

The neritic and oceanic species within the non­
copepod holoplankton yield information that is consist­
ent with that derived from the copepod fauna. The 
appendicularians were not all identified to species but 
the greatest number were Oikopleura dioica, a species 
that may be derived from offshore but achieves maxi­
mum abundance in neritic or mixed shelf and oceanic 
water (Fraser, 1961) .  All of the dadocerans are char­
acteristically neritic, and none are recorded in quantity 
from oceanic areas. The same is true of the ctenophore 
Pleurobrachia pileus, and the euphausid Nyctiphanes 
australis is regarded as a shelf rather than an oceanic 
species. 
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Salps form the only group in the Hauraki Gulf plank­
ton that is undoubtedly wholly oceanic. They were 
abundant for a restricted period of the year (see p. 6 1  
for full discussion). 

COMPOSITION OF ZOOPLANKTON 

MEAN ANNUAL ABUNDANCE OF MAJOR GROUPS 

The rnean annual abundance of the major zooplank­
ton groups is surnrnarised in Table 13. The variety of 
zooplankton was rather less inshore in the Waitemata 
Harbour than in the Jellicoe Channel. Groups entirely 
absent •inshore, or represented in only one or two 
samples, are generally oceanic or characteristic of shelf 
but not of neritic waters. These include salps, euphau­
sids, chaetognaths, pteropods, and heteropods. Although 
only a few groups were absent frorn inshore samples, 

rnany were represented only by euryhaline and eury­
thermal species either characteristic of inshore waters or 
widespread and nearly cosmopolitan. Thus, within holo­
planktonic groups, there were fewer species inshore. 

Sta. A - Waitemata Harbour 
Copepods dominated most inshore samples and were 

by far the most abundant organisms, averaging over 
70% of the catch. As a group the larvae of benthic and 
littoral animals ranked next, their average abundance 
being 22%. Together these two groups, copepods and 
larvae, accounted for over 92% of the average numbers. 
Appendicular,ians, cladocerans, medusae, and cteno­
phores were also moderately abundant. Appendicula­
rians and medusae were taken throughout the year but 
had no particular pattern of abundance, whereas clado­
cerans and ctenophores were absent for considerable 
periods. 

TABLE 12. Affinities of Hauraki Gulf Copepods as Indicated by their Centres of Main 
Abundance in This Collection and in the Terra Nova Collections from Northern New Zealand 

(Farran, 1929) 

Species 
Paracalanus parvus 
Corycaeus aucklandicus 
Temora turbinata 
A cartia clausi 
Centropages aucklandicus 
Euterpina acutifrons 
Labidocera cervi 
Oithona similis 
Clytemnestra rostrata 
Oithona nana 
Ctenocalanus vanus 
Oncaea sp. 
Clausocalanus arcuicornis 
Oithona plumifera 
Ca/anus australis 
Oncaea media 
0. venusta 
Corycaeus crassiculus 
Coryce/la rostrata 
Pontella novaezelandiae 
Gladioferens pectinatus 
A cartia danae 
Mecynocera clausi 
Microsetella rosea 
Nannoca/anus minor 
Ca/anus tenuicornis 
Pleuromamma gracilis 
Oncaea conifera 
Pleuromamma abdominalis 
Oncaea mediterranea 
Lucicutia flavicornis 
Paracalanus aculeatus 
Centropages bradyi 
Rhincalanus cornutus 
Candacia bipinnata 
H eterorhabdus papilliger 
Eucalanus sp. 

I Inner Hauraki Gulf I Outer Hauraki Gulf I Terra Nova (Order of Abundance) (Order of Abundance) Bay of Islands Open Sea 
l l 
2 2 
3 4 
4 3 
5 8 
6 6 
7 =26 
8 5 
9 1 1  1 0  7 

1 1  1 0  
1 2  1 5  
1 3  9 
14 1 2  
1 5  14 

= 1 6  1 7  
= 1 6  1 8  
= 1 8  25 
= 1 8  22 

20 
2 1  

1 3  
1 6  
1 9  
20 
21 
23 
24 

=26 
=26 

29 
=30 
=30 

32 
33 

=34 
= 34 
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abundant very abundant common common scarce frequent frequent common 
scarce 
frequent scarce 
scarce scarce 
frequen t 
-rare -rare frequent scarce scarce 
frequent 
-rare 

? 

common common abundant common scarce scarce scarce abundant 
common 
abundant frequent frequent common common frequent frequent scarce 
abundant frequent frequent common common co,mmon common frequent frequent comm-on -rare scarce scarce comm-on frequent ? 
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TABLE 13.  Mean Annual Abundance of the Major 
Zooplankton Groups. 

Group I Total Number I Mean (%) Annual Std. Hall/Sample Abundance 
Sta. A - Waitemata Harbour Calanoids 1 37 ,8 1 4  48.01 

2 Larvae 66,8 14  22.01 
3 Cyclopoids 54,061 1 9.48 
4 Appendicularians I 1 ,456 3.63 
5 Harpacticoids 7,791 2.76 
6 Cladocerans 6,850 l .72  
7 Medusae 2,799 1 . 1 8  
8 Ctenophores 2,422 1 . 1 6  
9 Other holoplankton 1 22 0.04 

Sta. B - Jellicoe Channel Calanoids 1 7 3,077 36.80 
2 Cyclopoids 65, 1 34 23.40 
3 Appendicularians 37,575 1 2.20 
4 Cladocerans 1 1 1 ,609 7 .26 
5 Larvae 22,559 6.77 
6 Salps 33 ,487 6.46 
7 Harpacticoids 1 2,6 15  3.22 
8 Euphausids 7,259 2.35 
9 Medusae 1 ,980 0.63 

1 0  Ctenophores 1 ,660 0.50 
I I  Chaet·ognaths 678 0.24 
1 2  Other holoplankton 59 0.03 

All of these moderately abundant groups showed 
some fluctuation in numbers and in a few samples clado­
cerans constituted more than 15%, appendicularians 
more than 10%, and ctenophores or medusae more than 
5% of the sample. Other holoplanktonic groups 
( mysids, cumaceans, isopods, amphipods, chaetognaths, 
and salps) together averaged only 0.04% of the catches. 

Sta. B - J ellicoe Channel 

Copepods were also the most abundant group in the 
outer gulf, averaging 63% of the catch. The larvae of 
benthic and littoral animals were much less abundant 
here, averaging less than 7% of the average catch. Once 
they constituted 22%, a value comparable with the 
average for inshore samples. The non-copepod holo­
plankton was both more varied and more abundant in 
the Jellicoe Channel and not only were more groups 
represented, but there was also generally more variety 
within those groups that were common at both stations. 
Holoplanktonic groups were taken in the following 
order of abundance: appendicularians, cladocerans, 
salps, euphausids, hydromedusae, ctenophores, chaetog­
naths, pteropods, siphonophores, and heteropods (Table 
1 3 ) .  Of these groups, cladocerans, salps, and appendi­
cularians each numbered more than 50%, outnumbering 
copepods in some samples. Of the other groups, euph­
ausids numbered more than 13%, medusae nearly 5%, 
and ctenophores more than 2% of the catch in different 
samples. 
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SEASONAL VARIATIONS IN ZooPLANKTON COMPOSITION 

Sta. A - Waitemata Harbour 
The seasonal abundance of the most numerous zoo­

plankton groups (calanoid copepods, cyclopoid and 
harpacticoid copepods, larvae, and non-copepod holo­
plankton) in 1963-64 and 1964-65 is contrasted in Fig. 
45. The percentage composition of calanoids, cyclo­
poids, harpacticoids, larvae, appendicularians, and 
ctenophores which together comprise nearly 99% of the 
average catch is shown in Figs 46, 47. The percentage 
composition of the copepod fraction is in Figs 42, 43. 

Information concerning separate groups or species, 
not considered in the above figures but mentioned in the 
following text, is ,in Table 5. 

Dominance of the major groups throughout the 
period sampled is shown in Table 1 4. 
Autumn 1963 (March, April, May) 

Calanoid copepods were the most abundant group. 
At first Temora turbinata was dominant, but it later 
dropped to sub-dominant and then to associate rank. 
Paracalanus parvus was sub-dominant throughout and 
in May became the most abundant calanoid copepod. 
Of the other calanoids, Centropages aucklandicus was 
usually a sub-associate, as was Acartia clausi, except in 
April when it was only a minor constituent. A. clausi 
was least important in autumn. A few Labidocera cervi 
were present in every sample. The only important cyclo­
poid copepod, Corycaeus aucklandicus, was at first sub­
dominant but became less abundant with the approach 
of winter. Harpacticoids were never important though 
Euterpina acutifrons was usually present in small num­
bers. 

Among the non-copepods, larvae were collectively the 
most important group, barnacle nauplii declined from 
sub-dominant to associate, and polychaete larvae from 
associate to sub-associate. Other sub-associate larvae 
were miscellaneous decapods, brachyuran zoeae, bivalve 
veligers, gastropod veligers, and, in early autumn, plut­
eus larvae and Petrolis:hes novaezelandiae zoeae. 

Oikopleura spp. were the most abundant holoplank­
tonic non-copepods as sub-dominants or associates, and 
the cladoceran Padon polyphemoides attained associate 
rank in April and May. Apart from these more abund­
ant organisms, Penilia avirostris, Evadne nordmanni, 
and hydromedusae were always present, and in May 
Pleurobrachia pileus and Turritopsis nutricula became 
established as conspicuous but never numerous com­
ponents. 

In autumn the summer and early autumn dominants, 
Temora turbinata and Corycaeus aucklandicus, declined 
to a level that was exceeded by Paracalanus parvus, the 
dominant winter copepod. With the approach of winter, 
plutei and cladocerans gradually disappeared, and 
Pleurobrachia pileus together with Turritopsis nutricula 
became established. Cladocerans are probably usually 
more numerous in autumn than in the one sampling 
year, 1964, because there is reason to believe that they 
failed to become well established in this year (see p. 85) . 
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FIG. 45. Anomaly diagram of differences in the abundance of major zooplankton groups between 1 963-64 and 1 964-65 for Sta. A - Waitemata Harbour 
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Level ·of dominance March 
(%) 

50-76.6 Temora Dominant 

23.3-49.9 Corycaeus Sub-dominant Paracalanus 

6.7-23.2 Associate 
. 

1.0-6.6 Sub- Centro pages as·sociate A cartia 

Level of 
l dominance September 

(%) 

50-76.6 Dominant 

23.3-49.9 Sub- Corycaeus dominant 

6.7-23.2 Paracalan11s 
Acartia As·sociate Temora 

fi 
. 

I 

1.0-6.6 Euterpi11a Sub- Centro pages as·sociate Clytemnestra 

TABLE 14. Successfon of Dominance at Sta. A - Waitemata Harbour 
COPEPODS 

April May June 

Temora A cartia Corycaeus Paracalanus 
Paracalanus Paracalanus 

,, 

Temora Temora Corycaeus 

Corycaeus 

Centro pages Centro pages Centro pages 
A cartia Oithona nana 

Euterpina 

October November December 

Corycae11s 

Corycae11s Corycae11s Temora 

Paracalanus Paracalan11s Paracalanus 
A cartia A cartia 

A cartia Temora E11terpi11a 

Temora Centro pages Centro pages Centro pages Euterpina 

July August 

Paracalanus 

Paracalanus A cartia A cartia 

Temora Temora 
Euterpina Corycaeus 

Corycaeus Euterpina 
Centro pages Centro pages 

January February 

Corycaeus Corycaeus 
Temora Temora 

Paracalanus Paracalanus 
A cartia A cartia 

Euterpina 
Centro pages 
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m 
m 

-...) w 

Level of dominance 
(%) 

50-76.6 Dominant 

23.3-49.9 Sub-dominant 

6.7-23.2 Associate 

J .0-6.6 Sub-associate 

Level of dominance 
(%) 

50-76.6 Dominant 

23. 3-49.9 Sub-dominant 

6.7-23.2 Associate 

1 .0-6.6 Sub-associate 

March 

Barnade nauplii 

Oikopleura Polychaete larvae 
Padon 
Evadne Pluteus larvae 
Petro/isthes novaezelandiae 

September 

Brachyuran zoeae 

Oikopleura 
Pleurobrachia Decapod larvae 

Obe/ia 
Petro/isthes novaezelandiae 

NON-COPEPODS 

April May 

Brachyuran zoeae 

Barnacle nauplii 
Oikop/eura Oikop/eura 

Barnacle nauplii Padon Padon 

Peni/ia 
Evadne Pleurobrachia 

Turritopsis 

October November 

Barnacle nauplii 

Brachyuran zoeae 

Oikopleura 
Pleurobrachia Brachyuran zoeae Decapod larvae Oikopleura Medusae 
Cyphonautes Pleurobrachia Actinotrochs Pluteus larvae Petrolisthes novaezelandiae 

- -· 

June July August 

Brachyuran zoeae Barnacle nauplii Barnacle nauplii Podon 

Brachyuran zoeae 
Oikop/eura Brachyuran zoeae Oikopleura Polychaete larvae Oikopleura Polychaete larvae Polychaete larvae Barnacle nauplii --

Pleurobrachia 

Pleurobrachia Pleurobrachia Turritopsis Turritopsis Evadne 
Petrolisthes novaezelandiae 

December January February 

Barnacle nauplii 

Barnacle nauplii Barnacle nauplii 

Brachyuran zoeae Brachyuran zoeae Brachyuran zoeae 
Oikop/eura Oikop/eura Oikop/eura 

Pleurobrachia Padon Podon Pluteus larvae 
Obelia Evadne Evadne 
Petrolisthes novaezelandiae Pluteus larvae Pluteus larvae 
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Late Autumn 1963 (May) 
Calanoid copepods, the most abundant organisms, 

were rather more abundant in May 1964 than in the 
previous year when their numbers were rivalled by those 
of cyclopoids. Larvae ranked third in abundance and 
were less numerous at this than at almost any other 
time. Other groups of less importance were cladocer­
ans, the numbers of which were declining; harpacticoids, 
which were increasing in number; and appendicularians. 
In 1 963 ctenophores were also present from the first 
sampling day onwards. 

Winter 1963 (June, July, August) 
Calanoids were again the most numerous organisms 

and they were relatively a larger component of the zoo­
plankton at this than at any other season. This was 
partly due to the scarcity of other organisms, particu­
larly larvae (as found by Wear ( 1965c) in the Welling­
ton Harbour) ,  but even so calanoids were at least as 
abundant as at any other time of the year. Paracalanus 
parvus and Acartia clausi were the most abundant 
species, Paracalanus parvus always being the more 
numerous. Centropages aucklandicus was always pres­
ent as a sub-associate and Labidocera cervi was invari­
ably taken as a minor constituent. Cyclopoids were less 
abundant than at any other time, Corycaeus aucklandi­
cus reaching minimal numbers in June and July as a 
sub-associate. After this C. aucklandicus began to in­
crease, becoming an associate in August. Euterpina 
acutifrons was taken in significant numbers in winter as 
sub-associate and in July as a full associate. Winter was 
the only season when harpacticoids rivalled cyclopoids 
in number. 

As a group larvae ranked second after calanoids, 
barnacle nauplii being the most numerous group as 
sub-dominants until August. Brachyuran zoeae were 
also sub-dominant in early winter, but later they were 
only associates. Polychaete larvae as associates were 
more important than at other seasons. 

Appendicularians, mostly 0ikopleura dioica, were 
again the most abundant non-copepod holoplanktonic 
anin1als as associates. Pleurobrachia pileus increased 
in number throughout winter and Turritopsis nutricula, 
though never numerous, was taken in every sample. 
Pleurobrachia pileus and Turritopsis nutricula are large 
and have predatory habits which make them conspicu­
ous and biologically important. 

In August 1964 there was a burst of Padon poly­
phemoides and Evadne nordmanni, both of which were 
absent in the previous year. This anomalous occurrence 
is discussed on p. 88. Contemporarily with this burst, 
and in a few subsequent samples, several copepods were 
taken that were not otherwise present in Waitemata 
Harbour samples. These species were Clausocalanus 
arcuicornis, Ctenocalanus vanus , Ca/anus australis , 
0ncaea media, 0. venusta, 0. sp., and Corycella ros­
trata, together with the chaetognath Sagitta ? serrato­
dentata and Jaxea larvae. 
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In winter Paracalanus parvus and A cartia clausi dom­
inated the copepod population and neither Temora tur­
binata nor Corycaeus aucklandicus were abundant when 
compared with other seasons. Amongst non-copepods, 
Pleurobrachia pileus and Turritopsis nutricula were con­
spicuous and characteristic components of winter plank­
ton. Small barnacle nauplii were the most conspicuous 
larvae and, together with brachyuran zoeae, they were 
often sub-dominant. Polychaete larvae were relatively 
more important in winter than at other times. 

Spring 1963 and 1964 (September, October, November) 
At first calanoids were the most abundant animals, 

but they then declined in numbers and in relative 
abundance, reaching minimum numbers in October 
1963 and in September 1964. The numbers of both 
Paracalanus parvus and Acartia clausi declined to a 
level comparable with Temora turbinata. At this time no 
other calanoid increased in number, so the decline is not 
likely to result from competition within the group. 
However, the cyclopoid Corycaeus aucklandicus con­
tinued the increase which had begun in later winter 
until it became the most abundant copepod. In 1963 
C. aucklandicus was dominant throughout spring and 
was ultra-dominant in October. However, in 1964 it 
dominated only one sample because both Paracalanus 
parvus and A cartia clausi regained considerable import­
ance in October and November. These differences be­
tween the two years are discussed in detail on p. 85. 

The harpacticoids Euterpina acutif rans and Clytem­
nestra rostrata were well represented in September in 
both years. 

Amongst non-copepods, larvae were again the most 
abundant. In early spring various decapods were the 
most frequent, brachyuran zoeae being sub-dominant, 
ungrouped decapod larvae associates, and Petrolisthes 
novaezelandiae zoeae sub-associates. Barnacle nau plii 
were less abundant in September and October than at 
any other time but in November they increased spec­
tacularly. Balanoid nauplii became dominant, exceeding 
copepods in number. Sub-associate larvae included 
polychaetes, bivalve and gastropod veligers, cyphon­
autes, actinotrochs, and, in November, pluteus larvae. 

The appendicularian 0ikopleura dioica was the most 
abundant and constant member of the non-copepod 
holoplankton as an associate. In early spring Pleuro­
brachia pileus was also an associate but its numbers 
decreased with the approach of summer. 

Spring plankton was characterised by the domination 
of the copepod population by Corycaeus aucklandicus 
while Paracalanus parvus, A cartia clausi, and Temora 
turbinata were of secondary importance. Amongst non­
copepods decapoda were initially abundant, as was 
Pleurobrachia pileus, but these components became less 
plentiful with the approach of summer. In November 
large numbers . of balanoid nauplii were present and 
were the dominant non-copepods. Also in late spring 
some typical summer organisms, including cladocerans 
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and pluteus larvae, appeared in small numbers. Spring 
was the only season when actinotrochs and cyphonautes 
were regularly present. 

Summer 1963-64 (December, January, February) 

The calanoid population was characterised in summer 
by a high proportion of Temora turbinata, which was 
usually sub-dominant and more abundant than either 
Paracalanus parvus or A cartia clausi. Centropages 
aucklandicus was a sub-associate and Labidocera cervi 
was regularly taken. Corycaeus aucklandicus was 
abundant and sub-dominant but was seldom as import­
ctnt as in spring plankton. 

Balanoid nauplii were the most abundant non-cope­
pods and were often sub-dominant or even ultra-domin­
ant until February, when they became less numerous 
though still sub-dominant. Brachyuran zoeae, together 
with Oikopleura dioica, were numerous and associates. 
Summer sub-assooiates included larval polychaetes, bi­
valves, gastropods, ungrouped decapods, and plutei. 
P/eurobrachia pileus was still taken in significant num­
bers in December but disappeared in January and 
February. In summer the cladocerans Padon poly­
phemoides and Evadne nordmanni became well estab-
1 ished and, together with pluteus larvae, were character­
istic of summer and autumn plankton. Penilia avirostris 
was never very numerous in this survey, but was almost 
limited in its occurrence to summer and autumn. On 

the evidence of Fuller (1950) , P. avirostris must be con­
sidered as usually more numerous than indicated here. 

Corycaeus aucklandicus and Temora turbinata are 
character,istically the most abundant summer copepods, 
and this is the only season when barnacle nauplii are 
consistently very abundant. Pluteus larvae and the three 
cladocerans are better represented in summer than at 
other times and Pleurobrachia pileus is generally poorly 
represented or absent. 

Sta. B - Jellicoe Channel 
Changes in the percentage composition of the zoo­

plankton and of the copepod population are shown in 
Figs 48 and 44 respectively. The succession of domin­
ance of the more important copepod and non-copepod 
elements is shown in Table 15 and abundance of all 
groups and species in Table 6. 

Autumn 1964 (March, April, May) 
A different copepod dominated each sample, Temora 

turbinata being dominant in March, Corycaeus auck­
landicus in April, and Oithona similis in May. Temora 
turbinata was the only abundant calanoid and, after 
dominating the March sample, it declined rapidly be­
coming a minor constituent by May. Other calanoids 
were relatively scarce and the next most abundant 
species, Paracalanus parvus and Acartia clausi, were 
sub-associates or associates. In May, Clausocalanus 

1 964 1965 
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Level of dominance March 
(%) 

50-76.6 Temora Dominant 
23. 3-49.9 Sub-dominant 
6.7-23.2 Corycaeus Ass·ociate A cartia 

1 .0-6.6 Sub- Paracalanus associate 

Level of dominance October 
( %) 

50-76.6 
Paraca/anus Dominant 

23.3-49.9 Sub- A cartia dominant 
6.7-23.2 Corycaeus Associate 

fi 
. 

I 

0ithona similis 1 .0-6.6 Euterpina Sub- Temora associate Centro pages 

TABLE 15. Succession of Dominance at Sta. B - Jellicoe Channel 
COPEPODS 

April May June July August 
Corycaeus 0ithona similis Paracalanus 

0ithona similis 
Temora Corycaeus Paracalanus 

Corycaeus Paracalanus 0i1hona similis Acartia 
Acartia Euterpina Temora A cartia Corycaeus 

Clytemnestra Euterpina 

Corycaeus 

Acartia 
Clytemnestra Temora 

Paracala11us 
Euterpina Ctenocalanus 

0ithona similis Paracalanus Clausocalanus 
Acartia 0ithona plumifera 

Temora 
Ctenocalanus Clausocalanus 0ncaea ·sp. 

Ctenocalanus 0. venusta 
0. media 

November December January February March 

Temora Acartia Paracalanus 0i1hona similis Corycaeus 0ithona similis 
Corycaeus 

A cartia 
Paracalanus Para.ea/anus Paracalanus 

Temora 
Temora 

Euterpina Corycaeus A cartia Acartia Paracalanus 0ithona similis Corycaeus 0ithona nana Temora 

Euterpina Temora 
Corycaeus Calanus A cartia Calanus 0ithona similis 
Euterpina Centro pages Centro pages Acartia danae Acartia danae 
Clausocalanus 0ithona p/umifera Clytemnestra 0ithona plumifera Euterpina 

0. nana 

September 
Paracalanus 

A cartia 

Corycaeus 
Euterpina 
0ithona similis 
Temora 
Ctenocalanus 

April 

Corycaeus 
0ithona similis 

A cartia 

Paracalanus 
Temora 
Euterpina 
0ithon.a nana 
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NON-COPEPODS 

Level of dominance March April May June July August September 
(%) 

76.6 Ultra-dominant 
50-76.6 Oikopleura Oikopleura Oikopleura Dominant 
23.3-49.9 Pluteus larvae Sub- Penilia Nyctiphanes Evadne Oikopleura dominant 

Oikopleura Oikopleura Deca,pod larvae 6.7-23.2 Oikopleura Pluteus larvae Pleurobrachia Associate Evadne Penilia Nyctiphanes Decapod larvae Obelia Gastropod larvae Obelia P.olychaete larvae 
Amphioxus larvae 

1 .0-6.6 
Evadne Pluteus larvae Pleurobrachia Nyctiphanes Sub- Auriculariae Cyphonautes Cyphonautes Pleurobrachia Amphioxus larvae Cyphonautes associate Sagitta Sagitta Evadne 

Sagitta 
-.J 
-.J 

Level of dominance October November December January February March April 
(%) 

76.6 Ultra- Penilia Oikopleura Dolio/um dominant 
50-76.6 Dolio/um Dominant 
23. 3-49.9 Nyctiphanes Sub- Oikopleura Oikopleura dominant Polychaete larvae 
6.7-23.2 Oikopleura Associate Cyphonautes Nyctiphanes Nyctiphanes Oikopleura Oikopleura Gastropod larvae 

fl 
. 

I 

1.0-6.6 Cyphonautes Sagitta Oikopleura Nyctiphanes Sub- Pleurobrachia Evadne Pluteus larvae Pluteus larvae Peni/ia Penilia associate Auriculariae 
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arcuicornis and Ctenocalanus vanus were relatively im­
portant as sub-associates. At first Corycaeus aucklandi­
cus was the only important cyclopoid and the second 
most abundant copepod, but after becoming dominant 
in April it took second place in May to Oithona similis. 
Harpacticoids were numerous in May when both Euter­
pina auctifrons and Clytemnestra rostrata were more 
abundant than any calanoid. 

Early in autumn Penilia avirostris and pluteus larvae 
were sub-dominant and the most numerous non-cope­
pods, but both declined in abundance, first to associate 
rank, and then in May P. avirostris was absent and 
pluteus larvae were only sub-associates. Oikopleura 
spp. and Evadne ,iordmanni were associates in March, 
but Oikopleura spp. became d ominant while Evadne 
nordrnanni progressively declined. In May there were 
no dominant non-copepods, and Oikopleura spp., Pleu­
robrachia pileus, and Nyctiphanes australis were about 
equally represented as associates. 

Sub-associates in autumn plankton included Sagitta 
serratodentata, gastropod veligers, polychaete larvae, 
auricularians, cyphonautes, brachyuran zoeae, and un­
grouped decapod larvae. 

In autumn 1964 the zooplankton was very similar to 
that taken inshore. Temora turbinata and Corycaeus 
auck/andicus were the dominant copepods, and the less 
abundant species were mostly also taken inshore. 
Oithona similis was the only major copepod not taken 
in abundance inshore (it may have been abundant there 
but not caught in the rather coarser net). Oikopleura 
spp. were important at both stations and pluteus larvae 
and Penilia avirostris both declined with the approach 
of winter. Compared with inshore samples a ma1or 
difference was the lesser importance of barnacle naupli.i. 

Winter 1964 (June, July, August) 

At first Oithona similis and Corycaeus aucklandicus 
were still the most numerous copepods, though they 
were not as plentiful as in previous samples. Temora 
turbinata and Paracalanus parvus rose to associate 
rank, and the harpacticoids Euterpina acutifrons and 
Corycella rostrata dropped to become sub-associates. 
In late winter Paracalanus parvus and Acartia clausi 
rose in abundance becoming dominant and associate 
respectively. The copepods Clausocalanus arcuicornis, 
Ctenocalanus vanus, Oithona plumifera, Oncaea media, 
0. venusta, and Oncaea sp. were also taken as sub­
associates in at least one winter sample. 

In June Nyctiphanes australis was briefly sub-domin­
ant while Oikopleura spp., ungrouped decapod larvae, 
and Obelia medusae were associates. After this Oiko­
pleura spp. became dominant, and in August Evadne 
nordmanni was sub-dominant. Sub-associate non-cope­
pods in winter plankton included Pleurobrachia pileus, 
medusae, Sagitta serratodentata, polychaete larvae, 
brachyuran zoeae, barnacle nauplii, decapod larvae. 
cyphonautes. and, in August, amphioxus juveniles. 

In August nearly every group was more numerous, 
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and calanoids rose spectacularly to exceed the numbers 
of other zooplankton. This rise was the result of a 
further increase of Paracalanus parvus and, to a lesser 
extent, of Acartia clausi. Although A .  clausi increased 
fifteen-fold in number between samples it was not suffi­
cent to change its relative rank. It was nevertheless 
much more abundant than any of ,its co-associates. 

Again the major features of winter plankton in the 
J ellicoe Channel were similar to those inshore. Para­
ca!anus parvus and Acartia clausi were by far the most 
numerous copepods and neither Temora turbinata nor 
Corycaeus aucklandicus were of more than secondary 
importance. Oikopleura spp. were the most numerous 
non-copepods at both stations, and Pleurobrachia pileus, 
though never very numerous, was well represented com­
pared with other seasons. Differences result from the 
poor representation of larvae in outer gulf samples and 
from the presence in the outer gulf of significant num­
bers of the oceanic species Ctenocalanus vanus, Clauso­
calanus arcuicornis, Oithona plumifera. and three 
Oncaea spp. 

Spring 1964 ( September, October, November) 

Copepods were still by far the most abundant group, 
Paracalanus parvus and Acartia clausi being the most 
abundant species. Copepods reached maximum abund ­
ance in September and then declined rapidly. Temora 
turbinata was only a sub-associate at first, but with the 
approach of summer it increased in number and became 
an associate as the numbers of Paracalanus parvus and 
Acartia clausi declined. Corycaeus aucklandicus was an 
associate in October, but was at other �imes only a 
sub-associate. Oithona similis was a sub-associate ex­
cept in November when it was a full associate. Other 
species that were sub-associates in spring were Cteno­
calanus vanus, Clausocalanus arcuicornis, Centropages 
aucklandicus, and Euterpina acutifrons. 

Oikopleura spp. were generally the most numerous 
non-copepods as sub-dominants, but in October Nycti­
phanes australis and polychaete larvae were more num­
erous and replaced them as sub-dominants. Associates 
in September were decapod larvae, Obelia medusae, and 
polychaetes; in October Oikopleura spp., gastropod 
veligers, and cyphonautes; and in November Nycti­
phanes australis. Other components which were only 
sub-associates were amphioxus juveniles, hydromedu­
sae, Evadne nordmanni, Sagitta serratodentata, Pleura­
brachia pileus, and brachyuran zoeae. 

The composition of spring plankton in the Jellicoe 
Channel was rather different from that inshore. Para­
calanus parvus and Acartia clausi maintained their rank 
as the most ·important copepods, and their numbers 
were never rivalled by those of Corycaeus aucklandicus. 
Larvae were much less numerous than in the inner gulf, 
but Nyctiphanes australis, which was never taken in­
shore, was well represented. Similarities between the 
two stations were that the numbers of Temora turbinata 
were low until November, the ranks held by many of 
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the less abundant copepods were similar, and 0ikopleura 
spp. were the most abundant non-copepods. 

Summer 1 964-65 (December, January, February) 
Copepods were not abundant in summer and no 

species was consistently more abundant than others. 
Paracalanus parvus and Acartia clausi were superseded 
in December by 0ithona similis, which became sub­
dominant. 0. similis in turn was outnumbered in Janu­
ary, when Temora turbinata and Corycaeus aucklandi­
rns became sub-dominant. In February, Acartia clausi 
and 0ithona similis were sub-dominant and the most 
numerous species. Minor ranting copepods also showed 
considerable change, but there were no recognisable 
trends. 0ithona nana and Centropages aucklandicus, 
wo neritic species, were present in significant numbers 

in December and January, but were absent in February, 
when the oceanic Acartia danae appeared in significant 
numbers for the first time. 

Changes also occurred amongst non-copepods. 0iko­
pleura spp., sub-dominant in December and ultra­
dominant in February, were only sub-associates in 
January, Penilia avirostris becoming super-abundant and 

ltra-dominant. The high numbers of P. avirostris in 
rhe January sample are puzzling because. although it 
.vas present in the adjacent samples, it was not numer­
ous enough to rank even as a sub-associate. It is un­
r ely that such an increase could be the result of 
natural increase, and most probably all January hauls 
were drawn from the same swarm of P. avirostris . 
. .'\part from 0ikopleura spp. and Penilia avirostris, the 
only non-copepod to exceed sub-associate rank was 
. yctiphanes australis, which was an associate in Febru­
ary. 

Summer zooplankton in the Jellicoe Channel also 
differed from that inshore. Temora turbinata and Cory­
caeus aucklandicus had similar status to -inshore 
�mples in January when they were co-dominants, but 
!.hey were otherwise equalled or exceeded by a number 
of other species. 0ikopleura spp. and Penilia avirostris 
were far more abundant than inshore. A further major 
difference was the low number of larvae, though at both 
stations pluteus larvae and barnacle naupli i  were more 
abundant than at any other season. 

. .'\utumn 1965 (March, April, May) 
Cyclopoids dominated the reduced copepod popula­

tion, Corycaeus aucklandicus being sub-dominant in 
March and again in April when 0ithona similis had 
·imilar status. The most abundant calanoids, Paracala­
nus parvus, Acartia clausi, and Temora turbinata were 
not numerous and were either associates or sub-associ­
ates. In March Acartia danae was still a sub-associate, 
as it had been in February. 

Tunicates dominated the whole zooplankton popula­
tion, and although Dolio/um nationalis was not even 
represented at other times of the year, it was dominant 
in March and ultra-dominant in April. Such an increase 
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from non-occurrence to super-abundance must have 
resulted from an invasion from offshore. Associates 
ranking next in number were 0ikopleura spp., and sub­
associate non-copepods -included Nyctiphanes australis, 
Penilia avirostris, gastropod veligers, and auricularian 
larvae. 

Autumn samples from the Waitemata in 1965 were 
not counted, but a superficial examination showed that 
their composition was not substantially different from 
that in the previous year. Only Corycaeus aucklandicus 
maintained similar rank at both stations while T emora 
turbinata was relatively unimportant offshore. The 
dominant non-copepod, Dolio/um nationalis, dominated 
the outer gulf yet was never taken inshore. 0ikopleura 
spp. had similar status at both stations, but 0. diuica, 
the only common species inshore, was scarce in the 
Jellicoe Channel. As at other seasons, larvae, especially 
barnacle nauplii, were comparatively scarce offshore. 

VARIATION S I N  DIVERSITY AND INTER-SAMPLE CHANGE 

An index of diversity was used by Margalef ( 1 958)  
to relate the numbers of species to the total numbers of 
individuals in each of a series of samples. 

S - 1 
d = -­

loge N 
where d = diversity 

S = the number of species in the sample 
N = the number of individuals in the sample 

Margalef applied this diversity index to estuarine 
phytoplankton and showed that diversity was greater 
for populations in mixed water than for those in e itber 
brackish or truly marine waters. These are differences 
in space, but the index is equally applicable to d itter­
ences in time. Disadvantages of the index are that it is 
not independent of sample size and that it requires the 
separation of species. Within each series in this survey, 
sample sizes are comparable, so the first disadvantage 
is of little importance. The second is not serious either, 
because, although the species in many groups have not 
been separately recognised, the same components have 
been grouped together in an identical way in each 
sample. Each component, whether a species or not, has 
been given specific status for the purposes of calculation 
of the index. 

A high d iversity indicates that a sample contained a 
high number of components in relation to the numbers 
of individuals. A low diversity indicates a small num­
ber of components in relation to the numbers of indivi­
duals. Lowest d iversity is zero, when only one com­
ponent is present. 

Inshore. diversity varied little in comparison with 
that in the Jellicoe Channel. No particular pattern was 
shown, except for a tendency for higher values to occur 
in spring when a greater variety of larvae was taken 
(Fig. 49) . In the Jellicoe Channel diversity had a much 
greater range, and a peak was attained in early winter, 
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after which diversity fluctuated at about the same level 
as inshore. The early winter peak indicates either 
greater variety of components or low total numbers or 
both. In fact there were no very numerous components 
in early winter, there being no dominant copepods in 
June or July and no dominant non-copepods in May 
or June (Table 1 5). Variety was greater ,in winter 
plankton as a number of components were taken only at 
this time. This was particularly true in June at peak 
diversity. 

Diversity dropped in late winter as the resident cala­
noids, especially Paracalanus parvus and A cartia clausi, 
increased greatly in numbers and became dominant. 
Variety declined in late winter and spring for, while the 
number of neritic components remained nearly constant, 
the numbers of oceanic components dedined. Diversity 
remained low in late spring, summer, and autumn. 

While this index of diversity yields useful informa­
tion, it does not recognise differences in the abundance 
of particular components in successive samples. There­
fore it is possible for successive samples, having no 
components in common, to have similar diversity pro­
v ided that the numbers of individuals and the numbers 
of components in each are comparable. In January 1965 
a large number of neritic components were present and 
oceanic components were scarce. In the following month 
many neritic components had disappeared or declined 
in abundance and many oceanic components had ap­
peared. This changeover in species composition is not 
reflected by any marked change in the diversity index. 

The amount of change between samples has been 
estimated by the use of a second index which recog­
nises changes in the abundance of each component in 
�uccessive samples. The index of inter-sample change 
( 2 )  is calculated as follows : 

X=1 (N1i - N i(H1)) 2 
N !J=exponent of the common logarithm 

of the i th species in the j th sample 
(N1j -Ni(j+i)) 2 was chosen instead of 
(N1i -N 1(i+i)) to emphasise the larger, more 

significant changes. 

As with diversity index the inter-sample change in­
dex was relatively stable for the Waitemata Harbour 
samples and showed little seasonal variation (Fig. 49). 
Although values inshore were much lower than for the 
Jellicoe Channel, this would have resulted partly from 
the closer sampling interval, less change occurring be­
tween closer sampling dates. Inter-sample change for 
the J ellicoe Channel varied almost inversely to diver­
sity. This would be the result of the small effect of 
appearances and disappearances of the less numerous 
oceanic species, and the greater importance of the large 
change in the abundance of the commoner neritic com­
ponents. There was a minor peak in July-August which 
was partly the result of a rise in the numbers of the 
copepods Paracalanus parvus, A cartia clausi, Temora 
turbinata, and Corycaeus aucklandicus, and partly the 

8 1  

result of the disappearance of many oceanic compon­
ents. Then, after a decline in August-September, inter­
sample change rose throughout spring , when many 
oceanic components d isappeared and the neritic com­
ponents varied in abundance from sample to sample. 
The greatest change was between the January and 
February samples when a peak resulted from the follow­
ing changes in plankton composition : 

1. Sixteen neritic components (Table 16A) were 
present and well represented in January, yet 
they were absent in February. For Oithona 
nana, Euterpina acutifrons, and Pleurobrachia 
pileus abundance dropped from over 1,000 per 
haul. 

2. Many nentic components (Table 16B) 
dropped in abundance, and the only species in 
this group to register a significant increase was 
Nyctiphanes australis, which is a coastal rather 
than a neritic species. The most notable de­
cline was that of Penilia avirostris, which 
dropped from over 100,000 per haul to less 
than a 100. 

3. Most of the oceanic components (Table 17B) 
of Group 1B (see p. 88) reappeared in Febru­
ary after being absent in at least the January 
sample. The most abundant of the reappear­
ing species was A cartia danae. 

4. Two of the five oceanic components (Table 
17C) of Group IC (see p. 88) appeared for the 
first and only time in February. 

This evidence shows that the high value of inter­
sample change for January-February arose from the 
substitution of oceanic for neritic components and from 
the decline in abundance of many neritic ,components. 
This change took place between samples with low diver­
sity indices. 

CAUSES OF CHANGE IN ZOOPLANKTON 
COMPOSITION 

SEASONALITY IN THE ZooPLANKTON 

Changes in zooplankton composition are mostly 
changes in relative abundance within the neritic com­
munity which characterises Hauraki Gulf waters. 
Changes within this community appear to follow a 
cyclic seasonal sequence. This is consistent with the 
hydrological evidence that these waters develop their 
own characteristics and that variations of temperature 
and salinity are for the most part climatically controHed. 
At Sta. A, Waitemata Harbour, where data cover nearly 
two annual cycles, changes in the relative abundance of 
major groups (Figs 46, 47; Table 14) and copepods 
(Figs 42, 43) followed similar patterns in both years. 
Two major differences in the composition of zooplank­
ton in the two years can be related to weather differ­
ences. It is notable that there were no sudden appear-



This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/

ances or disappearances except amongst poorly repre­
sented components. Neither diversity nor inter-sample 
change indices varied greatly or with any pronounced 
pattern throughout the year. 

The relative composition of the spring copepod popu­
lation was substantially different in 1963 from that in 
1964 (Figs 42, 43) .  In both years Paracalanus parvus 
and Acartia clausi reached minimum relative abundance 
in spring as their numbers declined and the abundance 
of Corycaeus aucklandicus increased. In 1963 C. auck­
landicus was the dominant copepod throughout spring, 
and in  October it was ultra-dominant, other species 
being scarce. In 1964 C. aucklandicus reached maxi­
mum abundance in early September, some 6 weeks 

earlier than in the previous year, and then, because its 
numbers hardly altered, C. aucklandicus declined in 
relative abundance as Paracalanus parvus and Acartia 
clausi regained importance in October and November. 

There is evidence to suggest that these differences are 
related to the hydrological situation in the two years. 
September and especially October 1963 were much 
warmer and drier than average, and in  response both 
water temperature and salinity rose rapidly (Figs 3, 4 ) .  
During this time both Paracalanus parvus and Acartia 
clausi declined in number and correlation plots for the 
period show that Paracalanus parvus and Acartia clausi 
had similar and generally negative relationships with 
both temperature and salinity ( Figs 50A, B) . How-

TABLE 16A. Components from the Jellicoe Channel, Group 2A, Taken in January, but not in February. 
( 1 = 1 .0 or fewer per haul ; 2 = 1. 1 to 10.0; 3 = 10. 1 to 100.0; 4 = 100.1 to 1,000.0; 5 = 1,000. 1 to 10,000.0; 

6 = 10,000. 1 to 100,000; 7 = more than 100,000. 1) 
1 964 1 965 Month M I A I M I J I J I A I s I 0 I N I D J I F I M I A Affinity 

Centropages aucklandicus 2 3 - 2 - 3 4 4 4 4 4 - - - neritic Teleost larvae 3 2 2 2 2 3 2 3 3 4 3 - - - neritic 
Petrolisthes novaezelandiae - - - 2 - 3 2 2 - - 3 - - 2 neritic? Bipinnaria - - - - - - - - - - 3 - - - neritic? Isopods I - - - 2 - 3 - - 3 3 - - - ? 
Clytemnestra rostrata 3 3 4 3 - - 2 - - - 4 - - 3 widespread 
Petrolisthes elongatus - - - - - - - - - - 3 - - - neritic 
Obelia medusae - - - 4 - 3 4 - - 3 3 - - 2 neritic? 
Oithona nana - 4 - - - - - - 3 4 5 - 3 4 neritic 
Pleurobrachia pileus - 3 3 3 3 3 2 4 3 3 5 - 2 3 neritic 
Euterpirw acutifrons 3 4 4 4 2 5 4 4 4 4 5 - 4 4 neritic Teleost eggs 2 - - - 3 3 3 - 3 - 3 - 3 3 neritic? Brachyuran zoeae - 3 2 3 2 4 3 3 - 3 4 - 3 3 neritic? Ungrouped decapods 2 3 3 4 3 4 4 3 3 3 3 - 3 3 neritic? Barnacle cyprids 3 3 - 2 - 3 3 3 - - 4 - ' 3 neritic? _, A uriculariae 2 3 - - - - - - - - 3 - 4 3 neritic? 
TABLE J 6B. Components from the Jellicoe Channel, Group 2B, that do not fit into any of the groups in 

Tables 16A, 17 A, B, C (Scale of Abundance as for Table 16A) 
1 964 1 965 Month M I A I M I J I J I A I s I 0 I N I D J I F I M I A Affinity I 

Paracalanus parvus 4 4 4 5 4 6 6 6 5 5 5 4 5 4 coastal 
A cartia clausi 5 5 3 4 4 5 5 5 5 5 4 4 5 5 coastal 
Temora turbinata 5 5 2 4 3 5 5 5 5 3 5 3 5 4 coastal 
Corycaeus aucklandicus 5 5 4 5 3 5 4 5 5 4 5 4 5 5 neritic 
Oithona similis 3 4 5 5 4 4 5 4 5 5 3 5 4 5 coastal 
Oikopleura spp. 4 5 3 4 5 5 4 4 5 5 5 5 5 5 coastal? Gastropod veligers 3 3 3 4 2 3 3 4 4 4 4 3 4 3 neritic? 
Sagitta serratodentata 1 2 3 3 3 3 3 2 3 3 4 3 3 3 open waters Bivalve veligers 3 3 3 3 ' 3 - 4 5 5 5 3 4 3 neritic? ·' Barnacle nauplii I 2 2 3 3 3 3 3 - 3 5 3 4 3 neritic? Polychaete larvae I 3 3 3 3 4 4 5 - 4 4 3 - 4 neritic? Medusae - 3 2 3 3 4 3 4 - - 4 3 3 2 neritic? 
Penilia avirostris 4 4 - - 2 - - - - 3 7 3 4 5 neritic 
Echinoderm plutei 5 4 2 2 - - - - - 4 5 4 - - nei,itic? Muller's larvae l 2 - - - - - - 3 - - - - - neritic? Cyphonautes - 2 2 3 - 2 3 4 4 - - - - - neritic? Mysids l - - - - - - - - - - - - - ? 
Callianassa larvae - 3 2 - - 2 - - 3 - - - - 3 neritic Ascidian ,tadpoles - - - - - - - - - 3 - - - - neritic? 
Cal anus australis 2 3 - - - - 3 3 4 3 3 3 3 2 coastal 
Nyctiphanes australis - - 3 4 3 3 4 5 5 3 4 5 4 4 coastal 
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ever, the numbers of Corycaeus aucklandicus increased 
in this time and plots show that it had a positive rela­
tionship with both temperature and salinity. It is seen 
that, of the three species, only C. aucklandicus increased 
in number during this period of rapidly rising tempera­
tures and salinities. The relationships of the various 
species to salinity is not simple, for while C. aucklandi-

cus was least abundant at low salinities it was less 
abundant at high values than at intermediate ones. 
Conversely, although both Paracalanus parvus and 
Acartia clausi were more numerous at low salinities, 
they were at least as numerous at high as at intermedi­
ate values. Even so, it is apparent that Corycaeus auck­
landicus had different relationships with temperature 

TABLE 17 A Zooplankton Components from Jel licoe Channel, Group lA, that Occurred Chiefly in Winter 
and that were Absent in Late Spring and in Summer and Autumn 1965. 

(Scale of Abundance as for Table 16A) 
1 964 1 965 I Month M I A I M I J I J I A I s I 0 I N I D J I F I M I A Affinity 

Ca/anus tenuicornis - - 2 - 2 3 3 - 1 - - - - - oceanic 
0ncaea venusta - 2 2 3 3 3 2 - - 1 - - - -- oceanic 
Corycella rostrata --- - - 3 - - 2 3 - - - - - -- oceanic 
Microsetella rosea - - 2 3 - 3 3 - - - - - - - oceanic 
Paracalanus aculeatus - - 2 2 - - - - - - - - -- - oceanic 
Candacia bipi11nata - - 2 2 - - - - - - - - -· - oceanic 
Frit!elaria sp. - - 2 - 3 - - - - - - - -· -- oceanic 
Pleuromamma graci/is - - - - -- 2 2 - - -- - - - - - - - oceanic 
Lucicutis flavicornis -- -- -· 2 2 --- - - - - -· -· -- - oceanic 
0ncaea conifera - - - 3 2 - - - - - - - - - -oceanic 
0. mediterranea - - - 2 2 - 2 - - - - --- - - oceanic 
Corycaeus crassiculus - - - 2 2 - - - -- - - - - - oceanic Ostracods - - - 1 3 - - - - - - -· - - ? 
Centro pages bradyi - - - 2 - - 2 - - - - -- -· - o ceanic 
Eucalanus sp. (immature) - - - 2 - - - - - - - -· -· - o ceanic 
Firo/oida desmaresti - - - 2 - - - - - - - - - - oceanic 
Pleuromam'ma abdominalis - - - - 2 - - - - - - -· -· - ocean'ic 
Rhincalanus cornutus - - - - - 2 - - - - - - - - ocean!ic 
H eterorhabdus papil/iger - - - - - 2 - - - - - - -· - oceanic 
Phyl/osomas - - - - - - 2 - - - -· - - - open -coast 
Jaxea - - - - - 2 - 3 - - - - - - open •coast 
TABLE 17B. Zooplankton Components from the Jellicoe Channel, Group lB, Taken at Some Time before 

or after, but not in, the January Sample. (Scale of Abundance as for Table 16A) 
1 964 1 965 Month M I A I M I J I J I A I s I 0 I N I D J I F I M I A Affinity 

Nectophores 2 3 2 3 2 - - - - - - 2 - - oceanic 
N annacalanus minor 1 2 2 2 - - - - - - - 3 3 - o ceanic 
Acartia danae 3 - 3 3 - 3 1 - - - - 4 4 3 oceanic 
Clausocalanus arcuicomis I 3 3 3 3 3 4 4 4 - - 2 3 3 o ceanic 
Ctenocalanus vanus I 2 3 3 3 4 4 - - 3 - 3 3 3 o ceanic 
Mecynocera clausi 2 2 2 3 - - 2 3 - 3 - 2 3 3 oceanic 
0ithona plumifera 2 - 3 3 3 3 3 3 4 4 - 3 - - open coast 
0ncaea sp. - - 2 3 3 4 3 3 3 3 - 1 - - o ceanic 0. media I 2 2 3 3 3 3 3 3 1 - - 1 - o ceanic Amphioxus juveniles - - - - - 4 3 2 - - - - I - open coast Trochophores - - - - - - - 4 - - - - 3 - n.el'itic? 
Evadne nor.dmanni 4 3 2 - - 5 3 3 4 - - 3 - 2 neritic 
TABLE 1 7C. Zooplankton Components from the Jellicoe Channel, Group lC, Taken in or after, but not 

before, the February Sample. (Scale of Abundance as for Table 1 6A)  
1964 1 965 Month M I A I M I J I J I A I s I 0 I N I D J I F I M I A Affinity 

Limacina inflata - - - - - - - - - - - 3 - - oceanic 
Sa/pa fusformis - - - - - - - - - - - - - 2 - - oceanic 
Dolio/um 11ationalis 

I 
- - - - - - - - - - - - 5 6 ooeanic 

Thalia democratica - - - - - - - - - - - - - 2 o ceanic 
Creseis virgula - - - - - - - - - - - - - 2 o ceanic 
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and salinity and was the only species to become well 
established in spring 1963 during rapidly rising tempera­
tures and salinities. 

In spring 1964 temperatures rose steadily and through 
much the same range as in the previous year, but salini­
ties fluctuated about a slight upward trend and neither 
their range nor sequence resembled those of the previ­
ous year (Figs 3, 4). During this time all three cope­
pods Paracalanus parvus, Acartia clausi, and Corycaeus 
aucklandicus showed wide variations in relative abund­
ance, but correlation plots show little evidence of the 
relationships that were shown in the previous year (Figs 
50C, D) .  Jn 1964 nearly all sai imties were close to 
34° / 00 , about the optimum for C. aucklandicus, and this 
species was present at about the same level of abund­
ance at this time in both years. However in 1964 its 
numbers were rivalled by those of Paracalanus parvus 
and A cartia clausi. The major hydrological difference 
between the two years was the restricted range of salin­
ity in 1964, which appears to be insufficient to show the 
correlations of the previous year. 

Further evidence of the connection between salinity 
variations and the spring succession of dominant cope­
pods relates to the relative abundance of Temora tur­
binata (Figs 42, 43, 50). This species reaches maximum 
relative abundance in summer and autumn, at high 
temperatures and salinities. After this it gradually de­
clines, reaching minimum numbers in spring. The initial 
increase of T. turbinata after this spring minimum co­
incides w ith the first appearance of several summer 
plankton components and could well be used to indicate 
the beginning of the planktonic summer. In 1963 the 
initial increase of T. turbinata was in late October, some 
two months earlier than in 1964. However, in spite of 
the difference in timing, this increase began in the 
sample after a salinity of 34.50° / 00 had been recorded. 
The temperature at this sample was some 2°C higher 
in 1964 than in the previous year. This suggests that 
there is perhaps a salinity threshold for the species at 
about this value. 

In late spring and early summer 1963 nearly every 
component declined in abundance, resulting in lower 
total numbers being taken in December than at any 
other time. The variations of surface salinity, tempera­
ture, and the more significant zooplankton components 
in the period are shown in Fig. 5 1. 

In the period preceding the fall in total numbers 
temperatures and salinities rose rapidly, and by October 
several characteristic winter and spring features had lost 
their identity. Paracalanus parvus and Acartia clausi 
had become relatively scarce and, by October, Pleura­
brachia pileus had declined from over 100 per haul to 
little more than 10. Turritopsis nutricula disappeared in 
October, having been taken regularly since late autumn. 
In late October several characteristic components of 
summer plankton appeared or began to increase in 
number. Temora turbinata began to increase and Peni­
lia avirostris appeared, some 2 months earlier than in 
the following year. In late November large balanoid 
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nauplii became dominant, comprising 56% of the total 
numbers. Such a high incidence of barnacle nauplii is 
a summer feature. 

These changes resulted in the establishment of in­
cipient summer features much earlier in 1963 than in 
the following year. Immediately after this, in Novem­
ber and December, spells of bad weather resulted in 
various reversals of the seasonal trends of water tem­
perature and salinity, reversals that were concurrent 
with changes in plankton composition. The winter ani­
mals Paracalanus parvus , A cartia clausi and Pleuro­
brachia pileus showed a secondary rise in abundance, 
and the summer components Tenwra turbinata and 
pluteus larvae were checked, while Penilia avirostris 
disappeared altogether. The numbers of barnacle nau­
plii dropped from 2,500 per haul to 50 per haul between 
consecutive samples. This spectacular drop in the num­
bers of barnacle nauplii, coupled with the low abund­
ance of other plankton at the time, was responsible for 
the low total numbers of zooplankton taken in Decem­
ber 1963. Low abundance of zooplankton other than 
barnacle nauplii could be related to the premature sum­
mer conditions that had developed in October. At that 
t ime the populations of previously well represented 
species were reduced to levels from which they could 
not easily recover, and a subsequent reversal of rising 
temperatures and salinities coincided with checks in the 
rising numbers of other species that were just becoming 
established. 

In January temperature and salinity reached high 
levels and were rather more stable than in previous 
months. At this time typical summer zooplankton was 
captured after the following changes : Tenwra turbin­
ata increased and became the most numerous copepod; 
pluteus larvae increased; Penilia avirostris reappeared 
though never regained great abundance; barnacle nau­
plii showed a further spectacular increase, rising from 
120 to over 10,500 per haul between adjacent samples; 
and the winter and spring indicator, Pleurobrachia 
pileus, disappeared in January. 

At Sta. B, Jellicoe Channel, data cover only one 
annual cycle, and unusual features within the sampling 
period cannot be recognised. However, the changes 
within the resident gulf species are likely to follow a 
seasonal sequence. 

INFLUENCE FROM OFFSHORE WATERS 

Sta. A - Waitemata Harbour 
Oceanic species were never very numerous and were 

not taken in more than a few samples (Fig. 52) . It is 
notable that the occurrence of offshore species was 
mostly restricted to the period late August to late Octo­
ber 1964. Their occurrence in this restricted period 
suggests that they were introduced into the inner gulf 
together with offshore water and then gradually dis­
appeared from the inshore plankton, being unable to 
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maintain themselves in the neritic habitat. There is some 
hydrological evidence to support this hypothesis. Salini­
ties rose by about 0.50° / oo in early August at a time 
when rainfall was greater than average and at a season 
when salinities were otherwise depressed. Further sup­
port is found in the frequency distribution of the three 
species Clausocalanus arcuicornis, Ctenocalanus vanus, 
and Oncaea sp., which were all numerous at first and 
became less frequent in successive samples until their 
disappearance in late October. These three were the 
most abundant of the offshore species, and only small 
numbers of others were taken. The few minor occur­
rences of offshore species at other times of the year 
have no recognisable pattern and probably represent 
stray individuals. 

Two dadocerans, Evadne nordmanni and Padon 
polyphemoides were more numerous in two consecu­
tive samples at minimum tempera:tures in August 1964 
than at any other time (Figs 24, 25, 47) .  Neither of 
these species was taken at all in winter in 1963 and they 
were then most abundant in summer and autumn. Fuller 
( 1953) found both these species abundant and con­
sidered them characteristic of summer inner gulf plank­
ton in 1949 and 1950. Elsewhere, at a wide range of 
localities, maximum abundance has also been attained 
in late spring and summer (Marshall, 1925; Jorgensen, 
1933;  Dakin and Colefax, 1933 ; Deevey, 1956 and Bain­
bridge, 1958) .  

For marine dadocerans, including Padon polyphem­
oides and Evadne nordmanni, it has been suggested that 
reproductive capacity is greater in waters of higher tem­
perature, leading to greatest abundance in summer 
plankton. However, the evidence of Bainbridge ( 1958) 
suggests that for E. nordmanni the matter is more com­
plex and that other factors, especially food, play an 
important role. Bainbridge analysed the phytoplankton 
held in the appendages of preserved E. nordmanni in 
relation to the available phytoplankton and showed that 
it was a very selective feeder, especially on Ceratium 
furca and Peridinium spp. It is notable that Ceratium 
furca became the dominant phytoplankton species con­
temporarily with this late winter burst of Evadne nord­
manni in the Waitemata Harbour (U. V. Cassie, 1966) .  
It may b e  significant that E .  nordmanni also appeared 
inshore at the same time as several copepod species 
that were otherwise taken only in the outer gulf. At 
this time E. nordmanni was more abundant in the 
Jellicoe Channel than at any other time, though Padon 
polyphemoides was not taken then. 

Sta. B - Jellicoe Channel 
Zooplankton composition was more variable in the 

J ellicoe Channel than inshore. A number of oceanic 
components were taken in every sample, and a few of 
these were abundant at times. It is mainly the variations 
in the abundance of these oceanic components that 
result in the wide range and patterns of variability of 
diversity and inter-sample change indices (Fig. 49) . The 
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zooplankton components have been arranged in groups 
according to their patterns of occurrence: 

Group IA : (Table 17A) Components that occurred 
chiefly in winter and that were absent in late spring and 
summer and autumn 1965. Of the 2 1  components in 
this group all but two are oceanic. The exceptions are 
unidentified ostracods, whose affinities cannot be de­
termined, and phyllosoma larvae that are more typical 
of open coastal than neritic water. This group contains 
a quarter of the total number of components from Sta. 
B, and there is no apparent reason why they should be 
more or less limited in their occurrence to the winter 
months as only phyllosomas have strongly seasonal life 
cycles. 

Group 1B : (Table 17B) Components taken at some 
time before or after, but not in, the January sample. 

Eight of the 12 components in this group are oceanic 
and, of the others, two are typical of coastal waters and 
two are neritic. This group is also predominantly 
oceanic, and only trochophores, Evadne nordmanni, and 
amphioxus juveniles are likely to be strongly seasonal. 
The group was well represented in winter together with 
Group IA and again in autumn together with Group 
lC, but was poorly represented in November and Dec­
ember before its absence in January. 

Group JC : (Table l 7C) Components taken in or 
after, but not before, February 1965. 

The five species in this group are all oceanic, and, 
apart from Dolio/um nationalis, were not numerous. 
D. nationalis was more abundant in the two samples in 
which it was taken than any other species and was first 
dominant and then ultra-dominant. 

Group 2A : (Table 1 6A) Components taken in Janu­
ary but not in February. 

This group contains a large number of larval com­
ponents, the affinities of which could be a matter for 
conjecture. However, neritic plankton is characterised 
by a high proportion of larvae, and where affinity can 
be assessed with some certainty it is neritic. There is 
little doubt that this is the affinity of the group as a 
whole. The group was best represented in January in 
the absence of oceanic components and when most 
components were at least as abundant as in any other 
sample. In February these components were absent. 

Group 2B : (Table 16B) Components that do not fit 
into any of the preceding groups. 

This large group contains nearly all of the more 
abundant components, which were responsible for most 
of the major variations of composition, total numbers, 
and volume of zooplankton. 

The 2 1  components in this group are typical of neritic 
or coastal waters. They were nearly all taken through­
out the year both here and inshore, and together they 
comprise the bulk of zooplankton at both stations. 
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Only one of these components, Nyctiphanes australis, 
was never taken inshore, but this has been regarded as 
an open coastal species elsewhere in New Zealand 
( Tattersall, 1924 ; Bary, 1956) . 

Two species, Calanus australis and Sagitta serratoden­
tata, were not normally taken inshore, but both are 
generally regarded as being widespread in coastal 
waters. It is immediately apparent that each of the 
groups contains components of similar affinities. Groups 
l A, l B, and IC are almost exclusively oceanic, and 
Groups 2A and 2B are almost exclusively neritic. It is 
essential to note that no component has been excluded 
in this arrangement. 

Thus the oceanic element was stronger at two seasons 
of the year; the first in winter at peak d iversity and the 
second in late summer after peak inter-sample change. 
In winter the water column was isothermal and isoha­
line, and probably a certain amount of horizontal mix­
ing accompanied vertical mixing. This could result in 
the introduction of the variety of offshore elements that 
were present in winter plankton (Tables 17 A, B) . High 
diversity in winter is also a reflection of the lack of 
strongly dominant species. Diversity declined towards 
spring as fewer oceanic species were taken and the neri­
tic calanoid copepods Paracalanus parvus and A cartia 
clausi became dominant. In spring oceanic species be­
came fewer until by mid summer the plankton was 
almost entirely neritic with a few dominant species. 

The second influx of oceanic species in late summer 
and autumn 1965 was spectacular as the plankton com­
position changed almost completely from predominantly 
neritic to predominantly oceanic. This change coincided 
with the subsurface intrusion of cooler, more saline 
. . oceanic" water into the outer gulf. 

The strongly neritic character of the outer Hauraki 
Gulf zooplankton in 1964 and early 1965 contrasts with 
Fuller's ( 1950, 1953 ) observations that oceanic plank­
ton dominated the outer gulf at all seasons. In this sur­
vey oceanic components were always present in the 
outer gulf and occasionally in Waitemata Harbour 
samples. However, this element was never dominant 
except in the outer gulf in autumn 1965. In numbers 
of holoplankton components the oceanic element in the 
outer gulf was frequently greater than the neritic one, 
but only on rare occasions were any of the oceanic 
species numerous. 

Fuller ( 1953) found the outer gulf summer plankton 
dominated by the salp Thalia democratica, together 
with Salpa fusiformis, S. cylindrica, and the copepods 
Rhincalanus cornutus and Sapphirina spp. The winter 
plankton was dominated by Sagitta serratodentata, S. 
planctonis, and S. hexaptera, together with the copepod 
Oncaea venusta. In this survey a very few Thalia demo­
cratica were taken, once inshore and one in the Jellicoe 
Channel. Only single specimens of Salpa fusiformis 
and Rhincalanus cornutus were taken. Sagitta serra­
todentata and Oncaea venusta were frequently taken 111 
moderate numbers but while 0. venusta was more fre­
quent in winter than at other seasons, Sagitta serrato-
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dentata was not. Sagitta planctonis, S. lzexaptera, Sap­
phirina spp., and Salpa cylindrica were not taken in this 
survey. The thaliacean Doliolum nationalis, which was 
seasonally abundant in this survey, was not recorded 
by Fuller ( 1953 ) ,  and there are no records of doliolids 
from coastal northern New Zealand waters since that of 
Huxley ( 1851) . These differences do not arise from the 
location of the outer gulf station, which was well beyond 
Fuller's outer limit for purely neritic plankton, but 
probably arise from differences in the extent of influ­
ence and composition of oceanic plankton. 

VARIATIONS IN TOT AL NUMBERS AND 
VOLUME 

NUMBERS 

Sta. A - Waitemata Harbour 
The numbers of zooplankton per standard haul, from 

May 1963 to January 1965, fluctuated greatly (Fig. 53 ) .  
The trend was for numbers to be low in early winter. 
increasing in late winter and spring, and reaching a peak 
in mid summer. After this, m 1964 autumn, numbers 
were generally high. The differences between consecu­
tive samples were often great. For instance, between 19 
December 1 963 and 3 January 1 964 there is an increase 
by a factor of 10. The highest numbers were recorded 
in January 1965 (24,4 1 0 )  and mid May 1964 ( 16,870) ,  
and the lowest number in December 1963 ( 1, 150) .  Thus 
the maximum range of zooplankton numbers was 1, 150 
to 24,4 10 .  

Numbers dropped in late autumn ( May) and re­
mained low at about 1,800 for three consecutive samples 
in mid winter. In late July and August there was a rise 
to about 4,000, and this trend continued into late spring, 
when about 5,000 were present. In early summer 
( December) there were fewer individuals present than 
at any other time ; about 1 ,200 per haul in consecutive 
samples. After this numbers increased abruptly to 
14,000 in January, the highest value in the first year of 
sampling. Early in January swarms of barnacle nauplii 
comprising 78% of the numbers were responsible for 
these high values. Later, in the middle of the month, 
this proportion dropped to 20%, the decrease being 
balanced by an equivalent increase in the numbers of 
other organisms, particularly copepods. In late summer 
(February) numbers dropped to about 6,500, but 
during autumn they tended to increase, reaching values 
around 10,000 in May. Though mean monthly numbers 
showed a steady increase in these autumn months there 
was much variation between samples. The sample for 
mid May 1964 was numerically the second largest taken, 
containing 16,880 individuals, of which the copepod 
Paracalanus parvus comprised 70%. 

In late May numbers dropped, as they had done in 
the previous year, and they remained low at about 
4,500 during June and July. In August numbers in­
creased to 1 1,000, but they dropped again in the follow-
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ing month. October numbers showed a further increase, 
and this trend continued with some variation until the 
end of the sampling period in late January, when 24,500, 
the greatest number recorded, were present. 

Although samples were taken over a period of nearly 
two years, seasonality in the variations of numbers is 
not immediately apparent. This results partly from the 
wide variations between consecutive samples but mostly 
from the tendency for values in 1964 to exceed those 
in the previous year. Because of the higher values re­
corded in 1964 values showed an upward trend over the 
entire period. Even so, the trends are similar in the 
two years, lower values being recorded in winter than 
at other seasons, and numbers tending to increase to a 
mid-summer peak. In 1964 the mid-summer peak was 
succeeded by another peak in late autumn (May). One 
anomalous feature is the exceptionally low numbers 
recorded in consecutive samples in December 1963. A 
period of low numbers at this time was not recorded in 
the following year. The possible reasons for this drop 
have been discussed on p. 85. It originated mainly from 
the temporary disappearance of barnacle nauplii at a 
time when other zooplankton was scarce. 

Sta. B - Jellicoe Channel 
Numbers varied in a recognisable pattern, ranging 

from 3,211  in May to 13 1,858 in January (Fig. 54). 
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The greatest difference between consecutive monthly 
counts was a rise from 13,639 in December to 13 1,858 
in January. 

In autumn 1964 numbers decreased from about 
19,000 in March to about 3,200 in May. Numbers re­
mained low at around 5,000 in June and July, after 
which there was a rapid rise to 51,000 in August and 
57,000 in September. This early spring peak was fol­
lowed by a steady decline in counts during the later 
spring months until in early summer (December) about 
13,600 were present. Numbers then rose sharply to the 
highest recorded count, 132,000 in January, and it is 

notable that of these 78% were of one species, the 
cladoceran Penilia avirostris. In February numbers 
dropped sharply to 20,000, a level that hardly changed 
in March, but an increase to 49,800 occurred in April. 
The March, and especially the April samples, were 
characterised by the abundance of the salp Dolio/um 
nationalis, which accounted for 50% of the April num­
bers. But for the presence of this salp zooplankton 
numbers would have approxin1ated those for the same 
time in the previous year. 

Some features of the variations of total numbers are 
common to both the inner and outer gulf stations. Low­
est values were generally in winter (June and July) and 
highest in January. The most striking difference is the 
relative importance of the spring increase. At Sta. A 
in 1964 the August increase was not sustained into Sep­
tember, and this peak was greatly exceeded in late 
spring and early summer. At Sta. B the August increase 
was relatively more pronounced and continued into 
September. Numbers then declined steadily for 3 
months, a time of rising numbers inshore. Although 
contemporary data is not available for both stations, 
inshore autumn numbers were greater than spring num­
bers, and offshore spring values are greater than those 
for autumn. 

As has been stated, absolute comparisons of counts 
between stations lack meaning, different gear being used 
at each station. However, in March 1964 trials were 
conducted at Sta. B using the 0.5 m net already in use 
at Sta. A In each of two trials three vertical hauls 
from near the bottom to the surface were made, and 
making the same assumptions as at Sta. A, approxi­
mately 8.7 m3 would be filtered in each haul. Estimates 
from these trials average 2,540 animals/m3 for March, 
which is some 25% higher than the March average for 
Sta. A ( 1,917 / m3 ) .  Thus it seems likely that zooplank­
ton was more abundant in the outer gulf at this time. 

During the second trial with the 0.5 m net at Sta. B 
a haul was made with the Clarke-Bumpus sampler. The 
numbers estimated from this one Clarke-Bumpus haul 
(2, 130/m3) are only slightly less than those estimated 
from hauls with the larger net (2,430/ni3) .  Though this 
difference is too small to be significant, it is consistent 
with the results of Fleminger and Clutter ( 1965), who 
found that larger diameter nets gave higher estimates in 
relation to their mouth area. 
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VOLUME 

Sta. A - Waitemata Harbour 
As with mean numbers, it is apparent that there is 

considerable variation in mean zooplankton volumes 
(Fig. 55) .  The lowest values were recorded in June 
1963 (0.45 and 0.60ml) and in late May 1964 (0.65ml) .  
The largest volumes occurred i n  late August and early 
September 1964 (4.20 and 3.93ml). The range was 
therefore 3.75ml. 

Initially volumes fell, and then remained low in June 
and July. From late July volumes rose, reaching a 
maximum in mid January. During this time a major 
drop in volumes occurred in December, coinciding with 
the similar fall in numbers. In late January volumes 
fell sharply then fluctuated with a tendency to increase 
until mid May. Autumn values were generally lower 
than those for the previous spring. 

In late May 1964 volumes fell to the lowest value in 
the year, but they subsequently rose to a relatively 

stable level in June and July. They then rose further, 
reaching the highest recorded values in late August. 
After this volumes declined and varied considerably 
during the remaining spring and summer months but 
showed no apparent trend. 

Patterns are even less obvious in the variations of 
catch volumes than in mean total numbers. Minimum 
values for both measures were in early winter, and in 
the first 1 2  months of sampling maximum values for 
both coincided in January 1964. Catch volumes were 
relatively high in spring and low in autumn when com­
pared with mean numbers ; in fact the largest catch 
volumes were in early spring 1964, well before the larg­
est numbers. The disparity between the patterns of 
numbers and volumes results from the larger numbers 
of larger organisms such as decapod larvae, Pleura­
brachia pileus, Turritopsis nutricula, and a variety of 
smaller hydromedusae in spring. Autumn volumes are 
low in relation to numbers, this being a reflection of the 
poor representation of larger individuals. Autumn 

5 o�-,---------.--------,------,-------.------.------,-----

4 ·0 

� 3 · 0 
I 

0 "' 
<( 
0 
z 

� 
I: 2 0 

0 · o.....L�M-----.----A-�-,--�o---,-,N--r-=0----,--,--.---,--;:;M.--r---.A-.�M..-,---;-,-,-.---.A-.---,,--,""""'oac-r.:N.---,-,.D_--,-,J ----, 
1 963 1 964 1965 

FIG. 55. Variations of zooplankton volume at Sta. A - Waitemata Harbour 
92 

I · 25 

I · 00 

0 ·75 

0 · 50 



This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/

samples were dominated by large numbers of small 
copepods, barnacle nauplii, and appendicularians. 

Detritus and phytoplankton accounted for a negligible 
proportion of volume, and the only phytoplankton 
species noted in appreciable numbers were the centric 
diatoms Coscinodiscus wailesii and Biddulphia sinensis 
in the winter months of 1964. 

Sta. B - Jellicoe Channel 
Again, as with numbers, mean volumes followed a 

more recognisable pattern than at Sta. A (Fig. 56) . 
Minimum volumes occurred in May and July 1964 
( 0.65 and 3.04ml) , and maximum volumes occurred in 
October and November 1964 ( 178.90 and 1 17.98ml) . 
Thus, the range was 178ml. 
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FIG. 56. Variations of catch volume at Sta. B - Jellicoe 
Channel 

Catch volumes were low throughout late autumn and 
early winter 1964 then rose abruptly in August until 
October, when the maximum value was recorded. After 
this, volumes decreased through late spring and sum­
mer until autumn, when they again increased. 

Values for the total catch do not give a true indica­
tion of zooplankton variations at Sta. B. The net used 
was much finer than at Sta. A, and from late winter 
until early summer clogging by phytoplankton was a 
serious problem. This phytoplankton was dominated 
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by the dinoflagellate Ceratium fusus, which comprised 
at least 60% and, more often, nearly 90% of the cells 
collected from October to January (U. V. Cassie, 1966) . 
Individual cells of C. fusus ranged between 250 and 500 
microns in length, and must have been responsible for 
effectively reducing the mesh aperture of the net so 
smaller cells of other species were also retained. The 
numbers of revolutions of the net cyclometer were much 
lower when large amounts of phytoplankton were re­
tained. In September samples the phytoplankton was 
removed by flotation before the zooplankton was sub­
sampled and the volumes were measured. This has led 
to an artificially low mean catch volume for September. 

Zooplankton volumes have been separately assessed 
for samples in which phytoplankton comprised an ap­
preciable proportion of the total catch, that is for late 
winter, spring, and summer samples. This has been 
done by measuring the settled volume of the zooplank­
ton sorted from sub-samples in addition to measuring 
the settled volume of the total catch. Zooplankton 
volume varied between 0.65ml (May) and 60.80ml 
(April) ,  a range of 60. 15ml. Zooplankton volumes were 
small in autumn and early winter, and in these samples 
phytoplankton and detritus were present in such negli­
gible quantities that the entire catch could be regarded 
as zooplankton. From August until October zooplank­
ton volume increased, then it decreased until December. 
In January zooplankton volume was much greater than 
in adjacent samples, and this peak resulted from the 
huge numbers of a single species, the cladoceran Penilia 
avirostris, which made up 79% of the zooplankton 
volume. This species was present in only relatively 
small numbers in December and February. During 
autumn zooplankton volume rose steeply, the year's 
maximum value being recorded in April. [n these 
autumn months the thaliacean Doliolum nationalis was 
very numerous and comprised over 70% of zooplank­
ton volume. This species was not present in autumn 
1964. Large numbers of the relatively large euphausid 
Nyctiphanes australis also helped to boost zooplankton 
volume in autumn months. 

DISCUSSION 

Valid comparisons can be made only between data 
gathered with similar gear. The 0.5 m net used in the 
Waitemata Harbour is comparable, except for its 
slightly finer mesh (250 microns ) ,  w ith the International 
Coarse Silk Net which was used in the Great Barrier 
Reef Lagoon ( Russell and Coleman, 193 1 ;  Russell, 
1 934) .  Nets of this pattern have also been used in the 
Singapore Strait and Zanzibar Channel ( Wickstead. 
1961 , 1963 ) .  The general principle that standing crop 
and seasonal variation increases away from the Equator 
is demonstrated in Fig. 57. Amongst the localities 
shown lowest numbers and least variation is indicated 
for the Singapore Strait, and highest numbers and great­
est seasonal difference is indicated for Waitemata Har-
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hour and inshore Zanzibar waters. Great Barrier Reef 
and offshore Zanibar waters appear to be intermediate 
with respect to both numbers and seasonality. Where 
seasonal trends are marked at these stations they are 
similar. Maximum numbers occur i n  January in the 
Waitemata Harbour, inshore Zanzibar, and Great 
Barrier Reef waters, and, at all these localities, numbers 

are generally low from June to September. The ratio of 
smallest to largest average monthly numbers is also of 
the same order of magnitude at these different localities. 

The Waitemata Harbour does not appear to differ 
in any pronounced way from other neritic, tropical, and 
subtropical localities where data has been gathered in 
a similar way. 
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SUMMARY 

Records of temperature, salinity, turbidity, and plank­
ton in the Hauraki Gulf have been based on regular 
sampling at two stations, one in the Waitemata Harbour 
and the other in the Jellicoe Channel. These stations 
were chosen to represent inner and outer gulf conditions 
respectively, the distinction having been made by earlier 
workers (Fuller, 1953; R. M. Cassie, 1960b) .  The Wai ­
temata Harbour station was sampled at fortnightly 
intervals for 2 1  months and the Jellicoe Channel station 
at monthly intervals for 1 4  months. 

Sea surface temperature and salinity showed the same 
overall trends at both stations, but inshore values had 
greater range and variability. Most variations at both 
stations can be directly related to long: and short-term 
variations in air temperature and rainfall, and their 
departure from average. Differences between years can 
also be related to these climatic factors. Subsurface 
temperature and salinity i nshore were always very close, 
though seldom identical, to those at the surface, and it 
is apparent that Waitemata Harbour waters are only 
slightly stratified. In the outer gulf the water column 
was isothermal and isohaline during winter, but tem ­
perature and salinity gradients were established in 
spring and persisted until late autumn. Waitemata Har­
bour waters were always rather tu rbid and gave a small 
Secchi Depth in comparison with the Jellicoe Channel. 

Hydrological processes at the two stations were gen­
erally those expected from the effect of climate on a 
self-contained body of water, except at the Jellicoe 
Channel station in late summer and autumn 1965, when 
cooler, more saline, and less turbid offshore water ap­
peared. This water was almost undoubtedly introduced 
as counterflow, balancing the seawards removal of sur­
face water by the strong and persistent offshore winds 
that prevailed at the time. 

Zooplankton in the Waitemata Harbour was typically 
neritic, generally lacking variety except amongst larvae 
of benthic and l ittoral organisms. Only once were a 
few specimens of the characteristic estuarine copepocl 
Gladioferens pectinatus taken, and estuarine influence 
must have been slight, at least at high water. Copepods 
were the most abundant organisms. comprising more 
than 70% by number of the average catch, followed by 
larvae of benthic and littoral organisms. These two 
groups, copepods and larvae, together comprised more 
than 90% of the average catch. In addition, appendi ­
cularians, cladocerans, hydromedusae, and ctenophores 
were sometimes moderately abundant. 

A variety of copepods was taken, but only four 
species (Paracalanus parvus, Corycaeus aucklandicus, 
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Temora turbinata, and Acartia clausi) were ever very 
abundant, together comprising 90% of the copepods in 
the average catch. In addition, smaller numbers of 
Centropages aucklandicus, Euterpina acutifrons, and 
Labidocera cervi were nearly always present and some­
times common. 

The essential features of seasonal succession of zoo­
plankton in  the Waitemata Harbour were similar in 
both years of sampling. The major differences between 
the two years appear to be related to hydrological and 
climatic d ifferences. Amongst copepods Paracalanus 
parvus and A cartia clausi were more abundant in winter 
and spring, Corycaeus aucklandicus in spring and sum­
mer, and Temora turbinuta in summer and autumn. 
Cladocerans Penilia avirostris, Evadne nordmanni, and 
Padon polyphemoides were best represented in summer 
and autumn, and the only ctenophore, Pleurobrachia 
pileus, was common and characteristic in later winter 
and spring. Larvae as a group were least abundant in 
autumn and winter and reached greatest abundance in 
late spring and summer. Barnacle nauplii in particular 
achieved great abundance and completely dominated 
a number of mid-summer samples. The only common 
appendicularian, Oikopleura dioica, showed little season­
ality. One of the less abundant, though larger and more 
d istinctive components, the anthomedusan Turritopsis 
nutricula, was taken in every sample from late autumn 
to early spring, but at no other t ime, in both years. In 
spring 1964 a number of components were taken in a 
few consecutive samples that were otherwise more typi­
cal of the outer gulf. None of these were common, and 
they were best represented at their first appearance, 
after which they soon d isappeared. They were p robably 
introduced as a minor invasion from the outer gulf. 

Jellicoe Channel zooplankton was more varied than 
that inshore and an "oceanic" element was nearly 
always present. Copepods ( 63% )  were aga in the most 
abundant group but larvae (7%) were much less 
abundant. Non-copepod groups were present in the 
following order of abundance : cladocerans, appendicul­
arians, salps, euphausids, hydromedusae, ctenophores, 
chaetognaths, pteropods, and heteropods. Many of 
these groups are predominantly oceanic and were scarce 
or absent inshore. Oceanic elements were usually varied 
but, except in autumn 1965, none were numerous, and 
the plankton was characteristically neritic. Generally 
the same neritic components had similar status as in­
shore. The only additional abundant copepod was 
Oithona similis. 

The strength of the oceanic zooplankton varied 
seasonally in the Jellicoe Channel. It was strong in 
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early winter and then diminished until mid summer, 
after which it suddenly increased. These variations have 
been interpreted in relation to the sequence of hydro­
logical events. After mid summer the salp Dolio/um 
nationalis became so numerous that it completely dom­
inated the autumn plankton. A number of oceanic 
copepods became moderately abundant and pteropods 
and salps were taken only in this period. This plankton 
changeover coincides with the influx of cooler, more 
saline, and less turbid offshore water that was intro­
duced into the gulf during persistent and strong offshore 
winds. 

Variations of zooplankton numbers and catch volume 
showed similar general trends. In the Waitemata Har­
bour there was a general upward trend throughout, but 
lower numbers were recorded in winter than at other 

seasons, and numbers increased to a mid-summer peak 
and remained high through autumn. Jellicoe Channel 
numbers showed the same trends, but there was also an 
initial, well sustained rise in early spring. Variations of 
zooplankton number are consistent with other sub­
tropical and warm temperate localities. 

Hauraki Gulf zooplankton holds nearly every species 
in common with northern New Zealand (Burfield, 
1930;  Calman 1917; Farran, 1929; Garstang, 1933;  
Massey, 1920; Tattersall, 1924) and has decreasing 
numbers of species in common with south-eastern Aus­
tralia, South Africa, Great Barrier Reef, equatorial 
Pacific, and lastly, southern New Zealand. The lack of 
affinity between northern and southern New Zealand is 
undoubtedly a reflection of the separation of the locali­
t ies by the Subtropical Convergence. 
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APPENDIX A 

Analysis of Hauls at Sta. A - Waitemata Harbour on 23 August 1963 Indicating Methods and Degrees of Detail for the Recording of Zooplankton Components (see p. 15) 
Haul l 2 3 Total sample 
Labidocera cervi 12 17 12 
Pleurobrachia pileus 130 125 137 
Turritopsis nutricula - 3 -Other medusae - 2 1 
Petrolisthes elongatus 1 1 1 
P. novaezelandiae 14 7 9 Subsample size 1 /8 1/8 1/8 1/8 1/8 1/8 1/8 1/8 1 /8 1/8 1/8 1/8 No./Haul 
Paracalanus parvus 77 84 68 101 79 77 85 90 102 85 97 99 696.0 
Centropages aucklandicus 5 2 4 1 - 6 6 3 8 4 9 3 34.0 
Temora turbinata 44 44 46 38 53 48 42 44 72 48 60 62 400.7 
Labidocera cervi 1 - - - - - l 1 - - - - 1 5.7 
Acartia clausi 22 31 36 31 39 34 17 31  24 30 31 26 234.7 

Corycaeus aucklandicus 72 39 55 71 49 81 57 75 64 60 79 61 508.7 
Oithona similis l l - - - - - - l - l - 2.7 
0. plumifera - - - - - l - - - - - - 0.7 
Euterpina acutifrons 27 26 1 8  3 1  20 19 26 26 24 18  31 22 192.0 
Clytemnestra rostrata - - 3 1 - - - 3 - - - - 4.7 
Mysids - - - - - - - - l - - - 0.7 
Oikopleura spp. 8 9 7 7 5 5 8 5 5 11 4 17 60.7 
Pleurobrachia pileus 16 10 8 18 22 1 2  15 19 17 12 16 10 246.0 
Turritopsis nutricula - - - - - - - - - - - - 1 .0 
Obelia medusae - - - - 1 - - - - - 1 1 2.0 Other medusae 4 3 2 2 2 3 5 1 1 l 2 2 16.7 
Sundry decapod larvae 7 5 5 5 5 5 3 2 6 6 6 9 42.7 
Petrolisthes elongatus - - - - - - - - - - - - 1.0 
P. novaezelandiae - - - 1 - - - - - 1 - - 10.0 Brachyuran zoeae 50 33 46 72 48 54 40 39 55 58 57 32 389.3 
Barnacle nauplii 32 41 31 45 30 37 26 55 40 32 39 32 293.3 Barnacle cyprids 5 2 2 6 4 1 2 7 3 4 4 4 29.3 

Polychaete larvae 13  6 9 15 14 17  18 10 7 11 9 1 5  96.0 Bivalve veligers 3 l 2 - 4 2 - 3 11 - 2 2 20.0 Gastropod veligers 1 2  5 4 4 6 4 7 4 7 3 3 4 42.0 Actinotrochs - - - 2 - - - - - - - - 1 . 3  Ascidian tadpoles - - - - 1 - - - - - - - 0.6 
Fish eggs l 1 - l 2 l 2 1 2 - 1 - 8.0 Fish larvae -- l - - - - - - - - - - 0.7 Subsample total 1,532 1,570 1,687 Correction X 2 + 157 X 2 + 155 X 2 + 160 Total 3,221 3,295 3,534 3,350 
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APPENDIX B 

Analysis of Hauls at Sta. A - Waitemata Harbour on 31 January 1964 Indicating Methods and Degrees of Detail for the Recording of Zooplankton Components (see p. 15) Haul 1 2 3 No./Haul Subsample size 1/10 1/10 1/10 1/10 1/10 1/10 
Paracalanus parvus 36 30 31 30 43 42 353.3 
Centropages auck/andicus 8 5 3 3 4 7 50.0 
Temora turbinata 51 50 43 50 62 71 545.0 
Labidocera cervi - l 1 1 - 1 6.7 
Acartia clausi 34 34 39 40 53 45 408.3 
Corycaeus aucklandicus 386 290 308 246 485 428 3,571.7 
Oithona nana 1 - - l 1 - 5.0 

Euterpina acutifrons - 1 2 - - 1 6.7 
Penilia avirostris l l - 1 3 1 11.7 
Evadne nordmanni 2 1 1  1 1 4 2 35.0 
Podon polyphemoides l l 3 - 2 - 11.7 
Oikopleura spp . 7 8 6 3 1 1  11 76.7 
Pleurobrachia pileus - 1 - - l - 3.3 
Obelia medusae 4 2 4 - - 1 18.3 Other medusae 14 8 6 6 4 4 70.0 
S11nrlrv ,le,c,�norl brv�e, 5 9 2 5 11 9 68.3 
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APPENDIX C 

Analysis of Hauls at Sta. B - Jellicoe Channel on 22 August 1 964 Indicating Methods and Degrees of Detail for the Recording of Zooplankton Components (see p. 15) Haul 1 2 3 No. of revolutions 1 81 162 1 77 Total No. Estimated No. 
Subsample size 1 / 1 0  1/10 1/10 1/10 1 / 10 1/10 (all hauls per I OOO revs. )  
Calanus tenuicornis 2 - - - - - 10  1 9.2 
Rhincalanus cornutus - - - - 1 - 5 9.6 
Paracalanus parvus 433 3 12  337 348 324 357 1 0,555 20,298.0 
Clausocalanus arcuicornis 2 1 - 4 2 1 50 96.2 
Ctenocalanus vanus 2 4 3 5 2 - 80 153.8 
Centropages aucklandicus 2 - - - 1 1 20 38.5 
Temora turbinata 65 36 36 40 40 37 1 ,270 2,442.3 
Pleuromamma abdominalis 1 - - - - - 5 9.6 
P. gracilis 1 - - - - - 5 9.6 
Heterorhabdus papilliger - - ( 1 )  - - - - 1 1 .9 
Acartia clausi 84 73 81  1 26 1 17 134 3,075 5,913.5 
Acartia danae - 1 2 1 - - 20 38.5 
Microsetella rosea 1 - - - - - 5 9.6 
Euterpina acutifrons 90 64 48 74 74 67 2,085 4,009.6 
0ithona similis 8 1 0  9 5 21 21 320 6 15.4 
0. plumifera 2 - 1 - 2 2 35 67.3 
0ncaea media - 1 I - - - 10  1 9.2 
0. venusta - - - - - 1 5 9.6 
0ncaea sp. 4 2 1 I 1 3 60 1 15.4 
Corycaeus aucklandicus 68 46 71 54 59 47 1 .725 3,317.3 
Evadne nordmanni 78 58 97 105 91 73 2,510 4,826.9 
Nyctiphanes australis - - 1 4 2 - 35 67.3 
Amphioxus juveniles 8 2 2 2 - 1 75 144.2 
0ikopleura spp. 143 1 13 120 1 04 1 14 145 3,695 7,105.8 
Sagitta serratodentata 2 1 1 1 - 2 36 69.2 
Pleurobrachia pileus - - 2 1 - - 1 7  32.7 
0belia medusae 2 1 1 2 - 3 45 86.5 Other medusae 7 3 7 1 6 9 1 65 3 17.3 
Sundry decapod larvae 1 1 2 4 2 1 55 105.8 Brachyuran zoeae 2 I 6 2 2 2 75 144.2 
Petrolisthes novaezelandiae - I - - 1 - 1 0  1 9.2 
Ca/lianassa larvae - - 1 - - - 5 9.6 
Jaxea larvae - - - - (1)  - - 1 1 .9 Stomatopod larvae - - 1 - - - 5 9.6 
Barnacle nauplii 2 1 - 1 - - 20 38.5 Barnacle cyprids 2 2 - - - - 20 38.5 Cyphonautes 1 - - - - - 5 9.6 Actinotrochs - - - 1 - - 5 9.6 Polychaete larvae 1 1  - 5 4 15  - 1 75 336.5 Gastropod veligers - - - - 1 1 10  1 9.2 Bivalve veligers - - - 1 2 - 15  28.2 Teleost eggs I 1 - 2 - - 20 38.5 Teleost larvae - I 1 - 1 1 20 38.5 Subsample total 1 ,760 1,731 1 ,790 Correction X 10/2 + I X 10/2 + 1 X 10/2 + 3 Total 8,801 8,656 8,953 26,41 0  50,788 

(Numbers in brackets refer to animals sorted from catch before subsamples were taken) 
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