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7,00PLANKTON OF EAST AUSTRALIAN WATERS
1945 - 1954

By

Patricia EKott

SUMMARY

The zooplankton discussed in this report was collected
in New South Wales coastal waters during 1945 to 1954;
supplemented by collections made in the Tasman Sea by
R.R.g% "Discovery II" in 1950 and F.R.V. "Derwent Hunter"
in 1954.

The occurrence of fifty-nine species in the major
groups of Copepoda, Cladocera, Acopa Appendicularia
Mollusca, and Chaetognatha has been considered and %he
populations in the coastal waters of the area have been
elassified according to their origin.

The succession of organisms through the year was found
to be comparable over the greater part of the coast, but at
the northern and southern extremes, the faunal changes
throughout the year were found to be not so great and the
zooplankton to be more uniform.

Species -from the northern coastal area were found to
invade New South Wales coastal waters from January to June.
From April to September species including deeper sub-
Antarctic specles, surface sub-tropical species, and
tropical species from the surface oceanic waters to the
north, appeared from offshore waters. From QOctober to
December southern coastal species were found to move north
and to invade the more northern areas, These seasonal
changes are discussed and the annual variations of the

movements of different species are examined, Geographical

groups of species have been identified which may, in the
future, be assoclated with water masses circulating in the
Tasman Sea and affecting the New South Wales coastal area.

In citing this report, abbreviate as follows:
c.8.I.R.0. Aust, Div. Fish. Oceanogr. Rep. No. l4.
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INTRODUCTION

. Zooplankton has been collected previously in east
Australian waters by various visiting expeditions (Dekin &
Colefax 1940, pp. 7-14). The reports of these expeditions
are concerned mainly with the systematics of the major
groups of zooplankton. The geographic distribution and
seasonal succession of zooplankton have been discussed by
Dakin and Colefax (1933, 1940) who maintained a station
off North Head, Sydney, during 1929 and -1931, and by
Sheard (1949) from collections made during 1943-46 off
Jibbon, Port Hacking. Thompson (1942, 1948) has dealt

.with the pelagic tunicates of Australia and Thomson (1947)

has published an account of the chzetognaths of the south-
east Australian area. Sheard and Fairbridge prepared in
1943, but did not publish, an account of some copepods of

east Australian waters. '

The present report deals with the Division's collect-

_ions of plankton made during a period of nine years from

1945 to 1954, This is a longer period than any covered

by previous workers and in the discussion of various specles - -

in Section III(b) reference has been made to the findings
published by the workers listed above, where these differ
markedly or support strongly, the conclusions of this
report, | . :

11,  COLLECTION_AND HANDLING OF DATA
The zooplankton collections were taken at 50 m, 100 m,

and at oceanic stations, Unfortunately sampling during
the nine-year period was not always carried out regularly.

The 50 m coastal stations (Fig. 1) were situated from
Port Phillip Bay in Victoria to Evans Head in northern New
South Walses. Sampling at the Jibbon station was the most
regular, usually monthly, sometimes twice monthly, occasion-
ally once every two months, but with gaps from November
1947 to October 1948 and from June 1950 to February 1952,

- when no -hauls were taken. All other coastal stations were

occupied monthly, but there are gaps when no hauls were

made.,

The 100 m stations are beyond the coastal stations at
Eden and Ulladulla in 100 m of water. These were occupled
occasionally in 1952 - 54. In January 1954, F.R.V.
"Derwent Hunter" occupied stations on the continental slope
at Nobby's Head, Norah Head, and Barrenjoey Head. : ;
(C.S.I.R.0. Aust. 1954, DHB-9/54 and DH11-19/45).
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Hauls were made at ocean stations by R.R.S. "Discovery"
in October 1950z on a line east from Green Cape (N.S.W.) to
a'point, 153°04'E, in the Tasman Sea, and by F.R.V. "Derwent
Hunter" in February and November 1945 at stations in the
'Tasman Sea (Fig, 1§. S S L -

Discovery N70 nets were used for' hauls except those-
taken by R.R.S. "Discovery" in 1950 when a Discovery type
N100 net was used. Before 1952 nets were hauled horiz--.
ontally at the surface for 15 minutes, and from 1952 . -
duplicate vertical hauls were also made at 50 m stations.
Originally, at the deeper offshore stations, the vertical

‘hauls were taken with a closing net similar to that deseribed

by Kemp and Hardy (1929).  Due to loss of catch as discussed
by Barnes (1949) and Wiborg (1954), the methods used for
vertical hauls in this survey were changed in 1954 .and all
hauls were taken from particular depths to the surface not
using a closing net.

" "Inefficlent’ sampling by N70 nets has been discussed by
Gardner (1931) and Winsor and Walford (1936). The non-:
random distributlon of ‘plankton has been noted and discussed
by Winsor and Clarke (1940), Baldi, Cavalll and Perocchi’
(1945), and Barnes and Marshall (1951). However, despite
- these disadvantages, it was found during this survey that
the quantitative and qualitative sampling were comparable
from station to station at any one time and from week to

week, and the relative content of the catches was consistent.

" Most of the hauls at coastal stations were taken
during daylight hours. Stations in the Tasman Sea were
occasionally worked at night. L

- Hauls were received at the laboratory preserved in
5-10 per cent. formalin, . Larger and less common organlsms
‘were recorded., If the haul was small, as was usual with
‘vertical hauls, particularly those from a great depth, the
‘organisms. in each group were counted. Usually a tenth
though occasionally a hundredth of the larger horizontal
hauls was.examined (Xott 1953). Count trays (Russell and
Colman 1931) were used to count individuals. Each speciles
of Cladocera, Acopa, Mollusca, and Appendlcularia was
counteds each individual species of Copepoda was not
counted separately but the group as a whole was counted and
-the “numerical relationships of species were noted. During
" the earlier years of .the survey the volume of each haul
was measured by the displacement method (Sheard 1947). -

- This was' later discarded in favour of counts since the ..°
varylng size of organisms prevented volume giving any ,
real indication of the quantities of zooplankton present.
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‘Giesbrecht.
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Some of the data used in this survey are available
in Oceanographical Station List 19 (C.S.I.R.0. 1954).

.+ Detailed information, particularly on the.copepod populdt-

ions and on comparable numbers of all species, i1s from the
unpublished records of this Laboratory.

Lii. mESuLTS
iéd—lééi_gi_épgglgg | |
The species dealt with in the sSurvey are iisted -below.
COPEPODA

(Dakin and Colefax 1940; Brady 1883;
Farran 19293 Farran 19363 Scott
1909; Seymour Sewell ~1932)
Calanidae

Calanoides g¢arinatus (Lubbock), Calanus finmarchicus

(Gunner), Nannocalanus minor (Clau5§5 Undinulg darwinii: -
(Lubbockj, Undinula vulgaris (Dana).

Metridiidae

%;eﬁfé?agga éhﬁéﬁiﬁélis“(iuﬁbock), Eleuroméggéméfééiiiswm
Claus). '

it o..Centropagidae e

Centropages bradyl Wheeler, Qeﬁtropgges'furcgfgé“(ﬁéﬂQS:‘ 

Centropages kroyeri Glesbrecht, Céntropages orsinii

1

Iemora d;scaudgtg Giesbrecht3 Temors turbinats (Dana).

Lucicutiidae
Lucicutla flavicornis (Claus).
~ b L Séoleeithricddae 0 Lol o
Scolecithrix damss (Lubbockys © o T
Aetideidae
Aetideus sp.



s

Eucalanidae
Eucglanug crassgg Giesbrecht, Rhincalanus ngsutu Giesbrecht.
Paracalanidae o
Paracalanus aculeatus Giesbrecht, Psracalanus parvus (Claus).
Pseudocalanidae
Clausoecalanus arcuicornis. Dana, :
: % “Euchaetidae

E.uc_he.% SPDe 4 W SPe
. Pontellidae
Pontells secufifer'Brady.<
Labidoceridae
Labidocera cervi Kremer.~

aoartiidas - .

Acar ;a clausei Giesbrecht, Tortanus_barbatus (Brady).
.‘._'_'.::;.:..:-“,.'*::‘ N ‘,::_‘.":.‘:i, ‘:._‘_‘. T Candac idae m.....,"_._:‘;. ‘.:E;..".:._-:;A A AT '----:r- ,

gglggogig elliptica (Dana), Candacis bipinnata (Giesbrecht),
Candacia pectinnata Brady ?

ol ke .- -Sapphirinidae ﬁagm“:; '“ﬁ‘éiﬁéf
Sgpph;£iﬁéﬁe££;. Large numbers of O;thong SPp., ONGCOEE SPD.,
and Copilla spp. were also present in the hauls from time
to time but variations in their occurrence have not been
taken 1nto account during thls survey.

' CLADOCERA

(Dakin and Colefax 1940)

Evadne nordmanni Loven, Evgdne syiniferg Muller

Evgdne tergesting Claus, Penilis schmgcker Richard,
Podon polyphemoides Leuck. :

G2 o

0
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MOLLUSCA
(Dakin and Colefax 1940)

Creseis acicula Rang, Creseis virguls Esch,
Firoloida qeﬂmagestf Vayssilere,

TUNICATA
(Thompson 1948)
Acopa
Doliolum denticulatum Q & G, Doliolum gegenbauri Uljanin,
Iasis zonaria Pallas, Ihles magalhanica Apstein,

Pyrosoms atianticum Peron, Salpa fusiformis Cuvier,
Thalia democratica Forskal.

Appendicularia

Fritillaria boreglis Iloismann, Fritillaris neggehile Fol,
Fritiliar.s tormica Fel, Fritiliaria haplostomata Fol,
Fritillaria pellucida Busca, Oikopleura fusiformis Fol,
Oilkopleura long..cauds Vogt, Qikopleura rufescens Fol
Tectillaria tertiiis Lohmann, Kowglewskais tenuis Foi,
Stegasoma magnum Langerhans,

CHAETOGNATHA

(Thomson 1947)

Oceasionally the following species were identified

‘in the collecticns.

Krohnita pacifica (Aida), Ptercosagitta draco (Krohn).

(b) Tocal Occurrences of Species

In the following acccunts species are divided into
groups according to the area in which they flourished.
throughout the year. Under the headings of these geo-
graphic areas the major taxonomic groups are set out and
within these the species are arranged according to their
relative numerical importance. Here "northern coastal"
is defined as the area rorth of Port Stephens, "southern
coastal" as the area south of Eden, the area between
these two is considered as a transition area, and the



G

Hoffshore area'" as that from which deep vertical hauls of
100 m or more were taken,

(1) The Northern Coastal Area.- The main stations
wnere hauls were taken in this area are at Evans Head,
Coff's Harbour, Port Macquarie, and Port Stephens. Many
of the species collected at these stations have a wide
distribution in the tropical and temperate waters of both
hemispherses, -

1, Temors turbinata.~ This specles was found in 1945-54. -
to be the most numerous at Port Stephens and stations - to
the north where it was the dominant copepod during the
greater part of the year. At Jibbon, in the transition
area, the species gradually increased from November to
March and persisted in. large numbers until the appearance
of the salp swarm in:July and August. - This species was
less numerous at Ulladulla and at Eden occurred rarely and
then only in small numbers from January to May. In August
1952 T. turbinata was taken at the Eden 100 m station with
other northern coastal species, but these were not taken
at the Eden 50 m station.

Temorag turbinats is thus one of the most important
copepeods in the coastal waters off Jibbon and to the north.
Its occurrence may be taken to indicate the presence of
waters of the northern coastal aresz. The large numbers
of this species at the Eden 100 m station in August 1952
suggest that the northward moving southern coastal waters
caused the northern coastal waters to be deflected away
from the coast in their southern limits.

2. Undinula darwinii 3. Undinula vulgaris,-

These two species occurred together in this area and
decreased in number from north to scuth exactly as Temors
turbinata, though this latter species far exceeded the
numbers of Undinula spp. The aspecies were found to
flourish throughout the year from Port Stephens to the
north and to occur further south in the ccastal plankton
only for a limited period. U. vulgaris was the more common
of the two species as also reported by Dakin and Colefax
(1940). The latter authors found . derwinii a rare
component of the plankton hauls during the late winter _
months, However during the present investigation neither
of these two species could be described as rare. They
may be used with T, turbinatg as indicators of northern
coastal waters. .

9 od
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4, Centropages furcatus.~ This species was usually taken
at Jibbon station from February to May. However, in

1945 when Calanus fimmarchicus persisted in coastal waters
wntil March, C, furcatus did not occur until May, in a
copepod population of Undinula spp. and Temorsg turbinatg.
In 1946, 1950, and 1953 this species did not occur in the
plankton from Jibbon station and in 1949 it did not occur
until August. There were, however, in 1949 irregularities
in the zZooplankton, which may have been related to the .
absence of the usual huge swarm of Thalis democratica,
resulting in the persistence in the area of species which
would otherwise have been excluded, It was never a
plentiful species, but it occurred consistently from
November to July to the north of Port Stephens 1ln the
coastal area, It extended south to Ulladulla in April

in company with other northern coastal species, It did
not occur at offshore or Tasman Sea stations and only once,
in April 1953, at Eden. It is not regarded as an ideal
indicator species because 1ts numbers in the plankton

were too few to ensure its regular collection, and its
absence from any haul could not be regarded as significant.

5. Eucalshus crassugs.- This species was plentiful
throughout the year at the more northerly stations and
appeared at the Jibbon station with Temora turbinata and
Undinyla spp. during April to June and sometimes persisted -
until October. Juvenile specimens were particularly
common. - .This species was present off Ulladulla and Eden.
It was taken offshore usually in surface hauls. It was
most numerous in the plankton of the northern coastal
region but it occurred fregquently with other northern
species when they lnvaded southern coastal areas. When
it was not with other northern speciles its presence might
indicate an invasion of offshore plankton into coastal
regions. '

6. Centropages orsinii.- This species was taken regularly
at Jibbon station in March and April. In 1950 it was
present from January to April, At stations in the northe
ern coastal area it was taken in large guantities in June
1954, It occurred at Ulladulla from March to April but
was present at Eden only in November 1953. Its occurrence -
during the years under review appeared to be spasmodic and
discontinuous, and at no time were the numbers high.

7. Evadne tergestina (Fig. 2).- This species appeared at
Jibbon station usually during October, and gradually
increased to a maximum in Januvary to April and eventually
disappeared by June. In 1949 when there was no salp '
swarm it appeared in August. At Port Stephens it appeared
during the same months except in 1953 when 1t occurred
throughout the year. Further north it appeared to persist
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throughout the year but never in such great numbers ags at

Jibbon station. Its distribution at southern stations :

appeared similar to that of Temora turbinatz. This specles

was particularly characteristic of Jibbon plankton, where '
numbers increased gradually and did not occur suddenly in .

high numbers as did most of the species which invaded from

another area. o

8. Penilis schmackeri (Fig. 3).- This species, after -

o tergesting, was the most common cladoceran in the
coastal plankton. At Jibbon station it appeared usually
in March or April and disappeared in June although in 1949
and 1953 it made an isolated appearance later in the year
es dild Evadne tergestina. It was usually present in .
assoclation with Fritillaria pellucida. Dakin and Colefax
(1940) recorded it throughout the year, breeding in April.
and May, and in highest numbers in the summer months,

This specles occurred in equally high numbers from Evans
Head to Ulladulla at the same time of the year but at Eden
the numbers were much reduced, It was not found in Bass
Strait-nor off the east coast of Tasmania and very rarely.
offshore, Although the species appeared later and
flourished further to the south, it behaved in a similar .
manner to E, tergesgtina. ' -

9. Evadne spiniferas (Fig. 2),- Thls species occurred in.
coastal waters north of Eden, It behaved like Evadne
tergestinag although its maximum numbers occurred further .
to the north. At Jibbon station 1t was present in cone~
slderable numbers during December and persisted until the
following June, though in much reduced numbers. Dakin
and Colefax (1940) found this species present throughout
the year with highest numbers in January and its lowest

in the winter, At Port Stephens and Port Macquarie it
occurred during the same months as at Jibbon although.in
1953 1t appeared at Port Stephens in September, At ‘
Coff's Harbour 1t was very much more plentiful and exceeded .
the numbers of E. tergestina. 1t was a rare component

of the plankton at Ulladulla and Eden, : .

b

10. Cressis acicula.~ This species behaved as e

tergestina but was more persistent through most o e i 5

year at Jibbon station and to the north, but decreased in: .
the south. Cressis virguls also occurred but was not so
common,

11. Thalia democratica (Fige 5)e= Thils was the most im=-
portant salp in the area and appeared in large numbers
usually twice a year in February or March until May and »
again in July or August until November and it did not always

TGz od
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disappear between theése maximg, *In. 1949..there was.:

no major swarming of Thalls ‘democrat ‘and at" Jibbon
station the species:was taken only twice in very smalk ' -
numbers in March'and in August coinciding with the time. of
the usual swermi,’™ In 1952 there was only a.very small 7
summer swarm and “in 1953 and 1954 the summer swarit was’

missed and the specles appeared -earlier and gradually rose_'ég

to the huge numbers of the winter swarm., Dakin and -
Colefax (1940) recorded huge numbers present in October
and November and suggested that these numbers persist
through until the following summer, '

At stetlons to the north and south of Jibbon this
species was found in similar numbers in the same months
except at Eden and Coff's Harbour which were the two
extremes of the area sampled, and there numbers were
smaller, possibly due to insufficient sampling, The
specles, after its appearance in the surface, gradually
spread into the deeper coastal waters. It cccurred in’

large numbers in offshore. surface waters but ver{grarely ST

in deeper offshore hauls, ©~ Russell and Colman (1935)
detected a secondary outburst of this species in April and
May in the Great Barrlier Reef area, indicating that Coff's
Harbour is by no means the northern 1imit of the. coastal.
distribution of this Species. :

It is suggested thet the appearance in coastal waters '
of such’ huge numbers: of this species was due to an- invasion o

from offshore waters, - When this species was swarming it -
was assoclated with irina sp. and very littleelse,
suggesting the exclusion of all other zooplankton, In
1949 when' the swarms of -the specles.did not appear, species
from the northern coastal area. persisted longer in the .
Jibbon area and - ‘the speclies from. tha south appeared earlier,
This wads’ probably ‘not ‘the effect of the absence of salps -
but of thedbsencé ¢f the water carrying the salps.
Although there was evidence that this species originated
from offshore watersy its density achieved extremely high
levels in the onshore shelf area,

12, Qik eur"lo’ c
13. Olkopleurs fusiformiz |
14. Qikopleura'rufeSQensfa

These species were common In these waters, both.
coastal ardd oceanic, over the greater part of the year.
Thompson (1948) has discussed their distribution.

17
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15. PFritillaria pellucida (Fig. 4).- This species was

present at the Jibbon station usually during Aprll - June,
Sheard (1949) took it from April to June in 1944 but during
1943 1t was present from time to time during the year,
Thompson (1948) found it especially off the extreme south-
ern corner of New South Wales, particularly from January

to May, and again in September, From this evidence it is
clear that the species occurred along the whole coastal
area concerned in this survey. For part of the year,
during August and November, it was present only in deeper
hauls. This may indicate a particular diurnal migratory
habit of the species so that 1t was absent from the surface
when hauls were taken, or that this species with other forms
wa.s pushed into the deeper layers when surface offshore
waters bearing the salps flowed into the area. .

(1i) The Southern Coastal Area,- The species charactere
istic of this area are found generally in the colder waters
of the world. It is only in this group that there are
Antarctic species.

1., Acgritia clausili.- This specles was one of the mos%
common copepod species. At Jibbon and stations to the
north numbers increased from October to March and werg egn-
sideraly reduced during April -~ June with the advent of.
many other copepod species, This occurrence agrees with
Dakin .and Colefax (1933, 1940) who indicated two maxima
one In Qctober - November and another, to a lesser exten{,
in January, both of which might have been parts of the

same Swarm. In May 1945 the species was completely absent
from the Jibbon hauls. In July with the appearance of
swarns of Thalis democratics, clausii, together with
most other species of the zooplankton, usually disappeared
completely. . In 1949, when the salp swarms were absent
from coastal waters, Acartis persisted throughout the yesr,
though in reduced numbers from April to October (C.S.I.R.Q,
1945 p. 22, 35, 42). '

At Port Stephens and Port Macquarie the April - June
decrease in numbers sometimes commenced earlier but more
often there was a complete disappearance of the speciles,
during those months. At Coff's Harbour the species was
never present in the large numbers which occurred further

south.

To the south of Jibbon at Ulladulla and Eden stations
the specles persisted in large numbers throughout the year
and always as one of the dominant specles of copepod.

haz Od
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Collections in Bass Strait in March 1954 ‘showed. A. clausii
in the coastal waters: off the Victorian coast and extending
south:into the centre of Bass Strait. .- Offshore collections .
indicated that the species occurred in appreciable numbers
only in the coastal "shelf" grea. This specles -nay be . -
regarded as a coastal form with its main centre of abundance
south of Jibbon, flourishing from October to March between -
Ulladulla and Port Stephens,; and for a longer perlod at
Ulladulla and Eden. Dominance of this species 1s ‘thus ..
indicative of southern coastal waters, & .- = o0 covos

2. Pgracalanus aculegtus and Paracalanﬁs pgrvus;-a;{??

These two specles were common in these waters, They
were usually present throughout the year at all stations
on the coast but plentiful in the Bass Strait and at Eden
and Ulladulla, in assocliation with us_finmarchicus, g

carti clausii and Clausocalanus arcuicornis. - They were
especlally plentiful from November to March and numbers
Incregsed. further and persisted longer in the south and -
decreased in numbers in the northern coastal area. ;. Theilr.
dominance may be regarded as indicative of southern A
coastal waters. IR E ST C I
3. Calanoides _carinatus .- This species was observed to .
arrive 1n coastal waters from Eden to Evans Head during _
October and. to persist in decreasing numbers until December
and rarely into January. It was most rich at the southern:
stations and became progressively less s¢o in the north.w ... -
Dakin and Colefax (1933, 1940) record this specles as . ...
"rare except for one bilg catch in September, It is however
the most .common copepod in the stomach of the fish Apogonops
caught in October off Newcastle." - This September catch -
was probably part of the October invasion noted above. The
species was absent at Jibbon and all stations north in 1945
and 1947, It was present in the_ slope and deeper. oceanic
waters off the New South Wales coast during January 1954
but did not appear at any of the Tasman Sea stations in
February: 1994 but was taken at most of the Tasman Sea:
stations at the surface in November 1954, ' S

Despite:the fact that thils species was usually present .
at the coastal stations in association with Calanus :
finmarchicus it 1s not regarded, as is that specles, as an
indicator of waters from the southern coastal areas because
it was not taken in the Bass Strait except during October
to January. It occurred at stations further north than
did ¢, finmarchicus and its wider oceanic distribution : -
suggests that 1ts introduction into the area must have been

" due to some wider oceanic influence over the whole reglon, -
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'ﬂ4. ‘Calanus finmarchicus.- Thils species was recorded at
}Tasmanian coastal- stations in the Bass Strait and in

~. Victorian coastal waters throughout the year. It was not;:

taken at any of the offshore stations in the Tasman Sea,,i;;
nor at the 100 m.stations off the New South Wales coast.
At the Eden 50 m station it was present in fair numbers
for most of the year. It occurred in the plankton from -
Ulladulla and Jibbon:-stations from October to December at
the same time as Calanoides carinatus. C, finmarchicus -
was taken rarely and in smaller numbers at nortnern '
stations, This species 1s regarded as characteristic of
coastal waters off Eden in Bass Strait and off the Tasmanian. .
coast and may therefore ‘be used as an 1nd1cator of southern

coastal waters.

5. Centropages kr _x_ri.- -This was a common.component of

the plankton in southern coastal waters. - It was never
present’ in Very great niumbers and seemed.to occupy the same -
relationship to Acartia clausii and Paracalanug spp. in

the south as did Centropages furcatus to Temora turbinata
and Undinula spp. in the north. It was never .taken at
Coff's Harbour, Port Macquarie, or Evans Head stations, . ¢
occurred rarely at Port Stephens except in August 1953

with a strone occurrence of Calanus finmarchicus and
Calanoides carinatus. At Jibbon station it was present
in March 1945, during the late persistence thHere of -
Calanus finmarchicus, and in January and February 1947,
January 1950 April 1953, and September 1954, At this
station, its appearances were limited to periods when

Acartia and Paracalanus were present and at a time when
specles characteristic of the northern coastal area were L
at.a minimum. At Ulladulla it was regularly present from
Octobeéer to January and at Eden over most of the year.

It was present along the north coast of Tasmania and down.

the east -Tasmanian coast in March 1954 ‘with Calanus ,
finmarchicus - and Salps fusiformis. - It was not taken in .
Tasman.Sea hauls.. This specles cannot be considered as
dependable an indicator as Calanus finmarchicus because it .
was not as conspicuous and it cccurred in much smaller ’
numbers in the plankton. T

é. :Centropages bradyi.- From Bass Strait area to the most
northerly station in this survey, this species occurred ..
spasmodically dhd in small numbers throughout the year. It-.
was usually present from March to July but it also oocurre&"*
from August to January after the salp swarm. It was. . =
sampled from:the Tasman.Sea at some stations in; November i
1954 and it was taken-in large numbers at both;: the-east and -
west ends of the Bass-Strait in March.1954,7 7 The dlstrib—
ution . appeared to be fairly general in. both: coastal and

hez o
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oceanic waters, although: the March to July occurrences did
come at a time when- there were species from offshore regions
in the coastal waters, .. Data on this species were too -
limited for 1ts use as an indicator of any particular water
mass. ,

7. Labldocera cervi.~ In association with Calanus
fipmarchicus, Centropages kroveri, and. large numbers of .
Acartia clausii and Paracalanus spp., gbldocera cervi was
particularly plentiful in Bass Strait and in Victoria and
Tasmanian coastal waters. It also occurred from time tO’T
time throughout the year in the New South Wales coastal
area. It is possible that the specimens of this specles -
present in the Bass Strait and off the Victorian and
Tasmanian coasts may have been distinct from the form found
at Jibbon station and off North Head, Sydney, by Dakin and
Colefax (1940).,

8., Eortanus barbatus.~ This species was found at Port
Phillip Heads and Eden stations in. falr numbers in May and
June, but rarely extended further north.- .

'9. Evadne nordmannl (Fig. 2)e- This species was com-

paratively rare in the plankton at Jibbon station where it
usuglly occurred in October to December in assoclation with
large numbers of Evadne spinifera and Evadne tergestina. -
In 1945 it was still pregent in March and it persisted until
February in 1946. - Sheard (1949) working on plankton hauls
from Jibbon Station found thls species during June to

August in 1943-= 1944, . During the years of the present
survey . (1945-54) the occurrence of this very rare specles .
did not wary. greatly except 1n ‘the duratlon of its stay

in the areas - .. L

At Port Stephens it appeared in the hauls only during
November and in small numbers. It was recorded once from
Port Macquarie and never from stations further north. Off
Ulladulla it seemed to appear earlier and to persist for
longer (September to March)., At Eden it was present in
very much greater numbers. In December 1949 it was the
only cladoceéran 1n the plankton off Eden, It was not-
taken in the Tasman Sea off the continental slope of the
New South Wales coast but was common off the east coast
of Tasmania and in Bass Strait. - However it was found to -
be the dominant cladoceran in the waters of Lake Macquarie,
some miles north of: Jibbon station (Kott 1955) - :

. The distrlbution of this species was the same as that
noted for Centropages kroveri and Calanus finmaréhicus.
Unfortunately this species is not easily identified and it
1s therefore not ideal as an indicator species. It is
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superficially like Evadne tergesting which is distributed in
northern coastal waters. In association with other species,
however, it is useful since it arrived at Jibbon station at
the same time as other species which it is suggested are
autochthonous, belonging to the southern coastal area all
the year. .

10. Eodon polxphemoide (Fig. 2) o= . ThlS Spec1es was found
to be more. plentifulin the estuaries.than at:iecastal ..o .-
stations (Kott 1955). Sheard (1949) recorded it at reg-
ular intervals during the year ‘with -Penilia schmackeri.

His records of its occurrence at Jibbon from March to June
in 1943-44 way have been due to a contamination from the _
Port Hacking ‘estuary. Its occurrence was spasmodic but =~
1t was most plentiful at Ulladulla and Eden in February and -
March, but it was also taken in October, ,

11, Jasis zZonaria.- This species was taken in hauls from
the east coast of Tasmania. Thompson (1948) recorded the
species most commonly between Sydney and’the southern tip

of Tasmania with maximum numbers in August to December.

This is the period during which other southern waters Species
invade the New South Wales coast. Ll

12, Ihlea magalh (Fige 5)¢= This species was. recorded
by Thompson- (1948 as particularly- infelerant of warmer waters
and 'its distribution is circumpolar.  He found At fn'the
upper 50 m in south east Australian waters. - Intthis survey
it appeared off Jibbon in May 1953 and was .preseént’ ih large
numbers at Ulladulla and Eden in September with 8alpa
fusiformis and Byrosoma atlanticum. It was present in

the Bass Stralt in March 1954 and off the east coast of °
Tasmania in February 1954, It is the counterpart in
southern offshore waters of Thalis democratica in the north,

P T

(iii) The Offshore Area,- Certain of the species from
the offshore area have a wide distribution in the tropical
and temperate waters of the world; - a group of species from
the deep offshore waters is of sub-Antarctic origln.j

1. Nannocalanus minor occurred particularly in April to
June at most southern stations from Jibbon to Ulladulla.

It was also generally distributed in the offshore Tasmanian
region and in the Tasman Sea., This speciles appeared to
bear the same relationship to the southern coastal area as
did Eucalanus crassus in the north,. This latter species
however- invaded -the onshore waters-to- the north of Jibbon
when there was a general movement of these waters to the

hag Od
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south and the species was therefore significant as an.
indicator of the southward movement of the northern
coastal water. Nannocalanus minor was present at the
more southern coastal stations when this area was being
invaded from the north, so it was not usually carried

Ainto the northern coastal area. . Its ubiquitous offshore

distribution. 1imits 1ts use as an indicator.

2. Pleuromamma grgcill was present off Jibbon in the
deeper hauls from April to October 1953 but was taken

at the surface only during Ma At Port Macquarie it

was taken in deeper hauls dur%ng July, August, and December
of 1953 and 1954. It occurred in both. the. surface.and -
deeper hauls at Eden during October to December, - The
absence of records of this species during the early years
of this survey may be explained by the fact that very few
deep hauls were made before 1953, It was present at

+most stations in the Tasman Sea worked in February and

November 1954.- In February it was taken in surface

waters south of latitude 41°S and to the north of that
latitude it was usually found between 300 - 100 m. During
November the appearance of the species in the surface o
waters occurred sllghtly further south.

The species 1is therefore a useful indicator of
offshore waters from the 300 - lOO m layers off the- New
South Wales coast.. .

3., Rhincalanus nasutus was present at Jibbon station .

generally from April to June, It also occurred later in

August and:September, It occurred at stations north of |
Jibbon but further south its numbers decreased. ' Like.
Pleuromamma gracilis it was taken more often in the '

vertical hauls from 50 m to the surface than in surface

hauls, It has a similar distribution to that of .

Eucalanus crassus but was much less important in the on-

shore region; offshore it was common. in_surface ‘waters,

'4. Euchaeta marina was present e¢ff Jibbon during April

to June in the surface hauls and it persisted until Octower
in the deeper hauls from 50 m. In 1953 it was not taken
at the surface but was present in the 50 m hauls: At

Eden and Ulladulla it rarely occurred at the onshore
station. Offshore it was usually present in hauls from .
100 m to the surface, and at the Tasman Sea stations it

was occaslonally present in deeper waters, and as far as
can be ascertained from the few hauls. available it decurred
throughout the year.  Its distribution was principally
offshore with only an occasional Invasion of the northern
onshore area.
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5. Sapphirina spp.- This genus was usually associated
with the salp swarm (Thalia democratica). ' ' .

6. Scolecithrix dange occurred in June and July in the
deeper hauls with Pleuromamms gracilis at all the coastal
plankton stations when other offshore species were present.
Although associated with other offshore plankton species
wich had invaded coastal waters it was not found at Tasman
Sea stations. It 1s one of the few specles occurring in

the Australian area which is also taken in the tropical
Pacific region. ) :

7. Galanopig elliptica occurred spasmodically in hauls

from Jibbon to Port Macquarie, - It was present in the
surface hauls at: Jibbon and Botany Heads .stations in June
1946, -April 1952, April to July 1953, and in June' 1954.
When deeper hauls had been tzken on these occasions, the
specles was present in the deeper haul before it was evident
at the surface. .. It occurred at Port Stephens in July and
March 1954, at Port Macquarie during January 1949, October
1953 and March 1954, and at Evans Head during. June and -
July 1954. It usually occurred with Sgolecithrix danse

and occasionally with other offshore species, It was not
taken at any of the offshore or Tasman Sea stations, but
these stations were not sufficiently far north to sample .
plankton. from tropical Pacific areas, where, as with

S. danage, this species has been recorded... - . .

8. Candacis bipinnata 9. Candacia pectinatg.- -~ .. -7

These species were found often in the plankton but
always in small numbers. They occurred at all offshore
stations, usually during March toc May and again in November
to January. The species were also présent at onshore
stations. - ' .

10." Lucicutia flavicornis occurred constantly off the New

South Wales coast in water layers below 100 m; and in
hauls taken off the continental shelf in hauls from 100 m
to, the surface, At onshore stations it was taken in‘the
50 - O0'm hauls in March and August 1954 at Coff's Harbour,
in December 1953 at Port Macquarie, and at Jibbon in May =
and September 1953, In the Tasman Sea it occurred with
Pleuromamms gracilis and with that species is indicative
of deeper offshore waters, C SR

11l.  Pontella securifer was common in the Bass Strait. It
was also taken at more northerly stsations but never in
appreciable numbers and it is regarded as.a rare and spasmodic
member of the copepod population studied in this survey.

hez oI
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12, Pleuromamma sbdominalis was not taken in any of ‘the °
surface hauls but was taken in a haul at the offshore Eden.

~statleon in the haul from 500 m in’August 1952 Tt was .
scommon in the Tasman Sea at 500 - 300 m and it became more

common further to the ‘south off the coast of Tasmania.

13, -Aetidevs sp. was taken off Eden in hauls -from 500 m
and off the coast of New South Wales from 500 -.4Q0 n at
all stations off the continental shelf. ' Tt was also taken
once in a-haul 100 - O'm at the Jibbon station. It was
present, though only in very small numbers, at the deep
stations in the Tasman Sea., - o R

14, Kiroloida desmarestl was ‘oceasionally found in coast-
al waters but was more common offshore. It was taken in -,
hauls off Jibbon from May to July which is the time of the
invasion of coastal waters by the offshore surface plankton.
Further to the north and offshore it was present over many
more ‘-months, - Its distribution was similar to that of

Rhincalanus nasutus, N _
15. - Doliolum denticulatum (Fig, &) appeared in the Jibbbﬁ:ﬁ
plankton from February to July and sometimes persisted until

September, In 1949 it was present in small numbers and’
for a very short time., At other stations 1t occurred at : -

-corresponding times-and in similar -némbersy—+ Thompson™ . .5

(1942, 1948) found this species evenly distributed over.the

-whole New South Wales and south Queensland c¢oasts with the™ ™

greatest concentrations between Montague I.and Cepe Byron, .
but-absent from Bass Strait. He also found that it 4id

not occur below a depth of 100 m, It may be assumed that .
the coastal population-of this species was derivéd from the .
off'shore region since, in 1949, when there was an absence.
of other offshore forms, only a small number of this species
occurred in coastal waters. ‘ ' '

16+ Doliolum: gegenbauri (Fig, 7) decreased in numbers from .
Coff's Harbour to Eden but always occurred less frequently
and’ in smaller numbers’ than D. denticulatum.. At the
northern statlons they appeared together but in the south
D.. gegenbaurl appeared when D, denticulatum had disappeared.
D. gegenbaurl was common off the east coast of Tasmania and .
in the southern Bass Strait- area and was occasionally taken:
in deep hauls at Tasman Séa stations. e

With this distribution it is difficult to.explain the
sometimes great numbers found in coastal waters  to the north
of -Jibbon. It appeared at these 'stations at the same time

of the yedr as Calanoides _caripatug. D, gegenbaurl and .
D. denticulatum appear to have been brought into this coastal
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area by entirely different agengggga&éi;¢;MhﬁﬁﬁLg$;;;_ul_m

17. Pyrosoma atlanticum (Fig. 5)e- During the period urder
discussion this species was taken in eoastal waters-off Eden
only in September 1953; in the Tasman Séa’in Februdry 1954

at the more southern stations, and in Bass Strait along the

north coast of Tasmania in March 1954, and .again.at _the .-
southern stations in the Tasmen.Sea in’ November 1954,
Thompson (1948) found it most.plentiful from Sydney to the’

south of Tasmanig. ;. Off the Tasmanisn coast the specieg: '+~
was abundant throughoutcthé,year;xanduhe,found{itﬁbommdﬁsﬂi
. deeper hauls. He found off the Australian cosstiiam rise HAn

numbers during May and June and found they disappeared, .
during October and November, This survey did pot.find the
maximum -numbers - recorded by .Thompson for May afid: June'‘in -
the, New. South Wales: coastal area. -~ It is. possible that: the’
high May and.June numbers which Thompson found were well V-
offshore, and.may have been related to a population’ with' its
”lnﬂsome‘otner_part of the Pacific rather- than the

origins in s -
population off the east coast of Tasmania, which Wauldibeli
expected in coastal New South Wales.waters with other -
southern species from Qectober .- December;.. a peried when <.
Thompson, found ; them: absent completely from the Australianc- i

coast.. ..

. R

AL S

18." Salpa_ ) occurred in the gastal®plank-
ton.at Jibb

bon -gtation with the summer and winter'swarms gf’
] qdemoeratica, -but -only in small-numbers#ﬁﬂcﬁtwwlladqua
thls was repeated but at Eden the numbers werechigher-and- "
the occurrences lasted longer.  North of Jibbor itHe “§pecies
has not.been taken... In the Tasman Sea the .speclels ‘Was ‘more
common, at the ;stations off the mainland than:offi the “égast
of Tasmaniz, and.it.-was especially common in Novenmber, ¢V I¢+

was ‘takén in the Bass Strait along the north and: east Eoasts’
of Tasmania in March 1954, R R AP U N =0 L R

.y This .species thas.a very general Wisthibution: bueihe 7
whdlg}qfﬁghoreﬁaneagbgﬁgis-prgseht:inftheigréétéstjnumberSF”f
in the south, Its presence iin Bass Stralticould be dué t3'

the.mpvéméhtféfaWater;iﬁio;thatfaneanfromttheﬂmasmah;sea;{#”i
when generally offshore; speecies. appear dn’ the ! onShore) apes . i
- . : L : B e e e N N R T T .

19,

L, R s

uﬁbefs

1t411arie borealis. (P1e.. ) was taken in Shail

at all stations except Eden:from June toAugust and’ -sometimes

until October, It was most consistently present in 1954

from August. to October;?rjlt;WasigenerallyipfeseﬁtTWi%ﬁfoth@g
specles. of Fritillaria. . It wasimot:taken 'at the offshore "
stations.  However Thompson (1948). recorded the spediediin"
south-east Australian waters all :theiyear réund, but-mosty

common . from AugUSt to. Octobery followed by a maximah in-Fhnuary

G2 Odn:
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He “found the species.was

To} uth Wales.,

and a’séesndary-maximum in-May.
0ast ©

typieal -of- oceanic wdters off

~Asnumber-of species of ANDEHAdIBUIAPIE Was Présent in
the heuls on.only a few occasions at northern stations 'and

‘at Jibbon.  Fritillaria megachile appeared.once.in the -
cngoastal- plankton, during April 1952 &t Eden... . Thompson '

(1948) has recorded the species at differsnt months during
the year along the New South Wales coast, and he suggeste
that -it occurred generally in warmer oceanic watersi: . -

-*Bheard.+Tecorded-this species at Jibbon during May- 1943, .

Fritillarig haplostomats was found off Jibbel duriig June.
1945, Thompson il948§ recorded it in April, May, and
November from the New South Wales coast. Fritillaria .

formica and Kowglewskals tenuis were present off Jibbon:
during.March 1945.. Thompson. (1948) found both of thep .

from-April:$o-September. Stegosoms magriim appéared inm -
small -numbers-from March to May particularly in 1945, 1953,
and 1954 at stations from Jibbon to Coff's Harbour. .
Thompson (1948) found this speeles rarely. south of -Sydney

‘butiin ‘off'shore ‘waters-north of ‘Sydney it.was present. in.

all months but November and December.” "T&etillaria fTertilis
appeared oft .Coff's Harbour in August 1954 and off -Port’
Stephens in July 1954.. Thompso@}(l%&@);rqqorded,the;” .

Spec;es#in~Januafy§ﬁMay, and -Ju

1iAll- of--these -species of Appendicilariz regarded
as typical of the warmer offshore waters but as they
occurred in such small numbers and so rarely they can be
used only as supporting evidence with those -species occurr-
ing more -regularly dnd in' larger numbers which move from '
off shore -to-coastal-greas’ and may Be regardéd as indicators
of water -mass-movement, It is-significdant that théy were
taken during the same periods as Calanopia elliptica and &
Scolecithrix dange which May also.accompany more tropical
oceanie waters-4nto the -coastal area, -

Lc)!#ﬁgmmérv of local Occurrences of Species =

e Ffom7a,carefulfanalysis of the local occurrences

-~ discussed in the previous section, species have been sorted

into the followlng ten groups.,

(1) Species valuableé as indicators. from the northern coastal

area; ~ lemorg turbinata, Undinuls vulgaris, Undinuls darwinii,
Centropages furcatus, Eucalanus crassus. - .. o

(2) Species of the transition avea extending into the northern
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coastal area: Centropages orginii, Evadne spinifera,

. Evadne tergestina, Penilia schmacker s Lreseis geicula,

.. Ihalla demoeratica, Oikopleura longicsud s Qikopleura
fusiformis, Qikopleura rufescens, Fritillaria pellucida.

(3) Species valuéblé'aé'iﬂdiééto:;organisms from the south-

1

ern .coastal area: (Calanus finmarchicus, Centropsges kroveri,
Lortanus barbatus, Evadne nordmanni, ,

(4) Other specles in the southern coastal area extending
into the transition area: Acartis clausii, Parsecalanus spp.
Centropages bradyi, Labidocers cervi, Podon polyphemoides,
lagis zonarig, Ihlea magalhanica, .. [

(5) Species valuable as indicators of surface offshore

New SoUth Wsles waters: - Rhinecalsnus nasutus, -Sapphiring -
spp.  Thalia democrgtica, Doliolum denticulatum, Firoloida
.desueresty,” Fritiliarls borealis, PLerosagltta draca.
g(6)$Spéciés'6a£uéﬁié*§é?indicators of deepér offshore New'

South Wales waters: Euchaets parina, Pleuromamms gracilig,
Lucjicutiag flavicornis. -

‘;JT7JJSﬁéCies'valuéble as indicators of offshore waters to
the north of New South Wales (?): Calsnopia elliptics,
Fritillaris megachile, Fritillaria

Egglecithriz dange
aplostomata Fritlllarig formica, Kowalewskaia tenufs,
rohnit fica, _

(8) Species valuable as indicators of surface offshore
Tasmanien waters: Pleurcmamma gracilis, Lucicutig

flayicornis, Namnocalanus minor, Pyrosoma atlanticum,
Salpa fusiformis, Ihlea nogathanicay, Iasis Zonaria,

(9) Species valuable as indicators df deeper offshore

Tasmanlan waters; Aetideus sp., Pleuromamma abdominglis.- -

(10) Other species: Candacls bipimnata, Candacia pectinata,
ntel securifer, Calanoides carinatus, Dollolum

ge genbguri .

Group 2 contains those organisms which were found to be
present throughout’ the year in New South Wales coastal waters.
Certain of these species were found to increaseé to-‘seasonal
peaks at certain times, Speeles listed in groups 1, 3, and
5 were considered to move into an area rather than to occur as
endemic species appearing at-different 5€asons. This ex-

_‘Qplanationaisigongigg;eg;ﬁggxiﬂied.becauséitheHSpecies in-
" "Bach of theése groups_appeared. together, .and the domlnant - .
organism changed suddenly and did not become dominant after

6z 0
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a gradﬁal increase in nuubers.. These changes in the
nature of the ZOOplankton Wwere ncted regularly year after
year, at more or less the same .time, and any varlation in.

the time of the change affeCeed all the species.of .the. .
=mgroup e

(d) Sezasonal Dighzibution of Zeepieﬁﬁfeﬁ“

The seasonal distribution of ZOOplankton sp601es for

" three of the coastal stations of New South Wales is. shownf
in Tables 1 - 3. : _

Table 1 shows the seasonal distribution of zooplankton
at Jibbon in 1945. In the period January to March the .

-northern coastgl forms were represented by Undinula vulgaris
but the socuthern coastal species were: predomlnant with the

local species, Penilis schmackeri and Evadne tergesting

- flourishing. = Thalis democratica.and Dollolum. denticulatum

representing .the summer swarm were also present in fair.
numbers, Fritillaria formica and Kowalewskaia tenuis
were rarely found in coastal collections but occurred in
offshore waters and in this period they were found in
small numbers with the. salps.

-~In-the period Aptil t6 June there was a change to a
fauna dominated by the northern coastal species -with off--
shore species Fritillaria haplostomata and Frltlllaria -
pellucida appearing in June. '

From July to September the zooplankton was completely
dominated by Thalia democratica and 1ts associated o
Sapphirina sp. with Ihlea megalhenlca appearing at the end.

" of the period. From Octobsr to December the swarms of
~ Ihalia democratica gradually disappeared and the southern
~coastal forms appeared and ;wcreased in numbers.

There were certain differences in the ZOOplankton at
Jibbon in 1946. In March Centropages orsinii was present,-

' The northern coast al species were present in greater

numbers during January to March, dominated by Paracalanus
spp. and Acartia clausii which did not decrease but. remalined

 in smaller numbers until the appearance of the salp swarm

in July. As in 1945, northern coastal species increased

" and dominated the zooplankton during April to June.  The.

offshore species, with the exception of Thalia democrgtica

~and Doliolum denticulatum, were not present in 1946.

Salpa fusiformis was present in April when the March salp

_swarm was disappearing.
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TABLE 1
JIBBON . 1945

J-M A7 J -5 0=-1D
Southern Coastal Species
Paracalanus spp. XXXXX X - XXX
Acartia clausii XXXXX XX - XXX
Calanus finmarchicus XX - - - XX
Centropages kroyveri XX - - X
Centropages bradyl X - X
Evadne nordmanni X - - -
'Northern Coastal §pecies o ;
Undinula vulgaris XX XXXX - -
Temora turbinata - XXAXX - -
Undinula darwinii - XXXX : - -
Centropages furcatus - XX - -
Creseis spp. X XX - XX X
Eucalanus crassus - XX X -
New_ South Wales Coastal Species
Centropages orsinii X p.d Lo -
Oikopleura spp. XXX XX - -
Penilia schmackeri XX XXXX x - -
Evadne tergsstina XXX XX - X
Evadne spinifera . , XX - f-- -
Fritillaria pellucida - XX X o=
Oceanic Species
Doliolum denticulatum XXX XXXX XX [ -
Thalia democratica XX X XXXXXX X
Sapphirina spp. X - XXX -
Dollolum gegenbauri - X - -
Rhincalsnus nasutus - XX - -
Euchaeta spp. - X X -
Nannocalanus minor b XX - -
Calanopia elliptica - X - -
Scolecithrix danae - X - -
Calanoides carinatus - - - XX
Firoloida desmgresti X -

tG2 od
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TABIE 2
COFF'S HARBOUR (COMPOSITE OF SEVERAL YEARS)

R T B e

T SOU.:thGI:n C‘OG.S'tgﬂl S pecies ‘ s el _;,-...__

~»Paracalanus spp. BRE XX

- Acartia-clausil - A -

»Calanus «finmarchicus -~

~+Centropages kroyeri -
-Centropages bradyi '
-Bvadne nordmgnni

11 161

RN

mpuster

Northern Coastal Spegies e e el TR

Undinula- vulgaris - - XX XXX .
Temora turbinatg XXXX XXXX -~ oo

Undinula- darwinii ' XX - XX -
Centropages furcatus - XX xx
Cresels -spp. : - x el
Eucalggus ¢Crassus.. e e XX - 0 RE e

VRV ]
“

New Soguth Wales Coastal Sgec1es

Centropages orsinil I - .. = e
@ikopleura spp. 8 X XX XX X
Penilia schmackeri : XX X e -

Evadne tergesting - XXX -
Livadne spiniferag S XX - - e XXX
Fritillaria pellucida. ... ... = e XX X . oy

Oceanic Species

Doliglum:denticulatun
Thalia_democratica
Sapphirina spp.
Doliolum . gegenbauri
Rhincalanus nasutus
Euchaeta -sppe.

Nannocalanus miner
Calanopia elliptica
Scolecithrix danae

Calanoides cgrlnagu e e e

F1r0101da desmaresti o present

M
R
B
x .
"

)
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I
1
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TABIE 3
* EDEN (COMPOSITE OF - SEVERAL YEARS)

 Southern Coastal Species -

Paracslanus Spp.

Acartia clausii
Calanus finmarchicus
Centropages kroyeri

Centropages bradyi
Evadne nordmanni

J - M

A=-J

J=-5 0-0D

XXXX

XXX
XX

XXX

XXX
XXXX -
XX
XX
Cx
CX

XX X
XX XX
XX XXX
XX XX

Nérthern Coastal Species

Undinule vulgaris
Temora turbinata
Centropages furcatus
Creseis spp. B
Eucalanus crassus

L3 I

New South Wales-Coastal -Speciles

Centropages orsinii
Cizopleurs spp.
Penilia schmackeri
Evadne tergesting
Evadne spinifera

Fritilleria pellucidg

XX
XX

1
~

VI VISV

Moyt

Oceanic Species -

Doliolum denticulatun
Thalia denocratica
Sapphirins ‘sp.
Doliolum gegenbauri
Rhincalanus nasutus
Euchaeta spp.
Naringcalanus minor
Catanopia elliptica
Scdlecithrix danas
Calanoides carinatus

ALY b g

X

M

>
M
[

M;.XXX
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GCalanoides carinatus (with other southern coastal
species) was plentiful irom October to December 1946
Evadne tergestina, Evadne spinifera, and Iemora turbinata
were conspicuous in Deceémber instead of in January as in

1945, '

During the rewaining years of the survey the cycle of
zooplankton at Jibbon was similar to that for 1945-46. The
groups of species varied in magnitude or occurred earlier

. ..and persisted later in certain years, but generally the

plankton appeared at Jibbon in the order indicated in
Table 1.

, Table 2 indicates the seasonal distribution of species
at Coff's Harbour. Southern coastal plankton specles
seldom occurred at this station. Evadne spinifera and
Es tergestina appeared earlier than they did at Jibbon and
persisted later, Northern coastal copepod species were

never absent from the plankton,

Table 3 indicates the seasonal distribution of speciles

”at Eden coastal station 1in 1953. The northern coastal
-.species and those usually found at Jibbon did occur at Eden
- in some years but only in small numbers. However, zt the

Eden offshore station, northern coastal species were plenti-

ful, In February 1954 F.R.V. "Derwent Hunter" took

plankton hauls containing Temora turbinata, Penilia
sghmackerd, . Evadne tergestinag, and Undinula vulgaris.

: (e) Annual Veriations in Zooplankton

An analysis of the data discussed in the Section III(b)
indicates annual variations in the distribution of the
plankton. In 1945 there was a strong invasion of southern
coastal species which persisted late at Jibbon. The north-
ern coastal species did not appear off Jibbon untll March,
then they were particularly numerous and completely domin-

‘ated the zooplankton as far south as Jibbon.  There was

also evidence of a particularly strong offshore invasion

from the northern tropical area of species such as Calanopia
elliptica, Scolecithrix danase, Steeonsoma magnum, and with

less numerous occurrences of Tectillaria fertilis, Kowalewskais

—

“tenuis, Fritillaris formica, and Eritillaris haplostomata.

This invasion was not evident south of Jibbon. Thompson
(1942) records similar incursions of Appendicularia from

_the northern offshore areain 1938-39, In 1949 the salp

swarns usually found in March and July were very much
reduced; 1in that year Temora turbinatas and Centropages
furcatus characteristic of the northern coastal area
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persisted at Jibbon until October... Also in that year the
numbers of Doliolum denticulatuin were small-at @1l stations,
indicating that this species may have an off shore origin..
with-Thalia democratica, - -Cglancides  carinatus‘ was present
in August, though in other years it did not appear until
October. Evadne tergestina appeared in August instead of
in December or Jznuary. Penilis schmackeri, although not
present 1in large numbers, persisted until September when
usually it had disappeared by June. All of these unusual
occurrences associated with the absence of Thalia denocratie
indicate the absence of the water mass. bearing the salp., Its
absence enabled both the southern and northern species to .
persist longer in the area, ‘ '

w7 7:In-1950 the zZooplankton appeared to be normal.except
for thé occurrence of large numbers of Evadne nordmanni .off
Jibbon, suggesting -a strong invasion from the south. In
1952 and ‘1953 there were only small numbers of Thalia - -
democratica and Doliolum denticulatum in the sunmer swarms
Copepod numbers were particularly high, the offshore species
were present, both from the northern tropical area and the
New South Wales offshore area with Euchaeta marina, I
Bhincalanus nasutus, Pleuromsmma gracilis, Stegosoms magnum,
‘end Krohnita pacifica present in the deeper hauls at Jibbon.
These persisted until August when the winter salp swarm

" appeared. In 1954 the summer salp swarm was not strong but

large numbers of Doliolum deritlculatum weére present,

‘2-Fuller-{1953) records-that in Hauraki Gulf, New Zealsnd,
Temora turbinata and Acartls clausii were constant components
of the inner coastal populations, and in the summer months

enilia schmackeri, Podon polyphemoides and Evadne spp. were
‘present in gquantities. The outer region of the Gulf
. oceanic population varied according to the season and

Ihalia democratica, Salpa fusiformis, Salpa cylindrica,

Rhincalanus cornutus, and Sapphirina sp,. were dominant in

November to April of one year and October to May 1n the.

“mext., This succession of zooplankton, with minor; differw.
ences in species, 1s very similar to- the conditions in the
New South Wales coastal area and the two invasions of salps
there could correspond to the March and July swarms: off

New'Sputh Wales. .. |
o | . IV, CONCLUSIONS'

. This.-survey shows that for: the period under ‘review the
dominant zooplankton in New South Wales coastal waters was
derived 1in. turn’' from coastal areas to the north of Port
Stephens, to the south!of Eden and from offshore areas. . At
Port Stephens the plankton for most of the year was of the

"Gz OF "

©



FO 254

L New South Wales coast.

-20-.

northern coastal variety and southern species rarely

.- -appeared. At Eden coastal station the plankton for most
- of .the year was dominagted by southern coastal Species and

the northern Species were rarely present,

‘The area between Port Stephens and Eden was a trans-
ition area where southern and northern coastal species

..,occurred at different times of the year. =~ Offshore species
..~from both surface and deep waters from tropical and sub-
. ..tropical regions were observed to invade coastal waters
- during April to QOctober from Eden to Jibbon. To the north
of Jibbon the offshore species appeared as early as January
.and were more frequent, At Jibbon southern coastal forms
. dominated the plankton from October to December;  during

January to March there was a change over to northern coasbal
species which dominated the plankton during April to June.

.During July the surface offishore waters appeared to lnvade

the coastal area bringing huge swarms of Thalls democratica.
During January to June certaln 'species flourished from
Ulladulla to Evans Head; these were not found offshore and
it is assumed that they were autochthonous Species for the

ER

Jibbon is at the- centre of the area surveyed and had
the greatest succession of species both from the north and
the south. At the extremes of the area, the zooplankton
was more constant throughout the year. Northern coastal
waters appeared to spread laterally as they moved south so

- that. their associated plankton species were found further
woffshore in the Eden area than they were in the north.

f Thompson (1942), in his c0n31deration of the distrib—
ution of Tunicata, found no southern limit to the south-

. :@ast Australian ares. Sheard (Thompson: 1942, p.18)

suggested that there was only justification for a dilvision

-of this area "when the ‘problem is considered: Ain the light
0 marginal ‘reef and sand dwelling animals subject to

localized conditions." The present work shows that the
area may be very clearly sub-divided for the zooplankton of
the continental shelf, Offshore the surface zooplankton
was subtroplical as far south as the Subtropical Convergence

~which was found at latitude 41°S 1in both February and

November 1954. The zooplankton of the deeper waters in-
cluded those specles found in surface waters south of 41°S.

No constant diurnal variation- in the vertical dis-
tribution of Zooplankton was observed at any of the
stations., Certain copepods and tunicates at the deeper
stations of the Tasman Sea were found to be characteristic
of different water layers and to occur in those layers at
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~all times.  Hauls were not taken below 100 m to differenti-
ate the water column in greater detail and thus to confirm
or disprove diurnal vertical migrations. At coastal
stations the same copepod species were generally found in
the  same proportions at the surface and in vertical hauls.
Differences were observed in the vertical distribution of
certain species, Thalig democratica, when it first nigrated
into a coastal area, was present mainly in the surface hauls;
later it gradually invaded all depths and was found in -equal
. density in surface and vertical hauls. Certain of the off=
shore species characteristic.of deeper oceanic waters were
most . commonly taken in the deeper -hauls at coastal statlions,
These differences appeared to be caused by water circulation
rather than by diurnal migrstions. . ,

: In Secting III(b) several species have been designated

- as Indicator species of southern coastal, northern coastal,
and offshore water. Rochford (1957) has named the regional
waler masses circulating in the Tasman Sea and has given
their temperature and chlorinity characteristics, Tt may
now be possible to assoclate certain of the indicator species
designated in this report with those water nmasses as they

affect the coastal waters of New South Wales.
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