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Abstract

The range of Nycttphanes australis in Australlan waters is. from 31°
it is abundant on most parts of the
continental shelf and very scarce in deeper waters.

latitude and 132° to 156°F longi tude.

119 {1980)

to 44°s

Postlarvae, adolescents

and adults are more abundant. in the shelf water cotumn by night than by day.
They probably descend almost to the bottom in daytime and rise towards the

surface at night.

At certain seasons,

particulariy July-September off Victoria

- and Tasmania and February-April off New South Wales, they become relatively

scarce in the upper water column even at night.
reduced sexual activity at those periods.
avoidance of high temperatures, could apply in New South Wales.

This may be connected with
Another explanation, namely
During the

season when Nyctiphanes migrate at night into the upper part of the water
column over the shelf, their mean concentration there is about 5 m 2

Extremely high concentrations can reach about 200 'm

INTRODUCT ION

The euphausiid crustacean Nyctiphanes
australis Sars occurs in south-east
Australian and New Zealand waters,
where it is the only.species of its
genus. It is the principal
euphausiid in the neritic
{continental shelf) waters of south-
eastern Australia, where other
species are rare or absent {(Sheard
1953; Blackburn 1957; Mauchline and
Fisher 1969). MNyctiphanes australis
eats diatoms, detritus including
copepod faecal pellets, and copepods.
" (Sheard 1953). It is an important
food for several vertebrates of

" sputh-eastern Australian seas,
including barracouta or snoek,
Thyrsites atun (Blackburn 1957);
southern bluefin tuna, Thunnus
thynnus maccoyii (Serventy 1956) ;
skipjack tuna, Katswwonus pelamis
(Blackburn and Serventy, unpublished’
- data); Australian “'salmon', Arripis

- australis.

=3

trutta (Malcolm 1959); tiger flat-
head, Neoplatycephalus macrodon
(Fairbridge 1951); and the short-
tailed shearwater or mutton bird,
Puffinus tenuirostris (Marshall and
Serventy 1956).

Our knowledge of Nyctiphanes in
Australian waters comes mainly from
Sheard (1953), who was particularty

- concerned with its development and

growth. His account of its
distribution was incomplete.
| began a program of plankton
collecting to obtain more information
about the distribution of N.

The program was
incomplete in several ways,
especially because hauls could not be
made at night in some areas. | was
unable to continue the work after
1955, The data taken are now
summarised here.

In- 1952
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MATERIALS AND METHODS

This paper deals principally with
numbers of Nyctiphanes australis
counted from open vertical plankton
hauls made on the continental shelf.
Numbers from similar hauls in slope
and ocean waters were much lower
(zero in most hauls) and are
mentioned only briefly. No other
type of haul was routinely
practicable with the facilities
available.

The open vertical hauls were made
with 'Discovery' N70V nets,
constructed and used according to

Kemp et al. (1929). Each haul was-
made in duplicate. Flowmeters were
not used. 1n continental shelf

waters the net was hauled from near
the bottom to surface. The length of
the net assembly from mouth to bottom
sinker -was about 4.4 m, so the
practice was to pay out 5 m less wire
than the depth of the water when
lowering the mouth of the net below
the sea surface. Thus the lowest 5 m
of the water column was not sampled.
The depth of the column that was
sampled ranged from 20 to 110 m.
Since the hauls were short and the
"~ vessel's freeboard low, wire angles
were low even in rather rough
weather. Hauls in continental SIOpe
. and ocean waters were generally made
from 100 m to surface and 500 m to
surface.

Occasionally the closing mechanism of
the N70V net was used to make
separate hauls through the upper and
lower halves of the water column on
the shelf. Separate hauls were made
also through 100 m sections of the
column between 100 and 500 m at a few
slope and ocean stations, but very
few Nyctiphanes were taken. Closing-
net hauls were not duplicated.

The few plankton hauls made on the
continental shelf off South Australia
during this study included some
surface horizontal hauls as well as
open vertical hauls. Further
information is not required, because

~ 3
the observations on Nyctiphanes are
used only to demonstrate its
geographic range.

The data presented are on -numbers of
Nyctiphanes over 5 mm total length,
measured from the front margin of the
carapace to the rear of the telson
{excluding telsonic spines) along the
mid-dorsal line. This range of size
includes postlarval, adolescent and
adult stages, and excludes calyptopis
and most furcilia stages (Sheard
1953). Measurements were made with
an ocular micrometer. The largest
specimen had a total length of 16 mm.
The largest found in New Zealand by
Bary (1956) measured 17 mm. All
specimens over 5 mm in each entire
plankton catch were counted. |If
another worker had removed an aliquot
| scanned the remainder and increased
my count proportionately.

The following groups of data are
considered:

(1) Numbers of Nyctiphanes from 222
open vertical hauls, each made in
duplicate, on the continental shelf
off Victoria, northern Tasmania and
eastern Tasmania {area A of Fig. 1}.
The apprOX|mate range of latitude in
this area is 44° to 38°S. Results
are given in Table 1. They cover the
four quarters of the year (years 1952
to 1955 combined) and three diel
periods. The diel periods are day
(0800-1600), night (2000-0400) and
crepuscular {0400-0800 and 1600-2000).
This work was done from the CSIRO
research vessel Derwent Hunter. The
few hauls made on the shelf off
western Tasmania are ignored here’
because they did not cover all
quarters and periods, but some of the
hauls were positive for Nyctiphanes.

{2) Numbers from 86 similar hauls,
each made in duplicate on the
continental shelf off New South Wales
(areas B and C of Fig. 1}. The
apBrOX|ma8e ranges of latitude are
37 to 34 S in area B (46 hauls) and
34° to 2995 in area C (40 hauls).

The data are given in Table 1. They
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cover the four quarters of the year
(years 1952 to 1954 combined) but all
are for the daytime period. .
was done from small vessels, hired
for daytime work on other investi-
gations.

(3) Numbers from closing vertical
hauls through the upper and lower
halves of the water column at 16
stations in area A. The data are
given in Fig. 2. Similar hauls at an
additional 21 stations yielded no
Nyctiphanes from either half of the
water column and are ignored here.

{4) Numbers from open vertical hauls
made in slope and ocean waters as
discussed above. These numbers are
so small that they are not
individually listed, but means per
haul! are given in the text. Figure 1
shows the 32 station positions at
which hauls were made-on the
continental stope (5 to 40 nautical
miles from the shelf edge),
distinguishing those positions at
which Nyctiphanes was taken. The
number of slope stations was 65,
since some positions were occupied on
two or three separate occasions. An
additional 98 stations were occupied
farther offshore in ocean waters, in
an_area bounded apgroximately by
34°s, 156°E and 43°S. Nyctiphanes
were found at only six of these
stations, at positions shown in Fig.
1. Closing vertical hauls were made
at a few of these slope and ocean
stations.

Times given in this péper are local
(Austratian Eastern Standard -Time).

RESULTS AND DISCUSSION

Distribution by Time of Day and
Season

Data groups 1, 2 and 3 of Material
and Methods, which all refer to
continental shelf waters, are
utilised here.

Inspection of the original data of
Table 1, area A, showed that numbers
of Nyctiphanes in duplicate hauls at

The work.

5

the same station were génera]ly 1ow
and not very different in the daytime,

- whereas they were higher and sometimes

quite different at night. Ap analysis
of variance was performed on the data
for stations occupied in the diel
period 2000-2400 and a similar one
for the period 0000-0400, using
stations and haul order as criteria
of classification. Stations with
zero numbers in both hauls were
ignored. The remaining numbers were
distributed more or less normally
when transformed by adding 1 and
taking logarithms, and the analysis
was made on the transformed data.

Station differences were significant
as expected (P<0.01). Haul order was
significant at the period 2000-2400
(P<Q.01) but not at 0000-0400. .The
difference at the former period was
that the second haul usually
contained more Nyctiphanes than the
first. The most likely explanation
is carryover of specimens from first
to second haul, as a result of
incomplete washing down of the net
after the first haul. The persons
who made hauls after midnight may
have washed down more thoroughly. In
subsequent work the arithmetic mean
of the Nyctiphanes numbers in the
duplicate hauls was used. Table 1
gives numbers of hauls made (excluding
duplicates) and mean numbers of
Nyctiphanes per haul (mean of the
means for duplicates).

From these means for area A in Table
1, it is clear that abundance of
Nyctiphanes in the sampled water
column decreases from night to day
and from warm to cold season, The
means for each quarter-year are
highest at night and lowest in the
daytime, the latter ranging from 1.6
to 8.0 percent of the former. The
means for each diel period are with
one exception less in July-September,
the coldest season,. than in the-other
three seasons. The differences in
such means between the three warmer
seasons are of doubtful significance.
Most of the variation would disappear
if the three very high Nyctiphanes
numbers (1325, 275 and 254) were
ignored, although the altered means
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would still be higher than those for
the same diel periods in July- '
September.-

Evidently Wyctiphanes becomes much
less catchable in the sampled water
column by day than by night. This
could occur by the animals avoiding
the net more successfully in the
daytime than at night, or by them
aggregating by day in the unsampled
zone within 5 m of the bottom, and
moving upwards at night. The first
explanation is improbable by itself,
because large catches of Nyetiphanes
have sometimes been made in daytime
horizontal tows of the same net at
the same speed at the sea surface.
The second explanation is probable,
because the species has been taken in
daytime horizontal net tows near the
bottom {Sheard 1953) and also
frequently in the stomachs of the
bottom-tiving tiger flathead,
Neoplatycephalus macrodon (Fairbridge
1951). Moreover, the same pattern of
diel vertical migration has been
found in the related species MNyeti-
phanes couchii and Meganyctiphanes
norvegica, which live close to the
bottom by day and rise towards the
sea surface at night (Mauchline and
Fisher 1969).

Further indications of such movement °

are given by counts of Nyetiphanes in
the upper and lower halves of the
water column on the continental shelf
in area A (Fig. 2). At stations
occupied from 0800 to 1700 .
australis was more abundant in the
lower half of the column than in the
upper; at stations occupied from 1800
to 0400, with one exception, the
situation was opposite. The :
exception is the station on the
extreme right of Fig. 2, with one
Nyctiphanes in the lower half and
none in the upper, which is not a
serious discrepancy. N

The low numbers for each diel period
" in the July-September quarter
indicate a great reduction in the
entire population of Nyctiphanes or
in the portion of the population
making vertical migrations, at that
season. The former possibility may

, 7
be rejected because Fairbridge (1951)
found euphausiids more or less
uniformly throughout the year in
stomachs of Neoplatycephalus macrodon
taken on the bottom in east Tasmanian
shelf waters. He did not name the

euphausiid species but specimens were

identified by Sheard as ¥N. australis,
and no other species occurs
abundantly in the area. 1t is
concluded that the bulk of the
Nyctiphanes population at sizes over
5 mm remains near the bottom in
winter in Victorian and Tasmanian
shelf waters, without making diel
vertical migrations. This might be
connected with sexual activity or
with food. Sheard (1953, Table 13)
showed from records of ovigerous
females that sexual activity must be |
minimal for the year in June and
July. Food would be available near
the bottom in the form of detritus,
which is eaten by N. australis and
other euphausiids (Sheard 1953;
Mauchline and Fisher 1969), and
perhaps little food is available in
the rest of the water column in’
winter. The optimal temperature
range for the species is about 12

18 C, although adults can tolerate
119 to 229 (Sheard 1953). According
to the charts of Gorshkov {1974) mean
monthly surface temperatures are
within the optimum range all year in
most waters off Victoria and Tasmania,
and temperatures at 50 m and 100 m
can be up to 17 lower than surface in
the same area and month, although
bottom temperatures of 10°C have
been recorded in our investigations.
Thus the winter bottom-dwelling phase
is probably not a response to
temperature.

The data for areas B and C in Table 1
are only for daytime. Most hauls in
area B were negative for Nyctiphanes,
as was the case for daytime hauls in
area A. Daytime means per haul for
all quarters combined are comparable
in the two areas, namely 0.5 in B and
0.7 in A, The means per haul are
higher than daytime means for area A
in July-September and January-March,
and lower (zero) in the other two
quarters. The months in which
Nyctiphanes was obtained were August,
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September and January. There is
additional information on months of
occurrence in the water _column at the
north end of area B (3405) from other
authors. Sheard (1949) took the
species in each month of the year
with highest number of adults in May-
July, September-November and January.
Dakin and Colefax (1940) made hauls
in all months but found Nyctiphanes
only in June-September. Park and
Williams (unpublished data) found it
abundant in January and February and
scarce in March and April, but most
of their specimens were larvae.
There is obviously a tendency for the
larger N. australis to be most
 abundant in the water column from
winter to. summer in area B, instead
of spring to autumn as in area A.
There could again - be a connection
with sexual activity, which is
minimal {(no ovigerous females) from
February to July in area B (Sheard
1953, Table 12). There could also be
a connection with temperature. The
upper limit of the optimum temperature
range for adults is about 18°C as
mentioned above. From the mean
“temperature charts of Gorshkov (1974),
surface temperatures at 187 or less
occur at 34°S only from June to
September; howevér temperatures at 50
and 100 m do not exceed 18° at that -
latitude at any time. Thus
Nyctiphanes adults could live all
year at the northern end of area B,
but would not be expected in
abundance above the bottom in late
spring, summer and autumn. From
Sheard's (1949) data, however, they
can be abundant as late as January.
Possibly the animal must continue to
visit the upper part of the water
column in summer, in order to breed
under favorable conditions for its
larvae.

For area C, between 340 and 2905
latitude on the New South Wales
coast, alil hauls listed in Table 1
are negative. The only records of
Nyctiphanes from that area are a few
listed by Sheard (1953) as far north
as 31°. Beyond that latitude
temperatures are over 18° all year
even at 50 and 100 m. That condition
presumably is not suitable for ¥.

‘hauls at each.

‘average of 0.07 per haul.

australis, which is replaced on the
shelf by Pseudeuphausia latifrons
(Sheard 1953).

Oceurrences 1in Slope and Ocean Waters

As mentioned earlier, there were 65
slope stations with four open vertical
Half of these hauls
were made from 100 m and half from
500 m. Some Nyetiphanes were taken
in each quarter-year and diel period.
The total however was only 18, an
From Table
1 the means for all available hauls
in areas A.and B were much higher,
12.8 for A (all diel periods) and 0.5
for B {(daytime only): Evidently
Nyctiphanes is relatively rare in
slope waters. Closing hauls were
made at a few slope stations and some
of them yielded single specimens at
depths to 400-500 m below surface.
Thus the species can occur at least
as deep as 400 m.

. A total of 392 similar hauls were

made at the 98 ocean stations. The
total number of Nyctiphanes taken was
37, so the average per haul was 0.09
which is similar to that for the
slope. Proportionately more of the
ocean hauls were negative, however.
Ocean occurrences of ANyectiphanes

" undoubtedly represent individuals

swept offshore in currents and eddies.
In slope and ocean waters other
euphausiids, which are normally rare
on the shelf, replace N. australis.

The principal species are Thysanoessa

gregarid, E@ghausia recurva and
(south of 37°S) Euphausia lucens.
Nyetiphanes couchii of Europe is
virtually restricted to shelf waters
in the same way as N. australis in
Australia (Einarsson 1945).

Oecurrences in South Australian Waters

Two cruises were made in the waters
of eastern South Australia during
1953, one in March-8pril and a short
one in August. WNyctiphanes australis
was taken at various places on the
continental shelf to 132°E longitude,
which is the western limit of the
species as at present known. The
data were not quantitative. Sheard



(1950) implied that the species was
fairly numerous in summer.

Estimates of Concentration

From Table 1, Nyctiphanes is most
abundant in the water column at night
from october to June in area A. The
mean number per haul is then 44.5.
The mean height of the water column
sampled by those hauls was 62 m, and
from Fig. 2 one can estimate that 390
percent of Nyctiphanes would have
been in the top half. The mouth of
the N70V net measures 0.3848 m® in
area. Assuming a filtration
coefficient (water acceptance) of
0.9, the volume of the upper half of
the mean sampled water column is
0.3848 x 31 x 0.9 = 10.74 m®. The
mean number of Nyctiphanes in that
volume of water is estimated as

44,5 x 0.9 = 40.00, yielding a
concentration estimate of 3.7 animals
per m®. This is probably too low
because of net avoidance and
escapement through the large meshes
in the upper part of the net. A
reasonable estimate of mean concen-
tration of Nyctiphanes in their night
habitat from October to June (area A)
is about 5 per m®. If they all
descend in daytime to the bottom 5 m
of the water column as | concluded
earlier, the mean concentration there
would be about 30 per me,

The highest concentration encountered
was in the haul shown second from
right in Fig. 2. 1t had 2900
individuals in the upper half of a
sampled water column of 100 m. The
mean concentration was therefore at
least 167.4 per m*. It is safe to
assume that concentrations of 200 per
m? occurred within the range of that
haul.
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