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Abstract

The ichthyoplankton catch data and hydrographic data collected on SO
1/87 in January-February 1987 on board FRV Soela are presented in this
report. Our objective was to assess methods of estimating the abundance
of southern bluefin tuna (Thunnus maccoyii} larvae on the spawning
grounds in the eastern Indian Ocean. Sampling was designed to
investigate the scale and intensity of patchiness, the extent to which tuna
larvae go below the mixed layer, and their diel vertical distribution
patterns in the mixed layer.
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Introduction

It is a general phenomenon that ichthyoplankton in the ocean are
patchily distributed over a wide range of time and space scales

(Haury et al. 1978). The schooling habit of the spawning adults imposes
the primary pattern (Smith 1973; Smith and Hewitt 1985), which is
subsequently modified by physical and biological processes in the
ocean. These aggregated distribution patterns of fish larvae create
statistical problems when estimating abundance.

Patchiness is a major source of sampling error. Computer models and
field trials have shown that the size and distribution of patches greatly
affect the magnitude of sampling error (Wiebe and Holland 1968; Wiebe
1971, 1972) through the interaction of the size of the sampling unit and
the scale of patchiness. Assessment of the adequacy of sampling
methods and designs is therefore a necessary prerequisite of any survey
to estimate abundance.

Apart from ecological considerations, knowledge of the vertical
distribution of ichthyoplankton is also critical for the correct assessment
of their abundance. Sampling only part of the depth range of larvae will
produce underestimates of abundance. Sampling far below the depth
range is wasteful of time and respurces. It also reduces sample size, so
the resulting estimates of abundance will be more affected by the
spatial distribution patterns of the larvae {Andrew and Mapstone 1987).
As tuna larvae usually occur in low densities (Wade 1951; Strasburg
1960; Klawe 1963; Richards 1969; Richards and Simmons 1971; Conand
and Richards 1982), sampling the correct depth range is critical.

The statistical problems of estimating the abundance of tuna larvae
have not been investigated fully. Strasburg (1960) recognised that tuna
larvae in the central Pacific Ocean are contagiously distributed and that
little reliability could be placed on abundance estimates based on
widely separated tows. There is also little information on the depth
distribution of tuna larvae, although there is some evidence that tuna
larvae occur mainly near the surface and are probably limited to the
depth of the mixed layer (Strasburg 1960, Klawe 1963). Reports on the
diel vertical movements of tuna larvae within the mixed layer are not
conclusive either because few larvae were caught (Matsumoto 1958,
Yukinawa 1987) or because differences in net avoidance between day
and night were not resolved {Wade 1951, Richards and Simmons 1971).

Methods of estimating tuna larvae abundance were assessed on a cruise
during January-February 1987 on board FRV 5oela on the southern
bluefin tuna (Thunnus maccoyii) spawning grounds in the eastern Indian
Ocean. Our methods of estimating ichthyoplankton abundance were
compared with those of the Fishery Agency of Japan (Davis et al. 1989).
We investigated both the scale and intensity of patchiness in the
horizontal distribution of larvae of southern bluefin tuna and other tuna
species. We determined the minimum sampling depth to maximize
catches and still cover the entire depth range of tuna larvae, and
examined their diel vertical distribution patterns. This report presents a
detailed listing of the ichthyoplankton catch data and hydrographic
data collected during this cruise.




Methods

Description of nets

Treatment of samples

Ichthyoplankton
sampling strategy

We used two types of nets: an Ocean Instruments 70 cm
opening-closing bongo net and a 70 cm diameter ring net. The bongo
net, rigged with a 22 kg Scripps cable depressor, was modified to take
an electronically operated opening/closing system consisting of a
Yeo-Kal Submersible Data Logger with standard depth and
temperature sensors. The data logger also received signals froma

‘General Oceanics electronic flowmeter mounted inside the net and had

additional circuitry to drive solenoids that opened and closed the nets.
The conventional messenger-release mechanism was replaced with
solenoids mounted directly on the rimns of the bongo net. Signals to and
from the net were multiplexed to the ship via an armoured cable and
displayed on deck using the graphic interface of an Apple Macintosh
compufer.

The ring net had a 70 cm diameter aluminium collar equivalent to one
side of an Ocean Instruments 70 cm bongo net. A two-wire bridle -
mounted laterally on the collar, back from the mouth, enabled the net to
be towed with little obstruction from the bridle. A 22 kg Scripps
depressor was connected to the net by a second bridle mounted in the

- same way as the first. An electronic pressure sensor mounted on the

bridle enabled the net to be guided by real-time depth data when
deployed in oblique tows from the stern. When deployed at the surface,
the ring net was towed from a boom on the port side amidships, clear of
the wake of the vessel. It was towed approximately 0.5 m under the
surface, oscillating between 0 and 2 m.

Both the bongo and ring nets were fitted with blue cylindrical-conical

" nets made of plain weave Estal monofilament with a mesh aperture of

0.5 mm and open area ratio of 5:1. All nets were fitted with a
mechanical General Oceanics flowmeter, calibrated before sampling
and mounted within the aluminium collar. All nets were towed at

speeds of 1.0-13 m s’

Samples were preserved in 95% ethanol, which was replaced within 12
hours of initial preservation. Tuna larvae were sorted from plankton
samples in a rotatable sorting ring under a dissecting microscope with
dark-field illumination, and identified to species using, in the main, the
criteria of Nishikawa (1985). Plankton volume was measured by the
displacement volume and settled volume methods {Smith and
Richardson 1977).

Sampling was carried out in the southern part of the North Australia
Basin, which has a bottom depth of approximately 5000 m. Two sites
(1 and 2} were selected after trial plankton tows located significant
numbers of T. maccoyii larvae (Fig. 1). To track the mixed layer

{40-50 m), each site was marked by a satellite-tracked buoy with a
parachute drogued at 20 m depth . Site 1 was selected on

14 January and marked with Buoy no. 6127 and Site 2 was selected on
28 January and marked with Buoy no. 6128.
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Figure 1. Ichthyoplankton station positions on SO1/87. The drift of
Buoys no. 6127 and 6128 are marked by small solid squares
connected by lines. Samples taken with the bongo net to
determine whether tuna larvae were limited by depth to the
mixed layer are indicated by larger solid squares. The
positions of stations along each transect have been corrected
for satellite position updates that occurred during sampling.

To determine whether the maximum depth distribution of tuna larvae
was restricted to the mixed layer, a series of tows were made at Site 1
on 16-17 January 1987 between 13:21 and 03:21 h GMT at Stations
128-140 (mixed-layer experiment in Table 1). The opening/closing
bongo was deployed in single oblique tows. It was either opened a
short distance below the mixed layer and fished to the surface, or
opened at twice the depth of the mixed layer and closed before it
reached the mixed layer. A surface tow with the 70 cm ring net was
made concurrently with each oblique tow. The depth of the mixed layer
was already known from CTD profiles taken at the drogue buoy. The
positioning, opening and closing of the net were guided by temperature
and depth readouts from the SDL mounted on the net. Oblique tows
were nominally of 20 minutes’ duration and surface tows of 10 minutes’
duration.




Diel vertical distribution within
the mixed layer

Scale and intensity of patchiness
in horizontal distribution

The diel vertical distribution of tuna larvae within the mixed layer was
investigated at Sites 1 and 2 by random sampling with paired surface
and oblique tows. Two 70 cm ring nets were deployed concurrently,
one as a surface tow for 10 minutes and the other as a double oblique
tow for a nominal 20 minutes. At Site 1 the oblique tow was fished from
the surface down through the upper layer of the pycnocline to a depth
of 50 m and back again. At Site 2 the net was only fished down to 40 m.
Daytime sampling was done from 08:00-16:30 h WST (24:00-08:30 h
GMT) and night-time sampling from 19:30-04:30 h WST (11:30-21:30 h
GMT), to avoid transitional dawn and dusk periods.

Station positions were randomly assigned at the beginning of each day
and night sampling period by a computer-generated bearing and
distance from the buoy. Sometimes the exact position of the buoy was
not known, but was estimated from its pattern of drift and its last
known position from direct sighting or satellite relay. At Site 1, 16 day
and 10 night tows were made on 21-22 January 1987 at stations
randomly placed in a 10 km radius circle relative to Buoy no. 6127
(listed as Site 1, random in Table 1). Sampling had been delayed by a
tropical cyclone and the position of the buoy was not known when the
stations were assigned, but was estimated from its pattern of drift and
last known position relayed from the satellite on 20 January.
Unfortunately the drift pattern of the buoy had changed so that stations
were assigned north of the actual position of the buoy (Fig. 1). At Site 2,
22 day and 22 night tows were made at random positions in a 20 km
radius circle relative to Buoy no. 6128 (listed as Site Z, random in Table 1).

Fine- to coarse-scale (hundreds of meters to kilometers) patchiness in
the distribution of tuna larvae was investigated at each Site by a
combination of contiguous transect sampling with surface tows and
random sampling relative to a drifter, using double oblique tows.
Contiguous transect sampling involved deploying 50 five-minute
surface tows made in a south-west direction starting near each buoy.
Sampling was virtually continuous. As the vessel steamed at 1.3 m 51,
two nets were operated alternately. While one net was towed the other
was washed down. The delay between deployment of consecutive tows
was, on average, 160 seconds. These transects (Stations 76-126 at Site 1
and 195-245 at Site 2) consisted of 50 samples each of 390 m mean
towed distance separated, on average, by a gap of 208 m (hsted as Site 1,
transect and Site 2, transect in Table 1).

The variability in catches of tuna larvae and intensity of patchiness was
determined from the random oblique tows made at each site during the
investigation of diel vertical distribution (listed as Site 1, random and
Site 2, random in Table 1). At Site 2, a further 22 oblique tows of ten
minutes’ duration were made to examine the interactions of tow
duration and patchiness on the variability of catches (also listed as Sife
2, random in Table 1). The sequence and position of the 10-minute
oblique tows were randomly assigned together with the 20-minute
oblique tows, so that all Site 2 random stations (Stations 247-345) were
randomly stratified by day/night and 10/20 minutes’ tow duration.




Comparison of CSIRO and
Japanese methods of
ichthyoplankton sampling

Hydrographic sampling

The FRV Soela and the FRV Shoyo Maru met on 27 January 1987 at 15°5,
116" E. The two vessels, approximately 250 m apart, steamed at 2 knots.
Concurrent surface (10 minutes) and oblique tows (20 minutes) were
made by both vessels at six Stations (181-186) in daylight between 1300
and 1700 h local time; the start of tows on each vessel was co-ordinated
by radio and visual communication. Sampling was preceded by four
paired surface and oblique tows (Stations 177-180) taken at the one
station position to investigate intra-station ichthyoplankton variability.

Surface temperature and salinity were continuously measured by a
thermosalinograph (Grundy Environmental Systems Inc. Model

no. 6620} using water pumped from approximately 2 m depth.
Thermosalinograph readings made at the start of each station are listed
in Table 1.

Hydrographic casts were made throughout the cruise. During random
sampling at each site, hydrographic casts were made at dawn and dusk
when ichthyoplankton sampling was not carried out. These casts were
usually made near ichthyoplankton stations. Hydrographic casts were |
made before and/or after each set of ichthyoplankton sampling, again
at dawn or dusk. Additional hydrographic casts were made on an
opportunistic basis. Discrete water samples were collected with a
General Oceanics rosette equipped with 1.8 1 Niskin sampling bottles
and a NBIS Mk. IlIB CTD. There are no archived CTD profiles of any of
the hydrographic stations. It was discovered after the cruise that the
underwater unit housing the sensors had been knocked during road
transit from Hobart to Port Hedland. As a result the CTD calibration
changed constantly throughout the cruise, such that no correction could
be applied to the raw data.

Salinity and dissolved oxygen were measured by the methods of Major
et al. (1972). Nutrient samples were collected in acid-washed
high-density polyethylene bottles and stored at -20°C until analysis.
Inorganic nutrients were determined using a Tecator 5020 flow injection
analyser with a Tecator 5023 spectrophotometer and a Hewlett Packard
7123A chart recorder. A more detailed description of the methods is
given in Clementson et al. (1989). Total nitrogen and phosphorus were
determined by the methods of Sélorzano and Sharp (1980} and Koroleff
(1976) respectively. The concentrations of organic nitrogen and organic
phosphorus were calculated by subtracting the inorganic concentrations
from the total concentrations of nitrogen and phosphorus determined
and correcting for recovery.



Explanation of tables

There are three tables in this report. Table 1 presents the station data
where hydrographic casts or quantitative ichthyoplankton tows were
made. Stations are not listed if no samples were collected because of
equipment failure, or if a sample was taken without measuring the
volume filtered during the search for tuna larvae (Stations 1-66 in
particular). The times, latitudes and longitudes mark the start of
activities at each station. To convert the time of each station to local
time (WST), 8 hours should be added to GMT time. Station positions
were determined by a Magnavox Transit Satellite Navigator which, in
ideal conditions, has an accuracy of 0.05'. Sea conditions, ship's motion
and the period between satellite position updates would have greatly
reduced the accuracy of station positions. These have been recorded to
0.01' in Table 1; they far exceed the accuracy of the Satellite Navigator.

- However, for the 100 stations sampled along the surface transects, it

was necessary to record positions to 0.01' to retain the spatial resolution
between contiguous stations which were, on average, 390 m long and
separated by a distance of 208 m. In Table 1, the latitudes and
longitudes at stations sampled along the surface transect at both sites
are not corrected for satellite position updates that were given during
the period of sampling. In Fig. 1 the station positions for both transects
have been adjusted for irregularities caused by position updates.

Table 2 presents the ichthyoplankton tow and catch data. There is a
separate entry for each tow and net type used at a station. For catch
data from the mixed-layer experiment (Stations 128-139), A and B were
added to the station number to denote port and starboard sides of the
bongo net. At each of these stations there are three entries: one for the
surface tow and two for the bongo net except when equipment failed.
At Station 131, side B of the bongo failed to close at 33 m and continued
to fish to the surface, whereas side A closed as planned. As there was a
flowmeter in side B only, there was no record of volume filtered in side
A. The unidentified tuna at Stations 193-204 were larvae too small to
have developed the pigment pattern needed to identify them to species,
but the majority would have been T. maccoyii, based on the species
composition of the identified larvae at these stations.

Table 3 presents the physical and chemical data determined from
hydrographic casts. Temperature, measured by reversing

. thermometers, was usually taken at three depths at each hydrographic

station unless thermometers failed to reverse. All hydrographic data
indicate that the water mass present is composed of low-salinity
tropical water, except for the data from Stations 67 and 75, which
clearly indicate an intrusion of South East Indian central water, which is
low in nutrients and high in salinity.
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