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CHAPTER 1 INTRODUCTION

1.1 Objectives

An overall goal of BENEFIT is to improve the knowledge and understanding of the
important commercial stocks, their environmental condition and the linkage between
environmental processes and growth, distribution and abundance of the fish stocks.

The present survey is the third investigation of a BENEFIT project with the specific
objective to investigate the spatial distribution of spawning hake in the Benguela ecosystem
and to explore the mechanisms which contributed to retain the eggs and larvae within the
upwelling ecosystem. This includes the physical environment with the current pattern and the
physical properties of the eggs and early larval stages.

1.2 History of the project and specific objectives of the third survey.

The first investigation was carried out 27 September - 7 October 1995 with R/V "Dr. Fridtjof
Nansen" (Sundby and O Toole 1995) and was limited to a pilot study in the central Namibian
region from Cape Cross to Hollam's Bird Island. The pilot study gave a first measure of the
buoyancy of artificially fertilised hake eggs which showed relatively heavy eggs. In addition,
plankton samples gave a first indication that the hake eggs in Namibian waters are deeply
distributed in the water column which correspond well with the buoyancy measurements and
the vertical distribution of the spawning fish.

The second investigation was carried 2 - 20 October 1997 and covered three separate regions,
the two first in South Africa, 1) from the western Agulhas Bank to Saldanha Bay, 2) over the
Childs Bank, and the third region in Namibian waters from Liideritz to Walvis Bay (Sundby
et al. in prep). A Multinet® plankton sampler was purchased in order to obtain improved
recordings on the vertical distribution of eggs, larvae and zooplankton. The survey showed
that the hake eggs were somewhat more shallowly distributed in South African waters than in
Namibian waters although the buoyancy of the eggs were not substantially different for the
two regions. Buoyancy of eggs was also measured for a number of other fish species. An

extensive zooplankton sampling was conducted. The technique of the artificial fertilisation of



hake eggs was further developed, and hake gonads were sampled for subsequent detailed
analysis. The current pattern was mapped in detail with the ADCP onboard the vessel in
order to interpret the transport of the hake eggs. The ADCP analysis showed strong
topographical steering of the subsurface currents in the Childs Bank region. Genetic studies
were undertaken by using electrophoresis.

The present investigation was the last one of the project. The survey covered the Namibian
waters from Hollam’s Bird Island to Cunene River. In addition to the general objectives of
the project, this last investigation aimed at mapping all of the spawning areas of Merluccius
capensis in Namibian waters, and to further investigate the spawning behaviour in relation to
the low oxygen layer. The survey was also the start of a new project to investigate the
maturation of Namibian hakes and seasonal cycles of spawning, and attention was

particularly paid to potential spawning of Merluccius paradoxus in Namibian waters.

1.3 Participation

The scientific staff during the cruise was:

From Namibia:
Johnny Gamatham, Paul Kainge, Malaki Shimanda and Konrad Thorisson

From Norway:
Berit Endresen, Olav Kjesbu (to 27 September), Jarle Kristiansen, Magnar Mjanger,
Svein Sundby (from 27 September) and Anders Thorsen.

From South Africa:
Alan Boyd (from 27 September) and René Osborne.

1.4 Narrative

The vessel left Cape Town on 23 September, two days after schedule. The first day of delay
was due to technical problems; the second day was due to storm conditions. The vessel
arrived in the Liideritz region on 25 September but the weather conditions were still too
rough to start the field work. The field investigations therefore started off Hollam's Bird
Island later on 25 September with a section westwards where CTD, ADCP, Multinet®



plankton sampler and trawl were used. The second section was made off Sandwich Harbour
after which the vessel headed for Walvis Bay where Alan Boyd and Svein Sundby came
onboard and Olav Kjesbu left the vessel to stay at NatMIRC in Swakopmund. The survey
continued with east-west sections and cross sections to Orange River. The station work
continued with CTD, Multinet plankton sampler, and trawling. From Walvis Bay the speed
of the ship was reduced down to 7 - 8 knots in order to keep optimal conditions for underway
current recording from the Acoustic Doppler Current Meter (ADCP).The field work was
terminated with trawl stations off Sandwich Harbour on the evening of 4 October. The vessel
then headed for Walvis Bay where it arrived in the morning of 5 October. Experimental work

and report writing continued during 5 October.



CHAPTER 2 MATERIAL AND METHODS

2.1 Physical measurements

The work started 25 September 1998 off Hollams Bird Island and terminated off Sandwich
Harbour 5 October 1998 after having surveyed the shelf region north to Cunene River.
Cruise tracks with CTD stations are shown in Figure 2.1.

2.1.1 Wind data

Wind speed and direction were measured continuously whilst the vessel was underway and
entered manually whilst the ship was on station. There were problems with the manually-
entered station data and the entries during the first CTD stations (924 - 939) are incorrect,
because wind direction was manually entered from the bridge in 10ths of degrees while the
programme interpreted the entry as degrees. From CTD station 940 the wind direction was
entered manually from the bridge in degrees. The continuous recordings stored by the
weather station are, however, correct and wind speed for the duration of the cruise north of

Liideritz is shown in Figure 3.1.

2.1.2 Current data
Data collection and calibration

The ADCP was set up in Cape Town and the heading adjusted to the ships gyro-compass.
The offset for transducer misalignment was maintained at minus 3 degrees. This
compensation is actually for various electronic factors, but as they have appeared to be
relatively constant over a number of cruises, the are compensated in the misalignment field.
The bias between ADCP and gyro heading and the GPS course was checked after leaving
Walvis Bay and found to be between zero and one degree. Given that data were mainly
bottom-referenced and collected at survey speeds of less than 8 knots or on station, errors due
to heading bias can be regarded as minimal. The velocity smoothing interval used for the
Navigation data was 150 seconds, which yielded a more erratic velocity field than the
previously used 300 seconds, but reduced the number of outliers which result from a long
smoothing interval and ships movement on station. Navigation-referenced velocities were

only used on 3 deep stations and twice whilst underway for approximately an hour on the



outer margin of the grid. Bottom-referenced currents were usually very accurate, but on
several occasions noisy data resulted from dense distributions of fish, plankton and jellyfish.
The latter in particular caused trouble resulting from the fact that they were invisible to the
ship’s main 38 kHz echo sounder, but were strongly registered by the 150 kHz ADCP (and
also the ship’s 120 kHz sounder). Whilst this matter was being investigated the ADCP was
switched off and set up with a new heading offset. Therefore two basic cfg files were used:
1998410a and 1998410b. The original cfg file, 1998410 was updated to 1998410a early on

in the cruise as it only searched for a lost bottom track after 10 pings.

South of Walvis Bay, data were collected on station only, but thereafter data were also
collected continuously underway. All the data are stored in the directory c:\hena on the
ADCP PC, and on the “ADCP processing PC” in the directory c:\ADCP\hena.

Processing

The ADCP data were processed by converting the data to ASCII files using the playback
menu in the ADCP Transect program. Separate conversions were made for data collected on
station and for data collected underway. Thereafter, velocities at selected depths were
extracted into UMS “external files” from the ASCII files using Martin Dahl’s program,
ADCPUMS, which was recently updated. The station data were extracted for depths of 35,
50, 100, 150 and 200 m; where deep enough. The underway data were only processed for
depths of 35 and 50 m. Basically whole periods of good data, as long as 13 hours and
including stations, were processed as one. This could only be done if the whole data did not
contain data contaminated by the bottom. There is a Norwegian Help menu for the program
ADCPUMS.

The ADCP external files were plotted using the SFRI ‘s UMS software. This allows both
individual vectors to be plotted in a geographic frame of reference as well as all enabling
averaging to take place on any spatial scale. Both the station and underway data were
generally averaged in blocks of 2.3 minutes of latitude and longitude. The reason for the
fraction (0.3) was to minimise the likelihood of data from the same station being split into
different blocks because of the cruise track following set lines of half degrees of latitude, and
the ship alternated from being either a little south or north of this line. This procedure largely
preserved the integrity of stations and was also suitable for underway data, generally
combining 4 to 5 five-minute vectors into one. Both and un-averaged underway currents at
50 m depth (Figure 3.2) and averaged underway currents at 35 -50 m depth (Figure 3.3) are
displayed to show the features of the water circulation. However, the pattern for 35-50 m



depth is interpreted in detail also using the information from the hydrographic measurements
(Figure 3.4). In addition, large-scale averaging was carried out on the station data to
highlight latitudinal changes (Figures 3.6 and 3.7). Finally, currents at all stations, at depths
from 35-200 m, were combined to estimate (roughly) the net flow of the Benguela current on
the shelf.

2.1.3 Hydrography

A Seabird 911 CTD was deployed to collect data on temperature, salinity and oxygen
between the surface and 10 m off the bottom. This was done at the positions shown in the
station grid in Figure 2.1. CTDs were done at all plankton stations. CTDs were also done at
most of the trawl stations, but not on pelagic trawl stations PT 183 and PT 197 and not on
demersal trawl station BT 198. Bottle samples for calibration of the oxygen and salinity
sensors were taken at most CTD stations. The oxygen samples were titrated within 12 hours
of sampling, using the standard Winkler technique. Three sets of standards were undertaken
ensuring that all titration calculations were based on a recent standard, as well as
interpolating for the small changes in standard which did occur. The results yielded a very
tight regression line (Figure 2.2) with a slope and offset very similar to the Qctober 1997
cruise, but significantly different from the August 1998 cruise. The concentration of the bi-
iodate standard was checked after the cruise by Magnar Hagebg at Institute of Marine
Research, Bergen. The normality of the bi-iodate solution was measured to 0.0398818 +/-
0.000077 which is very close to the standard of 0.04. The salinity samples were not analysed

during the cruise, but stored onboard for later analysis.

2.2 Plankton sampling

2.2.1 Multinet plankton sampler

Eggs, larvae and zooplankton were sampled with a Multinet® plankton sampler from
Hydrobios. The plankton sampler had 5 nets with a mesh size of 405 micrometers. A
Scanmar depth recorder with acoustic transmission to the vessel was mounted on top of the
Multinet. The sampler was towed in an oblique haul from 10 m above sea floor to the sea

level. The five nets covered the depth intervals:



10 m above the sea floor - 200 m
200 - 150 m

150 - 100 m

100 - 50 m

50-0m.

At stations were sampling depth was less than 200 m the upper depth intervals were kept the
same, and the lowest net was then towed from 10 m above the sea floor to the nearest 50 m
interval. The plankton sampler was retrieved at a speed of 0.5 m/sec while the vessel
maintained a speed of 2 knots. 42 plankton samples were made from Hollam’s Bird Island to
Cunene River (Figure 2.3).

2.2.2 Processing of samples

Large jellyfish were removed from the samples and their diameters measured. Then the
contents of each net were kept separately at about 5° C until analysed. The analysis of the
whole series of samples from one station was finished within 3-12 hours from sampling. Fish
eggs, fish larvae and zooplankton were identified using 6-50 x magnification.
Ichthyoplankton was identified to species if possible, the eggs counted and staged and the

length of the larvae measured.

Hake egg were stage determined using the description of Mattews and de Jager (1951) who
described 15 stages from the blastodisc (stage 1) to egg with embryo shortly before hatching
(stage 15). In the figures in the present report the hake eggs were grouped in three stages:

e Stage I is equal to Mattews and de Jagers (1951) stages 1 - 11, and is approximately the
egg less than 1 days old.

o Stage Il is equal to stages 12 - 14, and is approximately eggs of age from 1 to 3.5 days.

e Stage III is equal to stage 15, and is the eggs shortly before hatching. In Namibian coastal
water temperatures of 11 °C, this occurs about 4 days after fertilisation.

Hake eggs and pilchard eggs from some of the stations were picked out of the fresh samples
and put into the density gradient column for buoyancy measurements. The zooplankton was
separated into large groups only (order, or higher). The 0 - 50 m sample at each station was
preserved in 5 % formalin and stored. Total zooplankton volume was measured. Numbers of
fish eggs and larvae per 10 m® surface were calculated for each depth interval.



2.3 Trawl sampling

The main purpose of the trawl hauls was to catch mature fish with running eggs and milt in
order to conduct artificial fertilisation and subsequently measure the buoyancy of the eggs
and larvae. There were made 20 trawl hauls during the cruise, 3 of them were pelagic trawl
hauls and 17 were demersal hauls (Figure 2.4). The bottom depths at the trawl stations
ranged from 156 m to 509 m. The mean trawling depth was 330 m. Half of the trawl hauls
were made at bottom depths between 300m and 360 m. The trawling time for the pelagic
hauls ranged from 14 to 31 min. The trawling time of the demersal hauls ranged from 18 to
34 min.

The catch was sampled according to standard procedure. In addition, most of the hakes
caught on each station were opened for determination of sex and maturity status. The fish
with running eggs and milt were kept aside for artificial fertilisation.

Sub samples were also taken for further studies on the newly established project «Spawning
time and reproductive investment of Namibian hakes, Merluccius capensis and Merluccius
paradoxus». For this project about 60 individuals, 30 females and 30 males, of each of the
two species were randomly sampled from the trawl catches. For each individual total length
in cm and whole weight in kilograms was measured. Then liver, gonads and viscera were:
removed and weighted. A total of 597 fishes were samples during the survey. In addition,
for each trawl sample 10 ovaries were fixed on formaldehyde for further studies on land. A
total of 104 selected ovaries, 74 M. capensis and 30 M. paradoxus, were fixed on
formaldehyde.

2.4 Artificial fertilisation of hake eggs

From earlier experience (Sundby and O Toole 1995), only a small fraction of the mature
hakes have running eggs. At most trawl stations all fish were inspected for sex determination
and maturation stage within about 2 hours after the fish were caught. Often the expanded
swimbladder obstructed the oviduct so that ovulated eggs were not running. Therefore the
fish were always opened and the ovary scrutinised too look for mature eggs. Several times
running eggs could be obtained when the gonad was cut open. Mature males were normally
easier to strip for milt without cutting the gonad open. Running eggs were mixed with milt in
a 1 liter beaker and was filled up with fresh sea water taken from the surface layer. If



fertilisation was successful, eggs floating at the surface could be observed after about 2-4
hours. The live eggs were then gently skimmed off the surface by a spoon and transferred to
clean sea water. Subsequently, the eggs were ready to be introduced into the salinity gradient

column for buoyancy measurements.

2.5 Buoyancy measurements of fish eggs and Iarvae

Buoyancy of fish eggs and larvae were measured in a unit from Martin Instrument Co. Ltd.
(MIC®) containing three salinity gradient columns submersed in a water bath consisting of a
rectangular transparent container. The water in the container was temperature-controlled to
11.0 °C by a cooling engine permanently mounted in the laboratory. The salinity gradient
was made from two stock solutions prepared from fresh water and natural ocean salt from
Instant Ocean®. The earlier methods used in 1995 and 1997 (Sundby and O Toole 1995;
Sundby et al. in prep.) by preparing the two stock solutions from diluted natural sea water
and salt-added natural sea water could not be used this time, because the quality of sea water
in the harbour of Cape Town was not considered good enough. The high saline stock solution
had a salinity of 55 %o and the low-saline stock had a salinity of 29 %,. The filling of the
columns were made by the standard filling device supplied by Martin Instrument Co.
consisting of two conical flasks connected by a plastic tube at the bottom. The flask with the
low salinity solution was equipped with a magnetic stirrer and an additional outlet to a
peristaltic pump which provided the supply of the saline water into the columns. Even
relatively small movements in ship will cause problems in making a linear salinity gradient
with this kind of filling procedure. This is because the movement will cause the saline water
solutions in the two flasks to intermix through the connecting tube during filling. Therefore
the columns were filled at harbour in Cape Town before departure, and the salinity gradients
in the columns kept constant during the cruise. The salinity gradients in the columns were
calibrated with spherical glass floats; four floats were introduced in each column. The
absolute density of the floats were given with an accuracy of +/- 0.0002 g ‘cm>.

Buoyancy measurements were made on «wild» caught pilchard eggs and hake eggs by the
Multinet sampler and on artificially fertilised hake eggs. The eggs were introduced with a
pipette just below the surface of the columns, and the eggs were allowed to settle for 3-4
hours before first reading of the vertical position in the column. Neutral buoyancy of the eggs
were expressed in salinity units by calculating the salinity gradient in the column from the
absolute densities of the floats and the temperature in the columns.
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CHAPTER 3 RESULTS

3.1 Physical measurements

3.1.1 Weather

Figure 3.1 shows wind speeds recorded during the cruise. The wind direction was steadily
from south-east during the survey. Following a gale opposite Liideritz, where the wind speed
reached 42 knots, the wind in the southern survey region (Hollams Bird Island to Conception
Bay) averaged a speed of 26 knots. From Walvis Bay and northwards the wind speed
decreased from about 24 knots and reached a minimum average during the cruise of 15 knots
in the mid region of the survey between Cape Cross and Palgrave Point. Wind speed then
increased again in the northernmost part of the survey from Dune Point to Cunene River
where it averaged 22 knots. The stronger winds were pulsed on a daily basis. The reduction
in windspeed to approximately 15 knots midway through the cruise was accompanied by
widespread southward flow on the shelf and shelf-edge north of 21°S, but this feature, which
will be discussed later, is likely to primarily have had an oceanic cause because of its scale
and depth.

3.1.2 Currents

Near-surface flow

A quasi-continuous record of the currents at 50 m depth along the ship track is shown in
Figure 3.2. Major changes in current speed and direction occurred over relatively small
distances and yet adjacent vectors are coherent. Therefore it appears that the figure is
showing the signal and not measurement noise. The “banding” in the flow patterns noticed in
the previous cruise of October 1997 are again apparent. On the line opposite Swakopmund
(and a degree further north) three distinct regions of northward flow occurred, one relatively
substantial which will be traced between lines and 2 very minor branches which appear to be
localised. The 35-50 m average of the continuous measurements still picks up all except the
smallest features (Figure 3.3). Figure 3.4 shows the same average flow field together with an
interpretation of the main streams of flow. This figure suggests the continuity of a relatively
narrow stream of northward flow, just inside the 200 m isobath, moving offshore between 19
and 20° S, and then moving even closer inshore north of Cape Frio. On the inner margin of

this stream, small cyclonic eddies (clockwise in the southern hemisphere) develop at different
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sites leading to southward flow close to the coast. Some fairly major eddies are also present:
anti-cyclonic examples at 22° S and at 19° S, and the main cyclonic eddy just north of 20° S
which returns much of the shelf waters southward. On the outer margin of the station grid
above the shelf, the flow is dominantly southward apart from between 19 and 20° S where it
is offshore towards the northwest. The interesting, and puzzling, aspect of the pattern is the
widespread occurrence of southward flow on the shelf between 20 and 22° S in particular.
This flow may have a time-dependent aspect as suggested by the reduction in upwelling
winds, but there is also evidence of it in the vertical structure of the temperature and salinity
sections. The offshore flow in the vicinity of 19° S is consistent with the S0 m temperature
and salinity plots (Figures 3.17 and 3.18).

Flow at different depths

This is shown by the data collected on station. Firstly, all good 5-minute recordings of
currents measured on a station are presented as current roses at a particular depth, as is the
standard format for many Nansen cruises (Figures 3.5a-3.5¢). Alongside each rose is the map
of averages for that depth. The presentation of currents at 35, 50, 100, 150 and 200 m also
allows for comparison with biological data collected on each station or trawl. The 35 and 50
m maps (Figures 3.5a and 3.5b) show basically the same features as the continuous data and
therefore will not be described again. However, the region south of Walvis Bay was not
surveyed continuously and the northward leg and the near-surface station data show net
northward movement, and also onshore at 50 m deep just inside the 200 m isobath. The
northward flow would probably be continuous with the main northward stream shown in
Figure 3.4. The 100 m maps (Figure 3.5c) show onshore south of Cape Frio and Rocky
Point, and also opposite Swakopmund, with offshore or southerly flow at most other
localities. Currents tended to be weaker south of Walvis Bay and inshore, and stronger
further offshore. The same can be noted for the currents at 150 m depth (Figure 3.5d) -
although the region of weaker currents has shifted offshore. The sites of onshore flow was
also different apart from at Rocky Point; due the position of the major eddy there. The data
at 200 m depth (Figure 3.5¢) are more variable, due to measurement error resulting from the
common occurrence of fish and also dense aggregations of jellyfish at these depths. Onshore
flow can be noted at 21.5° S.

Average patterns

Currents were also averaged over whole degrees of latitude. All vectors within a specified
depth range recorded on station were used for this purpose and the result is plotted at the
mid-point. Mean vectors for the upper 35-50 m are shown in Figure 3.6 and for the lower
layer (100-200 m) in Figure 3.7. The upper vectors show longshore southward flow between
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19.5 and 21.5° S, and at 18° S, but offshore flow at Cape Frio and northward flow at Rocky

Point.

In the 100-200 m layer, currents were more uniformly southward, apart from onshore flow at
21° S, and the offshore and onshore flow at Cape Frio and Rocky Point respectively. The
latter feature reflects the same major eddy there as shown by the continuous near-surface (35-
50 m) flow schematic shown in Figure 3.4. A 35-200 m depth average for all sections in the

area of investigation showed a southeasterly (longshore) flow with a speed of 7 cm's™.

3.1.3 Hydrography

Horizontal sections

Horizontal distributions of temperature, salinity and oxygen at depths of 10 m and 50 m are
shown in Figures 3.14 - 3.19. The 10 m distribution for temperature and oxygen (Figures
3.14 and 3.16) show a dominantly longshore distribution of isolines reflecting the upwelling
process occurring along the whole coast although the coldest water clearly occurs south of
Walvis Bay. However, the salinity (Figure 3.15) increases more markedly northwards (as
well as offshore) in accordance with the shifts in the salinity of the source of upwelled water.

At 50 m depth, more meso-scale structure is present in the distributions (Figures 3.17 - 3.19)
with an indication of onshore movement between Cape Cross and Ambrose Bay, and south of
Cape Frio, with offshore movement at that site shown in the temperature, and to a lesser
extent, the salinity and oxygen distributions. The low oxygen values (below 2ml/l at 50 m
deep, between 19 and 21° S coincide with the cool band of less than 13 °C water where the

isotherms move away from the coast in the same region.

The distribution of temperature and salinity close to the bottom follow very similar trends
(Figures 3.24 and 3.25) with minimum values offshore and south of Walvis Bay. This
relation is expected because of the tight relationships between temperature and salinity in
South Atlantic Central Water, which upwells in the Benguela System. However, the



13

increasing salinity north of Cape Frio can be related to the typical subsurface flow of water
from Angola onto the narrow northern shelf. The bottom oxygen values (Figure 3.22) were
lowest (less than 0.1 ml/l) in an elongated band between the 150 m and 300 m isobaths
stretching from 19°30” S to 21°30” S. Smaller regions of oxygen concentration less than 0.1
ml/l also occurred inshore south of Henties Bay (as is typical) and further offshore at the
same locality in a bathymetric hollow.

Three other horizontal sections of physical/chemical parameters were drawn specifically to
highlight certain features. There are the depth of the 13 and 14°C isotherms (Figures 3.20
and 3.21) and the distribution of dissolved oxygen at a depth 50 m above the seabed (Figure
3.19). The depth of the 14°C isotherm suggests the onshore flow opposite Ambrose Bay (at
50 depth) referred to earlier, as well as onshore flow at 19° S, moving offshore opposite at
Cape Frio in general agreement with the position of the major northernmost gyre shown in

Figure 3.4.

The deeper lying 13°C isotherm suggest some recirculation of water below 120 m at 20° S
(suggesting the near-surface feature shown at 19,5°S) may lie further southward than

indicated nearer the surface.

The eddy opposite Cape Frio is not shown directly by the depth of the 13 °C isotherm due to
its depth structure (or insufficient data points), but there is a «gap» in the cross-shelf isolines
at its position. The distribution of oxygen at 50 m above the bottom has the same elongated
nature of the oxygen minimum at the bottom, but its inner margin is located further offshore
and it also extends further southward past Walvis Bay (< 0.3 ml/l). The coincidence of its
inner margin with southward flowing water column (shown in Fig. 3.4 for the surface and in
the station data for deeper levels) is clear, and it is suggested that the currents prevailing

during the cruise were causing or enhancing its elongated nature.

Vertical sections

Vertical sections of temperature, salinity and oxygen are presented for each line positioned
along a half degree of latitude, from 23°30°- 19°30” S (Figures 3.8 - 3.13).
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The southernmost line at 24°30° S, off Hollams Bird Island, (Figure 3.8) indicates active
upwelling on the inner shelf in the temperature section. The oxygen section could be
interpreted as also showing upwelling inshore of CTD station 926 - but northward advection
of relatively high oxygen and fresher water at 150 - 200 m seems the better explanation.

The line at 23°30° S, off Sandwich Harbour, (Figure 3.9) shows a typical upwelling on the
inner portion of the shelf. The uplift of the isolines of temperature and oxygen, is less than 80
m. The low salinity water (< 35.0) near the surface also suggests upwelling, but it could have
been advected from further south according to the currents at 35 m depth on station,
enhancing the signal (of an isoline moving from below 200 m to the surface). Oxygen is low

near the bottomn, but moderate-to-high near the surface.

At the 22°30° S line, off Swakopmund, (Figure 3.10) a similar situation prevailed on the
inner shelf, although with lower oxygen values inshore. At the shelf break, both the lower
isotherms and isohalines slope downward towards the coast, consistent with the southward
flow measured. Some uplift of the isotherms occurs on the steeper part separating the inner

and outer-shelf, where northward flow was observed.

The temperature section for 21°30” S, off Cape Cross, (Figure 3.11) shows an elevation at
CTD 947 and a dip at CTD 948, consistent with the inner rim and mid points of the eddy
centred at 22° S drawn in Figure 3.4. The low oxygen water occurs offshore of the 200 m

isobath, down to 300 m. Currents show this water body moving southwards and onshore.

At 20°30° S, off Palgrave Point, (Figure 3.12) strongly downward sloping isohalines and
isotherms below 200 m are consistent with the broad band of southward flow measured on
the outer shelf. There is upwelling occurring above this depth and also closer to the coast.
This appears to be moving low oxygen water onto the inner shelf (consistent with currents at
150 m closest to the coast). Maximum upwelling appears to occur above the 150 m isobath.
This could assist in formation of localised northward flow just further offshore, closer to the

200 m isobath, as shown in the current schematic.

At 19°30° S, off Méwe Point, (Figure 3.13) there is strong upwelling on the outer shelf,
some downwelling in the midshelf region (particularly evident in the isohalines) and

upwelling again inshore. The dome of the upwelling coincides with centre of the cyclonic
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eddy shown in the current schematic, with northward flow on its outer limb and southward
flow in the region of the 200 m isobath (i.e. the region of northward flow has shifted).
Inshore the flow continues southward despite the uplift in the isotherms. The belt of low

oxygen water has less vertical extent than on the previous line, but is still marked.

3.2 Distributions of ichtyoplankton and zooplankton

3.2.1 Zooplankton distribution.

Horisontal distribution of the zooplankton volume is presented in F igure 3.26. From Hollams
Bird Island (24° 30" S) to Cape Cross (22° S) the highest zooplankton volumes were found at
the inshore stations. To the north of Cape Cross the highest zooplankton volumes were found
at the offshore stations. As a group, various copepod species were very common and at most
stations dominating at all depths. Onshore, medium sized species (Calanoides, Metridia,
Centropages) were more common, whereas large species (Rhincalanus, Eucalanus) were

more common at the offshore stations.

Euphausiids were common at all stations, except at some shallow stations in the north. This
group dominated the zooplankton at the intermediate stations between about 100 m and 300
m bottom depth. The amphipods had a very similar distribution pattern in the southern area,
but north of Palgrave Point the distribution pattern was more irregular (probably other

species).

The chaetognaths group was very common at all stations and most depths, north of Henties
Bay. Furthermore, there was also a southward tongue of chaetognaths over the shelf break,
extending south to 23° 30" S. South of Ambrose Bay, decapoda (pelagic shrimps and crab
larvae) were only found offshore and not in great numbers. North of 21° S, these groups
were more common, but the spatial distribution was more complex, probably due to the eddy
off Cape Frio (see chapter on currents). Mysids were only important at one zooplankton
station, ca 50 km off Sandwich. Polychaetes were an important part of the zooplankton at
most stations north of Henties bay, more offshore in the southern part but more onshore north
of 21° S (probably different species).

Thaliaceans were important in the offshore samples between Swakopmund and Dune Point.
The large cnidaria (jellyfish) found were mainly of two kinds, Aequorea (“mags™) and
Crysaora (“reds”). The Crysaora were found at a few stations of intermediate depth, but
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usually m low numbers (Figure 3.27). The Aequorea, on the other hand (Figure 3.28), were
abundant between 18° S and 24° S. Both species were mainly abundant in a strip parallel to
the shore with the highest concentrations about 70 - 80 km from the shore, except in the Cape

Frio region where they were closer to the shore.
3.2.2 Eggs and larvae from hake.

3.2.2.1 Hake eggs.

Horisontal distribution

Hake eggs were found along the entire coast of sampling, mainly offshore above bottom
depths from 150 m to 350 m. Figure 3.29 shows the concentration of hake eggs per 10 m’
surface, all stages. Egg concentrations were increasing towards north. Four centres of high
concentrations were found. From south, one patch of moderate concentration (peak value
about 450 eggs/10m’) was found between Conception Bay and Walvis Bay. This was in the
same area as found in the last years cruise (October 1997). A higher concentration centre
(peak value about 1300 eggs/10m®) was found off Cape Cross (22° S) and coincided with the
anticyclonic eddy described in paragraphs 3.1.2 Currents and 3.1.3 Hydrography. The two
major patches of egg concentration were found off Dune point (20° S) (peak value 2700
eggs/10 m?) and off Rocky Point/Cape Frio (18° 50° S) (peak value 4000 eggs/10 m®) and
coincided with the cyclonic eddy and the anticyclonic eddy, respectively, described in
paragraphs 3.1.2 Currents and 3.1.3 Hydrography. More than 70 % of the hake eggs in the
area of investigation were found within these to northernmost located gyres between
Palgrave Point and Cape Frio. In the northernmost gyre newly spawned (Stage I) eggs
dominated (Figure 3.30) In the gyre off Palgrave Point stage II eggs were most abundant
(Figure 3.31). The southernmost egg centre, off Sandwich Harbour, had the largest
proportion of stage III eggs (Figure 3.32)

Vertical distribution

The vertical distribution of hake eggs, all stages, differed for the four different centres of
concentration(Figures 3.33 - 3.37). For the southernmost centre, off Conception Bay/Walvis
Bay, only a minor fraction was found in the upper 50 m (Figure 3.33). The highest egg
concentrations were found in the depth layer from 100 - 150 m depth (Figure 3.35).
Relatively large concentrations were also found below 200 m depth (Figure 3.37). Oxygen

concentration was most probably not a limiting factor in this region. The concentration at
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about 250 m depth was above 0.7 ml/l (Figure 3.23). Newly spawned (stage I) eggs were
found at highest concentrations at 100 - 150 m depth and below 200 m depth (Figures 3.38 -
3.42). The major concentrations of eggs just prior to hatching (stage III) eggs were found in
highest concentration from 50 to 150 m depth (Figures 3.48-3.52). No stage III eggs were
found below 200 m depth and above 50 m depth.

For the second centre of egg concentration off Cape Cross, the major concentrations were
found above 150 m depth with peak concentration in the depth layer from 100 -150 m
(Figures 3.33-3.37). Also relatively high concentrations were found in the upper 50 m.
Newly spawned (stage I) eggs dominated, and they were mainly found at 50 - 100 m depth
and even above 50 m depth (Figures 3.38-3.42). Stage II eggs dominated at 100 - 150 m
depth (Figures 3.43-3.47). Stage III eggs were found only above 150 m and in very small
concentrations (Figures 3.48-3.52). Below 200 m depth the oxygen concentration was quite
low, largely below 0.3 ml/l, and consequently it was probably too low for hake eggs to

survive.

The third centre of egg concentration, off Palgrave Point, was located above the extensive
water mass with very low oxygen concentration. The concentration was 0 ml/] at the bottom
at the section off Palgrave Point (Figure 3.22), and concentrations of less than 0.3 ml/l
extended up to between 200 and 100 m below the surface. Very high egg concentrations were
found in the upper 50 m, and this was mainly stage II eggs (Figure 3.43). Strangely enough,
eggs were also found at moderate concentration even down below 200 m depth, and mainly

stage II eggs (Figures 3.37 and 3.47).

The forth and northernmost centre of hake eggs, off Cape Frio, was located to the north of
the water mass of low oxygen (Figures 3.22 and 3.23). Oxygen concentration at the bottom
was higher than 0.3 ml/l, and thus oxygen was probably not a limiting factor. Peak egg
concentrations were at the 100 - 150 m depth layer (Figures 3.33-3.37) and newly spawned
(stage I) eggs dominated here (Figures 3.38-3.42). Stage II eggs were found in highest
concentrations in the upper 50 m (Figures 3.43-3.47). Only low eggs concentrations were
found below 150 m depth. Stage III eggs were only present in the upper 50 m, and then in
low concentrations (Figures 3.48-3.52).

3.2.2.2 Hake larvae.

The hake larvae were differently distributed from the hake eggs (Figure 3.53). Larvae were

not at all present in the two northernmost egg centres where extensive amounts of newly
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spawned eggs were found. The hake larvae were mainly concentrated around three centres.
The southernmost off Conception Bay which was very close to the southernmost egg centre.
Another was located off Swakopmund, and the third and most extensive was located off the
coast to the north of Cape Cross. Generally, the larvae were found closer to the coast, and

there were also larvae distributed inshore from Walvis Bay to Palgrave Point.

Figure 3.54 shows the average length distribution of hake larvae at each positive station.
Practically all the older (longer) larvae are found inshore, to the east of the main
concentrations of hake larvae, indicating onshore movement in the depth layers where eggs
and larvae are found. This is largely consistent with the observed current pattern of the area

as indicated in Figure 3.4.

3.2.3 Eggs and larvae of other fish species.

Besides hake, eggs of seven fish species were recorded, and larvae of at least 13 species were
caught, Some of these species had only one or few records but others should be mentioned,

because of their importance to the fisheries or because of their ecological importance.

Pilchard eggs were caught at five stations, between 19°30 S and 21° S (Figure 3.55). The
highest concentration was at 20°30 S, indicating an early spawning close to the shore at
Palgrave Point. Small numbers of horse mackerel larvae were caught at 11 stations, mainly at
offshore stations between Swakopmund and Mowe Point (Figure 3.56). The larvae were
small (3-8 mm), suggesting an age of less than two weeks from hatching. The size
distribution points to an early spawning, more towards the northern part of the larval
distribution. Goby larvae were quite common in the onshore area from Hollams Bird Island
to Cape Cross (Figure 3.57). The highest concentration was found off Sandwich Harbour. As
the goby larvae grow slowly, the observed length distribution (4-14mm), indicates ages from
just hatched up to several weeks old. The onshore transport of larvae hinted at by the size
distribution should be treated with caution due to the relatively long time period involved (1-

2 months?).

3.3 Fish distribution

3.3.1 Fish species in the trawl catches.

Figure 3.58 shows the total trawl catches in kg/trawl hour together with the catch of the five

most abundant species and the sum of the remaining species. Merluccius capensis or
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Merluccius paradoxus dominated in 18 of the 20 trawl stations. At the northern most and
deepest trawl station off Cape Frio (trawl station 196) Trachyrincus scabrus species was the
most abundant, and at trawl station 199 off Cape Cross Pterothrissus belloci was most
abundant. The Trachyrincus scabrus species was in general found at the deepest trawl
stations, while Trachurus capensis was abundant at the trawl stations between 200 and 350 m
depth to the north and to the south of the large water mass of low oxygen (< 0.1 ml/1) located

from Cape Cross to Mowe Point.

3.3.2 Distribution of hake species

Both Merluccius capensis and M. paradoxus were present in the trawl catches all along the
investigated coast from Hollams Bird Island to Cunene River, but the two species were
separated by vertical distribution. Figure 3.60 shows the ratio in weight of M. capensis to
weight of all hakes caught at the trawl stations. Generally, only M. paradoxus were caught in
the bottom trawl at depths below 400 m. The exception was the northernmost trawl station
(BT 196) at 489 m depth off Cape Frio. Here 26 % of the weight of the hakes were M
capensis. Above 400 m depth M. capensis dominated except at one of the southernmost
stations (BT 185) off Hollams Bird Island. Here 52 % were M. paradoxus of the trawl catch
taken at 361 m depth. Figure 3.59 shows the distribution of M. capensis. As for the egg
distributions the fish has the highest abundance in the offshore regions where bottom depths
are between 200 and 400 m. The highest abundances where found at oxygen concentration of
about 0.3 ml/l and very close to the regions where oxygen concentrations were less than
0.1 ml/l.

Merluccius polli were caught at four of the northernmost trawl stations. One spent female
was caught at trawl station BT 194 off Mowe Point at 470 m depth, and one large maturing
female was caught at station BT 196 off Cape Frio at 489 m depth. At the two other trawl
stations only fry and juvenile M. polli were caught, and they were both more inshore at
shallower depths. One juvenile was caught in a pelagic trawl haul (PT 197) taken at 200 m
depth, 50 m above the bottom off Cape Frio. Eighteen M. polli fry were caught in a bottom
trawl haul (BT 195) off Cape Frio at 205 m depth.

3.3.3 Maturity and sex ratio of hakes
Only immature M. paradoxus were caught, and the females dominated the catches. The few

fishes of M. polli indicated that spawning occurred, and that this probably took place at
relatively great depths. No M. polli males, however, were caught. The major part of M
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capensis was immature, and at the shallowest trawl stations all hakes were immature and
generally smaller. Mature M. capensis were caught at stations with trawling depths from 300
to 360 m. Only at four stations, however, mature fish with running eggs were caught. Three
of these stations (BT 186, BT 201 and PT 202) were located at the centre of egg distribution
off Sandwich Harbour described in paragraph «3.2.2.1 Hake eggs». The fourth trawl station
(BT 190) having females with running eggs was located near the second centre of egg
distribution off Cape Cross. At both of these two locations a high fraction of males occurred
(Figure 3.61). No females with running eggs were caught at the two northernmost centres of
egg concentration, even though these two centres contained the major part of the hake eggs.

However, near the centre off Cape Frio a relatively high fraction of males occurred.

3.4 Artificial fertilisation

From macroscopic inspection the mature gonads were divided in two categories. The first
category was purplish in colour and had fully hydrated oocytes. The eggs were, however,
usually not fully running and artificial fertilisation of eggs from such gonads were never
successful. The second category of mature gonads looked more like maturing gonads than
fully mature. They were yellow-orange in colour and consisted mainly of non-hydrated
oocytes. In the central part of the gonad there was, however, at some occasions a thin core of
fully mature running eggs, and these eggs were easily fertilised. Because of the immature
appearance of these gonads each one off them had to be squeezed or cut open to find out if
there were mature eggs. The mature fish were often surprisingly small. During the present
cruise artificial fertilisation was only successful with fish from trawl stations BT 201 and PT
202 off Sandwich Harbour by the end of the cruise.

After mixing the running eggs with milt, sea water taken from the surface layer (salinity of
about 35.0 and temperature about 16°C) was added and the mix was allowed to stand for
some hours on the trawl deck. After a couple of hours the first fertilised and live eggs
appeared at the surface. Because of the special hydrofobic surface of live eggs they float on
top of the surface. After about 4 hours the live eggs were skimmed off the surface and
transferred to a jar of clean sea water to separate them from milt and dead eggs at the bottom.
The viability of the eggs that were transferred to clean sea water was very high. First cell

division was observed after about 4 hours.
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3.5 Buoyancy of eggs and larvae

Buoyancy measurements were made on pilchard eggs and hake eggs caught in the Multinet
and artificially fertilised hake eggs from mature fish caught in bottom trawl station 201 and
pelagic trawl station 202. Figure 3.62 shows the neutral buoyancy in salinity units for wild
caught hake eggs from the two plankton stations 29 and 37. The upper panel shows the
buoyancy of the egg from plankton station 29, sampled from the egg patch above the oxygen
minimum layer off Palgrave Point. The median neutral buoyancy of these eggs was very
high, 36.14 expressed in salinity units, which would imply that these eggs would sink in
nature. The mid panel shows partly the same eggs at a later stage as hatched larvae. As they
have lost the chorion, which is the heavy fraction of the eggs, they have become considerably
lighter, and would have a positive buoyancy under natural conditions. The lower panel shows
the buoyancy distribution of late stages of hake eggs sampled from the northernmost egg
patch at station 37. These eggs were lighter (except for the smaller heavy fraction which was
probably poor quality eggs) than those from the former station and more similar in buoyancy
to those eggs investigated during the 1995 and 1997 cruises.

Figure 3.63 shows the neutral buoyancy of pilchard eggs sampled in the Multinet at plankton
station 37. They were lighter than the hake eggs. This was also observed during the 1997
cruise where pilchard eggs were sampled in South African waters. The eggs became heavier
through development; the lower panel shows the buoyancy distribution 22 hours later

compared to the upper panel.

The artificially fertilised eggs showed a much more narrow buoyancy distribution and they
were lighter than the wild caught eggs. Figures 3.64, 3.65 and 3.66 shows the buoyancy
distribution of eggs from female no 1, female no. 2 and females no. 3/4/5, respectively. 18
hours after fertilisation the mean neutral buoyancy in salinity units were between 33 and 34.
After 31 hours the eggs from female no 2 (Figure 3.65) and females no. 3/4/5 (Figure 3.66)
had all become heavier, while the eggs from female no. 1 (Figure 3.64) was not significantly
heavier. The buoyancy measurement were terminated after 31 hours because the cruise was
ended.
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CHAPTER 4 DISCUSSION

We expect that hydrographic features and the circulation pattern which we have displayed
above represent a fully developed upwelling situation because of the steadily blowing strong
wind from south-southeast, both prior to and during the survey period. In addition to the
well-known large-scale pattern of upwelling with inshore low temperatures, three areas of
gyres were identified which appeared both in the ADCP recordings and in the hydrographic
data. These gyres were located off Cape Cross, off Palgrave Point and off Cape Frio. Closer
inspection of the distributions of hake eggs revealed that three centres of high egg
concentration coincided with the areas of the three gyres. As there was a high concentration
of stage-I eggs (less than 1-days-old eggs) within these gyres, it indicates that eggs have not
been captured by the circulation features into the gyres from outside and concentrated, but
rather that spawning has taken place within the gyres and that the gyres have retained the
eggs as also the highest concentrations of the older eggs are found here.

In the area of the fourth centre of egg concentration, off Sandwich Harbour, the ADCP
recordings were more sparse than in the other areas. In the ADCP depth layers of 50, 100 and
150 m depth (Figures 3.5b, 3.5¢c and 3.5d) there are, however, some indications of a cyclonic
circulation, and the horizontal distribution of salinity at 50 m depth (Figure 3.18) and at the
bottom (Figure 3.25) do show an eddy-like feature. In contrast to the other three centres of
egg concentration, the area off Sandwich Harbour was dominated by older egg stages. This
does not necessarily indicate that these eggs are carried into the gyre from outside, since
spawning hakes were taken in trawl catches here. The same area was also visited during the
similar cruise in October 1997 (Sundby ef al. in prep), and also then spawning hake were
caught here. During the pilot cruise of the project in September/October 1995 (Sundby and
O’Toole 1995) eggs were also found in higher concentrations off Sandwich Harbour and
within one of the other centres of egg concentration, off Cape Cross. However, the ADCP
data could not be relied upon during that cruise and the hydrographic data did not have a

spatial resolution good enough to reveal eddies in 1995.

Another major feature of the circulation pattern during the present 1998 cruise was the
dominating onshore and southward flow below 35 m depth. As the major part of the eggs are
below 50 m depth, eggs are carried onshore and southward from the spawning areas unless
they are retained within the gyres. This view is also supported by the fact that larvae are
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slightly more onshore distributed (Figure 3.53) than the eggs and that the longest (and oldest
larvae) are distributed closest to the shore (Figure 3.54).

The total number of hake eggs occur mainly close to the coast only in the region between
Cape Frio and Rocky Point, where the water is being «funelled» onshore between a pair of
cyclonic and anticyclonic eddies. Between 20 and 22° S the 0-50 m hake eggs in particular
follow the general sweep of southward flow, but with no eggs at 22°30° S at that depth.
However, hake larvae were encountered on that line in abundance, in the same southward
flow of approximately 12 cm/s (3 knot or 6 miles per day).The difference between the peak
abundances of hake eggs and larvae show a southward shift, and onshore shift (south of 20°

S) with most inshore stations containing larvae but not eggs.

In conclusion, it seem to be a typical feature that hake are spawning within gyres along the
shelf of Namibia, and that the combined effect of the gyres and the onshore/southward
transport of eggs below the upper layer may provide effective mechanisms to retain the eges
and larvae within the Benguela upwelling system, and are thus prevented from being swept
out in the South Atlantic and possibly becoming lost for recruitment. It should be pointed out
that even though the wind was stronger than normal prior to and during the survey there was
no sign of offshore loss of eggs. In fact, with this deep distribution of the eggs the onshore
transport might be even enhanced in strong upwelling winds.

The extent of the offshore oxygen minimum has varied over the three surveys in 1995, 1997
and 1998, and the lowest values was recorded in 1998. This year a large oxygen minimum
with less than 0.1 m/] extended more than 50 m above the bottom in a 30-70 km broad band
from Walvis Bay to Mowe Point, a distance of about 450 km. Off Palgrave Point, at 20° 30
S, the low oxygen layer had its maximum extention. Here oxygen values of less than 0.3 ml/l
extended over bottom depths from 100 m to 300 m, and its maximum height was 100 m

above the bottom.

From the vertical distribution of the eggs it seems obvious that the oxygen minimum
influenced the depth of spawning at the two spawning centres off Cape Cross and particularly
off Palgrave Point: Newly spawned (stage I) eggs were found in large concentrations in the
upper 50 m of the water column (Figure 3.38) and between 50 and 100 m depth (Figure
3.39). These eggs are less than about 1 days old and with their estimated rising speed they
would not have ascended more than maximum 50 m during 24 hours. At the two other
spawning centres which were found outside the oxygen minimum, i.e. off Sandwich Harbour

and off Cape Frio, the minimum oxygen concentrations at the bottom were above 0.7 ml/1
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and above 0.3 mV/1, respectively. Here, the concentration of newly spawned eggs peaked in
deeper layers, between 100 and 150 m. During the 1995 and in 1997 cruises the oxygen
concentrations were not as low and peak hake eggs concentrations were then below the 50 -
100 m depths.

The distribution of the newly spawned eggs seems in all three years to be mainly distributed
along the slope where bottom depth are 200 - 400 m. Our working hypothesis was that
spawning occurs near the bottom. When oxygen concentration becomes too low we have
been speculating whether spawning might be displaced more offshore. This year, however,
the spawning hakes were displaced higher up above the oxygen minimum and spawned
pelagically rather than demersally and more offshore. The calculated ascending speeds of the
eggs based on the buoyancy measurements is very low, from 20 to 40 m per day. This
implies that the vertical distribution measured in the field is very dependent on the spawning
depth the hakes select and, consequently, on the extent of the low oxygen layer.

The measurements of the buoyancy of the artificially fertilised hake eggs and the wild caught
eggs hake are consistent all three years. They are neutrally buoyant in salinities ranging from
32.5 to 34.5 which is a rather narrow buoyancy distribution compared to pelagic eggs like
eggs from Atlantic cod and North Sea mackerel (Sundby 1997). During the pilot study in
1995 the cumulative mortality of the artificially fertilised egg was about 50 % onto hatching.
The high mortality will have the effect of biasing the neutral buoyancy toward higher values,
as the osmoregulation do not function properly in eggs of poor condition and dying eggs. The
poor osmoregulation results in salt intrusion and higher neutral buoyancy, and this condition
may last for several hours before they actually die and drop rapidly out of the salinity
gradient column. As the method of fertilisation improved during the subsequent two cruises
in 1997 and 1998 egg mortality was substantially reduced. The wild caught eggs showed a
considerable higher spreading in the buoyancy, and mortality was higher than for the
artificially fertilised eggs. This was most probably due to that they undergo great stress
during filtering in the plankton net and during the subsequent handling of the sample
onboard. Consequently, artificially fertilised eggs will give more reliable data on neutral
buoyancy.

The hake eggs become heavier through development until hatching. This is a general feature
of many species of fish egg (e.g. Adlandsvik et al. 1998). At hatching, however, they
suddenly becomes lighter due to the loss of the heavy chorion material. The newly hatched
hake larva is a rather undeveloped creature compared to other pelagic larvae which are most

often ready to start feeding short after hatching. The hake larva has neither functional eyes
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nor a functional mouth at hatching. It floats with head and yolk sack up due to the extra
buoyancy of the oil droplet in the yolk sac. In the salinity gradient column the hake larvae
have been observed to swim in bursts downward for a 2 -3 seconds at regular intervals, and
rests for about one minute. After several days of development the yolk is shrinking and the
oil droplet is moved further back in the yolk. Hence, its centre of gravity moves back and
larva is observed head down in the resting phase.

The lack of functional eyes and mouth at hatching is typical for eggs of many fish species
where hatching occurs deep down in the water column. Atlantic halibut eggs in Norwegian
waters (Haug er al. 1986) and blue whiting eggs to the west of the British Isles (Adlandsvik
et al. 1998) are spawned at several hundred metres depth and they hatch below 200 m depth.
Like the hake eggs, Atlantic halibut and blue whiting eggs are very undeveloped at hatching.
On one hand, it may be argued that functional eyes and mouth is not necessary properties of
larvae that are found below the upper layer where food production, like copepods nauplii, is
found. On the other hand, there are indications that early hatching may occur when oxygen
supply to the embryo in the egg becomes a limiting factor. Both arguments could be valid for
hake eggs.

The horizontal distribution of the larger M. capensis (Figure 3.59) are, like the distribution of
the newly spawned eggs (less than 1 days old), concentrated offshore above bottom depths of
200-400 m. The smaller juvenile hakes seem to dominate in shallower areas and mainly
inshore of the 200 m isobath. However, very small mature hakes of lengths less than 25 cm,
both males and females, are often observed in the trawl catches at the spawning areas.
Females of these hakes appear more often to have gonads with a portion of free running
mature eggs than the bigger female hakes. Consequently, successful artificial fertilisation
was more frequently with eggs from the small hakes with gonads which appeared to be rather
immature, but had a portion of free running eggs in the core of the gonad. This observation
confirms that macroscopic staging of gonad maturity is a difficult issues for batch spawning
fishes, like the hakes. Microscopy studies of the development of the hake oocytes are
therefore a needed study in order gain knowledge of the length of the spawning period.
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CHAPTER 5 CONCLUSION

This was the third and last cruise in the project on the study of spawning behaviour of hake,
physical properties of the eggs and larvae and transport mechanisms to the nursery areas
(1995-1998). The cruises covered only Namibian waters during the first cruise in
September/October 1995 and during this last cruise in September/October 1998. In October
1887 also two regions in South African waters was covered, the shelf region from western
Agulhas Bank to Saldanha Bay and the Childs Bank.

During the three cruises different parts of Namibian waters were covered. The first cruise
which was a short pilot investigation only covered the shelf from Hollams Bird Island to
Cape Cross. The second cruise covered the shelf from Liideritz to Walvis Bay and the third
cruise covered the shelf from Hollams Bird Island to Cunene River. The major results of the
three cruises are consistent. Geographically, five well defined centres of spawning. have been
identified between Liideritz and Cape Frio. The region to the west of Sandwich Harbour
(between Conception Bay and Walvis Bay) was visited during all three cruises and all of
them showed a higher concentration of hake eggs. The second centre of spawning was found
off Cape Cross. It was visited two times, during the 1995 and the 1998 cruises. The three
remaining spawning centres have only been visited once. In the southernmost area of
investigation a region of higher concentration of eggs was identified downstream the
Liideritz upwelling cell, between Liideritz and Hollams Bird Island, during the 1997 cruise.
The two remaining spawning centres were observed in northern Namibia during the present
cruise, one off Palgrave Point and the other off Cape Frio. It seems that the spawning centres

coincide with areas of mesoscale gyres of the Benguela Current.

The extent of the low oxygen layer has varied from year to year and seems to influence the
spawning depth. In regions where the oxygen concentration is not a limiting factor for the
eggs, i.e. the oxygen concentration is above 0.5 ml/l, spawning seem to occur near the
bottom. When the low oxygen layer is widely distributed spawning occurred pelagically high
up in the water column above the low oxygen layer, as shown for the spawning centre off

Palgrave Point during the 1998 cruise.

Measurements on the specific gravity of both artificially fertilised eggs and «wild» eggs
caught in the plankton sampler show for all years that the buoyancy of the hake eggs in
Namibian waters is relatively small and the specific gravity increase during development.
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The calculated ascending speeds of the eggs is from 20 m to 40 m per day. This implies that
most eggs spawned at 200 m and deeper will not reach the surface layers with offshore
transport before hatching. A large proportion of the eggs will hatch at deeper layers. The
buoyancy measurements are consistent with the vertical distribution of the hake eggs
obtained from the plankton sampler: To the north and to the south of the extensive low
oxygen layer observed in 1998 between Cape Cross and Mowe Point the highest
concentration of hake eggs was found in the 100 - 150 m depth layer. In the region of the low
oxygen layer, however, the maximum egg concentration was found above the oxygen
minimum, in the upper 50 m. These eggs were mainly less than 1 day old showing that
spawning had taken place pelagically high up in the water column.

During the 1998 cruise emphasis was put on mapping the detailed current pattern by ADCP.
The results of the ADCP recordings, supported by the hydrographic data, show that the three
northernmost centres of spawning are located within areas where gyres are formed. This will
contribute to reduce advectional loss of the hake offspring. In addition there is a strong
onshore and southerly current component below the offshore transport of upper layer. These
environmental conditions, together with the low ascending speeds of the eggs, is here
proposed to be mechanisms to concentrate the offspring in the nearshore regions and prevent

them from being swept away from the region by the offshore upwelling transport.

Often quite small hakes, less than 25 cm length, were observed with running eggs which
were successfully artificially fertilised. Maturity staging of female hake by macroscopic
inspection of the gonad is connected with great uncertainties. Females with running eggs are
often misjudged as maturing, i.e. not fully mature, while mature fish with fully hydrated
oocytes over the entire gonad had usually not running eggs and artificial fertilisation was
consequently unsuccessful. This demands for closer microscopic studies on the maturation

processes of hake
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Figure 3.2 Quasi-continuous un-averaged ADCP records of the currents at 50 m depth along
the ship track.
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Figure 3.3 Averaged underway ADCP current vectors at 35-50 m depth.
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Figure 3.5a Five-minutes averaged ADCP current vectors for 35 m depth at the CTD
stations.
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Figure 3.5b Five-minutes averaged ADCP current vectors for 50 m depth at the CTD
stations.
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Figure 3.5¢ Five-minutes averaged ADCP current vectors for 100 m depth at the CTD
stations.
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Figure 3.5d Five-minutes averaged ADCP current vectors for 150 m depth at the CTD
stations.
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Figure 3.6 Mean ADCP current vector averaged over every half degrees of latitude, 35-50 m
depth.
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Figure 3.8 Temperature (° C), salinity and oxygen concentration (ml/l) at section Hollams Bird
[sland - west (24° 30’ S) (stations 924 -927)
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Figure 3.9 Temperature (° C), salinity and oxygen concentration (ml/]) at section Sandwich
Harbour - west (23° 30’ S) (stations 930 -933)
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Figure 3.10 Temperature (° C), salinity and oxygen concentration (ml/l) at section to the north of
Swakopmund - west (22° 30° S) (stations 935 -941)
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Figure 3.11 Temperature (° C), salinity and oxygen concentration (ml/1) at section to the north of
Cape Cross - west (21° 30” S) (stations 944 -949)
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Figure 3.12 Temperature (° C), salinity and oxygen concentration (ml/]) at Palgrave Point - west
(20° 30" S) (stations 953 -958)
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I'igure 3.13 Temperature (° C) , salinity and oxygen concentration (ml/l) at section Méwe Point -
west (19° 307 S) (stations 961 -965)



yidop w o 1 UdBAX( 91°¢ "B

pdap w [ 1e Ajutfes G ¢ S

| B D) oA ¢

R4S
1

-

il

1

RS
I

- FS.22
A . L/ L
- Aeg asoiquy FS.\T
T 1d eamiBjed r
1 ‘id sung [ 5.02
.. ) I
4 .61
- rs.8l

Yidap w g}
uabAxQ

f

351 3.pt 301 E A4 R

Lol FEY ool 3 ety §o 8 BRI B e ol SRl

S,
aineH ' B
~ < L
| ucndea / S.p2

-uag
4 % L
g 0t I
1 feg \ B
- sinjem M S5.€2
7 punw "
“Sdoyemg -
E . ./ o olfe -
| sanuey / r
— s - S5.22
1 L'se i

.
- Aeq esougiuy S.k2
i L L
. e o
1d eamiBleg \
: | oo\ :
1d aung \ \ S.02
y .y o
N / \ L
4 ) \ * L
- id amol \ N r
E / L
- A X wmm J L 5.6t
A Ly “ b
= . b
i yidep w o} \ el
] Awies &
H 1anty suaun , L
I
L e ERNL A B st et S s e e i e e s ERVRS L SR

pdap w7 e amjeradwiag 41

3

ER 4

Aeg asaiquuy
Id easbied

1g aung

Id Mol

1d A0y

yidsp w gl
aimeladwsy,

31

P S.8C

rS.ii

5.0

— S0



dap w 6 18 uaBAXQ ¢1°¢ T

.51 ERY 3.€1 3.Z1 ENLS
11 1 1 | L¢ ¢ S (e I PSR (O (RS e RO (SN L R (N ey R [N L ) () N 1
-S.be
"
~5.6¢
r8.2Z
-
feg ssoiquy rS.le
1 ‘Id PreiBled r
7 r
E 1d eung rs.02
1 r
a r
. =561
" L
1 uidap w 0g 5l
uabAxQ -
4 m \ =
B J1aary ausun; _7 -
Lo g ol T el ol ek o &l .i.lu_u_ T R

ndap w g 1e Aureg g1°¢ B

Id 8ung

. 1d amonW

Id Axaoy

yidap w g
Apueg

LI N B B U i S S RN N BN A SR S N N S S Sy AR mt A R

B 2 G S

-1

-y

tpdap w (o6 1@ ameradwia] 7 1°¢ "F1]

uondad
-uoD

id aung

B Id 3ol

1d Aoy

dap w og
ainjesadwal

- S.€C

rS.12




ULIRYIOSTE Do [ 3 Jo (W) pda [7°¢3L]

uodad
“HoD,

sajueH

ss0i) sden

Aeg ssougluy

I1d eAeibleg

Id aung

wisyjos) 3. ) Y3 jo
(w) yidag

Id @mol

1d Aooy

JBAIY 3UDUND,

FSa1Z

rS.02

=S.2t

WIBYIOST D¢ [ A Jo (w) pda 07 €31

Aeg asaiquiy

wnayos] 2.1
ayy jo (w) yideg

ER 3.£1 3.2l .11

S| (NP ) (P TS JRPVE SN L R (A PN (SN NN G e, DR AN 9

-S.bZ
= S.8T
rS.22
rS.iZ
Id eawibleg [
‘Id sung M S:.02

\ovl
4

Id SO - & \..w

1d Aoy \ \ I S+61
. _ l:

Janary auaun;




wonoq ay 9A0qE W ()G UONRNUSIU0 UZAX() €7 ¢ 81

Aeg asoiquuy

td eneibjegq

id aung

uiojjoq aroge w oG
usbAxQ

Sl

wo0q 2N} 18 UONBNUIU0D UABAX() 77 ¢ 51

1d sung

wonog e
uabixo

1341y BuUaUn

S Ll



wonoq 3 e ANues ¢7°¢ 91

ERY 3£} 3.2l BRI
{ T, T [t L S TG S Rl (et ‘»\Pt\_rl_.lrrl_l
L
L
vondas N
i s.b2
- S.E2
=S.ZZ
Aeg asolquiy’ Fs.1z
\d aneibleg B
Id 2ung FS.02
= Se61
wojoq je ot
Anuies I

wonoq ay e ameradwa] 7' ¢ 814

3.51 A:pl 3¢ EN4 R
PR S TR S SO TR SO T (PO SO Y I T S %
g -
Sk
b
I S.EC
=S8
Aeg asoiquy Fs.ie
1d aneibled B
Id sung 8,02
- S.61
wiojjoq je Hw.m_
ainjeledwsa)
JBAIY BUAUNY) L
——T T T T T 1 e 1S




18°S

24°8

- | ] } I 1 RO N | | 1 [l | | | | 1 L1 1 1 | ! L1
5 Y Cunene River

o L 3

i Vo

i Zooplankton
] volume mli/10m2 |
i

1
; Rocky Pt.

- Méwe Pt. L
7

= Dune Pt. =
—-‘ Palgrave Pt

1 Henties |
K

4 Swakop-
ol mund

- Walvis |-
) Con-

_i ception

Holl.B.L

Bl T I T T T 17 T T T ' T

Fig. 2.26 Distribution of zooplankton volume (ml/10m?2)



(¢woo1/#) patonbay sTe,, jo uonnqmisiq §7°¢ S (WO 1/4) P1orsAL) (SPR,, JO UONNQIISIA LT'E "Bl

ER

EE>3

3.51 R 3.6l

'Id aung

clgoL/ou (,spay,) eioesAin

3.2

S A (N S N Y G, e N [

Janly aueun,

E R

-S4t




1t 1 @ 1 L+ 1 1 |

20°8 ~

\
24°S =

l
'.\ nene River
|

i

\@; c()) Hake eggs/10m2
J ‘ Cape Frio B
‘P N\, = |
L (( I
\ 23000 Rocky Pt. L
\ 1000 s
\ \\300 (‘ Mowe Pt. :
30 -
1 00 Dune Pt :
3 & Palgrave Pt. :

Ambrose Bay L

Cape Cross

Henties
Bay

Swakop+
mund

Walvis |
Bay

Con-
ception [
Bay -

Holl.B.l.
Is.

T F T 1 T 1
12°E

T T 1
13°E

Fig. 3.29 Distribution of hake eggs (#/10m?2), all stages.



(D) 111 23818

WO 1/5383 eI 7E'€ Bl

3.tk
| S

saljuaH

Aeg asoiquy

Id enesbjeg

‘id aung

(1) 1 eBerg
2w /sb6a ayey

(#1-20) 11 28818

WO 1/5889 eH 1€°¢ 3L

(v1-z1L) | oBerg
zwp|/sbba axen

13ARY BUBUNY

(11-D 1 98=18

7w [/s882 el ('€ FId

3.51 ENAY detlb
1 j PR LN Rl [P i M | Al L
9
gl i
vondea -
1 -uen rEbe
] 3
T feg 7
1 SIAEM, =-S.€¢
T punw =
-+doyemg &
i
] ke
sapuap
4 S22
|
|
T -
I
i Fs.E
. L
1 i
1 r
4 15
by =S5.02
i i
4 =-S5l
" ~S.8l
: (1) | eBeig -
1 zwo1/sB6e axey -
4 JELOYEIENTS) B
T 717 T T T T T T T T T 1T 1T 1 e L]w A




(WO 1/#) Wdop w 0§ 1-001
‘sodess [[e ‘330 avey Jo uonnquIsSiq S¢¢ "B

3.51 EB IH

sanuay

b Aeg asoiguy

H , y/
] Id eniBled o/ ®

- i (]
- 14 sung )

. \ e

T it

— “Id emal

ol

Wd Ajooy

1 wdspuw0gL-004
zWol/ou sb6a ayey

(zwo1/#) wdap w o 1-08

‘sages [Je ‘88a ayey Jo uonnquusiq ¢ 91

ENYS
]

[ T B | ¥

Aeg esouguiy

\d @nesbleq

- 1d aung

e Id Mol

1d Aaoy

1 urdap w 001-05
zwol/ou sbba ayepy

rS.kZ

S22

[ S.it

S.81

=S £l

(w0 1/4) pdap w og-0
‘sadels [e ‘830 avey Jo uonnquysi] €€ S

3.1
[

d.e1

id aung

1 ydap w 0g-0
1 Zwjou sBfs axep




(zwo1/#) pdop w ooz mofaq

‘sadeys [[e ‘s88a axey Jo uonnquysiq L€ 8Ll

ER L 3.E1 3.21 ENT
11 1 1 r 1 ) _/_ o TS RN G N AN GO NS ST SRNY M e e [ (M |
alioH \ // B
. L
uoliden K
-uan,
doyemsg I
Aeg ssqquuy
id samiBled i
‘1d aung
b -
kd oMol . 2
Ol i
1d Aoy \ S8}
yidap w QOz Mmojeg r
zlwplLou sbbo ayey
4_ |-
I
i -
L L L L _____H_.__..Iﬁ.i_.l_l_!.lm,_:

(zwo1/#) wdap w 00T-0ST
‘sagers (v ‘s830 avey jo uonngusiq 9¢ ¢ "8l

ERS .21
[

Aeg asaiquy
Id aneifijed

o 14 aung

. 1d amal

id Ayood

1 uidep w 00Z-05}
2wol/ou sB6a oxyey

ERYS
O Y S PR N Pt e 4




(zWo1/#) Ydap w 051001 (Zwo1/#) ydop w 0o 1-08 (zwo1/#) Wdap w o5-0

‘I 93e3s “s88a ayey Jo uonnquisiqy O4°¢ “S1 ‘I °3w1s ‘s83o ayey Jo uoNNQLUSI(] (<€ iy ‘1 o3e)s s83a ayey Jo uonnquysiq §¢°¢ Fig
.54 3.24 ERT .61 ERS .61 3.ZL ERY 3.61 ER LS 2.£1 3.21 34
_.m_ Ll _r 1 ¢ 1 1 by T I TN B T T | J | N _.Ll_uuLLLi_l
Tamen r “|8oH r T i
o e -s.v2 1 L5z 1 Fs.vz
1 feg I ] s . 3
4 swem - S.£2 B - S-£2 E - S.62
7 pun r & I T B
doyemg - “doyemg F E +
T senuan - E L i L
T [~ S.2¢ ~ rS.22 b S.2¢
d L L L ] L
T [ S:12 1 FS.h2 b S.he
T W4 oneibjed i 7 1d #neibjeg i ] i
i \ i i I ] I
- 1d eung Fs.02 e Id aung A =5.02 - M S.02
7 I i - Ny I ] i
4 . 4 Id sman - E -
] “w“m» ] 1d &30 Hm“m_ { I S:61
] (i1-1) | 3beig I ] (11-1) 1 2Bels : i ] (11-1) 1 sbeIS i
1 wdspw gg1-00) i 1 widep wooL-0G * r T yidep w 0g-0 i
7 zWoLsou sbba ayey Rl 1 zuwyou sBba ayey / e 1 zwol/ou s662 ayey [ S8
] § ] ¥ I ] g
- ] fic n _, L ._ JaAly) auauno, ,, : |
I R RS (RS TS T T B | mrm~ T 1 r 11111 -ﬁl_\\._\wj\lmh— VT T T T 7T 11T T ¥ 17 177 IS I R i ) ﬂ_ T = S:41 & 0 % Fd § & - et B d., T 1 S




(ZWo1/4) Ydap w Oz Mmo[2q
‘1 28es ‘5830 ayey Jo uonNqQIUSI] 7€ "1

3.5t Ay ERE EEAL ERT
o | NS (N NN G NS W N GRS AN (N NN (U U DOy NN Y N A Y IVUOS SO (N WS S W
s| ~

TaleH 4 r
i Fs.be

FS.c2
l_ -
4 kS22
b Aeg asoiquy FS.he
T 1d ereiBled I
- d aung Fg.02
E 5.6}
i w 00e moled I
i (+1-1) | ebmig 5
1 zwoisou s669 axey S8t
H 181y Buaun ,_ L

1

(zwQ 1 /#) Wdap w 00zZ-051

1 a3e3s ‘880 ayey jo uonnquusi(q [H'¢ "B

3.61 ERd) 3.€1 3.zt ENYS
J [T SO S TN U T S OO T G SO N N G NN Y Y N (N AN S S S 8
1 wonden S.ve
-ug?)
- sinep P S.EZ
71 punu B
“dojems y E
i}
R L. / -
] L I
senuay .
4 FS5.22
b Aeg aspiquiy =S
7] ‘Id sresbled "
. 1d aung FS.02
- 14 aMOW -
] 1 Aoy sl
1 () 1 ebeE1S r
7 yidap W 00Z-05} I
1 zwpsou sB6a ayey S8
H Jony auaun L
S PR P (T S N T N (R TR P B R S AU PR i R T e i rS it




(ZwQ T/#) Wdep w OGS 1-00 [

‘11 93ess ‘s33a axey Jo uonnqunsi(] S¢Sy

ER

G 3.0 EN 3.21
L 4 k£ a ol b LT e § g

3.4
1

uondad
e,

Arg asoiquiy

‘td eAeiBley

‘Id aung

(vl-24) Il abeys
yidsp w Q51-001
zwpjou sb6Ba axepy

Jany auaun

r

S.bZ

I~ TTrTr

Bl

w
o
~

3 T Ea o R TR P R A Bio BES (i 1o
w
&~

S.07

i e el P Bl M I e i
2
e

ER] ERS
5 1

(ZWwO1/4) Wdop w 0o 1-0S

‘11 93e)s ‘s88a axey Jo uonnquusyq pp°c 81

1

L

L

[

[

]

Aeg asolquay ﬁ

1d saelbled ﬁ

[

‘1d 8ung ,ﬁ

i

L

(¥iL-z1) n 2beis i
yidap w 00L-08 3

zW 0wl sB66s ayen

=S.bZ

o
©
o~

2
N
&

o
=3
~

o
a@

(zwo[/4) Wdep w 0g-0

‘11 98®)s ‘s832 oyey Jo uonnquusi(] ¢ S

3.51 3.2l ERYS
I gen {0 spifeatt b R L
o
T ateH i
J uondan b
-uon S.bZ
. feg i
- sIAEM [ s-ce
1 pun B
Tdoemg r
1 senuey [
4 =S.22
- Aeg @soiquiy FSald
7 14 ersibieg 000t i
. id aung z; FS.07
1 1d Ayooy S.Bt
1  (pi-zi) 1 ebeig [
] tdsp w 05-0 [
12w Lfou sB63 aye 2R
H 13A1y BUBUNY H
) i S RS PSS o R ) R B R N R PRCN PR S A T e 1 Sedl



(zwQ [ #) Ydap w OOT 20[3q

“I1 23e1s ‘s332 oxey Jo uonnquusiq /i€ 814

En 3.7 3.6 EN4S
AT S VA, (S (O

selueH

- Aeg asoiquiy

;/
4 Id sung \ D¢
\

R Id #men

Id a0y
& (r1-z1) 1l abelg

7 widap w gz mojeg
zwol/ou sbBe ayeyH

(zw 1#) ydap w 0OZ-061

‘1] 23e1s ‘5330 ayey jo uonnquIsIq 94 € L

3.Z1
T T O DG W

uonides
“ueg,

Aeg asoiquiy

- ‘I sung

E Iid 8MeN

d Mooy

. {r1-z1) || 2Beyg
7 yidep w poz-05 1L
zwoi/ou sb6a axey

1A BUBUNY),

S.£2

FS.02

mprrr T



(w0 i/#) ydop w (51-001

‘11 23e3s ‘383 axey Jo uonnquasiq g€ 31,

ERA)

Aeg esoiquy

Id eaesbied

] 1d sung

1 (1) Iy abBerg
7 Uidap w 051-004
1 zwoL/ou sBbs ayey

Jany ausundy

E

(zwQ 1/4) ydap w 00 1-0¢

“[11 93e1s “s83a avey] Jo uonnqISI( 64°¢ 814

"

L P FN R

¢ i

.|

ERA] ERT
ST N VA P U S TS WY Y

Afegq ssoiquy

Id eaeibled

id sung

(54) 111 °Be3s
Uidep w 001-05
zWQL/ou sbba axeH

h

r ES

(zwo1/#) ydap w (6-0

“I11 23e)s ‘s332 axey Jo uonnquysiq 8¢ 81,

ER-13 J.¥l 3.£1 3.zZ1
E _.II_Ll_I_‘. L.\LA_’;‘.L‘L|_’.|—\F—\\_’<_‘
Jaion _w //

" [ ]

] 1 \

J N

N |
2 5\ _
- L] * .8
\ ]
| M |
Tk

T \
~doyemsg \

-1 L] - . - /,

7 senusn AR

—

e Aeg esoiguy

1d eaeiBley

- Id 8ung

E (51) 111 ebeig
yidep w 05-0
JzwoL/ou sbba axey

18A1Y BUBUNY,

ERL
S M P (A

- S.41



(WO /#) Wdop wr 00T-081
11 28w1s 5835 oxey jo uonnquusiq [$°¢ 31

(Zwo1/4#) Wdap wr 00T Mmo[2q
‘111 28e1s ‘s880 axey Jo uonnqusiq s € 81

3.5 3.+ 3.84 3.zt =N 3.51 ER 3.8 .21 ENYS
4 4r.—.|.n|I-LIIL|-|_|h.i.- TS A RN, S L1 B J il B (e T Nk T M (fow . SRR Sy, et SO
TaneH / r 1 -
A / rS.bT s ~5.FZ
'] I N -

4 . \ I3 i L
4 / / e S.EZ R ~5.ET
doyemg ., - E i
4 Ve F L 4 2
- / / - - [

sejusH L. \ |
-1 ) S.2¢ b [ad: P4
] / - 1 r
. \ - E r
= e \e & 4 i
] / i ) L
- Aeg asoiquy /, / rS.iz B Aeg esaiquiy _lew
J ! & ] r
| : L R 5
1 ‘|d eamiBjeg A Sl I 7 1d eARIBEd ,1
4 . B i -
i N i ] -
4 id sung % % 5.0z < 1d eung \ ~5.02
S L i \ L
4 L | \ i
- L] L - -~ L] L] -
4 Id Mo 3 - 4 /, / -
- \ o - . =

) !
7 1d Asooy ’ - S:61 k 1d fpoy / - 5.61
4 : L 4 ! N
j ¥ i ] v ;
1 (1) 1 sbeis - 1 (L) 11l 96e)S : 2
1 ydep w 0oz mojeg | - . 4idap w 0pz-051 ._ -
1 zwp}sou sBBa ayeH \ Fs.e1 4 zwgl/ou sbbe ayeH i -s 8l
u Ay <% A \ -
i i L ] k =
] _, L ry .
il Jany avaun , L N 1AMy Busun: f -
I
T T T T T T T T T T T T reor e Sl N L R . . S ) | S R e o rsi



UOLES1ISIAUL JO BAIR BY} UI
deAle] oey Jo (W) YBUS 95eI0AY p¢¢ Bd (WO I/4) deAe] ey Jo uonnqusiq €5'¢ ‘Si

bt .64 3.zt EN .51 ERL ERY] ER4) 3.k
I T T T T O T T Y o NS Y N O S T T T OO T TN T Y Y S T Y
rS.b FS.F2
I So€T A
b -
-5.22 8.2
1A ST
= I
rS.00 I S.0Z
S.64 5.6}
- 8.81 8.8}
=Sk 1Sl




(cWQQ1/#) dBAIE] [21930BL 2SI0(|
(¢wQO1/#) seAte] £q0F jo wonnquIsiq £S'€ 314 Jo uonnquisi] 95°¢ ‘811 (w0 1/4) 382 preyopd jo uonnqrisiq §S°¢ ‘814

3.54 EN A ERNY 3.2L 3.H ERE 3.h 3.E4 321 NS 3.5 ERd 3.8t =14 b
it ; SO S T T VA SO W TS YT S O O Y W TN Y T T LY T Y TN U S YOS WO S N S T S NN TN O AN Y 4 J VIS O N P ;A’F PR SN T SN T T T A O T S S Ot 8
™ 4 e 31
il ) i Jamed| ¢ \ " Jawen{ °* ° y i
. L A ; 5 L 4 L
1 FS.bT - vonas \ FS.bT e Fs.bT
] L . L " =
- - i 1 L
: i i
. L 4 L 4 -
~ ﬁmumw - siMEAR kS.E2 e =S.ET
by = 1 punw \ u 1 "
1 - —tdosems o B r
J L . % J B 1 =
4 L | ! L | L
4 L 7 N \ L i L
1 mS.2Z - / 5. 20 -1 mS.2¢
-1 ol - . .' L ] /. ol -~ o
5 L J £ o -
g rS.te b Aeg esoiqury S. e 1 S.i¢
] , ! ; i 1 i
-1 - e s e - . -
\d eresbled §
- - S.02 -1 id sung rS.02 1 =S.02
- \ Y - ,/ - ol . -
4 \ \ L
\ % 7] \ r 1 \
] ! j 1 % - ] . i
4 ; L i ! L 4 Id oMo \ ! -
7] \ i ) o / i} i ‘ \ g 1
- . Fs.51 . d FS.61 g 1 fpox _ LS8
- J} . - - PR - 4 y u -
VY q I ¥
. | L N _ » b _
] il i I ¢WiQo|}/ou aeAg| > i I & [
T A 3t S8l 7 } S8t . 663 pie FS.8l
cW00 L/ou aeAse| AGoD \ |2Je)IEW B8SI0H VL ZWooL/ou s66a preyold .
-1 . =~ — . o E . r
i ) i § \
) L ] i L k L
| L. B | L i I
- L J ! fi i L
B 13my auaun _, + 4 Jaaly auaun E .. n b
R e S e e B e e e e T S e B e e S A B e e s e o o A R S T B A R R F . S B S e e s e e e s e BCI S Sl T B oS




Traw! stallon 186

B0

snjeqiogqy
smaoboying
SNIOVIISD)
SAYHIOR0]
SNULBLWLOA
smuydol

l 113G SnSSuYl0Ial4

sisuadud SaInpEY

Trawl station 189

s

SNULWOA Siydo]

sasopjo
sawpoyidoiony)

sns3doijoop
SNUBHOIIH

EE R TH]
snssopbosjsny

Si5usdod SmIdnmsap

43w ujo)
o Y203 ey
S 8 g8 8 g8 8 8 ° —
T e B = =R g 8 §8 8 8 8 =
o & & ] = 2
Y/t
2y NP
SMDIISD) uopoydkuosNw
SAYNILOEO) onnzay
d snjojpbos snsowonbs.
8 sapouopo) smoydosua)
3 a8
= B s3bw saydoosuay : sajopidan
s K] snuwsonuay)
= =
w B sisuados snoanpsap w Smgoas
z 7 '% snaupfyaong
T
= ped Srx0p0IOY = snxoposod
. saDanian snaanpa
j Wi oy 42505 [ojo)
o (=1 o o
E & € g @& §3888g88¢8¢8-°
y/ty
o By
SNJoIs0)
et Snayomon ot
5u0j23g
sapopbuodwo) moN cwol
< L ~
© ]
. il i —
c s snydog c 13039 SnssuyjeRly
2 =
= =
i snjopnod sndopida) i 1503003 SnMYIDI)
H H
oy e
= ! =
Stsuadoy SIan RN SsUadD) Sdnpay
42103 j0j0] y2j03 [ojo)
- o =] = - o~ =1
— - - b= o o
5 §8888¢88§:
o/

184-189,

10118

f the five most

ion o

t

es, Trawl stat

1€S COMpOost

.

aining speci

.
.

together with the sum of the rem

1€8

Figure 3.58a Total trawl catch in kg/traw] hour and spec

abundant fish spec




B o Jyj0
g Sdaoiw
ied S3100 sdoibouag
SR 0P 2 SIsuadnz
SNUBRIRAR q SoyILIYD Y
n
8 &
il suysonbuo ary g snwjoyydoinuw
5 H snaouadosoy . wjuag
- =
=z V| ouape. % Z
b Ipapes - i ssuadon smnyavs
§ snyjRsodoy E 5
g =
-
saiogeiod SIsUsdDY MR
SN -
42j02 0] i 4202 jo1
o o o o o o
g R 8 & @ g
LTL]
FET ayio
uepoyIuoII
N SRS ";“mzan
snaneojio
SnupgIEDIoN | smobos saposopoy
- -
@ ]
o i ojovuid oyjousoyoay bt oIS
§ ! 8 SMIuAYID.|
3 3
b snwjoyydoIdous W = smiadefyoop
3 xajuag ] B snuaoaay
I o
= 2 ot
5 SOt
: Si5uadod SmOINIK __ [
§ 4103 |00} 42103 [2}0)
o =] o o
& g 2
y/bx y
sy 3yl
sniaidayfraop waaons oloy
STUBOMIY ! 3
snjIaso) ’
snjepnbos sapoay,
Sk B jelnbos s3postpoy
8 P
LI 6100w
= snuuawon snydoy X Iﬁm(}
i} 2
= = |
) =
] ssdajoi » sisuadod snunydoly
3 snssobaisny —i
= £
S15u3d0d SUUINBN sisuadod snanjay
Y202 jojo| Y2 |00}
. At 3
g g8 8 ° g § & g
o~ b ® o o~ -

= 1500

=
=

Figure 3.58b Total trawl catch in kg/trawl hour and species composition of the five most

abundant fish species together with the sum of the rem

190-195.

ons

ies, Trawl stati

amning species



iayjo

Hadn

Al
SIS ity SRanYUA)

SO agIG
smgoluyyng
@ -
= I ]
-
a sn;agmq:q = 2
o sarqoliopng o -
2 I 2 ssulyjog
T T L] r
- W
—g' SISUady SmunyIes| 3 ; WOW0)
H i q 612370 gynbe
(= -
sisuadod Smoonpap $I5UAC03 SmdNsap
42102 jojog Y13 oy
0 = ) o ] o o
& = - - 0
4y
g0 qu;a
‘anf
s d Al
ds aopydojain SISUICOI SNINYIDS|
snwjoyydesow SMoJI0gIg
x3juag snigebayng
& g 1
o) ~
s 5 sdojobauw smonbg 5 SU3013S sninsiyd()
5 5
o ssuadod sminyao); 2 z SIS0
T = E snssohosisny
g £ |
si5uadod snanap SISUEIDD SMIAER
y2103 jojog B oo ooy
22883 888 8¢ 48 -° 0
N - - & =2 2 o
4 /by
Byo |
S1Su3dDD SMonap Sisuadod SMIINAN
smxaposod SXjuD)jo
SN By E Snuwoydoio’)
2 2
-
c ojeuwd ojjorstyosy = SOULIWON Smydo]
0 8
= =
B 8
1 snaadojd|2up ] Ssda0
% SAUON|AYH ] snssobossay
= (
= smqoas L
snoukyosg PO srssuajoszig
42103 [0y P2 PIo)
2 o o ] o o o
FPEEEEZaE & § & § B
ufby y/by

—
o
ol
= \O
wy
g2
By
> 3
E g
o 5
fﬂ—l
8 &
8=
B ow
=
o35
= 5
g &
(o]
o
8 =
- —
0‘8‘
o, £
5]

Figure 3.58c Total trawl catch in kg/trawl hour and s
abundant fish species together with the sum of the r



Trawl station 202
(pelagic)
50
45
40
35
30
S
20 +
15+
10
5
0 .
= B 2 2 22 3 z
£ 2 2 H]

Figure 3.58d Total trawl catch in kg/traw] hour and species composition of the five most
abundant fish species together with the sum of the remaining species, Trawl station 202.



Y TR I P

18°S

B

R N DR B

1

w
°

w
3

20°8

SRS IS N O T R

JEES | Y |

21°8

sovrlea il s o

Cunene River

Bottom Trawl Abundance
of M. capensis kg/hour

Rocky Pt.

Moéwe Pt.

Dune Pt.

Palgrave Pt

Ambrose Bay

Con-
ception

Bay e,
o Holl.B.L
Is.
1 T T T [ T T T T
11°E 12°E 15°E

Fig. 3.59 Distribution of M. capensis in kg/trawl hour.



'SISU2dYD P J2qUINU [B10) 9Y) O}
paredwod sysuadpo Jy orew Jo edad ut JsquinN 19'¢ S

m.w_. m_.:
T T VO S O T S

LI Sail

SUOTIR]S [MEBI] 12 SayBY
118 3O WyS1om ay) 0} paredwiod sysuadpo Jy
Jo ySram ay3 Jo (qusorad ur) oney 09°¢ ‘8

N8
T T

3.E4 ENA ENY
(R (SN (RO A AN SN, (M0 O RS O S N AN (B L3 OO |




Frequency (n)

Frequency (n)

Multinet station 29,
late egg stages
4 +
Esd
&
=
1]
=
o
21
w
14
0 4 —t + $ $ } $
39-40 38-39 37-38 36-37 35-36 34-35 33-34 32-33 31-32 30-31 29-30 28-29 27-28
Salinity
I
Multinet station 29,
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Figure 3.62. Neutral buoyancy of hake eggs and larvae collected
in the Multinett. Larvae were hatched in the buoyancy column.
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Figure 3.63. Buoyancy of pilchard eggs collected in the
multinet. The measurements were done the first and second day
after introduction to the column.
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