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CHAPTER 1 INTRODUCTION

1.1  Objectives

The objectives of the cruise have been previously discussed and agreed upon by the
responsible of the Demersal Programme of the Instituto de Investigagio Marinha (IIM), of
Angola, and the responsible from the Institute of Marine Research, Bergen (IMR) for the
Angolan Demersal Programme, and were the following:

To survey, map, and describe the distribution, composition and abundance of the main
demersal species, with special emphasis on seabreams (Sparidae), croakers (Sciaenidae),
grunts (Haemulidae), groupers (Serranidae), hakes (Merluccidae) and shrimps
(Parapenaeus longirostris and Aristeus varidens) on the Angolan shelf and slope (down to
800 m). The regions from Cunene River (17°14°S) to Tombua (15°40°S) and from Benguela
(12°35°S) to Congo River (06°00°S) are surveyed by using bottom trawl and the swept-area
method.

To collect biological data as length, weight, sex and maturity of Dentex macrophthalmus,
D. angolensis, Pagellus bellottii, Pseudotolithus typus, Merluccius polli, Aristeus varidens,
Parapenaeus longirostris, Chaceon maritae and the commercially important flatfish
(Citharidae, Soleidae, Cynoglossidae and Bothidae) for future analyses.

To monitor the general hydrographic conditions using a CTD-sonde on each trawl station and
map the temperature, salinity and oxygen along standard IIM hydrographic profiles.

1.2 Participation

The scientific staff consisted of:

From IIM, Luanda: Moustapha DIEDHIOU (12/3-13/4, Local cruise leader), Guilherme
CAMARADA (12/3-13/4), Pedro PANZO (12/3-1/4), Jodo Eusebio Dias Dos SANTOS
(12/3-1/4), Alberto Anténio FILOMENO (12/3-1/4), Virgilio ESTEVAO (12/3-1/4), Nilsa
ALVES (2/4-13/4), Domingos PEDRO (2/4-13/4), Juliana MUAI (2/4-13/4), Andom
LUSSEVAKUENO (2/4-13/4).

From IIM, Lobito: Marcelo TCHICULUPITI (12/3-1/4), Enoque CANGANJO (12/3-1/4),
Antonio BUCO (2/4-13/4).

From IIM, Namibe: Fernando GOMBO (12/3-1/4).

From IMR, Norway: Espen JOHNSEN (12/3-13/4, Cruise Leader), Diana ZAERA (12/3-
13/4), Thor Egil JOHANSSON (12/3-13/4), Jan Frode WILHELMSEN (12/3-13/4).



1.3 Narrative

R/V “Dr Fridtjof Nansen” left Walvis Bay harbour, Namibia, at 16h30 on the 12 of March.
The sampling started in the morning of the 14" with trawl and hydrographic stations off the
mouth of Cunene River. A standard geographical allocation of the stations was implemented
in 2003. Therefore, the station positions in the southern region were similar to the positions
used during the demersal surveys in 2000 and 2003. The southern region was finished
surveyed in the afternoon of the 17" of March. Standard hydrographic transects were
conducted west off Baia dos Tigres and Pta. Albina. The slope off Baia dos Tigres is very
steep and has a rough bottom between 200 and 600 m, hence this area was not adequately
trawled. The shelf and slope between Tombua and Benguela is very narrow and the bottom
conditions are not suitable for trawling.

An acoustic calibration was done on the 18" in Bafa dos Elephantes and in the late afternoon
of the 19™ the vessel reached the first trawl station in the central region. The positions of the
trawl stations in the central and northern regions were the same as during the demersal
surveys of 2002 and 2003 as a result of the standard station allocation that was implemented
in 2003. In the central region, six standard hydrographic transects were conducted at Lobito,
Pta. do Morro, Rio Longa, Cabo Ledo and Pta. das Palmerinhas. On the 28™ of March the
survey of the central was completed and the survey continued into the northern region. The
vessel called port in Luanda in the morning of the 1% of April to replace some Angolan
scientists, and departed in the morning of the 2" to continue the survey in the northern region.
This region was completed on the 11" of April and R/V “Dr Fridtjof Nansen” called port in
Luanda in the late afternoon of the 12 of April. In the northern region, three standard
hydrographic transects were conducted at Ambriz, Ambrizete and Ponta da Moita Seca.



CHAPTER 2 METHODS

2.1  Survey effort

Table 2.1 presents the size of strata, allocation of trawl stations, total number of successful
swept-area hauls, number of hauls failed, number of CTD stations and the distance surveyed
by stratum. It also shows the allocation of effort relative to the stratum size as percentage
hauls versus percentage area, by depth, region and total area. The overall average coverage
was 1 trawl station per 83 square nautical miles (NM?). Figure 2.1-2.3 show the cruise tracks,
the locations of the bottom trawls and the hydrographic stations in the southern, central and
northern regions, respectively.

Table 2.1 Survey design and effort. Size of the survey area by depth stratum, allocation of trawl stations,
proportion of stations relative to stratum size, total number of successful swept-area hauls, number of
hauls failed, number of CTD stations, and the distance surveyed, divided in to: southern region
(Cunene to Tombua), central region (Benguela to Luanda) and northern region (Luanda to Congo
River).

Depth sirata (m)

Region  20-50 50- 100- 200- 300- 400- 500- 600- 700-  Total Failures CTD Distance
100 200 300 400 500 600 700 800

Cunene-Tombua

Area 507 591 594 100 77 48 39 1956 44 441
(NM?)
# hauls 8 7 5 1 2 1 1 3 28 2
(BT)
Y%area 25.9 30.2 304 5.1 39 2.5 2.0 0.0 0.0 11.8
%hauls 28.6 25.0 17.8 3.6 7.1 3.6 3.6 10.7 14.0
Benguela-lLuanda
Area 1068 1586 1439 407 372 343 346 268 357 6186 116 1127
(NM?)
# hauls 18 17 14 2 6 3 3 4 4 71* 2
(BT)
Yarea 17.3 25.6 233 6.0 6.0 9.5 5.6 43 5.8 374
Y%hauls 25.3 239 19.7 2.8 8.4 4.2 4.2 5.6 5.6 35.5
Luanda-Congo River
Area 1379 1969 1940 601 550 437 409 408 702 8395 119 1781
2
(NM")
# hauls 15 24 21 8 6 6 6 7 8 101%*
(BT)
Yoarea 16.4 235 23.1 7.2 6.6 5.2 4.9 4.9 84 50.8
Y%hauls 14.8 23.7 20.8 7.9 5.9 5.9 5.9 6.9 7.9 50.5
Grand total
Area 2954 4146 3973 1108 999 828 794 676 1059 16537
(NM?)
# hauls 41 48 40 11 14 10 10 14 12 200
(BT)
Yarea 17.9 25.1 24,0 6.7 6.0 5.0 4.8 4.1 6.4
Y%hauls 20.5 24.0 20.0 835 7.0 5.0 5.0 7.0 6.0 206 Total hauls

*Plus one station deeper than 800 m, which is not included in the total

A stratified semi-random survey design was used with depth and region as stratifying
variables. Trawls were taken along transects perpendicular to the coast, which were
approximately 15 NM apart as shown in Figure 2.1-2.3. Allocation of trawl stations was
approximately proportional to stratum size. The planned survey design was sometimes
slightly modified due to unsuitable bottom conditions, or non-accessible areas with oil
exploitation in the northern region.



A standardized allocation of the trawl positions was implemented in 2003, and was used
during the 2004 survey. The station positions in the southern region were similar to the
positions of those of the 2000 demersal survey and the station positions in the central and
northern regions were the same as during the 2002 demersal survey.
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Figure 2.1 Angola south: Cunene to Tombua. Course track with fishing stations and hydrographic transects.

Hydrographic stations were also taken at all the fishing stations. Depth contours at 20, 50 and
100 m.
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Figure 2.2 Angola central: Benguela to Luanda. Course track with fishing stations and hydrographic transects.
Hydrographic stations were also taken at all the fishing stations. Depth contours at 20, 50, 100, 200
and 500 m.
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2.2 Meteorological and hydrographic sampling

Meteorological observations including wind speed and direction, air temperature, global
radiation and sea surface temperature (SST) were automatically logged every nautical mile
using an Aanderaa meteorological station. CTD-stations and current profiles with ADCP were
recorded at all traw] stations and at the standard hydrographic transects.

ADCRP current measurements

A ship-born Acoustic Doppler Current Profiler (ADCP) from RD Instruments was activated
on every CTD station. The ADCP was set to ping every 4 seconds, the depth cell interval set
to 8 m and the number of cells was set to 40. The data were routinely averaged over 300
seconds and averaged data stored on files. The data have not been analyzed in this report, but
this can be done by e.g. the PC software UMS (Underway Mapping System), supported by
Marine and Coastal Management in Cape Town, South Africa.

Conductivity, salinity and oxygen measurements and water sampling

A Seabird 911+ CTD probe was used to obtain vertical profiles of temperature, salinity and
oxygen. Real time plotting and logging was done using the customized Seabird Seasave
software. Profile data were logged down to a few meters above the bottom or, in deep
stations, until maximum 700 m. At selected stations on the standard hydrographic transects
two Niskin bottles were triggered for water samples, one near the surface and one near the
bottom, in order to calibrate the oxygen sensor. The water samples were analyzed for
dissolved oxygen using the Winkler method (Carrit and Carpenter, 1966). A total of 12
samples were taken for oxygen calibration. A linear regression of the Winkler determinations
on the CTD values that was done in the central region produced the result shown in Figure 2.4.

y=1.160%+0.255

O, titration

0,CTD

Figure 2.4 A regression of the Winkler determined oxygen concentrations from the Niskin bottles against linear
the CTD values obtained from hydrographic stations 325-336.



2.3  Biological sampling

Sampling gear

A Gisund Super bottom trawl with a headline height of 4.5-4.8 m was used. The distance
between the front of the wings was about 21 m during deployment at a speed of 3 NM/hour.
Thyboren’ Kombi 6.7 m’ trawl doors weighing 1 670 kg were used throughout the survey.
These settings have been the standard on the all swept area surveys conducted with
R/V “DR Fridtjof Nansen”. As in previous surveys, except during the 2002 survey, a 44 m
long tickler chain was routinely attached to the footrope on depth of more than 300 m in order
to increase the catch of bottom dwelling deep-water shrimps. During all tows deeper than 80
m, a 10 m long constraining rope was attached between the wires 125 m in front of the trawl
doors. This kept a constant distance between the doors of about 50 m during the trawling. For
shallow station with depth of less than 80 m the door-to-door distance varied more, depending
of bottom type and currents. Data from the door, depth and trawl height sensors were logged
for all tows and are stored in files with CMG format, which makes it possible to study the
traw] performance in more detail.

Trawl duration was standardized to 30 minutes and trawling speed to 3 NM/h. The trawling
start time is controlled by using SCANMAR sensors to detect when the trawl is on the bottom
while the end time is defined to be when the wires starts to haul the net. In some cases the
towing was terminated early due to either indications of bad trawling performance or because
the catch sensor went off. Some of these tows were rejected as valid stations because they
were not trusted to reflect the density of fish on the bottom. Table 2.1 shows the numbers of
valid and rejected stations. A detailed description of the fishing gear is given in Annex VI.

Acoustic recordings were carried out at four frequencies: 18, 38, 120 and 200 kHz using a
SIMRAD EK500 Echosounder. Acoustic data were not processed on board, but all data were
stored to files using EchoLog.

Sampling the catches

Catches were sampled (or sub-sampled for large catches) for species composition by weight
and numbers. Length measurements were taken as follows: for fish, total body length (cm)
was measured to the nearest 1 cm below the longest lobe of caudal fin, and for shrimp
carapace length to 1 mm below was recorded. Otoliths samples of Dentex macrophthalmus
were taken. The records of fishing stations are presented in Annex I. For commercially
important species, pooled length frequency distributions, in which individual samples are
raised to total catch, are shown by area in Annex II.

The sharks caught were sexed, measured and weighted. Some results as well as the
methodology used are presented in Annex VIII.

2.4  Areas and depth strata

Table 2.1 shows the areas (NM?) in the southern region (Cunene-Tombua: 17°14°S-16°00°S),
in the central region (Benguela-Luanda: 12°40°S-09°00’S), and the northern region (Luanda-



Congo River: 09°00°S-06°00°S) by depth strata. All samples are treated as representative for
the relevant depth intervals where the species, or species groups, were caught.

2.5 Calculations

All equations for the calculations, including some theoretical background, are given in Annex
IV.

The effective fishing width of the trawl gear used by R/V “Dr Fridtjof Nansen” is considered
to be 18.5 m. The effective fishing area is the product of the 18.5 meters, which is equal to
0.01 NM, multiplied by the towing distance measured by the GPS. It is assumed that all fish
within the trawling path have been caught, which gives a catchability coefficient (q), i.e. the
fraction of the fish encountered by the trawl that was actually caught, equal to 1.

The catchability coefficient (q) is seldom known. However, because the coefficient is likely to
be constant between surveys the swept area estimates are assumed to reflect changes in
population abundances between surveys.

The survey design and effort have not been consistent throughout the time series, which
makes comparisons between years difficult. Therefore, it was discussed and agreed upon by
the responsible of the Demersal Programme of the Instituto de Investigagdo Marinha of
Angola, and the responsible for the Angolan Demersal Programme at the Institute of Marine
Research, Norway that all biomass estimates since 1985 should be calculated in a
standardized way.

Data from the projects AN, A2, A3 and A4 in NAN-SIS were exported by using the “Export
to flat ASCII file” and “Export to Statgraf A” in NAN-SIS. The latter export function was
used to get a better accuracy of the log-duration information (two decimals). The free
software R 1.7.1 was used to calculate stratified density estimates sorted by survey, depth and
latitude. Biomass estimates by species or species groups were obtained from a stratified mean
density estimator using equations in Annex I'V.

10



CHAPTER 3 OCEANOGRAPHIC CONDITIONS

3.1 Surface distribution

The salient feature of the hydrographic conditions in Angolan waters between December and
March is the drop in the salinity at the surface, associated to the seasonal rise in the
precipitation over the continent and the consequent increase in the discharge of freshwater
carried to the ocean by the Congo River and by smaller rivers along the Angolan coast. The
regular demersal surveys carried out by R/V “Dr. Fridtjof Nansen” in March are coincident
with the late phase of the wet season and, typically, observed low salinity in the surface
waters in the shelf off the northern and central Angola regions. No salinity decrease has been
observed off the southern Angola (15-16°S), except of one survey conducted during the
anomalous “Benguela Nifio” event in February-March 1995.

During the 2003 survey in March it was observed a warm front of water off Baia dos Tigres,
but no such front was observed south off Tombua this year. The offshore temperatures were
in the range between 19 and 20°C (Figure 3.1), while the salinity distribution in south, which
was similar to the distribution pattern observed during March 2003, ranged from 35.6 to 35.9
psu (Figure 3.2). The surface waters were colder than the typical range for the tropical surface
water, and are more typical for the mid-oceanic conditions in the South East Atlantic.

Both the salinity and temperature distribution patterns in the central region were different
from those patterns observed last year. The surface salinity range in 2004 was from 35.6 to
36.0 psu, while the range in 2003 was from 30.6 to 34.5 psu (Figure 3.4). The high salinity in
2004 was probably caused by little discharge of freshwater from the rivers to the Atlantic
Ocean. The sea surface temperature during the 2004 survey was considerable lower than the
temperatures observed last year. The inshore temperature was about 24°C while the
temperature offshore was 26 to 27°C in 2004. The temperatures during the 2003 survey were
ranging from 28 to 29°C, where the warmest and the least saline surface waters were typically
observed offshore. Narrow bands of the cold and saline water (T<26 °C and 5>34.1 psu) were
observed inshore off Lobito and between Cabo Sdo Braz and Pta. das Palmerinhas in 2004.
Since these regions have calm wind conditions with a varying direction it is unlikely that the
observed surface upwelling signature was related to a typical wind-inducted coastal upwelling
process. It is more likely that the upwelling was coupled to the seasonal intensification of the
Equatorial Counter Current (ECC), which during March assumes its southernmost position
located off Angola at approximately 9°S.

In the northern region the temperature was lowest inshore with about 24°C, while the offshore
surface water temperature was 25 to 26°C. No difference was observed between the salinity
values in inshore and offshore waters. As in the central region, the temperature and salinity
values observed were significant different from the values observed during the March 2003
demersal survey. The sea surface temperature during the 2004 survey was about 4°C lower
than the values of 2003, and the salinity values were about 2.3 psu higher in 2004. Little
discharge of freshwater from Congo River and other rivers during 2004 is probably the reason
to the high salinity values in 2004.

11
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3.2 Vertical sections

The sections off Baia dos Tigres (Figure 3.7) and Pta. Albina (Figure 3.8) show similar
conditions. The inshore surface layers had temperature of about 18°C, salinity of 35.7 psu and
O, of about 3.0 ml/l. Compared to the 2003 survey the inshore surface water was about 2°
colder and with a lower O, content. Last year, the core of Tropical Surface Water (TSW),
characterized by T>23°C, S >35.8 psu and O;>5 ml/l, dominated the offshore part north of
Baia dos Tigres. This layer is separated from the underlying Central Water Mass, and the
warm front was not observed so far south during the 2004 survey. Inshore, the distributions in
the surface water were characterized by the up sloping isolines, revealing the coastal
upwelling pattern.

The six sections in the central Angola, presented in Figure 3.9-3.15, show the distribution
patterns in temperature, salinity and O, of the region. The temperature and O, values are
higher in the central than in the southern region. The surface temperatures observed during the
2004 survey were much lower than the temperatures observed last year. In fact, the surface
temperatures observed during this survey are in average 4°C lower than those observed in
March 2003. The O, observations in 2004 were similar to the values measured in 2003, while
both the inshore and offshore surface salinity were higher in 2004 than during the 2003
survey.

Three transects were sampled in the northern region between Luanda and Congo River. The
vertical profiles of Ambriz, Ambrizete and Pta. da Moita Seca are shown in Figure 3.13-3.15.
The temperature in the surface water was about 26°C, the salinity about 35.7 psu and the O,
5.0 ml/l in the Ambriz and Ambrizete transects. The salinity and O, values in the water
column from 5-50 m were higher than the observed values in 2003, while the temperature was
about 3°C lower. The transect at Pta. da Moita Seca is often very influenced by the water from
the Congo River, but during 2004 it seems that the temperature, salinity and O, were less
influenced by the water flow from Congo than during the 2003 survey as the values observed
in this transect were similar to the two other transects in the northern region.
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Figure 3.7 Angola south. Vertical sections of a) temperature, b} salinity and c) oxygen on the oceanographic
transect at Bafa dos Tigres.
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Figure 3.8 Angola south. Vertical sections of a) temperature, b) salinity and ¢) oxygen on the oceanographic

transect at Pta. Albina.
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Figure 3.9 Angola central. Vertical sections of a) temperature, b} salinity and c) oxygen on the oceanographic

transect at Lobito.
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Figure 3.10 Angola central. Vertical sections of a) temperature, b) salinity and c) oxygen on the
oceanographic transect at Ponta do Morro.
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Figure 3.11 Angola central. Vertical sections of a) temperature, b) salinity and c) oxygen on the oceanographic
transect at Rio Longa.
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Figure 3.12 Angola central. Vertical sections of a) temperature, b) salinity and c) oxygen on the oceanographic
transect at South of Cabo Ledo.
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Figure 3.13 Angola central. Vertical sections of a) temperature, b) salinity and c) oxygen on the oceanographic
transect at Pta. das Palmerinhas.
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Figure 3.14 Angola north. Vertical sections of a) temperature, b) salinity and c) oxygen on the oceanographic
transect at Ambrizete.
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Figure 3.15 Angola north. Vertical sections of a) temperature, b) salinity and c) oxygen on the oceanographic
transect at Pta. da Moita Seca.
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CHAPTER 4 CATCH RATES, BIOMASS ESTIMATES AND DISTRIBUTION OF
DEMERSAL RESOURCES ON THE SHELF

4.1 Cunene-Tombua shelf

The total catches and species compositions on the Angolan shelf are presented in this chapter.
The inner shelf is defined to be the area between 20 and 70 m bottom depth while the outer
shelf to be from 71 to 200 m depth. Several of the species that inhabit the shelf, particularly
the seabreams (Sparidae), are also found in deeper waters.

The trawl positions are mapped in Figure 2.1-2.3, and catch and station information by tow
are presented in Annex I. Pooled length distributions weighted by the catch of the main
species by sector region are shown in Annex II. Mean densities (t/NM?) of the main species
sorted by abundance and depth strata, the frequency of occurrence and the catch distributions
are shown in Annex III. Annex V shows the NAN-SIS species codes used to extract the
information in the various tables.

The group ‘Demersal’ comprises the commercially important families Sparidae, Sciaenidae,
Haemulidae (=Pomadasyidae), Serranidae, Lutjanidae, Merluccidae, Ophidiidae, and Ariidae,
while the group ‘Pelagic’ includes the families Engraulidae, Clupeidae, Carangidae,
Scombridae, Sphyraenidae, Stromateidae, and the benthopelagic family Trichiuridae.

During 3 days 28 trawl stations were conducted in the southern region, where of 26 were
successfully accomplish. The southern region has not been regularly sampled throughout the
years, which make biomass comparisons over the years difficult. Therefore, the time series of
biomass estimates should be interpreted with caution since the survey strategies have not been
standardized.

Table 4.1 shows the catch rates of six different fish groups for the inner and the outer shelf.
On the inner shelf (Table 4.1A) the ‘Pelagic’ group dominated the catches with a contribution
of 83% of the total catch, which is more than last year. As last year, horse mackerel
Trachurus trecae dominated the pelagic group. The ‘Demersal’ group contributed to 5% and
the cephalopods to 2% of the total catch, while 11% of the total catch was the “Other” group.

The ‘Pelagic’ group also dominated on the outer shelf (Table 4.1B) with a relative
contribution of 81%, and is mostly ascribed to high catch rates of the horse mackerel species;
T. capensis and T. trecae. The ‘Demersal’ group contributed to 17% and cephalopods and
sharks contributed less than 1% each. Shrimps were not caught on the shelf in the south.
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Table 4.1 Southern region March 2004. Catch rates (kg/hour) by main groups in swept area bottom trawl hauls
on the shelf. A: Inner shelf (20-70 m), B: Outer shelf (71-200 m).

A. Inner shelf 20-70 m.
Station Depth  Demersal Pelagic  Shrimps Cephalopods Sharks Other* Total

3278 26 77.52 795036 12540 8153.28
3279 44 4.88 3.51 9.68 18.07
3293 60 120.08 223272 25.44 35.04 2413.28
3294 23 117.50 124.20 3.38 3.40 248.48
3265 25 9136.80 2152 915832
3302 21 5.28 41.28 1.60 1.60 49.76
3303 49 677.97 7230.30 56.37 7 964.64
3305 54 567.64 126142 375.32 11.18 64.74 2 280.30
3306 36 349.00 417543 126.92 390420 8555.55
3307 43 74.40 303.40 88.80 6.96 19.32 492.88
MEAN 38 187.68 324527 80.83 2.15 417.52 3933.46
STADEV 25330 361735 114.92 392 122572
% CATCH 4.77 82.50 2.06 0.05 10.61

B. Outer shelf 71-200 m
Station Depth  Demersal Pelagic  Shrimps Cephalopods Sharks Other* Total

3280 87 41.40 6.28 47.68
3281 133 4015.80 28 795.80 181.50 32 993.10
3283 174 1372.61 813.08 24.56 7.84 2218.09
3291 114 585.90 9 846.90 63.00 10 495.80
3292 95 12.88 12.88
3296 95 1303.80 1586.70 141.45 1.56 303351
3299 126 826.30 1564.66 38.08 147.58 2 576.62
3300 117 24379 1 885.78 12.53 0.48 121.08 2272.66
3301 86 1 144.03 679.63 77.14 47.65 1948.45
3304 72 209.10 6.78 5.14 5.36 14.66 241.04
MEAN 110 975.56 4517.93 23.63 7.75 59.12  5583.98
STADEV 118478 9016.57 47.80 13.21 67.49 10092.25
% CATCH 17.47 80.91 0.42 0.14 1.06

*”0Other” includes also non demersal groups

Pelagic groups

Catch rates of the most important pelagic fish families caught are presented in Table 4.2.
Carangids, with horse mackerel (7. trecae and T. capensis) as the dominating species,
dominated both the inner (68%) and outer (81%) shelf. Two catches on the inner shelf and
only one catch on the outer shelf obtained clupeids. The clupeids contributed to 14% on the
inner shelf and only 0.02% on the outer shelf of the total catch. No barracudas, hairtails or
scombrids were caught on the shelf in the south.
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Table 4.2 Southern region March 2004. Catch rates (kg/hour) of main pelagic families on the shelf obtained with
bottom traw! hauls. Other A: Inner shelf (20-70 m), B: Outer shelf (71-200 m).

A. Inner shelf 20-70 m
Station Depth  Clupeids Carangids Scombrids Hairtails Barracudas Other* Total

3278 26 5636.16 2314.20 202.92 8153.28
3279 44 3.51 14.56 18.07
3263 60 223272 180.56 2413.28
3294 23 117.50 130.98 248.48
3205 25 9 136.80 21.52 915832
3302 21 0.88 40.40 8.48 49.76
3303 49 7 230.30 73434 7 964.64
3305 54 1 261.42 1018.88 2 280.30
3306 36 417543 4380.12 8 555.55
3307 43 300.80 2.60 189.48 492.88
MEAN 38 563.70 2 681.31 0.26 688.18 393346
STADEV 178228 322035 0.82 1339.75
% CATCH 14.33 68.17 0.01 17.50

B. Outer shelf 71-200 m
Station Depth  Clupeids Carangids Scombrids Hairtails Barracudas Other* Total

3280 87 47.68 47.68
3281 133 28 795.80 4197.30 32 993.10
3283 174 812.70 0.38 1405.01 2218.09
3291 114 9 846.50 648.90 10 495.80
3292 95 12.88 12.88
3296 95 1 586.70 I 44681 3033.5]
3299 126 1 564.66 1011.99 2 576.65
3300 117 1049 187529 386.88 21272.66
3301 86 679.63 1268.82 1948.45
3304 72 6.78 234.26 241.04
MEAN 110 1.05 451685 0.04 1066.05 5583.99
STADEV 9016.93 0.12 1228.46
% CATCH 0.02 80.89 0.00 15.09

* Other includes also non-pelagic groups

Demersal groups

Table 4.3 presents catch rates of the most valuable demersal species grouped into families;
seabreams (Sparidae except Boops boops), snappers (Lutjanidae), groupers (Serranidae),
grunts (Haemulidae except Brachydeuterus auritus) and croakers (Sciaenidae). Seabreams
and croakers were caught on both the inner and outer shelf, while the other demersal families
were not found in the south. Seabreams contributed to 4% of the total on the inner and to 11%
on the outer shelf, while croakers contributed to 0.2% and 0.1% on the inner and outer shelf,
respectively.

Several species of seabreams were caught on the inner shelf, where Pagellus bellottii was the

most common seabream. While no Dentex macrophthalmus was caught on the inner shelf last
year small juveniles were caught on four stations on the inner shelf during this year survey.
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Except of one station where P. bellottii was observed, D. macrophthalmus was the only
seabream species caught on the outer shelf. As in previous years, two species of croakers:
Umbrina canariensis (st. 3304) and Atractoscion aequidens (st. 3278, 3293 and 3291) were
caught in the south.

Table 4.3 Southern region March 2004. Catch rates (kg/hour) of valuable demersal species grouped by families.
A Inner shelf (20-70 m), B: Quter shelf (71-200 m).

A: Inner shelf (20-70 m)

Station Depth  Seabreams Snappers Groupers Grunts  Croakers  Other* Total
3278 26 57.00 8096.28 8§ 153.28
3279 44 18.07 18.07
3293 60 2232 239096 241328
3294 23 248.48 248.48
3295 25 915832 9158.32
3302 21 4.52 4524 49.76
3303 49 620.22 734442 7964.64
3305 54 525.84 175446 2 280.30
3306 36 343,49 8212.06 855555
3307 43 60.64 3.76 428 .48 492 88

MEAN 38 155.47 831 3769.68 3933.46

STADEV 245.21 1847 3912.10
% CATCH 3.95 0.21 95.84

B: Quter shelf (71-200 m).

Station Depth  Seabreams Snappers Groupers Grunts Croakers  Other* Total
3280 87 47.68 47.68
3281 133 2 956.80 30 036.30 32993.10
3283 174 553.61 166448 2218.09
3291 114 439.95 84.00 9971.85 1049580
3292 95 0.15 12.73 12.88
3296 95 1 008.60 202491 303351
3299 126 652.08 1924.57 2576.65
3300 117 202.10 2070.56 2272.66
3301 86 527.27 1421.18 194845
3304 72 16.30 0.30 224.44 241.04

MEAN 110 635.69 8.43 493987 558399

STADEV 879.61 26.55 927678
% CATCH 11.38 0.15 88.46

*”Other” includes also non-pelagic groups.

Biomass estimates

Table 4.4 shows the time series from 1986 to 2004 of swept-area biomass estimates for
valuable demersal and pelagic groups of the southern region. The biomasses were calculated
by stratifying by depth (20-50 m, 51-100 m and 101-200 m). As it has been recommended, the
survey estimates in time series were recalculated with a standardized method. The sampling
intensity in the southern region has been variable throughout the years, and only surveys
which have covered all the three strata with at least two trawl stations in each stratum are
included in the time series presented in Table 4.4. The high coefficient of variation (CV)
shown in Table 4.4 indicates that the trends in the time series should be interpreted with care.
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The 2004 survey used the same trawl positions in the southern region as were used during
2000 and 2003 surveys. Table 4.4 shows that the total biomass of the demersal stocks
declined from about 70 000 tones in 2000 to about 30 000 in 2002, and the biomass increased
with 40% from 2003 to 2004. However, the 2004 estimate of 40 000 tones is still considerable
lower than the estimates of 2000. The total biomass of pelagic species on the southern slope
was estimated to be about 250 000 tones, and horse mackerel (7. capensis and T. trecae)
contributed to 95% of this biomass. It should be noted that 7. capensis had 2.2 times higher
abundance than T. trecae on the southern slope.

Shallow water Cape hake, Merluccius capensis, was frequently caught on the shelf in the
southern region, while Benguela hake, M. polli, was found in a very low number only at one
trawl station. The 2004 biomass estimate of hake on the southern shelf was very high
compared to previous surveys. [t seems like it has been a large annual increase of the hake on
the slope since the 2001 survey. However, as the estimate shows, the total biomass of hake in
this area is estimated to be only about 11 800 tones and cannot sustain a large hake fishery.

The seabreams biomass, which mainly consists of D. macrophthalmus, increased with 70%
from last year’s survey and was estimated to about 27 000 tones. Taking the high CVs into
consideration, the 2004 estimate is not statistical different from the 2002 estimate of 25 000
tones. Still, the estimated biomass of seabreams in 2004 is significant lower than the high
biomass estimate of 2000, which was about 62 000 tones.

The croakers show a 53% reduction from last year that confirm the downward trend in the
abundance that have been observed since 2000.

Table 4.4 Biomass estimates (tones) of important species group on the shelf (20-200m) in the southem region.

Seabreams Hake Horse mackerel Croakers

1986.1 9736 (0.33) 1099 (0.55) 23059 (0.46) 1560 (0.94)
1986.2 19201 (049 3709 (0.81) 78132 (0.53) 3960 (0.96)
1989.1 17853 (047) 349 (0.88) 15681 (0.90) 1492 (0.63)
1989.2 32669 (043) 1121 (1.30) 13706 (0.75) 3601 (0.93)
1989.3 15594 6 739 39225 1443

1991.1 22333 (0.33) 2920 (1.28) 50458 (0.51y 1341 (0.54)
1991.2 22536 (043) 4385 (0.68) 62961 (0.58) 567 (0.51)
1992 32666 (0.54) 6756 (0.46) 95433 (0.41) 576 (0.9)
1993 58399 (0.52) 4023 (040) 64235 (0.75) 2744 (0.60)
2000 61693 (0.95) 3559 (0.80) 218410 (0.86) 3623 (0.61)
2002 24802  (1.00) 3779 (0.81) 237050 (0.63) 1046 (1.18)
2003 1585 (0.39) 7014 (0.64) 113879 (0.74) 1115 (0.39)
2004 26946  (0.69) 11860 (0.64) 237659  (0.80) 518 (1.18)

Distribution

Figure 4.1 shows the distribution of seabreams in the region between Cunene and Tombua,
Highest concentrations were found off Cunene River mouth, but the species group was
distributed all over the outer shelf from Cunene to Pta. Albina. All seabreams caught deeper
than 80 meters bottom depth were D. macrophthalmus.
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Figure 4.1 Distribution of seabreams (family Sparidae) in the southern region, Cunene-Tombua. Depth contours
at 20, 50 and 100 m.
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4.2  Benguela - Luanda shelf

A total of 48 successful swept-area trawl stations were accomplished on the shelf area (Table
2.1). Table 4.5 presents the catch rates by main species groups on the inner and outer shelf.
The ‘demersal’ group dominated on the inner shelf with an average catches rate of
542 kg/hour and a relative contribution of 57%. Both the relative contribution and mean catch
rate of demersal fish are lower than during last years’ surveys. The ‘pelagic’ group
contributed to about 35%, while shrimps, cephalopods and sharks each contributed less than
1% to the relative mean catch rate.

Demersal fish were also more abundant than pelagic fish on the outer shelf, constituting some
38% of the mean catch rate. The catch rate of the demersal species increased from last year,
while the mean catch rate of the pelagic fish decreased compared to last year. Shrimps,
cephalopods and sharks contributed respectively to 1.8, 1.4 and 0.5% of the total mean catch
rate. All these groups show an increase in their mean catch rates compared to 2003.

Table 4.5 Catch rates (kg/hour) by main groups in swept area bottom trawl hauls on the shelf, Central region. A:
Inner shelf (20-70 m), B: Outer shelf (71-200 m).

A. Inner shelf (20-70 m)

Station Depth Demersal Pelagic Shrimps Cephalopods  Sharks Other Total
3311 63 1321.24 389.02 392 184.50 1 898.68
3313 49 757.20 366.88 196.72  1320.80
3323 57 1 151.32 840.70 6.20 51.78 2 050.00
3324 29 357.04 95.68 1.28 9.68 463.68
3325 64 1463.74 1 388.30 17.94 142.14  3012.12
3332 58 78.76 34.02 3.02 25.68 141.48
3333 42 187.86 4274 16.64 14.88 262.12
3334 29 90.44 130.08 0.54 32.34 5.58 258.98
3339 20 12.49 11.82 2431
3340 28 210.52 64.36 2.88 5.10 40.22 323.08
3341 51 1 141.64 199.92 10.52 116.44 1428 1482.80
3342 36 469.66 668.16 2.88 8464 122534
3346 30 500.64 27.50 0.50 2.38 210.78 741.80
3347 46 379.20 2 828.40 161.40 3369.00
3355 49 674.67 56.15 3.94 26.10 760.86
3356 31 481.78 419.98 2.70 39.58 944.04
3357 31 1221.39 195.54 0.60 4475 1462.28
3358 46 122.06 572 0.66 1.00 129.44
3359 68 571.92 110.24 6.72 20.48 188.08 897.44
3363 32 348.46 62.42 0.42 35.76 447.06
3364 61 97.00 26.50 5.94 11.20 12.08 152.72
3371 31 20.26 318 4.84 12.58 40.86
3372 26 81.54 275.28 2.54 163.16 522.52
3373 50 0.28 0.06 10.78 8.04 19.16
3376 24 1 823.26 109.44 0.50 1.38 39.58 1974.16

MEAN 42 542.08 333.61 0.22 5.96 6.13 68.99 956.99

STADEV 522.97 611.70 0.79 7.49 23.44 72.66 927.17
%CATCH 56.64 34.86 0.02 0.62 0.64 7.21
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B. Outer shelf (71-200 m)

Station Depth Demersal Pelagic Shrimps Cephalopods Sharks Other Total
3309 91 1 854.80 47.58 1.02 10.50 29938 221328
3312 111 119278 170.66 118.68 1482.12
3314 75 182.30 327.10 34,14 70.10 613.64
3315 97 123.28 703.20 0.54 23.23 850.25
3316 109 388.44 9.72 6.00 20.04 424.20
3322 71 20.30 16.34 13.88 21.92 72.44
3326 110 61.22 3.60 0.34 2.26 25.48 92.90
3327 161 285.72 11.04 137.48 3.96 538.22 976.42
3331 102 9.68 1.84 7.44 9.50 72.90 101.36
3337 151 60.85 43.86 144.00 9.93 1272.67 1531.31
3338 120 52.46 10.10 0.76 11.98 21.92 97.22
3343 116 273.30 148.97 0.81 0.35 228.87 652.30
3348 89 15.36 15.80 0.02 12.72 54.04 97.94
3349 148 34.42 27.90 0.04 8.10 24,74 95.20
3353 131 38.78 31.40 5.02 8.20 14.84 98.24
3354 94 124.44 527.88 1.02 5.00 49.98 708.32
3361 174 28.70 5.40 51.84 209472 2 180.66
3362 94 67.42 91.20 2.78 L1.72 32.02 205.14
3365 86 6.58 76.92 4.60 4.40 24.60 11710
3366 103 1.84 266.80 5.38 10.00 18.98 303.00
3370 94 728.30 611.76 17.46 9.56 61.74 1428.82
3374 113 4.06 35.20 0.20 6.60 5.80 671.36 723.22
3377 81 279.97 184.39 0.64 451 14.43 483.94
3378 116 35.50 8.20 1.90 372 60.52 109.84

MEAN 110 244.60 140.70 11,94 8.90 3.17 243.14 652.45

STADEV 438.74 204.10 39.69 11493 4.50 489.63
%CATCH 37.49 21.57 1.83 1.36 0.49 37.27
Pelagic groups

Catch rates of the most important pelagic fish groups are presented in Table 4.6, Carangids
dominated the catches of pelagic species with a contribution of 17% of the mean catch rate on
the inner shelf. The most abundant carangid species was Cunene horse mackerel
(Trachurus trecae), while both Atlantic bumper (Chloroscombrus chrysurus) and African
lookdown (Selene dorsalis) were caught frequently. The clupeids were mainly found on the
inner shelf where they contributed to 4% of the catches and consisted mainly of the two
species of sardinella (Sardinella aurita and S. maderensis) and of Ilisha africana. Barracudas
were only caught on the inner shelf and in one station on the outer shelf. They contributed to
0.8% of the overall catch on the inner shelf. Hairtails were often caught on both the inner
(13%) and outer (12%) shelf.
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Table 4.6 Catch rates (Kg/hour) of main pelagic families on the shelf in swept-area bottom trawl hauls, Central
region. A: Inner shelf (20~70 m), B: Outer shelf (71-200 m).

A. Inner shelf (20-70 m)

Station Depth Clupeids  Carangids Scombrids Hairtails Barracudas  Other Total
3311 63 263.56 4.50 120.96 1509.66 1898.68
3313 49 6.16 348.24 8.48 4.00 953.92 132080
3323 57 6.50 829.56 4.64 1209.30 2 050.00
3324 29 76.88 15.36 3.44 368.00 463.68
3325 64 113.82 1 274.48 1623.82 3012.12
3332 58 0.24 23.30 10.48 107.46 141.48
3333 42 12.50 23.70 6.54 219.38 262,12
3334 29 108.30 12.36 9.42 128.90 258.98
3339 20 2431 2431
3340 28 2.96 40.48 2.60 1.36 16.96 253.62 317.98
3341 51 199.08 0.84 116644 1366.36
3342 36 318.24 291.60 58.32 562.28 123044
3346 30 15.80 6.44 2.88 2.38 830.74 858.24
3347 46 6.30 30.45 2 786.40 5.25 540.60 3 369.00
3355 49 37.02 19.13 704.71 760.86
3356 31 286.64 59.40 57.74 16.20 524.06 944.04
3357 31 3.18 178.17 14.19 1266.74 146228
3358 46 5.72 123.72 129.44
3359 68 109.12 1.12 787.20 897.44
3363 32 0.56 51.58 10.28 384.64 447.06
3364 61 2.02 23.00 0.54 0.94 126.22 152.72
3371 31 3.18 37.68 40.86
3372 26 0.22 275.06 247.24 522:52
3373 50 0.02 0.04 19.10 19.16
3376 24 12.24 13.86 2.02 81.32 186472 1974.16

MEAN 42 40.38 163.87 0.70 121.32 7.33 623.38 956.99

STADEV 85.47 294.90 1.94 555.93 16.38 548.63
%CATCH 4.22 17.12 0.07 12.68 0.77 65.14
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B. Outer shelf (71-200 m)

Station Depth Clupeids Carangids Scombrids Hairtails Barracudas Other Total
3309 91 2.26 45.32 216570 221328
3312 11 170.66 131146 1482.12
3314 75 15.60 311.50 286.54 613.64
3315 o7 54.51 648.69 147.05 850.25
3316 109 9.72 41448 42420
3322 71 15.50 0.84 56.10 72.44
3326 110 3.60 89.30 92.90
3327 161 11.04 965.38 976.42
3331 102 1.04 0.80 99.52 101.36
3337 151 43.86 148745 153131
3338 120 10.10 87.12 97.22
3343 116 148.97 503.33 652.30
3348 89 15.80 §2.14 97.94
3349 148 27.90 67.30 95.20
3353 131 28.10 3.30 66.84 98.24
3354 94 390.48 137.40 180.44 708.32
3361 174 3.02 2.38 217526 2 180.66
3362 94 91.20 113.94 205.14
3365 86 4.02 72.90 40.18 117.10
3366 103 266.80 36.20 303.00
3370 94 581.68 30.08 817.06 142882
3374 113 0.00 35.20 688.02 723.22
3377 81 17.94 166.45 299.55 483.94
3378 116 8.20 101.64 109.84

MEAN 110 0.17 64.21 76.29 0.04 511.75 652.45

STADEV 0.82 144.65 145.01 0.17 654.87 664.61
%CATCH 0.03 9.84 11.69 0.01 78.43 100.00
Demersal groups

Table 4.7 presents the catch rates of the most valuable demersal species on the shelf down to
200 m grouped into ‘families’: Seabreams (Sparidae except Boops boops), snappers
(Lutjanidae), groupers (Serranidae), grunts (Haemulidae except Brachydeuterus auritus), and
croakers (Sciaenidae).

Seabreams contributed to 6% of the total mean catch rate on the inner shelf, and was in
addition to the grunts the main demersal groups on both the inner and outer shelf. The mean
catch rates of seabreams had increased by 40 and 45% on the inner and outer shelf,
respectively, compared to the 2003 survey. This increase was mainly caused by higher catch
rates of Dentex macrophthalmus during the 2004 survey. Other seabreams were Pagellus
bellottii, Dentex canariensis, D. angolensis and D. barnardi. Both croakers (mainly Umbrina
canariensis, Atractoscion aequidens, Pseudotolithus typus) and grunts (Pomadasys incisus,
P. jubelini and P. peroteti), which only inhabits the inner shelf, showed a large reduction in
the their mean catch rates compared to 2003. During the 2004 survey grunts and croakers
contributed to about 6 and 2% of the total mean catch rate on the inner central shelf. Like in
previous surveys snappers were rare on the shelf, found only in one station on the inner shelf.
Groupers, mainly Epinephelus aeneus, were found only on the inner shelf and in one station
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on the outer shelf, and the relative mean catch rate was 0.3% of the total rate on the inner

shelf.

Table 4.7 Catch rates (kg/hour) of commercial demersal species grouped by families in swept-area bottom trawl
hauls. Central region. A: Inner shelf (20-70 m), B: Outer shelf (71-200 m).

A. Inner shelf (20-70 m)

Station Depth  Seabreams  Snappers Groupers  Grunts  Croakers Other Total
3311 63 282.90 612.04 145.42 85832 1898.68
3313 49 21742 0.32 394.32 22.56 686.48 1320.80
3323 57 176.38 9.60 1864.02 2050.00
3324 29 10.08 14.48 3.68 435.44 463.68
3325 64 46.84 296528 301212
3332 38 61.96 8.30 71.22 141.48
3333 42 126.30 3.96 30.90 100.96 262.12
3334 29 7.56 42.38 2.10 206.94 258.98
3339 20 2431 24.31
3340 28 2.56 3.44 3.72 308.26 317.98
3341 51 18.90 7.64 1339.82 1366.36
3342 36 8.90 9.00 76.16 113638 123044
3346 30 858.24 858.24
3347 46 1.95 3367.05 3369.00
3355 49 296.44 16.54 74.36 373.52 760.86
3356 31 34.04 910.00 944 .04
3357 31 4.24 10.62 15.18 143224 146228
3358 46 4.00 110.90 14.54 129.44
3359 68 61.36 13.28 6.88 815.92 897.44
3363 32 6.72 440.34 447.06
3364 61 23.66 16.40 112.66 152.72
3371 31 18.12 2.14 20.60 40.86
3372 26 55.02 20.80 5.60 441.10 522.52
3373 50 0.28 18.88 19.16
3376 24 2.58 1971.58 1974.16

MEAN 42 58.26 0.83 3.11 52.48 11.35 830.96 956.99

STADEV 89.62 4.16 9.02 141.58 32.02 905.77
%CATCH 6.09 0.09 0.32 5.48 1.19 86.83
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B. Quter shelf (71-200 m)

Station Depth  Seabreams  Snappers Groupers  Grunts  Croakers Other Total
3309 91 416.50 141294 383.84 221328
3312 111 786.60 309.58 385.94 1482.12
3314 75 84.10 7.10 53.00 24.00 445.44 613.64
3315 97 46.89 57.94 745.42 850.25
3316 109 147.12 4.32 272.76 424.20
3322 71 3.36 12.10 4.30 52.68 72.44
3326 110 53.78 1.50 37.62 92.90
3327 161 18.84 957.58 976.42
3331 102 8.50 92.86 101.36
3337 151 3.33 4.10 1523.88 1531.31
3338 120 39.36 4.68 53.18 97.22
3343 116 77.60 2.83 571.87 652.30
3348 89 6.44 0.36 91.14 97.94
3349 148 32.42 62.78 95.20
3353 131 28.20 70.04 98.24
3354 94 708.32 708.32
3361 174 7.10 2173.56  2180.66
3362 94 10.62 194,52 205.14
3365 86 6.08 111.02 117.10
3366 103 0.60 302.40 303.00
3370 94 23.40 36.78 1368.64 142882
3374 113 2.14 1.22 719.86 72322
3377 81 1.60 13.82 468.52 483.94
3378 116 16.70 93.14 109.84

MEAN 110 75.89 0.30 2.71 78.27 495.29 652.45

STADEV 174.30 1.45 10.99 291.23 544.68
%CATCH 11.63 0.05 0.42 12.00 75.91

Biomass estimates

Table 4.8 shows the time series from 1985 to 2004 of swept-area biomass estimates for
commercial species and groups of species on the shelf off central Angola. The biomass
estimates were calculated by stratifying by depth (20-50 m, 51-100 m and 101-200 m), and
the CVs were estimated by equation 5, Annex IV. The different strata have been sampled with
different intensity through the years and Annex VII shows the numbers of trawls that have
been conducted by strata by survey. It must be stressed that the biomass estimates presented
for the pelagic species cannot be trusted as a good reflection of the true biomass of those
species. Pelagic fish species are often not available for a commercial trawl because they swim
to high above the seabed, therefore the biomass estimates given in Table 4.8 may reflect their
availability to the trawl and not only the abundance.

Seabreams, where Dentex macrophthalmus is the most abundant species, is the most
important commercial demersal species group in Angola. This group shows large biomass
fluctuations between surveys, and in 2003 the biomass estimate of seabreams decreased from
2002 with as much as 75% from 22 000 tones to only 5 600 tones. The 2004 survey estimate
of 10 200 indicates that seabreams have increased with 100% since last year, however the
2004 estimate is still only the half of the 2002 estimate.
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North of Benguela M. polli is the only hake species and the survey estimates have varied
much during the last 5 surveys. The 2004 biomass estimate of M. polli is the second lowest
since 2000 and is considerable lower than the previous two years. Snappers inhabits rocky
bottom, habitats that are not good covered during the demersal surveys because these areas
are impossible to trawl. Therefore, the numbers in Table 4.8 do not reflect the state of the
snapper populations. The 2004 biomass estimate of croakers is the highest since 2000 and the
biomass has been quite stabile during the three last years. However, by comparing with the
surveys in 1994 and 1995 the croakers biomass is considerable lower now. Grunts and
groupers are showing similar biomass trends since 2000 where the 2004 estimates are much
lower than the 2003 estimates, but higher than the low estimates of 2001,

The commercial valuable shrimp species P. longirostris inhabits the slope and deeper part of
the shelf. The 2004 estimate of this species is very high compared to all the surveys since
1998, and is on about the same level as the 1997 estimate. As shown in Table 4.8 the biomass
is 130 and 160% higher than the estimates of 2003 and 2002, respectively.
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Distribution
Figure 4.2 shows the distribution of seabreams in the central region between Benguela and
Luanda. The highest concentrations were found off Lobito. This distribution pattern is similar

to the pattern observed during previous surveys, but in 2003 high densities were also observed
between Pta. do Morro and Cabo Sio Braz.
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Figure 4.2 Distribution of seabreams (Sparidae) in the central region, Benguela—Luanda, Depth contours at 20,
50, 100, 200 and 500 m.
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4.3 Luanda—Congo River shelf

This year survey covered the northern region of Angolan waters from Luanda to Congo River.
The area north of Congo River is inaccessible to fisheries surveys due to the restricted oil
exploitation areas. During many of the previous surveys this area was covered and thereby
making abundance estimates difficult to compare. Hence, the species abundances of the
northern region were calculated by excluding stations north of Congo River. A total of 59
successful swept-area trawl stations were accomplished on the shelf area in 2004 (Table 2.1).
Table 4.9 presents the catch rates by main species groups on the inner and outer shelf,

The ‘demersal’ group dominated the inner shelf with an average catch rate of 389 kg/hour and
a relative contribution of 58%. Both the relative contribution and the mean catch rate of
demersal fish have decreased since 2003 and the mean catch rate is only 33% of the catch rate
of last year. The ‘pelagic’ group contributed about 28%, while shrimps, cephalopods and
sharks each contributed less than 1%. The mean catch rate of the pelagic group was about
58% less in 2004 than in 2003. Demersal and pelagic fish contributed to respectively 28 and
26% on outer shelf. The mean catch rate of demersal fish on the outer shelf was 91 kg/h,
which is a decrease of 45% from the 2003 survey. The mean catch rate of pelagic fish
declined with 28% for the same period. Shrimps contributed to 0.03%, cephalopods with 2%
and sharks with 0.7% of the overall mean catch rate.

Table 4.9 Catch rates (kg/h) by main groups caught in valid swept-area hauls. Northern region. A. Inner shelf
(20-70 m), B. Outer shelf (71-200 m).

A. Inner shelf (20-70 m)

Station Depth  Demersal Pelagic  Shrimps Cephalopods Sharks Other Total
3394 30 176.06 45.86 2.64 27.90 63.34 315.80
3395 45 717.88 71.24 21.44 9.60 41.22 861.38
3396 52 1075.70 114.20 166.48 135638
3407 64 840.90 84.90 0.20 7.70 933.70
3408 45 1256.78 354.76 17.68 11.00 22826 1868.48
3409 27 471.40 304.44 355.68 1131.52
3414 26 908.02 66.28 4.74 15494 1133.98
3415 4] 170.04 159.92 0.32 1.88 14.84 347.00
3416 63 655.95 883.51 27.24 47.51 161421
3417 70 245.40 474.12 7.80 15.16 742.48
3422 28 735.88 656.62 37.58 7.88 15.70 279.08 1732.74
3423 42 482.33 66.57 3.70 7.87 560.47
3424 56 22.88 152.16 0.14 9.12 15.58 199.88
3434 28 317.62 176.40 0.10 10.80 157.38 662.30
3435 26 194.82 11.80 42.62 249.24
3441 63 5.82 8.52 11.30 18.88 44.52
3442 43 82.30 3.98 109.30 195.58
3443 42 2.38 24.00 4.36 16.04 46.78
3444 39 16.94 5.56 12.00 34.50
3445 68 76.08 85.08 0.94 162.10
3452 55 64.20 9.12 6.50 7.86 87.68
3482 48 37.52 368.64 11.40 1.69 9.71 428.96

MEAN 46 388.95 187.44 2.92 5.26 3.49 80.56 668.62

STADEV 387.91 233.22 8.66 7.38 7.21 100.87
%CATCH 58.17 28.03 0.44 0.79 0.52 12.05
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B. Outer Shelf (71-200 m)

Station Depth  Demersal Pelagic  Shrimps Cephalopods Sharks Other Total
3388 144 68.36 13.66 0.38 3.04 6.70 339.06 431.20
3389 114 48.28 60.20 5.54 8.00 59.10 181.12
3397 83 45.56 152.80 0.06 15.08 37.52 251.02
3308 163 62.12 49.90 1.44 5.94 1.00 643.06 763.46
3404 142 19.64 11.02 29.32 0.56 27.02 87.56
3405 111 21.77 12.30 4.05 16.10 54.22
3406 85 215.18 368.48 7.14 18.76 609.56
3410 116 101.20 21.38 3.96 22.72 149.26
3418 96 30.72 22.14 6.34 30.60 89.80
3419 206 69.04 28.14 11.78 32.84 141.80
3420 166 48.29 28.37 336330 343996
3425 72 16.60 375.76 10.10 38.62 441,08
3426 88 5.64 76.30 8.90 4.60 25.18 120.62
3427 117 164.30 209.98 0.32 1.38 61.74 437.72
3432 88 21.86 59.08 19.08 33.08 133.10
3433 71 29.28 38.26 32.48 11.72 111.74
3439 115 121.72 251.62 1.24 0.32 52.80 427.70
3440 87 193.18 597.70 12.50 4.90 47.30 855.58
3446 79 190.70 9.20 0.10 2.96 202.96
3447 92 87.38 88.27 1.62 7.57 184.84
3448 107 181.98 8.88 1.96 9.70 430 206.82
3449 133 111.92 0.64 1.34 31.46 145.36
3453 81 229.82 96.78 2.54 7.20 336.34
3454 95 57.18 46.20 1.48 3.00 45.12 152.98
3455 108 44,13 8.08 1.33 25.07 78.61
3456 114 130.74 26.14 1.92 4.00 21.72 184.52
3457 124 85.86 162.24 10.94 4.84 263.88
3465 136 177.84 22.00 0.08 1.52 151.72 353.16
3466 89 12.34 5.74 2.34 12.36 32.78
3467 81 325.92 1.10 8.36 4.40 24.70 364.48
3468 87 231.88 204.60 20.16 19.58 476.22
3469 111 57.84 43,04 5.08 6.50 12.26 124.72
3474 152 37.42 1.18 6.52 12.30 12.54 69.96
3475 119 24.98 14.60 6.16 8.68 35.64 90.06
3476 119 11.16 4.62 4.50 14.00 482 39.10
3477 154 25.40 16.51 0.02 3.53 19.09 64.55
3481 71 69.50 16.74 4.46 2.46 14.66 107.82

MEAN 111 91.26 85.23 0.11 7.10 2.45 143.73 329.88

STADEV 79.21 129.92 0.31 7.64 3.88 555.96
%CATCH 27.67 25.84 0.03 2.15 0.74 43.57
Pelagic groups

Catch rates of the most important pelagic fish families, caught with bottom trawls during this
survey, are presented in Table 4.10. Carangids and was the dominating pelagic species group
on the inner and outer shelf, and as previous years the most abundant pelagic species was
Cunene horse mackerel (Trachurus trecae). Atlantic bumper (Chloroscombrus chrysurus) and
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African lookdown (Selene dorsalis) were also often caught on the inner shelf. The clupeids,
mainly /lisha africana and sardinella (Sardinella aurita and S. maderensis) were caught both
on the inner and outer shelf where they contributed to about 2.2 and 1.9% of the mean catch
rate. Barracudas, mainly Sphyraena guachancho, were frequently caught on the inner shelf,
but were not found on the outer shelf. They contributed to 3.4% of the overall catch on the
inner shelf. Hairtails were found on both the inner (6.9%) and outer (5.4%) shelf.

Table 4.10 Catch rates (kg/h) of main pelagic species grouped by families caught in valid swept-area hauls.
Northern region. A. Inner shelf (20-70 m), B. Outer shelf (71-200 m).

A, Inner shelf (20-70 m)
Station Depth  Clupeids Carangids Scombrids Hairtails Barracudas  Other Total

3394 30 1.74 15.12 10.00 19.00 269.94 315.80
3395 45 2.70 51.94 5.50 11.10 790.14 861.38
3396 52 6.28 33.80 47.88 26.24 124218 1356.38
3407 64 0.80 25.00 56.90 2.20 848.80 933.70
3408 45 17.68 45.24 291.84 151372 186848
3409 27 5172 33:12 150.60 69.00 827.08 1131.52
3414 26 §3.15 0.19 9.77 3.17 1067.70 113398
3415 41 152.44 3.80 3.68 187.08 347.00
3416 63 17.27 860.07 6.17 730.70 161421
3417 70 0.28 54.24 419.60 268.36 742.48
3422 28 145.14 378.42 117.18 15.88 1076.12 1732.74
3423 42 0.27 45.96 15.54 4.80 493.90 560.47
3424 56 0.48 124.40 26.50 0.78 47.72 199.88
3434 28 52.30 80.40 43.70 485.90 662.30
3435 26 0.50 6.82 1.34 314 237.44 249.24
3441 63 4.74 2.88 0.90 36.00 44.52
3442 43 0.00 195.58 195.58
3443 42 12.56 11.18 0.26 22.78 46.78
3444 39 2.96 2.60 28.94 34.50
3445 68 9.58 75.50 77.02 162.10
3452 55 1.74 7.38 78.56 87.68
3482 48 368.64 60.32 428.96
MEAN 46 15.12 103.63 0.19 45.89 22.61 481.18 668.62
STADEV 3424 199.91 0.66 92.79 62.52 456.52
%CATCH 2.26 15.50 0.03 6.86 3.38 71.97
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B. Outer shelf (71-200 m)

Station Depth  Clupeids Carangids Scombrids Hairtails Barracudas  Other Total
3388 144 4.10 9.56 417.54 431.20
3389 114 8.70 51.50 120.92 181.12
3397 83 14.90 137.90 98.22 251.02
3398 163 49.90 713.56 763.46
3404 142 11.02 76.54 87.56
3405 111 8.66 3.64 41.92 54.22
3406 85 6.02 359.10 3.36 241.08 609.56
3410 116 428 17.10 127.88 149.26
3418 96 13.14 9.00 67.66 89.80
3419 206 20.40 1.74 113.66 141.80
3420 166 28.37 341159 343996
3425 72 3.50 289.90 82.36 65.32 441.08
3426 88 59.10 17.20 4432 120.62
3427 117 209.98 227.74 437.72
3432 88 0.48 34.50 24.10 74.02 133.10
3433 71 1.28 15.36 3.28 16.90 73.48 110.30
3439 115 248.53 3.09 1.34 176.08 429.04
3440 87 127.28 470.42 257.88 855.58
3446 79 0.16 3.54 5.50 193.76 202.96
3447 92 0.78 85.33 2.16 96.57 184.84
3448 107 0.28 8.60 197.94 206.82
3449 133 0.64 144,72 145.36
3453 81 2.88 76.20 17.70 239.56 336.34
3454 95 31.80 14.40 106.78 152.98
3455 108 5.85 2.23 70.53 78.61
3456 114 21.80 434 158.38 184.52
3457 124 59.64 102.60 101.64 263.88
3465 136 22.00 331.16 353.16
3466 89 0.10 5.64 27.04 32.78
3467 81 0.40 0.70 363.38 364.48
3468 87 91.34 105,70 7.56 271.62 476.22
3469 111 0.32 38.90 3.82 81.68 124.72
3474 152 1.18 68.78 69.96
3475 119 14,10 0.50 75.46 90.06
3476 119 3.60 1.02 34.48 39.10
3477 154 0.74 15.77 48.04 64.55
3481 71 0.12 8.72 7.90 91.08 107.82

MEAN 111 6.34 60.91 0.09 17.86 0.04 244.65 329.88

STADEV 25.34 110.62 0.54 30.41 0.22 551.75
%CATCH 1.92 18.46 0.03 5.41 0.01 74.16
Demersal groups

Table 4.11 presents the catch rates of the most valuable demersal species on the shelf down to
200 m grouped into families: seabreams (Sparidae except Boops boops), snappers
(Lutjanidae), groupers (Serranidae), grunts (Haemulidae except Brachydeuterus auritus) and
croakers (Sciaenidae). Among the seabreams, Pagellus bellottii, Dentex congoensis,
D. canariensis, D. barnardi and D. angolensis were the dominating species in the north
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(Annex IIT). Dentex macrophthalmus was only found in a few locations and in low densities.
The mean catch rate of seabreams on the inner shelf was about 80 kg/h, which is about four
times higher than the mean of last year’s survey. The seabreams contributed to 19% of the
total on the outer shelf and the mean catch rate of 64 kg/h was about 34% lower than the mean
of last year. The non-commercial bigeye grunt (Brachydeuterus auritus) was the overall most
abundant species among the grunts. The commercially important grunts (e.g. Pomadasys spp.)
were caught with a mean catch rate of about 53 kg/h on the inner shelf, which is 178% higher
than the catch rate last year. The average density of groupers, mainly Epinephelus aeneus,
was 4.4 kg/h on the inner shelf and 2.4 kg/h on the outer shelf. Croakers, mainly Umbrina
canariensis and Pseudotolithus typus, had relative high densities on both on the inner
(62 kg/h) and outer shelf (16 kg/h). As in the central region, the snappers were rare and were
only caught in two stations on the inner shelf.

Table 4.11 Catch rates (kg/h) of commercial demersal fish species grouped by families caught in valid swept-
area hauls. Northern region. A: Inner shelf (20-7 Om), B. Outer shelf (71-200 m).

A. Inner shelf (20-70 m)

Station Depth  Seabreams Snappers Groupers Grunts  Croakers Other Total

3394 30 0.48 0.44 314.88 315.80
3395 45 28.60 0.86 68.60 26.60 736.72 861.38
3396 52 91.90 3.40 2.24 69.92 118892 135638
3407 64 305.00 371.70 58.70 198.30 933.70
3408 45 51.86 374.64 201,74 1240.24 1 868.48
3409 27 13.14 91.76 102662 1131.52
3414 26 14.98 200.65 683.39 23496 1133.98
3415 4] 8.88 1.40 336.72 347.00
3416 63 559.36 9.03 13.62 103220 161421
3417 70 155.30 56.50 27.10 424 49934 742,48
3422 28 15.54 1.80 84.78 147.22 148340 173274
3423 42 116.36 4.65 12.93 426.53 560.47
3424 56 6.44 2.48 4.36 452 182.08 199.88
3434 28 68.00 5.40 588.90 662.30
3435 26 166.30 12.10 16.42 54.42 249.24
3441 63 5.82 38.70 44,52
34472 43 71.94 0.52 0.46 122.66 195.58
3443 42 2.38 44.40 46.78
3444 39 8.10 5.92 2.78 17.70 34.50
3445 68 15.28 60.80 86.02 162.10
3452 55 45.40 42.28 87.68
3482 48 3752 391.44 428.96
MEAN 46 80.70 0.57 4.40 53.22 62.11 467.61 668.62

STADEV 129.85 2.58 12.29 113.29 148.95 452.84
%CATCH 12.07 0.09 0.66 7.96 9.29 69.94
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B. Quter shelf (71-200 m)

Station Depth  Seabreams Snappers Groupers  Grunts  Croakers Other Total
3388 144 42.10 7.84 381.26 431.20
3389 114 30.60 5.40 145.12 181.12
3397 83 5.50 4.62 240.90 251.02
3398 163 45.14 9.40 708.92 763.46
3404 142 14.34 1.24 71.98 87.56
3405 111 13.03 0.26 6.64 34.29 54.22
3406 85 27.30 187.88 394.38 609.56
3410 116 23.16 74.30 51.80 149.26
3418 96 28.00 61.80 89.80
3419 206 18.62 46.72 76.46 141.80
3420 166 9.29 30.00 3400.67 3439.96
3425 72 9.80 6.80 424,48 441.08
3426 88 5.20 0.40 115.02 120.62
3427 117 159.13 4.82 273.78 437.73
3432 88 21.52 111.58 133.10
3433 71 29.16 82.58 111.74
3439 115 53.87 15.83 358.00 427.70
3440 87 141.48 28.10 14.66 671.34 855.58
3446 79 156.16 34.30 0.24 12.26 202.96
3447 92 70.31 17.00 97.53 184.84
3448 107 181.98 24.84 206.82
3449 133 111.92 33.44 145.36
3453 81 72.20 5.06 52.60 206.48 336.34
3454 95 53.40 99.58 152.98
3455 108 44.13 34.48 78.61
3456 114 39.84 90.90 53.78 184.52
3457 124 85.86 178.02 263.88
3465 136 161.68 13.94 177.54 353.16
3466 89 12.34 20.44 32.78
3467 81 322.40 3.52 38.56 364.48
3468 87 231.88 24434 476.22
3469 111 56.08 68.64 12472
3474 152 34.88 35.08 69.96
3475 119 24.56 65.50 90.06
3476 119 8.16 30.94 39.10
3477 154 20.50 4.09 39.96 64.55
3481 71 28.66 7.52 71.64 107.82

MEAN 111 64.71 238 15.83 246.96 320.88

STADEV 72.00 7.61 36.02 559.92
"% CATCH 19.62 0.72 4.80 74.86

Biomass estimates

Table 4.12 shows the time series from 1985 to 2004 of swept-area biomass estimates for
commercial species and species groups on the shelf off northern Angola. The biomass
estimates were calculated by stratifying by depth (20-50 m, 51-100 m and 101-200 m), and
the CVs were estimated by equation 5, Annex IV. The different strata have been sampled with
different intensity through the years and Annex VII shows the numbers of trawls that have
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been conducted by strata by survey. It must be stressed that the biomass estimates presented
for the pelagic species cannot be trusted as a good reflection of the true biomass of those
species. Pelagic fish species are often not available for a commercial trawl because they swim
to high above the seabed, therefore the biomass estimates given in Table 4.12 may reflect
their availability to the trawl and not only the abundance.

The biomass estimates of seabreams in the northern shelf show an increase from last year.
The biomass show a positive trend since 2001, but is still lower than the estimates in 1999 and
2000. P. longirostris were only found in low densities on the northern shelf as in recent years
and the high CV indicates that the precision of these estimates are low. The 2004 biomass
estimate of croakers is similar to the 2003 estimate, but is about the double of the estimates in
the period 2002-2004. However, the 1996, 1997 and 1999 estimates were considerable higher
than the estimates of the last two years. The grunts show an increased biomass compared to
the estimates of 2000-2003, but the 2004 estimate is significant lower than the estimates for
the period 1996-1999. The biomass estimates of the groupers have varied during the last years
and reveal no evident trend. The high CVs also indicate that the precisions of these estimates
are low.
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Distribution

Seabreams were distributed on the whole northern shelf. The highest densities were found off
Pta. da Moita Seca, west off the area between Cabeca de Cobra and N’zeto and north off
Luanda. The main concentrations south of N’zeto were on the inner shelf, while the highest
concentration further north were on deeper waters. It seems like the distribution of seabreams
was more north during 2004 compared the 2003 survey, and it is possible that some of the
seabreams stock was distributed north of the survey area in 2004.
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Figure 4.3 Distribution of seabreams (Sparidae) in the northern region, Luanda-Congo River. Depth contours at
20, 50, 100, 200 and 500 m.
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CHAPTER 5 CATCH RATES, BIOMASS ESTIMATES AND DISTRIBUTION OF
DEEP-WATER SHRIMP AND HAKE (SLOPE)

The slope (from 201 to 800 m) of the southern region (Cunene-Tombua) was covered with
8 trawl stations, while the central region (Benguela-Luanda) was covered with 22 valid swept-
area hauls, and the slope of the northern region (Luanda-Congo River) was covered with 40
hauls. The distribution of the hauls by region, position and depth intervals are shown in Table
2.1 and Figure 2.1-2.3. The results from the swept-area analysis by region and depth intervals
are presented in Annex III.

5.1 Cunene-Tombua slope

Table 5.1 presents the catch rates by main species groups on the slope off southern Angola.
The demersal group contributed to 46% of the average catch rate, while the ‘other’ group (i.e.
by-catch) contributed to 51%. The relative contribution of pelagic fish and shrimps was 1%
each, while cephalopods contributed to about 0.6% and sharks to 0.3% of the overall catches.
The definitions of the species groups are given in Annex V.

Table 5.1 Catch rates (kg/h) by main groups in swept area bottom trawl hauls on the slope (201-800 m) in
southern Angola.

Station Depth  Demersal Pelagic  Shrimps Cephalopods Sharks Other Total

3284 317 1168.82 538.51 170733
3285 523 9.70 5.76 17.60 0.46 579.14 612.66
3286 657 13.70 1.05 6.29 284.26 305.30
3287 660 21.82 43.56 8.28 462.78 536.44
3288 447 163.92 15.12 16.32 195.54 390.90
3289 268 1784.28 12.55 6.98 1284.59 3 088.40
3297 607 6.79 7.20 12.11 18.65 1.69 165.77 212.21
3298 343 366.50 25.64 1.14 22.70 411.56 827.54
MEAN 478 441.94 9.80 9.52 5.46 3.11 490.27 960.10
STADEV 670.75 14.96 8.43 8.11 7.94 355.11
% CATCH 46.03 1.02 0.99 0.57 0.32 51.06

Table 5.2 shows the mean catch rates of the main commercial species; hake (Merluccius
polli), the most important shrimp species (Parapenaeus longirostris, Aristeus varidens and
Nematocarcinus africanus), and by-catch species (‘other’) on the slope of the southern region.
D. macrophthalmus was the only seabream species caught on the southern slope, with a mean
catch rate of 41 kg/hour. Last year D. macrophthalmus was not observed on the slope in this
region.

Mean catch rates of hake were 400 kg/h, which is 10 times more than the catch rate of hake
last year. The catch rates of the shrimps species P. longirostris and A. varidens and
N. africanus were 4.1, 3.7 and 0.8 kg/h, respectively. The catch rates of 4. varidens and
N. africanus are higher than those observed during last year survey, while the catch rate of
P. longirostris was the same as last year. The southern slope is very difficult to survey due to
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unsuitable bottom conditions, and the survey design has not been standardized during
previous surveys. Therefore, it is difficult to compare the present situation of the species in
Table 5.2 with previous surveys.

Table 5.2 Catch rates (kg/h) by main commercial groups in swept area bottom trawl hauls on the slope (201-
800 m) in southern Angola.

Station Depth  Seabreams Hake P.longirostris Avaridens N.africanus  Other Total
3284 317 29.56 1139.26 538.51 1707.33
3285 523 9.70 5.76 59720 61266
3286 657 13.70 0.89 0.06  290.65 305.30
3287 660 21.10 5.22 0.18  509.94 536.44
3288 447 163.92 16.32 210.66 390.90
3289 268 100.68 1 683.60 6.98 1297.14 3 088.40
3297 607 6.63 7.28 198.30 212.21
3298 343 197.50  169.00 25.64 435.40 827.54

MEAN 478 40.97  400.86 4.08 371 0.75 50973 960.10

STADEV 7230  643.99 9.05 5.82 2.03 35223
% CATCH 4.27 41.75 0.42 0.39 0.08 53.09

Biomass estimates

The biomass estimates presented in Table 5.3 are estimated by calculating the mean density
[t/NM?] of the stations conducted on depths deeper than 200 m and shallower the 600 m. No
depth stratification was possible due to the low sampling intensity on the southern slope. The
southern region has not been systematic surveyed during the years and due to low sampling
effort in this region the estimates are very imprecise as indicated by the very high CVs.
Therefore, it makes any biomass comparisons difficult. However, the trawl station positions
of the 2000, 2003 and 2004 surveys were similar. Table 5.3 shows that the hake biomass
estimate of 2004 is more than 10 times higher than last year. M. capensis was the dominating
hake species during 2004 and contributed to about 99% of the hake biomass. The
P. longirostris show some decline from last year but because of the high variation there is not
any statistical significant difference between the 2003 and 2004 biomass estimates.

Table 5.3 Biomass estimates (tones) of important species group on the slope (200-600 m) in the southern region.
CVs are in brackets.

Sharks Hake Seabreams  P.longirostris N. Africanus  A. Varidens

1986.1 66  (0.40) 2754 (0.84) 1261 (095 O NA 0 NA 106  (1.00)
1991.1 463 (0.33) 3285 (0.52) 325 (0.83) 21 (0.77)y O NA 0 NA
19912 506 (0.68) 19798 (0.62) 2669 (0.08) 0 NA 0 NA 0 NA

1992 49 (0.19) 10793 (0.82) 2035 (1.00) 15 (1.00) 59 (1.00) 161 (1.00)
1997 917 NA 3411 NA 413 NA 13 NA 0 NA 0 NA
2000 73 (047) 3358 (0.86) O NA 44 (084) 0 NA 0 NA
2002 104 NA 1245 NA 0 NA 0 NA 0 NA 0 NA
2003 226 (0.34) 454 (1.00) O NA 79 (1.00) 0O NA 0 NA

2004 40 (0.97) 5749 (0.53) 579 (0.57) 57 (075 10 (1.00) 30 (1.00)
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Distribution

Figure 5.1 show the distribution of the two hake species found in the southern region,
Merluccius polli and M. capensis. The distribution covers large parts of the slope and the
shelf. As in 2002 the hake covered the area north of Baia dos Tigres, which was the area
where hake was not observed in 2003. The highest densities were found in the shallow part of
the slope off Cunene River. Note than 99% of the hake was M: capensis.
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Figure 5.1 Distribution of hake (Merluccius spp.) in the southern region, Cunene - Tombua. Depth contours at
20, 50, 100, 200 and 500 m.
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5.2  Benguela—Luanda slope

Table 5.4 presents the catch rates by main species groups on the slope off central Angola. The
‘demersal’ group dominated the catches with an average catch rate of about 400 kg/h and a
relative contribution of 48%. The ‘other’ group (i.e. by-catch species) had an average catch
rate of 281 kg/hour and a relative contribution of 34%, while ‘pelagic’ group contributed to
4.9% of the total catch rate. Cephalopods and sharks each contributed to about 1.5 % and
shrimps contributed to about 13.5% of the overall catches and had an average catch rate of
107 kg/h. The definitions of the species groups are given in Annex V. The average catches of
all the main species presented in Table 5.4 were higher during the 2004 survey than during
2003.

Table 5.4 Catch rates (kg/hour) by main groups in swept-area bottom trawl hauls on the slope (201-800 m).
Central region.

Station Depth Demersal  Pelagic = Shrimps Cephalopods  Sharks Other Total

3308 765 9.72 29.50 0.20 112.72 152.14
3310 738 12.54 14.90 2.56 67.76 97.76
3317 662 11.16 33.16 19.18 3.20 62.30 129.00
3318 574 27.48 0.66 54.66 1.26 132.06 216.12
3319 470 8.84 272 161.28 10.80 274 47.68 234.06
3320 258 1 769.00 21.34 40.10 41428 224472
3328 683 91.10 40.08 10.32 2.82 142.08 286.40
3329 351 432.00 74.40 12.60 140.10 231.20 890.30
3330 355 2 938.00 3.50 175.00 68.50 332,50 3517.50
3335 536 0.00 27.30 219.70 12.30 8.50 81.70 349.50
3344 360 1274.00 197.86 1.30 98.80 1571.96
3345 494 0.70 87.50 117.00 3.60 44.00 252.80
3350 327 747.50 287.60 8.76 399.52 144338
3351 353 562.74 738.98 1301.72
3352 525 5.44 62.69 210.93 373 89.59 372.38
3360 611 63.60 2.52 86.16 7.20 8.52 230.92 398.92
3367 381 329.00 3.36 304.64 68.46 705.46
3368 744 65.32 94.40 0.54 192.52 352.78
3369 623 12.26 7.20 101.18 1.95 3.19 68.22 194.00
3379 262 158.94 7.74 10.28 3.43 154275 1723.14
3380 435 242.80 12.32 360.78 6.16 2.42 45522 1079.40
3381 734 13.50 18.41 13.36 18.74 638.59 702.60
MEAN 511 398.89 23.93 106.96 771 9.06 281.45 828.00
STADEV 728.88 62.95 101.07 14.78 29.58 343.72
%CATCH 48.18 4.89 13.53 1.71 1.61 33.99

Table 5.5 shows the mean catch rates of the main commercial species Seabreams, hake
(Merluccius polli), the most important shrimp species (Parapenaeus longirostris, Aristeus
varidens and Nematocarcinus africanus), and other by-catch species on the slope of the
central region. Seabreams were only caught on two stations on depths of about 260 m and the
mean catch rate was 73 kg/h. This is an increase from last year when the mean catch rate was
6.7 kg/h. On the slope of the central region M. polli was the only hake species caught and it
was found in 16 out of 22 trawl stations. The catch rates of the shrimp N. africanus was
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92 kg/h, with a relative contribution of 2%, while the contributions of P. longirostris and
A. varidens were less than 1%.

Table 5.5 Catch rates (kg/hour) by main commercial groups in swept-area bottom trawl hauls on the slope (201-
800 m). Central region.

Station Depth  Seabreams Hake  P.longirostris A.varidens N.africanus  Other Total
3308 765 26.24 12590 4225.14
3310 738 3.02 14.32 80.42 414576
3317 662 26.56 6.60 95.84 4 108.00
3318 574 20.70 4.62 4728 143.52 4 108.12
3319 470 8.84 8.48 152.80 63.94 4023.06
3320 258 1521.92 247.08 40.10 1957.54 7344.64
3328 683 29.50 9.84 27.36 219.70  4297.40
3329 351 432.00 15.00 59.40 383.90 457030
3330 355 2 938.00 15.50 157.00 407.00 7 202.50
3335 536 16.80 195.50 137.20 4 220.50
3344 360 1274.00 2.08 2.08 193.70 100.10  5275.96
3345 494 6.40 110.50 13590 4091.80
3350 327 747.50 5.08 690.80 5 120.38
3351 353 562.50 739.22  5005.72
3352 525 13.38 185.11 173.89 424938
3360 611 43.80 2.76 82.20 270.16 4 369.92
3367 381 329.00 4.48 298.20 73.78 4 453.46
3368 744 53.54 6.12 86.40 206.72 4 464.78
3369 623 6.56 1.65 98.63 87.16 4 186.00
3379 262 90.80 31.71 10.28 1680.66 5454.45
3380 435 242.80 21.10 335.50 480.00 4 894.40
3381 734 18.41 684.19 4817.60

MEAN 511 73.31 316.84 4.00 833 92.55 406.25 4 755.88

STADEV 324.13 667.03 9.40 8.79 100.89 505.76
%CATCH 1.54 6.66 0.08 0.18 1.95 8.54

Biomass estimates

Biomass estimates of the most important species groups on the central slope are presented in
Table 5.6. The biomass was calculated by stratifying by depth (201-300, 301-400, 401-500,
501-600, 601-700 and 701-800 m). The CVs (in brackets in the table) are weighted by each
stratum’s area. The seabreams show a large increase in the biomass from 2003, and the 2004
estimate is the highest ever observed on the shelf, but as indicated by the very high CV the
estimate is very imprecise. Seabreams were only caught in two stations on the slope, and the
very large catch at station 3320 of D. macrophthalmus causes the high biomass estimate. The
2004 biomass estimates of the three shrimp species P. longirostris, A.varidens and
N. africanus are higher than the 2003 estimates. The biomass of 4. varidens is one of the
highest observed in the time series showed in Table 5.6 and the 2004 estimate is about 90%
higher than the 2003 estimate on the central region. The biomass of P. longirostris increased
with 88% since 2003, and is one of the highest estimates observed since 1998. A. varidens
shows a more moderate 15% increase from 2003, but the 2004 estimate is high compared to
all estimates since 1999.
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The M. polli 2004 biomass estimate of the central slope is very high, and it is 123% higher
than the estimate of 2003. The time series in Table 5.6 shows that there is a positive trend of
the biomass of M. polli on the central region during the last few years.
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Distribution

Figure 5.2 shows the estimated distribution of Merluccius polli in the central region. The
distribution covers the whole central slope with a few catches on the deeper part of the shelf.
As shown in Figure 5.2 the hake stock mainly covers areas deeper than 200 m, and the highest

densities were found in the region between Cabega da Baleia and Cabo Sdo Braz on depths
above 300 m.
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Figure 5.2 Distribution of hake (Merfuccius spp.} in the central region, Benguela-Luanda. Depth contours at 20,
50, 100, 200 and 500 m.
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5.3  Luanda—Congo River slope

Table 5.7 presents the catch rates by main species groups on the slope off central Angola. The
other’ group (i.e. by-catch species) dominated on the slope with an average catch rate of
416.5 kg/hour and a relative contribution of 55.5%. The relative contribution of demersal fish
was 22.3%, while pelagic, sharks and cephalopods contributed with low percentages (2.2, 1.9
and 1.3% respectively). In this region shrimps contributed to about 16.9% of the overall
catches and had an average catch rate of 126.4 kg/h. The definitions of the species groups are
given in Annex V.

Table 5.8 shows the mean catch rates of the main commercial species seabreams, hake
(Merluccius polli), the most important shrimp species (Parapenaeus longirostris, Aristeus
varidens and Nematocarcinus africanus), and other by-catch species on the northern slope.
Seabreams were only caught on relative shallow waters (<310 m) and the mean catch rate was
3.0 kg/h. On the slope of the northern region M. polli was the only hake species caught and it
was found in 37 out of 40 trawl stations, and the mean catch rate of M. polli was 151.1 kg/h
which is 3 times higher than the catch rate of the 2003 survey. The catch rates of the shrimp
N. africanus was 112.5 kg/h, with a relative contribution of 15%, while the contributions of
P. longirostris and A, varidens were less than 1%.
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Table 5.7 Catch rates (kg/hour) by main groups in swept-area bottom trawl hauls on the slope (201-800 m).
Northern region.

Station Depth  Demersal Pelagic = Shrimps Cephalopods Sharks Other Total

3382 696 47.72 369.24 99.28 5.02 450.60 971.86
3383 533 13.72 20.30 156.38 6.86 1.80 129.82 328.88
3384 409 3241.70 2.80 259.42 6.30 2.36 60.62 357320
3385 311 403.88 5.48 7.40 0.70 23.90 339.92 781.28
3386 228 103.30 16.60 7.62 4.66 447.46 579.64
3387 215 104.15 65.36 4.20 12.43 130587 149201
3390 443 232.70 63.42 468.72 18.06 96.18 64.68 943.76
3391 539 3.56 5.84 166.18 3.00 261.44 440.02
3392 605 24.44 272 244.48 8.32 10.00 205.44 495.40
3393 712 30.74 1.25 155.98 16.61 7.15 361.57 573.30
3399 233 186.86 7.18 15.54 3.70 1955.42 2168.70
3400 308 29.08 2.98 16.36 205.84 254.26
3401 425 422.80 4.96 128.14 46.30 602.20
3402 625 39.37 2.09 227.31 4.18 3.29 211.27 487.51
3403 703 15.58 152.56 1.28 8.20 171.58 349.20
3411 523 15.18 271.92 14.96 2.34 282.30 586.70
3412 626 17.84 231.58 9.58 6.60 88.08 353.68
3413 722 39.22 67.76 6.86 228.20 342.04
3428 267 31.45 27.72 142,53 2.61 313.76 518.07
3429 395 651.60 50.40 363.12 8.16 102.24 117552
3430 622 3.68 5.76 295.68 17.76 9.80 281.90 614.58
3431 730 28.38 135.24 3.36 0.60 217.88 385.46
3436 719 82.84 10.40 5.80 4.20 434.40 537.64
3437 527 113.90 9.80 71.40 43.60 146.98 385.68
3438 429 201.30 7.68 311.04 3.52 16.70 129.60 669.84
3450 386 37.14 113.34 14.98 17.56 248.70 431.72
3451 743 03.82 29.26 4.18 153.12 488.68 769.06
3458 227 42.06 234 12.60 50.40 48.60 591.22 747.22
3459 335 8.13 25.06 10.84 477.74 521.77
3461 714 4.50 4.70 2.80 2.70 388.30 403.00
3462 726 9.58 4.08 4.32 49.10 192.72 259.80
3463 528 2.66 1.40 121.66 4.48 13.30 176.52 320.02
3464 273 60.16 11.88 11.98 10.44 527.08 621.54
3470 625 8.98 0.84 96.60 2.88 5:52 129.38 244.20
3471 445 31.80 64.50 45.90 13.90 160.60 316.70
3472 312 38.56 352 25.52 5.46 1286.64 135970
3473 269 77.80 9.70 46.46 9.20 282946 2972.62
3478 232 32.73 28.50 9.15 12.83 9.76 228.34 32131
3479 421 109.10 74.62 115.64 12.04 0.40 298.08 609.88
3480 520 37.00 21.12 228.14 4.18 0.86 191.68 482.98

MEAN 483 166.98 16.48 126.44 9.58 13.86 416.46 749.80

STADEV 515.90 26.07 124.04 17.00 29.36 539.57
%CATCH 22.27 2.20 16.86 1.28 1.85 55.54
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Table 5.8 Catch rates (kg/hour) by main commercial groups in swept-area bottom trawl hauls on the slope (201-

800 m). Northern region.

Station Depth Seabreams Hake P.longirostris  A.varidens N.gfvicanus  Other Total
3382 696 19.50 14.28 34170 596.38 971.86
3383 533 13.02 4.76 149.10  162.00 32888
3384 409 324170 1.54 256.90 73.06 3573.20
3385 311 2.88 401.00 7.40 370.00 781.28
3386 228 33.20 49.40 7.62 489.42 579.64
3387 215 21.86 25.07 4.20 1 440.88 1492.01
3390 443 232.70 15.12 453.60 24234 94376
3391 539 2322 8.84 156.74 27222 440.02
3392 605 7.00 5.28 236.00 247.12 49540
3393 712 5.40 147.46 42044 573.30
3399 233 1.16 181.66 15.54 1970.34 2168.70
3400 308 28.10 10.06 6.30  209.80 254,26
3401 425 422.80 1.44 126.28 51.68 602.20
3402 625 5.92 4.70 220.35  256.54 487.51
3403 703 5.34 5.12 141.60  197.14 349.20
3411 523 4.40 3.96 266.20 312.14 586.70
3412 626 3.90 22350 12628 35368
3413 722 5.90 2.38 64.40  269.36 342.04
3428 267 31.45 139.92 346.70 518.07
3429 395 651.60 1.44 361.20 161.28 117552
3430 622 2.48 5.28 29040 31642 61458
3431 730 7.24 4.06 126.00 248.16 38546
3436 719 14.84 5.40 3.80  513.60 537.64
3437 527 113.80 6.80 63.50  201.58 385.68
3438 429 201.30 9.60 296.00 16294 669.84
3450 386 37.14 3.12 39146 431.72
3451 743 13.64 755.42  769.06
3458 227 17.80 21.06 12.60 695.66 747.22
3459 335 8.13 4.88 508.76 521.77
3461 714 1.80 401.20  403.00
3462 726 7.58 25222 259.80
3463 528 2.66 12040  196.96 320.02
3464 273 0.66 59.50 11.98 54940 621.54
3470 625 2.02 3.60 91.80 146.78 24420
3471 445 29.10 12.30 3330 242.00 316.70
3472 312 38.56 21.46 1299.68 1359.70
3473 269 27.20 50.60 46.46 2 848.36 2972.62
3478 232 16.3] 8.93 9.15 286.92 321.31
3479 421 109.10 2.80 10290  395.08 609.88
3480 520 1.36 3.74 220.00 257.88 482.98

MEAN 483 3.03 151.10 7.36 3.68 112.49  472.14 749.80

STADEV 8.09 519.57 23.16 432 126.24 53998
%CATCH 0.40 20.15 0.98 0.49 15.00 62.97
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Biomass

Table 5.9 shows the biomass estimates of the surveys from 1985 to 2004. The biomass
estimate of seabreams in 2004 is 112% larger than the 2003 estimate, but the 2004 estimate is
significant lower than both the 2000 and 20001 estimates. P. longirostris show a higher
biomass estimate in 2004 than in 2003, but lower than the estimate of 2002. The sharks show
a high variation in the biomass estimates between years, and no clear trend in the state of the
sharks is conspicuous. The 2004 biomass estimate of Nematocarcinus afvicanus is very high
and in average about the double of the average of the estimates of the years 2000-2003, and is
about on the same level of the 1999 estimate. The M. polli biomass estimate in 2004 is high
compared to the estimates of the last 10 years as shown in Table 5.9. Compared to the 2003
survey the estimate of 4. varidens in 2004 show an decrease of 6%, but is still higher than the
average of the last ten years.
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Distribution

Figure 5.3 shows the estimated distribution of hake (Merluccius polli) in the northern region.
The stock distribution covers the slope from Luanda to the Congo River at depths greater than
200 m. This distribution pattern is similar to those in previous surveys, but the densities were
higher during the 2004 survey. Highest densities were found between Ambriz and Cabega de
Cobra on depths between 200 and 500 m.
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Figure 5.3 Distribution of hake (Merluccius spp.) in the northern region, Luanda—Congo River. Depth contours
at 20, 50, 100, 200 and 500 m.
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CHAPTER 6 SUMMARY

The R/V ‘Dr. Fridtjof Nansen’ conducted the 2004 demersal resources survey of Angola, and
all the objectives of the survey were successfully carried out. The survey, which started on the
12th of March and ended in Luanda on the 12th of April, covered the Angolan coast from
Cunene River to Congo River from 20 to 800 m depth. The very narrow shelf and slope
between Tombua and Benguela were, as in previous years, not surveyed due to the poor
bottom conditions. Out of 205 bottom trawl stations 200 hauls were classified as valid and
hence were used to estimate the abundance and length frequencies of the main demersal
resources. To map the oceanographic conditions a CTD station was carried out at each trawl
stations in addition to 11 standard hydrographic transects. In total 279 CTD stations were
carried out.

The regular demersal surveys carried out by R/V ‘Dr. Fridtjof Nansen’ in March are
coincident with the late phase of the wet season, which causes low salinity in the surface
waters on the shelf off northern and central Angola. The oceanographic conditions were
similar to the conditions of previous years between Cunene River and Tombua, but the warm
front of water observed off Baia dos Tigres in March 2003 was not observed during this
survey. Both the salinity and temperature distribution patterns in the central region were
different from the patterns observed during the 2003 survey. The high surface salinity on the
shelf was ranging from 35.6 to 36.0 psu, and was probably caused by little discharge of
freshwater from the rivers. The inshore temperature was about 24°C and the temperature
offshore was 26 to 27°C during this year survey, while the temperatures during the 2003
survey were ranging from 28 to 29°C. As in the central region, the temperature and salinity
values observed were significant different from the values observed during the March 2003
demersal survey. The sea surface temperature during the 2004 survey was about 4°C lower
than the values of 2003, and the salinity values were about 2.3 psu higher in 2004. Little
discharge of freshwater from Congo River and other rivers is probably the reason to these
high salinity values.

Even though rare environmental conditions were observed in the central and northern regions,
there is no reason to believe that the abundance estimates of the demersal resources were
influenced by these unusual oceanographic conditions.

Table 6.1 presents the time series from 1985 to 2004 of the combined biomass estimates of
the most important species on the shelf an