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l‘_ The distribution and aggreganon charactensﬂcs of sa.rdmella in Angola from 1985-1996 are
:analyzed by comparmg the distribution of acoustic recordings (Sa.values) from' surveys
~‘conducted by R/V “Dr. Fridtjof Nansen” and by relating distribution area to. estimated
_biomas_s. These comparisons indicate seasonal changes in distribution of sardinella species.
Through the surveys, systematicaily higher estimates have been recorded m the.no;thern
_ régxpn_ dunng the .southem.rwinter and in the central-southern region during the warm season.
There is a southward displacement of the adults as far as Baia dos Tigres for round sadinella
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inelia auriia) and 10 Lobito-Benguela for the flat sardinella (Sardinella maderensis)
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during the warm season. Northward displacement occurs during the cold season in cdplie_ction

with upwelling.
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INTRODUCTION

The: hydrographic regime off Angola is charactenzed by the cold northward—ﬂowmg Benguela
current and the warm southward-propating waters of the Angola current. These two cirrénts
join (at about 15° S) and form the South Equatorial Current(SEC) as part of the South Atlantic
subtropical gyre. The warm Angola current 15 strong in the summer period, which results in
rather stratified water masses and higher sea temperatures. On the contrary, the Benguela
current is strong in the winter period causing upWelling and colder surface waters,

These seasonal varia "ua of mc uyurograpmc concuuons mauce temporal and spatial
variability of the distribution ‘of the pelagic species off Angola (Dias, 1983a, b). ‘There are
indications that seasonal changes in the hydrographic conditions cause north - south
movement of sardinella. During the warm season there may be a southward displacement of
adult sardinella as far south as Baia dos Tigres for round sardinella and to Lobito for the flat
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sardinella (Anon, 1995). According to Lukashev (1976) the displacement north-south for both
sardinelia qnecy:s is linked to the fi eeu}:lrr area as well as the reprodu “LiGi‘i Itis ""G“Tl that the

sardinella specxes feed both on phytoplankton and zooplankton. Seasonal changes in the.
hydrophic regime influence ‘the distribution of the phyto and zooplankton, which lead to a
redistribution of the sardinella species.

Based on distribution area.and: e’stir'nated' biomass foiind by conventional acoustic surveys by
R/V «Dr. Fndtjof Nansen» in the period 1985-1996, we analysed how distribution and
aggregation behaviour of the sardinella species change with season.

MATERIALS AND MET 'GES

In the years 1985, 1986, 1989, 1991, 1994, 1995 and 1996, R/V “Dr. Fridtjof Nansen”
conducted conventional acoustic surveys off Angola to map the distribution and estimate the
biomass of pelagic fish. The surveys up to 1, 89 were run with a 38 kHz Simrad EK400 acho
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sounder cnnner_'ted to an echo 1!1!1"0"'3."“" Later sury W Un Wil 4 50 AnZ oillitad SOy
" echo sounder that from 1994 was connected to a BEI echo int tegration unit. The echo

_3.:1ntegrat10n units were calibrated- according to standard procedure prior to the surveys. Echo

recordings during the surveys were scrutinized manually, and echo- intensity allocated: to

- species according to catch composition in trawl catches or appearance on the echogram.

Distribution ‘charts with categories for scattered, dense, and very dense recordings for the

dominating pelaglc specxcs were drawn for each survey. . The biomass of these species was

“estimated by assuming a target strength of 20 log L - 72, and then using backscattermg

-strength, . distribution area;: and - species’ welght ‘recorded for each survey in the standard
' ca]culauon method

. The biomass estimates of sardineila from 1985/to"1996 were used for comparisons between

-the warm and the cold season. For each survey the fraction.of biomass was estimated: for:the

“'thréé regions: Cunene-Benguela (south), Benguela-Luanda (centre) and Lua.nda—Cabmda

(north) ). Similarly the dxsmbuuon areas of scattered, dense and very dense recordings of
sardinella were estimated for each survey by uge of a planimeter. Statisti
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the biomass between the three areas were made by Wilco

biomass and the biomass fraction. Correlauo n coefficients (r; ) between the t
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categories scattered, dense and very densc per regmn :were calculated on the basis of the
acoustic recordings.

RESTULTS

Generally, the sardinella species were found near the coast (Figs. 1-- 7) over bottom depths
from 20 - 200 m along the entire shelf of Angola. In 1985, the sardinella species: were
consentrated in the Benguela - Luanda region in the warm season, but with a clear northward
shift in the distribution in the cold season. In 1986 the distribution of the sardinella species

was more similar both in the warm and the celd season. In the later vears, especially in 1996, a

clear tendency to'a northward shift in the distribution of the sardinella species from the warm
to the cold season was apparent.
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F ig,mc 8 shows the biomass distribution of sardinelia species in the summer and winter
periods respectively, as observed through the surveys with the RV “Dr. Fridtjof Nansen™. The
figure shows clearly that in the summer period, characterized by more stratified water masses
and higher temperatures in the water column, more than 50% of the biomass were found in the

central region. On the contrary, the highest biomass was found in the northern region in the
Wint&r Deriod Charac[eri?.ed hv “T)Welliﬂﬂ' ﬂﬂf‘] ce!dcr surface “ral'nl_rc Thic maota
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In general, the biomass fraction in the Cabinda region varied from 0.14 - 0.42 in the warm
season to 0.30 - 0.73 in the cold season. For the Luanda region the biomass fraction varied
from 0.54 - 0.85 in the warm season, to 0.27 - 0.50 in the cold season. Both the biomass and
the biomass fraction of sardinella that were recorded in the Cabinda region were si crmf_gapﬂu

higher in the cold season than in the warm season (n < (.05 in both cases, Wilcoxon 2-sample
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test). The biomass fraction in this region increased by minimum.0.06 to 0.48 from the warm to
the. cold season. This indicates that there was a movement of sardinella into the Cabinda
region from the warm to the cold season. For the Luanda region, the biomass was not
-significantly different between the warm and the cold season (p > 0.05), but the biomass
fraction was significantly higher in the warm than in the cold season (p < 0.05). In general, the
biomass fraction in the Luanda region decreased by minimum 0.05 (1986) to maximum 0.42
(1985) from the warm to the cold season. This indicates that there was a movement of
-sardinella out of the Luanda region from the warm to the cold season. Altogether these results
“illustrate seasonal shifts in the biomass distribution of sardinella along the Angolan coast with
: movement in the first part of the year (from the warm to the cold season) and a
moverment in the fast part of the year (from the cold to the warm season)

When the total biomass of sardinella increased, the distribution area of sardinella in scattered
aggregations increased accordingly (r = 0.55, p < 0.05, o'= 28). There was a similar tendency

for the distribution area of sardineila in dense and very dense aggregations also, but t.‘:e
correlations between these parameters and the total blomass were not significant (r =0.22, p>
0.05, n =26, r=0.39, p > 0.05, n = 21, respectively). There was a seasonal dependence in the
correlation: between the distnibution area of sardinella in scattered recordings and the total
“biomass of sardinella, because the correlation was significant only for the cold season (Table
" 1). The distribution area of sardinella in dense and very dense recordings were not correlated
to the total biomass, neither for the warm nor the cold season. None of the aggregation
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“fractions (scattered, dense, very dense) was correlated to the biomass, neither for thewarm
nor the cold season {Table 1).

Table 1. Correlations between acoustic recording categories and biomass of sardinella (r =
-correlation coefficient, n = number of observations, *: p < 0.05).

,.Correlation; - . e .Warm season__: TR . Cold season
| . Scatter vs: Biomass: ' © r=025,a=15 r=79*.n=13
- Desise vs. Biomass LT p=0aLa=14 0 r=008.n=12
-+ et densh v Blomess 1 <1 O esoammee | c=022.n-8
‘Scatter fraction vs. Hlomass o o r=-0.15, n-l3 o , - .r.=70.01.n.'=7 :. .:
"'Dense fraction vs, Biomass .' r=020,n=13 . r=00l.n=7
Very dense fraction vs. Biomass r=-001,n=13 r=-0.12n=7
‘DISCUSSION =~ }Q_f- S T Sy

_ The survey results show that there were seasonal changes in the dlstnbutmn of sardmella
species along the coast of Angola. Seasonal. variability of the hydrographic regime and

distribution of DhV‘tO- and 7mnlanlcrnn nmhahlv canse a clear movement north-gouth:
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Due to the Ingher temperatures in 1995 (Benguela—El nifio) in the ﬁrst part of the year (from
_the warm to the cold season), sardinetla were redistributed in the northern reglon over depths
. more tnan 700 m (Anon, 1995). ' : ‘ :

“As a already pomted out by Dias (1983a, b) a greater acnvny of the Angola current w1th Wthh
the spec1es are connected, may cause a seasona.l {March-May) movement of single: schools as
"_far as the waters off northern Naxmbza as.observed in 1983 (Thomas, 1984a).The i increase 'and
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_Bapnsta (1977) showed that the movement of the sardmella stock results in seasonahty of

fishing of individual areas of the, coast (Table. 3). As may be seen from this table, the same

~ pattern’ was observed with the tlme series of survey estimates from the "Dr. Fridtjof Nansen"
survevs. WII'.h rer_rard to the eardmeua qnecleq it is s common knowledge that their hehamgnr i

[~ Il
- ansnvntarad in. tha.

crmnulv mﬂnpnrpd hu the seasonal nl gnr] rl-m anvirnhmantal conditions encountered in the area {
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* Anon, 1991). -

'_ 1Acoust1c samplmg has the advantage of eovermg the ﬁsh resources ina relauve short urne, i.e.
~to give a snapshot of the abundance of pelagic species. However; the method suffers from-a

',jsenes of biases and sources of variance which are difficult to evaluate and reduce (MacLennan

& Simmonds 1992). Of the main problerns are those related to fish behaviour, as the day-night
‘'variations in fish dxstnbuuon and denstty near—surface distribution and vessel avoidance.
”;These factors may have mﬂuenced the acoustic. biomass estimates 51gmﬁcantly, but our
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At the boundary betwecn Congo and Angola (Mamnnbe area, 5° 8),/there is a spawning area
for the sardinelld species. Juveniles start moving southward to Angola when about 1213 cm
in length at an age of approximately 2 years. Generally, the adults are found in Angola and a
small percentage of the juveniles is found in the southern part of the Luanda region (Pta. das
Palmeirinhas). The flat sardinella are generally more coastal and sedentary and live in areas at
a sea surface temperature of about 26°C as well as with lower salinity (34 p.s.u). On the
contrary, the round sardinella are more offshore and prefer a sea surface temperature of about

24°C as well and higher salinity (35 p.su.} (Gheno and Campos Rosado, 1972; Wysokinski,
1986).

i SRSy

The disiribuiion of sardineiia species is very dynamic, and these species are fast-swimming
fish with significant changes in behaviour during the day. The most common feature for the
sardinella in this region is the concentration in schools at daytime, often close to the surface
(Anon, 1985/86). At night the schools tend to dissolve and the fish are gpread in somewhat
deeper layers, however, still in the upper part of the water masses.

Table 2. Seasonality of sardinella fishing on in dividual sectors of the Angolan coast (after
Baptista, 1977).

Season _
Area Feb Mar- May-Jun Jul-Aug Sep-Oct Nov Dec-Jan
Apr
Northern Angola  good  highest good weak increasing good = weak
Central Angola  highest good decreasing weak increasing good weak
Southern Angola average average weak weak  increasing average weak
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Figure 1. Distribution of acoustic recordings of sardinella off Angola in the summer ()
and winter periode (I8I) in 1985.
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Figure_ 2. Distribution of acoustic recordings of sardinella off Angola in the summer (I)
and winter periode (II) in 1986. '
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Figure 3. Distribution of acousti

and winter periode (II) in 1989.
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Figure 5. Distribution of acoustic recordings of sardmella off Angola in Lhc summer ()
and winter periode (II) in 1994.
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Flgure 6 Dlstnbutmn of acousuc recordmgs of sardinella off Angola in 'Lhc summerf- (I)

and winter periode (II) in 1995.
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Cunene-Bengusla(S)

Bengueia-Luanda(C)
Luanda-Cabinda(N}

Biomass ( *1000 tonnas)

85 B4 UGG 286 189 289 191 201 194 294 195 285 1196 296

Survey

- 1 =summer period
- .2 = winter period
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Figure 8. Survey estimates for sardinella'off Ango_lja 1985-1996.



