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ABSTRACT. In April 1986 a strong intrusion of Angolan waters into the northern part of the Benguela 
system coincided with an abatement in the upwelling activity that characterizes the region. This 
important advective process facilitated penetration by large numbers of species and individuals of the 
gelatinous zooplankton, chiefly siphonophores and hydromedusae. The increased densities in turn were 
reflected in higher concentration levels and greater diversity in the populations of planktonic cnidarians 
than are usually generated by the region's upwelling activity. The most conspicuous result was a 
pronounced latitudmal (north-south) gradient that was clearly detectable above the thermocline, 
though the effect of the hydrographic event tapered off with depth. The consequences on upwelling 
regions of interannual events of the scope of that considered here are discussed in relation to the 
biological characteristics of the siphonophores and rnedusae. 

INTRODUCTION 

Advective processes involving the transport of large 
masses of water are, together with eddies and changes 
in local circulation patterns, one of the primary causes 
of alterations in coastal ecosystems (Denman & Powell 
1984). Interannual changes in atmospheric conditions 
and in the pattern of oceanic currents in general would 
appear to be responsible for strong intrusions of alloch- 
thonous water masses or changes in current intensity. 
Mesoscale physical processes like these can be 
expected to bring about changes on the same scale in 
biological processes in coastal regions (Haury et al. 
1978). Thus, interannual changes in the California 
Current have been observed to give rise to unusually 
high influxes of cold, nutrient-rich water inshore in 
spring (Hickey 1979); while these waters remain over 
the shelf, important changes take place in the structure 
of zooplankton populations and can bring about sub- 
stantial increases in biomass (Bernal 1981, Chelton et 
al. 1982). In this regard, Bernal & McGowan (1981) 
reported that the resulting advective process exerted a 
greater positive influence on the zooplankton than did 
upwelhng in the area. Situations similar to those 
described for the California Current have been 
reported in the vicinity of Vancouver (Freeland & Den- 
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man 1982) and off Somalia (Bruce 1979), where intru- 
sions of water masses borne by currents whose inten- 
sity varied on an interannual basis have been recorded 
and have resulted in increases in zooplankton biomass. 
Within zooplankton populations, species belonging to 
the gelatinous zooplankton are good indicators of 
recent mesoscale hydrographic events. Raymont (1983) 
provided numerous examples of species regarded as 
indicators (in the context developed by Russell 1935) of 
water masses of varying characteristics; most of these 
species were gelatinous zooplankton. Colebrook (1977) 
corroborated this in his study of the spatial distribution 
of different zooplankton groups over several years in 
the California Current region. The spatial distribution 
of groups like siphonophores, medusae, ctenophores, 
thaliaceans, etc., displayed a pronounced north-south 
gradient related principally to fluctuations in intensity 
of the California Current. Thus, hydrographic events 
such as mesoscale advective processes have been con- 
sidered responsible for the zoogeographic gradients 
observed in various systems, like that in the California 
Current region (e.g. Alvaririo 1964, Berner 1967, 
McGowan 1967) and the northern part of the Benguela 
Current system (Olivar 1990). 

The latter system &splays strong upwelling activity 
from March to November, although localized upwelling 
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occurs all year long (Shannon 1985). Intrusions of graphic event, i.e. an  intrusion by Angolan water, on the 
warmer, more saline Angolan water take place in the gelatinous zooplankton in the northern Benguela region. 
northernmost part of the region (between 17 and 20 "S), 
which is influenced by the Benguela Current; such 
intrusions are subject to considerable interannual vana- MATERIAL AND METHODS 
tion (Shannon et  al. 1986). In years when atmospheric 
conditions in the South Atlantic are favourable, the The northern Benguela system was studied on the 
intrusions can be  very extensive, and the situation has second Spanish Namibian Environment Cruise (SNEC 
been described as comparable to the El Nifio phenome- 11) from 10 to 23 April 1986. The survey was carried out 
non off Peru (Shannon et  al. 1986). The effects of this over the continental shelf off Namibia between the 
situation on the zooplankton communities in the north- Cunene River (17O15'S) and Liideritz (26"30fS). A total 
ern part of the Benguela system have remained largely of 61 stations were sampled using a multiple opening 
unknown. Fearon et al. (1986) reported high zooplankton and closing Rectangular Midwater Trawl 1 X 6 net 
concentrations associated with a large mass of more (mesh size 200 pm). Five depth strata (200 to 100, 100 to 
saline water located near the border between Namibia 60, 60 to 40, 40 to 20, and 20 to 0 m) were sampled by 
and Angola. Their study was carried out in 1985; how- oblique hauls at  a mean towing speed of 0.35 m S-'. 
ever in April 1986 the influx of Angolan water off Flow was estimated by means of a calibrated digital 
northern Namibia was much greater than in preceding flowmeter mounted centrally in the mouth of each of 
years (Boyd et  al. 1987). The effects of this phenomenon the five 200 km mesh nets. All zooplankton samples 
on the zooplankton communities in the northern Ben- were preserved in borax-buffered, 5 % formalin. 
guela system have, for the most part, remained unde- Because a considerable proportion of the samples from 
scribed. Moreover, the role played by components of the the uppermost depth strata were mixed due to net 
gelatinous zooplankton in this system is one of its less- malfunction, the present paper considers only 3 depth 
known aspects (Shannon & Pillar 1986). The present intervals, namely, 200 to 100, 100 to 40, and 40 to 0 m. 
paper considers the impact of a major mesoscale hydro- At each station temperature and salinity data were 
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Fig. 1 Distribution of temperature values ("C) at the surface and at 100 m depth in the northern Benguela region during the 
oceanographic survey carried out in April 1986. ( ) Sampling station 
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generally obtained at 5 m intervals in the upper 200 m 
by means of a calibrated CTD probe, with simultaneous 
sampling of the water column at various depths using a 
rosette system. CTD casts were carried out in conjunc- 
tion with the zooplankton samples. 

Siphonophores and medusae were the dominant 
gelatinous zooplankton in the samples. All individuals 
(both eudoxid and polygastric siphonophores were 
considered) of all species captured were counted and 
the counts standardized to number of individuals per 
1000 m3 of water, based on the actual volume of water 
filtered through the net during each tow. As suggested 
by Pugh (1984), the numbers of physonects and hip- 
popodiids present in the samples were divided by 10 to 
approximate the actual number of colonies sampled. 

To obtain an  objective indication of the distribution 
pattern of the siphonophore and medusan populations, 
principal component analysis (PCA) (Legendre & 
Legendre 1979) was applied to the data for each depth 
stratum considered. PCA was performed on the species 
correlation matrix after smoothing of the data by 
logarithmic transformation. A Spearman rank correla- 
tion (Conover 1980) between the factor scores for the 
stations and the mean temperature and salinity values 

was run for each of the 3 depth intervals, to furnish the 
required information on the relationship between these 
2 hydrographic factors and the distribution pattern for 
each of these zooplankton populations. 

RESULTS 

The hydrographic situation over the continental shelf 
off northern Namibia in April 1986 was characterized 
by a strong intrusion of Angolan water. This water was 
warmer and more saline and gave rise to a marked 
latitudinal gradient in temperature and salinity dis- 
tribution patterns. In fact, temperatures differed from 
north to south by more than 10 C" in the surface layers 
but only by 2 C" at  most at  a depth of ca 100 m (Fig. 1). 
As a consequence of this temperature gradient, the 
thermocline, which was located at  a depth of about 
40 m, was much stronger in the northern than in the 
southern half of the study area (Salat et  al. 1991). The 
pattern of salinity values was similar to that for tem- 
perature, with higher values in the northern half of 
the area and a weaker gradient at depths below 100 m 
(Fig. 2 ) .  Maso (1987) presented results from 4 transects 
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Fig. 2. Distribution of salinity values (%o) at the surface and at 100 m depth in the northern Benguela region during the 
oceanographic survey carried out in April 1986. ( ) Sampling station 
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Fig. 3. Distribution pattern of number of species per station (200 to 0 m) for medusae and siphonophores collected during the 
oceanograph~c survey carried out in April 1986. ( ) Sampling station 

extending across the shelf during the SNEC I1 cruise, 
located at  18, 20, 23 and  26"s. She showed that a strong 
surface-temperature gradient existed in the northern 
part of the area, while the vertical temperature gra- 
dient was weaker southward. Waters were strongly 
stratified offshore and northwards, with a thermocline 
between 40 and 50 m depth. 

A total of 31 species of medusae and 35 species of 
siphonophores were identified. The number of species 
per station increased latitudinally from south to north 
(Fig. 3),  with the siphonophores exhibiting a weak 
inshore-to-offshore gradient. To simplify the distribu- 
tion pattern for the siphonophores and medusae, the 
mean density of each species was calculated for each of 
the 3 depth strata considered and for 3 geographic sub- 
areas: a northern (17" 15' to 20" S), a central (20" to 
23" S), and a southern (23" to 26" 30 ' s )  (Tables 1 & 2). 

For both siphonophores and medusae the highest 
number of species was encountered in the surface layer 
above 40 m depth (Tables 1 & 2) and the number of 
species at the depth intervals l00  to 40 and 200 to 100 m 
was significantly lower (p < 0.05, Student's t-test). The 
number of individuals present in the southern sub-area 
was significantly lower than in the central and northern 

sub-areas, for both medusae and siphonophores (p < 
0.01). The concentration of individuals was similar and 
not s ig~f i can t ly  different (p > 0.05) in the 0 to 40 m 
depth interval of the central and northern sub-areas, but 
in the central sub-area a few species were responsible 
for these counts. The number of species was signifi- 
cantly higher in the northern sub-area than in the 
central (p < 0.05) and southern sub-areas (p < 0.01). 

The main medusan species in the southern sub-area, 
i.e. Podocoryne sp., Bougainvjllia macloviana, Clytia 
simplex, and Proboscidactyla menoni, dwell close to 
the shore and have a polyp stage; individuals of these 
species tended to display high concentrations at  a very 
few stations. In the central sub-area, concentrations of 
the species that were most abundant throughout the 
entire study area, i.e. Aglaura hemistoma and Mitro- 
comella grandis, were present both inshore and over 
the continental shelf. In the northern sub-area species 
that were more oceanlc in nature predominated, and 
these exhibited a broad distribution in the upper 100 m 
of the water column (Table l ) .  

The distribution pattern of siphonophores was rather 
similar to that of the medusae, yet there were also 
important differences. The species in the southern sub- 
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MEDUSAE 
100-200 m 

Fig. 4.  Distribution of factor score values for Factor 1 from 
principal component analysis (PCA) for each depth interval 
considered (0 to 40, 40 to 100, and 100 to 200 m) for the 
medusan population. The positive f-score values correspond 
to high concentrations of individuals and large numbers of 
species, whereas the negative values correspond to low con- 
centrations of individuals and small numbers of species. 

( ) Sampling station 

area, such as Lensia fowler1 and Dimophyes arctica, 
tended to dwell in deep water offshore. The most abun- 
dant species in the study area, i.e. Muggiaea atlantica, 
formed dense aggregatlons In the central sub-area, 
preferably close to the surface inshore. Conversely, in 
the northern sub-area the species were more oceanic 
and the vertical distribution range was broader. 

The factor scores for the first PCA factor have been 
plotted for both medusae (Fig. 4) and siphonophores (Fig. 
5) in each of the 3 depth strata considered. The northern 
offshore locations, containing the highest concentrations 
of individuals and species, are contrasted along the first 
factor of the PCA with the southern inshore locations, 
containing low concentrations of individuals and 
species. These results show a north-south segregation of 
species in both groups within the study area. For both 
groups the latitudinal change was most marked in the 
surface layer, clearly discernible in the layer below the 
thermocline, and barely perceptib!e in the layer deeper 
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LIPHONOPHORA 
100-200 m 

10' 11" 12" 13" 14" 15' E 

Fig. 5. Distribution of f-score values for Factor 1 from principal 
component analysis (PCA) for each depth interval considered 
(0 to 40, 40 to 100, and 100 to 200 m) for the siphonophore 
population The positive f-score values correspond to high 
concentration of individuals and large numbers of species. 
whereas the negative values correspond to low concentrations 
of individuals and small numbers of specjes. ( 1  Sampling 

station 

than 100 m. The presence of more oceanic species in this 
deepest stratum made the effect of inshore-offshore 
differentiation more pronounced than the north-south 
segregation effect. The trends observed for each of the 
groups of organisms in each of the 3 depth intervals were 
significantly correlated with the trends recorded for the 
hydrographic factors (Table 3). The spatial distribution 
of temperature values in the uppermost layer was signifi- 
cantly correlated with the distribution patterns of the 
populations of both zooplankton groups considered. The 
correlation coefficients for both groups decreased with 
depth and were not significant in all cases in the 200 to 
100 m depth stratum. 

DISCUSSION 

Coastal systems are made up of a variety of hydro- 
graphic mechanisms that act in varying degrees on the 
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Table 3. Spearman rank correlation between the factor scores 
for factor 1 from principal component analysis (PCA) and the 
mean temperature and salinity values by depth inter\ral, for 

both medusae and siphonophores 

PCA Temper- Salinity 
axis 1 ature 

Medusae 
0-40 m PCA axis 1 

Temperature 
Salinity 

40-100 m PCA axis 1 
Temperature 
Sallnity 

100-200 m PCA axls l 
Temperature 
Sahnity 

Siphonophora 
0-40 m PCA axis 1 

Temperature 
Salinity 

40-100 m PCA axis 1 
Temperature 
Salinity 

100-200 m PCA axis l 
Temperature 0.28 1 
Salinity 0.15 0.84' ' 1 

I Correlations significant at ' p 5 0 . 0 5  and p 50.001 I 
zooplankton populations. In upwelling areas like the 
Benguela system, in which environmental conditions 
are highly unstable (Hart & Currie 1960), physical 
events are responsible for the variability in species 
abundance and distribution (McGowan 1974). Actu- 
ally, the physical mechanisms that regulate the spatio- 
temporal heterogeneity of zooplankton tend to be 
mesoscalar (Denman & Powell 1984), especially in the 
case of the gelatinous plankton, which are considerally 
dependent upon the dynamics of water masses. In this 
respect the northern part of the Benguela system is 
strongly influenced by the hydrograph~c mechanisms 
associated with upwelling in the region located 
between 22 and 24"s. The highest concentrations of 
zooplankton, with extremely dense populations but low 
diversity, have been reported just to the north of this 
upwelling centre (Kollmer 1963, Unteruberbacher 
1964). The notion that zooplankton in upwelling areas 
exhibit high concentrations but low diversity has 
existed for some time (see, for example, Thiriot 1978). 
However, the gelatinous zooplankton do not seem to 
conform to the pattern characterizing other zooplank- 
ton, and Shannon & Pillar (1986) even reported highly 
diverse zooplankton populations consisting chiefly of 
gelatinous plankton at the edge of the area of most 
active upwelling in the northern Benguela region. 

The concentrations and distribution patterns of 

siphonophores and medusae recorded in the northern 
part of the Benguela system in April 1986, and the 
pattern indicated by PCA, were the result of mesoscale 
hydrographic processes associated with upwelling 
activity in the region. Boyd et al. (1987) and Salat et  al. 
(1991) have reported the unique hydrographic condi- 
tions that prevailed in April 1986 to be a result of a 
relative abatement in upwelling in the preceding 
months, although upwelling remained active, as evi- 
denced by the high chlorophyll values that were 
recorded inshore between 22 and 24"s (Estrada & Mar- 
rase 1987). The most important feature was the excep- 
tionally strong intrusion of Angolan water that started 
along the edge of the continental shelf and subse- 
quently moved inshore, finally falllng off around 19"s. 
This Angolan water was clearly detectable down to a 
depth of 50 m, and its effects could be detected down to 
100 m. Analysis of the geostrophic flow rates in the 
region has demonstrated the presence of a frontal zone 
north of 22"S, where the Angolan water (flowing from 
north to south) came into contact with the Benguela 
water (flowing from south to north). This frontal zone 
was caused in part by an  anticyclonic gyre located off 
Walvis Bay, which appeared to combine with the intru- 
sion of Angolan water to form a barrier, giving rise to a 
retention zone in the area (Salat et al. 1991). 

The more superficial Angolan water contributed to 
the formation of a latitudinal gradient in the zooplank- 
ton populations studied. The influence of the Angolan 
water decreased with depth concom~tantly with the 
decrease in intensity of the north-south gradient in the 
gelatinous zooplankton. At depths greater than 100 m, 
which were relatively unaffected by the penetration of 
water from the north, the inshore-offshore gradient 
resembled the typical spatial distribution of zooplank- 
ton in upwelling areas, in which maximum concen- 
tration values usually occur inshore and fall off rapidly 
offshore (Andrews & Hutchings 1980). Moreover, 
recent studies carried out along the Namibian coast 
during a 4 mo upwelling-downwelling period showed 
a clear and constant coastal-offshore gradient of 
species and individuals along the entire Namibian 
shelf (Pages unpubl.). The possible retention zone 
associated with the frontal zone exhibited dense popu- 
l a t ion~  of both siphonophores and medusae, coupled 
with low diversity. Certain species, like Aglaura h e n ~ i -  
stoma, Uriope tetraphylla, Muggiaea atlantica, Aby- 
lopsis tetragona, and some species of the genus Lensia, 
formed dense populations in the study area. These 
species tend to be cosmopolitan and are  common in 
upwelling regions (Thiriot 1978). In fact, these species 
can exhibit very high concentrations of individuals 
inshore, where environmental conditions are least 
stable (see, for instance, Goy & Thiriot 1974 and Gili e t  
al. 1988). 
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The number of species recorded, especially for 
siphonophores, was comparable to the values recorded 
in tropical regions (Pugh 1974), inasmuch as the 
number of species collected in just 2 d at  a single 
survey station located 60 miles off the Cunene h v e r  
mouth was quite similar to that found in the present 
study (Pages & Gili 1991). These concentration values 
were higher than those that could have been produced 
solely by the upwelling regime in the region (up to 24 
species were collected from December 1981 to March 
1982; Pages unpubl.) and were similar in scope to those 
reported by Colebrook (1977) during a period of 
increased California Current intensity. Similar pheno- 
mena,  in which latitudinal zooplankton gradients 
tended to reflect heavy penetration by allochthonous, 
and occasionally oceanic, water masses, have been 
reported in other upwelling regions (e.g. Bernal & 

McGowan 1981. Santander 1981). 
Many of the gelatinous zooplankton are carnivores 

and  are important secondary consumers (Alldredge 
1983, Larson 1987). In this regard the occurrence of 
unusually high concentrations of gelatinous zooplank- 
ton in a given area may have important repercussions 
for the remaining zooplankton. In fact, a concurrent 
study carried out off Namibia (Olivar & Barange 1990) 
reported substantially lower zooplankton biomass 
levels in the northern part of the region, coupled with 
much higher densities of copepods in the southern half. 
There was a significant negative correlation between 
the total number of copepods and the total numbers of 
siphonophores and medusae in the northern part of the 
area (r = -0.58, p I 0.05). This zone of spatial exclu- 
sion might be indicative of a trophic interaction 
between these 2 groups, though no direct evidence is 
available. On the other hand, certain authors have 
explained this kind of correlation in different terms and 
have preferred to speak of differences in the distribu- 
tion of predators and potential prey organisms in differ- 
ent  water masses rather than of direct interaction (e.g. 
Frank & Leggett 1982). Nevertheless, the fact that the 
density values for medusae, siphonophores, and 
copepods were all obtained from the same samples, 
coupled with the fact that certain of the species present 
(like Muggiaea atlan tica, Sphaeronectes gracilis, and 
others) are heavy predators of copepods (Purcell 1982, 
Purcell & Kremer 1983, Mackie et al. 1987), suggests 
that the warm-water event reported, here involving 
penetration by Angolan waters, may have had a con- 
siderable impact on the zooplankton in the northern 
Benguela region. 

Applying the conceptual model for the Benguela 
system developed by Shannon (1985), the distribution 
pattern for the gelatinous zooplankton observed in 
April 1986 can be  explained in terms of the following 
hydrographic mechanisms: a northward transport of 

inshore surface water from the area of maximum 
upwelling intensity, giving rise to the high zooplankton 
concentrations and low diversity levels in the vicinity of 
Walvis Bay; the convergence slightly to the north of 
Walvis Bay, which acted to maximize the aggregation 
process in this area; and penetration by warm Angolan 
water, augmenting both concentration and diversity 
levels in the northern part of the Benguela system. In 
any event, the intensity of the influx of Angolan water 
in April 1986 gave rise to a considerable alteration in 
the normal pattern, that yielded an  unusually large 
zone of zooplankton aggregation compared to that pro- 
duced solely by the normal regime of upwelling activity 
in the region. The major warmth anomalies in the 
northern Benguela apparently occur as a response to 
changes in atmospheric pressure at  low latitudes and 
do not appear to be  related to changes in local wind 
stress or local hydrographic features. These anomalies 
would originate in the north or northwest of the Ben- 
guela system and would drive interannual variability, 
most notably in gelatinous zooplankton, and possibly in 
all zooplankton. 
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