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Abstract  

 

The benthic megafauna has been observed on the shelf of the northern Benguela Upwelling 

System (BUS) using a Remotely Operated Vehicle (ROV). The structures of the sediment and 

the benthic megafauna composition was very heterogeneous at the different sites and depths 

in small areas, which rose the question for the regional factors influencing this structural dif-

ferences. Patterns in the structure are controlled by physical, chemical and biological factors 

in the overlaying water column. Four different benthic community structures were detected on 

the three transects. The southern Terrace Bay shelf (20° S) station was dominated by Medusa, 

whereas mainly bacteria mats with a high individual number of Sufflogobius bibarbatus 

(Bearded Gobies) were found at the Rocky Point shelf (19° S) stations. At the northern 

Kunene shelf and upper slope station (17.5° S) Pennatulacea and Gastropoda were the main 

taxa, but fishes dominated at the lower slope. Oxygen minimum zones (OMZ) were detected 

on the shelf on the two southern transects which influenced the distribution of benthic and 

pelagic organisms. Chlorophyll a concentrations, microzooplankton and mesozooplankton 

abundances were higher inshore than offshore and positively correlated with the benthic 

macrofauna and megafauna abundances. However, these correlations were not significant. 

The benthic macrofauna and megafauna communities are probably affected by the differences 

in particle flux and the OMZ. The sediment structure and chemical processes at the sediment-

water-interface, the width of the shelf and the Kunene River outflow are further factors which 

influence the benthic community structures. Overall, along the Namibian coast the different 

benthic megafauna structures are allocated by depth and also by the location on the continen-

tal shelf.  
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Zusammenfassung  

 

Die benthische Megafauna wurde auf dem Schelf und Kontinentalhang des Benguela Auf-

triebs Systems unter Nutzung eines Remotely Operated Vehicle (ROV; Tauchroboters) er-

fasst. An den verschiedenen Untersuchungsorten und in unterschiedlichen Tiefen waren die 

Sedimentstruktur und die Zusammensetzung der Megafauna in eng begrenzten Gebieten sehr 

heterogen, was zu der Frage führte, wie sich die regionalen Faktoren auf diese unterschiedli-

che Strukturierung auswirken. Das strukturelle Muster wird durch physikalische, chemische 

und biologische Faktoren in der darüber liegenden Wassersäule beeinflusst. Vier verschiedene 

Benthos Gemeinschaften wurden auf drei untersuchten Transekten nachgewiesen. Die südli-

che Terrace Bay Schelfstation (20° S) wurde von Medusa dominiert, wohingegen an den 

Rocky Point Schelfstationen (19° S), hauptsächlich Bakterienmatten mit einer hohen Indivi-

duen Zahl von Sufflogobius bibarbatus (Meergrundel) gefunden wurden. An der nördlichen 

Kunene Schelf- und der oberen Hangstation (17.5° S) waren Pennatulacea und Gastropoda die 

häufigsten Taxa, jedoch dominierten Fische am unteren Hang. Auf dem Schelf der beiden 

südlichen Transekten wurden Sauerstoffminimumzonen festgestellt, welche die Verbreitung 

der benthischen und pelagischen Organismen beeinflussen. Chlorophyll a Konzentrationen, 

Mikrozooplankton- und Mesozooplanktonabundanzen zeigten küstennah höhere Werte als 

ablandig und korrelierten positiv mit den benthischen Makro- und Megafaunaabundanzen. 

Allerdings waren diese Korrelationen nicht signifikant. Die benthischen Makrofauna- und 

Megafaunagemeinschaften sind wahrscheinlich hauptsächlich durch unterschiedliche  Sedi-

mentationsraten und durch Sauerstoffminimumzonen beeinflusst. Die Benthosgemeinschafts-

strukturen werden durch weitere Faktoren wie die Sedimentstruktur, chemische Prozesse an 

der Sediment-Wasser-Grenze, die Breite des Schelfs und den Ausstrom des Kunene Flusses 

beeinflusst. Die benthische Makrofauna entlang der Küste Namibias ist sowohl durch die Tie-

fe als auch durch die Lage am Kontinentalschelf strukturiert. 
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1 Introduction  

 

Oceanic upwelling systems are very productive regions of the ocean. The Benguela 

Upwelling System (BUS) is one of the five largest eastern boundary current systems on 

earth and is located at the southwestern coast of Africa between 15–37° S and 0–20° E 

(Figure 1). An upwelling system is driven by along-shore winds (Nelson and Hutchings, 

1983) and affected by the Coriolis force caused by the earth’s rotation. This results in a 

drift of the surface water from inshore to offshore. The surface water near the coast is re-

placed by nutrient-rich deep water (Ekman, 1905).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Currents of the Benguela Upwelling System (modified according to Shannon and O'Toole, 2003) 
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The dominant surface current along the Namibian coast is named Benguela Current and is 

the eastern part of the South Atlantic subtropical gyre (Peterson and Stramma, 1991). The 

northern boundary is formed by the Angola-Benguela Frontal Zone (ABFZ) with spatial 

fluctuations between 14-16° S (Meeuwis and Lutjeharms, 1990; Stramma and England, 

1999). The main upwelling center is off Lüderitz (26.6° S; Lass et al., 2000; Shannon, 

1985). The BUS is influenced by southern and northern currents. From the South Atlantic 

Current mixed cold, oxygen-deficient and nutrient rich water masses flow into the BUS. 

Moreover, from the south east warm, mostly ring-shaped surface water from the Agulhas 

Current (32-37° S), which has its origin in the Indo-Pacific, recharges the BUS. These two 

water masses create the fresh and oxygenated Eastern South Atlantic Central Water 

(ESACW; Mohrholz et al., 2001). This water body is transported from the Cape of Good 

Hope across the South African coast to the equator (Shannon and O'Toole, 2003). Further 

north (27° S) the Benguela Current splits into two water bodies. The larger one becomes 

part of the South Equatorial Current. The smaller one near the coast line and the northern 

Angola Current constitutes the (ABFZ; Stramma and England, 1999; Meeuwis and 

Lutjeharms, 1990).  

The northern BUS is influenced by the southern part of the Angola Current. This water 

mass has a higher nutrient concentration and a higher temperature and salinity than the 

water masses from the north and is named South Atlantic Central Water (SACW; Poole 

and Tomczak, 1999; Mohrholz et al., 2001). The water streams southwards along the shelf. 

Due to the higher salinity and therefore higher density of the SACW, the slightly lighter 

ESACW flows above it. The oxygen and nutrient allocation is depending on the mixing 

ratio of SACW and ESACW (Mohrholz et al., 2007).  

Upwelling in northern Namibia has its maximum between August and October (southern 

winter) and its minimum between January and March (southern summer; Hart and Currie, 

1960). The upwelling water originates from 100-200 m depth (Shannon, 1985), is rich in 

nutrients (10-30 mmol m
-3

 nitrite, 2-3 mmol m
-3

 phosphate, 20-50 mmol m
-3

 silicate; 

Wasmund et al., 2010) and generally well oxygenated (> 200 µM O2; Chapmann and 

Shannon, 1985). As a result there is a very high primary production in the BUS. This pro-

duction is higher than in other eastern boundary current regions such as Peru-Humboldt 

Current, California Current, and Canary Current (Carr, 2002; Gruber and Sarmiento, 

1997). However, phytoplankton production is highly variable in the BUS due to varying 
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meteorological, hydrographical, chemical and biological factors. Several studies were ob-

tained to measure the spatial distribution of phytoplankton biomass by in-situ experiments 

(Brown et al., 1991) and satellite data of chlorophyll a (Chl a) as an indicator of phyto-

plankton biomass (Shannon, 1985; Weeks and Shillington, 1995; de Villiers, 1998; 

Demarcq et al., 2003). The analysis of the data in these studies indicated that the inshore 

Chl a concentrations were usually larger than 10 mg m
-3

. Offshore, the Chl a concentra-

tions decreased and altered seasonally (Huggett et al., 1998). The average primary produc-

tion is 1.2 g C m
-2

 d
-1

 in the northern BUS and 2.0 g C m
-2

 d
-1

 in the southern BUS (Brown 

et al., 1991). 60-70 % of the phytoplankton is consumed by microzooplankton (Calbet and 

Landry, 2004). Mesozooplankton, in particular copepods, generally consume 10-40 % of 

the phytoplankton (Calbet, 2001). Microzooplankton itself is an important diet in mesozo-

oplankton feeding (Rollwagen Bollens and Penry, 2003; Calbet and Saiz, 2005). However, 

the contribution of microzooplankton to mesozooplankton carbon consumption is very 

variable (Calbet and Saiz, 2005). These processes are obtained in a thin surface layer, but 

also influence the ocean region below the euphotic zone. Organic material enters the deep-

er ocean by mixing, advection, diffusion, passive sinking and active transport. In particu-

lar, sedimentation of sinking particles like living and dead phytoplankton cells, dead ani-

mals, faeces and marine snow is the link between the primary production at the eutrophic 

zone and the benthic community (Koppelmann and Frost, 2008). 

Important contributors to the vertical particle flux are mesozooplankton organisms like 

Salpida and Euphausiacea that feed on phytoplankton, microzooplankton, other mesozoo-

plankton and detritus in the surface water (Al-Mutairi and Landry, 2001). The vertical mi-

gration of zooplankton which is caused by biological factors like prey and predators and 

physical factors such as salinity, temperatures and oxygen (Pearre, 1979; Forward, 1988) 

transports organic material into deeper water layers. Therefore, physical barriers like ther-

moclines (Pillar et al., 1989; Kiorboe et al., 1990) and haloclines (Sprintall and Tomczak, 

1992) have an impact on the distribution of plankton. At depth, the mesoplankton excrete 

rapidly sinking faecal pellets, but heterotrophic consumption leads to a reduced flux of 

organic material (Nival et al., 1988; Buitenhuis et al., 2006). Particulate organic carbon 

(POC) concentrations decrease in the depth interval from 100 to 1000 m by a factor of 10 

(Suess, 1980). 
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The vertical and horizontal distribution of the mesozooplankton has an influence on the 

partial flux (Martin et al., 1987; Burd and Jackson, 2009; Burd and Jackson, 2009). When 

estimating the carbon supplied by POC and heterotrophic activity in field studies, the het-

erotrophic activity was found to be two to three times higher (Boyd et al., 1999; Reinthaler 

et al., 2006; Steinberg et al., 2008; Baltar et al., 2009) and is partly transformed into dis-

solved organic carbon (DOC) by metabolic activity (Koppelmann et al., 2000).The particu-

late material flux in the BUS is highest in southern fall and spring (Wefer and Fischer, 

1993).  

A further characteristic of the BUS are frequently occurring oxygen minimum zones 

(OMZ; Hamukuaya et al., 1998) which are located on the shelf between 50 m and 150 m 

water depth and down to 300 m at the shelf break (Hart and Currie, 1960). The OMZ may 

cover 50 % of the shelf (Brüchert, 2006) and have an oxygen concentration of < 10 µM O2 

due to the consumption of O2 during the decomposition of settling organic matter 

(Chapmann and Shannon, 1985). The extensions of the OMZ are limited by physical barri-

ers such as fronts and seasonal changes (Monteiro and van der Plas, 2006). OMZ are also 

caused by biochemical processes like a strong N-deficit in the bottom waters due to denitri-

fication (Perry et al., 1993; Shannon and Weaver, 1949). Another factor causing the re-

duced O2-concentration is the oxygen-deficient South Atlantic Central Water (SACW) 

(Poole and Tomczak, 1999; Mohrholz et al., 2001) which is entering the BUS from the 

north (Steffani, 2012; Hutchings et al., 2009).  

Besides the impact of the OMZ, the seafloor conditions in this habitat are influenced by 

other important processes as transformations of oxygen, nitrate and sulphate into carbon 

dioxide, dinitrogen, hydrogen sulphide and methane at the sediment-water interface (Emeis 

et al., 2004). 

These sediment-water processes on the shelf cause a high sulphide concentration, which is 

created by the decomposition of organic material. This decomposition occurs either by the 

use of oxygen or under anaerobic conditions in up to 7000 km² of 9000 km
2 

of the OMZ 

(Brüchert, 2006). These processes favor the development of chemolithoautotrophic and 

sulphide oxidizing bacterial mats on the seafloor (Schulz et al., 1999). High seasonal pro-

ductions and growing of bacterial mats are also caused by the relatively warm bottom wa-

ter, which furthermore increases the rates of nutrient turnover. Anaerobic bacterial mats 

reduce the sulphide and produce hydrogen sulphide gas (H2S). This toxic gas in association 
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with hypoxia may cause the absence of fish in these regions (Steffani, 2012). If the concen-

trations of gaseous products exceed solubility, the gas is saved in the sediment. An abrupt 

elusion into the water column may cause mass extinctions (Emeis et al., 2004).  

The mass extinction caused by toxic gas, the OMZ and the availability of food via organic 

material input influence the structure and the appearance of benthic animals in, on and 

above the seafloor (Ricklefs, 1987; Roughgarden, 2006). Another source of food could be 

provided by the lateral advection and river discharge (Parsons et al., 1984). Benthic com-

munities are formed by several species of the same or different trophic levels and essential-

ly different niches are defined by their requirements and resource usage (Leibold, 1995). In 

the northern BUS, the benthic fauna shows a heterogeneous distribution and structure in 

different regions and at different depths. This can be obtained and recorded by the usage of 

Remotely Operated Vehicle (ROV) operating on the shelf and at the continental slope 

(Werner, 2012). It is presumed that these differences in the habitat structure of the benthos 

are caused by physical, chemical and biological processes (Narvarrete et al., 2005; Siegel 

et al., 2008). 

Different factors causing the heterogeneity in benthic structures will be analyzed in this 

study.  

(1) ROV observation of the benthic megafauna and bacterial mats will be re-evaluated.  

(2) The benthos of the top 5 cm of the sediment will be analyzed using sediment cores.  

(3) This data will be supplemented and linked to physical water parameters and Chl a sat-

ellite observations (primary production).  

(4) The biomass, the vertical and horizontal distribution of microzooplankton and mesozo-

oplankton will be analyzed and correlated with the observations of benthic structures. 

(5) Finally, the data of the chemical parameters of the seafloor sediment-water interface 

will be linked to the observed data.  

The correlation of the abiotic and biotic data will provide a better understanding of the 

factors forming the benthic community. 
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2 Materials and Methods 

 

2.1 Research area 

 

Data used in this study was collected during the expedition 17/3 of the RV MARIA S. 

MERIAN in February 2011 on a research cruise in the area between Lüderitz (26.6° S) and 

Kunene (17.5° S) off the Namibian coast. This study is a part of the BMBF (Bundesminis-

terium für Bildung und Forschung) project GENUS (Geochemistry and Ecology of the 

Namibia Upwelling System). The aim of this project is to identify structures and links be-

tween organisms in an upwelling ecosystem and biogeochemical processes for a better 

understanding of the functional and trophical relationships in this habitat (Lahajnar et al., 

2012). Samples for this study were taken at 10 stations on three transects (Terrace Bay, 

Rocky Pointy and Kunene) from the coast line to open waters (Figure 2). 

 

Figure 2: Research area with the sampled stations (red dots illustrate the ROV stations, black dots illustrate    

the further sampling stations of other gears, mostly Multicore) during the expedition 17/3 of the RV MARIA 

S. MERIAN in the year 2011. The samples from the three northern transects (Terrace Bay, Rocky Point and 

Kunene) were used for this study.  
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On the Terrace Bay transect (20° S) five stations which covered the shelf area with water 

depths between 50 m and 400 m were sampled. At six stations at water depths between    

38 m and 2080 m samples were taken on the shelf and the continental margin of the Rocky 

Point transect (19° S). Both areas are characterized by a broader shelf zone and a more 

gradual slope than at the Kunene transect (17.5° S), where 8 stations at depths between    

35 m and 4826 m were sampled. This area is characterized by an extremely narrow shelf 

and a steep slope. For that purpose a pumping CTD system (Conductivity, Temperature 

and Depth) “SBE 911plus” (SEABIRD-ELECTRONICS, USA), a multinet (HYDRO-

BIOS, Kiel, Germany), a 1 m²-Double Multiple Opening/Closing Net and Environmental 

Sensing Systems (MOCNESS; BESS, North Falmouth Mass, USA), a Remotely Operated 

Vehicle (ROV) (MOHAWK Sub-Atlantic, Aberdeen, UK) and a multicorer (Oktopus, 

Kiel) were applied (Table 1). 

Table 1: Overview of sample types taken at the different stations 

Station Tran-

sect 

C

T

D
1 

Chl a 

Satel-

lite2 

Microzo-

opl. 

abundance 

Mesozoopl. 

abundance 

Mesozo-

opl. Bio-

mass4 

Bio-

chemis-

try5
 

Benthos 

sieve 

pictures5 

R

O

V 

276 for 

277 

Terrace 

Bay 

        

277 Terrace 

Bay 

        

278 for 

277 

Terrace 

Bay 

        

279 for 

282 

Rocky 

Point 

        

282 Rocky 

Point 

   
(night) 

     

285 Rocky 

Point 

   
(day) 

 
(day4/night) 


 

(day/night) 
   

305 Kunene   
 

(day)3 
 

(day) 
(day)   

(9 hauls) 
 

306/314 Kunene    
(day)3 

 
(night) 

 
(night) 

   

307/315 Kunene    
(day)3 

 
(day)4 


 

(day/night) 
   

308 for 

307 

Kunene         

inherited by: V. Mohrholz1, NASA Earth Science EaSUREs DISCOVER Project (MODIS)2, K. Bohata3, , B. 

Martin4, A. Neumann5.  



 2 Materials and Methods 

8 

 

2.2 Satellite Data  

 

Near-surface chlorophyll a concentrations (Chl a; mg m
-3

) were obtained by the Moderate 

Resolution Imaging Spectroradiometer (MODIS) level-3 product. These MODIS data are 

produced by Remote Sensing Systems sponsored by the NASA Earth Science EaSUREs 

DISCOVER Project (data source: http://oceancolor.gsfc.nasa.gov/; Feldman and McClain, 

2012). 

The data was integrated as weekly and monthly means from January 1
th

 to February 25
th

, 

since high concentrations of clouds in the Benguela Upwelling area disabled a fine tem-

poral resolution. The spatial resolution was set to 4 km. To consider the influence of tem-

porarily changing conditions to the allocation of zooplankton biomass, Chl a data was col-

lected 4-6 weeks prior to the actual sampling period (Table 1). 

 

2.3 Field Sampling  

 

A pumping system CTD was used to obtain vertical profiles of the following abiotic pa-

rameters: conductivity, temperature, pressure, salinity and oxygen concentration. The data 

was monitored and stored via the program Seasave (Version 7). 

 

2.3.1 Microzooplankton sampling  

Microzooplankton was sampled by vertical hauls with a multinet. The multinet was 

equipped with four nets with a mesh size of 55 µm, which can be opened and closed at 

defined water depths, allowing a vertical resolution of the water column. Sampling was 

done during heaving from the maximum sampling depth at a winch speed of 0.5 m s
-1

. The 

multinet was used twice at stations deeper than 200 m. At shallow stations, the intervals 

were 200-100-50-25-0 m. At deeper stations, the additional intervals were 1000-600-400-

200-0 m, depending on the total water depth. The samples were fixed in 4% formaldehyde-

seawater solution buffered with sodium-tetraborate.  
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Mesozooplankton samples were taken with a MOCNESS. The gear was equipped with 2*9 

nets parallel to each other with a mesh size of 330 µm (Wiebe et al., 1985). The opening 

and closing system allowed sequential sampling. Intervals for sampling were                 

250-200-100-50-25-0 m depth at the shelf stations (0 m to 250 m) and                         

1000-800-600-400-200-100-50-25-0 m depth at the deeper shelf break (250 m to 500 m) 

and slope stations (500 m to 1500 m) depending on the total water depth. 

The left nets were used for biomass and taxonomical analyses, whereas organisms from the 

right nets were selected for physiological experiments and biogeochemical analyses. The 

filtered volume of each net was measured by a flow-meter (HYDROBIOS, Kiel, Germa-

ny). Veering and heaving speed of the winch was 0.5 m s
-1

 and was reduced to               

0.2-0.3 m s
-1

 in the upper 200 m. This way a MOCNESS-frame angle of 45° and an effec-

tive opening of 1 m
2 

was maintained. Changes in tilt were measured with an inclinometer 

and considered in the calculation of the filtered volume (Koppelmann and Weikert, 1992). 

The towing speed was 2 knots. 

 

2.3.2 Sampling of biogeochemistry data  

A multicorer equipped with twelve acrylic glass PMMA-tubes was used for benthic sam-

pling. The tubes had an inner diameter of 10 cm and were 60 cm long. Profiles were ob-

tained by multicorer casts at five stations on the three transects (Terrace Bay, Rocky Point 

and Kunene; Table 1). Additionally, at five stations of each transect water from the corers 

above the sediment was taken for further analytical investigation of nutrients. Oxygen pro-

files in the sediment were measured via microprobes (PRESENS) and an automated mi-

cromanipulator (PYRO SCIENCE). Carbon dioxide and nitrogen profiles were simultane-

ously measured for each profile with a quardrupole mass spectrometer (INPROCESS IN-

STRUMENTS) equipped with a needle-type membrane inlet and a second micromanipula-

tor (PYRO SCIENCE). To prevent instabilities and to avoid increased reaction rates 

caused by warming of the sediment, both setups were kept in a temperature controlled la-

boratory. Furthermore, pore water was sampled with rhizon core solution samplers (Rhi-

zophere Research), using core lines prepared with sealed ports for nutrients and δ
15

 N anal-

ysis. Simultaneously, overlying water of the sediment cores was sampled.   
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The calculated reaction rates of nitrate were evaluated with Isotope-Pairing Incubations 

(IPI) according to Risgaard-Petersen et al. (2003). We conducted all IPI at 15 °C. There-

fore, the stations for IPI were selected based on the temperature of the bottom water. A      

4 cm sub core of the multicores was used for sampling. Afterwards, the samples were filled 

with 98 % 
15

N-Nitrate and incubated by a constant mix via magnetic stirrers for six hours. 

The sub cores were homogenized to slurries and the resultant 
29

N2 and 
30

N2 were measured 

using a quadruple mass spectrometer (INPROCESS INSTRUMENTS) equipped with a 

flow through membrane inlet, developed at HZG Geesthacht, on board. (For further details 

see Neumann 2012.)  

 

2.3.3 Benthic sampling 

The first 5 cm of the core sample were sieved through a 500 µm sieve (Retsch). Macro-

zoobenthic organisms were immediately presorted through the sieve. Empty conches were 

arranged with the concave part (blank) facing up. Living bivalves were deposited with the 

convex side up. Samples with a lot of seashells were not arranged. From each sieve a com-

plete photo as well as some close-ups were taken via DSLR (Nikon D70; NIKON COR-

PORATION, Japan).  

 

2.3.4 Remotely Operated Vehicle (ROV) 

A modified ROV was used to observe the benthic megafauna. The ROV can reach a depth 

of 1000 m. The vehicle was equipped with four horizontal and one vertical propeller, 

which allowed a maximum forward speed of 2 knots. The ROV was linked to a control 

unit via fiber-optic cable. Power (400 V three phase) was supplied via copper cable. The 

vehicle was equipped with a color-zoom and a black and white camera. The physical pa-

rameters of the water column were measured with a CTD and an oxygen optode. The video 

link enabled recording and a direct view of the environment from the control room. The 

depths and distance to the sea bottom were overlaid on the screen and two laser point 

markers defined a distance of 10 cm on the ground. A positioning system (manufactured 

by IXSEA) was used to link the position of the ROV and the position of the vessel relative 

to each other via transmitter and receiver from the ROV as well as from the vessel. The 
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travel time of the sound enabled a determination of the location of the ROV in relation to 

the vessel. The Global Positioning System (GPS) of the vessel made it possible to calculate 

the coordinates of the ROV.  

The ROV was used at four shelf stations (100 to 200 m water depths): one on the Terrace 

Bay transect, two on the Rocky Point transect and one on the Kunene transect. Further-

more, deeper ROV stations were examined on the Kunene transect at 500 and 800 m depth.  

 

2.4 Laboratory work and calculations  

 

2.4.1 Microzooplankton 

In the home laboratory the samples were transferred into a sorting solution consisting of 

0.5 % propylene phenoxetol, 5 % propylene glycol and 94.5 % tap water. The material was 

split using Hensen-pipettes. After transferring the subsample into a Bogorov Counting 

Chamber, the species were identified and the numbers of individuals of each species were 

determined under a binocular (Leica M165c, Leica Camera AG, Germany) 

 

2.4.2 Mesozooplankton 

The fixed samples were separated into five size categories (> 5 mm, 2 to 5 mm, 1 to 2 mm, 

0.5 to 1 mm, < 0.5 mm) using a sieve chain. The fractions were placed into 70 % ethanol 

for 1 min to eliminate adherent water and then transferred onto absorbent paper (Tranter, 

1962). The wet mass (WM) was determined on an analytical balance. This method was 

used instead of the more precise dry mass determination to allow subsequent taxonomical 

analyses. Wet biomass was standardized to mg m
-
³. The size fractions were fixed in a sort-

ing solution consisting of 0.5 % propylene phenoxetol, 5 % propylene glycol and 94.5 % 

tap water for further taxonomical identification. The sample was divided according to den-

sity into smaller, more easily countable fractions using a Motodo plankton splitter and 

transferred into a Bogorov Counting Chamber. The plankton species were then determined 

and the numbers of individuals were counted using the binoculars Leica M165c and Leica 

M16 (Leica Camera AG, Germany). Finally, the numbers of species were counted and 
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standardized to numbers of individuals per m
3
. Copepoda were divided into Calanoida and 

non-Calanoida. The latter group consists of Cyclopoida, Harpactioida etc. (Huggett and 

Bradford-Grieve, 2007). 

 

2.4.3 Biochemistry  

The water samples were analyzed for nutrients and dissolved organic carbon (DOC). The 

concentration profiles of oxygen and dissolved inorganic nitrogen across the sediment wa-

ter interface are the basis of flux calculation according to Berg et al. (1998). Measurement 

and calculations of the elements (Ntot (total) % (sediment), Corg (organic) % (sediment), 

Corg : Ntot (molar ratio), oxygen consumption (µmol/m
-2

d
-1

), phosphate production (µmol 

m
-2

 d
-1

), nutrients (bottom concentration (c.) (PO4), bottom c. (NOx), bottom c. ( ), 

bottom c. ( ), bottom c. (Din), bottom water oxygen (µM)) and fluxes (nitrate flux, 

nitrite surface flux, N
2
 flux, ammonium flux, phosphate flux) were done by Neumann 

(Table 2). 

Table 2: Availability of benthic data from the sediment cores, water samples and mooring. 

Station Transect Latitude Longitude 
Depth 

[m] 
Sieve pictures Elements Nutrients Flux 

277 
Terrace 

Bay 
-20.000 12.833 99     

278 
Rocky 

Point 
-20.000 13.000 30     

279 
Rocky 

Point 
-19.000 12.450 35     

305 Kunene -17.253 11.507 142     

308 Kunene -17.250 11.000 2103     

 

2.4.4 Bacterial mats  

Bacterial mats were assessed with the help of a still image taken every 10 m on the ideal-

ized straight line. The percentage categories in Table 3 were used in the assessment.  
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Table 3: Categories of bacterial mats covering 

Categories Covering (%) 

Extensive 80-100 

Frequently 50-79 

Rare 20-49 

Infrequent 1-19 

Nonexistent 0 

 

The average bacterial mat covering from all still images was calculated for each transect. If 

a still image did not show the sea floor it was excluded from the calculation.  

 

2.4.5 Benthic macrofauna  

The taxa were defined and counted on the sieve photos per station (Table 2). For compari-

son, the results were standardized on an area of 1 m
2 

via the formula: 

 

B: Benthic macrofauna per m
2
 

C: counting’s of one taxon  

co: 78 = cm² of each core. 

 

2.4.6 ROV tracking and idealization  

The tracks of the ROV surveys were displayed using coordinates from the IXSEA posi-

tioning system and the data was recalibrated to calculate an idealized track route. First, the 

coordinates were converted into travelled distance (in meters) from a starting point by us-

ing the following formulas: 

Latitude:  

Longitude:  

 
La0 and Lo0: start latitude (La) and longitude (Lo) coordinates 

La1 and Lo1: actual latitude/ longitude  

NM: 60 NM: sea miles per degree 

mpNM: 1852 m/NM: meter per nautical mile  
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Starting latitude (La0) and longitude (Lo0) were presented in decimal numbers and were 

used for all further calculations. Variations in the actual longitude (Lo1) and latitude (La1) 

are caused by the recorded coordinates of the ROV and were indicated by red points. The 

starting point is 0.0. Deviations to the south and west from the starting point have negative 

values. To obtain a track route, distinct points (green points) were marked to create an ide-

alized track route (It; blue line, Figure 3) via the following formula:  

  

X1 and X2: starting point coordinates 

Y1 and Y2: end point coordinates.  

All defined sub tracks of the ROV deployment were cumulated to create an idealized total 

track (Figure 3) and all raw data points were later fitted into the idealized straight sub 

tracks (blue line) to relate the observations on this line. 

 
Figure 3: Transformation of raw track data onto idealized linear track route 

The idealized sub track slopes (s1) were calculated. Each vertical line slope (s2) of the ide-

alized sub track and the raw data point was calculated via the following formula: 

 

s1= slope of the idealized sub track  

The intersection point of the ordinate of the vertical lines (i2) was defined by  

 

py= y-coordinate of the raw data point  

px= x-coordinate of the raw data point  

s2= vertical line slope between the idealized sub track and the raw data point   
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The following formula was utilized for the calculation of the new x-coordinates (Xn) on the 

idealized sub track for the raw data points: 

. 

i2: intersection point of the ordinate with the vertical line 

i1: intersection point of the ordinate with the idealized sub track 

s2: vertical line slope between the idealized sub track and the raw data point   

s1: slope of the idealized sub track  

For definition of the new y-coordinates (Yn) the following idealized linear equation was 

used: 

 

s1: slope of the idealized sub track 

Xn: new x-coordinate of the idealized sub track  

i1: intersection point between the ordinate and the idealized sub track  

 

All measured points (red points) were transferred with the exact time of observation onto 

the idealized linear track route (blue line) via the vertical lines (black line). Outliers, inac-

curate and distinct points were removed from the idealized track route by using an if-else 

function. This function displayed all data points where: 

- The x-coordinate of the suspended measured point on the line is not ahead of the 

last x-coordinate of the idealized sub track route in moving direction of the ROV.  

- The x-coordinate of the point is not located between the start and the end  

x-coordinate of the sub linear tracks.  

The remaining points were used to calculate the modified track distance, which was similar 

to the calculated idealized total track route using the distinct points (Figure 3). 
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Figure 4: Raw data points of the ROV position and reference points which are connected 

for the idealized track route for all ROV stations 
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2.4.7 Identification and abundance calculation of the benthic megafauna  

Organisms detected on the ROV videos were identified and counted; the displayed time on 

the video was used to relate the detected organisms to the modified idealized track. The 

travel time of the sound waves (ca. 1500 m s
-1

) of the positioning system and the elimina-

tion of outliers are the reason for a slight discrepancy between time and exact position. For 

comparisons of the numbers of individuals per species between the different stations the 

counts were standardized to 100 m of the idealized track route via the formula: 

 

n: the number of individuals of one species 

R: the length of the idealized track route [m] 

 

2.4.8 Estimation of species with high abundance   

At stations with a high abundance of individuals (more than 500 ind. 100 m
-1

), subsamples 

were evaluated and individuals were counted every 10 minutes for 30 seconds while the 

distance traveled during this time was also determined. The results were standardized to 

one meter and the average was calculated.  

 

2.4.9 Correlation of the main parameters 

The mean concentrations of microzooplankton and mesozooplankton were calculated by 

dividing the standing stock (ind. m
-2

) of the whole sampled water column by the total sam-

pling depth. The relative contributions (rc) of all main parameters (Chl a, microzooplank-

ton, mesozooplankton, benthic megafauna, benthic macrofauna, benthic organic carbon, 

dissolved inorganic nitrogen and bottom water oxygen) of the stations were calculated us-

ing the following formula and plotted against each other: 

 

Sti: Single measured values for the different parameters at the different stations 

: Sum of measured values for the different parameters 
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The relationship of variables was correlated by the spearman’s rho correlation (Spearman, 

1904).  

To achieve an overall view of all pelagic and benthic abundances, the sum of all standard-

ized abundances and concentrations of Chl a, microzooplankton and mesozooplankton of 

the pelagial and the sum of all standardized abundances of the benthic macrofauna and 

megafauna were displayed.  
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3 Results 

 

3.1 Physical parameters at the three transects  

 

3.1.1 Hydrography on the Terrace Bay transect (20° S) 

 

 

Salinity was high near the surface layer (35.4 PSU) and decreased with depth to 34.8 PSU 

near the bottom on the Terrace Bay transect (Figure 5). The temperature near the surface 

layer had a maximum value of 21.5 °C and decreased down to 7.5 °C at 400 m depth. 

Close to the coast in the upper 50 m the oxygen concentrations varied between 100 µml l
-1 

and 125 µml l
-1

. Below this surface layer, the oxygen levels decreased down to almost 0 

µmol l
-1

 (oxygen minimum zone). Offshore, the oxygen concentrations decline with depth 

from around 200 µmol l
-1

 near the surface to less than 50 µmol l
-1

 at deeper depths. Be-

Salinity [PSU] 

Figure 5: Distribution of salinity [PSU], temperature [°C] and oxygen [µmol/l] on the Terrace Bay transect 

(12.-13.02.2011). 

Longitude [deg] 

[deg] 
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Figure 6: Distribution of salinity [PSU], temperature [°C] and oxygen [µmol/l] on the Rocky Point transect 

(14.-17.02.2011). 

tween 200 m and 300 m depth on the slope a minimum zone (close to 0 µmol l
-1

) was lo-

calized. 

 

3.1.2 Hydrography on the Rocky Point transect (19° S) 

 

On the Rocky Point transect the salinity ranged from 35.7 to 34.8 PSU with a declining 

trend down the continental slope (Figure 6). Offshore the salinity was 35.2 PSU near the 

surface (0-50 m depth). A water body with salinity values of 34.8 to 35 PSU was detected 

between 100 m and 500 m at the upper slope (11° E), surrounded by saltier water. The wa-

ter temperature was the highest (16.5 to 18.5 °C) near the coast. Offshore the temperature 

ranged between 17 °C near the surface and 12.5 °C at 100 m water depth. Temperature 

declined between 200 m and 500 m depth from 10.5 to 6 °C. The coldest temperature was 

reached below 400 m at the lower slope (11° E) showing a pattern similar to the salinity. 

At the inshore stations, anoxic water reached the surface (Figure 6) indicated by an oxygen 

Salinity [PSU] 

Longitude [deg] 

[deg] 
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level of less than 50 µmol l
-1

 at 200 m depth. Further offshore oxygen concentrations 

ranged between 200 and 100 µmol l
-1

 in 50-200 m depth and dropped to less than             

50 µmol l
-1

 between 300 m and 500 m depth.  

  

3.1.3 Hydrography on the Kunene transect (17.5° S)  

 

 

Figure 7: Distribution of salinity [PSU], temperature [°C] and oxygen [µmol/l] on the Kunene transect     

(19.-22.02.2011). 

On the Kunene transect, salinity was about 35.8 PSU in the upper 100 m and declined to 

34.6 PSU below 400 m water depth (Figure 7). Close to the surface and down to 200 m 

water depth the temperature was higher than 15 °C and decreased continuously with in-

creasing depth to 2.5 °C at 1000 m. The oxygen level fluctuated from 150 µmol l
-1

 at the 

coast to 60 µmol l
-1

 at the open ocean site near the surface. An oxygen minimum zone with 

less than 1 µmol l
-1

 was located between 150 m and 600 m. Below 600 m oxygen rose 

again with increasing depth. 

 

Salinity [PSU] 

Longitude [deg] 
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3.1.4 Summary of the hydrographical situation in the investigation area  

The Terrace Bay transect is characterized by a stratified layer of salinity and oxygen with 

high concentrations near the surface. Furthermore, temperature and salinity were higher 

inshore than offshore. On the contrary, oxygen showed lower concentrations close to the 

coast. On the Rocky Point transect the physical parameters displayed similar patterns as on 

the Terrace Bay transect. However, the concentrations of those parameters were generally 

higher, except of a water body between 100 m and 500 m at the slope which had a low 

salinity and a low temperature. The Kunene transect was characterized by a stratified struc-

ture similar to the Terrace Bay transect. The main difference to the other transects was the 

oxygen minimum zone between 150 m and 600 m water depth. 

 

3.2 Chlorophyll a concentrations  

 

3.2.1 Chlorophyll a concentrations on the Terrace Bay transect (20° S) 

During January 2011, the inshore chlorophyll a (Chl a) concentrations of the Terrace Bay 

transect were between 6 and 10 mg m
-
³ (Figure 8) and declined from the slope to the off-

shore area from 4 to 0.3 mg m
-
³. Offshore the Chl a concentrations ranged from 0.3 and 

0.03 mg m
-
³. During the first week of January 2011, the Chl a concentrations were very 

high with 6 to 10 mg m
-
³ in the inshore area. On the slope and offshore the concentrations 

of Chl a decreased to 1 mg m
-
³ and 0.2 mg m

-
³, respectively. In the middle of January 

(09.01.-24.01.) clouds made a detection of the surface Chl a concentrations impossible. At 

the end of January data was available only from the inshore area, where the Chl a concen-

trations were high with 5 to10 mg m
-
³. At the shelf break the concentrations decreased to 

0.3 to1 mg m
-
³.  

The general view of the Chl a concentrations indicated a higher primary production in Feb-

ruary than in January 2011. At the beginning of February a detection of the Chl a concen-

trations were not possible due to overcast sky. In the middle of February (10.02.-17.02.) 

the concentrations of Chl a were measured between 1.5 and 3 mg m
-
³ above the slope. Off-

shore the distribution of the Chl a concentrations (0.2 to 0.03 mg m
-
³) was similar to Janu-
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ary. In the middle of February (18.02.-25.02.) the Chl a concentrations on the shelf were 4 

to 10 mg m
-
³ and slightly decreased at the slope down to 0.3 to 1 mg m

-
³. 

 

Figure 8: Chlorophyll a surface distribution detected via satellite (modified according to the data source: 

http://oceancolor.gsfc.nasa.gov/). 

 

3.2.2 Chlorophyll a concentrations on the Rocky Point transect (19° S)  

The Chl a concentrations on the Terrace Bay transect were generally higher than on the 

Rocky Point transect. At the beginning of January 2011 (01.01.-08.01.) the inshore Chl a 

concentrations of the Rocky Point transect (3-8 mg m
-3

) were not as high as on the Terrace 

Bay transect (6-10 mg m
-
³). Due to a lack of visual data above the shelf, it was not possible 

to define the concentrations of Chl a in this area. Chl a concentration decreased from on-

shore (10 mg m
-3

) towards offshore (0.3 mg m
-3

; Figure 8). In the latter area the concentra-

tions of Chl a (0.1-1 mg m
-
³) were higher than on the Terrace Bay transect. In the second 

week of January (09.01.-16.01.) data were obtained only near the coast and offshore with 

elevated Chl a concentrations with around 0.5 mg m
-
³ to around 8 mg m

-
³. No data were 

available from the middle of January (17.01.) for the Terrace Bay transect. At the end of 
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January (25.01.) high Chl a concentrations (6-8 mg m-³) were detected inshore with a de-

creasing trend towards offshore on this transect, while the Rock Point transect showed a 

medium concentration of 1-3 over the whole transect. 

In February 2011, high Chl a concentrations were detected at the coast. On the shelf, the 

Chl a concentrations reached around 10 mg m
-
³. At the beginning of February           

(02.02.-09.02.) no data were available for this transect. In the middle of February      

(10.02-17.02.) only a few data points were measured inshore, indicating high Chl a con-

centrations of around 10 mg m
-3

. On the shelf, the Chl a concentrations increased on both 

transect from 8-10 mg m
-3

 compared to the previous measurements in January. At the end 

of this month (18.02.-25.02.) the concentrations in the coastal area were similar to the pre-

vious period but slightly increased to 1-3 mg m
-
³ above the slope. At the end of February 

similar concentrations were found in the offshore region as at the end of January 2011.  

 

3.2.3 Chlorophyll a concentrations on the Kunene transect (17.5° S)  

The integrated data for January 2011 showed Chl a concentrations of 1-6 mg m
-
³ inshore of 

the Kunene transect (Figure 8). From the slope to the offshore area, the Chl a concentra-

tions decreased from 3 to 0.3 mg m
-
³. At the beginning of January (01.01.-08.01.) the in-

shore Chl a concentrations and slope concentration were lower with 0.3 to 3 mg m
-
³ than 

on the other transects. At the offshore region no data were available. During the second 

week of January (09.01.-16.01.) the Chl a concentrations on the slope could not be detect-

ed through the clouds in the inshore area. On the shelf and offshore the Chl a concentra-

tions ranged between 0.2 and 1.0 mg m
-
³. Merely in the third week of January          

(17.01.-24.01.) further detections were possible on the shelf with Chl a concentrations in-

creased from 1 to 8 mg m
-
³. At the end of January, the Chl a concentrations for this month 

ranged from 0.3 mg m
-
³ to 2 mg m

-
³ inshore and between 0.1 and 1 mg m

-
³ on the slope 

and in the offshore region. The slope showed Chl a concentrations between 0.3-1 mg m
-
³. 

In the offshore area the Chl a concentrations were lower and ranged from                         

0.1 to 0.5 mg m-³. In the beginning of February (02.01.-09.02.) the Chl a concentrations 

reached 3 mg m-³ inshore and 0.1 mg m-³ offshore. However, in the middle of February a 

peak was measured with 1-10 mg m-³ on the shelf. Chl a concentrations slightly decreased 

down to 0.3 to5 mg m-³ on the shelf at the end of February 2011. 
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3.2.4 Summary of the chlorophyll a distribution in the investigation area 

In general the Chl a concentrations were lower in February 2011 than in January 2011, and 

ranged between 3 and 6 mg m
-
³ inshore. The slope showed Chl a concentrations between 

0.3-1 mg m
-
³. In the offshore area the Chl a concentrations were lower and ranged from  

0.1 to 0.5 mg m
-
³. In the beginning of February (02.01.-09.02.) the Chl a concentrations 

reached 3 mg m
-
³ inshore and 0.1 mg m

-
³ offshore. However, in the middle of February a 

peak was measured with 1-10 mg m
-
³ on the shelf. Chl a concentrations slightly decreased 

down to 0.3 to5 mg m
-
³ on the shelf at the end of February 2011.  

Chl a showed higher concentrations in February than in January 2011 and higher concen-

trations inshore (6-10 mg m
-3

) than offshore (0.1-1 mg m
-3

) on all transects. During both 

months, higher Chl a concentrations were observed on the Terrace Bay transect and on the 

Rocky Point transect than on the Kunene transect.  
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3.3 Microzooplankton abundance and vertical distribution  

 

3.3.1 Microzooplankton abundance on the Terrace Bay transect (20° S)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During daytime, the abundance of microzooplankton at the Terrace Bay outer shelf station 

(st. 276) was the highest with more than 8900 ind. m
-
³ in the depth interval between 0 m 

and 25 m (Figure 9) and decreasing with depth. The mentioned depth interval was domi-

nated by Dinoflagellata with more than 79 % followed by non-Calanoida. Furthermore, the 

highest abundances of Nauplii were detected with a decreasing trend with depth but an 

increasing trend in relative composition. In the deeper water layers the abundance of mi-

crozooplankton decreased from 8900 ind. m
-3

 to 3000 ind. m
-
³. The second lowest total 

Figure 9: Microzooplankton abundance [ind. m
-3

] in depth intervals and relative composition 

[%] at the Terrace Bay outer shelf station (st. 276) during daytime. 
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individual number of around 900 ind. m
-
³ was detected between 50-100 m, whereas the 

diversity was highest in this water layer. In the depth intervals 50-100 m and 100-150 m 

the non-Calanoida species dominated the composition in a range of 60 % to 65 % per in-

terval, followed by Radiolaria with 32 %. Furthermore, 13 % of the individuals detected in 

these depth intervals were Calanoida. Further taxa found were Foraminifera, Chaetognatha, 

Appendicularia, Polychaeta larvae, Tintinnida, and Dinoflagellata. However, these taxa 

contributed less than 2 % each to the composition in these depth intervals.  

 

3.3.2 Microzooplankton abundance on the Rocky Point transect (19° S) 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 10: Microzooplankton abundance [ind. m
-3

]
 
in depth intervals and related composition 

[%] at the Rocky Point inner shelf station (st. 282) during night time. 
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At the inner shelf station (st. 282) on the Rocky Point transect three depth intervals down 

to 100 m water depth were sampled during night time (Figure 10). The abundances were 

the highest within the first two depth intervals (0-25 m and 25-50 m) with approximately 

320 ind. m
-
³. Radiolaria dominated the water layers with 50 % and 30 %. The contribution 

to the composition of non-Calanoida was 15 % (0-25 m) and 20 % (25-50 m). Further taxa 

with a high relative composition were Nauplii larvae with 10 % in 0-25 m and more than 

23 % in 25-50 m depth. The total number of individuals decreased to 110 ind. m
-
³ in       

50-100 m water depth where the non-Calanoida had the highest contribution with 35 %. 

Nauplii contributed up to 28 % (50-100 m), while Calanoida contributed with 8-13 % to 

the taxa’s composition. For all depth intervals, further taxa like Salpida and Dinoflagellata 

showed a contribution of less than 10%. Appendicularia, Pteropoda, Ostracoda and Tintin-

nida obtained the lowest abundances with 1% or less.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Microzooplankton abundance [ind. m
-3

] in depth intervals and relative composition [%] 

at the Rocky Point outer shelf station (st. 285) during daytime.  
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At the outer shelf station (st. 285) of the Rocky Point transect the highest individual num-

ber (490 ind. m
-
³) was detected in the interval from the surface down to 25 m water depth 

during daytime (Figure 11). The abundances in the depth intervals 25-50 m and 50-100 m 

were about 420 ind. m
-
³ and 405 ind. m

-
³. In the first three depth intervals from the surface 

downwards Salpida were the main group with a high stake of 47 %, 48 % and 33 %. In the 

first two depth intervals, the second largest group was non-Calanoida with around 20 %. In 

the depth interval 50-100 m, the second major group was Nauplii with 24 %. In the surface 

layer, Dinoflagellata showed a higher abundance with 8-12 % than in the deepest interval 

with less than 1.5 %. In the deepest interval between 100-150 m, 220 ind. m
-
³ were count-

ed. Polychaeta larvae were the dominant species with 20 % here. However, the dominance 

was not very distinct in this layer because the relative abundance of Radiolaria (17 %) and 

Calanoida (17 %) were similar. 

In addition, the taxon Cnidaria (9 %) was caught in all intervals except from the deepest 

one. Additionally, Foraminifera (0.5 to 2 %), Calanoida (1 to 3 %), Appendicularia (less 

than 1 %), Ostracoda (less than 1%) and Tintinnida (less than 1 %) were caught in all depth 

intervals at this station. 
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3.3.3 Microzooplankton abundance on the Kunene transect (17.5° S) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the shelf station (st. 305) on the Kunene transect the upper interval (0-25 m) was domi-

nated by Dinoflagellata with 33 % during daytime (Figure 12). In the second depth interval 

(25-50 m) more than 880 ind. m
-
³ were measured. Non-Calanoida and Dinoflagellata con-

tributed mainly with 29 %, followed by Nauplii (25 %) and Tintinnida (8 %). From         

50- 100 m water depth 620 ind. m
-
³ were counted. In 100 - 300 m depth, the total abun-

dance increased to 1250 ind. m
-
³. Non-Calanoida showed the largest relative composition 

in this interval with 21 %. Pluteus larvae (19 %), Tintinnida (20 %) and Dinoflagellata    

(16 %) were also important groups. Radiolaria were caught in all depth intervals and 

ranged from 1 to 6 %. Taxa with an occurrence of 2 % or less were Foraminifera, non-

Figure 12: Microzooplankton abundance [ind. m
-3

] in depth intervals and relative composition 

[%] at the Kunene shelf station (st. 305) during daytime.  
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Calanoida, Appendicularia, Chaetognatha, Peteroptera, Polychaeta larvae, Planula larvae 

and others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During daytime, at the slope station (st. 306) on the Kunene transect, the abundance de-

clined from 3090 ind. m
-
³ in the surface layer (0-25 m) to about 400 ind. m

-
³ in 50-100 m 

but increased again to 450 ind. m
-3

 in the depth interval from 100-200 m (Figure 13). Nau-

plii built the main group of the relative composition in all depth intervals. In the relative 

composition, the contribution of Nauplii increased from the surface layer (0-25 m) with 

35% to 50-54% in the depth intervals between 25-100 m and decreased again to 32 % in 

100-200 m water depth. Calanoida and Tintinnida had abundances similar to each other 

Figure 13: Microzooplankton abundance [ind. m
-3

] in depth intervals and relative composition 

[%] at the Kunene upper slope station (st. 306) during daytime.   
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with around 9.5 %, 6 % and 11% in the upper three depth intervals. Only in the deepest 

interval (100-200 m) Tintinnida (12 %) represented a larger part than Calanoida (6 %). 

Non-Calanoida were detected in all depth intervals. They made up 4 to 7 % of the compo-

sition in the first three depth intervals. However, in the deepest water layer non-Calanoida 

represented the second largest group with 18 %. Radiolaria were found in the whole water 

column with an average raise from 0.5 % in the surface layer to 5 % in the deepest layer. 

Nevertheless, other taxa like Appendicularia, Foraminifera, Peteroptoda, Polychaeta lar-

vae, Cephalopoda, Pluteus larvae and Diatoms were found with less than 3 % of the 

relative composition.  

 

 

 

 

 

 

 

 

 

 

  

Figure 14: The abundance [ind. m
-3

] and the relative composition [%] were displayed at 

two microzooplankton hauls with different depth intervals at the Kunene lower slope sta-

tion 307 during daytime. 
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During daytime, at the lower slope station (st. 307) on the Kunene transect, the number of 

individuals decreased from 2500 ind. m
-
³ in the upper layer (25-50 m) to around             

230 ind. m
-
³ in the two deepest layers (200-600 m; Figure 14). Nauplii made up the largest 

amount with 42 % of the composition in the depth intervals 25-50 m and 50-100m and 

decreased to 30 % (100-200 m). The Nauplii abundance increased again to 30 % in the 

deeper layers (200–600 m). Dinoflagellata showed a decreasing relative composition with 

depth till 400 m from 24 % to 5 %. Below 400 m the contribution of Dinoflagellata in-

creased again slightly to 9 %. Calanoida and non-Calanoida showed a vertical distribution 

with an increasing trend with depth from 11 % and 3 % (0-25 m) to 20 % and 15 %     

(200-400 m), but decreased again to 12% and 3% below this depth. Tintinnida showed a 

similar distribution with small fluctuations around 17 % over all depth intervals. Moreover, 

Radiolaria contributed from 1% to 15 % to the composition with an increase with depth. 

The abundance of Radiolaria increased with depth from 0.5 % to 4 % in the depth interval 

100-200 m. Foraminifera were obtained in the upper layer down to 200 m and in the deep-

est layer between 1 % and 3 %. Appendicularia, Pteropoda, Polychaeta larvae and Pluteus 

larvae had a relative composition of less than 1 %.  

 

3.3.4 Summary of the microzooplankton distribution in the investigation area 

The microzooplankton abundance presented a similar trend with decreasing numbers of 

individuals with depth at all stations, except of the Terrace Bay outer shelf station (st. 276) 

and the Kunene shelf station (st. 305). At both stations the individual numbers sharply in-

creased again in the deepest depth interval. The highest individual numbers were obtained 

at the outer shelf station (st. 276) on the Terrace Bay transect. On the Rocky Point transect, 

the number of individuals on the shelf rose with increasing distance to the coast. In contrast 

to this, the numbers of individuals decreased from the shelf (st.305) to the lower slope 

(st.307) on the Kunene transect.  

 

On the Terrace Bay transect the main taxa near the surface were non-Calanoida and Radio-

laria. Three taxa dominated the relative composition on the Rocky Point transect. While at 

the inner shelf station (st. 282) Radiolaria and non-Calanoida illustrated the main fraction 

of the relative composition, Salpida were the dominating taxon in most depth intervals at 
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the outer shelf station (st.285) during night time. Non-Calanoida and Nauplii had a high 

individual abundance but the dominating taxon was Salpida except to the deepest interval. 

Nauplii were very abundant, the main abundance shown on the Kunene transect. At the 

shelf station (st. 305) of this transect non-Calanoida and Dinoflagellata presented the main 

fraction in some depth intervals. Besides the Nauplii, Copepoda (non-Calanoida and Cal-

anoida) dominated the abundance in between 50-100 m depth intervals of the lower slope 

station (st.307). Generally, Copepoda and in particular non-Calanoida illustrated the high-

est individual numbers of the microzooplankton.  
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3.4 Mesozooplankton abundance and vertical distribution  

 

3.4.1 Mesozooplankton abundance on the Rocky Point transect (19° S) 
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Figure 15: Mesozooplankton abundance [ind. m-3] in depth intervals and relative composition [%] at the 

Rocky Point outer shelf station (st. 285) at daytime. 
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During daytime at the lower shelf station (st. 285) on the Rocky Point transect, the total num-

ber of mesozooplankton individuals was the highest between 25-50 m (1370 ind.m
-3

) and de-

creased to the deepest layer of 100-150 m (60 ind.m
-3

; Figure 15). The second highest abun-

dance of individuals was located between 0-25 m. Between 25-50 m depth the major fraction 

was detected in the size class 1-2 mm with more than 700 ind. m
-
³. All size fractions were 

dominated by Salpida with approximately 70 % or more. In the 25-50 m depth intervals, Si-

phonophora (range 0-10 %), Cyclopoida (range 0-15 %), and Calanoida (range 2-8 %) and in 

some cases Chaetognatha (range 0-7 %) were common. Between 50-100 m depth the commu-

nity was dominated by the 0.5-1 mm size class with around 500 ind. m
-
³. Cyclopoida were the 

most frequent taxon with 49 % and 57 % of the fractions <0.5 mm and >5 mm. The fractions 

1-2 mm and 2-5 mm were separated into two dominating taxa: Salpida (26-28 %) and Chae-

tognatha (21-26 %). The further most common taxa in these fractions were Siphonophora   

(15 %), Calanoida (16 %) and Cyclopoida (9-12 %). In the deepest water layer (100-150 m) 

the fraction < 0.5 mm contributed more than 35 ind. m
-
³, whereas the other fractions amount-

ed less than 18 ind. m
-
³. Asteroidea were found abundantly, they dominated the <0.5 mm frac-

tion with 55 %, but were also common in the fractions 0.5-1 mm (15 %), 1-2 mm (10 %) and 

2-5 mm (26 %).  
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At the outer shelf station (st. 285) on the Rocky Point transect in the water column between  

0-50 m, the total number of individuals was higher during the night time with approximately 

3.500 ind.m
-
³ than during the daytime with around 2000 ind. m

-3 
(Figure 16). The total abun-
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Figure 16: Mesozooplankton abundance [ind. m
-3

] in depth intervals and relative composition [%] at the Rocky 

Point outer shelf station (st. 285) at night time. 
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dance of mesozooplankton was lower between 50 m and 100 m depth than between 100 m 

and 150 m with around half as much individuals as in the upper layers. 

Salpida was the main determined group found on this station (54-88 % of the total) during the 

night in all depth intervals and size fractions except the size fraction < 5 at 100-150 m. Only 

in this fraction, Cephalopoda made 21 % of the total number of individuals. However, the 

number of Calanoida increased with depth. Cyclopoida were also found in all depths and frac-

tions with a contribution to the relative composition between 2 % and 27 %. In contrast to the 

day sample where Appendicularia were detected only in the depth interval 100-150 m, this 

group (0.1-6 %) was found in all depth intervals during the night. In addition, less Asteroidea 

(0.2-1 %) were found in the water column than during the daytime.  
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3.4.2 Mesozooplankton abundance on the Kunene transect (17.5° S) 

 

 

 

 

 

 

 

 

 

During daytime on the shelf station (st. 305) on the Kunene transect the abundance of meso-

zooplankton decreased from the surface layer (2200 ind. m
-3

) to the 50-100 m depth interval 

(135 ind. m
-3

; Figure 17). In the upper 50 m the most abundant size fraction was the 1-2 mm 

with over 600 ind. m
-3

. In 50-100 m depth, the size fraction 0.5-1 mm contained the most in-

dividuals with around 80 ind. m
-3

.  
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Figure 17: Mesozooplankton abundance [ind. m
-3

] in depth intervals and relative composition [%] at the 

Kunene shelf station (st.305) during daytime.  
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In all depth intervals, Calanoida were the most abundant group with 47 % (100-150 m) and 

90% (50-100 m), respectively. In all depths intervals and size fractions, Cyclopoida were ob-

tained with an increasing trend in the relative composition from the surface (2-11 %) to the 

bottom (8-30 %). Moreover, the taxon Chaetognatha ranged from 10 % to 29 % in the size 

fraction > 5 mm and 2-5 mm between 0-25 m and 50-100 m depth. The relative abundance of 

Euphausiacea rose with increasing depth from 3 % (0-25 m) to 30 % (50-100 m). This group 

dominated the larger size fractions (> 5 mm, 1-2 mm). The highest abundance of Appendicu-

laria was obtained in the upper water layers (4 %-13 %). In the other depth intervals, the rela-

tive abundance of Appendicularia ranged from 4 % (25-50 m) to less than 0.5 % (50-100 m). 

Most of the Salpida were detected in the two upper depth intervals with the highest relative 

abundance of 13 % in the size fraction < 0.5 mm.   
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Figure 18: Mesozooplankton abundance [ind. m
-3

] in depth intervals and relative composition [%] at the 

Kunene upper slope station (st. 306) at night time. 
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At the upper slope station (st. 306) of the Kunene transect the highest abundance of mesozoo-

plankton was detected in the upper layer during the night (Figure 18). The highest abundance 

was detected in 25 to 50-m depth with around 350 ind. m
-3

. The highest abundance in the size 

fraction 1-2 mm with 70 ind. m
-3

 was found in the surface layer (0-25 m). Copepoda (divided 

into Cyclopoida and Calanoida) were the most common taxon in all depth intervals, with a 

range from 31 % to 88 % of the total. This taxon was mainly dominated by Calanoida. Cyclo-

poida were more abundant in the size fraction <0.5 mm in 50-100 m and 100-150 m water 

depth than Calanoida. Besides this, Salpida were found in all depth intervals and size fractions 

with relative abundances between 7 % (depth: 200-400 m, fraction: 2-5 mm) and 36 %    

(depth: 0-25 m, fraction: <0.5 mm). Appendicularia were found in all size fractions in a range 

of 6-10 % at 0-25m and in the size fractions >5 mm (2 %) and <0.5 mm (1 %) at 25-50 m. In 

the second depth interval (25-50 m), the highest abundance of mesozooplankton was obtained 

with 180 ind. m
-3

 in the size fraction 0.5-1 mm. Chaetognatha showed a similar distribution in 

the whole water column with a decreasing trend from the larger size fraction (7-8.5 %) to the 

smaller size fraction with less than 3 % between 200m and 400 m. Furthermore, Chaetognatha 

were mainly detected in the larger size fractions (2-5 mm to 5 mm) with 16 % to 28 % be-

tween    50 m and 200 m. Near the bottom, the total abundance increased from 20 ind. m
-3

 

(50-100 m) to around 40 ind. m
-3 

(200-400 m)
 
with the highest abundance in the size fraction 

0.5-1 mm (about 20 ind. m
-
³). Euphausiacea were detected in all depth intervals mainly in the 

larger size fraction (1-15 %) with the highest relative abundance of 15 % (> 5 mm) between 

50 m and 100 m. Other Crustacea larvae were mainly found between 50 m and 200 m water 

depth with 1-20 %. In the other depth intervals the relative abundance of the Crustacea larvae 

showed a decreasing trend with depth from 1.5 % to-8 % (0-25 m) over 0.5 % to 1.5 % (200-

400 m) to 0-4 % (50-100 m). 
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Figure 19: Mesozooplankton abundance [ind. m
-3

] in depth intervals and relative composition [%]        

at the Kunene lower slope station (st. 307) at daytime. 
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During the daytime, samples at the lower slope station (st. 307) on the Kunene transect were 

taken in water depths down to 600 m (Figure 19). The surface interval (0-25 m) demonstrated 

quite a low total abundance of approximately 50 ind. m
-
³ in total. The depth interval below 

showed the second highest number of individuals with 50 ind. m
-3

 in the size fraction         

0.5-1 mm. No more than 1 ind. m
-3

 per size fraction was found in the depth intervals         

100-200 m and 200-400 m, respectively. Most individuals were obtained in the depth interval 

400-600 m with about 150 ind. m
-3 

in total, where most of them (about 55 ind. m
-3

) were part 

of the size fraction 1-2 mm. 

Calanoida were the dominating group in most size fractions in a range of 32 % (25-50 m) to 

95 % (400-600 m). From the latter depth interval down, Cyclopoida were the main taxon in 

the size fraction <0.5 mm. Chaetognatha were obtained in all depths intervals with the lowest 

abundance between 400-600 m (1-7 %). In the depth intervals 50-100 m and 200-400 m, 

Chaetognatha made the main part of the largest size fractions (24-50 %). Euphausiacea were 

found mainly in the larger size fractions, with an increasing trend from the surface down to 

400 m water depth in a range of 1 to 33 % mainly in the larger size fractions. In the depth 

range from the surface down to 100 m fish larvae and fish eggs were found (0-8 %). Mollusca 

contributed to the relative composition in a range of 1 to 37 %. 

 

3.4.3 Summery of the mesozooplankton abundance in the investigation area  

The mesozooplankton distributions mainly showed a decreasing trend from the highest abun-

dance in the second depth interval to a low abundance in the middle depth interval. The abun-

dance increased again in the deepest interval at most stations.  

The highest abundance of mesozooplankton was detected at the Rocky Point outer shelf sta-

tion (st.285). On the Kunene transect, the mesozooplankton abundance decreased rapidly 

from the shelf to the slope. These distribution patterns were similar to the microzooplankton 

with the only difference that the abundance was less at the Rocky Point shelf station com-

pared to the Kunene shelf station.  

The Rocky Point shelf station was dominated by the group Salpida. In contrast, on the entire 

Kunene transect mainly Calanoida and Cyclopoida groups were found. 
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3.5 Biomass of mesozooplankton 

 

3.5.1 Biomass of mesozooplankton on the Rocky Point transect (19° S) 

Figure 20:  Mesozooplankton biomass [g 1000 m
-3

] for all depth intervals at the Rocky Point outer shelf station 

(st. 285) at daytime and at night time.  

During the daytime, at the outer shelf station (st. 285) on the Rocky Point transect, the bio-

mass declined with decreasing depth from the second depth interval down (Figure 20). The 

second highest biomass was detected in the surface layer. The highest biomass was deter-

mined between 25 and 50 m (1600 g 1000 m
-3

). The size fraction 1-2 mm dominated the first 

two depth intervals. The lowest biomass was observed between 100 and 150 m. In the two 

deepest intervals the biomass was mainly build by the two biggest size fractions in equal 

shares.  

During the night, the highest biomass was as well found between 25 m and 50 m             

(2700 g 1000 m
-3

). In contrast to the daytime, the second and third largest biomass values 

were found between 50 m and 100 m (1100 g 1000 m
-3

) and 100 m to150 m                  

(around 400 g 1000 m
-3

). 
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3.5.2 Biomass of mesozooplankton on the Kunene transect (17.5° S) 

 

 

 

 

 

 

 

 

 

At the shelf station (st. 305) on the Kunene transect the highest biomass was found between 

25 m and 50 m depth (Figure 21). In deeper layers the biomass decreased to 300 g 1000 m
-3

 

(50-100 m) and 50 g 1000 m
-3

 (100-150 m). However, the biomass structure in the different 

depth intervals was the same at the outer shelf station (st. 285) on the Rocky Point transect. 

This includes a high abundance of the size fraction 1-2 mm (around 500 g 1000 m
-3

) in the    

25 m to 50 m depth interval. Moreover, the size classes of 2-5 mm and 1-2 mm presented a 

similar relative abundance in the other depth intervals. In all depth intervals, the 0.5-1 mm 

fraction made up a smaller part of the biomass in a range of 10-40 g 1000 m
-3

 while the frac-

tion < 0.5 mm only constituted a very small part with less than 4 g 1000 m
-3

 of the total bio-

mass per depth interval in all water layers. 
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Figure 21: Mesozooplankton biomass [g 1000 m
-3

] for all depth intervals at the Kunene shelf 

station (st. 305) at daytime. 
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Less biomass with a range of 57 g 1000 m
-3

 (25-50 m) to 8 g 1000 m
-3

 (100-200 m) was de-

tected at the upper slope station (st. 306) in comparison to the stations mentioned before 

(Figure 22). This low biomass led to a different composition of the biomass size fractions. In 

particular, the smaller size fractions constituted a larger part in relation to the bigger size frac-

tion in a range of around 1 % to 10 % (<0.5 mm) and 10 % to 40 % (0.5-1 mm). The dominat-

ing size fractions in the second depth interval were the 2-5 mm fraction with around              

25 g 1000 m
-3

 and the 0.5-1 mm fraction with 25 g 1000 m
-3

. 

Figure 22: Mesozooplankton biomass [g 1000 m
-3

] for all depth intervals at the 

Kunene upper slope station (st. 306) at night time 
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Figure 23: Mesozooplankton biomass [g 1000 m
-3

] for all depth intervals at the Kunene lower slope station     

(st. 307) at daytime and night time. 

In contrast to the other stations, the highest biomass was found in the deepest interval      

(400-600 m) at the Kunene lower slope station (st. 307) with 75 g 1000 m
-3

 during the day and 

95 g 1000 m
-3

 during the night (Figure 23). The second highest biomass was found near the 

surface (day: 15 g 1000 m
-3

; night: 50 g 1000 m
-3

) and decreased with depth to less than         

5 g 1000 m
-3

 (day) and 10 g 1000 m
-3

 (night). The composition of the size fractions was simi-

lar to the slope station (st. 306) with a dominance of the size fractions 1-2 mm and 2-5 mm. 

As at the station 306, the smaller size fractions made up a larger part of the total biomass 

compared to the bigger size classes, due to the small total biomass at this station.   

Biomass [g 1000m
-3

]

0 20 40 60 80 100 120

D
e
p
th

s
 [
m

] 

400-600m

200-400m

100-200m

50-100m

25-50m

0-25m

400-600m

200-400m

100-200m

50-100m

25-50m

0-25m

<0,5mm 

0,5-1mm 

1-2mm 

2-5mm 

Night 

Day



 3 Results 

49 

 

3.5.3 Summary of the mesozooplankton biomass in the investigation area 

The pattern of mesozooplankton biomass was similar to the mesozooplankton abundance. 

However, in contrast to the abundance pattern, the biomass increased from the intermediate 

depth intervals to the deepest depth interval at two stations on the Kunene transect. Another 

difference to the abundance pattern was the higher biomass at the lower slope station (st. 307) 

compared to the upper slope station (st. 306).  

 

3.6 Biochemistry  

 

Table 4: Bottom concentrations [µmol l-1] of the different elements: (PO4), nitrite ion (NOx), ammonium cation 

( ) ammonium , dissolved inorganic nitrogen (ammonium, nitrate, nitrite) (Din), inherited by A. 

Neumann  

Station Bottom c. [PO4] Bottom c. [NOx] Bottom c. [ ] Bottom c. [ ] Bottom c. [Din] 

277           

278 3.28 23.40 0.49 6.85 30.25 

279 5.91 19.23 0.93 11.54 30.77 

305 2.16 13.45    -0.02 3.11 16.56 

306 2.78 12.01 0.34 2.38 14.39 

308 1.93 23.75 0.36 1.10 25.75 

 

Data from stations nearby the ROV stations was evaluated for bottom nutrient concentration, 

fluxes and elemental composition (Table 4). The concentrations of phosphate (PO4), nitrite 

ion (NOx), ammonium cation ( ) and dissolved inorganic nitrogen (ammonium, nitrate, 

nitrite) (Din) at the Rocky Point inner shelf station (st. 279) illustrated the maximum bottom 

concentration of all stations. The bottom concentration of mono-nitrogen oxides (NOx) was 

the highest at the offshore station (st. 308) and lowest at the shelf station (st. 305) and the 

slope station (st. 306) on the Kunene transect. The Kunene offshore station (st. 308) had the 

lowest concentration of PO4 (1.93 µmol l-1), while  was measured with the lowest con-

centration at the Kunene shelf station (st. 305; -0.02 µmol l
-1

) and the second highest at the 

Terrace Bay innermost shelf station (st. 278; 0.49 µmol l
-1

). Due to the influence of the con-

centrations of ammonium, nitrate and nitrite on Din it showed a similar pattern with the low-

est concentration of 14 µmol l
-1

 at the Kunene slope station (st. 306). Generally,  showed 
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an increasing trend from the shelf (st. 279: 11.54 µmol l
-1

) down the slope                            

(st. 308: 1.10 µmol l
-1

) 

Table 5: Percentage of total nitrogen (Ntot) and organic carbon (Corg) in the sediment (molar ratio of both ele-

ments). Oxygen concentration compared to oxygen consumption, inherited by A. Neumann  

Station 
Ntot % 

(sediment) 

Corg % 

(sediment) 

Corg : Ntot (molar 

ratio) 

Bottom water 

oxygen (µM) 

Oxygen consumption 

(µmol m
-2 

d
-1

) 

277 1.0 7.28 8.45 1.90  

278 0.5 3.57 8.83 1.33 769.48 

279 0.22 1.59 8.62 16.38  

305 0.21 1.88 10.21 46.66 2023.06 

306 0.14 1.00 10.33 42.58 2160.69 

308 0.38 3.05 9.26 239.25 3065.04 

 

Ntot and Corg contribution in the sediment were correlated to each other. For example, at the 

inner shelf station of Terrace Bay (st. 277) the highest Ntot (1.0 %) and also the highest Corg 

(7.3 %) were obtained. At the upper slope station (st. 306) on the Kunene transect the lowest 

percentages of Ntot (0.1 %) and Corg (1 %) were detected. At the shelf stations (st. 279, st. 305) 

of the Terrace Bay and Kunene transect the amounts of Ntot were very similar to each other 

(Table 5). However, the Corg presented a larger difference between these two stations. The 

Corg : Ntot ratio illustrated high values for the shelf station (st. 305) and the slope station       

(st. 306) with around 10.25 on the Kunene transect. The bottom water oxygen concentration 

increased from the shelf station (st. 277; 1.9 µM) to the lower slope station (st. 308;        

239.25 µM). In comparison, the oxygen consumption presented the same trend:             

769.48 µmol m
-2

d
-1

 (st. 278) and 3065.04 µmol m
-2

d
-1

 (st. 308) were measured.  

Table 6: Fluxes and production of nitrogen, ammonium and phosphate (µmol m
-2 

d
-1

) inherited by A. Neumann. 

Positive values demonstrating the uptake to the sediment and negative values the input into the water column.     

Station Nitrate flux  Nitrite flux   N2 flux  

Ammonium 

flux  

Ammonium 

production  

Phosphate 

flux  

Phosphate 

production  

277               

278 350.26 -0.16 -583.37 -411.75 359.53     

279   12.52 -718.68 -277.32 324.63 -77.29 58.06 

305 472.70 -1.29 -353.03 -1885.38 507.84 -149.57 201.97 

306 70.66 -20.44 -323.31 -20.44 35.46 -6.63 8.82 

308 51.62 -0.14 -460.94 -89.92 65.11 -21.27 21.45 
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On the Terrace Bay transect at the inner shelf station (st. 278), the nitrate flux was               

350 µmol m
-2

 d
-1

, which indicates an uptake of nitrate into the sediment from the water col-

umn       (Table 6). On the Kunene transect the absorption of nitrate from the water column 

decreased with increasing bottom depth of the three stations from 472 µmol m
-2

 d
-1

 on the 

shelf (st. 305) to 51 µmol m
-2

 d
-1

 offshore (st. 308).  

The only positive measurement of the nitrite uptake of the sediment was detected at the inner 

shelf station (st. 279) on the Rocky Point transect. The biggest release of nitrite from the sed-

iment was calculated for the Kunene slope station (st. 306).  

Compared to the Kunene transect, the measured N2 fluxes of the Terrace Bay transect were 

relatively low, which implicated an input from the sediment into the water column. Moreover, 

the highest input of N2 into the water column was obtained with -719 µmol m
-2

 d
-1

 at the 

Rocky Point shelf station (st. 279). The highest release was obtained (-461 µmol m
-2

 d
-1

) for 

the deepest offshore station (st. 308) on the Kunene transect.  

The ammonium flux from the sediment into the water column decreased rapidly from              

-1885 µmol m
-2

 d
-1 

on the shelf (st.305) to -20 µmol m
-2

 d
-1

 at the slope station (st. 306) on the 

Kunene transect. Compared to this transect, the shelf regions of the other transects showed 

medium ammonium fluxes from the sea ground into bottom water.  

A similar trend can be spotted for the ammonium production, where the stations of the Ter-

race Bay transect and Rocky Point were similar to each other and medium compared to the 

other transect, while the Kunene transect showed two extreme measures. Furthermore, the 

phosphate flux presented the same trend as the ammonium flux. It was correlated to the phos-

phate production, meaning that stations with a high phosphate production had also a high re-

lease of phosphate from the sediment.  

 

3.6.1 Summary of the biochemistry  

In summary, the bottom concentrations of the elements presented their maximums at the inner 

shelf stations (st. 278 and st. 279) on the Terrace Bay and the Rocky Point transect. In con-

trast to this, the maximum concentration of mono-nitrogen oxides (NOx) on the Kunene tran-

sect was obtained at the offshore station (st. 308). On the Kunene transect, ammonium cation 

presented a decreasing trend. The nitrite ion concentration increased with water depth from 
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the shelf to the lower slope. The other detected concentration presents a maximum on the 

slope (st. 306). 

The Ntot % and the Corg % were correlated to each other. The Corg : Ntot ratio was the lowest at 

the shelf on the Terrace Bay and the Rocky Point transect. On the Kunene transect, the       

Corg : Ntot ratio was the highest on the slope and decreased to offshore.  

The oxygen consumption was related to the oxygen concentration. On the shelf the oxygen 

concentrations were low with increasing trends to the north (Terrace Bay → Kunene) and 

further offshore. The ammonium and phosphate productions were highest on the shelf. The 

ammonium and phosphate fluxes correlated positively with an increase of the sediment input 

accompanied by a higher productivity. However, the nitrate flux from the sediment presented 

a decreasing trend from the shelf sediment to the offshore sediment. In addition, the nitrite 

flux indicated no clear trend between the coastal areas and the offshore areas and on the shelf 

from south to north. The N2 flux was the highest on the shelf with its maximum on the Rocky 

Point transect and a minimum on the Kunene transect. Furthermore, the Kunene transect indi-

cated a higher N2 flux from the sediment into the bottom water offshore than on the shelf.   

 

3.7 Benthic macrofauna distribution   

 

Benthic samples were evaluated at four stations on the Terrace Bay (st. 279), Rocky Point   

(st. 279) and Kunene transect (st. 305 and st. 308). All stations showed huge differences in 

taxa composition (Figure 24, 25). The selection of the stations was matched to the location of 

the ROV stations.  
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The second highest individual number was detected at the inner shelf station (st. 278) on the 

Terrace Bay transect (approximately 122 ind. m
-2

) but more than 60 % of the taxa were unde-

termined. Rather it was not possible to differentiate between all taxa, e.g. Holothuroidea or 

tubes of Polychaeta. The second largest fraction of the relative composition was undefined 

tubes (around 10 %). Holothuroidea and Polychaeta illustrated almost the same percentage 

with around 7 % of the relative composition. Moreover, c.f. Telina sp. (1 %) and not further 

identified Bivalvia shells (3 %) were found. 

 

 

 

Figure 24: Benthic macrofauna taxa of the three transects. The scale is 5 cm. 
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The data showed that the highest abundance was found at the inner shelf station on the Rocky 

Point transect (155 ind. m
-2

; st. 279). The dominating group was Bivalvia (80% of all). Most 

of them were undetermined and broken Bivalvia shells (~45 %). The remaining part consisted 

of whole Bivalvia (9 %), Bivalvia shells (1 %), whole c.f. Telina sp. (9 %), and shells of c.f. 

Telina sp. (12 %). Gastropoda were also found at these two stations. (1.5 % broken Gastropo-

da shells, 9 % of taxon A). Taxa A are Gastropoda which look like they plantain to the same 

species, but could not exactly be established via photos. A major part of the species composi-

Figure 25: Benthic macrofauna abundance [ind. 
m-2

] and relative composition [%] at the Kunene 

shelf station (st.305). 
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tion at this station was represented by the group Polychaeta with 7 %. Moreover, Holothu-

roidea (1 %) and Scaphopoda sp. (0.8 %) were two of the seldom groups. On the Kunene 

transect at the shelf station (st. 305), the abundance of all determined individuals reached   

110 ind. m
-2

. The average of nine cores were analyzed. Similar to the Terrace Bay shelf sta-

tion   (st. 279) Bivalvia dominated the community with around 80 %. Unfortunately, 30 % of 

this group had broken shells and 19 % were empty shells. For the remaining Bivalvia the ge-

nus was determined, which led to a taxa composition as follows: whole c.f. Telina sp. (0.5 %), 

shells of c.f. Nuculana sp. (18 %) and whole c.f. Nuculana sp. (8 %). Gastropoda were found 

with around 1.5 % with broken shells, while 12 % were determined as taxa A and 0.5 % as   

cf. Tectonatica sp. Polychaeta contributed with 7 % to the taxa composition. The lowest 

abundance
 
was observed at the deepest offshore station (st. 308) with less than 20 ind. m

-
². 

Here the main part of the taxa composition was determined as Scaphopoda sp. with 54 %, 

followed by unidentified species (36 %) and Amphipoda (9 %).   
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At the shelf station of the Kunene transect (st. 305) the different sediment cores showed an 

abundance of individuals of 50 ind. m
-2

 to 150 ind. m
-2 

(Figure 26). Except of the core 305 I, 

all cores were dominated by Bivalvia. Broken and undetermined Bivalvia presented the main 

part with a range of 40 % to 70 % of the taxa composition. The second largest part of this tax-

on consisted of whole organisms and/or shells of c.f. Nuculana sp. in a range of 10 % and    

45 %. Furthermore, within the cores VII and VIII at the shelf station (st. 305) c.f. Telina sp. 

were detected with around 5 %. However, at core 305 I. Gastropoda made up the major part 

with around 3 % c.f. Tectonatica sp. and 44 % Gastropoda of taxa A. At the cores 305 PW. 
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Figure 26: Benthos abundance and relative composition at the Kunene shelf station (st. 305) in nine differ-

ent cores. 
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and 305 V. c.f. Tectonatica sp. were obtained with around 1 %. At the other cores the Gas-

tropoda taxon A was detected in a range of 8 % (305 III) to 23 % (305 VI). The Polychaeta 

were detected in a range of 2-14 % in all cores.  

 

3.7.1 Summary of the benthic macrofauna abundances in the investigated area 

All stations of the three transects showed large differences in taxa composition of the benthic 

macrofauna. The shelf stations of all three transect showed high abundances compared to the 

Kunene offshore station (st. 308). On the Terrace Bay shelf station (st. 278), the composition 

of all organisms was dominated by Polychaeta and Holothuroidea. The main fraction made 

the undefined tubes that could not clearly be assigned to one of those two taxa. The Rocky 

Point and Kunene shelf stations (st. 279 and st. 305 average) presented a higher abundance of 

Bivalvia taxa than the other stations. At the station 305, more cores were sampled that illus-

trated a dominance of the taxon Bivalvia which was split into c.f. Telina sp., c.f. Nuculana sp. 

and not further classified Bivalvia. All Bivalvia taxa and the other main taxa Gastropoda 

(Taxa A) and Polychaeta presented different abundance fractions between the different cores. 

In addition, Scaphopoda sp. was the dominating taxon at the Kunene offshore station (st. 

308).  

 

3.8 ROV video analysis of the benthic megafauna 

 

3.8.1 Benthic megafauna abundance on the Terrace Bay transect (20° S)  

The benthic megafauna diversity on the ROV videos was analyzed at the six stations on the 

three transects (Appendix, Table 8Table 9; Figure 27).  

At the shelf station (st. 277) of the Terrace Bay transect, the observed track was 119 m long 

and located in a water depth of 100 m. Mainly Medusa were detected with an abundance of 

203 ind. 100 m
-1

 (Table 9). Most of the Medusa had their tentacles pointed up to the surface. 

One unidentified Actinopterygii was detected; unfortunately a detailed classification was not 

possible. One Blackbelly Rose fish (Helicolenus dactylopterus) was found per 100 m route 

length. 
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3.8.2 Benthic megafauna abundance on the Rocky Point transect (19° S) 

The inner shelf station (st.282) of the Rocky Point transect was situated at the shelf (110 m) 

and the route length was 284 m long (Figure 27). The most common taxa were the Asteroidea 

with 124 ind. 100 m
-1

. Medusa and Sufflogobius bibarbatus (Bearded Gobies) were the se-

cond most common taxa with 21 individuals each on a track length of 100 m. Furthermore, 

Actiniaria was detected (2 ind. 100 m
-1

) and Gastropoda (Table 9).  

The outer shelf station (st. 285) was situated at a depth of 205 m and the track length was   

351 m. Actiniaria was the most common taxon with 56 ind. 100 m
-1

. Gobies (Sufflogobius 

bibarbatus) presented 10 ind. 100 m
-1

 track route. Compared to the shelf station on this tran-

sect, Medusa abundance was low with 2 ind. 100 m
-1

. Gastropoda with 1 ind. per 100 m track 

length occurred as rarely as on the inner shelf station. In contrast to the other station on this 

transect, the unidentified taxa of Actinopterygii (3 ind. 100 m
-1

), Pennatulacea                       

(7 ind. 100 m
-1

) and Merluccius capensis (hake) (1 ind. 100 m
-1

) were also found at outer 

shelf station. Only on this transect, bacteria mats were observed. At the inner shelf station 

(st.282) the bacteria mats were frequently with a rare coverage at the outer shelf station       

(st. 285) on the Rocky Point transect.  

 

3.8.3 Benthic megafauna abundance on the Kunene transect (17.5° S) 

The shelf station (st. 305) on the Kunene transect was 150 m deep and the corrected track 

length was 430 m (Figure 27 and Figure 28). Most common group was the Pennatulacea with 

2397 ind. 100 m
-1 

(Table 9). The second most abundant taxon was Gastropoda with 728 ind. 

100 m
-1

. Furthermore, the unidentified taxa of Actinopterygii (9 ind. 100 m
-1

) were detected. 

The taxa Actiniaria, Sufflogobius bibarbatus and Shrimp were recorded, but only with 1 or 

less individuals per 100 m track route. 

At the upper slope station (st. 314; 500 m depth), the track route had a length of 500 m. Like 

at the shelf station, Gastropoda (4463 ind. 100 m
-1

) and Pennatulacea (1278 ind. 100 m
-1

) 

were the most common taxa. Moreover, higher abundance of shrimps (15 ind. 100 m
-1

) was 

observed compared to the shelf station (st. 305) on the Kunene transect. Macrouridae (Rat-

tails) were also found (16 ind. 100 m
-1

) where 8 ind. 100 m
-1 

were further classified as Cal-

lorhinchus spp., other unidentified Actinopterygii (2 ind. 100 m
-1

) were less common at the 
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slope station compared to the shelf station. Sufflogobius bibarbatus, Merluccius capensis, 

Helicolenus dactyloperus (blackbelly rosefish), Selachophidium guenthir (barbed brotula), 

Type 16 (fish not clearly defined) and Coleoidea were found with an amount of 1 or less indi-

viduals per 100 m.  

The deepest ROV station was the Kunene lower slope station (st. 315) on the continental 

slope (775 m). The track length was 339 m. The most common taxon was the Macrouridae 

with 49 ind. 100 m
-1

, 8 of them were determined as Callorhinchus spp. One was defined as 

Coelorinchus simorhynchus.  

With 2 ind. 100 m
-1

 the same number of other Crustacea was detected as at the upper slope 

station. However, less shrimps (13 ind. 100 m
-1

) were detected than at the upper slope station. 

In contrast to the other stations on this transect, no Gastropoda were found and only                

8 ind. 100 m
-1

 of Pennatulacea were observed. However, more unidentified Actinopterygii 

were found with 16 ind. 100 m
-1

.  

 

3.8.4 Summary of the megafauna abundances in the investigation area 

The highest benthic megafauna abundance was found at the Kunene lower slope station       

(st. 306). The distribution pattern on this transect presented a high abundance at the shelf sta-

tion (st.305) with a peak at the slope station (st. 306). Nevertheless, minor abundances were 

obtained at the lower slope station (st. 307). On the Terrace Bay transect at the shelf station 

(st. 277), the abundance was less than on the Kunene shelf station but higher than the Rocky 

Point shelf station (st. 282). The inner shelf station (st. 282) presented a lower abundance than 

the outer shelf station (st. 285) on the Rocky Point transect. At the Terrace Bay shelf station 

(st. 277) mainly Medusa were recorded.  

On the Rocky Point transect, Sufflogobius bibarbatus and Medusa formed the main organisms 

at the inner shelf station (st. 282) while Actiniaria were the dominating species at the outer 

shelf station (st. 285). On the Kunene transect, Pennatulacea and Gastropoda illustrated the 

main taxa at the shelf station (st.305) and the upper slope station (st. 306). In particular, Pen-

natulacea dominated the shelf and Gastropoda the slope. At the lower slope, the main found 

taxon was Macrouridae. In contrast to the inner stations, no Gastropoda and Pennatulacea 

were obtained.  
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Figure 27: Overview of the benthic megafauna on the northern Namibian shelf.  
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Figure 28: Overview of the benthic megafauna on the Kunene slope.   
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3.9 Correlation of benthic megafauna abundance with different biotic and abiotic  

      parameters 
 

The benthic megafauna abundance is displayed in relation to the chemical and physical com-

ponents measured in the water column as well as the abundance of benthic macrofauna, mes-

ozooplankton and microzooplankton (Figure 29). 
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Figure 29: A: Megafauna values related to physical and chemical parameters and the values of benthic 

macrofauna, mesozooplankton and microzooplankton at all stations of the three transects. B: magnifi-

cation of the relations of the three stations with the lowest benthic megafauna abundances. chla: Chlo-

rophyll a, micro: microzooplankton, meso: mesozooplankton, mega: benthic megafauna, macro: ben-

thic macrofauna, Corg: benthic organic carbon, Din: dissolved inorganic nitrogen (ammonium, nitrate, 

nitrite), BWO: bottom water oxygen. 



 3 Results 

63 

 

3.9.1 Correlation pattern of benthic megafauna in the investigated area 

By comparison of the benthic megafauna abundance of the different transects it became ap-

parent that the station on the shelf (st. 305) and at the upper slope (st. 306) of the Kunene 

transect showed the largest abundance value of benthic megafauna (0.61 and 0.33). Compared 

to these high values, all stations on the Terrace Bay (st. 277) and Rocky Point (st. 282 and 

285) transect as well as the lower slope station (st. 307) of the Kunene transect demonstrated 

very low benthic megafauna values in a range of 0.008 and 0.022 (Figure 29 A). Within these 

low values, the Terrace Bay shelf station (st. 277) had the highest abundance (0.022) while 

the Rocky Point inner stations (st. 282; st.285) had intermediate values (0.018–0.009). The 

lowest abundance was obtained at the Kunene lower slope station (st. 307)  

 

3.9.2 Correlations at the Terrace Bay transect (20° S) 

The chlorophyll a showed the second highest value (0.18) at the Terrace Bay shelf station 

(st.277) after the Rocky Point shelf stations while the bottom water oxygen (BWO) concentra-

tion was the lowest compared to the other stations. At the Terrace Bay shelf station no data 

was available for mesozooplankton abundance and biomass (Figure 29 B). The microzoo-

plankton abundance was higher (0.529) compared to the other stations, while the value for the 

benthic macrofauna was the second highest (0.290). Moreover, the highest benthic organic 

carbon (Corg) value was detected (0.619) compared to all other stations. Furthermore, the 

Corg : Ntot (molar ratio) was the second highest and as high as at the Rocky Point inner shelf 

station (st.282). The value for Din was the second highest at this station, while the bottom 

water oxygen (BWO) concentration was the lowest compared to the other stations. At the Ter-

race Bay shelf station no data was available for mesozooplankton abundance and biomass. 

 

3.9.3 Correlations at the Rocky Point transect (19° S) 

On the Rocky Point transect the inner shelf station (st. 282) and the outer shelf station          

(st. 285) both displayed low values of benthic megafauna, while higher values were displayed 

at the inner shelf station (st. 282). This pattern is visible vice versa in the microzooplankton 

abundance, which showed a slightly higher abundance at the outer shelf station             
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(0.0734; st. 285) than at the inner shelf station (0.036; st. 282). Compared to the other tran-

sects, these values were the second lowest after the Kunene lower slope station              

(st.307; Figure 29 B). The Chl a concentration was higher at the inner shelf station and de-

creased to an intermediate value at the outer shelf station (st.285). Mesozooplankton was 

merely observed at the outer shelf station (st.285) and had the highest abundance (0.64) and 

biomass (0.815) compared to the Kunene transect stations. No data of benthic macrofauna and 

benthic biochemistry was available for the outer shelf station (st.285). The inner shelf station 

(st. 282) was characterized by the lowest benthic megafauna of all stations, while the benthic 

macrofauna abundance showed the highest value (0.397). Biochemistry measurements 

showed the second lowest values for the Corg concentration, the Corg : Ntot (molar ratio) and the 

BWO compared to the Terrace Bay shelf station (st. 277). The Din concentration was the 

highest at the inner shelf station (st.282). 

 

3.9.4 Correlations at the Kunene transect (17.5° S) 

On the Kunene transect the three stations showed very different values. While the highest 

benthic megafauna abundance of all transects was recorded at one of the slope stations        

(st. 306), the second highest abundance was recorded at the shelf station                                

(st. 305; Figure 29 A). The lower slope station (st. 307), displayed the second lowest value of 

all transects. The chlorophyll a concentrations decreased from the coast to the continental 

slope. On the shelf, the value was higher than at the Rocky Point shelf and lower than at the 

Terrace Bay shelf.  

In addition, the microzooplankton abundance (0.211-0.03) as well as the mesozooplankton 

abundance (0.30-0.02) and the benthic macrofauna abundance (0.27-0.0358) at the stations 

305, 306 and 307 decreased from the coast towards the offshore waters (0.197-0.029). In 

comparison to the other transects, the microzooplankton on the shelf had an intermediate 

abundance that laid between the abundances of the Terrace Bay transect (0.529) and the 

Rocky Point transect (0.07). The mesozooplankton abundance at the same station was half as 

high as the abundance at the Rocky Point outer shelf station (st.285). The Kunene shelf station 

(st.305) showed the lowest benthic macrofauna abundance of the shelf stations of the two oth-

er transects. For the biochemistry comparison, data was available only for the shelf station   

(st. 305) and shallower slope station (st. 306) of the Kunene transect, the Rocky Point inner 
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shelf station (st. 282) as well the Terrac Bay shelf station (st. 277). The Corg concentration on 

the shelf (0.16; st. 305) showed an intermediate value that laid between the values of the inner 

shelf stations of the Terrace Bay shelf station (0.620; st. 277) and the Rocky Point shelf sta-

tion (0.135; st. 282). The Corg:Ntot ratio was the highest with around 0.272 compared to the 

other transects. At the Kunene shelf station (st. 305) the DIN was lower than at the shelf sta-

tions of the other transect and decreasing further in the direction of the slope (st. 306). Only 

the BWO increased from the shelf to the offshore area (0.454-0.393) and the values were all 

higher than on the other two transects. 

 

3.9.5 Sperman’ rho correlation  

The two sided Spearman’s rho correlation of the benthic and the pelagic parameters showed 

no significant correlation (p < 0.05) for any combination (Table 7). However, there could be 

weak relations, even if they are not significant, between Chl a and microzooplankton             

(rs = -0,374). Furthermore, the megafauna has a weak relation as well to Chl a, mesozoo-

plankton and benthic macrofauna (rs = 0.2). A moderate relationship was found between mi-

crozooplankton and mesozooplankton (rs = 0.4) and between benthic macrofauna and micro-

zooplankton (rs = 0.4). The microzooplankton and the benthic megafauna showed a strong 

relation (rs = 0.714) and an even stronger relationship was detected between mesozooplankton 

and Chl a (rs = 0.8) and between mesozooplankton and benthic macrofauna (rs = 1). 

Table 7: Two sided Spearman’s rho correlation test for all standardized abundance and concentration values of 

the pelagical and benthos with the associated p-values (p < 0.05). Black boxes display the separation of the rho- 

and p-values. 

  

Spearman’s rho values 

 

Chl a 

Microzoo-

plankton 

Mesozoo-

plankton  

Benthic meg-

afauna 

Benthic 

macrofauna 

p
 -

v
al

u
es

  
  

Chl a - 0.374 0.8 -0.2? 1 

Microzooplankton 0.497 - 0.4 0.714 0.4 

Mesozooplankton 0.333 0.75 - 0.2 1 

Benthic megafauna 0.7139 0.1631 1 - 0,2 

Bnethic macrofauna 0.083 0.75 1 0.9167 - 
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3.9.6 Relation of the biological and chemical parameters in the pelago-benthic coupling 

  

Figure 30: Relation of the different biological and chemical parameters in the pelagial and benthos. chla: Chlo-

rophyll a, micro: microzooplankton, meso: mesozooplankton, mega: benthic megafauna, macro: benthic 

macrofauna, Corg: benthic organic carbon, Din: dissolved inorganic nitrogen (ammonium, nitrate, nitrite), BWO: 

bottom water oxygen. 

 

Generally, all parameters Chl a, microzooplankton, mesozooplankton, benthic megafauna, 

benthic macrofauna, dissolved inorganic nitrogen and benthic organic carbon except the oxy-

gen were higher on the shelf and decreased down the slope (Figure 30). Chl a as well as the 

microzooplankton abundance showed a decreasing trend from the shelf towards the open 

ocean. The decline of mesozooplankton abundance between the shelf and the upper slope was 

more intense than for microzooplankton. This pattern indicates a high biomass in the pelagic 

realm on the shelf, which leads to a stronger sedimentation on the shelf than at the upper slope 

and lower slope. The result is a higher Corg and Din concentration on the shelf, while simulta-

neously a reduced oxygen concentration was detected due to bacterial decomposition of or-

ganic matter. Down the slope the values of Chl a, microzooplankton and mesozooplankton 

abundance decreased constantly with a declining trend of the chemical concentration         
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(Corg ;Din) at the bottom and the benthos abundances, merely the upper slope demonstrate the 

highest benthic megafauna abundance in contrast to the shelf and lower slope. The lower 

slope presents the lowest pelagic and benthic organism abundances.  

 

3.9.7 Corellation of the benthos and pelagial at all stations of the three transects 

 

 

Figure 31: The correlation of the sum of all benthic abundances (macrofauna and megafauna) and the sum of all 

pelagic concentrations and abundances (chlorophyll a (phytoplankton), microzooplankton and mesozooplankton) 

at all stations of the three transects.  

 

The by far highest benthos abundance and the second lowest pelagic abundance were detected 

on the Kunene transect at the upper slope station (st. 306; Figure 31). On this transect the se-

cond highest abundance of the benthic fauna and the third highest abundance of the fauna of 

the water column were obtained at the shelf station (st. 305). The two inner shelf station of the 

Terrace Bay and the Rock Point transect showed an intermediate abundance of the benthos 

ranging between 0.159-0.201. However, the Rocky Point inner shelf station (st. 282) showed 

a much lower pelagic abundance (0.114) than the Terrace Bay shelf station which had the 

highest pelagic abundances (0.356). Nevertheless, the lowest benthic abundances were detect-

ed at the Rocky Point outer shelf station (st. 285; 0.009) and the Kunene lower slope station 

(st. 307; 0.0219). In contrast to this, the pelagic abundances were the second highest at this 

shelf station and the lowest at this lower slope station. 
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4 Discussion 

 

In the present study, the pelagic-benthic coupling (Graf, 1989) in the Namibian upwelling 

area was investigated from the shelf down the slope. At the continental margins, Jahnke 

(1990) stated that local topography may have some influence on deposition and the remineral-

isation rates. However, these local effects are generally much smaller than large scale regional 

trends like injections of water mass from the southern and northern currents. Nevertheless, 

this study identifies local factors structuring the benthic community in the northern Benguela 

Upwelling System. Three transects in this area which are between 60 and 89 NM apart from 

each other showed clear differences in benthic abundance and composition of megafauna and 

macrofauna. Abiotic and biotic data from the overlying water column were correlated with the 

benthic data, assuming that the benthos is depending on the input of organic material (OM) 

from the upper water layers (see also Parsons et al., 1984; Roughgarden, 2006) 

 

4.1 Hydrography 

 

Hydrography data were used for the detection of the upwelling phenomena, which cause the 

input of nutrients from deeper layers into the eutrophic zone. Additionally, oxygen minimum 

zones (OMZ) were detected. The hydrographic profiles indicated a recent or active coastal 

upwelling along the entire Namibian coast typical during the summer season, at all three tran-

sects throughout the investigation (Figure 5, Figure 6 and 7). However, in the northern Ben-

guela upwelling system, a maximum upwelling occurs between April and September and is 

reduced in January and February between 17° S and 21° S (Demarcq et al., 2007). During this 

study, higher water temperatures than usual in this season were recorded during the southern 

summer and the salinity showed a decreasing trend to the south caused by saltier SACW in 

the north and less salty water in the south introduced by the Eastern South Atlantic Central 

Water (ESACW; (Mohrholz et al., 2007). This indicates that water masses from the north 

(Angola Current) were displaced into the northern Namibian area. 

On the Terrace Bay transect, the detected moderate upwelling conditions were underlined by 

an absence of an intermediate salinity maximum, which is typical for intense upwelling condi-
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tions (Mohrholz et al., 2007). Offshore, at above 240 m depth, the influence of the ESCAW 

was indicated by high oxygen concentrations. In contrast, the central water layer was domi-

nated by low oxygenated SACW below 240 m and at the inner stations. Similar findings were 

also detected near the bottom of the Rocky Point transect. Those suboxic to anoxic zones have 

an influence on the distributions of organisms (Bertrand et al., 2010). On the Rocky Point 

transect, downward sloping isopycnals near the shelf edge point to a poleward undercurrent in 

a depth layer between 100 m and 200 m (Lahajnar et al., 2012). In addition to the two south-

ern transects mentioned above, the highest fraction of oxygen poor SACW was detected on 

the Kunene transect between 200 and 400 m water depth. Between 100 m and 400 m, in the 

central water layer, a strong downward sloping of isotherms and isohalines towards the coast 

was depicted, which is typical for a strong geotropic adjusted southward flow along the shelf 

edge (Lahajnar et al., 2012). Compared to the offshore surface layer, different patterns of 

temperature, salinity and oxygen in inshore surface waters indicate a coastal upwelling from 

water layers between 50 m and 80 m on the Kunene transect. On this transect, the center posi-

tion of the Angola Benguela frontal zone (ABFZ) was detected. Above the thermocline the 

transect was partly covered by warm saline surface water of tropical origin, which implies a 

southward shift of the ABFZ (Lahajnar et al., 2012). On the Kunene shelf this front acted as a 

physical barrier and limited the extension of the OMZ (Monteiro and van der Plas, 2006). The 

outflow of the Kunene River is located on this transect and on its annual minimum in October 

(monthly flow rates (mfr): 99 million m
3
; 29 years average) and highest in March and April 

(975-1153 million m
3
; 29 years average), but with a high variability between the years 

(Nogueira et al., 1997).This could be a reason for the high particle flux rate during the inves-

tigation in February (mfr: 554; 29 years average; Eggers, 1990). Moreover, the estuary of the 

Kunene River may have an influence on the ecosystem in this coastal area (Lass et al., 2000).  
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4.2 Plankton abundances  

 

4.2.1 Phytoplankton distribution detected by satellite  

Nutrients are transported in high concentrations into the eutrophic zone mainly from the sub-

thermocline by upwelling. This supports an immensely powerful biological pump and main-

tains phytoplankton blooms (Malone, 1980; Berger et al., 1989; Diffenbaugh et al., 2004). In 

this study, the phytoplankton concentration was monitored as Chl a concentrations by satellite 

data. On all transects the Chl a concentrations presented the same trend with the highest con-

centration at the coast and a decrease with increasing distance from the coast, exhibiting a 

strong negative offshore gradient, which was also observed by Demarcq et al. (2003) and 

Weeks and Shillington (1995). 

During the sampling period of this study, the upwelling activity was low but contrary to this 

the phytoplankton abundance demonstrated a high concentration near the coast. Barlow et al., 

(2005) detected that the phytoplankton bloom is variable, but there are indications that the 

phytoplankton abundance is generally elevated during winter and spring time in the northern 

BUS (Demarcq et al., 2007). In the Peruvian upwelling system only a weak relation between 

the seasonal maximum of the Chl a concentrations and the seasonal maximum of the 

upwelling activity was detected (Nixon and Thomas, 2001). In a more specific study of these 

coherences, Carr and Kearns (2003) determined that the primary production is mainly influ-

enced by large-scale circulations, responsible for up to 60 % of the variance in primary pro-

duction, while the physical forcing in terms of upwelling and temperature variability affects 

only 18 % of the variance. On all three transects, upwelling events were detected, but in con-

trast to the Kunene transect the upwelled water on the southern transects (Terrace Bay and 

Rocky Point) had its origin in nutrient rich water below 100 m depth (Shannon, 1985). This 

fact could lead to a lower nutrient supply which could be the reason for the lower chlorophyll 

a concentration on the Kunene shelf than in the shelf region of the two other transects 

(Nogueira et al., 1997). 
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4.2.2 Microzooplankton abundance 

 Phytoplankton abundance is not only controlled by nutrient supply but also by grazing pres-

sure (Flynn, 1989). The main grazer of phytoplankton in upwelling areas are microzooplank-

ton (Calbet and Landry, 2004). This could be the reason for the high abundance of microzoo-

plankton at the Terrace Bay shelf station (st. 277) and the low abundance at the Kunene lower 

slope station (st. 307), despite that each site showed the same value in Chl a. The microzoo-

plankton abundance on the Rocky Point shelf was lower than on the Kunene shelf, although 

the Chl a concentrations were higher. This could be caused by other elements of the           

diet of microzooplankton like bacteria, detritus and other microzooplankton animals                  

(Jarre-Teichmann et al., 1998). Another reason for the higher abundance of microzooplankton 

in proportion to a low Chl a concentration on the Kunene shelf could be the absence of OMZ 

in this region. OMZ have an enormous influence on the species abundance since only a few 

species can tolerate these extreme oxygen deficiencies, thereby constraining the vertical habi-

tat of most marine organisms (Prince and Goodyear, 2006; Bertrand et al., 2010). A further 

explanation for a lower abundance of microzooplankton at a lower Chl a concentrations could 

be the predation by other zooplankton (Kleppel, 1993). 

At the Terrace Bay shelf station (st. 277) below 50 m and at the Rocky Point shelf stations 

from 80 m downwards oxygen minimum zones were located, probably causing a decrease in 

microzooplankton abundance. At the Kunene shelf station (st. 305) with well oxygenated wa-

ter masses, the number of individuals increased again below 100 m. However, at the lower 

Kunene slope station (st.307), where an OMZ is located between 200 and 400 m water depth, 

the abundance of microzooplankton was stable throughout the whole water column. A con-

stant species abundance below an OMZ in these water depths could not be observed at the 

other stations due to shallower depths. In addition to that, the Kunene slope station (st. 305) 

showed the same distribution pattern as the Terrace Bay outer shelf station (st. 276) and the 

Rocky Point shelf stations (st. 282 and st.285), with a decline of microzooplankton abundance 

with depth, probably caused by an OMZ. The different sampling times of the day demonstrat-

ed no obvious difference in the vertical distribution.  

Microzooplankton (in a size range of 20-125 µm) is mainly composed of Dinoflagellata and 

Tintinnida (Laybourn-Parry, 1992). In this study, a large size fraction (55-300 µm) was ana-

lyzed and the taxon Dinoflagellata was detected with high abundances only at the Terrace Bay 

outer shelf station (st. 276; Figure 9) and at the Kunene shelf station (st. 305; Figure 12). The 
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microzooplankton taxa composition demonstrated a structure different from to the one ob-

served by Laybourn-Parry (1992) at many stations, with a dominance of Copepoda. This tax-

on was found more often on the shelf than at the slope in the present study. The reason for this 

could be that Copepoda feed on phytoplankton during active upwelling (Timonin et al., 1992) 

with an average of 25% of the available daily phytoplankton (Verheye et al., 1992). A maxi-

mum abundance of Copepoda was also recorded by Hansen et al. (2005) on the central shelf 

(40 NM from the coast) at the further south Walvis Bay transect (23° S). Radiolaria were the 

main taxon at the Rocky Point shelf station (st. 282). This taxon is often found in nutrient-rich 

water with a high Chl a concentrations (McMillen and Casey, 1978; Dworetzky and Morley, 

1987) like on the inner shelf.  

 

4.2.3 Mesozooplankton abundance  

Mesozooplankton and microzooplankton revealed a similar distribution pattern since mesozo-

oplankton consumes microzooplankton (Iirigoien et al., 2005). The concentration declined 

from high abundance inshore (st. 305) over intermediate abundance at the continental slope 

(st. 306) to the lowest abundance offshore (st. 307). However, in contrast to the microzoo-

plankton abundance the mesozooplankton abundances were higher at the Rocky Point outer 

shelf station (st. 285) than at the Kunene shelf station (st. 305). 

Mesozooplankton day-night vertical distributions on the Rocky Point transect (st. 285) indi-

cated a higher abundance of individuals in the upper water layer at daytime than during the 

night. These distribution patterns are contrary to the common vertical migration of mesozoo-

plankton (Vinogradov, 1968). While during night time mesozooplankton emerges from deep-

er water into the upper more food-rich water layers to feed, it migrates into deeper layers to 

prevent predation at daytime (Stich and Lampert, 1981; Steinberg et al., 2000). 

The impact of the OMZ on the mesozooplankton abundance in the different depth intervals 

seemed more obvious than for the microzooplankton distribution. A decrease in the abun-

dance and biomass of the mesozooplankton was observed between water depths of 100 m to 

400 m where an OMZ was located at the Kunene lower slope station (st. 307). Below the 

OMZ, the individual number of the mesozooplankton sharply increased again. Due to the lo-

cation of the OMZ close to the bottom, it could not be detected whether depth or the OMZ 

was the reason for decreasing mesozooplankton abundance (Auel and Hagen, 2002).   
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4.3 Sedimentation 

 

The pelago-benthic coupling is important for supply of food to the benthic community. The 

abundance and sinking velocities of organic particles determine the magnitude of carbon flux 

which reaches the benthos (Fowler and Knauer, 1986). Microzooplankton and mesozooplank-

ton are important food web members in epi- and upper mesopelagic zones of the oceans. They 

consume large amounts of particles including phytoplankton and protozoans (see Robison et 

al., 2010) and contribute largely to the particle flux in the ocean by modifying marine snow 

(Alldredge and Silver, 1988), by sinking faecal pellets (Bruland and Silver, 1981) and by the 

sinking of dead bodies. This causes a higher particle flux on the shelf than offshore, caused by 

a higher abundance of microzooplankton and mesozooplankton as consumers of chlorophyll 

a. 

The primary turnover could be estimated by the quantitative importance of new nitrogen to 

primary production. This is given by the f-ratio, the ratio of  uptake to the combined up-

take of  and  (Eppley and Peterson, 1979). Upwelling systems typically have higher 

f-ratios of about 0.5 than offshore regions (Eppley, 1981). At the Namibian coast, f-ratios of 

3-5 indicated maxima in near-surface waters (25 % light penetration) and lower values indi-

cated a minimum towards the boarder of the euphotic zone and the lower water masses     

(James et al., 1989). This increase could lead to a high primary production as estimated by          

Summerhayes et al. (1995). The authors measured a shelf-edge productivity of                   

175-240 mmol C m
-2

 d
-1

. These sedimentation of plankton and particle transport more organic 

material into the benthic zone (Rogers and Bremner, 1991) and organic matter accumulates as 

mud belts (Inthorn et al., 2006). In the present study higher concentrations of marine snow 

were observed with the ROV at the inner shelf station at Terrace Bay and the Rocky Point and 

at the Kunene shelf stations (st. 305) than at the Kunene lower slope station (st. 307). Please 

note, that these particle concentrations were not quantified. The predominance of sediments 

enriched by organic matter across the shelf and upper slope of the northern BUS indicates that 

the new productions are consistent with long-term trends in sedimentation (Calvert and Price, 

1970) (Bremner, 1983). Furthermore, Jahnke (1996) suggested that continental margins ac-

count for ~40% of the particulate organic carbon flux in to the deep ocean (at > 1,000 m water 

depth). 
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4.4 The sediment structure  

 

Differences in the flux lead to a diverse sediment structure from the shelf downwards the con-

tinental slope. Bremner (1978) divided the seafloor off Namibia’s coast into three zones with 

high organic matter deposits: firstly the inner mud belt in 50-140 m water depth with the 

highest concentration of organic matter deposits (7-25 %), especially diatom mud (to 150 m). 

The second area is located on the middle shelf in 200-300 m depth in a sandy-muddy sub-

strate region with a depth range of 150 m to 400 m. The outermost belt, which is the third 

area, is located at a depth of 500-1400 m on the slope with a muddy seabed below 1000 m.  

The areas are additionally supplied with organic material by lateral transport due to the high 

concentration of organic material caused by the high phytoplankton production (Steffani, 

2012).  

Transferring this pattern onto the analyzed transects, the Terrace Bay and Kunene shelf sta-

tions (st. 277 and st. 305) as well as the Rocky Point inner shelf station (st. 282) were located 

in the inner mud belt. The amount of mud increased with depth from the shelf down the slope 

(see also Werner, 2012). Furthermore, the outer Rocky Point shelf station (st. 285) was esti-

mated to be located in the sandy-mud area. Both slope stations (st. 306 and st. 307) of the 

Kunene transect were in the alternate belt. The recordings of the ROV did not detect the sed-

iment structure, but sandy sediment seems to be observed at the Terrace Bay shelf station (st. 

277). The amount of mud increased with depth from the shelf down the slope (Werner, 2012). 

 

The shelf is seasonally exposed to relatively warm bottom water (SACW), which permits in-

tensive microbial activity and results in high rates of nutrient turnover (Neumann, 2012). A 

frequent consequence of high remineralisation rates is the successive consumption of availa-

ble electron acceptors such as oxygen, nitrate and sulphate etc. by bacteria. Moreover, high 

remineralisation rates should be positively correlated with the water temperature which influ-

ences polikilothermal bacteria and invertebrates (Kristensen et al., 1992). In particular, the 

shelf stations of the transects Rock Point and Terrace Bay present a high concentration of ni-

trogen compounds and high Corg concentrations, which is in contrast to the Kunene transect 

with decreasing concentrations of these elements with bottom depth. High temperatures en-

hance the accumulation reaction into carbon dioxide, dinitrogen, hydrogen sulphide and me-

thane in the surface sediment and the bottom water (Neumann, 2012). These reactions were 
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accompanied by a low oxygen concentration on the shelf (Terrace Bay and Rock Point) with 

an increasing trend downwards the continental slope as measured on the Kunene transect. A 

further reason for the higher oxygen concentration at the Kunene lower slope station (st. 308) 

might be the introduction of NADW into the bottom water: the highest oxygen concentrations 

with up to 238 µmol l
-1

 were detected at this lower slope station (Neumann, 2012). 

 

4.5 Sediment flux 

 

Fluxes of nitrate, nitrite, ammonium, N2 and phosphate in the sediment display less temporal 

variability than water column fluxes. However, phosphate and ammonium fluxes between the 

bottom water and the sediment are increasingly exponential by increasing temperature (Smith 

et al., 1992). These higher flux rates are driven by the activity of bacteria and invertebrates 

(Kamp-Nielsen, 1975; Neumann, 2012). The present study agrees with these results: much 

higher phosphate and ammonium fluxes between the sediment and the bottom water were 

detected on the warmer shelf than at the colder, deeper stations on all three transects. General-

ly, flux rate decrease with lower temperature and increasing depth (Zabel et al., 1998;    

Schulz and Schulz, 2005; Goldhammer et al., 2011). Neumann et al. (2012) pointed out, that 

the Corg : Ntot ratio is affected by the release of ammonium from the sediment. This implies 

that fresh organic material with a low Corg : Ntot ratio as detected at all shelf stations investi-

gated in this study releases more ammonium than refractory organic material with high       

Corg : Ntot ratio like at both Kunene slope stations (st. 306 and st. 307). 

The ratio of released ammonium and phosphate is shifted towards phosphate by nitrification if 

oxygen is present (Goldhammer et al., 2011). This might be the case at the Kunene slope sta-

tions (st. 306 and st. 307). Here, the nitrate uptake from the bottom water into the sediment is 

higher than on the shelf while at the same time the ammonium flux decreased from the sedi-

ment into the water. Thus, N2 production is more controlled by bottom water oxygen concen-

tration than by nitrate concentration. At higher temperatures and lower oxygen concentrations, 

as it was detected on the shelf in the present study, the ammonium-nitrate balance is shifted 

towards ammonium. Füssel et al. (2012) mentioned that nitrification was displaced from the 

sediment into the water column by a higher nitrate flux of > 10 µmol l
-1

 even in the OMZ. 

Moreover, Kalvelage et al. (2011) observed a high rate of nitrate reduction in the OMZ of the 
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Namibian and Peru/Chile upwelling system and suggested that the produced nitrite reduction 

is coupled to anaerobic ammonium oxidation (annammox) (Kuypers et al., 2005; Ward et al., 

2008). Competing reoxidation of reduced nitrite would explain why nitrate was not fully con-

sumed during the sampling of the present study.   

Veraart et al. (2011) stated that microbial oxygen consumption and thus the availability of 

oxygen within the sediment is temperature-dependent. The availability of oxygen ultimately 

controls oxygen dependent processes such as nitrification and denitrification. In the present 

study, nitrite fluxes as proxy of nitrification and denitrification suggest that internal nitrifica-

tion apparently ceased at temperatures above 11°C which are predominant on the shelf.   

 

4.6 Bacteria mats 

 

The largest surface coverage of bacteria mats was observed at the inner shelf station (50-79 

%; st. 282) and showed a decreasing trend to the outer shelf station (20-49 %; st. 285). This 

pattern could be influenced by a higher decomposition of organic material generated by great-

er plankton abundance in the pelagic at the inner shelf station (st. 282). On the inner shelf the 

diatom mud belt is associated with a high organic matter input and a high sulphur concentra-

tion. Moreover, the higher amount of diatoms in the mud increased the sulphur                  

concentrations via decomposing. Such conditions are preferred by Thiomargarita namib-

iensis.          (Steffani, 2012).  

Thiomargarita namibiensis is located in the upper centimeters of the sediment and stores 

phosphate at an oxygen concentration above 40 µmol O2 l
-1

 (Schulz and Jørgensen, 2001). At 

a temperature of 12-15 °C and < 40 µmol O2 l
-1

 the highest phosphate fluxes from the sedi-

ment into the water column were detected at the shelf station. This was also recorded by 

Schulz and Schulz (2005) and Goldhammer et al. (2011). The authors attributed intensive 

phosphate releases to the abundance of Thiomargarita namibiensis. This bacteria and Beg-

giatoa are facultative aerobic sulphur bacteria which oxidize bottom water sulphide out of the 

covered bottom water into environmentally harmless colloidal sulphur and sulphate        

(Lavik et al., 2009). The metabolism of these bacteria turns anaerobic on the shelf due to the 

low oxygen concentration; hence a larger coverage of bacterial mats on the inner shelf than on 

the outer shelf was detected. Under the conditions mentioned above the bacteria oxidize up to 
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55% sulphide into sulphur and sulphate on the Namibian shelf. Thus, the bacterium is able to 

flexibly adapt its metabolism to the conditions on the shelf off Namibia (Schulz and Schulz, 

2005). According to this, bacteria mats were observed via ROV only at the two anoxic Rocky 

Point stations (st. 282; st. 285) in the present study. 

 

4.7 Benthic macrofauna abundance 

 

The benthos has the highest diversity within the marine species (Gray, 1997) and the seafloor 

presents the largest continuous ecosystem on earth (Snelgrove et al., 1997). The high overall 

productivity and mineralization on the Namibian shelf results in high benthic biomasses and a 

benthic community well adapted to a constant and massive organic material input 

(Aspetsberger et al., 2007). This pattern of particle flux rates may explain the findings of the 

present study that the benthic macrofauna abundance decreased from the shelf towards the 

lower slope, matching results from other deep benthic environments (Martin and Sayles, 

2004; Aspetsberger et al., 2007; Heip et al., 2001). One reason for this pattern could be the 

significant correlation between the abundance and biomass of the macrofauna, the silt content 

and the TOC (total organic carbon) in the sediment detected by Kröncke and Türkay (2003). 

This indicates that the Corg concentration on the shelf is higher compared to the lower slope 

and influences the macrofauna density. Carbon is an important component for the basic me-

tabolism of the deep-sea community and even refractory organic material is sufficient to meet 

the energy demand in the deep sea (Tenore and Chesney, 1985). Macrofaunal contribution to 

total metabolism is reported to be high on the shelf and upper slope sediments in the Benguela 

Upwelling System (Heip et al., 2001; Aspetsberger et al., 2007). In particular, Steffani (2010) 

stated that the species richness inshore and offshore of Namibia showed a strong dominance 

of Polchaeta followed by Crustacea and Mollusca. This is in contrast to the findings of this 

study, which indicate a dominance of Mollusca followed by Polychaeta, except for the Ter-

race Bay inner shelf station, where the major species were Polychaeta and Holothuroidea.  

 

The two inner shelf stations of the Terrace Bay and Rocky Point transect (st. 277 and st. 282) 

ROV stations were approximately at 105 m depth, but the benthic macrofauna sampling sta-

tions were at 34 m depth at both sites. At the anoxic Terrace Bay innermost shelf station      
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(st. 278), Holothuroidea and Polychaeta indicated a high abundance. Similar findings detected 

by Zettler et al. (2009) in an OMZ at depths between 150 m and 201 m on the Namibia shelf. 

The shelf area was covered by the diatomaceous mud (Bremner, 1978), which causes a reduc-

tion in benthic macrofauna, although it contains high concentrations of organic matter and 

reduced sulphur. Sako (1998) and Sanders (1968) detected that the macrofauna species diver-

sity was reduced in OMZ off Namibia, but higher abundances and biomasses exist at the edge 

of the OMZ. This could not be confirmed in the present study since the highest taxa diversity 

and abundances were found at the anoxic innermost shelf station of Rocky Point (st. 279). 

Furthermore, the not further defined Gastropod taxon A was observed at this station. The an-

imals look very similar to Nassarius vinctus, which is a long-living species and seem to be 

adapted to the occurrence of nearly anoxic and hypoxic conditions in this region. This species 

can be used as an indicator species of OMZ. The high abundances of this species in the OMZ 

were also detected by Zettler (2009). Nevertheless, the main taxon at this station was Bival-

via. At the Kunene upper slope station (st. 305) at the lower shelf break ROV observations 

recorded less particle flux, this could result in the low Corg sediment concentrations compared 

to the shelf. This feature has an effect on the taxa composition resulting in high abundances of 

the anoxic adapted Bivalvia Nuculana sp. (might be N. bicuspidata) and taxon A (might be 

Nassarius vinctus) in the present study (Zettler et al., 2009; Eisenbarth, 2012). Generally, or-

ganisms living in OMZ are more restricted by the lack of oxygen than by the supply of POM 

(particulate organic matter). However, Sibuet et al. (1989) described the flow of particulate 

material as a parameter, which mainly influences the distribution of the deep-sea fauna 

(Eisenbarth, 2012). 

Please note, that the ROV lower slope station (st. 307) was at 800 m depth and hence 1000 m 

shallower than the well oxidized deepest Kunene offshore station (st. 308). In this deep sea 

area the upwelling has no influence (Thiel, 1978). This leads to a more stable physically bal-

anced environment in the deeper layer, where organisms could easily build stable communi-

ties (Sanders, 1977; Sanders, 1968). Benthic abundance and diversity were low in the oxy-

genated bottom water at low temperatures and intermediate Corg concentrations. Additionally, 

Rowe (1981) notion that benthic biomass is function of surface productivity and tends to de-

crease with distance from the shore and with depth. Moreover, the low bottom temperature 

did not show any measurable effects on the benthic bacterial processing rates, which were 

recorded during the in situ experiments of Aspetberger et al. (2007) in the Benguela 

Upwelling System. It has to be pointed out that the analysis of the abundance and diversity of 
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the macrofauna was merely based on pictures; identification was only possible on the group 

or family level.  

 

4.8 Benthic megafauna abundances  

 

It is presumed that differences in the habitat structure of the benthos are caused by physical, 

chemical and biological processes (Narvarrete et al., 2005; Siegel et al., 2008). This could be 

the reason why the three transects demonstrate a very different benthic megafauna community 

structure in small scaled areas (150 NM). The benthic megafauna distribution showed a simi-

lar decreasing trend from inshore to offshore as recorded by the ROV (Figure 32).  

At the Terrrace Bay shelf station (st. 277) the third highest abundance of megafauna was rec-

orded concerning the major taxon Medusa (203 ind. 100 m
-1

). This high abundance was also 

detected by Flynn et al. (2012) who indicated a peak of jellyfish abundance over the central 

region of the Namibian shelf, which is characterized by a broad shelf (Shannon, 1985). It has 

been considered as a semi-permanent convergence zone and could lead to the accumulation of 

jellyfish (Boyer et al., 2001). The Medusa pointed their tentacles to the surface to catch ma-

rine snow, which had a higher concentration on the shelf than at the slope (Berryman, 2005; 

Calvert and Price, 1970). The higher concentration of particles was caused by higher phyto-

plankton (Estrada and Marrasé, 1987; Brown et al., 1991) and zooplankton biomass   

(Shannon and Pillar, 1986; Olivar and Barange, 1990). Jellyfish are probably more abundant 

in areas with a high particle concentration (Bailey and Batty, 1984). Nevertheless, the Medusa 

found in the present study were not identical with the two common species Chrysaora fulgida 

and Aequorea forskalea on the Namibian shelf (Gibbons, 2011) which did not show this kind 

of feeding behavior. 

 

The hypoxic conditions detected at the Terrace Bay station were tolerated by polyps and Me-

dusa. The adaptation to low oxygen condition on the shelf and the decreasing abundances of 

small pelagical fishes since the 1970s (Gibbons, 2011; Boyer et al., 2001) lead to an increase 

in the abundance of Jellyfish over the whole length of the Namibian coast from the Kunene 

River in the north to the Orange River in south (Venter, 1988; Fearon et al., 1992) with the 
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greatest abundances in water depths of < 200 m. The main predators on jellyfish are turtles, 

sunfish and the bearded gobies on the shelf (Flynn et al., 2012). The Rocky Point transect was 

the only transect where bacteria mats (Thiomargarita namibiensis) were recorded. The cover-

ing decreased from the inner shelf to the outer shelf and the major taxon Sufflogobius bibar-

batus showed a similar trend. This fish lives in a depth up to 340 m and at a temperature be-

tween 11°C and 15°C (Martin and Sayles, 2004). The decomposition of the diatom mud re-

sults in hydrogen sulphites (H2S) and methane (CH4).The aerobic activity of bacteria and de-

composing processes lead to hypoxic conditions; Sufflogobius bibarbatus could survive under 

these conditions (Utne-Palm et al., 2010). This environment is a safe refuge zone for Suf-

flogobius bibarbatus due to the absence of the main predators like Merluccius capensis (Utne-

Palm et al., 2010) Sufflogobius bibarbatus mainly feeds on zooplankton, Medusa and benthic 

species like Polychaeta and diatom mud which are associated with Thiomargarita namibiensis 

(Utne-Palm et al., 2010).  

The lower coverage of bacteria at the other shelf station could be a reason for the detected 

higher oxygen concentration compared to the inner shelf station (st. 282). This oxygen con-

centration could further lead to the finding of 1 ind. 100 m
-1

 of Merluccius capensis (hake).  

Asteroidea were found in a range of 124 (inner shelf st. 282) to 56 ind. 100 m
-1

 (outer shelf  

st. 285). This pattern was also detected by Brand et al. (2006), with a higher abundance of 

Echidodermata on the shelf compared to the deep sea. One reason for a higher abundance 

inshore is that the taxa live in areas depending mainly on organic matter supply from the eu-

photic zone (Gooday and Turley, 1990). A higher abundance of plankton and an assumed 

higher particle flux were detected at the inner shelf station (st. 282). In the Southern Ocean 

the Anthozoa species distribution is driven by depth (Brandt et al., 2006). Octocorallia were 

mainly found on the shelf, whereas Hexacorallia dominated the deep sea (Brandt et al., 2006). 

These taxa orders are suspension feeders which have a high abundance in regions with high 

particle flux rates (Berryman, 2005). 

Pennatulacea belong to the Octocorallia. In the present study a smaller amount of Pennatu-

lacea were detected at the Rocky Point outer shelf station (st. 285) compared to the upper 

Kunene transect. Actinaria, which belong to the Hexacoralia were also detected at both Rocky 

Point shelf stations with a higher abundance at the outer shelf station (st. 285). Werner (2012) 

assumed that this distribution pattern is driven by a positive oxygen concentration. The strong 

geotropic adjusted southward flow along the shelf edge (Lahajnar et al., 2012) may transport 



 4 Discussion 

81 

 

particle rich water from the Kunene River to the Rocky Point shelf break. This could lead to 

the occurrence of Pennatulacea at the outer shelf station on the Rocky Point transect.  

Nevertheless, the highest abundance of Octocorallia were recorded on the Kunene transect 

with a decreasing trend from the shelf through the slope to the lower slope, where Vertillidae 

were detected mainly on the shelf and Pennatulacea at the slope station (Figure 32Figure 33).  

This distribution followed the same trend as the particle flux. The highest particle flux was 

detected on the Kunene shelf and could be driven by the Kunene river outflow (Eggers 1990). 

The marine snow in this region consisted of large flakes although there was a low seasonal 

input from the Kunene River (Nogueira et al., 1997), which could be the main reason for the 

high abundance of Pennatulacea on the Kunene transect. For the link between the megafauna 

abundances and the biochemical sediment conditions it has to be recognized that higher con-

centrations of the Corg,: Ntot ratio and DIN  were detected at the Kunene lower slope station 

compared to shelf and slope. This low element concentration on the shelf and upper slope 

might be influenced by the large colonies of Pennatulacea which filtrate most nutrients out of 

the bottom. 

Gastropoda were observed on the same transect with the highest abundance at the slope. This 

is in contrast to the calculation of a higher abundance of Gastropoda on the Kunene shelf by 

Werner (2012). The difference could be caused by different ways of calculating subsamples, 

Werner (2012) used a camera frame for the surface-calculation method, whereas the individu-

als were counted every 10 minutes for 30 seconds in the present study and the distance trav-

eled during this time frame was also determined. However, at the Kunene lower slope station 

Werner (2012) also detected the lowest abundance of Gastropoda. Brand et al. (2006) de-

scribed a Gastropod pattern with a decreasing trend of the individual number with depth, 

which was only recorded with the same trend between the Kunene slope station and the lower 

slope station in this study. 

Merely at the upper and lower slope station (st. 315) of the Kunene transect, Crustacea were 

observed. At the upper slope, higher abundances of undetermined other Crustacea and 

shrimps were found than at the lower slope. Similar patterns were detected by Werner (2012). 

At the Kunene lower slope station (st. 315) the highest diversity and abundance of fish was 

detected. This could be caused by the increasing oxygen concentration down the slope which 

includes no detection of bacteria mats. The higher particle flux rate provided more food and 

http://www.dict.cc/englisch-deutsch/filtrate.html
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hence a higher abundance of fish. At the upper slope station (st. 314) only 1 ind. 100 m
-1

 of 

each, the predator Merluccius capensis and its prey Sufflogobius bibarbatus were recorded, 

which could be substantiated by the lack in food availability. Another reason for the low 

abundance of Merluccius capensis was mentioned by Werner (2012), when detecting this spe-

cies at a depth of 500 m, while Cohen (1990) classified this species as a shallower species 

living between 100 to 200 m near the bottom.  

Macrouridae are dominating the habitats near the bottom at depth from < 2000 to at least 4000 

m of the deep sea (Martin and Christiansen, 1996; Marschall and Iwamoto, 1973). In the pre-

sent study, the highest abundance was found at the deepest ROV station (st. 315) at the 

Kunene lower slope. Eight of them were determined as Callorhinchus spp. and one as Coe-

lorinchus simorhynchus. At the upper slope on the same transect, Macrouridae were also de-

tected with 16 ind. 100 m
-1

 of which eight were further classified as Callorhinchus spp.   
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Figure 33: Main taxa composition on the Kunene transect 

Figure 32: Main taxa composition on the tree transects 
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5 Conclusion 

 

Other oceanic upwelling systems with high food concentrations have shorter trophic food 

chains and a lower number of links per species (Dunne et al., 2004). This makes them more 

sensitive to extinctions or changes in the basal species composition (Dunne et al., 2004). Con-

sidering this background information, it is crucial to understand how the pelagic components 

impact the benthic structure in the different regions and depths off the Namibian coast. No 

significant correlation between the different benthic and pelagic parameters was detectable. 

Even though no significant correlation was detected, the trend between the chlorophyll a con-

centration and the microzooplankton and mesozooplankton abundances implied a connection 

between mesozooplankton and microzooplankton. This could be related to the food chain, 

which is structured through the different trophic levels from phytoplankton over microzoo-

plankton to mesozooplankton. The link between the water column and the benthic structures 

was shown by an overall trend between higher values of parameters and a higher benthic 

abundance and vice versa, probably caused by the particle flux and the resulting increase of 

food. However, benthos communities are more stable than the pelagic communities and 

changes in particle flux may be burred (Aspetsberger et al., 2007). In particular, this indicates 

that an earlier pelagic sampling has to take place since there is a time lag between food con-

sumption and the benthic reactions. Overall for a better understanding of the linkage between 

the water column and the sea bottom, more sampling effort has to be implemented with dif-

ferent time periods between the pelagic and the benthic investigations.  

However, the present study demonstrated a positive correlation between microzooplankton 

abundance and Chl a concentrations, despite that high microzooplankton abundance was also 

found on the slope of the Kunene transect. As the mesozooplankton consumed microzoo-

plankton and phytoplankton, the abundances of these groups showed similar decreasing trends 

from inshore to offshore. Concurrently with the lower plankton abundance in the offshore 

region, the particle flux also decreased which results in a lower organic matter input on the 

sea floor. The low particle flux in the deep sea restricted the high abundance of macro- and 

megafauna. The higher abundance of megafauna at the Kunene slope stations compared to the 

shelf might be explained by the Kunene River outflow, which leads to a higher organic sedi-

mentation and lateral advection. Extrapolations of benthic animals at the Kunene stations may 

cause a different estimation compared to direct counting.   
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The three transects showed a large diversity in the benthic macro- and megafauna which was 

mainly driven by the differences in particle flux and by the OMZ. Moreover, the sediment 

structure and the chemical process at the sediment-water-interface, the width of shelf and the 

Kunene River outflow are further factors for the diverse benthic community structures. In a 

future study it would be interesting to record the megafauna also at the upper slope and lower 

slope stations of the Rocky Point and Terrace Bay transects for a better understand of the 

slope habitat without an influence by river discharge. The visualization by the ROV allows a 

recording of a large area in a short time period by a very low impact on the habitat in compar-

ison to other sampling gears. 
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423pp. 
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7 Appendix 

 

Table 8: Raw data of each benthic megafauna, taxa captured by a Remotely Operated Vehicle (ROV) at the 

different stations. The red numbers are calculations of sub samples of the real number. (Type 16 is a fish at the 

Kunene slope which was not exactly specified see more Werner 2012)   

Station  st. 277 st. 282 st.285 st.305 st.314 st.315 

depth [m] 100 110 205 150 500 775 

idealized route 

length (i.r.l.) [m] 119,22 279,01 343,26 421,89 596,07 335,28 

transfer on i.r.l. 

[m]  119,22 284,12 351,12 430,39 607,51 339,82 

Actiniaria   7 197 2 3 9 

unidentified  

Actinopterygii 1   9 39 17 57 

Medusa 242 60 6     5 

Asteroidea   353 14       

Gastropoda   2 4 3132,41 27111,57   

 Sufflogobius  

bibarbatus   60 35 8 2 0 

Pennatulacea     26 10317,49 7766,35 30 

other Crustacea         17 9 

Shrimp       2 94 45 

Merluccius para-

doxus     1   9   

 Helicolenus dacty-

lopterus  1       7 0 

Macrouridae         49 136 

Callorhinchus 

braueri         46 29 

Coelorinchus 

simorhynchus            2 

Selachophidium  

guentheri         3   

Typ 16         3   

Coleoidea         1   

Bacterial mats [%]   50-79 20-49       
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Table 9: Individual numbers per 100 m [ind. 100m
-1

] of each benthic megafauna taxa captured by a Remotely 

Operated Vehicle (ROV). at the different stations. The red numbers are calculation of sub samples on the real 

number. (Typ 16 is a fish at the Kunene slope which was not exactly specified see more Werner (2012))  

Station  st. 277 st. 282 st. 285 st. 305 st. 314 st. 315 

depth [m] 100 110 205 150 500 775 

idealised route length 

(i.r.l.) [m] 119,22 279,01 343,26 421,89 596,07 335,28 

transfer on i.r.l. [m]  119,22 284,12 351,12 430,39 607,51 339,82 

Actiniaria   2,46 56,11 0,46 0,49 2,65 

unidentified  

Actinopterygii 0,84   2,56 9,06 2,80 16,77 

Medusa 202,99 21,12 1,71     1,47 

Asteroidea   124,24 3,99       

Gastropoda   0,70 1,14 727,80 4462,72   

 Sufflogobius  

bibarbatus   21,12 9,97 1,86 0,33 0,00 

Pennatulacea     7,40 2397,22 1278,39 8,83 

other Crustacea         2,80 2,65 

Shrimp       0,46 15,64 13,24 

Merluccius paradoxus     0,28   1,48   

 Helicolenus  

dactylopterus  0,84       1,15 0,00 

Macrouridae         8,07 40,02 

Callorhinchus braueri         7,57 8,53 

Coelorinchus 

simorhynchus            0,59 

Selachophidium  

guentheri         0,49   

Typ 16         0,49   

Coleoidea         0,16   

Bacterial mats [%]   50-79 20-49       
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