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Figure I-I Maps depicting the location of the mooring off Lambert's Bay, and the Nortier 
weather station, in the greater St Helena Bay region on the west coast of South Africa 
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Schematic of bio-optlcal buoy 

Figure 2_1 Schematics (courtesy 01 S. Bernard) and photograph of demonstration mooring 
and buoy (Bokkom) 
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Figure 2·2 Schematics (courtesy of S. Bernard) and photograph of second phase mooring 
and buoy design (BOB) 
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plumb weights to act as dampers connected to trawl floats at the surface. A marker 

buoy, designated BOMB, with a light and radar reflector, and the scientific buoy, BOB, 

were strung between the two sets of trawl floats on 6 m strops. In this configuration the 

entire mooring rides the swell and stresses at individual tether points are reduced. The 

marker buoy remains on the mooring when the scientific buoy is removed for servicing, 

providing enhanced visibility and safety. 

2.2.2.1 Modifications 

The scientific spar buoy was designed with a 1.5 m long mast above the water line on 

which a flexible solar panel was mounted. During field trials it quickly became apparent 

that this mast was too long, leading to increased tilt! roll of the buoy, and causing the 

mast to break at the flange at its base. The mast of the buoy above the flotation unit was 

shortened by one metre and fibreglassed into a single section to improve the structural 

strength and sea-keeping abilities of the buoy. Reduction of the mast length decreased 

the area available for the mounting of solar panels leading to the use of two smaller solar 

panels (see 2.3.1). These panels were attached back to back on the shortened mast. A 

stainless steel sleeve was inserted into the tube at the bottom of the buoy between the 

instrument cage and the flange to disperse the stress and drag from the cage through 

the structure, relieving stress on the flange. Whilst the buoy was out of the water holes 

were drilled through the bottom of the buoy structure in order to bolt the stainless steel 

sleeve into the pipe and increase the integrity of the structure. The total length of the 

buoy was reduced to 3.9 m; the decrease in length of the structure above the waterline 

adds to the ease of handling of the buoy and increases its sea-keeping abilities. Stress 

from the mooring is transmitted intermittently to the scientific buoy when waves pass 

along the mooring. This was reduced by attaching a weight to the seaward mooring line 

between the marker buoy and scientific buoy to dampen some of the pull from the 

mooring line. 

Despite the new mooring design, the thermistor chain became entangled around the 

landward mooring line and was damaged. To prevent this from recurring a shorter 24 m 

thermistor chain was used, and the spacing between the scientific buoy and landward 

mooring line was increased from 6 m to 15 m. 
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After nine months of deployment the marker buoy, trawl floats and lines were heavily 

fouled, despite the use of anti-fouling paint, causing the trawl floats to start to sink and 

placing large stresses on the mooring lines and components. This led to the removal of 

the scientific buoy from the mooring and the eventual loss of the mooring system. 

2.3 Control System 

A robust control and data logging system to supply power to the instruments, interrogate, 

collect, and store data from the instruments and transmit the data in real-time is vital to 

the optimum operation of the buoy as a monitoring system (Mueller et al. 2003b). 

The control system used on the buoy is an Ocean-i unit (Saturn Solutions, UK). This 

system has been used extensively with TriOS radiometers, particularly during the Volvo 

Ocean Adventure (Byfield et al. 2002), and was therefore a logical selection for use with 

the radiometers on the buoy. Adaptation and development of the Ocean-i system to 

operate on a buoy using a multitude of sensors alongside the radiometers formed a 

crucial component of the buoy development. 

The Ocean-i unit is based around an Advantech PCM-7210 integrated XScale single 

board computer running Windows CE 4.1 that controls the data sampling routine for the 

instruments, stores, and transmits the data. The use of XScale technology provides a 

low power environment in which the control system is implemented. Control software for 

the Ocean-i unit is written using Visual Basic .NET. Six serial ports are available for use 

with the instrumentation, all of which use a RS232 data interface for communication. 

Four of the RS232 serial ports are available on the platform itself while a further tw9 

serial ports are provided by the inclusion of a daughter board (MUX board) which also 

provides power management for the system. Microsoft Windows based user software, 

Ocean-i Console, allows user set-up of certain parameters and selection of the data' 

acquisition routine for the instruments through a local or remote connection. Data are 

stored on a removable CompactFlash card. 

A Comtech OEM-GPRS-2E (Comtech, UK) dual band, HSCSD (High Speed Circuit 

Switched Data) capable GSM (Global System for Mobile Communication) modem is 

integrated into the Ocean-i unit for remote access of the system and data transfer. A SIM 

card must be inserted into the modem in order to access a GSM network. 
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A BecoSolar (Becosolar, UK) shunt regulator is incorporated into Ocean-i to interface 

between the solar panels and battery pack. This limits the voltage to which the battery 

can be charged, prolonging battery life, and prevents the battery from discharging 

through the solar panels at night. 

The Ocean-i Console software provides a user interface for the configuration, control 

and management of data from the Ocean-i unit. It can be run on any IBM compatible PC 

running Windows 95 or above. Connection to the Ocean-i unit can be achieved locally 

via a serial port and cable connecting to an external port on the Ocean-i unit, or remotely 

by dialling into Ocean-i via a modem. The Console software allows the user to change 

the configuration of the data cycle and the Ocean-i set-up, and download data. Data are 

downloaded from Ocean-i by selecting the times and dates between which data are 

required using the Console software. These data are then requested from the Ocean-i 

unit and saved to the PC running the Console software. The data files can then be 

viewed using the Console software and the radiometer data can be calibrated, 

reflectance can be calculated, and the data can be exported in a number of file formats. 

Options exist to select the intervals at which data are collected ranging from every five 

minutes to once an hour, with a burst length of between one and five minutes and the 

times between which radiometer data are collected. Radiometer serial numbers must be 

configured via Console prior to data collection in order for data to be stored correctly. If 

radiometer data are to be viewed or exported as calibrated data the software must be 

provided with the location of radiometer calibration files. These files are supplied with the 

radiometers; background, calibration and wavelength files are required for each 

radiometer in order to calibrate data. Advanced setup allows the specification of the 

serial numbers of the radiance and irradiance sensors, which are required for immersion 

factor and reflectance calculations, and the input of the instrument offset to be applied to 

tilt and roll data. Communication parameters may also be altered to improve remote 

connection and data transfer. Diagnostic information and error logs available on 

connection to the Ocean-i unit provide information on system operation. 

2.3.1 Modifications 

A number of modifications were made to the Ocean-i unit due to changes implemented 

during the design of the second mooring system. 
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In the second configuration Ocean-i was located in the cage at the bottom of the buoy at 

a depth of around 2 m along with the battery and ADCP, and was therefore re-housed in 

a depth rated case. The chassis on which the electronics are mounted was designed to 

include space for housing the thermistor board and batteries in order to eliminate the 

need for further waterproof housing of the thermistor chain controller. 

A reduced area of solar panels and thus power is available in the second buoy 

configuration, requiring a reduction in the amount of power used by the system where 

possible. It was discovered that at 12 volts the radiometers drew an ambient current of 

40 rnA, and that they could be more optimally powered at 7.8 volts reducing the power 

draw to 7 rnA. To facilitate this reduction in power a power supply board for the 

radiometers was designed and integrated into the Ocean-i unit to step-down the power 

supplied to the radiometers from 12 to 7.8 volts. 

The incorporation of the pressure sensor, which is an analogue instrument, involved the 

addition of an AID converter in order to interrogate the instrument. This was built into the 

Ocean-i unit and has the secondary advantage of enabling power monitoring of the 

battery. 

On a couple of occasions it was not possible to connect to the demonstration buoy 

remotely from Cape Town. Discussion with MTN revealed that a link break had occurred, 

in which the land line connection between the lambert's Bay tower and Cape Town is 

lost. When this occurs most modems and cell phones require rebooting in order to 

relocate the network. Although link breaks do not occur frequently, it is important to set 

the modem up in a way in which it can reboot itself on a daily basis in order to re­

establish connection to the network if it is lost. This was achieved by running a wire 

between the reset pin on the modem connector and a reset pin on the MUX board 

causing the modem to reset once a day at 00:28 when the system performs a hardware 

reset and updates the clock. 

2.4 Power 

Power remains a serious limitation for long-term autonomous systems (both stationary 

and moving) either requiring expensive cables, limited solar power, or short-lived 

batteries (Glenn et al., 2000). The Ocean-i unit is designed to run from a 12 volt power 
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source, which powers the unit and supplies power to the instruments. Supply of power to 

the system is achieved through the use of a 12 volt, rechargeable, sealed lead-acid 

battery housed in an underwater casing that is charged by solar panels. 

A careful balance must be achieved between power consumption, power supply and 

battery size in order to create an optimally functioning system. Adequate power must be 

supplied by the solar panels to charge the batteries and provide back-up power; equally 

there must be enough drain from the battery during a daily cycle to allow the battery to 

be cycled thus prolonging battery life. A spreadsheet provided by BP Solar aids in the 

calculation of the required battery size and number of solar panels required. Important 

considerations in calculating power requirements of a system are both the active and 

quiescent power draw of the instruments. Quiescent loads, which are generally of a 

longer duration, often have the greatest effect on the power requirements of a system. 

Table 2-1 illustrates the typical power requirements of instruments used on the buoy, 

assuming a data acquisition period of two minutes every half an hour (see 2.5). The 

calculation for the number of solar panels required divides the total load (Ah) by the 

worst month daily average insolation in the area (ESH) to provide a required array 

current. Supplying the current of the solar module intended for use allows the calculation 

of the number of parallel solar modules required to power the system. For the 

instrument configuration detailed in Table 2-1 the system load is 2.6 Ah which, according 

to the calculations in Table 2-2, requires an array current of 0.78 A to run the system. 

The solar panels selected for use on the buoy were BP SX 10M modules that supply a 

current of 0.58 A under ideal conditions; therefore two of these panels are required to 

run the system. A 12 Ah battery is used which should provide 3 days of back-up power 

in the absence of the solar panels. 

In an ideal situation, solar panels should be situated perpendicular to the incoming 

sunlight, in order to intercept the maximum amount of sunlight. This is not possible on a 

buoy due to the difficulties of mounting the solar panels in an ideal position and the 

motion of the buoy. There are two aspects of solar panel positioning to be considered: 

the solar azimuth angle which corresponds to the daily east-west track of the sun and 

the solar declination angle which corresponds to the sun's apparent seasonal height in 
" the sky. Changes in solar azimuth angle can be overcome by orientating the solar panel 
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DC Device 
load 

Hours of use/day Daily watt-hours 
(watts) 

1. Computer 2.64 1.6 4.22 

2. Scufa 0.6 1.6 0.96 

3. Computer (standby) 0.024 22.4 0.54 

4. MUX board 0.036 24 0.86 

5. Modem 0.072 24 1.73 

6. GPS 0.75 1.6 1.2 

7. Radiance standby 0.48 22.4 10.75 

8. Radiance acquiring 0.84 1.6 1.34 

9. Irradiance standby 0.372 22.4 8.33 

10. Irradiance acquiring 0.756 1.6 1.21 

11. Thermistor chain standby 0.0036 23.85 0.09 

12. Thermistor chain acquiring 0.23 0.15 0.03 

DC load in watt-hours/day 31.26 

Table 2-1: Daily power requirements of instruments on demonstration mooring 
(reproduced from BP Solar spreadsheet). 

Array Sizing Procedure 

1. DC load in watt-hours/day 31.26 Wh 

2. AC load expressed as DC 0.00 Wh 

3. Total load 31.26 Wh 

4. System nominal DC voltage 12 volts 

5. Total load in ampere-hours (Line 4/Line 5) 2.61 Ah 

6. System losses/safety factor multiplier 1.2 

7. Adjusted total daily load (line 5 X line 6) 3.13 Ah 

8. Worst month daily average insolation (from map) ~ ESH 

9. Required array current (Line 7/Line 8) 0.78 amperes 

10. Current at maximum power (Imp) of selected module 0.58 amperes 

11. Number of parallel modules required 1.35 

12. Line 11 rounded up to next whole number 2 

13. Number of series modules required 1.0 

Total modules in array (Line 12 X Line 13) 2 

Table 2-2: Solar array sizing calculations given power requirements from Table 2-1 
(reproduced from BP Solar spreadsheet). 
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DC Device 
Load 

Hours of use/day Daily watt-hours 
(watts) 

1. Computer 2.64 1.6 4.22 

2. Thermistor chain standby 0.0036 23.85 0.09 

3. Computer (standby) 0.024 22.4 0.54 

4.MUX 0.036 24 0.86 

5. Thermistor chain acquiring 0.23 0.15 0.04 

6. Modem 0.072 24 1.73 

7. GPS + Scufa 1.35 1.6 2.16 

8. Radiance standby 0.1014 22.4 2.27 

9. Radiance acquiring 0.624 1.6 0.1 

10. Irradiance standby 0.0624 22.4 1.4 

11. Irradiance acquiring 0.5304 1.6 0.85 

12. Rad power supply 0.102 24 2.45 

13. Press board standby 0.048 24 1.15 

14. Press board acquiring 0.06 1.6 0.1 

15. Pressure sensor 0.06 24 1.44 

DC load in watt-hours/day 19.4 

Table 2-3: Daily power requirements of instruments on second mooring (reproduced from 
BP Solar spreadsheet). 

towards north in order to gain the most daily sunlight from a fixed position. In the case of 

a buoy, which itself moves, this can be achieved by having a number of solar panels 

positioned around the buoy so that one is usually facing the sun, or by using a wrap­

around solar panel. Solar declination angle can be dealt with from a fixed position by 

mounting the panel at an angle of its latitude + 10° to intercept the maximum amount of 

sunlight in winter. The inability to mount solar panels in an ideal orientation on a buoy 

requires that a higher powered or larger number of solar panels should be used in order 

to generate a similar amount of power to one ideally situated panel of the same output. 

Four of the 10 W modules were mounted on the demonstration mooring at an angle of 

45°. 

2.4.1 Modifications 

The change in design of the mooring system had two consequences for the power 

balance of the system: the use of a spar buoy design led to the selection of flexible solar 

panels to charge the system, changing the amount of power that could be supplied to 
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the system and necessitating a reduction in the power requirements of the system where 

possible (see 2.3.1), and the addition of a pressure sensor altered the power demands 

of the system. Table 2-3 outlines the power requirements of the altered system; a 

reduction in the power demand of over 10 Wh per day was achieved. 

The second mooring was field trialled with a FLX-32 (Uni-Solar, USA) flexible solar panel 

wrapped around the mast. Although the orientation of the panel was sub-optimal, with an 

operating current of 1.94 A the calculations indicated that 0.25 of these panels would be 

required, and therefore one deployed sub-optimally was considered sufficient. Following 

the field trial, and the modification of the buoy to a shorter mast, it was no longer 

possible to use the 32W panel due to space constraints and two FLX-11 panels were 

selected. These panels have an operating current of 0.62 A; calculations indicate that 

0.8 optimally located modules would be required to power the system. 

The two flexible 11 W panels successfully kept the battery charged and the system 

running during the summer months; however the solar panels supplied insufficient power 

during shortened daylight hours in winter. In a system with such a delicate power 

balance a slight reduction in daylight hours quickly reduces the operating period of the 

buoy. This was temporarily overcome by changing the batteries more frequently; future 

winter deployments must consider the addition of further solar panels, larger battery 

packs or an alternative power source such as wind power. 

2.5 Sampling Routine 

Implementation of an adequate sampling regime is important in order to observe th~ 

processes that the buoy is designed to monitor (Dickey 2003). In the development of a 

moored system, sampling frequency must be balanced with the available power, storage 

capacity and data transmission capability. Sampling at too high a frequency drains 

power from the system and quickly uses up storage space while sampling at too Iowa 

frequency means that it is not possible to resolve higher frequency Signals. 

Instruments deployed previously in lambert's Bay in self-logging mode have used a 

sampling period of 10 minutes. The determination of physical processes such as internal 

waves, which are the highest frequency events of interest in this application, requires a 

sampling period of around 6 minutes. The storage and power demands of such a regime 
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are too great for the buoy and therefore a sampling period of 30 minutes was selected 

as a suitable compromise. This can be altered remotely at any time should the required 

power and storage become available. 

Use of the radiometers for the measurement of reflectance means that it is preferable to 

sample in bursts (collect samples as quickly as possible over a specified period). This 

enables the filtering of data on tilt! roll to remove anomalous data, and the production of 

a mean or median reflectance value for the burst period (Cullen et al. 1997). A burst 

period of two minutes was decided upon as the acceptable minimum sampling period. 

The Ocean-i unit was originally developed for the collection and storage of data from the 

RAMSES radiometers. The hyperspectral nature of the radiometers leads to the 

generation of a significant amount of data: 528 bytes per radiometer per acquisition. For 

ease of storage and manipulation all data are stored as records of the same length. 

Each radiometer acquisition generates a header record of 528 bytes containing the time 

and date of acquisition and any ancillary data, followed by 528 bytes of data for each 

radiometer. Where multiple radiometers are present a start command is sent to each 

radiometer one after another (effectively simultaneously). The use of an automatic 

integration time by the radiometers prevents their acquisition from being run by a timer. 

The data management unit must issue a start command to the relevant port, await the 

returned data and issue another start command on receiving the expected amount of 

data until the end of the collection period is reached. Two radiometers are used on the 

buoy, generating three 528 byte records per acquisition: a header record followed by 

one for each radiometer. 

Few other instruments generate as much data per acquisition as the radiometers. 

Therefore it is possible to store the data from other instruments in the 528 byte header 

record generated by the radiometer acquisitions. This preserves storage space and 

lowers transmission times by saving the data in an area already allocated to data. As the 

radiometers with their varying integration time are the most problematic instruments to 

control, collection of data from the other instruments has been designed to fit around the 

radiometer data collection. Designing control software to initiate data collection, process 

and store data from a number of instruments with differing timing requirements requires 

careful consideration. Controls for the collection and storage of data from the other 
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instruments were added to the software on an instrument-by-instrument basis to build up 

a complete system. The flow charts in appendix I outline the architecture of the burst 

sampling software that controls the acquisition and saving of data from all the 

instruments. Two main processes run side-by-side to collect and store the data: the start 

acquisition process and the update files process. The first process controls the sending 

of commands to the instruments to initiate data collection; the setting of flags according 

to the current acquisition status of the instrument determines when data collection is 

initiated for each instrument. The second process controls the saving of collected data to 

a file. These processes are interlinked by the receipt of radiometer data, which restarts 

the acquisition process, and initiates the saving process. Each instrument has differing 

timing and data protocol requirements that must be taken into consideration when 

creating an acquisition regime. 

2.5.1 SCUFA 

Most instruments are supplied power continuously through Ocean-i; data acquisition is 

initiated by sending an RS232 command and the instruments draw very little standby 

current when not acquiring. The SCUFA outputs data continuously at a date of 1 Hz 

when powered up. It is not possible to start and stop acquisition by administering a 

command string. This leads to a large power draw on the system and the lamp being 

continuously lit, which shortens the life of the lamp. To overcome this, a serial port for 

the SCUFA was provided on the MUX board that has the ability to control the supply of 

power. The SCUFA is powered up at the start of a two minute burst and data are output 

continuously. When radiometer data are received and a header record is written, the 

data string from the SCUFA port is picked up and the temperature corrected 

fluorescence and turbidity values at the start of the string are extracted and saved to the 

header record. 

2.5.2 GPS 

The GPS requires a 5V power supply and is powered by a USB port power supply on 

the computer board. This means that the GPS unit only receives power when the 

computer board is active, before, and during an acquisition cycle. Although the data 

output of the GPS can be turned on and off by sending commands, it is not possible to 

poll the unit for a single acquisition. The GPS is used both for setting the system time 

where necessary, and saving the position of the buoy with the dataset. If the Ocean-i 
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unit has a hardware reset, a command string is sent to the GPS to stop the output of 

messages. Once the system is ready to acquire data a second command string is sent 

to the GPS to start the output of data; messages from the GPS are output at a frequency 

of 1 Hz. The system attempts to get a valid time from the GPS; GPS messages include a 

character in the string designating whether the data in the message is valid (Le. the GPS 

has obtained a satellite fix since start-up). Once a valid time has been received and used 

to set the system time, or the cycle times out after five attempts, the output of GPS 

messages is stopped. An option exists to update the system time with GPS time for 

accuracy at 00:28. This happens, as above, by forcing the system to perform a hardware 

reset. At the start of an acquisition cycle the GPS message output is re-started. After a 

valid position has been received, the output of GPS messages is stopped and the 

position extracted from the string transmitted by the GPS is saved to the next header 

record that is written. 

2.5.3 ADCP 

The ADCP is powered by internal batteries and automatically enters sleep mode to save 

power after 5 minutes of inactivity. At the start of an acquisition cycle, Ocean-i transmits 

a 'Wake-up' command to the ADCP, followed by a 'Start Pinging' command. The ADCP 

internally averages the data collected during an ensemble and transmits a block of data 

to Ocean-i at the end of an ensemble that consists of the averaged velocity data for the 

ensemble and header information for the ADCP. The ensemble length was selected to fit 

into the two minute acquisition cycle of the radiometers, allowing for the storage of data 

within the existing protocol. When Ocean-i receives the data from the ADCP, it writes it 

to the next header record in the data file. 

2.5.4 Thermistors 

The thermistor chain takes approximately 10 seconds to retrieve data from the 17 

thermistors. At the start of an acquisition cycle the Templine controller is sent a start 

command. When the controller has collected temperature data they are transmitted to 

Ocean-L On receiving the thermistor data Ocean-i saves them to the next header' record 

that is written, and another start command is issued to the thermistors. 
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2.5.5 Other Schedule Considerations 

The nature of radiometer data dictates that it only needs to be collected during daylight 

hours, and only when the sun is at a relatively high angle (Mueller et al. 2003b). The 

Ocean-i unit can manage this in two ways: a schedule period can be configured in which 

radiometer data are only stored by the system between the specified times, or the 

system can compare the signal to noise ratio of the received irradiance data and discard 

data where the signal to noise ratio is less than ten on the assumption that it is too dark 

to collect radiometer data. When it is dark or outside a specified schedule period a 

header record is saved to the data file containing the data from the other instruments 

and the radiometer is discarded. Two thirds less storage space is used when radiometer 

data are not saved. A schedule period of 08:00 to 17:00 is used for the collection of 

radiometer data during the mooring deployments. 

2.5.6 Modifications 

The original system was reliant on the GPS to set the clock time if the system underwent 

a hardware reset, as the single board computer that Ocean-i is based around does not 

have a real-time clock that is capable of retaining the time. This caused problems when 

a GPS was not available to the system, in that the time was often lost and reset to the 

default setting of 01-06-99 12:00, leading to data being collected with incorrect 

timestamps. The MUX board has a real-time clock on board which enabled the software 

to be changed to reset the time from the MUX clock following a hardware reset, before 

attempting to update the time from the GPS. The date is retrieved and set from the name 

of the latest data file saved on the Compact Flash card. 

The incorporation of a pressure sensor (see 2.1.6) into the system during the design of 

the second mooring required an existing instrument channel to be shared as the six 

serial ports available in the Ocean-i unit were already in use. Readings from the 

thermistor chain were originally collected throughout the two minute sampling burst. This 

was altered to take one reading from the thermistor chain before the start of the 

sampling burst and then change the baud rate (the thermistor chain operates at 38400 

baud whereas the SCUFA operates at 9600 baud) and utilise the same channel to 

supply power to the SCUFA and collect fluorescence readings for the duration of the two 

minute burst. 
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Data from the pressure sensor is required for each acquisition of radiometer data. A 

command to acquire data from the pressure sensor is sent immediately after an acquire 

command is sent to the radiometers. The NO converter that collects and converts data 

from the pressure sensor collects 16 pressure measurements, which are averaged to 

remove any noise from the signal, and transmits a single pressure measurement to 

Ocean-i. This measurement is saved to the header record that corresponds with the 

radiometer data gathered simultaneously. The NO converter for the pressure sensor 

also monitors the power of the buoy's battery. These data are collected at the same time 

and in the same manner as the pressure data and saved to the next header written. 

2.6 Data Storage 

Data are stored within the Ocean-i unit on a 256MB removable CompactFlash card. A 

data file is created for each day, and data collected during each acquisition cycle are 

appended to this file. All data are stored as binary data; the file is named with the date in 

the format yy-mm-dd.fdt where yy represents the last two digits of the year, mm 

represents the month and dd represents the day. 

The amount of data generated per acquisition cycle varies due to the varying integration 

time of the radiometers and therefore a differing number of acquisitions collected in each 

cycle. In well-lit, low biomass conditions radiometer data are collected rapidly and 

around 79 Kilobytes (KB) of data are generated from a two minute acquisition cycle. 

Data are collected more slowly outside the scheduled hours for the radiometers, and one 

third of the amount of data are recorded due to the lack of radiometer data; around 5KB 

of data are generated by a two minute acquisition. Assuming that data are collected for 

two minutes every half an hour, and that radiometer data are collected for nine hours a 

day, approximately 1.65 Megabytes of data are generated per day. This allows for 155 

days of storage on the CompactFlash card: this can be considered a conservative 

estimate of the length of time for which data can be stored given that it is calculated 

assuming well-lit conditions. The format in which the data are stored within the header 

and radiometer records is detailed in appendix II. 

Data can be downloaded from the CompactFlash card either locally or remotely using 

the Ocean-i Console software, or by removing the card and using a card reader. 

Downloading data using Ocean-i Console converts the data from a binary to an ASCII 
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file during the download process; this enables the viewing and conversion of data with 

Ocean-i Console and user manipulation of the data. Retrieval of the data using a card 

reader requires further conversion of saved files into an ASCII format before they are of 

use. 

2.7 Buoy Servicing and Calibration 

Instrumentation deployed on coastal moorings are highly susceptible to biofouling and 

thus must be serviced frequently andl or employ strategies to prevent fouling in order to 

maintain data quality (Twardowski et al., 2005). This is particularly important in areas of 

high biomass such as St Helena Bay (Pitcher & Weeks 2006). Biofouling on optical 

collectors or light sources, as in the case of the radiometers and SCUFA, leads to 

degradation in the quality of measurements. Steps can be taken to reduce the problem 

of biofouling through the use of an antifouling compound that slows down the growth of 

organisms. Non-optical sensors such as the ADCP can be coated with an antifouling 

paint. Optical sensors require a clear field of view or unimpeded light source so another 

solution has to be found. The SCUFA is supplied with a copper screen that clips over the 

head of the instrument. Copper is a micronutrient which becomes toxic at higher 

concentrations, interfering with enzymes on cell membranes and preventing cell division 

(Chavez et. al. 2000). As copper corrodes in seawater oxidised molecules are released 

into the water inhibiting biological growth. Both the SCUFA and radiance sensor on the 

buoy are wrapped in thin copper sheeting to reduce biofouling (Figure 2-3). 

One of the important considerations in the development of the buoy was that it should be 

serviceable from a small boat. Ship time is expensive and has to be scheduled well in 

advance. Servicing from a small boat provides greater flexibility with regards to 

scheduling, is more cost-effective, and is important in maintaining the system in order to 

make effective measurements and minimise downtime. Servicing of the buoy in 

Lambert's Bay is carried out at approximately monthly intervals in conjunction with 

Marine and Costal Management routine sampling trips. Buoy servicing includes cleaning 

of the buoy and instruments to remove biofouling, downloading and backing up of all 

data, testing the drift of the radiometers with a field calibration unit (FieldCAL, TriOS, 

Germany), implementation of any necessary software upgrades to the Ocean-i unit and 

repair, maintenance and adaptation of the buoy itself to improve performance and 

prolong its lifespan. 
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Figure 2-3 Photographs of BOB removed from mooring for monthly servicing, illustrating 
levels of bio.fouling on buoy and instruments The SCUFA and radiance sensor can be 
seen wr~pped in copper sheet which helps to reduce local fouling (left) 

2.8 Data Transmission 

The incorporalion of a GSM mGdem into the Ocean-I unil enables the remole access of 

the syslem and download of data. Cellular phone telemetry enables two way 

communication (e g Dickey et al 1993) and eliminates both licensing and the need to 

establish shore receiving facilities (Glenn of ill 2000). Access to the system is via a 

modem with calls Initiated from the user side allowing greater control over the system. 

The use of a HSCSD enabled GSM modem offers the possibility of higher data transfer 

speeds. HSCSD data transfer IS reliant on the modem having a number of downlink and 

uplink slots for the transfer of data. Unfortunately most HSCSD modems are designed 

for receiving hogh volumes of data and transmitting small volumes of data The 

consequence of th,s is that only one uplink slot IS available on the Ocean-I modem 

restricting data transfer rates to - 14 kbps. though the modem is capable of receiving 

data at a higher rate_ Network delays mean that a realistic data transfer rate of - 10 kbps 

Ciln be ilchieved Whilst not particularly fast. this is a higher data transfer rate thiln could 

be expected from a non-HSCSD enabled modem 
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MTN were selected as the service provider to use for the modem on the buoy as they 

provide the best network coverage for the area. A landline or GSM modem can be used 

for communication at the user end; in this case a GSM modem is used as mobile-to­

mobile calls prove to be the most cost effective. 

2.9 Data Collection and Processing 

It was initially envisaged that the buoy would be accessed remotely several times a day 

from Cape Town and all the data would be downloaded. The rate of data transfer and 

cost of calls (R 1.701 minute peak rate, R 0.951 minute off-peak) caused the amount of 

data to be downloaded per day to be revised. 

Transmission of a two minute acquisition cycle of 79 KB at a rate of 10 kbps should take 

around one minute twenty seconds. In reality there is an overhead in transmission time 

to allow for dialling, connection, establishment of communications and disconnection in 

addition to the data transfer. To download an entire day's data, collected for two minutes 

every half an hour, at these transfer rates would require around half an hour connection 

time per day costing over R 1000 per month. For these reasons it was decided to 

download one half hourly sample twice a day. This is enough to monitor the general 

conditions in the area and provide an indication of the development of high biomass 

blooms; should an event of interest occur further data can be downloaded by manually 

dialling into the system. The entire data set is downloaded locally when the buoy is 

serviced for processing and analysis of the time series data. 

An autodial routine was developed as part of the Ocean-i Console software to 

autonomously dial into the buoy and download the last half hours data. USing the 

Scheduled Tasks application in windows, the Ocean-i Console software is called by a 

command line at specified times during the day. The software uses the current time to 

calculate the times between which to download data the previous half hours data, 

assuming that data are collected on the hour and on the half hour. It then dials into the 

buoy, downloads and saves the data between the required times, disconnects ·from the 

buoy, exports the data in a specified file format and closes the software. 

Matlab R13 (The MathWorks) is used for the processing, output and display of the data. 

A routine was written to export the data from Ocean-i Console in a format that can easily 
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be utilised as an input file for Matlab. This takes the data from a two minute acquisition 

cycle and writes it as space delimited ASCII data to four files, one for each of the 

radiometers, one containing header information including time, data, tilt and roll and one 

containing ancillary data from the SCUFA and thermistors. The file format was modified 

with the development of the second mooring to produce separate files for thermistor, 

SCUFA and ADCP data and to add pressure and power values into the header file. The 

output data files are saved to a directory where they can be utilised by Matlab. These 

files are automatically created by Ocean-i Console for any data downloaded 

autonomously. 

Windows Scheduler is used to run Matlab five minutes after Ocean-i Console has 

downloaded data. A script file is called which processes the two-minute acquisition cycle 

data, applies a locally developed reflectance algorithm (Bernard 2005) to the data, and 

uploads the output to the web page. Data are downloaded from the buoy, processed and 

uploaded to the website (www.hab.org.za) autonomously twice a day at 09:00 and 

15:00. A rolling seven day time series of data is generated from the daily samples to 

provide an insight into the change in conditions. Other data available on the website 

include background information on harmful algal blooms and ocean colour and 

chlorophyll a, sea surface temperature satellite images for the last three days where 

available. 

2.10 System Deployment 

2.10.1 Mooring Location 

The mooring is deployed on the southern Benguela shelf three and a half kilometres 

offshore from Lambert's Bay in 52m of water (Figure 1-1). The availability of a slipway at 

Lambert's Bay eases the deployment and servicing of the buoy, which is crucial to the 

maintenance of a successful system. Research concerning HABs has been carried out 

in the region for a number of years (e.g. Pitcher at a/. 1998) and is ongoing. Studies 

carried out in the area provide additional data that complement the data collected by the 

buoy, which together contribute to the understanding of HABs in the area. 

2.10.2 Deployment Dates 

Full deployment logs indicating servicing periods and instrument failures can be found in 

appendix III. Overall deployment dates were as below: 
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Bokkom deployed 28th February 2004 - 17th June 2004 

BOB deployed 26th January 2005 - 21 st July 2005 and 10th November 2005 - present 

(new mooring). 

2.11 Recommendations 

Throughout the development and deployment of the buoys and mooring systems, a 

number of issues have arisen. The future development of similar mooring systems, or 

the continued running of the present one, would benefit from taking these into 

consideration. 

As mentioned in section 2.4, the power supply and demands of the system are delicately 

balanced and currently unable to support the continued running of the system during 

shortened daylight hours. Further consideration needs to be given to additional and 

alternative sources of power such as a greater area of solar panels or a wind generator, 

or the provision of larger battery packs to support the system during winter. 

In its current configuration the ADCP is mounted at the bottom of the buoy and starts 

collecting data at 4m with the centre of the first bin being around 5m (see 2.1.4). The 

surface current is of interest and relevance in the advection of HABs, and it may 

therefore be desirable to measure currents in the surface 5m. This could either be 

achieved by reconfiguration of the buoy and mooring system, or through the addition of a 

single point current meter mounted to measure the near-surface currents. 

The current rates of data transfer using GSM, even with HSCSD, are slow and do not 

allow for the download of more than snapshots of data in real-time. Communications are 

continuously evolving and newer technologies allowing for higher data transfer rates 

should be considered if they are stable and compatible with the current system. 

Failure of instruments and components is a feature of any system, particularly one 

deployed long-term in a harsh environment. Continuity of data can only be assured with 

the availability of spare instruments that can be interchanged with non-functioning 

instruments as necessary. In an ideal situation a complete replacement buoy system 

with instruments would be available. Systems could be swapped in and out whilst the 
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second system was serviced and maintained, minimising gaps in the data due to routine 

servicing as well as instrument failure. 

The availability of personnel to respond to instrument failure and servicing demands is 

as important as the availability of spares. Currently a small team of two to three people, 

all of whom are required for each trip, with access to one boat and skipper are 

responsible for maintaining the buoy. A larger pool of people, with access to alternate 

boats and skippers, should be able to schedule regular servicing of the system and 

respond more quickly to instrument failure, helping to maintain an optimally functioning 

system. 

Experience gained from deployment of the current mooring system suggests that the 

entire mooring should be removed and serviced or replaced on a six monthly basis to 

prevent loss of the mooring due to wear and fouling. This should be scheduled during a 

period when data gathering is not considered critical (e.g. winter). As HABs are less 

likely to occur during winter, and the passage of winter storms leads to the greatest 

strain on the mooring system, it may be prudent to remove the buoy and mooring system 

for a few months during winter and replace it before the transition to spring conditions. 

The size and weight of the scientific buoy presents the greatest difficulty when deploying 

and servicing the buoy from a small boat. Although this was considered during the 

design of the buoy, the current buoy still weighs around 100 kg and is cumbersome to 

handle. Any weight that could be saved in the refinement or re-design of the scientific 

buoy would considerably ease the handling of the buoy. 

2.12 Example Data: Buoy Diagnostics and Performance 

Sample diagnostic data from BOB in Januaryl February 2005 are shown in figures 2-5 to 

2-7, illustrating the heave of the buoy in response to the wave field, the tilt and roll of the 

buoy, and the battery power. 

Tilt and roll angles for the buoy are calculated as the root mean square of the separate 

tilt and roll measurements. Values for the tilt of the buoy vary between 0 and 45 degrees 

within a two minute sampling burst indicating a large range of movement, although the 

majority of the variation is confined between 0 and 20 degrees. Median values for a two 
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Figure 2-6 Half hourly median (top) and standard deviation (bottom) radiance sensor 
depths from the mooring for a week in Januaryl February 2005 

minute burst are generally between 10 and 15 degrees while the standard deviation for 

the same period is between 5 and 10 degrees. Not all measurements are compromised 

by a high value of tilt and roll, and there are enough low values within a sampling burst 

to filter the data on these. Where the tilt and roll values remain high throughout a 

sampling burst (e.g. late on the 27th February) it is attributed to a strong surface current; 

as the instrument cage at the bottom of the buoy structure has the largest area it causes 

the greatest drag and the buoy tends to lean into the current. This has been confirmed 

by visual observation while at the mooring site. 

The depth of the radiance sensor varies between around 0.1 and 0.3 m during a 

sampling burst as waves pass along the mooring. Median values for a two minute burst 

are 0.15 to 0.2m with a standard deviation of 0.08 to 0.02m. Higher and lower median 

depth values are associated with periods of high tilt and roll where the buoy is leaning 

into the current; depending on the direction of the current the radiometer arm is either 

leaning further into or out of the water and therefore the median depths for these 

sampling bursts are more extreme than usual. 
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The two 11W solar panels provide adequate power to the system with the battery 

voltage dipping to 12 volts in the early morning and being recharged to around 13 volts 

during the day; overall the battery power remains fairly constant illustrating a well 

balanced system. The dip in power towards midday may be due to the radiometers 

starting to collect data at Bam pulling a relatively large amount of current, or the 

automated dial in and download of records at 9:30 am causing a large current draw by 

the modem. 
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Figure 2-6 Half hourly median (top) and standard deviation (bottom) radiance sensor 
depths from the mooring for a week in Januaryl February 2005 

minute burst are generally between 10 and 15 degrees while the standard deviation for 

tho same period IS between 5 and 10 degrees Not all measurements are compromised 

by a high value of tilt and roll. and there are enough low values within a sampling burst 

to fi lter the data on these Where the tilt and roll values remain high throughout a 

sampling burst (e g late on the 27th February) It IS attnbuted to a strong surface current. 

as the instrument cage at Ihe bottom of ti1e buoy strLlCture has ti1e largest area it causes 

the greatest drag and the buoy tends to lean into the current Th is has been confirmed 

by visual observation while at the mooring site. 

Ti1e depth of ti1e radiance sensor varies between around Oland 0 3 m during a 

sampling burst as waves pass along the mooring. Median values for a two minute blJl"st 

are 0,15 to 0,2m IMth a standard deviation of 0.08 to 0.02m Higher and lower median 

depth values are associated Vuith periods of high IIII and roll where ti1e buoy is leaning 

Into the current, depending on the direction of the current the radiometer arm IS either 

leamng further into or out of the water and therefore the medIan depths for these 

sampling bursts are more extreme than usual 
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The two 11W solar panels provide adequate power to the system with the battery 

voltage dipping to 12 volts in the early morning and being recharged to around 13 volts 

during the day: overall the battery power remains fairly constant illustrating a well 

balanced system_ The dip In power towards midday may be due to the radiometers 

staning to collect data at Bam pulting a relativety large amount of current. or the 

automated dial in and download of records at 9_30 am causing a large current draw by 

the modem 
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3 Variability and time scales of physical processes: 
February 2005 

In the southern Benguela the wind has a direct effect on shelf currents, local upwelling 

and mixing, and therefore plays a critical role in the dynamics of phytoplankton blooms 

(Pitcher et al. 1995). The likelihood of occurrence, and the extent of potentially harmful 

algal blooms on the west coast of South Africa, is greatest during the latter part of the 

upwelling season (Pitcher & Calder 2000). For these reasons a set of physical data from 

late January and February 2005, collected by the mooring deployed off Lambert's Bay, 

are used as a case study to characterise the physical processes of the nearshore 

environment from the Eulerian perspective of the mooring. 

3.1 Data Analysis 

Data from the mooring were collected as outlined in chapter 2, and were analysed and 

presented using Matlab R14 (The MathsWorks). Concurrent wind data were obtained 

from the South African Weather Service for the Lambert's Bay Nortier station, which 

uses R.M. Young (USA) wind sensors. The weather station is located inland, 8.4 km 

north-east of the buoy position (Figure 1-1). All wind data were plotted as the direction 

towards which the wind is blowing to ease visualisation of the wind data with the current 

data. Winds are referred to in the meteorological convention as the direction from which 

the wind is blowing. Currents have been rotated by 21.5° to the east to be aligned to true 

north. The coastline runs approximately north! south at the mooring location; rotated 

currents are considered to be aligned roughly alongshore and across-shelf. Positive 

currents are directed to the north and east in all figures. Sidelobe contamination is 

considered to affect the bottom 6% (3 min 50 m of water) plus one depth cell (2 m) of 

the ADCP data and therefore data from the ADCP were only considered valid to 45 m 

depth. Due to the location of the ADCP in the cage at the bottom of the bio-optical buoy 

2.5 m below the waterline, and the blank after transmit depth of 1.76 m, the centre of the 

first depth cell is located at 5 m. Sea surface temperature images are daily composites 

of Advanced Very High Resolution Radiometer (AVHRR) data from sensors carried on 

board the NOAA-17 and NOAA-18 polar orbiting satellites. NOAA-17 has a morning 

overpass time on the west coast of South Africa and NOAA-18 has an afternoon 

overpass time. The spatial resolution of the AVHRR is 1. 1 km at nadir and .the accuracy 
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of computed sea surface temperatures is in the order of 0.5 DC (Brown et al. 1985, 

Minnett 1991). 

Filtered data were generated using a pl64 filter that has a half amplitude period of 33 

hours and a half power period of 38 hours. The filter removes energy at periods shorter 

than 38 hours, thus removing tidal, diurnal and inertial signals, while preserving energy 

at lower frequencies including the mean (Limeburner 1985 as cited in largier et a/1993). 

The filter script was supplied by Robert Beardsley to the Woods Hole Sea-Mat Matlab 

Tools for Oceanographic analysis website (http://woodshole.er.usgs.gov/operations/sea­

maU) and downloaded from there. High frequency data were obtained by subtracting the 

filtered low frequency data from the original data set. Statistical analyses for correlation 

coefficients were carried out with a bootstrap analysis using 1000 resampled data sets 

as most of the data are not normally distributed, with a Fischer transform performed on 

the replicated data to ensure a normal distribution; original data were tested for normal 

distribution using a Lilliefors test. The 2.5th and 97.5th percentile of the replicated data 

were used to determine significance at the 95% confidence level. Wavelet analysis was 

performed on the data to examine variations in power within the time series data 

(Torrence & Compo 1998). Time series are expanded in time-frequency space, allowing 

the determination of the dominant periodicities of variability and their variation in time 

(Torrence & Compo 1998, Grinsted et al. 2004). Matlab scripts for running wavelet 

analyses on time series were provided by Jean-luc Malice (University of Cape Town). 

The wavelets are obtained from a single function'+' by translations and dilations 

(Equation 3-1), where a > 0 is the dilation parameter and b is the time translation 

Equation 3-1 

parameter. In this investigation the Morlet wavelet was used, which is a complex cosine 

wave modulated by a Gaussian function (Equation 3-2) with i = [_11/2] and where 

Equation 3-2 
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Wo = u[2/In2]112 is chosen to be large enough to ensure that 4J(t) satisfies the 

admissibility condition which practically is equivalent to 

"" 
f\}l(t)dt == 0 

Equation 3-3 

By inverting the scale of the Morlet wavelet, the continuous wavelet transform becomes 

a time frequency analysis where the dilation parameter a corresponds to the period and 

the translation parameter b corresponds to the time. In Equation 3-1 the normalisation 

1/a is used instead of the usual 1/(a)1/2. With this the components of the continuous 

wavelet transform may be directly compared to each other and the Morlet wavelet can 

be interpreted as a bandpass linear filter of weight 1/a centered around w = wola. This 

allows the extraction of the different local components of the signal such as it's local 

value, amplitude and phase for each point of the (b,a) time-frequency space (Melice et 

a/. 2001). Scripts from the FATHOM Matlab toolbox for Multivariate Ecological & 

Oceanographic Data Analysis were used for vector manipulation and plotting; this 

toolbox is provided free online by David Jones (University of Miami). 

3.2 Results 

Data are presented for the period from the 27'h January to 22nd February 2005. 

3.2.1 Wind 

Winds for the period (Figure 3-1) were principally south-westerly with periods of reversal 

to north-westerly lasting up to five days in duration. Southerly winds were generally 

larger in magnitude with a mean strength of 4.1 m S-1 and reaching a maximum of 9.3 m 

S-1, while northerly winds had a mean strength of 2.9 m S-1 and a maximum of 5.3 m S-1. 

Winds were southerly 54% of the time and westerly 75% of the time. Across-shelf winds 

were predominantly diurnal with a stronger eastward (onshore) component. 

A diurnal Signal that is consistent throughout the data set, but stronger during the second 

half of the data, is found in wavelet analysis of the alongshore wind (Figure 3-2). The 
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Figure 3_1 Progressive vector diagram of wind data from the Lambert's Bay Norti .. , 
weather station between the 27'" J~nuary and 22"" February 2005. Red dots and dates are 
positioned at midnight, green dots are positioned at midday _ Data starts at the origin (0 ,0). 
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Figure 3_2 Wavelet analysis of alongshore wind data from Nortier weather station. Top: 
time series of the alongshore with the linear trend removed. Middle: amplitude of the 
signal over the time period of the data set Boltom: integrated power of the signa l oye, the 
data set period. 
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early part of the data set contains a 3.5 day signal, which appears to vary between 2.5 

and 3.5 days throughout the data. A longer period signal at 10.5 days is present in the 

middle of the data. Across-shelf wind data exhibit a strong and consistent diurnal signal. 

3.2.2 Currents 

The first half of the data set was dominated by south-westward flowing near-surface 

currents (Figure 3-3) during periods of predominantly northerly winds, with two brief 

reversals to northward flow in conjunction with wind reversals. Consistent southerly 

winds between the 11 th and 20th February corresponded with a reversal to north­

eastward near-surface currents. Anti-clockwise oscillations were evident in the flow 

between the 27'h and 29th January and the 16th and 22nd February. South-westward flow 

was also evident in the near-bottom currents (Figure 3-3), with periods of reversal to 

north-eastward flow between the 1st and 6th February and the 11th and 16th February, 

consistent with southerly, upwelling-favourable winds and the onshore movement of 

deep water. 

Maximum current velocities were found in the surface waters and were particularly 

strong in a northward direction reaching speeds of up to 71 cm S-1 (Table 3-1). Mean 

currents at all depths were towards the south and west at low speeds of around 2 cm S-1. 

Near-surface currents (5 m ADCP bin) were southward flowing for 69% of the data set 

and westward flowing for 64% of the data set, while currents at 45m flowed southward 

69% of the time and westwards 57% of the time. 

Wavelet analysis of near-surface alongshore current data (Figure 3-4) indicates high 

power at frequencies of 22.5 hours, 3.5 days and 9.25 days. The signal at 22.5 hours is 

present throughout most of the data set, although strongest during the second half of the 

data set. The 3.5 day signal is also largely consistent throughout the data, though 

strongest in the middle period of the data set, and likewise for the 9.25 day signal. 

Wavelet analysis for the across-shelf near-surface currents (Figure 3-5) exhibits similar 

behaviour with Signals found at 21 hours, 3.5 and 9.5 days during the same periods in 

the data. An intermittent higher frequency signal is visible in the across-shelf data, 

particularly during the earlier part of the data, which may account for variability observed 

in the high frequency data during the first half of the data set. 
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figure 3-3 Progressive vector diagram of ADCP current datil for the 5 m bin (left) and the 
45 m bin (right) from the mooring \BOB) between tile 27'h January lind 22"" February 2005. 

, 5m ADCP bin 5m ADCP bin 145m ADCP bin 45m ADCP-bm 
alongshore across-shelf , alongshore across"shelf 

current current current currenl 
Mean -2.2 em s 1 -2.6cms ' -i -17ems ' -0,6 em s 

---+ 13cms Standard 9 9 cms ' 3,5cms 43 em s 
de~ l atio n 
MaXimum +ve 71 3 cm s' 32,6 em s' 11 ,6erns' 13,3 em s' 

Maximum -va -31,8cms' -31.9 em s' -11.g ems' -134cms' 

Tab le 3-1 Characteristics of alongshort! and across-she" current data gathered from the 
AOCP deployed on the mooring (BOB) between the 27'h January and 22"" February 2005. 
Positive values are directed to the north and cast 

3.2.2.1 Low Frequency Currents 

At low frequencies (greater than 1 6 days). the alongshore components of the wmd and 

near-surface curreri data exhibit reversa ls in direction of between two and f ive days 

duration (Figure 3-6) . Reversals in current directIOn were we ll correlated w ith reversa ls in 

wmd direcllon. With current reversals appearing to lag w ind reversals The extent of the 

current reversal appeared to be dictated by the magnitude of the shift In wind direction 

Larger dlanges In Wind direction such as thai on the 4'" February were followed by 
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Figure 3-4 Wavelet analysis of alongshore current data from the ADCP bin at 5m. Top: t ime 
series of the alongshore current with the linear trend removed . Middle: amplitude of the 
signal oVer the time period of the data set. Boltom: integrated power of the SIgnal over the 
data set period. 
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Figure 3-5 Wavelet analysis of across-shelf cur,ent data from the ADCP bin at Sm. Top: 
time series afthe across_shelf current with the linear trend removed_ Middle: amplitude of 
the signal over the time period afthe data set. Bottom: integrated power of the signal over 
the data set period . 
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ch3nges in the direction of the Cllfrent from southward to nOr1hward floW1ng whereas 

smaller shifts in wind d·rect lon, such as the 8'" February, led to a reduction in the 

magnitude of the flow in the original direction but not a reversal In direction, Correlations 

were calculated for the filtered wind and 5 m curren! d3ta wIth wind d3ta shIfted by 

between 0 3nd 24 hollfS to examine the effect of different lag periods Maximum 

correlation (r of 0.55 - 648 samples, sigl'\jficant at 95% confidence level) W3S found with 

the W1nd sh ifted by 12 hours, with the current lagging the wind. 

Low frequency alongshore and across-shelf near-sunace currents were usually 

observed to reverse in phase with each other (Figure 3-7), Patterns of near-surface 

current flow were predominant ly towards the north and onshore and towards the south 

and offshore, with 310ngshore currents reaching the highest magnitudes The 

predominantly barotropic nature of low frequency currents is illustrated in Figure 3-8 (In 

this context barotropIc currents are defined as those In which there ''s no vertical shear,) 

c, 
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Figure 3-6 Low pass tiltered alongshore AOCP ~urrent from 5 m bin and ~Iongshore wind 
from Lambert's Bay Nortier weather station between 27" January ~nd 22"" February 2005. 
In the bottom diagram the alongshore wind h~s been shifted by 12 hours Illustrating the 
correlation between "longshore current and wind reversals at this phase lag. 
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Figure 3-7 Low pass filtered alongshore and across~helf ADCP current from 5 m bin 
between 27"' January and 22"" February 2005 

Figure 3-8 Low pass filtered curren! velocities [em s"] for ADCP bins between 5 m and 45 
m for alongshore component (top) and across-shelf compOllen! (bottom) between the 27'1> 
January and 22" February 2005. 

3.2.2.2 High Frequency Currents 

High frequency currents (those at periods Of less than 1 6 days) were predominantly 

barodinic (exhibiting vertical shear) in both the alongshore and across-shelf directions 

(Figure 3-9), This was particularly evident dUring the second half of the data set (10" 

February onwards), where currents in the top 15 m altho water column flowed in the 

OPPOSite direction to currents deeper in the water column. This resulted in strong vertical 

shear in the water column at depths of around 10 to 20 m Consistent with the signals in 
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the wavelet analysIs, near-surface currents in the first half of the data were generally 

small (less than 10 cm s·') and fluctuated in direction on an intermittent lime scale, while 

the second half of the data was characterised by stronger currents of up to 30 cm s", 

which changed direct'on on a regular time scale of around once day 

A progressive vector plot of the near-surface high frequency currents in the second half 

of the data set (Figure 3-101 shows currents performing anti -dockw,se oscillations of 

around 3 km in diameter, The oscillations were ell,phcal on nature due to the relatively 

stronger alongshore component of the current Displacement due to these oscillations 

was generally offshore and then southward between midmght and midday onshore in 

the early afternoon and northwards In the late afternoon and evening 

~. 

Figure 3-9 High frequency current velocities [cm s" ] for ADCP bins between 5 m and 45 m 
for alongshore component (top diagram) and across_shelf component Ibottom diagram) 
between the 27'" January and 22"" February 2005. 
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Figure 3-10 Progressive vector diagram of high frequency ADCP current from 5 m bin 
between 12" and 22"" February 2005. Red dots are positioned at midnight, green dots at 
midday. 

3.2.3 Temperature and water column strudure 

Time series temperature profile and current data for the period are displayed in Figure 

3-11 The water column structure was characterised by periods of warming of surface 

waters, which extended to 10 to 15 m depth, interspersed with episodes of cooling of the 

waler column due to upwelling and mixing. Periods of persistent warm surface waters 

are observed to be coincident with sOuthward currents Onshore flow in the 45 m 

currents (Figure 3-3) between the 41
' and S"', and II " and 16" February was associated 

with COoling of the entile water column, consistent with upwell,ng Surface currents were 

directed northwards and onshore during these periods. Diurnal warming and cooling was 

exhibited by suliace waters. Suliace temperatures lor the period range lrom 10.8 "C 10 

199 '·C (Table 3-2), while temperatures at 30 m exhibited a much smaller range from 

9.6 "C to 108 · C The mean difference between suliace and 30 m temperatures was 5.3 

°C. with a maximum difference of 9.5 cC on the 7" February and a minimum difference 

of 1 1 'C on the 16" February It is evident from this that there are periods when the 

water column was relatively well mixed. and periods 01 strong stratificatIOn 
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Wavelet analys,s of surface temperature data (Figure 3-12) shows a diurnal signal 

present throughout the data, which was particularly strong around the 27" January, 5'" 

February and 12" February. A 4 5 and 9 day signal are also present through the data 

set, though they were strongest durrng the first half of the data The standardised data 

for the surface temperature (Figure 3-12) clearly indicate a diurnal cycle of warmrng and 

COoling superrmposed on a longer cycle of several days duration 

Low frequency near-surface current vectors and surface temperature data were well 

cOlTelClted. with southwClrd currents associated with rising temperatures and northward 

currents aSSOCiated with falling temperatu,es (Figure 3-13), Correlation botwoen the data 

has an r" of 0 57 (648 samples slgnllfcant at the 95% confidence level) PerSistent 

southward flow between the 28'" January and 4'" February led to a rise in SlJrface 

temporature of 6 "C, A shtft to northward flow on the 9" February was associated With a 

J cC drop In temperature, while prolonged northward ftow from the 10" to 17" rebruary 

resulted in a 7 "C drop in the temperJture of the surface water, 

, .. ' . , , 
• • . . 

- I I \ 
',,~, ,.' .. 

""1 

Figure 3_11 Time series of temperature profile data between 0 and 30 m depth and current 
profile data for alongshore and across-shelf ADCP bins between 5 and 45 m depth from 
the mooring (BOB) between the 27''' January and 22'" February 2005 
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------- --
Om 30 m I Daily range in Difference 

temperature temperature surface between 0 m 
temperature and 30 m 

temperature 
Me '" 155 ·C IO.loe 2.5 "C 5.3 ·C 

---- -
andard 27 "C 0.3 "C 1 1 ·C 2.4 · C 
viatlon -

SI 
de 
M, xlmum 19.9°C 108 'C 52°C(:,' Feb) 95-C(7 Feb} 

-
nlrnurn 10.8 · C 96 ·C 09 ' C(3' Feb) 1 l "·C (16!1i M, 

Feb) 

Table 3-2 Characteristics of temperature data gathered from the thermistor chain deployed 
on the mooring (BOB) between the 27'" January and 22"" February 2005. All temperatures 
are In degrees Celsius. 
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Figure 3-12 Wavelet analysis of surface temperature data from mooring. Top. lime series 
of surface temperature with the linear trend removed. Middle: amplitude of the signal over 
the time period of the data set. Bottom: integrated power of the signal over the data set 
period. 
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Figure 3-13 Low pass filtered ADC P current vcciofS from 5 m bin and surface tcmperatu rc 
from thermistor chain on mooring between 27'" January and 22'" February 2005 

The 3"' and 5th February are used as exam~es to illustrate temperature changes in the 

surface mixed layer as a result of advectlOO and solar heating On the 3'" February 

(Figure 3-14) surface temperatures warmed throughout the day to early evening and 

then cooled significantly towards the next morning. There was an overall heat gam 

between 09:30 and 19.00 0!1 the 3" as IS expected from an overall positive heat flux 

over the diurmll period (Guastella 1992), The mean Iolal heal flux between 09:00 and 

19.00 was 540 Wm-' calculated from measurements from St Helena Bay for October 

1986 (Ibid) These heat flux data may not be entirely ilccurilte for the 3'" and 5'" 

February 2005 but are considered suffICient to derive an estimate of heating due to 

Insolation. From the temperature profile data for the 3'd February, an integrated 

temperature nse of 0.39 °C was calculated over the surface 10m between 09:00 and 

19:30 

For a column of sea water temperature changes in the mixed layer Ciln be cillculated by 

Equation 3-4 
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wt",re (IT IS the change In temporaturo, diiS tho limo In soconds, Q 's the heat fl ux. PH LS 

the density of seawater (1025 kg m '), Co '5 the heat capacity of seawater at constant 

pressure (4180 J Kg 1 0'·,) and dz is the depth of tllO mixed layor In motros. Assummg a 

mean heat flux of 540 W m ' an integrated temperature rise of 0 48 "C would be 

expected In the surface 10m over 10 . ~ hours. Therefore the calculated heat gain 

between 0900 and 1930 on the 3'" February IS w,thln that expected by SOlar healing, 

the lower actual gain In temperature may be due to reduced Insolation on that day as 

opposed to the day from which the heat flux data are taken. On the 5'" February, there 

was a large heat gain in the surface 8 m between 09.30 to 19.30 and by 01 .30 on the 6" 

February the temperature profile had returned to a very similar profile to that of 0930 

(Figure 3-14). An Integrated temperature rise of 3 "C over the surface 8 m was 

calculated from the temperature profile data, From Equation 3-4, this would requ ire a 

heat flux of 2382 W m" which is five times greater than the available heat flux from 

insolation. 
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Figure 3·14 Temperature profiles from thermistor chain deployed on mooring for the 3'~ 
and 4'" February 2005 (left) and the 5th and 6"· February 2005 (right). 
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3.3 Discussion 

The data presented allow the determination of the variability and forcing mechanisms in 

currents and water column structure. Physical processes affecting phytoplankton bloom 

dynamics operate over a variety of temporal and spatial scales (GEOHAB 2001). 

Mesoscale circulation affects the transport and accumulation of phytoplankton 

populations and nutrients through upwelling cycles, and the development of fronts and 

convergence zones (ibid). Variations in levels of insolation, vertical current shear and 

wind induced mixing, as well as circulation patterns, affect the dynamics of the surface 

mixed layer and thus life-form selection and the vertical distribution of phytoplankton 

(ibid). Interaction of these processes at several scales determines bloom timing, 

location, species and growth. 

Processes that impact upon the magnitude and direction of current flow occur at two 

scales in the data: a two to five day time scale in which reversals in flow are seen, and a 

shorter time scale of less than a day in which anti clockwise rotations dominate. Where 

these processes co-occur it has the effect of creating alongshore propagating, anti­

clockwise motions. 

3.3.1 low frequency currents 

Reversals in the current flow, in both the alongshore and across-shelf direction, were 

highly correlated with reversals in the local wind field at scales of two to five days, with 

the magnitude of the wind reversal dictating the magnitude of the current response. 

Alongshore currents in the data reversed on a cycle of around three and a half days. 

Wind variations at this scale, at this time of year, are forced by the easterly passage of 

coastal low pressure cells (Holden 1987). The leading edge of the coastal low leads to 

equatorward winds, while poleward winds are associated with the passage of the trailing 

edge (Jury& Brundrit 1992). The dominant wind direction during summer is equatorward 

under the influence of the south Atlantic high (Holden 1987). Previous observations in 

the region have attributed reversals in current direction on the shelf, at scales of around 

4 days to 3 weeks in summer, to the passage of remotely generated coastal trapped 

waves, which propagate around the continent in an anti-clockwise direction (Holden 

1987, Jury et a/. 1990a, Jury & Brundit 1992, Schuman & Brink 1990). Alongshore 

currents oscillate on the same cycles as the synoptic weather, with geostrophically 
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driven, barotropic reversals in alongshore currents controlled by coastal-low forced shelf 

waves (Jury et 81. 1990b). Alongshore current reversals at periods of three and a half 

days are typical for the Benguela (Nelson 1992), but slightly shorter than the periods 

attributed to the passage of coastal trapped waves. 

The maximum correlation, with the current lagging the wind by 12 hours, between local 

alongshore wind and near-surface currents is similar to the 8 to 12 hour time lag 

observed in the upper 20 m of the water column in data from the northern Californian 

shelf collected during the Coastal Ocean Dynamics Experiment (CODE) (Winant et 81. 

1987). Poleward and barotropic flows of 12 cm S-1 in the absence of wind were found 

from the intercept of the regression line at the optimum lag period on the northern 

Californian shelf (ibid). This value was -3.8 cm S-1 locally for the ADCP bin at 5 m, 

implying poleward alongshore flow in the absence of wind. Modelling of wind forced flow 

off northern California in the CODE region demonstrated that coastal capes affect the 

variability of alongshore upwelling currents, and can lead to the development of an 

alongshore pressure gradient that forces a poleward current during relaxation of 

equatorward, upwelling-favourable winds (Gan & Allen 2002a, Gan & Allen 2002b). 

Measured data from the CODE region show that a decrease in equatorward wind leads 

to a reversal to poleward alongshore currents without the need for a complete reversal in 

wind direction (Gan & Allen 2002a). Model results find the poleward current to be forced 

by negative pressure gradients, which develop on the equatorward side of capes, in 

response to acceleration of alongshore currents as they flow around a point (ibid). 

It seems likely from the similarity in response of alongshore currents to the local wind 

field between those observed locally and those observed during CODE, and the location 

of the mooring in St Helena Bay downstream of a Cape, that negative pressure 

gradients may be responsible for the poleward flow observed in the mooring data during 

relaxation of equatorward winds. If the reversals were forced by remotely generated 

coastal trapped waves, it is unlikely that they would appear as closely correlated to local 

winds, due to the wave having propagated several hundred kilometres along the coast 

from its generation site and the associated wind field. The correlation between local wind 

and current reversals may be explained in terms of remote forcing by coastal trapped 

waves if the period associated with the modulation in pressure at the· generation site is a 

multiple of the time taken by the coastal trapped wave to travel to the monitoring site 
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(Nelson 1992). Estimates for the speed of travel for coastal trapped waves in the region 

ranges between 50 and 200 km per day (ibid). 

3.3.2 High Frequency Currents 

High frequency alongshore and across-shelf currents during the study period were 

largely baroclinic in nature, exhibiting periods of oscillation, which wavelet analyses 

showed to occur with a period of 22.5 hours. 

The tidal regime in the area is semidiurnal with a spring range of around 2 m (Shillington 

1998) but tidal currents are generally small in comparison to wind driven flow (Simpson 

et al. 2002). Data from current meter moorings deployed in around 170 m of water off 

the Cape Columbine and St Helena Bay coast during winter 1982 displayed evidence of 

semi-diurnal tides (Holden 1986). Other studies in the region have found tidal currents to 

be negligible, attributed to small tidal elevations and the near simultaneous timing of high 

tide along the west coast (ibid). Tidal currents are not detected in the mooring data 

where signals would be expected in the across-shelf current data at 12.4 and 24.8 

hours, consistent with a semi diurnal tidal system. 

Rotations in the alongshore and across-shelf current data with a period of 22.5 hours are 

attributed to inertial oscillations and have often been observed in current meter and 

drifter data in the region (e.g. Bailey & Chapman 1991, Holden 1985, Holden 1987). The 

Coriolis force acts to the left in the southern hemisphere, leading to anti-clockwise 

rotations. The local inertial frequency at the mooring is 22.5 hours calculated as T=2n If 

where f is the Coriolis frequency which is 0.773 x 10-4 S·l at the mooring latitude of 

32.083 oS. Inertial oscillations are locally generated, in response to a fluctuating wind 

stress (Pollard & Millard 1970). A strong diurnal wind was evident during the second half 

of the data set when inertial oscillations were particularly strong in the current data, 

reaching velocities of around 30 cm S·l. Winds rotated with a more northerly and onshore 

component from midday to midnight and a more southerly and offshore component from 

midnight throughout the morning, consistent with a land-sea breeze. Similar to these 

results, data from Namibia show strong anti-clockwise diurnal oscillations extending 

through the water column, with currents of similar magnitude in the alongshore and 

across-shelf directions, that are often larger in magnitude than the mean flow causing 

the current to reverse (Simpson et a/. 2002). At latitudes close to 30 0 a near resonant 
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response occurs as the inertial frequency is close to that of diurnal tides and forcing 

winds (Craig 1989), which increases the energy transfer between atmosphere and 

ocean (Simpson et al. 2002). A potentially important aspect of inertial oscillations is the 

1800 shift in phase in the current profiles during the study period at depths of around 10 

to 15 m. This is considered to be due to the presence of a coastal boundary, which 

causes a pressure gradient to develop in response to surface winds. Wind forcing is 

transferred through the water column by the pressure gradient, with a phase shift of 1800 

(Simpson et al. 2002). 

Inertial oscillations in response to the diurnal wind are considered to be particularly 

important in regions with weak tidal currents (Hyder et al. 2002), although the elliptical 

motion associated with inertial rotations has no effect on net transport. Transport is 

driven by low frequency currents, with inertial oscillations often superimposed on a mean. 

northward or southward flow. Blooms off Lambert's Bay have often been observed to 

move onshore in the afternoon, which may be associated with the onshore part of the 

inertial oscillation that occurs after midday. The 1800 phase shift between upper and 

lower layers leads to large current shears across the thermocline, enhancing mixing 

within the thermocline layer (Knight et al. 2002). It appears from the data that the 

majority of the vertical shear in the water column was due to inertial oscillations; currents 

with the high frequency component removed appear predominantly barotropic. During 

the second half of the data set when inertial oscillations were dominant, the depth of the 

top of the thermocline was often associated with strong northward pulses of current in 

the surface layers attributed to inertial oscillations (Figure 3-15). 

3.3.3 Water column structure 

Two main processes affecting the temperature are: diurnal variation in near-surface 

temperatures, which may be attributed to solar heating, and longer 3 to 6 day 

temperature variations associated with current reversals and the upwelling cycle. 

Upwelling in the Benguela due to Ekman transport is well documented, with a modulated 

upwelling cycle of 3 to 6 days typical of the Cape Columbine cell (Nelson & Hutchings 

1983). During active upwelling, equatorward winds are associated with northward shelf 

currents and a drop in sea surface temperature. Relaxation phases are characterised by 

reduced equatorward or poleward winds, southward flowing shelf currents and 
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Figure 3-15 Time series of alongshore ADCP current [cm s"] from 5 m bin. The depth of 
the top of the thermocline Is plotted in grey. 

Increasing sl1a ,;urfacl1 tl1m pl!!raturl!!s (Jury & Brundflt 1 992) Th!1sl!! procl!!sses were 

clearly visible In the data set with low frequency current reversals respondmg to wind 

reversals: water temperatures decrease with northward currents while surface 

tl!!mpl!!r;Jtures Incrl!!aSI!! with southward curmnts 

Surface temperature data during the study period exhibited a clear diurnal signal 

indicating that solar heating contflootes to raising water templ!!raturl!!s Thl1 association of 

increaSing temperatures With southward flowing currents , and the often large Inclease,; 

in ~urface temperature over a day (up to 5 ' C). imply that advection also contributes to 

heat gain at the moonng location ThiS IS ,;upported by the temperature profile data, 

where slabs of warm water extending down several meters appear that cannot be 

explained solely by surface heating and mixing Heat budget calculations for the 

southern Benguela dunng midsummer estimate that there oS a heat Input of 255 W m" 

per day, predominanlly due to incident radiation, which can produce a temperature rise 

of 0.52 °C day-' integrated over a 10 m surface mixed layer. Temperature increases 

greater than thiS are atlnbuted In part to advection (Guaste lIa 1 992). I n one of the 

example heat budget calculations (see 3 2 3). 20% of the observed temperature 

increase can be attributed to insolation While It is assumed that around 80% of the heat 
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gain was due to advection of warm water to the mooring location. During the CODE 

experiment on the northern Californian shelf 50 to 60% of the warming during relaxation 

of upwelling-favourable winds was attributed to solar heating, with most of the rest 

accounted for by alongshore advection when currents reverse and flow polewards during 

wind relaxation (Send et al. 1987). Wavelet analysis of the depth of the top of the 

thermocline exhibited a high powered integrated signal at the inertial period implying that 

inertial oscillations affect water column structure. This may be due to increased mixing 

caused by shear induced by inertial oscillations at depths of around 10 to 15 m, or the 

rotational transport of the water mass by inertial oscillations. Studies of mixed layer 

dynamics find that surface mixed layers deepen most rapidly in response to ~ind stress 

within half an inertial period (Brink 1983). 

During periods of increasing temperature, the warm surface mixed layer deepened with 

time if southward flow persisted. Satellite images for the 4th to the 7th February 2005 

(Figure 3-16) assist in explaining changes seen in the temperature profile data, although 

the limitations of the satellite data in that they measure skin temperature should be 

borne in mind. On the 4th February temperature profile data show warm surface waters 

of 18°C extending to depths of around 10m, and the satellite image shows the bay to 

be filled with warm surface water, with a tongue of 18/19 °C water extending from north 

to south along the coast. Upwelling at Cape Columbine, as seen in the image for the 5th 

February, led to cooling of the surface water in the bay and the temperature profile 

shows a dramatic cooling of the entire water column with the thermocline riSing to near­

surface and surface temperatures dropping to 14 cC. An intrusion of warm water, with 

surface temperatures of around 18°C, extending down to 7 m appeared in the 

temperature profile later on the 5th February, which was replaced by cooler waters again 

on the 6th. This is assumed to be the tongue of warm water visible in the satellite image 

for the 6th February, advected into the area from the north, with its appearance and 

disappearance in the temperature profile being due to movement of the tongue of water 

in relation to the mooring. The intrusion of the warm water, advected into the mooring 

area by the southward current, is consistent with the heat budget calculations for the 5th 

of February, which suggest that around 80% of the change in the temperature profile 

may be attributed to advection. Surface waters warmed and the thermocline deepened 

throughout the 6th and 7th February when the satellite image shows "decreased upwelling 

at Cape Columbine and warm surface waters extending throughout St Helena Bay. The 
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Figure 3-16 One day composite satellite sea surface temperature images from NOAA 
AVHRR satellite and temperature profile data (' G) from thermistor chain deployed on 
mooring for 4th to 7'" February 2005 
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warm surface water observed initially on the 4th February was associated with southward 

flowing surface. A switch to northward flowing currents half way through the 4th February, 

and persisting through the 5th February, led to the introduction of the cooler, upwelled 

water on the 5th. Inertial oscillation driven currents later on the 5th February may explain 

the appearance and disappearance of the warm water in the temperature profile. Water 

column temperatures increased on the 6th and 7th February associated with southward 

flow. 

3.3.4 Summary 

Currents during the study period vary at two time scales, both of which are forced by 

local winds. Diurnal fluctuation in wind strength and direction due to a land-sea breeze 

effect drive inertial oscillations, inducing shear in the water column near the thermocline 

depth. Wind reversals at periods of two to five days, associated with synoptic weather 

patterns, force reversals in alongshore currents at these scales; a 12 hour lag is 

observed between wind and current reversals. The location of the mooring in the 

nearshore environment, downstream of Cape Columbine suggests that negative 

pressure gradients contribute to forcing southward flow during wind relaxation and 

reversal. Water column structure is affected by insolation driven changes in temperature 

and mixed layer depth, and advection. Persistent warm near-surface temperatures and 

stratification were associated with southward flow. 
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4 Comparison between winds, currents and water 
column structure in three data sets from different 
periods 

Upwelling-favourable winds in the southern Benguela are associated with anticyclonic air 

flow around the South Atlantic High (Nelson & Hutchings 1983). Migration of the high 

pressure cell northwards in autumn, and south eastwards in spring, leads to seasonal 

modulation of upwelling-favourable winds (ibid). Upwelling-favourable winds are most 

persistent during spring and summer in the southern Benguela accounting for up to 70% 

of the total winds (as opposed to around 10% of the total winds during winter) (Andrews 

& Hutchings 1980). with the upwelling season extending from September to March 

(Shannon & Nelson 1996). During summer the passage of cyclones south of the 

continent causes a periodic weakening of the South Atlantic High and relaxation of 

upwelling-favourable winds. In winter the effect is to bring strong, potentially gale force, 

north-westerly winds (Nelson & Hutchings 1983). Phytoplankton biomass varies 

seasonally in the southern Benguela, with highest levels of biomass during the latter part 

of the upwelling season and lower levels during winter conditions (Pitcher & Weeks 

2006). 

Two other periods of data have been processed in a similar way to the data from 

February 2005 (see 3.1 for methods). February is considered to fall late in the upwelling 

season. The main features and physical processes observed in these data are 

summarised here. and are indicative of seasonal changes. One data set comprises 24 

days of mooring data from the 5th to 29th May 2005, representative of winter conditions, 

and the other data set consists of 32 days of mooring data from 10th November to 12th 

December 2005, considered to be early in the upwelling season. Concurrent wind data 

from the Nortier weather station are available for both data sets. 

4.1 Results 

4.1.1 Winds 

Differences are observed between the wind data from the three periods (Figure 4-1), as 

is expected due to seasonal migration of the South Atlantic High. The characteristics of 

the alongshore wind during these periods are summarised in Table 4-1. Southerly. 

upwelling-favourable winds were highest in magnitude and most persistent in duration 
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Figure 4_1 Wind vectors trom Lambert's Bay Norlier weather slation from the late 
upwelling season (top), wmter conditions (middle) and the early upwelling season 

(bottom) in 2005. 

Late upwelling j Winter conditions Early upwelling 
season , season 

Percentage 46%154% 56%134% ' 25%175% 
northerlyl southerly 

r-4.j m s-:r-
I 

146 m 5.1 Mean southerly 36m s· ' 
, 

2.9 m $1 33m s-:-C-
-

23 m Sf Mean northerly 

Max southerly 9 3 m s 1 
, ' 

85ms 10,7ms' 

Max northerly -t s-3ms1 I 8.Srns ' I 55 ms 1 

Table 4·1 Characteristics of alongshore wind data from Lambert's Bay Nonie, weather 
station for the three data sets from the late upwelling season, winter conditions and early 
in the upwelling seaSon in 2005. 

early in the upwelling season. With short periods of reversal to northerly winds up to 

three days long while windS during winter conditions were predominantly north·westerly 

The late upwelling season was characterised by periods of upwelling·favourable Winds 

Interspersed With longer periods of relaxallon and northet1y winds up to five days in 

duration Wavelet analyses of alongshore winds (Table 4-2) found the highest powered 
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signal at the diurnal period in the early and late upwelling season, while this signal was 

considerably weaker during winter conditions. Signals with a period of a few days in the 

three data sets were consistent with reversals between southerly and northerly winds. 

Data Primary Peak Secondary Third Peak 
Peak 

Alongshore Wind 1 day 3.5 days 10.5 days 
IC) 
s::: 
=s::: Alongshore ADCP 5m 22.5 hours 9.25 days 3.5 days ;0 Current 
c..: Across-shelf ADCP 21 hours 9.5 days 3.5 days ::::J CD 
CD CI) - 5m Current 
cu Surface Temperature 9 days 24 hours 4.5 days ....I 

CI) Alongshore Wind 5 days 2.3 days 1 day 
s::: 
0 
;; 

Alongshore ADCP 5m 22.5 hours 5.3 days 2.1 days =s 
s::: Current 
0 

Across-shelf ADCP 22.5 hours 5.3 days 2.8 days u ... 
5m Current S s::: 2m Temperature 1 day 5 days 4 days 

~ 

IC) 
Alongshore Wind 1 day 5 days 2.6 days 

s::: 
"is::: Alongshore ADCP 5m 1 day 5 days 2.8 days 
3= 0 Current c..CI) 
::::J cu Across-shelf ADCP 22.5 hours 5 days CD 
>oCl) 5m Current 'i: 
cu 2m Temperature 1 day 6.5 days 5 days w 

Table 4-2 Periods at which the three highest powered peaks are found using wavelet 
analysis for various data for the three data sets 

4.1.2 Currents 

In response tc? variations in the prevailing winds, differences were observed in the near­

surface currents (Figure 4-2). Characteristics of the near-surface currents are 

summarised in Table 4-3. Alongshore near-surface currents during winter conditions 

were predominantly southward, with the maximum velocities occurring in this direction, 

while early in the upwelling season maximum velocities and the majority of near-surface 

current flow was directed northwards. Maximum velocities late in the upwelling season 

were towards the north, although the predominant flow direction was !:)outhward. 
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Figure 4-2 Current vectors from ADCP bin at 5 m from the late upwelling season (top), 
winter conditions (middle) and the ea,ly upwelling season (bottom) in 2005. 

Late upwelling Woo Icr conditions Early upwelling 
season 

Percentage northwardl 31°l,j 69°", 30' -iM~'",.,"~--, 
I{. I 70% 59%41% 

southward - -
Percentage eastward/ 36% / 64% 36°", 164% 53% / 47% 
westward 
Max southward 318 em s 33.6 ernsT 263 em s' 

Max northward 713cms' 16.5 ems' 46.3ems' 

T"ble 4·3 Characteristics of near-surface currents from ADCP bin at 5 m from the late 
upwelling season (top). winter conditions (middle) and the early upwelling season 
(bottom) in 2005. 

Wavelet analyses (Table 4-2) found the highest powered signal near the inertial 

frequency in all data sets (although thiS signal appears to be at the diurnal rather than 

inertial pfHiod in th" alongshore near-surface CLJrrents early in the upw~ling season). 

With a signal around five days (three and a half days late in the upwelling season) 

consistent with reversals in direction 
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Correlation between low p~ss fi'tered alongshore near"sulf~ce currents and WindS 

(Figure 4-3) IS observed In atl data sets with the h>ghest correlation early in the upwelling 

season (r of 0 68 with the currents lagging the WInd by 13 hours - 782 sam~es, 

~Igrnflcant at 95% confidence level) and the lowest correlation during WInter conditions 

(I of 021 with the currents iaggulg the wInd by 13 hours - 539 samples, slgrnflcant at 

95% confidence level) 
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Figure 4_3 Low pass filtered alongshore current from ADCP bin at 5 m and alongshore 
wind from Lambert's Bay Nortier weather station from the late upwelling season (top), 
winter conditions (middle) and the early upwelling season (bottom) in 2005, 

4.1.3 Temperature and water column structure 

A temporary thermistor chain. consisting of self-logging temperature recorders (see 

2.1 6) attached to a rope, was deployed on the mooring when the thermistor chain was 

unavai lable. For the data collecled under winler COIl(j,t,OllS the lemperature recorders 

were deployed at 2, 4, 6, 8, 10 and 15 m, 'Nhile for data from early in the upwelling 

season they were located at 2 m intervals between the surface and 10m and 5 m 

inlervals from 10 to 20 m 
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Water column structure and temperatures varied dramatically between the three periods 

(Figure 4-4). Near-surface temperature ranges and water column temperature 

differences are summarised in Table 4-4. Data from late in the upwelling season were 

characterised by warm surface waters, extending to depths of around 10 m, persisting 

for several days, interspersed with periods where the water column is cool and well 

mixed. Near-surface temperatures exhibited a range of 8.7 cC. In contrast, during winter 

conditions, the water column was well mixed and temperatures were considerably less 

variable, with a range in near-surface temperatures of less than 2 °C and a maximum 

difference of 2.6 °C between near-surface and 15 m temperatures. Water column 

temperatures early in the upwelling season were cool and well mixed for periods of a 

week or more; surface waters warmed between upwelling events but to a lesser extent 

than late in the upwelling season. Wavelet analyses of near-surface temperatures (Table 

4-2) show a peak in power at the diurnal period in all data sets, consistent with daily 

heating due to insolation. Secondary peaks in power at periods of several days 

represent periods between warming and cooling of near-surface waters, attributed to 

upwelling cycles and current reversals. 

late upwelling Winter Early upwelling 
season conditions season 

Maximum 2 m 19.4 DC 15.2 DC 17.1 °C 
temperature 
Minimum 2 m temperature 10.7 DC 13.5°C 10 °C 

Max difference between 2 8.4 DC 2.6 DC 4.2°C 
m and 15 m 
Min difference between 2 0.1 DC O°C O°C 
m and 15 m 

Table 4-4 Characteristics of water column temperatures from mooring thermistor chains 
for the three data sets from February, May and Novemberl December 2005. 
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Figure 4-4 Temperature profiles rCJ from thermistor chain deployed on mooring from the 
late upwelling season (top), winter conditions (middle) and the early upwelling SeaSon 
(bottom) in 2005. 

4.2 Discussion 

Although the data sets presented are short stand alone time series. differences In the 

winds. currents and water column structure between the data sets are indicative of a 

seasonal Sl\lnal 

4.2.1 Differences in winds and current response to wind forcing 

Whilst the data for the three periods are quite different with winter conditions dominated 

by northerly winds and southward alongshore currents. and the early part of the 

upwelling season dominated by southerly winds and northward alongshore currents In 

all data sets near-surface currents appeared to respond to changes in d1fection and 

magnitude in the local wind field 

Winds during winter condition were predominantly northerly. consIStent with a northward 

shift in the pressure system during winter leading to a greater frequency of north­

westerly. non-upwelling-favourable winds (Shannon & Nelson 1996). In contrast. 

summer positIOning of the South Atlantic Hgh leads to a high frequency and magnitude 

of upwelling-favourable Winds (Shannon 1 (85) as observed In early part of the upwelling 
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season, with only brief periods of relaxation or reversal. Towards the end of summer and 

autumn the pressure gradients responsible for upwelling-favourable winds weaken 

(Pitcher et al. 1992), consistent with more prolonged periods of wind relaxation and 

reversal later in the upwelling season. Wavelet analyses show high power at the diurnal 

period throughout the upwelling season, which is attributed to the existence of a greater 

temperature differential between land and sea temperatures in spring and summer 

months, driving land-sea breezes. 

Seasonal differences in water movement for St Helena Bay were observed through drift 

card release in the 1950's and 1960's (Duncan & Nell 1969). The drift was mainly 

northward in spring and summer with an occasional inshore counter-current, which 

became stronger during autumn. During winter the drift was predominantly southward, 

occasionally interspersed with a pattern more typical of summer. These observations are 

in keeping with those made here from the mooring data. High power at the inertial 

frequency, and corresponding inertial oscillations, were observed in current data from all 

data sets. They were most prevalent during periods of strong, diurnally varying winds, 

consistent with the requirement of a fluctuating wind stress for the generation of inertial 

oscillations (Pollard & Millard 1970). 

Limited literature is available regarding currents and temperatures in winter in the 

southern Benguela due to a lack of observations. Current meter moorings deployed off 

the west coast in deeper water (150-200 m) during winter 1982 exhibited current 

variations at the semi-diurnal tidal frequency, the inertial frequency and low frequency 

reversals at periods of 5 to 6 days (Holden 1986). Low frequency fluctuations were 

attributed to the southward passage of remotely forced coastaUy trapped waves. Those 

data differ from the data presented here in that the currents were found to be 5 hours 

ahead of the wind in phase (ibid), as opposed to the 13 hour lag observed during winter 

conditions. Data collected in northern California as part of the CODE found mean 

currents during winter to be more uniform with depth than summer, poleward and 

correlated with wind stress, with the current lagging the wind by around half a day (Lentz 

& Chapman 1989). These observations are more in keeping with those made during 

winter here, and although the correlation is less good than that for late in the upwelling 

season, alongshore currents appeared to be correlated with local alongshore winds 

implying local forcing or local generation of shelf waves as discussed in chapter 3. 
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Alongshme currents early In the upwelling season were predommantly northward, and 

well correlated with alongshore winds, with brief reversals to northerly winds leading to 

current reversals. Processes affecllng current magnitude and direction are assumed to 

be similar to those discussed In chapter 3 The increased frequertCy and magnItude of 

nr)rthward currents was due to the increased strength and incidence of equatorward 

upwelling-favourable WindS during spring corresponding with wlrld-induced upwelling 

reaching a maximum at this time of year (Nelson & Hutchings 1983) 

Differences in current flow between the data sets are highlighted in Figule 4-5 Mean 

alongshore currents were southward late in the upwelling season and during winter 

conditIons, while surface currents were northward early in the upwelling season, 

consistent with increased upwelling 
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Figure 4-5 Mean current profiles Irom ADCP bins between 5 and 45 m (top) and mean 
temperature profiles from thermistor chams deployed on mooring (bottom) lor late in the 
upwelling season, early in the upwelling season and winter conditions in 2005 
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4.2.2 Differences in water column structure 

Despite the observed difference in maximum and minimum temperatures and water 

column structure between the three data sets, in all cases there was a correlation 

between alongshore currents and surface temperatures, with southerly winds and 

northward currents leading to decreasing surface temperatures, and southward currents 

associated with increasing surface temperatures. 

Temperatures during winter conditions were substantially less variable than during 

summer months, and the water column was more mixed than during the upwelling 

season. These differences are attributed to a decrease in upwelling and insolation in 

winter months, as well as increased mixing due to winter storms. Winter temperature 

profile data from California show mean water temperatures to be greatest during winter 

when the wind stress is least, and the mean vertical temperature gradient to be more 

uniform with depth (Lentz & Chapman 1989). Although mean near surface temperatures 

are higher late in the upwelling season, due to the availability of around 2.5 times more 

heat flux from incident radiation in late summer than in winter (Guastella 1992), mean 

temperature profiles were warmer and vertical temperature gradients lower during winter 

conditions, similar to the CODE data, and consistent with a lower frequency of upwelling­

favourable winds. 

Water temperatures were generally cool and levels of stratification low early in the 

upwelling season due to a high incidence of southerly, upwelling-favourable winds and 

the intrusion of recently upwelled waters. Warm periods were observed at the start of the 

data set, concurrent with wind relaxations, southward currents and the advection of 

warmer water (see chapter 3) but these were shorter in duration than those observed in 

later in the upwelling season and did not reach the same maximum temperatures. 

Seasonal differences in water column structure are highlighted in Figure 4-5. 

Stratification was greatest late in the upwelling season consistent with high levels of 

insolation and increased duration of relaxation from upwelling-favourable winds. The 

water column was well mixed during winter conditions. 
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4.2.3 Implications for HABs 

In a wind driven upwelling system most of the dynamic processes occur in direct 

response to wind forcing through the creation of a friction layer, currents and sea-level 

slopes (Nelson 1992). Therefore seasonal variations in wind strength and direction in the 

southern Benguela lead to differing patterns of current flow and water column structure 

as observed in the data. Red tides occur most frequently towards the end of summer 

and autumn, when a decrease in upwelling-favourable winds and increase in calm days 

contributes to stabilisation of the water column (Horstman 1981). An increased 

frequency and duration of periods of relaxation from upwelling, and greater water column 

stratification was observed in the data from later in the upwelling season, than in the 

data from earlier in the upwelling season, consistent with the reported increase in the 

frequency of dinoflagellate dominated blooms during the latter part of the upwelling 

season, given that blooms are associated with wind relaxation and stratified conditions 

(Pitcher & Boyd 1996). During winter decreased levels of insolation, and an increase in 

north-westerly winds causing storm-mixing leads to a lower but more even distribution of 

phytoplankton through the water column (Brown & Hutchings 1985 as cited in Pitcher et 

al. 1992). 
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5 Phytoplankton response to physical forcing: March 
2005 

Physical forcing is known to be of importance to phytoplankton, regulating nutrient, 

temperature and light conditions. In an upwelling system such as the southern Benguela 

where wind is a major determinant of hydrodynamic variability (Pitcher et al. 1995), 

patterns of phytoplankton are linked to the magnitude and frequency of upwelling events, 

water column stratification and nutrient availability (Kudela et al. 2005). Wind driven 

variations in currents drive transport of phytoplankton, while water column structure and 

associated levels of mixing and nutrients determine the composition of the phytoplankton 

community (Cullen & Macintyre, 1998). Seasonal patterns of spring diatom blooms 

followed by dinoflagellate dominance, associated with increasingly stratified conditions, 

are interrupted and reset by episodic wind forCing, altering the environmental conditions 

and thus favouring different algal species and assemblages (Kudela et al. 2005). 

PhYSical processes in response to the wind, at time scales of less than two weeks, have 

been detailed in chapter 3. The dominant responses to wind forcing are current 

reversals, both at time scales of less than a day and three to six days, and associated 

changes in water column structure due to heating, mixing and advection. A field study 

was carried out off Lambert's Bay between 15th March and 6th April 2005, during which 

daily sampling was undertaken at the mooring location. Daily temperature and 

chlorophyll profiles were obtained using a Sea Bird CTD and Wetstar fluorometer. 

Surface phytoplankton samples were fixed in buffered formalin and counted using the 

Utermohl method (Hasle 1978). Data from the mooring, with the inclusion of 

fluorescence data, were available between the 19th March and 6th April 2005. These data 

were used to examine the physical processes and conditions associated with detected 

changes in phytoplankton abundance and composition. Data analysis, including filtering 

and wavelet analysis, were carried out as outlined in chapter 3. 

5.1 Results 

5.1.1 Wind Data 

Winds for the five days prior to the field study (8th to 15th March were predominantly 

southerly and upwelling-favourable (Figure 5-1). Reversals to north-westerly winds, 
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Figure 5_1: Progressive vector plot of wind data from Lambert's Bay Noftier weather 
station between the 8'h March and 5'" April 2005. The pklt commences seVen days prior to 
the study period. Red dots and dates a ..... positioned at midnight, green dots are positioned 
al midday. Data starts at the origin (0,0). 
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Figure 5-2: Progressive vector ~Iot of ADep curren! vectors for the bin at 5m from Ihe 
mooring (BOB) between the 19 March and 5'" April 2005. 
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lasting between two and five days, are seen on the 16th March, 26th March and 4th April. 

A strong diurnal component is visible in the south-westerly wind data between the 20th 

March and 4th April, in which the wind is weak in the morning, stronger and more 

onshore in the afternoon and backs towards offshore in the evening and early hours of 

the morning, consistent with a diurnal land-sea breeze effect. Wavelet analyses of wind 

data for this period (Table 5-1) exhibit a strong signal at the diurnal period in the 

alongshore and across-shelf data, which may be attributed to the diurnal sea breeze. A 

longer period signal at four days in the alongshore data, and 3.5 days in the across-shelf 

data, is indicative of reversals between southerly, upwelling-favourable winds, and north­

westerly winds. 

Data Primary Peak Secondary Peak Third Peak 

Alongshore Wind 1 day 4 days 1.6 days 

Across-shelf Wind 1 day 3.5 days 

Alongshore ADCP 22.5 hours 3.75 days 
5m Current 
Across-shelf ADCP 21 hours 4 days 10.5 days 
5m Current 
Surface 3.75 days 1 day 7 days 
Temperature 
6m Temperature 22.5 hours 3.5 days 1.6 days 

10m Temperature 22.5 hours 3.5 days 10.5 days 

Fluorescence 10.5 days 4 days 17 hours 

Table 5-1 Periods at which the three highest powered peaks are found using wavelet 
analysis for various data 

5.1.2 Physical Response to Wind Forcing 

5.1.2.1 Current Data 

Near-surface currents were south-westward at the beginning of the mooring data set on 

the 19th March (Figure 5-2). Flow reversed to northward on the 21 st March, following 

reversal to upwelling-favourable winds, with currents becoming southward again on the 

23rd and 24th March. The 25th and 26th March were characterised by inertial currents, 

superimposed on low velocity currents to the north. Currents were southward between 

the 26th and 28th March in response to north-westerly winds. With the commencement of 
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Figure 5_3 : Low pass liltered alongl;ho,e ADCP current from 5 m bm and ~ Iongsho.e wind 
from L~mbert's [Jay Nortier weather station between 19'" M~rch and 5" April 2005. 

Figure 5-4 Current velocity [em s'] for ADCP bins between Sm and 45m for alongshore 
component (top) and across_shelf component (bottom) between 19 ~ March and 5th April 
2005. 
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south-westerly winds on 28th March the current became northward with a strong onshore 

component, exhibiting inertial oscillations forced by diurnal winds. Inertial oscillations 

continued to be observed in the current data, superimposed on southward flow, following 

the weakening and reversal of winds on the 3rd April. 

From this description it is apparent that changes in current direction follow changes in 

wind direction, as discussed in chapter 3 for the February 2005 data set. Filtered 

alongshore wind and current data were well correlated (Figure 5-3) with a maximum r of 

0.52 (409 samples, significant at 95% confidence leve!) , with the currents lagging the 

wind by eight hours. The intercept of the regression line at the optimum lag period is -

3.6 cm S-1, similar to that found for the data from February 2005, implying poleward 

alongshore flow in the absence of wind. Wavelet analysis of alongshore current data 

shows high power at 22.5 hours, coincident with the inertial frequency, and at 3.75 days, 

corresponding to reversals driven by changes in wind direction (Table 5-1). Across-shelf 

currents display high power at 21 hours, 4 and 10.5 days. Low frequency alongshore 

and across-shelf currents were reasonably well correlated, with concurrent reversals and 

a general north-east, south-west alignment to the flow. 

High frequency currents were predominantly inertial, with a strong signal observed in the 

wavelet analyses between the 24th and 27th March and the 29th March and 4th April, 

concurrent with strong diurnal winds. A 1800 shift in phase at around 10 or 15 m depth, 

associated with the thermocline, can be seen in the vertical structure of high frequency 

currents during periods of strong inertial oscillation (Figure 5-4), resulting in vertical 

shear. Strong northward pulses are seen in the alongshore current profile data between 

the 29th March and 2nd April, where the northward component of the inertial oscillation is 

superimposed on existing northward flow. However, as discussed in chapter 3, inertial 

oscillations appear to have no net effect on the flow or transport and merely add a 

rotational aspect to the background flow field, with rotations occurring on a daily time 

scale. 

5.1.2.2 Temperature Data 

At the start of the study period temperature profile data (Figure 5-5) show a well mixed 

surface layer of around 14°C with the thermocline at 10 m. The temperature profile 

changed rapidly and an extended period of warm, stratified surface waters (with 
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Figure 5-5 Temperature rCJ from mooring thermistor chain (colour plot) and daily CrD 
casts at mooring location (contour plot) (top), daily chlorophyll [mg m-'] profiles from 
fluorometer (middle) and daily surface phytoplankton counts with surface fluorescence 
from mooring (bottom)_ 

temperatures reaching 17 "C) of eight days duration followed ThiS warm surface water 

is assumed to De advecled into the area from the north by southward currents 

accompanying the north-westerly winds Northward and inertial currents on the 25'" 

March, conSistent with upwelling-favourable winds _ led to rapid cooling of the water 

column to 13.8 'C at the surface, With the thermocl ine at 3 m, Temperature profile data 

show warming in association with southward currents on the 26th March, and a 

deepening of the surface layer over the following three days, The water column cooled 

rapidly, in association with southerly winds and northward currents, on the 29" March 

Warm pulses of water are observed In the afternoon with onshore currents and cool 
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pulses of water with northward flow at night. Southerly winds increased in strength on 

the 2"" of April , accompanied by predominantly northward Inertial currents and further 

cooling of the water column. The water column began to warm again on the 4" April with 

soothward flow following a wind reversal. 

Filtered near-surface alongshore current and temperature data confirm the association 

of warm water with southward currents, and coot water with northward currents, 

consistent with the expected response to upwelling and relaxation events (F~ure 5-6) 

An overall decrease In surface temperature was observed In the mooring data during the 

study penod, Heat budget calculations (see 3,2,3 for method) for the 22"" to the 24" 

March (Table 5-2) indicate that the avaltable heat flux from insolation can only explain 

between 20 and 40% of the observed temperature changes, and that advection must 

playa role In increasing temperatures Wavelet analysIs of surface temperature data 

shows high power at the diurnal period, which may be altnbuled to daily solar heating, 

and at 3,75 to 4 days, consistent With perIOds found in wind and current data due to 

reversals (Table 5-1), Temperature data for 6 and 10 m exhibit high power at the inertial 

frequency, implying that inertial OSCillations were responsible for the intrusion of differing 

water masses at the mooring location, or changes in mixed layer depth 

Figure 5-6 Low-pass filtered ADCP current vectors for bin at 5m and $urtace temperature 
from mooring thermistor chain between 19'" March and 5" April 2005, 
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Date Temperature Depth Time Required heat Estimated 
Increase r"C) (m) (hI's) input (W m-2

) available heat flux 
(W m-2) 

2200 March 27.4 14 10 3261 662.5 

23ro March 6.6 4 7 1963 832.1 

24m March 11.43 16 11 1236 238.6 

Table 5-2 Components of heat budget calculations for the surface mixed layer for specified 
dates 

5.1.3 Biological Response - Fluorescence and Phytoplankton count data 

Two periods of very high biomass, consisting of a dinoflagellate dominated assemblage, 

were observed during the study period (Figure 5-5). Potentially harmful algae Dinophysis 

aeuminata and Dinophysis fortii responsible for the production of diarrhetic shellfish 

pOisoning toxins, and Protoeeratium retieulatum, which produces yessotoxins, formed a 

component of the high biomass dinoflagellate assemblage. Dinophysis species reached 

a maximum abundance of around 40 000 cells r1 on the 29th and 30th March, while the 

highest abundance of Protoeeratium retieulatum was around 90 000 cells 1-1 on the 1 st 

April (these cell counts are means of counts from surface and 5 m water samples). High 

biomass levels in themselves are potentially harmful if the bloom decays following 

nutrient exhaustion leading to marine mortalities as a result of oxygen depletion (Pitcher 

& Calder 2000). 

At the start of the data set chlorophyll levels were around 50 mg m-3 in the surface 10m 

and the assemblage was dominated by diatoms, composed largely of Chaetoeeros 

spp.(Figure 5-5). The assemblage changed rapidly the next day, with dinoflagellates 

(predominatly Proroeentrum spp. with some Ceratium furea) accounting for the majority 

of the biomass, accompanied by the coccolithophorid Syraehosphaera pulehra. Diatoms 

disappeared from the assemblage on the 18th March and the biomass decreased over 

the next few days, with a relative increase in the ratio of coccolithophorids to 

dinoflagellates. Chlorophyll values increased in the surface 5 m between·the 21 st and 

24th March; phytoplankton count data indicate a similar mixed dinoflagellate (dominated 

by Proroeentrum spp.) and coccolithophorid (Syraehosphaera pulehra) assemblage with 

a large increase in the ratio of dinoflagellates to coccolithophorids on the 24th March. A 

decrease in biomass followed the appearance of cooler water on the 25th March. 
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Unfortunately no daily samples were acquired between the 26th and 28th March, and 

therefore only mooring data are available. Although fluorescence values were highly 

variable over this period, they show peaks of 150 (raw fluorescence units) indicating high 

biomass. Fluorescence dropped with the introduction of cooler water late on the 28th 

March and then rose rapidly late on the 29th March and continued to be high; chlorophyll 

profiles indicate surface values of up to 165 mg m-3
. The assemblage was dinoflagellate 

dominated, consisting largely of Prorocentrum spp. and Ceratium spp. Cooling of the 

water column was accompanied by a rapid drop in biomass on the 2nd and 3rd April; the 

remaining biomass consisted of a similar assemblage to the previous few days. An 

increase in biomass is observed from the afternoon of the 4th
, following a reversal in 

winds and currents, and chlorophyll profiles indicate a sub-surface maximum of around 

120 mg m-3 on the 3rd
, 4th and 5th April. Phytoplankton count data indicate this to be a 

dinoflagellate dominated assemblage, similar to that detected previously. 

The fluorescence signal from the mooring data was highly variable, both within high 

biomass events, and during periods of lower biomass. Wavelet analysis of fluorescence 

data leads to the masking of signals during periods of low biomass by the large peaks in 

signal, and thus power, during periods of high biomass. However, Signals are detected 

at periods of 17 hours and 4 and 10.5 days (Table 5-1), with a fourth peak at 12 hours. 

The four and ten day signal represent time scales between high biomass events, and at 

four days' shows some correspondence with similar signals found in wind, current and 

temperature data. A combination of photoinhibition and vertical migration may be 

responsible for the semi-diurnal signal. 

5.2 Discussion 

Changes in phytoplankton species composition occur by two main processes: 

succession and sequence (Smayda 1980). Succession results from the changing 

physical, chemical and biological characteristics of a given water mass, while sequence 

is the change in species composition due to a change in water mass type. In the 

southern Benguela, changes in the water column from a well mixed, nutrient rich 

environment, to a stratified, nutrient-poor environment, drive changes in phytoplankton 

composition from diatoms to dinoflagellates (Pitcher & Nelson 2006). Coccolithophorids 

typically dominate in warm oligotrophic waters and are considered to characterise later 

stages of succession (Smayda 1980); blooms of Syrachosphaera pulchra have for 
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example been observed in the southern Benguela associated with water temperatures of 

around 16°C (Weeks et al. 2004). The changes in phytoplankton composition observed 

during this study period do not represent a typical succession from diatoms to 

dinoflagellates, rather it is a combination of the two processes with the pattern of 

succession being altered, and to some extent reset, by changes in water mass brought 

about by shifts in the wind and current regime. This is typical of upwelling systems, 

where episodic events lead to the development of spatially and temporally variable sub­

habitats (Smayda 2000). 

5.2.1 Physical Processes 

The close correlation between alongshore winds and currents, and alongshore currents 

and surface temperatures, were very similar to those observed and discussed in chapter 

3 for the February 2005 data set, and are assumed to be due to the same processes. 

Changes in thermocline depth appear to be largely current driven; by advection of warm 

surface layers, lifting of the thermocline by upwelled waters, or movement of water 

masses with inertial oscillations. 

5.2.2 Low frequency currents and changes in phytoplankton population 

Large changes in biomass and phytoplankton community composition, indicated by 

fluorescence and phytoplankton count data, occur rapidly and are thus more likely to be 

due to advection and sequential changes than growth and succession. The diatom 

dominated assemblage observed initially was associated with a well mixed surface layer 

of 14°C water, following several days of upwelling-favourable winds. Although the water 

temperature was warmer than might be expected, the observation is consistent with the 

occurrence of non-motile diatoms in cool, nutrient-rich water following upwelling (Pitcher 

et al. 1991). 

The sudden change in assemblage to a dinoflagellate dominated community the 

following day was associated with the introduction of a much warmer surface water 

mass, advected to the mooring location from the north, and was therefore sequential in 

nature. Continuing southward currents and increasing water temperatures in the 

following few days led to a complete disappearance of diatoms from the assemblage, 

and an increase in the number of coccolithophorids relative to dinoflagellates. The 

increasing coccolithophorid abundance in the water mass was consistent with increasing 
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temperatures and decreasing or depleted nutrients in the surface waters. The warmest 

waters, observed on the 19th and 20th March, had a decreased biomass and increased 

coccolithophorid ratio. Southerly winds, northward currents and a decrease in water 

temperatures over the following few days resulted in reversal of the pattern of 

succession; levels of biomass increased and the dinoflagellate dominated assemblage 

returned. Levels of biomass fluctuated as the bloom and associated water mass were 

advected by current reversals in response to changes in wind direction, while the 

assemblage remained unchanged and dominated by dinoflagellates. The changes in 

species composition were associated with differing temperatures, and thus implied 

nutrient status, of the water column. These changes reflect a combination of in situ 

changes in phytoplankton succession, and sequential changes through the advection of 

water populated by later stages of succession to the mooring location. 

During the study period the biomass varied from a diatom dominated assemblage, to a 

mixed dinoflagellatel coccolithophorid assemblage, to a dinoflagellate dominated 

assemblage, and from high to low levels of biomass within short time scales. The typical 

doubling time for phytoplankton on the west coast in the southern Benguela is estimated 

at 3.2 days from primary production measurements, in comparison to calculated values 

of 2.2 days at 15°C and 3 days at 20 °C from Eppley's 1972 equation (Brown et al. 

1991). Biomass levels at the sampling location often increased by an order of magnitude 

in a few hours, thus far exceeding possible growth rates. Similarly changes in 

assemblage occurred too rapidly to be explained by species succession. These rapid 

variations in biomass and phytoplankton community composition must therefore be 

attributed to the introduction of populations into the sampling area with changes in water 

mass. Previous work in the region has shown the relevance of advection in the 

introduction of high biomass blooms into the region (e.g. Pitcher & Boyd 1996, Pitcher et 

al. 1998), in which dinoflagellates are seen to accumulate at the surface at conv~rgence 

zones inshore of the coastal jet. These populations move onshore and poleward under 

relaxation conditions, introducing the bloom to nearshore areas. Observations in 2000 

and 2001 demonstrated the appearance of dinoflagellate blooms with increasingly 

stratified, warmer waters and poleward alongshore currents following wind relaxation 

(Pitcher & Nelson 2006). An experimental algOrithm (Bernard et al. 2005) applled to 

Medium Resolution Imaging Spectrometer (MERIS) images concurrent with the 2005 

fieldtrip data substantiates the role of advection in bloom transport (Figure 5-7). The 
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Image for the 30"- March shows high biomass in a narrow. meandering strip along the 

coast, cOincident with the high biomass dinoflagellate assemblage detected at the 

mooring location. The bloom is seen to have moved northward in the image from the 2"" 

Apnl, consistent With upwelling-favourable winds and northward currents, and decreased 

biomass recorded at the mooring On the 5"- April, the image shows the bloom to have 

been transported south. and to extend offshore, wI1ile mooring data showed an increase 

in biomass associated with a switch to north-westerly WindS and southward currents 

5.2.3 Effect of high frequency currents 

Inertial oscillations were observed in the current data from the mooring in association 

With diurnally varying wmds, part,cular1y during the latter part of the study period 

Fluorescence values appeared to peak in the afternoon during this penod possibly due 

to the onshore component of inertial oscillations moving the biomass towards the 

mooring location. Warming of the water column in the afternoon exceeded that due to 

insolation and is likely to be associated with the onshore component of inert,al 

oscillations Although there is no net transport associated with inertial osci llations, and 

therefore no relevance of inertial oscillations to bkJom advectIOn. they may have an 

-- ,. 

,. 

Figure 5-7 MERIS chlorophyll a images 01 St Helena Bay region illustrating movement 01 
areas of high biomass - chlorophyll levels [mg m"]are calculated using an experimental 
algorithm 
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impact on phytoplankton dynamics through their effect on the mixed layer, as mixed 

layer dynamics are considered important in phytoplankton life-form selection. Inertial 

oscillations are likely to be the major energy source driving vertical mixing in regions with 

weak tidal currents (Rippeth et al. 2002). In a modelling study, simulating data from the 

Mediterranean, the appearance of nutrient pulses in the mixed layer was found to be 

strongly dependant on inertial currents (Klein & Coste 1984). Mixing occurs across the 

pycnocline through instability generated by high values of shear found at the depth of 

greatest stratification (van Haren et al. 2003), which may affect the supply of nutrients to 

phytoplankton blooms and therefore be relevant in the maintenance of blooms. Vertical 

shear in the water column, such as that associated with inertial oscillations, can lead to 

the development of thin layers of phytoplankton, which may optimise population growth 

rate, reduce mortality and affect the transport and retention of a population (Franks 

1994, Gentien et al. 2005). 

5.2.4 Summary 

These data illustrate the role of the physical processes described in chapter 3 in the 

introduction, advection and dispersal of blooms. Current reversals on time scales of a 

few days, associated with changes in the local alongshore wind direction, and enhanced 

by local topography, were critical in altering the temperature structure of the water 

column. Changes in water column structure and levels of stratification determine 

phytoplankton life-form. Blooms at differing stages of succession, associated with water 

masses of differing levels of stratification, were advected to the sampling location. Whilst 

solar heating contributes to rising temperatures, more often than not temperature 

increases at a single location far exceed those possible due to insolation, and were 

attributed to advection of water masses southward with currents in response to 

relaxation and reversal of upwelling-favourable winds. On a shorter time scale, diurnal 

winds and associated inertial oscillations may contribute to the appearance of warmer 

water and higher levels of fluorescence at the mooring location during the afternoon. 

Further effects of inertial oscillations on phytoplankton dynamics, including the impact of 

vertical shear, mixing across the thermocline and the introduction of nutrients to surface 

layers are unresolved. 
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6 Summary 
The development of the mooring, and the configuration of the instruments and data 

collection system have been extensively documented. Insight into the mooring system is 

provided that may be of use in the deployment of future moorings in the region. This 

includes considerations associated with the development of the mooring, such as power 

management, and knowledge gained throughout the project. Within the limitations of the 

present mooring configuration, a robust system has been developed for the real-time 

monitoring of algal blooms and associated physical parameters. Existing limitations 

include the need for frequent, personnel intensive servicing owing to the use of bio­

optical instrumentation, and the need for mooring removal and replacement on a six 

monthly basis due to the use of light weight equipment. The ability of the mooring to 

detect high biomass blooms in real-time has clearly been demonstrated (e.g. Bernard 

2005, Bernard et al. 2006, Fawcett et al. 2006), and the high-frequency, time-series data 

stored by the mooring has provided an extensive research data set for the study of 

physical processes and algal bloom dynamics. Data from the radiometers are also used 

for ocean colour satellite validation data (Bernard et al. 2005). 

The initial project was ambitious in simultaneously making, storing and transmitting 

measurements from a number of instruments, placing high demands on the data logging 

and power systems. Future moorings may benefit from using fewer instruments, targeted 

at processes or parameters of interest at the mooring location, resulting in a stable, cost­

effective and lighter-weight system. 

Whilst the development of HABs in the southern Benguela, and their accumulation 

inshore, is known to be related to synoptic weather patterns (Pitcher et al. 1995, Pitcher 

& Boyd 1996, Pitcher et al. 1998, Pitcher & Weeks 2006), the availability of high­

frequency time-series data from the mooring in this study has enabled the time scales of 

variability in local winds to be characterised, and the response of currents and water 

column structure to local wind forcing to be determined. These processes playa crucial 

role in determining HAB dynamics. Comparison between data sets from different times 

of year provides an indication of the response of currents and water column structure to 

seasonal variations in meteorological forcing. However, time scales Of variability 

investigated within data sets are restricted to those under two weeks, as removal of the 
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mooring for monthly maintenance and servicing limits the length of uninterrupted data 

sets to around 30 days. HAB formation at the event scale is related to the frequency and 

duration of periods of relaxation from upwelling-favourable winds (Pitcher et 81. 1995), 

which are modulated with a period of around 3-6 days (Nelson & Hutchings 1983), and 

therefore it is appropriate to examine the mooring data at these time scales. 

Characterisation of the variability and associated processes is carried out from the 

Eulerian perspective of the mooring, with some supporting use of satellite images to infer 

the spatial nature of alongshore and across-shelf processes. 

During the upwelling season local alongshore winds are predominantly southerly and 

upwelling-favourable. Variations in magnitude and direction are observed at periods of 

around 3.5 and 10.5 days, which correspond to relaxation and reversal of upwelling­

favourable winds. A strong diurnal signal, consistent with a land-sea breeze effect is 

always present but varies in magnitude. Near-surface currents exhibit sub-inertial 

variability at periods of two to five days, commensurate with the passage of coastal lows, 

wind reversals and cycles of upwelling. Reversals in direction and magnitude lag those 

displayed by local winds by approximately half a day. Alongshore currents have a 

tendency to flow polewards in the absence of wind. The constant phase difference 

between wind and current reversals suggests that current reversals are forced by local 

changes in wind direction. Reversals to southward flowing currents during periods of 

wind relaxation are considered to be enhanced by the development of negative 

alongshore pressure gradients north of capes, which form in response to the interaction 

of northward currents with local topography under upwelling conditions (Gan & Allen 

2002a). At periods of less than a day the signal in the near-surface current data is 

dominated by variability at the inertial period, in response to a diurnal sea breeze effect. 

These inertial oscillations lead to anti-clockwise rotations that are superimposed on the 

low frequency flow field, but have no net effect on circulation or transport. The presence 

and strength of inertial oscillations depends upon the magnitude and variation in diurnal 

winds. Vertical shear in the water column, evident in the mooring data, with a 1800 

phase shift in current direction associated with the thermocline, is induced by inertial 

oscillations in the presence of a coastal boundary (Simpson et 81.2002). 

SUb-inertial variations in surface temperature occur on similar time scales to wind and 

current variations, and are correlated with current reversals. Northward currents are 
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associated with decreasing surface temperatures and southward currents with 

increasing surface temperatures, typical of cycles of wind-induced upwelling and 

relaxation. Increases in surface layer temperatures are often too rapid to be insolation 

driven, and are attributed to advection of water masses by alongshore currents. Diurnal 

variations in near surface temperature are attributed to solar heating, while sub-surface 

temperatures exhibit variation at the inertial period indicating mixing or advection 

associated with inertial oscillations. 

Availability of mooring data throughout the majority of the year has enabled the effects of 

variations in wind forcing at different times of year on currents and water column 

structure to be determined. Data sets from early in the upwelling season, late in the 

upwelling season and winter conditions exhibit similar time scales of variability; however, 

differences in mean flow and water column structure are indicative of the response of 

these parameters to seasonal differences in local synoptic weather conditions. Mean 

winds are south-westerly and upwelling-favourable during summer and north-westerly 

during winter. At all three times of the year examined, low frequency alongshore current 

reversals are correlated with reversals in local alongshore winds at periods of two to five 

days, with current reversals lagging wind reversals by approximately half a day; the 

correlation is less strong for the winter data. Mean alongshore flow is northwards early in 

the upwelling season and southwards later in the upwelling season and in winter. 

Variability at the inertial period is found at all times of year, but is stronger during 

summer months, corresponding with land-sea breezes causing greater diurnal variation 

in the wind in summer. Relationships between near surface temperatures and 

alongshore currents are similar at all times of year, with decreasing temperatures 

associated with northward flow and increasing temperatures with southward flow. Similar 

to the current data, differences in temperatures and water column structure between 

data sets are attributed to the seasonality of local meteorological forcing. Early in the 

upwelling season, persistent southerly winds lead to upwelling and a cool, well mixed 

water column which warms and becomes stratified during brief periods of relaxation. 

Surface temperatures reach higher values, and the water column is more stratified later 

in the upwelling season when periods of wind relaxation are more frequent and more 

persistent. During winter, there is considerably less upwelling, water column 

temperatures are less variable, and the mixed layer deepens due to d.ecreased 

insolation and increased mixing by winter storms. These data support the increased 
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incidence of HABs observed during the latter part of the upwelling season, assuming 

that dinoflagellate bloom formation is favoured by the development of increasingly 

stratified conditions. 

Physical processes, in terms of current variability forced by changes in the local wind 

field, determine the transport and dispersion of phytoplankton blooms resulting in 

sequential changes in phytoplankton community composition, while variations in water 

column structure, associated with differing degrees of mixing and stratification, 

determine successional changes in phytoplankton community. A combination of these 

processes result in the observed variations in phytoplankton community composition at 

the mooring location. Fluctuations in biomass and community composition occur too 

rapidly at a single location to be explained by in situ growth and processes. Southward 

currents, associated with wind relaxation and reversal, are found to introduce 

phytoplankton populations to the nearshore area, as has been observed previously in 

the region (e.g. Pitcher & Nelson 2006); increasingly stratified conditions associated with 

these currents further favour the selection of flagellate species. Inertial oscillations affect 

the timing of the detection of blooms at the mooring location but do not appear to affect 

net transport. Further investigation is required to determine the effect of inertial 

oscillations on mixing and the appearance of nutrient pulses above the thermocline, as 

well as the impact of vertical shear induced by inertial oscillations on phytoplankton 

distribution. 

Areas of potential impact by HABs are usually close inshore, and therefore predicting 

HABs in these areas may rely more on understanding the processes underlying the 

transport, concentration and dissipation of blooms than on algal dynamics in offshore 

waters (Pitcher & Weeks 2006). This study has characterised the dominant processes 

and time scales of variability in currents and water column structure at seasonal and 

event time scales for HABs. The close relationship observed between the currents, 

temperature and water column structure, and local winds allows for a degree of 

predictability of these parameters, based on wind observations and forecasts. In 

conjunction with real-time indications of biomass from the mooring it is then possible to 

suggest bloom transport pathways, which are of particular interest once a bloom reaches 

inshore locations. In this respect hydrodynamic models of the region may also be useful 

in predicting bloom introduction and transport associated with wind forced currents. The 
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availability of real-time temperature profile data from the mooring, along with an insight 

into how the water column structure is likely to develop based on observations and 

weather predictions, may enable some level of prediction of species succession and 

high biomass bloom development via a probabilistic "ecological window" or fuzzy logic 

model (Bernard et al. 2006). 

Research in the region is ongoing; subsequent to this study a weather station has been 

installed in Lambert's Bay, and a number of satellite tracked drogues have been 

deployed off Lambert's Bay helping to resolve shelf scale circulation patterns and 

potential bloom transport pathways. Studies are taking place examining vertical structure 

and thin layers of phytoplankton, and internal waves, all of which require much higher 

frequency sampling « 10 minute intervals, < 0.5m vertically) for their resolution. Further 

characterisation of the nature and scale of alongshore processes requires the use of 

multiple moorings distributed along the coast, or HF radar systems such as CODAR that 

can provide simultaneous spatial coverage of surface currents, enabling the phase 

propagation of alongshore current reversals to be determined and the forcing 

mechanisms inferred. Use of a towed undulating vehicle with an appropriate instrument 

package could provide synoptic mapping of vertical alongshore and across-shelf 

variability in temperature and biomass, providing further insight into physical forcing 

mechanisms. These systems are often used in process oriented studies off the coasts of 

Oregon and California (e.g. Austin & Barth 2002, Ryan et al. 2005) and one such vehicle 

is now available in South Africa. The installation of pressure sensors or tide gauges in 

locations north and south of Cape Columbine would enable the existence of alongshore 

pressure gradients to be established and their effect on alongshore currents to be 

investigated. A robust investigation of seasonal differences, as well as the examination 

of the coherence of signals over months and at periods longer than two weeks, requires 

longer term deployment of instruments or moorings, which do not have gaps in the data 

due to serviCing. 
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Appendix I: Flow charts outlining architecture of burst 
sampling software in Ocean-j unit 

-
Figure 1·1 Schematic of Start Acquisition process in Ocean·; unit software 
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Figure 1-2 Schematic of Update Files process in Oceano' unit software 
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Appendix II: Data storage format for Ocean .. i unit, Ver. CE/SA 
For each acquisition of radiometer data there will be 3 records of 528 bytes, a header record, followed by a data record for each of the two radiometers. If 
radiometer data is not being collected (Le. when it is dark) then there will only be 1 record, a header, for each acquisition. 

Header Sector Format 

Time Position Roll Depth Power EEPROM1 EEPROM2 Thermistors SCUFA 
6 bytes 20 Bytes 2 bytes 4 bytes 3Bytes 9 bytes 16 bytes 34 bytes 8 bytes 
12 chars 40 chars 4 chars 8 chars 6 chars 18 chars 32 chars 68 chars 16 chars 

Time: Time and Date as BCD ssmmhhddmmyy 
Position: Position as ASCII NlSddmmmmmEIWdddmmmmmhhh d = degrees, m= minutes/i00, h = heading degrees 
Roll: 1 byte Hex Pitch, 1 byte Hex Roll. To get the value for Pitch or Roll, convert to decimal and subtract the offset (supplied by TriOS) 
Depth: Raw uncalibrated data as ASCII Hex 
Power: Raw uncalibrated data as ASCII Hex 

HWVersion 

HW Version: Not used, filled with FF 
Serial No : Not used, filled with FF 
Econfig : Not used, filled with FF 
Edn RID: Lower 3 bits 

2 bytes 
4 chars 

EEPRolll1 Format 

Serial No Econfig 
4 bytes 1 byte 
8 chars 2 chars 

The port number of the radiometer selected as Edn. If these bits> a the acquisition regime will pause at night 
Configued Sensors: Not used, filled with FF 

EEPROM2 Format 

Sens Ser 1 SensSer 2 Sens Ser3 Sens Ser4 Sens Ser 5 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 
4 chars 4 chars 4 chars 4 chars 4 chars 

Edn RID 
1 byte 
2 chars 

Sens SerS 
2 bytes 
4 chars 

ADCP Blank (FF) 
317 bytes 103 bytes 
634 chars 206 chars 

Configured Sensors 
1 byte 
2 chars 

Sens Ser 7 Sens Ser 8 
2 bytes 2 bytes 
4 chars 4 chars 

Sens Ser : In this version, only the serial numbers of the radiometers are saved here (not any of the other instruments) and they will always be in positions 1 and 2. 
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Thermistors Format 

Therm Therm Therm Therm Therm Therm Therm Therm Therm Therm Therm Therm 
1 2 3 4 5 6 7 8 9 10 11 12 

2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 
4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 4 chars 

Therm : Temperature for Thermistors 1 to 17 as BCD, degrees C x 100. (To get temperature, divide value for the relevant thermistor by 100) 

SCUFA Format 

Fluorescence 
4 bytes 
8 chars 

Turbidity 
4 bytes 
8 chars 

Fluorescence: Fluorescence as BCD x 1000. (To get Fluorescence, divide the value by 1000) 
Turbidity: Turbidity as BCD x 1000. (To get Turbidity, divide the value by 1000) 

ADCP Format 

Header Fixed Leader Data Variable Leader Data 
12 bytes 50 bytes 56 bytes 
24 chars 100 chars 112 chars 

For a description of how the ADCP data is made up please refer to the ADCP manual. 

Data Sector Format 

Spectral Data 
512 bytes 
1024 chars 

Blank (FF) 
14 bytes 
28 chars 

Velocity 
194 bytes 
388 chars 

Serial No. 
2 bytes 
4 chars 

Therm Therm Therm 
13 14 15 

2 bytes 2 bytes 2 bytes 
4 chars 4 chars 4 chars 

Reserved & Checksum 
5 bytes 
8 chars 

Spectral Data: Data for each of 255 wavelengths as 2 bytes (4 chars) Hex with the low byte first and then the high byte. (Data starts from the 3rd byte (5th character).) 
The first byte (second character) of the spectral data is the integration time. The integration time in ms is 2"+1, If n is the number in the first byte. 

(modified and reproduced from data format documentation supplied by John Cheriton, Saturn Solutions Ltd.) 
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Appendix III: Deployment Logs for Moorings 

Bokkom Log 

Date Time Notes 
28/02/04 11:30 Bokkom depJo~ed on moorin~ 
02/03/04 Bokkom turned upside down on mooring. Taken back 

to shore to re~air. SCUFA removed from buoy. 
06/03/04 10:25 Bokkom deployed on mooring 
18/03/04 13:15 Bokkom retrieved from mooring 
19/03/04 08:30 Bokkom deployed on mooring 

SCUFA now on buoy ___ 
01/04/04 07:30 Bokkom upside down on mooring, retrieved and taken 

ashore. 
02/04/04 09:10 Bokkom redeployed on mooring 

New weight configuration. 
03/04/04 Dial in from Cape Town. Data logger often loses time 

and resets to 01/06/99 12:00 due to removal of 
damaged GPS 

07/04/04 17:30 Bokkom retrieved from mooring 
Main mooring appears to be sinking, light only just 
visible above water surface. 

21/04/04 10:45 Bokkom redeployed on mooring 
Divers clean fouling off main mooring which was 
causing it to sink. 

23/04/04 Dial into buoy_from Caj>e Town. No thermistor data. 
17/05/04 16:00 Bokkom retrieved from mooring for routine servicing. 

Thermistor chain has gone, possibly became wrapped 
around main mooring line 

18/05/04 14:20 Bokkom deployed on mooring 
26/05/04 15:15 Bokkom retrieved from mooring 
28/05/04 09:30 Bokkom redeployed on mooring 
17/06/04 Bokkom suffered irreparable damage. 

BOB Log 

Date Time Notes 
26.01.05 09:15 BOB deployed on mooring 
14.02.05 Pressure sensor data reading incorrectly 
16.02.05 SCUFA giving high readings relative to radiometer data 

- treat fluorescence data with caution 
23.02.05 12:45 BOB retrieved from mooring for servicing 

24.02.05 10:45 BOB deployed on mooring 
15.03.05 11:00 BOB retrieved from mooring for servicing - no data 

collected since 14:3007.03.05 due to battery failure. 
17.03.05 10:00 BOB deployed on mooring 
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18.03.05 10:30 BOB retrieved from mooring - batte_ry pack failed 
19.03.05 10:25 BOB deployed on mooring 
05.04.05 11:30 BOB retrieved from mooring - pressure sensor and 

GPS removed from BOB as not operational. 
06.04.05 11 :10 BOB depJoyed on moorin9 
11.04.05 Thermistor chain giving missing or incorrect values 
04.05.05 08:45 BOB retrieved from mooring - thermistor chain caught 

on landward mooring line 
05.05.05 12:35 BOB deployed on mooring. 

Temporary thermistor chain deployed with recording 
temperature sensors. 

09.06.06 11:30 BOB retrieved from mooring 
Trawl floats either side of mooring sinking due to 
fouling. 
Battery voltage 6.4V - appears that solar panels cannot 
charge battery sufficiently during winter. Replace 
batteries 

10.06.05 13:10 BOB deployed on mooring 
13.06.05 Tilt and roll sensor appears to be stuck and giving 

continuously high readings 
23.06.05 No data from ADCP 
11.07.05 Time seems to have been resetting continuously and no 

data - suspect power problem 
21.07.05 15:00 BOB retrieved from mooring 

ADCP battery voltage too low to power ADCP 
Radiometers removed for servicing and calibration 
Mooring needs attention as sinking due to fouling and 
not possible to service from small boat. 

10.11.05 09:15 BOB deployed on new mooring. 
No pressure sensor. Temporary thermistor chain 
deRloy~d with recordin~ temp~rature sensors. 

13.12.05 15:15 BOB retrieved from mooring. 
One solar panel damaged by water intrusion. 

14.12.05 12:45 BOB deployed on mooring. Temporary thermistor chain. 
19.12.05 Unable to download data - board failure 
10.01.06 15:45 BOB retrieved from mooring. Replace damaged solar 

panel. 
12.01.06 09:50 BOB deployed on mooring. 
16.01.06 Unable to download data - board failure 
19.01.06 09:50 BOB retrieved from mooring 
20.01.06 BOB deployed on mooring with instruments in self-

logging mode where possible. 
07.03.06 11:00 BOB retrieved from mooring 

18:05 BOB redeployed on mooring - all instrume'nts 
connected to Ocean-i with new board installed. 

22.03.06 10:30 BOB retrieved from mooring. 
23.03.06 10:15 BOB dej)lojled on moorir}g. 
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