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Executive summary 

This report provides detailed information of a hydroacoustic training course that was 

organized by the Instituto Nacional de Investigação Pesqueira (IIP) and took place from 

22 to 28 July 2013 in Mozambique.  

The main objective of the course was to provide research staff from Malawi, Zambia and 

Zimbabwe with theoretical and practical training on the use and operation of 

hydroacoustic instruments for the collection of samples, the analysis of fish data and for 

the purpose of stock assessments in lakes, in particular Lake Malawi and Lake Kariba.  

This report shows that the objectives of the training course were achieved and highlights 

further activities that should be conducted so that investments already made are not 

lost.  

 

Résumé exécutif 

Le présent document est un rapport sur une formation hydro-acoustique qui s’est tenue 

du 22 au 28 juillet 2013 au Mozambique. La formation était organisée par l’Instituto 

Nacional de Investigação Pesqueira (IIP).  

L’objectif principal était de former le staff de recherche à la théorie et la manipulation des 

instruments d’hydro-acoustique, pour le prélèvement d’échantillons, l’analyse de données 

de pêche et l’évaluation de stocks dans les lacs ; les lacs Malawi et Kariba étant plus 

particulièrement ciblés. Les participants étaient issus du Malawi, de la Zambie et du 

Zimbabwe.  

Le rapport montre que les objectifs du cours ont été atteints et que d’autres activités 

devraient être réalisées afin que les investissements faits ne soient pas perdus. 
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1.   Introduction  

Upon request from the FAO, a short course on hydroacoustics was organized by the 

Instituto Nacional de Investigação Pesqueira (IIP) and took place from 22 to 28 July 2013 

in Mozambique. The training course was preceded by a Letter of Agreement (LOA) that 

was signed between the Institute and the FAO; the LOA defined the rules under which the 

course would take place.  

The main objective of the course was to provide theoretical and practical training on the 

use and operation of hydroacoustic instruments for the collection and analysis of fish data 

for research staff from Zimbabwe, Zambia and Malawi. The course brought together two 

researchers from each country, except Mozambique that was represented by three 

participants; one from Nampula Province and two from the local station. Apart from the 

country representatives, an FAO Representative was also present. The complete list of 

participants can be found in Annex 1.  

The training course was based on a prepared and approved training programme, which 

had previously been submitted to the FAO and was part of the LOA. However, in order to 

accommodate the official opening ceremony, minor changes to the programme had to be 

made; the final programme can be found in Annex 2. This report outlines the outcomes of 

the training course in detail. 

 

2. Hydroacoustic training  

2.1  The training course  

The course was conducted as per the training programme. The Commissionaire for Songo, 

Mr Basílio Alcinar Quichine, began the proceedings by welcoming the participants and 

wishing them all a pleasant stay and a fruitful week in Songo. Following on from Mr 

Quichine, the Provincial Director of Fisheries, Mrs Maria Cunhete Chingoma Manyamba, 

presented participants with an overview of the provincial set-up of the fisheries sector; 

conveyed official greetings from the Provincial Governor; wished the participants a good 

working week and expressed hope that the gathering marked a new beginning for the 

much needed regional technical cooperation that will allow countries to share research and 

management experiences; thereafter, she officially opened the training course.  

On behalf of the FAO, Ms Nobuhle Ndhovu gave an official statement on the importance of 

stock assessment to support the proper management of fisheries. The issue of Kapenta 

was highlighted and thus the need for sharing knowledge on the assessment of Kapenta 

stocks using hydroacoustics which arose from the IV Technical Consultation Meeting for 

the Management of Lake Kariba Fisheries, where the decision to conduct the hydroacoustic 

course originated; Ms Ndhovu also gave the participants the regional context for the 

realization of the course and the donor’s expectations. 
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Day one 

Once the official proceedings were over, the course agenda was endorsed and duly 

followed. In the first session participants were asked to share their expectations and 

current level of knowledge of hydroacoustics. The participants were given an introduction 

to hydroacoustic as a fisheries sampling method which covered the basic definition of 

hydroacoustics, related terminology and an outline of the history of this method. After the 

general overview of hydroacoustics, the lecturers moved on to focus on the split beam 

echo sounder, EK60. Descriptions of the hardware components of the echo sounder as well 

as the software (sampling & data processing) were introduced; basic echogram 

components and echogram interpretations were explained. Towards the end of day one, 

the participants were presented with the theory of multi-frequency acoustics and 

calibration.  

Day two 

The second day of the course began with a recapitulation of the lectures from day one 

with particular emphasis on calibration and target strength (TS) determination. Thereafter, 

the group went out to the boat to have a go at practical calibration. Unfortunately, 

equipment malfunction did not allow the practical exercise to take place. Nevertheless, a 

demonstration of how it should have been done was given and the group had the 

opportunity to learn how to: anchor the research boat for calibration; choose an area to 

conduct calibration; set parameters and access the calibration file. 

Day three 

Having detected the reasons for the equipment malfunction, participants returned to the 

calibration exercise on the morning of day three. However, it was only when the group 

went on a tour to the Cahora Bassa Hydroelectric Dam (thanks to special authorization 

from the HCB authorities) that they could try out the calibration exercise. Once at the 

dam, all the routine checks for calibration were carried out except for the calibration itself 

as the calibration software would not start for unknown reasons. In light of this 

development, the group was dismissed with instructions to re-group for an evening 

sampling.  

In the evening the group went out to conduct a night sampling. The participants carried 

out a two-way transect (two hours out and two hours back) and pelagic and bottom data 

were collected using the EK60 split beam echo sounder. The group was divided into two 

with the first group setting up the equipment and capturing data on the way out and the 

second group doing the same on the way back. Data were stored for further analysis. The 

participants were also taught to collect physical samples during the survey to compare 

echograms, produced during data analysis, with actual length frequency data. Two fish 

samples were therefore collected from fishing boats encountered along the transect.  
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Day Four 

The first order of business for day four was a lecture on sampling design when planning for 

a hydroacoustic survey. In this session, the participants were informed of the different 

surveys that can be conducted with an echo sounder: surveys for fish density; biomass, 

spatial and temporal mapping as well as vertical distribution of living organisms; and, 

depending on the objective(s) of the survey, the distribution and biology of target species 

to be studied, several sampling methods can be adopted.  

After the sampling design session, a theoretical lecture on data analysis using SONAR 4 

software was given. In this lecture, participants were introduced to the software’s 

operation and potential. After the theory, a practical estimation of biomass using the data 

collected during sampling was conducted and area and volume densities were calculated 

as well as the length frequency distribution of Kapenta. These outputs were then used to 

calculate the standing biomass and biomass per length group; data were presented by the 

two groups in a report format (see Annex 3).  

After the exercise on data analysis, the group was dismissed with instructions to 

reconvene in the evening for a second round of data sampling. The group set off to 

undertake Kapenta sampling in the Garganta Basin, along the same transect, only this 

time the transect duration was set for one hour. The groups were required to sample using 

the echo sounder’s different pulse durations to see the differences between them. 

Day Five 

Day five was the last day of the course. The time was used to analyze the samples 

collected during day four as well as the capture length and weight of the Kapenta samples. 

The final activity was the compilation of reports in groups.  

 

2.2  Training materials presented to the participants 

A number of support materials were given to the participants. These were materials that 

the facilitator received from SIMRAD during a course in Norway. The participants also 

received the ER60 software that is used to operate the EK60 split beam echo sounder. The 

following is a list of the reading and support materials given to the participants: 

Manuals: 

 EK60 operating manual; 

 Introduction to SONAR X; 

 SONAR 4 and SONAR 5 manuals. 

Presentations: 

 Introduction to fisheries acoustics; 

 Basic SIMRAD; 

 Echo integration and TS measurement.  
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Documents: 

 Basic theory of underwater acoustics. 

 

3.  Conclusion and the way forward 

The overall objective of the course was achieved; participants were taught the theory 

and more importantly, they were able to conduct actual surveys, perform data analysis 

and use the outputs to estimate the overall standing biomass and biomass per length 

group of Kapenta. This is supported by the participants’ evaluation of the course. (A 

summary of these evaluations can be found in Annex 5.)  

It is important that additional activities in this field take place within the region so that 

any investments made are not lost. Participants are keen to follow up on this; it was 

suggested that a survey could be prepared for Lake Kariba later this year, with the same 

group, to conduct sampling there and to produce a report based on the findings. This 

would allow participants to gain more experience in this field and would also provide 

updated information on the Lake Kariba biomass. In the future, these activities could be 

extended to Lake Malawi, where colleagues from Malawi could collaborate with those 

from Mozambique (who have already been conducting hydroacoustic sampling on the 

Mozambican side of Lake Malawi). In the meantime, the acquisition of more modern 

equipment should be planned so that activities in the region continue. 

It should be noted that the existing equipment can be shared once it has been repaired 

and the calibration file is functioning normally again. 
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Kiki Fernando L. Pinto
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Mozambique (Tete Delegation)
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263773303710

Stanley Mvula
Fisheries Research Station, Monkey 

Bay, Malawi
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Fisheries Research Station, Monkey 
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gumulirainnocent@gmail.com 265999241051

Emmanuel Silwimba
Lake Kariba Fisheries Research Unit, 

P.O Box 09, Sinazongwe, Zambia
emmasils@yahoo.com 260977596540

Lake Kariba Fisheries Research 

Institute 

P.O Box 75, Kariba, Zimbabwe

Lake Itezhi Tezhi Fisheries Research,

P.O. Box 64, Itehi Tezhi, Zambia

Michael Tiki
Lake Kyle Fisheries Research, 
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Annex 2. Workshop agenda 

Monday, 22 July 

 Participants arrive in Songo, Tete-Mozambique 

 

Tuesday, 23 July 

08:30 - 10:30 Registration of participants 

Opening speeches:  

 Commissionaire of Songo 

 Provincial Director of Fisheries – Tete 

 FAO Representative 

Introductions and expectations of participants 

Agenda approval by participants 

1.1.1 Training course overview – Mr Mafuca 

1.1.2 Housekeeping – Mr Mafuca 

10:30 – 11:00 Coffee break 

11:00 – 12:30 Introduction to hydroacoustics as a fisheries sampling method: 

 Hydroacoustic theory and terminology 

 History and current utilisation of hydroacoustics 

12:30 – 13:30 Lunch 

13:30 – 15:30 Introduction to the split beam echo sounder EK60: 

 The hardware 
 The software (sampling & data processing) 

 Operation of the EK60 echo sounder 
 Basic echogram interpretation 

15:30 – 16:00 Coffee break  

16:00 – 17:30  Multi-frequency acoustics theory 

 Calibration theory 

 

Wednesday, 24 July 

08:30 - 09:00 Recapitulation of day one  

 Calibration theory  

09:30 – 10:30 Preparation of calibration material for practical calibration 

10:30 – 11:00 Coffee break 

11:00 – 17:00 Field work (calibration) 
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Saturday, 26 July 

10:00 - 13:00 Data processing 

 Estimation of fish density & biomass 

13:00 – 16:00 Report writing (groups) 

16:00 – 17:00 Closing remarks: 
 Statement from the FAO Representative 

 Closing statement from host institution 

19:00 – 21:30 Group dinner and farewell 

Thursday, 25 July 

08:30 - 10:30 Survey theory: 

 Multi-frequency assessment and monitoring 
 The theory of target strength (TS) and its estimation 

10:30 – 11:00 Coffee break 

11:00 – 12:00 Survey theory continued 

12:00 – 13:30 Preparation of the field survey 

13:30 – 14:30 Lunch 

14:30 – 17:30 Break to prepare for night survey 

19:00 – 22:00 Night survey 

Friday, 26 July 

10:00 - 13:00 Data processing theory 

13:00 – 14:00 Lunch 

14:00 – 16:00 Data processing 
 Estimation of fish density & biomass 

16:00 – 16:30 Coffee break 

16:30 – 19:00 Preparation for second day of sampling 

19:00 – 22:00 Night survey 
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Annex 3. Participant reports 

1. Report on the hydroacoustic training course 

2. Estimation of biomass and density by length of limnothrissa miodon in Lake Cahora 

Bassa (Garganta Basin) using the echo sounder  
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Report on the hydroacoustic 
training course 

 
I. H. Tendaupenyu, E. Silwimba,  

S. Mvula and A. M. C. Bettencourt 
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Introduction 

The management of fisheries resources around the world faces many challenges especially 

in less developed nations because in most cases, the level of fishing (effort) outweighs the 

fisheries resource itself. It is therefore crucial to find out what the resource levels are so 

that measures can be employed to ensure that off-take levels do not outstrip what nature 

provides. 

Several methods have been devised to assess the biomass of fisheries resources. Among 

these is the use of different models. These models use various data gathered on fisheries 

but in most cases do not physically measure what is actually in the water body. 

Hydroacoustics is a tool that is used to carry out a physical collection of data on a water 

body, which is then analyzed using other related tools and software. 

The objective of the exercise was to assess the current biomass of Kapenta in Garganta 

Basin 1 in Lake Cahora Bassa, Mozambique, as part of the hydroacoustics training course 

conducted by FAO, from 22 - 28 July 2013. 

 

Materials and Methods 

The survey took place in Garganta Basin 1. Line transects were used as the sampling 

method, following the Zambezi Channel for the most part, along the basin. The transects 

started close to the dam wall (36L 046585 8276059) and went along to the western 

boundary of the basin (36L 0454936 8278665) and back. Sampling was carried out at 

night from 20:50 hours to 01:30 hours on day 1 and from 19:25 hours to 20:25 hours on 

day 2. 

The research vessel was fitted with a transducer, which was a portable echo sounder 

SIMRAD EK60 operating at 120kHz with an output power of 500W. The transducer beam 

width was 7o. Pulse duration was set at 128, 256, 512 and 1024ms. The split beam 

transducer was towed alongside the research vessel at a depth of 1 metre. 

The transducer was connected to a general purpose transceiver (GPT) and a Hewlett 

Packard compact windows XP desktop computer. ER60 software was installed in the 

computer. The pre-installed acoustic post-processing software was SONAR 4 (ver. 5.9.3) 

developed by Balk and Lindem (2004). 

Analysis of all stored transect data was carried out to obtain density estimates (number of 

fish per hectare). Biomass estimates were made based on mean weights obtained from 

commercial catches.  

Fish samples were obtained from two commercial fishing vessels along the transects for 

length-frequency analysis. 
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Results 

Table 1. below shows the results of the analysis of data collected from the sampling 

exercise. 

Table 1: Density of fish by area and volume in Garganta Basin, Lake Caborra 

Bassa 

 

Area density 
total (f/Ha) 

Volume density total 
(f/1000m3) 

Transect 1, sample 1 5,697.3 17.5 

Transect 1, sample 2 69,798 151.9 

Transect 1, sample 3 54,323.4 116.7 

Transect 2, sample 1  29,980.6 65.7 

Transect 2, sample 2  42,604.6 69.1 

Transect 2, sample 3 52,863.4 69.1 

Group 1, sample 1 85,176.2 113.1 

Group 1, sample 2 13,314.1 20.4 

Group 1, sample 3 64,280.4 133.9 

Average f/Ha (km3) 46,448.67 84.15 

 

Biomass estimates of the Garganta basin are given in Table 2. below: 

Table 2: Biomass estimates of Limnothrissa miodon for Garganta Basin 

Density (kg/km 2) Mean weight (g) Biomass (Tonnes) 

4645 1 285 

 

Discussion 

Density estimates are shown in Table 2. The general trend in fish abundance shows that 

there is an increase towards the western boundary of the Garganta Basin. This can be 

explained by the increased nutrient status of the lake nearer the open water. The larger 

open water area hence provides for a larger habitat area. 

Table 2. shows the biomass estimate for the Garganta Basin as 285 tonnes and mean 

transect density frequency estimates range from 5,697 to 85,167 f/ha. According to a 

survey conducted in 1994, the density ranged from 42,000 to 131,000 f/ha, while another 

survey in 2005 gave a range of 3,000 f/ha. Even though these two studies were conducted 

at different times of the year and in different seasons, the present study’s results are 

comparable and therefore indicative of the standing biomass of Kapenta in the basin. 

 

Conclusion 

The training programme achieved its desired objective in that participants received an 

overview of the theoretical and practical aspects of hydroacoustics as a sampling tool for 

biomass estimation. 
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Data collected during the practical part of the training was analyzed and the results were a 

true reflection of the situation of the lake as evidenced by comparison with results from 

other similar studies.  

Resources permitting, it would be highly beneficial to carry out similar exercises in the 

participants’ home countries in the near future to avoid losing the knowledge and 

experience gained from this exercise.  
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using an echo sounder  
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Introduction 

Various methods are available to estimate the biomass of fish in water bodies with 

varying success. In the past, gill nets, seine nets, electrofishers, rotenone cove 

poisoning, hook and line or fish traps, have been used. Acoustic methodology is one of 

the more direct fish stock assessment methods. It is a fishery-independent tool that is 

able to provide a quick answer to a simple but crucial question for fishery management 

of short lived and small pelagic species. The hydroacoustic data acquisition system 

(HADAS), (Linden, 1981) has been used to assess the Kariba Kapenta stock (Ngalande, 

1995). The same system was used in Lake Cahora Bassa for the density and biomass 

estimation of Kapenta Limnothrissa miodon. 

 

Objective 

Estimate density and biomass by length of Limnothrissa miodon. 

 

Materials and Methods 

A SIMRAD EK60 echo sounder mounted on a motorized boat with a 115 horse power 

engine was used for this assessment. The EK60 transducer was mounted on the side of 

the boat. The average speed was 7 knots. The instrument was calibrated on a copper 

sphere prior to the assessment and all necessary parameters input. An echo sounder line 

transect from GPS position 15035’400’’ 32040’739’’ to 04036’185’’ 82078’165’’ was 

followed in Bassin 1, Lake Cahora Bassa. Samples of Limnothrissa miodon were collected 

from coordinates 04048’947’’ 82078’188’’ and 04044’1031’’ 82077’886’’. The samples 

were randomly collected from Kapenta fishing rigs operating in these locations. The 

sampling took place between 19:22 hours and 21:22 hours. The EK60 echo sounder 

generated echograms that were recorded in real time as the boat moved along the line 

transect. The echogram was taken to the laboratory where the analysis was carried out. 

The SONAR 4 software was used to convert the recorded data from the echograms. The 

samples collected had their total length and weight measured to the nearest mm and 

gram respectively. Pivot tables were used to plot the length frequency histogram of the 

Kapenta samples. Histograms of the echo sounder were then matched with the length 

frequency histograms of the sample gathered. 
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Results 

Figure 1: Length frequency distribution of L. miodon in Lake Cahora Bassa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Biomass per length class of L. miodon in Lake Cahora Bassa.  

 

 

 

 

 

 

 

Discussion 

From the biomass per length class histogram, Figure 1 and Table 1 it is apparent that 

the most abundant length class in the catch is the total length of 48 - 50mm. This length 

class corresponds to L. miodon with a TS of -62 to-59 dB. This means that the Kapenta 

fishermen in Basin 1 of Lake Cahora Bassa primarily exploit the 48 - 50mm length class. 

L. miodon in Lake Cahora Bassa reach sexual maturity at 35mm total length. This 

suggests that the Kapenta fish is afforded the chance to reproduce at least once before 

exploitation. The fishery is therefore sustainable.  

Conclusion  

The Kapenta fishery is currently targeting the right length class but more work needs to 

be done to determine if the effort on the fishery is also sustainable. 
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Annex 4. Photos 

Photo 1: Presidium for the opening ceremony 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From left to right: Ms Nobulhe Ndhovu, representing FAO; Mrs Maria Cunhete, the 

Provincial Director of Fisheries – Tete; Mr Basílio Acinar, Commissioner of Songo and Mr 

Jorge Mafuca, the course facilitator.  

 

Photo 2: Group photo of all the participants and the guest of honour  
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Photo 3: Participants in training session  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 4: Preparing the instruments for calibration after anchoring the boat  
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Annex 5. Summary of participants’ evaluation of the 

training course 

Eight people completed the questionnaire  

1. Course Venue  

a. How would you evaluate the venue where the course took place?  

Very good:  4  

Good:  4 
Sufficient:  0 

Bad:   0 

b. What aspects of the venue could be improved? 

 Internet access in the meeting room; 

 Practical exercises in the ocean with species other than Kapenta. 

2. Course Topics: How would you evaluate the achievement level of the course 

objective (learning about hydroacoustics)?  

a. Introduction to hydroacoustic as a fisheries sampling method  

Excellent:  4  

Good:  3 
Sufficient:  1  

Bad:   0 

What aspects of this subject could be improved? 

 Maping; 

 More time to practice; 
 More technological information and more details on its functions and 

analysis. 

b. Introduction to the slip beam echo-sounder EK-60 (hardware and 

software) 

Excellent:  5  
Good:  2  

Sufficient:  1  
Bad:   0 

What aspects of this subject could be improved? 

 Interpretation of echograms 

c. Multi-frequency acoustic theory 

Excellent:  1 
Good:  6  

Sufficient:  1  
Bad:   0 

What aspects of this subject could be improved? 

 Provision of details on how it works with other sampling methods;  

 More information on how it works with other species; 
 Provision of a more detailed presentation in general. 
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d. Calibration theory 

Excellent:  1  

Good:  6  
Sufficient:  1  

Bad:   0 

What aspects of this subject could be improved? 

 The exercises were difficult to understand even after the theory;  

 The calibration machine did not yield the captured data to compare; 
 Calibration should also be done with live fish; 

 Equipment failure meant insufficient practical experience.  

e. Calibration practice 

Excellent:  0 
Good:  5  

Sufficient:  1  
Bad:   0 

No answer:  2  

What aspects of this subject could be improved? 

 Condition of machines should be improved;  

 Changes to different parameters (temperature, depth, salinity) should be 
included; 

 The trainees should have done the calibration.  

f. EK-60 hydro-acoustic operation 

Excellent:  5  
Good:  0 

Sufficient:  2  

Bad:   0 
No answer:  1  

What aspects of this subject could be improved? 

 More time to practice is needed;  

 Equipment needs to be in correct working order.  

g. Sampling design using split-beam echo-sounder 

Excellent:  4  
Good:  2  

Sufficient:  1  

Bad:   0 
No answer:  1 

What aspects of this subject could be improved? 

 None  

h. Data sampling using EK-60 

Excellent:  4  

Good:  4  
Sufficient:  0 

Bad:   0 
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What aspects of this subject could be improved? 

 More samplings during different seasons and at different times of the day 

(night and day); 

 More exercises; 
 Repeating the exercises several times.  

i. Data analysis using SONAR 4 

Excellent:  2  

Good:  6  
Sufficient:  0 

Bad:   0 

What aspects of this subject could be improved? 

 Spending more time on the analysis;  
 Having more time to understand the practical uses of the data.  

3. Tutorial skills and motivation: How would you evaluate the tutorial skills and 

motivation aspects of the course?  

Excellent:  6 

Good:  2  
Sufficient:  0 

Bad:   0 

What aspects of this subject could be improved? 

 Mapping;  
 Additional skills for future courses.  

4. Course material: How would you evaluate the course material provided?   

Excellent:  3  
Good:  5  

Sufficient:  0 
Bad:   0 

What aspects of this subject could be improved? 

 Prior preparation of material;  

 The software was not available.  

5. Level of personal satisfaction with the course: Looking back on your 

expectations and your country’s expectations when coming to this course, 

how would you evaluate the level of satisfaction?    

Excellent:  4  

Good:  4  
Sufficient:  0 

Bad:   0 

What aspects could be improved here? 

 More time to practice;  
 How to apply subject matter to other species from the participants’ countries; 

 Software was supposed to be given to take back home but it was not. 

 



SmartFish is a regional fisheries project managed by the Indian Ocean 
Commission, funded by the European Union and co-implemented by the 
Food and Agriculture Organization of the United Nations. SmartFish, which 
operates in 20 countries throughout the East and Southern Africa - Indian 
Ocean region, focuses on fisheries governance, management, monitoring, 
control and surveillance, trade, and food security.

This report provides details of a short training course on hydroacoustics 
that was organized by the Instituto Nacional de Investigação Pesqueira and 
took place from 22 to 28 July 2013 in Mozambique. 

The main objective of the course was to provide theoretical and practical 
training on the use and operation of hydroacoustic instruments for the 
collection and analysis of fish data for research staff from Zimbabwe, 
Zambia, Malawi and Mozambique. The training combined both theory and 
practical elements enabling participants to try out various equipment, 
conduct sampling surveys and analyze the results.  


