
  

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE 

FRESH WATER SYSTEMS 

 

A technical report on the annual fish biomass survey (hydro-acoustic survey) 

in Lake Victoria  

 

 

 

 

TECHNICAL REPORT 

KMF/RS/2020/C827(3) 

 

APRIL 2021 

  



 
 

ii 
 

DOCUMENT CERTIFICATION  

 

Certification by Director Freshwater Systems 

 

I hereby certify that this report has been done under my supervision and submitted to the 

Director.  

  

Name: Dr. Christopher Mulanda Aura (PhD) 

Signature:                                           Date: 26TH APRIL 2021 

 

 

Certification by Director General KMFRI 

I hereby acknowledge receipt of this Report  

Name: Prof. James M. Njiru (PhD) 

Signature :                                   Date: 29TH APRIL 2021 

 

 

 

 

 

 

 

 

 

  



 
 

iii 
 

Produced by: 

Kenya Marine and Fisheries Research Institute, 

P. O. Box 81651-80100, 

Mombasa, 

Tel. 254 (041) 475151/4. 

www.kmfri.co.ke 

Email: kmfridirector@gmail.com  

 

Suggested Citation: 

Nyamweya, C. S., Natugonza, V., Kashindye, B., Mangeni-Sande, R., Makori, A., Kagoya, E., 

Mboni, V. E., Shaban, S., Ongore, C., Mlaponi, E., Wabeya, U., Kosieny. D., Magezi G. (2020).  

A technical report on annual fish biomass survey (hydro-acoustic survey) in Lake Victoria. 

Technical report KMF/RS/2019/C827(3).  Kenya Marine and Fisheries Research Institute 

(KMFRI). 49 pp. 

 
 

 

 

 

 

  

http://www.kmfri.co.ke/
mailto:kmfridirector@gmail.com


 
 

iv 
 

ACKNOWLEDGMENT 

The hydroacoustic survey report of 2020 was written by the Hydroacoustic Regional Working Group 

of the Lake Victoria Fisheries Organization (LVFO), and would wish to acknowledge the captain (Mr. 

Edwin Sombe), engineer (Mr. Harith Kalima) and crew (Mr. Mr. Dustan Oswald Mpangala, Mr. Toto 

Mohamed, Mr. Boaz Jumbe Tukiko, Mr. Mzee Dioniz Sarungi, and Mr. Machuma Mumwisi Maneno) 

of RV Explorer for their effort to ensure that the survey is completed successfully. The technical 

support provided by Dr. Shigalla Mahongo, the Executive Secretary, Dr. Anthony Taabu-Munyaho, the 

Deputy Executive Secretary and Dr. Robert Kayanda, Director of Fisheries Resource Monitoring and 

Research from LVFO are highly appreciated. The financial support granted by Germany Federal 

Ministry for Economic Cooperation and Development (BMZ) through GIZ under the Responsible 

Fisheries Business Chains Project (RFBC) project that enabled the study to be conducted is highly 

valued.  

  



 
 

v 
 

EXECUTIVE SUMMARY 

Hydro-acoustics surveys have been conducted in Lake Victoria since 1999 with the aim of 

determining and explaining quantities (biomass) and distribution of various fish groups. 

Herein results of the 23rd survey that was conducted from 20th October to 25th November 

2020 are presented. Data were collected and analysed following standard operating 

procedures (SOPs) for hydro-acoustic surveys in Lake Victoria. The current methods (SOPs) 

are able to disaggregate and attribute acoustic measurements into four (4) fish groups, 

namely Nile perch, dagaa, haplochromines and other fish, and the freshwater prawn Caridina 

nilotica. Results of the current survey indicate that the lake had 3.47 million tons (t) of fish, 

including Caridina, which was a 29% increase from the previous year 2019 (2.68 million tons). 

Nile perch (30%), was the most dominant followed by Caridina (28%), Dagaa (27%) and 

haplochromines and others (15%) respectively. The following key observations were made: 

 Nile perch was generally more abundant in the western part of the lake, consistent 

with findings from the previous survey.  

 Nile perch biomass continued to expand, increasing by 25% compared to the 2019 

survey. As in the previous survey (2019), the highest increase in biomass was observed 

in Uganda and Tanzania waters; 

 The average size of Nile perch also improved slightly, increasing from 15.0 cm TL in 

2019 to 18.39 cm in 2020, with the highest increase (of sizes above 50 cm TL), observed 

in the north-western parts of the lake (Uganda).  

 The biomass of dagaa increased by 10% relative to 2019. The increase was only 

observed in Uganda and Kenya. Tanzania on the other hand recorded a decrease in 

dagaa biomass (36%). Unlike the previous survey, spatial differences were observed, 

with more dagaa concentrated in coastal and deep transects compared to inshore 

areas.  

 Haplochromines and other fish, registered a 33% increase in biomass compared to the 

previous year. This group registered the highest average density (8 tons/km2) since 

2017. 

 Caridina registered a 48% increase in biomass compared to the previous survey.  

 The lake appeared to be undergoing stratification, with more pronounced thermally 

stratified waters occurring in the South Western, North Western, North Eastern parts 

of the lake, with instances of prominent anoxia and less fish at the bottom depths.  

The observed stock status may be due to a combination of many factors, but mainly, the 

western side being relatively shallower, experiencing more mixing, coupled with the rising 

water levels, and the level of enforcement possibly being stronger in the western side than 

the eastern side. The decline in biomass of dagaa in the Tanzanian side may be not be a big 

concern given the high turnover rate of the species. From the findings and experiences of the 

present study we conclude and recommend that: 



 
 

vi 
 

I. The current stocks are in good shape, and the current level of enforcement should be 

maintained and upscaled. This however, should be carried within an ecosystem 

approach to fisheries management (EAFM) 

II. Annual hydro-acoustic surveys should be paired with stock assessment which was 

lastly done in 2016 to generate explicit management recommendations to support the 

current enforcement efforts.  

III. There is need to re-analyze all the data from all the past surveys so as to improve 

reporting on the trends for all the monitored taxa cannot be overemphasized.  
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1.0. INTRODUCTION 

The management of fish stocks and any other aquatic organisms within a biological system 

requires information on their temporal and spatial distribution. Fisheries acoustic surveys are 

part of the routine stock assessment tools regularly used to measure the distribution and 

abundance of fish over large spatial areas (Simmonds and MacLennan, 2005). These surveys 

use active scientific echo-sounders, which transmit sound pulses (pings) and receive returning 

echoes from backscattering features (e.g. fish) within the water column at depths ranging 

from hundreds to thousands of meters. Fisheries acoustic surveys have an advantage of 

efficiently obtaining real time data over a large area with minimal physical contact with fish, 

thereby reducing the amount of resources needed to generate abundance estimates. 

However, acoustics surveys have limitations including inability to differentiate among species 

and to detect fish close to the water surface and lake-bed bottom. The method also requires 

knowledge of species composition, length frequency distribution, and TS (for echo 

integration) for representative fish but these are not directly recorded. Therefore, acoustic 

methods are typically used in conjunction with traditional fishing gears (e.g bottom and 

pelagic trawls), and biases associated with gear selectivity are retained in acoustic estimates. 

The surveys are conducted following Standard Operating Procedures (SOPs) thereby 

providing consistent estimates of population changes. The estimates can then be 

incorporated into assessment models for prediction of sustainable yield.  

At present, the biomass and distribution of Nile perch (≥10 cm total length), Dagaa, 

haplochromine cichlids, Caridina nilotica (a freshwater prawn) in Lake Victoria is estimated 

from annual lake-wide acoustic surveys conducted by the Hydro-acoustic Regional Working 

Group (HARWG) since February 1999. The surveys are conducted following standard designs 

that have evolved over years from systematic cross—lake (1999 – 2002) to radial (2005 - 

2007), to parallel cross-lake (2007 - 2018). The 2019 and this year's (2020) survey used the 

radial design following the recommendations of the revised Lake Victoria acoustics SOPs 

(LVFO, 2018). Also, part of the recommendations of the new SOP implemented in this report 

include i) adoption of ‘standard’ echo-sounder calibration methods, ii) reporting biomass 

estimates with confidence limits, iii) re-analyzing data from previous surveys based on new 

analysis protocols, and iv) analyzing outcomes of single target detections (for Nile Perch) to 
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determine if bias by depth or fish density is evident. However, some of the recommendations, 

including a move from the “third rule” to a school-based detection of dagaa, and determining 

more accurate target strength (TS) for haplochromine cichlids and Caridina have not been 

implemented in this survey. 

The results and some recommendations of the 22nd Lake Victoria hydro-acoustics and 

environment survey conducted between 20th October and 24th November are presented in 

this report. The size structure of Nile perch is presented to guide the focus of fisheries 

(especially on slot size), although its biomass estimates were only compared with the re-

analyzed data of 2015-2019. The catch composition, catch rates, and size structure from 

bottom trawl hauls are also reported to corroborate information from hydro-acoustics. 

Finally, information on bottom-type, physical, biological, and chemical attributes is gathered 

and compared with fish distribution.  
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2.0. MATERIALS AND METHODS 

 
2.1. Study area 

The survey was conducted in Lake Victoria (surface area of 68,800 km2). The lake area is 

partitioned by quadrant (SE, SW, NW, NE), depth (Deep, Coastal, Inshore)/special areas 

(Speke, Emin Pasha, and Nyanza gulfs and Sesse islands), and by country (Kenya, Tanzania, 

Uganda). 

2.2. Organization of the cruise 

This survey was conducted from 20th October to 25th November 2020. There were five days 

of preparations during which calibration of the echo-sounders and CTDs was done, and other 

research materials and equipment assembled and tested. 

2.3. Calibration of echo-sounder 

Two calibrations of the echo-sounders were performed. The first was conducted on 17th 

October 2020 at the beginning of the survey in Mwanza gulf, and the second on 20th 

November 2020 in off-Ukara island. Two Copper spheres of 32mm and 23 mm diameter were 

used in calibration of the 70kHz and 120 kHz transducers respectively. 

The calibration protocol used for this survey is detailed in the new SOPs for hydro-acoustic 

surveys on Lake Victoria (LVFO 2018). At each calibration site, we lowered the CTD to 

determine the local environmental conditions. The average temperature at the calibration 

site was input into the EK80 system to predict the sound speed. Using the same CTD 

information and analysis protocol in the new SOPs, the temperature-dependent equivalent 

two-way beam angles was estimated and used to update transducer settings in the EK80 

software, including sound speed and absorption coefficient values. 

2.4. Cruise track 

The cruise followed the radial design. On average one net haul and three CTD measurements 

were conducted on each day of the survey. Sampling was restricted to daylight hours. 
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Figure 1.Map showing Survey cruise track.  

The sampling and data collection were structured according to the type of activity taking 

place, these included;  

a) Transect: an acoustic survey track with the vessel proceeding in the same nominal direction 

at constant speed (normally about 9 knots). The following types of transects were designated: 

Deep Transect (Code TD) (>40 m deep strata); 

Coastal Transect (Code TC) (20 – 40 m deep); 

Inshore Transect (Code TI) (< 20 m deep); 
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Deadhead (Code DH), the track between two independent transects; 

b) Net haul: During this survey only the bottom trawl (NB) was used for fish sample collection. 

Detailed results of net haul sampling are provided as an appendix to this report. 

c) CTD: Involving deployment of a CTD probe and Secchi disc, and other environmental 

observations at geo-referenced sampling points. 

Groups of activities at the same nominal location were given the designation ‘Stations’ to 

indicate that they might be analyzed together. Transects in close proximity and occurring in 

the same stratum were allocated the same station number. The implication is that later high 

resolution analyses could tie together transects and environmental data through stations. 

The detailed event log for the cruise is set out in Appendix II 

2.5. Acoustic data acquisition, processing and analysis 

2.5.1. Data logging and storage  

At the beginning of each day, echo-sounder operation settings particularly the Data recording 

Range (which was set to 160 m) were thoroughly checked and recording directory set. Data 

were logged in files of length 1 GB and then transferred to three separate hard disks.  

2.5.2. Acoustic data preparation 

Each day’s raw acoustic data files were loaded into Echoview (v. 8.0 Myriax, Hobart, Australia) 

software using a standardized template to ensure consistency, specifically for selected 

exports and analysis telegrams and saved as EV files using the day’s date as the file name. 

SIMRAD EK 80 echosounder was utilized in acoustic measurements. The transducers, which 

are mounted on the protruding instrument keel, operated at the frequency of 70 kHz and 120 

kHz. All the two transceivers were calibrated before and after the survey. Calibration settings 

were applied in an Echoview calibration file to update the calibration of all variables within 

each EV file. 

2.5.3. Setting analysis lines and definition of regions  

Four analysis lines (checked bottom, test bottom, Dagaa and top lines) were set with 

specifications as detailed in the acoustic SOPs (LVFO 2018). Regions were defined by quadrant 

and strata, and according to the events given in the Event log. Occurrence of bottom echoes 
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was checked between the “checked bottom” & “test bottom” lines and removed according 

to the standards detailed in the SOPs. 

2.5.4. Estimation of EDSU  

To ensure that all cells produced for analyses from the two frequencies in and between 

integration and single target analyses were similar, depth layers were set at 2 m intervals with 

a horizontal grid of 1 km (Elementary Distance Sampling Unit – EDSU). Data collected from 

regions designated as ‘Transect’ were analysed and standing stock estimated. For single 

target detections, analysis from each cell was exported by line and by region. To ensure that 

all the data was included, the option of All Classes was selected in Echoview - File Properties 

Export Window prior to data export.  

The GPS positions of the start and end of each cell were used to determine the distance of 

the cell. Through the main part of each transect, these estimated distances correspond to the 

intended distance of 1 km. However, some cells produce distances well below 1 km, but these 

were all included in the analysis, weighted by their length. 

2.5.5. Single target analysis 

Estimation of Nile perch densities were done using single target detections (split beam 

Method 2, with no TVG range correction; LVFO (2018)) in Echoview. Data was exported by 

lines and by regions (constituting individual EDSUs). To produce results comparable to the 

previous surveys, only data from the 120 kHz transducer were used for standing stock 

estimation. Single targets were thresholded at -50 dB, equivalent to a minimum detection 

length for Nile Perch of ca. 10 cm (LVFO 2018). 

Data were exported within 2m depth strata in two parts from top line to dagaa line and from 

dagaa line to Checked-bottom-line and converted to mean numerical density and mean 

biomass densities using equations 1 and 2 respectively:  

Density=(NTargets/VBeam) (1) 

where NTargets and VBeam are the number of targets detected and the beam volume within 

the cell respectively. 
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Biomass = Density × Mean weight (2) 

The mean size was estimated from the mean TS and length/weight relationship. This was 

multiplied by the numerical density to give the estimated standing stock within the beam 

volume of each respective cell. Area density was estimated from the volume density by 

multiplying by the sampling effort (proportion of layer sampled) and the EDSU Area density 

estimated by summing the Layer Area densities. 

Whereas the Length/Weight relationships used in analysis was the same as that used for the 

previous surveys under IFMP, the TS/Size relationship was determined by Kayanda et al 2012 

(equations 3 and 4). They are  

TL=10((TS+84.14)/30.15) (3)  

Total weight = 0.0042 x TL3.26 (4) 

2.5.6. Integration analysis 

Estimation of the standing stock of dagaa, the benthic crustacean Caridina nilotica, and the 

other species (haplochromines and others) were done by using echo integration. 

2.5.7. Dagaa 

Integration was undertaken in the layer from top line to the ‘dagaa line’ in the 120 KHz SQ1 

telegram echogram and exported by regions (transects) and by cells (EDSUs) and marked 

“Integration dagaa”. The exported volume scatter (Sv) values were converted to Area 

Backscattering Coefficient (ABC) using equation 5: 

𝐴𝐵𝐶 = 10(𝑠𝑣/10)                                                      (5) 

The ABC values from dagaa were summed up for each EDSU. The ABC values due to Nile perch 

in the dagaa layer were estimated from Sv values obtained by exporting the numerical density 

of Nile perch in the layer top line to dagaa line in the 120 kHz split beam method 2 echogram. 

The Nile perch Sv values were estimated from the single target detections included in the 

integration range (from top line to dagaa line) according to a model developed from the 

previous survey (equation 6) through observations of several slow speed transects. 
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 Sv Nile perch = TS mean + 10 log N Targets – 10 log Beam Vol – 2.3                       (6) 

 where TS = Target strength, N = No of Targets, Beam vol = Beam volume, and 2.3 is an 

observed difference between corrected and uncorrected values for single targets detected 

during Slow Speed transects (February 2006, acoustic survey report). 

 The ABC for Nile perch were estimated from Sv values determined above from the following 

equation 7: 

𝐴𝐵𝐶 𝑁𝑖𝑙𝑒 𝑝𝑒𝑟𝑐ℎ = 10((𝑆𝑣 𝑁𝑖𝑙𝑒 𝑝𝑒𝑟𝑐ℎ )/10)           (7) 

The ABC values due to dagaa alone denoted ABCdagaa were obtained by subtracting ABC due 

to Nile perch in the dagaa range (ABCNileperchdagaarange) from the total ABC in the dagaa range 

(ABC dagaarange) according to equation 8: 

ABC dagaa = ABC dagaarange - ABCNileperchdagaarange (8) 

The ABC values for dagaa alone were converted into numerical densities and consequently 

into biomass using the TS/length relationship (equation 9) determined by Getabu et al., 2003. 

TS = 20 log TL – 72.2, and TS per kilogram of -29.4dB. (9) 

2.5.8. Caridina nilotica 

Caridina that were noted to occupy the bottom layers of the water column were estimated 

by the difference in the volume scattering coefficient (Sv) between 70kHz and 120 kHz SQ1 

telegram echograms. Integration was done between the dagaa line and checked bottom in 

the 70kHz and 120 kHz echograms and exported by line and by region. The exported Sv values 

of 120 kHz transducer were subtracted from the 70 kHz by EDSU and layer and whenever the 

Sv differences were between -5 and -10 dB, the Sv values from 120 kHz in those layers were 

accepted as Sv values due to Caridina. The protocol and logical equations used to estimate 

Caridina density are the same as those in the Feb 2008 acoustic survey report. 

The selected Sv values due to Caridina were converted to density using TS per kg of -38.77 dB 

(TS for Krill – acoustically similar to Caridina) according to equation 10: 

Caridina density = 1000 ^ ((Sv – TS)/10)                        (10)  
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2.5.9. Haplochromines and others 

In the case of haplochromines and other unidentified species, after taking out cells attributed 

to Caridina, the Sv values from the remaining cells were converted into ABC and summed up 

for each EDSU. Nile perch equivalents from the integration range (dagaa line to checked 

bottom) were estimated from single targets and converted to ABC due to Nile perch in a 

similar way to those in the dagaa range demonstrated above. Consequently, estimation of 

the standing stock of haplochromines and others was made by, subtracting the area 

backscattering ABC of Nile perch (ABC Nile-perch-other-taxa-range) from the total layer 

values (Integration other taxa - ABC other-taxa-range) according to equation 11:- 

ABC Other-taxa = ABC other-taxa-range – ABC Nile-perch-other-taxa-range (11) 

The ABC values for haplochromines and other taxa were then converted to Sv and finally to 

numerical density using the TS per kg of -25.17 dB according to equation 12:- 

Haplochromines and other taxa density = 1000 *10^ ((Sv – TS)/10)  (12) 

2.5.10. Estimation of Standing Stock  

The mean transect density for each taxon for each EDSU was calculated as the mean of all 

EDSUs within the respective transect. The mean density of all EDSUs, within a stratum and 

their 95% Confidence interval (CI) calculated through bootstrapping in the R statistical 

package, version 4.0.2 (R Development Core Team, 2020). Under the bootstrapping method, 

resampling is done n times, where n is the number of ESDUs in the zone in question, and the 

mean and confidence limits are determined from 5000 times repeat. Unlike in the previous 

surveys, ESDU values are weighted by ESDU length to enable all ESDUs to be used, and to 

prevent ESDUs of 0.9 km length being given equal weight in the bootstrap as 1 km ESDUs 

(LVFO, 2018).  

The biomass of each taxon for each stratum was determined by multiplication of the mean 

densities and stratum area. The stratum areas are given in Table 1.  

2.5.11. Estimation of Standing Stock by country and by stratum 

Stock of the three major taxa (Nile perch, dagaa, Haplochromine and others) were estimated 

by country and by strata. Any transect that crosses territorial boundaries was divided in two 
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and marked “a” and “b”. In respect to estimating biomass by strata and country, each part of 

the divided transect was analysed in the stratum of the country where it occurred. In addition, 

the boundary way 17 points between Kenya and Uganda were plotted in NE quadrant and the 

areas occupied by the coastal and inshore strata in Kenya and Uganda re-calculated from the 

map grid squares (Table 2). The rest of the strata were analyzed by country and by quadrant. 

Table 1. Area of Lake Surface (km2) within each stratum 

Quadrant Deep Coastal Inshore Special localities 

South East 6,166 5,786 2,003 2,909 (Speke Gulf) 

South West 6,251 6,601 3,181 2,022 (Emin Pasha) 

North West 6,226 4,865 3,115 2,494 (Sesse Islands) 

North East 4,724 3,786 5,729 1,335 (Nyanza Gulf) 

TOTAL 23,367 21,038 14,028 8,760 

Table 2. Strata areas (Sq. Km) by quadrant and by country 

Quadrant Deep Coastal Inshore Gulfs/Inlets 

SE 6166 (TZ) 5786 (Tz) 2003 (TZ) 2,909 (SG) 

SW 6251 (TZ) 6601 (TZ) 3181 (TZ) 2,022 (EP) 

NW 6226 (Ug) 4865 (Ug) 3115 (Ug) 2,494 (SI) 

NE 4,724 (Ug) 2,704 (Ug) 3,966 (Ug) 1,335 (NG) 

NE  1,082 (Ke) 1,763 (Ke)  

TOTAL 23,367 21,038 14,028 8,760 

Tz =Tanzania, Ug = Uganda and Ke = Kenya 

2.6. Biological and environmental data acquisition 

2.6.1. Biological Data 

Bottom net hauls were used to collect biological samples and estimate catch rates from 

surveyed areas. Majority of the net hauls were done in coastal and inshore waters. In total, 

24 net hauls were completed using the RV Lake Victoria Explorer stern trawler with propulsion 
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power of 215 hp and length of 17 m, trawl head rope of 24.4 m and vertical opening of 3.5 m, 

and cod-end fitted with inner mosquito netting of 4 mm stretch mesh size to ensure retention 

of small fish and C. niloticus. The duration of each haul was generally 30 minutes and the 

towing speed was 2.9-3.2 knots. Start and end times, water depths and warp length were 

recorded. 

Fish catches were all sorted into species level, except for the haplochromines, and individual 

weight and length recorded together with biometric data (LVFO. 2005; 2007); where possible, 

every fish in the catch was individually measured. For large catches, Nile perch above 30 cm 

TL were individually recorded and smaller fish were subsampled. The catch was mixed 

thoroughly and a subsample was taken for recording length and weight. The results were 

raised by proportion by weight of the total catch (after the large fish were removed) against 

the sub sample taken from it. 

Specimens of Nile perch and other large species like tilapia were dissected for sex/maturity 

and dietary analysis. For fish stomach analyses the Point method was used to determine the 

contribution of each prey item to the diet according to the SOPs (LVFO 2007). 

 

2.6.2. Environmental data 

Location of the sites (CTD stations) for measurements of water physical and chemical 

attributes followed the provisions in the Standard Operating Procedures (SOPs) for Lake 

Victoria Hydro Acoustics Surveys (LVFO 2018). The fifty-six (56) points were purposively and 

subjectively selected by stratified strategy to ensure even distribution and representation of 

all the strata, special regions, countries, and quadrants, while logically coinciding with the 

bottom trawl (NB) sampling points. Hence, the sites occurred systematically and 

intermittently between acoustics cruise transects covering the entire lake and followed 

closely, the CTD stations for the previous surveys, with minor logistical deviations occasioned 

following local prevailing conditions like the weather and time of day. Figure 2 shows the 

spatial positions of the CTD stations.  

Measurement of water environmental attributes followed published standard methods for 

aquatic environmental studies (APHA, 2012). A depth-profiling system; a submersible was 
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used to log the vertical profile data of the water physical and chemical parameters. Calibration 

of the probe was performed ahead of the survey by running analytical tests on sample waters 

for pH, DO and turbidity and comparing with sensor logged values. Corrective calibration was 

then done accordingly. Calibration for temperature measurements was done by comparing 

with readings of different thermometric instruments of same samples of water and mean 

deviation of temperature values noted for onward correction of field measured data. 

Periodically the instrument was serviced by clearing off clogging debris from the conduits and 

pump orifices to prevent instrument malfunction. 

Water transparency was determined as Secchi depth using a standard Secchi disc and 

measured following standard procedures.  

Complimentary chlorophyll-a measurements were taken using ®, a LED based algal 

reflectance meter, which was lowered to log data on total algae counts and chlorophyll a 

concentration down up to 5 metres.  

Sampling stations locations (GPS Coordinates) were logged on to a smart phone application-

based GPS system, Maps. Me and collated with those displayed on the RV Explorer on board 

GPS and the echo-sounder system. The habitat characteristics and weather conditions at the 

CTD stations were noted in detailed descriptive statements and referred to for data analysis 

and interpretation.  

All data were compiled in comprehensive electronic datasheets, the main summaries, and 

statistical computing done using the R statistical package (R Core team 2018) while GIS 

mapping and spatial visualization was done on QGIS. The GIS base maps were obtained from 

Hamilton (2017). 
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Figure 2. Map of Lake Victoria showing the CTD stations, October- November 2020 

 

2.6.3. Bottom classification 

Bottom Substrate Acoustic Data Analysis 

The acoustic data was collected by a split beam echosounder operating at 70kHz and 120 kHz, 

and recorded by using the EK 80 software. Echoview 8.0 software was subsequently used to 

process, analyse and export raw acoustic backscatter data into CSV formats for spatial 

distribution analysis and classification of bottom substrate. Data collected by the 70 kHz 

frequency was used to analyse bottom classification. Background noise level was 

subsequently removed by estimating the noise and subtracting it (Anderson et al 2007; De 

Robertis and Higginbottom, 2007). The lakebed was then obtained using the best bottom 

candidate algorithm and a back step of 0.0 m. Within the 70 kHz Sv echogram, the lakebed 

(bottom line) line was manually edited to ensure the line was continuous without containing 

any signal from fish. The bottom line and the echoes (E1 and E2) below the line were applied 

https://support.echoview.com/WebHelp/Reference/References.htm#background_noise_removal
https://support.echoview.com/WebHelp/Reference/References.htm#background_noise_removal
https://support.echoview.com/WebHelp/Reference/References.htm#background_noise_removal
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in Echoview to carry out the seabed classification algorithm (BioSonics, 2008; Ostrovsky and 

Tegowski, 2010). 

Depth normalization 

Due to variations in depth brought about mainly by lakebed morphological features, the pulse 

length around the off-axis part of the beam travels a distance greater than Cτ/2. Depth 

normalization was therefore necessary in order to account for variations in pulse length with 

depth. The expression used is as follows: 

Depth normalization coefficient = off axis pulse length (ref)*Actual value/off-axis pulse length 

(actual). 

Where, off-axis pulse length (ref) is off-axis pulse length where the normal incidence start 

depth is specified by the reference depth, off-axis pulse length (actual) is the off-axis pulse 

length of the first echo where the normal incidence start depth is given by actual depth for 

the ping. Echoview determined one seabed point per feature extraction interval. The lakebed 

point data includes time, latitude, longitude, depth, and seabed features. The best value for 

the reference depth was the average depth of the seabed and in this study 40 m was used. 

Lakebed roughness and lakebed hardness 

The two key features in bottom classification analysis are bottom roughness (E1) and bottom 

hardness (E2) parameters, Energy feature from the first acoustic lakebed is related to bottom 

roughness parameters while the second echo is related to the bottom hardness parameters. 

The start point for calculation of bottom roughness is therefore given by bottom line depth 

plus the distance of cτ/2 plus the off-axis angle offset. The E1 value was processed using the 

threshold range from -30.0dB to 0 dB. The second lakebed echo started at twice the depth of 

the first lakebed echo and the whole second lakebed echo is used for calculation of lakebed 

hardness (Anderson et al., 2007). Assuming that the total acoustic pressure reflection 

coefficient was the best descriptor of seabed hardness and that the second seabed echo 

reflected up and down twice from the surface is proportional to the 4th power (rather than 

the 2nd) of the acoustic pressure coefficient, integration of the whole second echo is used to 

provide an estimate of lakebed hardness (Rodríguez-Pérez et al., 2014). Acoustically different 

seabed types can be discriminated by clustering the backscatter signals by these two 
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parameters E1 and E2. Siwabessy et al. (1999) determined E1 and E2 values using the equation 

below: 

 

Where sv (i, k) is the linear value for Sv for sample k in ping i 

The ratio of the second part of the first bottom echo and second bottom echo (E1/E2) has 

been used to classify different types of sediments (Chiverset al., 1990). In addition to these 

energy-based measures, the shape and structure of the bottom echo also contains 

information about the sediment properties (Van Walree et al.,2005). 

Principal Component Analysis 

The next processing stage was to calculate the normal deviate for lakebed features in the 

echogram data. Statistical features values were processed by the statistical procedure of 

Principal Component Analysis (PCA) followed by K-Means clustering in echoview. PCA aimed 

to compress or simplify datasets by reducing the number of dimensions without much loss of 

information. PCA was a linear transformation from the axes representing the original 

variables into a new set of axes called principal components (Pcs), such that greatest variance 

by projection of the dataset came to lie on the first axis (then called the first principal 

component), the second greatest variance on the second axis, (Amiri-Simkooei et al., 2011). 

Under lakebed classification, PCA determined principal component as cluster seabed features 

of dataset. In this study, PCA was used to figure out a relationship between acoustic data and 

physical substrate parameters thought to provide an overview of seabed characteristics. 

Echoview 8.0 was used cluster dimensions to characterize each seabed point in cluster 

dimension space. At this stage, lakebed point data includes depth, first bottom skewness, 

second bottom length normalized, first bottom rise time normalized, bottom roughness 

normalized, and bottom hardness normalized. 

Seabed classification using Cluster Analysis 
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Seabed classification is the process of partitioning acoustic seabed returns into discrete 

classes for substrate and seabed types. The classification of the sampled values was 

performed using clustering analysis. Clustering could be interpreted as process of grouping 

objects that explains the relationship between objects to maximize the similarity of members 

in one class and to minimize similarities between classes/clusters. The well-known K-means 

clustering algorithm was used in this study. Generally, the K-means algorithm aimed to 

partition n observations into k clusters in which each observation belongs with the cluster 

with the nearest mean. The result was a set of clusters that were as compact and well-

separated as possible (Legendre et al.,2002). The set of cluster was exported to generate a 

seabed classified map in QGIS 2.18.8 
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3.0. RESULTS AND DISCUSSION 

Results of the current survey indicate that the lake had 3.47 million tons (t) of fish, including 

Caridina, which was a 29% increase from the previous year. Nile perch (30%), was the most 

dominant followed by Caridina (28%), Dagaa (27%) and haplochromines and others (15%) 

respectively. 

3.1. Standing stock of Nile perch and size structure 

Table 3 shows the densities and biomass of Nile perch estimated in different regions of the 

lake. Both values of density and biomass are presented as means with 95% confidence 

intervals (CI), showing the lower and upper possible limits, for each quadrant and depth 

strata, and for each country. The estimated mean biomass for the whole lake was 1,024,623 

tons, representing a 25% increase compared to the survey of 2019. The lower and upper limits 

of CI were 871,315 and 1,206,202 tons, respectively. In terms of relative abundance, Nile 

perch constituted about 30% of the total fish biomass in the whole lake. At country level, Nile 

perch was, on average, more abundant (high biomass per unit of habitat area) in Uganda (16.0 

tons/km2) and least abundant (8.5 tons/km2) in Kenya. Spatial differences in biomass were 

observed at strata level, where Nile perch was generally more abundant in coastal and deep 

waters compared to inshore and Gulfs (Table 3; Figure 3a).  
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Table 3: Density and biomass estimates of Nile perch greater than 10 cm TL, in Lake Victoria by 

country and stratum 

Region Parameters  Densities (t/km2) Biomass (tons) 

Quadrant Stratum Areas (Sq.km) Tanzania 

low high mean Low High Mean 

SE Deep 6166 7.77 10.41 9.03 47,887 64,163 55,705 

SE Coastal 5786 12.30 27.18 17.96 71,149 157,254 103,921 

SE Inshore 2003 13.75 18.47 16.01 27,541 36,989 32,074 

SE SpekeGulf 2909 11.81 15.42 13.60 34,369 44,862 39,564 

SW Inshore 3181 12.17 15.40 13.73 38,719 48,999 43,669 

SW Coastal 6601 18.18 23.20 20.57 120,003 153,124 135,754 

SW EminPasha 2022 4.41 7.82 6.01 8,911 15,809 12,142 

SW Deep 6251 16.01 20.75 18.34 100,098 129,725 114,650 

Subtotal     448,677 650,925 537,479 

Uganda 

NW Deep 6226 16.40 20.69 18.51 102,131 128,843 115,232 

NW Coastal 4865 14.12 17.01 15.58 68,697 82,764 75,795 

NW Inshore 3115 14.69 18.72 16.65 45,769 58,324 51,855 

NW Sesse 2494 17.74 24.96 21.23 44,241 62,242 52,948 

NE Deep 4724 17.57 22.56 19.96 83,013 106,564 94,307 

NE Coastal 2704 12.27 14.93 13.57 33,175 40,360 36,688 

NE Inshore 3966 5.43 8.38 6.84 21,517 33,247 27,132 

Subtotal      398,542 512,342 453,958 

   Kenya 

NE Coastal 1082 14.41 19.88 17.10 15,596 21,506 18,502 

NE Inshore 1763 4.72 11.66 8.04 8,316 20,550 14,179 

NE NG 1335 0.14 0.66 0.38 184 879 506 

Subtotal      24,096 42,935  33,187 

Total  67,193    871,315 1,206,202 1,024,623 
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Figure 3. Spatial distribution of major fish groups and caridina in Lake Victoria during the 

2020 hydro-acoustic survey. (a) Nile perch, (b) Dagaa, (c) Haplochromines and others, and 

(d) and Caridina nilotica. 

 

The length frequency distribution of Nile perch above 10 cm total length (TL) is shown in 

Figure 4. Nile perch in the lake (in terms of numbers) continued, as expected, to be dominated 

by small-sized individuals less than 50 cm TL (the minimum recommended harvestable size). 

However, the North-western portion of the lake (Uganda) had a higher proportion of fish 

above 50 cm than other parts of the lake, a trend that has been consistent since 2018, which 

can be attributed to the enforcement by the Fisheries Protection Unit (FPU). However, the 
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results may also suggest that enforcement is possibly concentrated on the western side than 

in the Eastern side.  

 

 

Figure 4. Length frequency distribution of Nile perch determined from acoustic single target 

detections during the September 2019 survey. 

 

3.2. Standing stock of dagaa 

Table 4 shows the estimated densities and biomass of dagaa in different regions of the lake. 

The lake-wide estimated mean standing stock was 950,714 tons, representing about 10% 

increase compared to biomass in the previous year (2019). However, the increase was only 

observed in Uganda and Kenya; for Tanzania, the species’ biomass decreased. The lower and 

upper limits of the 95% CI were 791,832 and 1,125,529, respectively. At country level, biomass 

per unit of habitat area was high in Kenya, with an average density of 20.56 t/km2, followed 

by Uganda (16.13 t/km2), and lowest in Tanzania (12.02 t/km2). Generally, dagaa was more 

abundant in coastal and deep transects compared to inshore transects (Figure 3b). 
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Table 4: Density and biomass estimates of dagaa in Lake Victoria by country and stratum. 

Region parameters  Densities (t/km2) Biomass (tons) 

Quadrant Stratum Areas (Sq.km) Tanzania 

   low high mean Low High Mean 

SW Inshore 3181 6.31 8.82 7.52  20,065 28,066 23,909 

SW Coastal 6601 12.37 16.97 14.50 81,622 112,019 95,687 

SW Emin pasha 2022 5.04 8.42 6.64 10,190 17,026 13,423 

SW Deep 6251 11.23 17.30 14.10 70,197 108,166 88,129 

SE Inshore 2003 14.09 18.15 16.06 28,225 36,356 32,163 

SE Coastal 5786 13.96 20.93 17.26 80,780 121,074 99,892 

SE Speke Gulf 2909 11.76 17.32 14.40 34,195 50,377 41,895 

SE Deep 6166 4.98 6.54 5.72 30,684 40,342 35,263 

Subtotal      355,959 513,426 430,359 

   Uganda 

NW Inshore 3115 10.41 13.74 12.01 32,430 42,814 37,413 

NW Coastal 4865 3.36 5.23 4.24 16,339 25,442 20,618 

NW Sesse 2494 16.31 22.50 19.35 40,670 56,106 48,268 

NW Deep 6226 11.68 16.55 14.05 72,730 103,049 87,488 

NE Inshore 3966 7.93 10.36 9.08 31,447 41,082 35,995 

NE Coastal 2704 18.67 24.29 21.39 50,485 65,688 57,830 

Ne Deep 4724 27.47 38.39 32.77 129,756 181,355 154,804 

Subtotal      373,856 515,535 442,417 

   Kenya 

NE Inshore 1763 10.16 19.33 14.18 17,912 34,076 24,994 

NE Nyanza Gulf 1335 4.64 7.72 6.12 6,198 10,304 8,175 

NE Coastal 1082 35.03 48.23 41.38 37,906 52,189 44,770 

Subtotal      62,016 96,568 77,938 

Total  67,193    791,832 1,125,529 950,714 
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3.3. Standing stock of Haplochromines and others 

Table 5 shows the densities and biomass of haplochromines and other species estimated in 

different regions of the lake. The estimated mean biomass for the whole lake was 517,850 

tons, representing about 15% of the total fish biomass in the lake. This estimate represents a 

42% increase compared to the previous survey of 2019. The lower limit of the 95% CI was 

427,996 tons, while the upper limit was 617,439 and tons. There was no significant difference 

in abundance (biomass per unit of habitat area) between the three countries, with the 

biomass averaging between 8 and 8.6 t/km2.  
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Table 5: Estimated standing stock of Haplochromine cichlids and other unidentified fish species 

in Lake Victoria by country and by strata 

Regions parameters  Densities (t/km2) Biomass (tons) 

Quadrant Stratum Areas (Sq. km) Tanzania 

   Low High Mean Low High Mean 

SW Inshore 3181 5.49 7.12 6.27 17,465 22,649 19,960 

SW Coastal 6601 7.29 9.97 8.50 48,152 65,828 56,095 

SW EP 2022 4.92 7.31 5.99 9,945 14,779 12,107 

SW Deep 6251 8.56 11.12 9.81 53,478 69,525 61,348 

SE Inshore 2003 8.53 14.59 11.28 17,093 29,222 22,602 

SE Coastal 5786 7.55 12.07 9.72 43,690 69,857 56,216 

SE SG 2909 7.13 9.97 8.45 20,736 28,990 24,589 

SE Deep 6166 4.02 5.22 4.60 24,766 32,199 28,367 

Subtotal      235,324 333,048 281,283 

   Uganda 

NW Inshore 3115 16.13 23.66 19.82 50,254 73,715 61,751 

NW Coastal 4865 4.59 5.73 5.14 22,353 27,857 25,019 

NW SI 2494 11.07 22.27 16.39 27,612 55,542 40,876 

NW Deep 6226 4.64 5.68 5.14 28,870 35,350 31,984 

NE Inshore 3966 3.66 5.23 4.39 14,529 20,729 17,400 

NE Coastal 2704 2.89 3.66 3.25 7,809 9,901 8,793 

NE Deep 4724 2.28 2.82 2.54 10,787 13,325 12,006 

Subtotal      162,214 236,419 197,829 

   Kenya 

NE Inshore 1763 11.30 18.77 14.86 19,923 33,092 26,194 

NE NG 1335 2.62 3.08 2.84 3,496 4,114 3,788 

NE Coastal 1082 6.51 9.95 8.09 7,039 10,765 8,756 

Subtotal      30,458 47,971 38,738 

Total  67193    427,996 617,439 517,850 
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3.4. Standing stock of Caridina nilotica 

The densities and biomass of Caridina nilotica estimated for the different regions/quadrant 

and depth strata are shown in Table 6. The mean biomass for C. nilotica was 972,726, tons 

representing about 28% of the total biomass in the lake. The lower limit of the 95% CI was 

661,906 tons, while the upper limit was 1,353,323 tons. Biomass per unit area was highest 

(15.0 tons/km2) in Uganda and lowest (11.7 tons/km2) in Tanzania, respectively. Spatial 

variations in biomass were observed. In Tanzania, high densities were observed in Southwest 

Coastal and deep areas. In Uganda, high densities were observed in North-west inshore areas, 

while in Kenya Nyanza gulf had high density. 
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Table 6: Density and biomass estimates of Caridina nilotica in Lake Victoria by country and stratum 

Region parameters  Densities (t/km2) Biomass (tons) 

Quadrant Stratum Areas (Sq. km) Tanzania 

   Low High mean Low High Mean 

SW Inshore 3181 11.37 18.97 14.82 36,156 60,357 47,149 

SW Coastal 6601 13.91 21.54 17.48 91,819 142,207 115,411 

SW EP 2022 4.32 18.97 10.89 8,743 38,356 22,013 

SW Deep 6251 13.90 26.01 19.68 86,906 162,569 123,016 

SE Inshore 2003 4.55 10.61 6.96 9,110 21,253 13,938 

SE Coastal 5786 7.88 19.34 12.68 45,568 111,878 73,347 

SE SG 2909 3.41 29.15 14.07 9,913 84,788 40,932 

SE Deep 6166 10.58 17.29 13.73 65,236 106,582 84,671 

Subtotal      353,451 727,991 520,477 

   Uganda 

NW Inshore 3115 31.60 58.91 44.20 98,427 183,508 137,680 

NW Coastal 4865 11.78 24.23 17.45 57,320 117,860 84,886 

NW SI 2494 4.92 14.08 8.82 12,266 35,113 22,008 

NW Deep 6226 6.08 15.93 10.45 37,827 99,207 65,083 

NE Inshore 3966 6.35 13.14 9.51 25,174 52,102 37,704 

NE Coastal 2704 4.76 8.00 6.18 12,881 21,622 16,710 

NE Deep 4724 7.26 9.73 8.42 34,300 45,950 39,786 

Subtotal      278,195 555,361 403,855 

   Kenya 

NE Inshore 1763 3.68 15.27 9.03 6,479 26,916 15,916 

NE NG 1335 12.79 20.95 16.72 17,071 27,966 22,325 

NE Coastal 1082 6.20 13.95 9.38 6,710 15,090 10,153 

Subtotal      30,260 69,972 48,394 

Total  67,193    661,906 1,353,323 972,726 
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3.5. Temporal changes in abundance of fish and Caridina nilotica in Lake Victoria 

Generally, the biomass of fish groups, except haplochromines and ‘others’ have continued to 

expand since 2017 (Figure 5), except dagaa, which decreased in Tanzania between 2019 and 

2020 (Figure 6). Nile perch and dagaa biomass have almost doubled, while C. nilotica has 

increased by three-folds; however, the increase, especially for Nile perch, is more pronounced in 

Uganda and Tanzania, which is consistent with the level of enforcement by the FPU and multi-

sectoral task force in Uganda and Tanzania, respectively. Whereas haplochromines and ‘others’ 

do not show similar trend, the down-ward trend was halted after 2017, currently fluctuating 

between 6 and 8 tons/km2, given that its abundance is much controlled by predators (Nile perch). 

 

 

Figure 5: Changes in abundance (biomass per unit of habitat area) of fish and shrimp (Caridina 

nilotica) estimated through acoustic surveys over years 
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Figure 6: Changes in abundance (biomass per unit of habitat area) of fish and shrimp (Caridina 

nilotica) by country 

 

3.6. Relationship between fish biomass from acoustics and catch rates from bottom 

trawl hauls 

Figure 7 shows results of multiple correlations between biomass estimates from acoustics 

and catch rates from bottom trawl hauls. Unlike the previous survey, where Nile perch 

biomass from acoustics was strongly correlated with catch rates, the correlation during this 

survey was negative. This trend can be attributed to stratification, with incidences of anoxia, 

especially in the northern parts of the lake. This was also evident from the echograms, where 

fish was most concentrated in the pelagic zone, with most of the bottom trawls coming out 

empty. 
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Figure 7 Relationship between spatial fish biomass trends and catch rates from net bottom hauls. 

NP stands for Nile perch, haplos stands for haplochromines 

 

3.7. Relationship between fish distribution and environmental parameters 

Observations across fifty-six (56) sampling points and 3035 data-points for each parameter 

indicated widespread thermal stratification patterns, with more pronounced thermally stratified 

waters occurring in the South Western North Western, North Eastern sectors. Dissolved oxygen 

(DO) profiles showed instances of prominent anoxia or below critical levels of DO occurring at 

the bottom depth zones, consistent with low fish catch rates from bottom trawls. Otherwise, 

environmental conditions of the lake remained within the normally recorded ranges. The lake-
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wide mean temperature was 24.98±1.07 ºC which compares with the mean temperatures 

recorded in the previous year. Dissolved Oxygen (DO) recorded a lake-wide mean of 5.44±1.97 

mgL-1. The relationship between fish abundance (biomass) and limnological parameters is shown 

in Figure 8. With the exception of dissolved oxygen, Nile perch appeared to be negatively 

correlated with all environmental variables (turbidity, chlorophyll a, conductivity, and 

temperature), which were generally high in inshore and special areas (most prominently Nyanza 

Gulf).  

 

Figure 8: Relationship between biomass densities and environmental parameters under different 

regions.  

 

3.8. Bottom classification results and analysis 

The Bottom surface backscattering strength (BSBS) distribution classes as shown in Figure 9 

demonstrates the sediment distribution along Lake Victoria. High BSBS are associated with coarse 
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sediments whereas low values infer to softer and fine sediments, as shown in Table 7 (Siwabessy 

etal., 2004; Anderson et al., 2011; Snellen et al., 2011; Coasta et al., 2013). 

Table 7. Sediment characteristics in relation to BSBS classes 

BSBS class Classification according to Shepard’s 

triangular diagram 

 Corresponding colors on 

the acoustic map 

0 to -10 dB Gravel, silty gravel, sandy gravel, sand silt 

gravel, gravelly sand 

Red 

-10 to -15 dB Gravel silt, sandy silt, silty sand, sand Yellow 

-15 to -20 dB Sandy silt, silt Green 

<-20 dB Silt, Mud Blue 

 

Figure 9: Seabed Acoustic Map generated by surface interpolation of BSBS (Bottom surface 

backscattering strength) values 

 

The spatial distribution of the BSBS, as shown in Figure 9, demonstrates that a series of high 

bottom reflectivity of greater than -10 dB are located along most of the shallow inshore regions 

of the lake ranging from 0 to 20 m deep. This high bottom reflectivity is most likely attributed to 

the sediment influx of coarser and heavier sediments from rivers discharging into the lake and 
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presence of islands. There seems to be a direct relationship between high bottom reflectivity and 

the location of the river mouths of R. Sio, R. Nile , R. Kagera, R. Biharamulo as well as islands. 

Bottoms with intermediate reflectivity values of -10dB and -20 dB predominate most of the 

coastal regions of the lake ranging from 20 to 40 m deep, which is represented in yellow and 

green. This pattern could be associated with sandy sediments. Deeper areas of the lake, which 

are represented in blue, are associated with low acoustic reflectivity values ranging above -20 dB 

and are associated with soft mud and clay sediments. These characteristics could be attributed 

to riverine dynamics and sediment dynamics of the lake whereby softer and lighter sediments 

travel furthest from the point of river discharge. It would, therefore, be important to further 

investigate the hydrodynamics of Lake Victoria and what role it plays in the dynamics of 

sediments and its distribution within the lake. Lake bottom hardness was negatively correlated 

with fish densities (Figure 10). This was especially so for Nile perch and dagaa whose abundance 

was higher in regions where the lake-bed was relatively soft. Further investigations are warranted 

to help explain the observed relationships.  

 

Figure 10: Relationship between fish densities and Bottom surface backscattering strength 

(BSBS) 
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4.0. CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this survey was to estimate the standing sock of major commercial fish species 

(Nile perch, dagaa, haplochromines, and freshwater prawn) in Lake Victoria using acoustic 

methods. The methods of data analysis were the same as in previous surveys, except that 

SIMRAD EK 80 echosounder was used in acoustic measurements instead of EK 60. Generally, the 

results showed an increase in biomass of all fish groups and C. nilotica, lakewide, except for dagaa 

which decreased in Tanzania. The increase in biomass, especially for Nile perch, was more 

apparent in the western side of the lake compared to the eastern side, a trend that has been 

consistent since 2018. The observed stock status may be due to a combination of many factors, 

but mainly, the western side being relatively shallower, experiencing more mixing, coupled with 

the rising water levels, and the level of enforcement possibly being stronger in the western side 

than the eastern side. The decline in biomass of dagaa in the Tanzanian side may be not be a big 

concern given the high turnover rate of the species. We conclude that the current stocks are in 

good shape, and the current level of enforcement should be maintained. We recommend that 

annual hydro-acoustic surveys should be paired with stock assessment, for which there is already 

capacity in the working group, to generate explicit management recommendations. 

Consequently, the need to re-analyze all the data from all the past surveys so as to improve 

reporting on the trends for all the monitored taxa cannot be overemphasized, except that this 

will need logistical support from LVFO. We further recommend addition of two scientists to the 

group, with a bias in Fish Biology and Limnology, respectively, to boost the two sections as 

currently each section is having one scientist each who are overwhelmed. 
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APPENDICES 

Appendix 1. Submission letter to the Director General 
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Appendix 2. Invitation letter and subsequent approval to undertake hydroacoustics 
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Appendix 3. Clearance letters for Research Vessel to operate in Kenyan Waters 
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