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Abstract

Fisheries in Lake Victoria have been threatened by declining fish stocks and
diversity, environmental degradation due to increased input of pollutants,
industrial and municipal waste, overfishing and use of unapproved fishing
methods, infestation by aquatic weeds especially water hyacinth, de-oxygenation
and a reduction in the quantity and quality of water. Remote sensing and GIS
are essential tools in detection of fishing grounds which is important in pro-
viding fish sustainability for human beings and allows fishing grounds detec-
tion at minimal cost and optimizes effort. This research tends to identify the
most favorable both environmentally and ecologically satisfactory factors
which favor fish breeding and growth. The main aim of the study was to
identify habitat variables that promote fish breeding and growth to maturity
including the extraction of environmental variables from Landsat 8 images
for the study period and using suitability index derived from fishery data. The
study concentrated on establishing suitability ratings in different parts of
Lake Victoria using lake surface temperature and chlorophyll-a levels. The
study was conducted for months; January, May and December 2019 on Lake
Victoria (limited by the availability of recent data). The factors were analysed
and the favorable regions mapped satisfying the conditions for fish breeding.
The output obtained illustrated the availability of suitable and habitable zones
within the lake using satellite imagery and the suitability index. The fish catch
data and satellite derived variables were used to determine habitat suitability
indices for fish during January, May and December 2019. More than 90% of
the total catch was found to come from the areas with sea surface temperature
of 23.0°C - 28.3°C and chlorophyll-a concentration between 0.72 - 1.31
mg/m’. The catch data was used to validate the images. This study indicated
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the capability of High Satellite Resolution Imageries (HSI) as a tool to map
the potential fishing grounds of fish species in Lake Victoria. The variables
were affected by climatic change factors like rainfall and temperature of the
lake basin and other human activities around the lake and also the species
ecosystem like competition or predation.

Keywords

Catch Per Unit Effort, Potential Fishing Zones, Geographic Information
Systems, High Resolution Satellite Image, Habitat Suitability Index

1. Introduction
1.1. Background

Lake Victoria supports the largest inland freshwater fishery on earth. The Ke-
nyan portion of the lake covers an area of 4128 km” and produces the bulk (80%)
of the country’s annual fish landings. The lake had high fish species diversity of
over 500 species of fish most of which were endemic but following the introduc-
tion of Nile perch and tilapiine cichlids, coupled with over exploitation and en-
vironmental degradation, many native species have since disappeared from the
lake. The main commercial species caught are Rastreonobola agentea (Ome-
na/dagaa/mukene) 53.32%, Lates niloticus (Nile Perch) 33.4% and Oreochromis
niloticus (Tilapia) 4.31%. Fish stocks have dwindled due to heavy eutrophica-
tion, proliferation of invasive species, over-fishing and use of illegal/undersize
gears.

Ecological processes at various temporal and spatial scales have created a vast
array of distribution patterns (Nyamweya et al., 2016). The configuration of ha-
bitats and the distribution of species along environmental gradients have for a
long time also been affected by human interests and development. For example,
in 1877, applied ecology sought the answer to an unexpected low production of
an oyster bank in response to fisheries management needs. Today, as habitat loss
poses a major threat to ecosystems (Aryaguna, 2019), the need to map species
and habitat distributions for nature conservation has increased dramatically (Vayg-
han et al., 2013). Ecologists’ interests in understanding population distribution
and dynamics, combined with advancements in computer technology, have led
to the development of species distribution modelling. This field of spatial model-
ling relates the occurrence or abundance of species to environmental descriptors
and can help resolve, or raise, ecological and evolutionary questions into the
underlying processes and mechanisms regulating species and habitat distribu-

tions.

1.2. Objectives

The objectives of this study were to:
1) To identify the habitat variables that promote fish breeding.
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2) To extract lake surface temperature and chlorophyll-a from satellite im-

agery.
3) Determine potential fishing grounds using Habitat Suitability Index (SI).

2. Materials and Methods
2.1. Study Area

Lake Victoria traverses the three East African Countries: Kenya, Uganda and
Tanzania. It lies within longitudes 33°52'55" and 35°00'45" East and latitudes
0°22'42" North and 1°00'34" South. It has a surface area of 68,500 km” shared
between Kenya (6%), Uganda (43%) and Tanzania (51%). The Kenyan portion
of the lake covers an area of 4128 km”.

The climate in the lake basin varies from tropical rain forest with rainfall over
the lake for much of the year to a semi dry climate with intermittent droughts

over some areas. Figure 1 shows the study area.

2.2.Data

Landsat images for the months January, May and December, 2019 were acquired
from USGS website were used. Fishery data was acquired from Kenya Marine
and Fisheries Research Institute (KMFRI) where different fishing methods was
represented in the data. The fishery data together with the suitability index was
used to validate the remote sensing images. Table 1 gives an indication of the

data used in this research.

2.3. Methods

For this research, the satellite images were imported, reprojected to change the

LAKE VICTORIA

33000000 35000000 377000000 39000000 41000000
1 1 1 1 1 1 1 1 1

4000000

2000000

T
_4000000 _2000000 OUUOOUU

\C

LEGEND 310 0 310 620 Km
[JCounty_Boundary
[]Lake Victoria

Figure 1. Study area.
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Table 1. Data sets.

Data type Sensor Band Wavelength Rsln Use
Satellite image Landsat 8 Band 2 0.45 - 0.51 30 Chl-a extraction
Band 3 0.53-0.59 30 Chl-a extraction
Band 4 0.64 - 0.67 30 Chl-a extraction
Band 5 0.85-0.88 30 Chl-a extraction
Band 10 10.6 - 11.19 100 L.S.T extraction
Band 11 11.5-12.51 100 L.S.T extraction
Fishery data - - - - PFZ map

projection to UTM. Subset was extracted to obtain area of interest or region of
interest (subset image). Image correction such as radiometric calibration, atmos-
pheric correction for cloud filtering, then lake surface temperature and chloro-
phyll-a were extracted from the image (see Figure 2).

The estimated data was obtained by the Landsat 8 Thermal Infrared Sensor
(TIRS). Landsat 8 provides metadata of the bands such as thermal constant, res-
caling factor value (Figure 3).

First, the digital number (DN) of band 10 and band 11 had to be converted to

radiance by using following Formula (1);
LkszXQcal+Ak (1)

where:

L, isthe top of the atmosphere spectral radiance,

M, is band specific multiplicative rescaling factor,

Q. is digital number,

A, is the band specific additive rescaling factor.

Then, converted them to the brightness temperature by using this Formula
(2);
K2

— 2)
In(Klﬂj
L,

where 7' is at satellite brightness temperature (Kelvin), K, and K, are thermal

T:

conversion constants from metadata.
Calculation of NDVI was important because subsequently the proportion ve-
getation (PV), which is highly related to NDVI and emissivity(e) which is related

to PV must be calculated using Formula (3).

NDVI = Band 5—Band 4 3)
Band 5+ Band 4

Proportion of vegetation was computed to estimate the emissivity. Usually,
the maximum and the minimum values of NDVI image are displayed directly in

the image in ArcGIS, therefore PV is calculated as follows in Formula (4);
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Figure 2. The workflow.
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Figure 3. Land surface estimation.
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Emissivity was computed as follows using Formula (5):
e =0.004*PV +0.986 (5)

in the raster calculator.

The value 0.986 correspond to correction value of the equation and 0.004 is a
constant as illustrated by USGS website.

Finally, the LST equation was applied to obtain the surface temperature map

using Formula (6).

BT
I_ST_1+(7\=!<BT/C2)>!=In(e) (©)

C2 = 14,388 um

The values of A for Landsat bands include.

Chlorophyll-a was extracted as follows, since the Landsat-8 data (Table 2) was
stored in digital number (DN). It had to be radiometrically converted to the

top-of-atmosphere radiance (L) by using following Formula (7);
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Table 2. Bands spectral radiance for Chlorophyll-a.

Satellite Band A (pm)
Landsat 4,5 & 7 6 11.45
Landsat 8 10 10.8
Landsat 8 11 12
LkszXQcal+Ak (7)

where:

L, = TOA spectral radiance

M, = Band specific multiplicative rescaling factor

Q.a = Digital Number

A, = Band specific additive rescaling factor

After obtaining the radiance value, the next step was atmospheric correction
that will automatically convert the top-of-atmosphere radiance value (L) to
bottom of atmosphere reflectance using FLAASH in ENVI 5.3. FLAASH incor-
porates the MODTRAN radiation transfer code. It enables corrections for the
adjacency effect or pixel mixing due to scattering of surface-reflected radiance.

The chlorophyll-a was extracted using band 2 and band 4 in Landsat image as
follows (Formula (8));

Chl_a =Band 4/Band 2 (8)

The above processes were repeated for all the images (January, May and De-
cember 2019).

Fish catch frequency were analyzed to determine the preferred range of the
fish by relating the availability of fish catch data with the satellite images (Wan-
chana & Sayan, 2018). Fishing effort is often considered to be an index of fish
availability or fishing occurrence. This is to derive suitability index. Habitat sui-
tability index (HSI) models are widely used as a tool in fisheries management,
ecological impact assessments and ecological restoration studies (Tidd et al.,
2018). The HSI models usually describe relations between fish abundance and
ecological variables and estimate the level of habitat suitability. ST objectively
assess the range of environmental condition that fully, marginally or do not meet
the requirements of a species. Output produced from HSI modeling can predict
the spatio-temporal variation of fish habitat conditions and can be used in com-
bination with GIS to provide maps and information upon which managers can
make informed decisions in fisheries management (Mustapha et al., 2010).

Suitability Index Formula (9);

Yfit B mianit

Sl=————— )
maxYg, —minYy,

where Y, is the predicted value of frequency (CPUE); minY,, and maxY

fit fit

are, respectively, the minimum and maximum frequency (CPUE). The suitabili-

ty index determined the level of scores of the preferred ranges for fish. The satel-
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lite images were reclassified using these relevant scores to derive map of poten-

tial fishing area.

3. Results and Discussion

3.1. Lake Surface Temperature

The lake surface temperature was obtained for the months January, May and De-
cember. The red regions represented high temperature areas and green represents
low temperature areas. For January the high temperature was observed along the
lake shores of Kisumu, and parts of Siaya and Busia counties. Optimum temper-
ature for fish breeding were along Homa bay county and some along Siaya coun-
ties (Figure 4). Trisakti et al. (2004) analysed sea surface temperature using Land-
sate 7 ETM to understand potential fishin zones. Syariz et al. (2015) also did the
same process for ecological studies.

In May high temperature was along Kisumu and Homabay while other coun-
ties the temperature were varying and cooler were in the interior of the lake
(Figure 5).

December recorded higher temperatures along Kisumu and Busia counties and
lower along other counties and parts of Mbita where the temperature was opti-
mum (Figure 6).

3.2. Chlorophyll-a

High chlorophyll-a concentration areas i.e., along shores of Kisumu, Homa bay
along Rangwe, Mbita, Karachuonyo and some parts along Siaya county. This is
an indication of thriving phytoplankton which fish feed on. The dark blue re-
gions are those which show high chlorophyll-a concentration while the reddish
regions show low concentration. The optimum chlorophyll-a concentration was
observed in the Homa bay and Siaya county beaches. This was constantly ob-
served throughout the three months; January, May and December 2019 (Figure
7(a)-(c)). Such reports have been dervived by Apriliani et al. (2018) in their stu-
dies. Similar studies were done by Lailia et al. (2015).

3.3. Potential Fishing Zones

3.3.1. From the Overlay of the Chl-a Ans LST Maps

The potential fishing zone (PFZ) map shows the areas which have the most
conducive variables concentration and supports fish breeding and spawning.
The blue regions are the most habitable regions which satisfy both temperature
concentration and chlorophyll-a concentration. Highly habitable regions were
observed around Mbita and other regions in Homa bay, Siaya, along the shores
of Kisumu, Busia and Migori. The seasonal variation was influenced by the pre-
cipitation as well as temperature variation at different times of the year (see Fig-
ure 8(a)-(c)). Such results have been developed by other authors (Dan Teknik et
al., 2015; Mustapha et al., 2010; Syariz et al., 2015; Nurdin et al., 2012) which
showed similar approached to mapping potential fishing zones using remote sens-
ing data.
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Figure 4. LST for January 2019.
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Figure 5. LST for May 2019.
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Figure 6. LST for December 2019.
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CHLOROPHYL-A MAP DEC 2019
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Figure 7. (a) Chl-a concentration for January, (b) May and (c) December 2019 respec-
tively.

3.3.2. Analysis of Suitability Index

The actual fish catch was plotted on the map to indicate the actual fish catch
value in the potential fishing zones. High potential fishing zones were obtained
along the shores also the Homa bay county regions, parts of Siaya, Kisumu and
Migori counties. Suitability Index analysis of preferred ranges for lake surface
temperature and chlorophyll-a were as shown in Figure 9 below.

The suitability index was higher at optimum temperature an indication the
most catch was obtained at optimum temperature regions i.e., from 24°C to 27°C.
High suitability index satisfies the optimum temperature which favors thriving
of fish habitat variables thus abundance of fish (Figure 10).

The suitability index was higher at the optimum chlorophyll concentration
(0.8 to 1.1 mg/m’) which favors the growth of phytoplankton which fish feed on.

3.4. Seasonal Distribution of the Habitat

From this study the distributions of the essential fish habitats were observed
along beaches of Homa bay, Mbita region, this is due to abundance of chloro-
phyll-a in these regions as observed above. From Figure 11 below the distribu-
tion is represented in terms of the suitability index obtained from the CPUE.

The low habitable regions are regions which registered catch of less than 10
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Figure 8. (a) Potential fishing zone map for Jan 2019, (b) May 2019 and (c) December 2019.
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metric tonnes, and were observed around Kisumu County. Highly habitable re-
gions were observed along the Mbita in Homa bay county and some in Siaya
county, they registered catch greater than 30 metric tonnes. Other regions rec-

orded between 10 and 30 metric tonnes as observed from the fishery data.

4. Conclusion

In this study, the data used were caught data and satellite derived environmental
variables to determine habitat suitability indices for fish. We found that more
than 90% of the total catch came from the areas with sea surface temperature
23.0°C - 28.3°C and chlorophyll-a concentration 0.72 - 1.31 mg/m’. This study
demonstrated that potential fishing zones of fish can be mapped using suitability
index model, with fish catch data and satellite imagery components. The satellite
data is advantageous since they categorize the aquatic properties of habitat and
ecosystems that influence living aquatic resources at spatial and temporal resolu-
tions. Based on the datasets available, there is a variation in the level of nutrients,
chlorophyll-a and lake surface temperature in Lake Victoria. The lake can be
classified as a shallow nutrients-rich productive area between shore and offshore
and are important in sustaining the fishery ecosystem in the lake.

The study can therefore be concluded that the most essential fish habitat re-
gions in the Lake Victoria were along Homa bay and Siaya regions as observed

from Figure 8 and Figure 11. Fish habitat is dynamic and changes due to
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Figure 11. Potential fishing zone map using suitability index.
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environmental, climatic factors and also human activities affecting the lake and
its surrounding. The PFZ maps varied for the months indicating that the habitat
is not constant since the factors vary with precipitation for instance affects the
chlorophyll concentration for phytoplanktons thriving. Therefore, Habitat Sui-

tability Index is an essential tool for mapping essential fish habitats.
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