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EXECUTIVE SUMMARY
The present study shows the significance of gillnets operation and attempts to show how gillnets
can be used as random sampling tools. The need to understand the future of fish population
dynamics in a lake requires the utilization of gillnet catch data for quantitative analysis. The
selectivity and efficiency of the net must be known to allow the correction of the catch to give an
unbiased estimate of the population. The objective of the study was to assess the impact of gillnet
fishing on the stocks and predation on population structure of key commercial fish species in Lake
Turkana to inform fisheries management, and share findings with stakeholders. Fish samples were
collected using both monofilament and multifilament gill nets, and comparisons made with the
fishers catches using similar multifilament gill nets. The gill nets were set at Kerio River and
Turkwel River Mouths Delta, Napasinyang River Mouth and Omo River Mouth Delta on different
dates from September 2020 to December 2020 in Lake Turkana. The gill nets were set from a fibre
glass boat measuring 30 m long mounted with a 75 HP outboard engine. A set of monofilament
and multifilament gill nets consisted of ten different meshes with geometric increment in their
mesh sizes (25, 38, …., 203 mm). In this study gillnet used ranged from mesh sizes of 25 mm (1
inch), 38 mm (1.5 inches), 51 mm (2 inches), 63 mm (2.5 inches), 76 mm (3 inches), 88 mm (3.5
inches), 102 mm (4 inches), 114 mm (4.5 inches), 127 mm (5 inches), 140 mm (5.5 inches), 152
mm (6 inches), 178 mm (7 inches) to 203 mm (8 inches). The stomach contents of 1200 pieces of
fish were dissected and the contents sorted out and identified to the genus level. Fish were divided
into herbivores, carnivores and omnivores depending on the feeding ecology. The population sizes
of key commercial fish species were estimated using the catch curves and gear selectivity data
obtained from experimental fishing by monofilament and multifilament gill nets. The mean size
of fish for each mesh size were 22 cm TL in the 25 mm mesh, 25 cm TL in the 38 mm mesh, 31
cm TL in the 51 mm, 38 cm TL in 63 mm mesh, and 42 cm TL in the 76 mm mesh, and 200 cm
iv

in 203 mm mesh sizes. The mean length for Lates niloticus caught in 88 mm mesh, 101 mm mesh,
114 mm mesh, 127 mm mesh and 203 mesh size were 29, 30, 32 and 33 cm and 200 cm TL
respectively. Gillnet selectivity index influenced the population structure of the key commercial
species including Alestes baremose, Bagrus bayad, Bagrus docmak, Barbus bynii, Citharinus
citharus, Clarias gariepinus, Distichodus niloticus, Hydrocinus forskalii, Labeo horie, Lates
niloticus, Oreochromis niloticus, Schilbe uranoscopus, and Gymnarchus niloticus in Lake
Turkana, Kenya. The four predators that occupy the top of the food chain in the lake include: Lates
niloticus, Bagrus docmak, Bagrus bayad, and Hydrocynus forskalii. This study recommends the
optimal mesh sizes of more than 127 mm for Oreochromis niloticus, Labeo horie and Lates
niloticus sustainability and fish stocks replenishment, targeting exploitation of older mature fish.
The significance and use of gillnet selectivity knowledge allow better management of a
commercial fish stock through the choice of mesh size to suit the available population of fish.
Gillnet selectivity also allows an independent estimate of the population structure of fish from the
commercial catch data, something not feasible with uncorrected gillnet catch data.
Key words: Catch curves – Gillnet selectivity percentage – Fish population structure – Predation
– Monofilament – Multifilament – Lake Turkana
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1 INTRODUCTION
1.1 Background
Fishing with gillnets is one of the oldest, simplest and easiest forms of passive fish harvesting
(Clay, 1981). In order to utilize gillnet catch data for quantitative population dynamics, the
selectivity and efficiency of the net must be known to allow the correction of the catch to give an
unbiased estimate of the population. Baranov (1914) provided the first detailed description of gill
net fishing and selectivity undertaken prior to 1920. Since then, several scientists have utilized
mathematical techniques to describe the selectivity of gillnets (McCombie, 1961; Holt, 1963;
Regier and Robson, 1966; Hamley and Regier, 1973). Regier and Robson (1966) provided a
detailed review of the mathematical models used to calculate gillnet selectivity, and this aspect
will not be repeated here. Gillnet survey to assess the selectivity of gill nets on fish catches in
Lake Turkana to inform fisheries management, and share findings with stakeholders could help in
understanding the future dynamics of fish population in this desert lake. The lake is least
researched on of all Great lakes of Africa. For instance, existing information is from previous
explorations carried out more than two decades ago, first by the expedition on East African lakes
(Worthington and Ricardo, 1936); then by Overseas Development Administration of Britain in
1972-1975 (Hopson and Hopson, 1982) and then by NORAD of Norway in 1982-1985 (LoweMcConnell, 1987; Kolding, 1989), then studies on Cichlids of Lake Turkana (Seegers 1998,
Seegers and Tichy 1999, Seegers et al., 2003) and Kenya Marine and Fisheries Research since
2008. Thus, important information required for formulation of appropriate policies for the
management of the fisheries in the lake is lacking and needs updating. This is raising lots of
concern for fisheries managers and ecologist alike as the inhabitants of the lake region who for a
long time were well known for their nomadic/pastoralist lifestyle are slowly turning their attention
to fisheries as an economic activity. Kenya as a country is in dire need of a second reliable source
of freshwater fisheries resources as dwindling of fish stocks in Lake Victoria can no longer sustain
both local and international demands. The number of described fish species of Lake Turkana stands
at 48 (Hopson, 1982). However recent updates report a total of 60 species (FISHBASE, 2000).
The most common fishes in the commercial fishery are Labeo horie, Barbus bynni, Lates niloticus,
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Oreochromis niloticus, Alestes baremose, Hydrocynus forskalii, Bagrus bajad, B. docmak,
Citharinus citharus, Distichodus niloticus, Clarias gariepinus and Synodontis schall (Butzer,
1971; Graham and Beard, 1973; Hopson, 1982.). Most landing beaches are on the west where the
Turkana community, are the local inhabitants, form majority of the fisherfolk. Fishing activities
continue all over the lake albeit restrictions on the eastern side in the Sibiloi national park. Most
fish are landed dry at Kalokol township serviced by tarmac road to outside markets. The most
commonly used gears are gill nets of mesh sizes 3.5’’- 7’’ (mode at 31/2” – 4’’), long line hooks
mostly (number 5) and beach seines. There is little scientific information on the environment and
fisheries of the lake. It is therefore not possible to state whether the commercial fishery can sustain
a higher level of exploitation and ensure food security amongst communities considered
marginalised. Several investments in the lake fisheries resources, including fishers’ cooperative
initiatives failed on what is attributable to decisions arrived at with little scientific basis. It is
therefore important to conduct research in this poorly studied lake to obtain information on the
limnology and fisheries to be used the conservation and rational utilization of its aquatic resources.
Studies on reproduction are very important to the management of fisheries. For example studies
involving size at first maturity are necessary for decisions of setting the minimum mesh size to be
used in the fishery. Occurrence of maturity stages can be used to elucidate the peak breeding
seasons as well as the spawning grounds, which may require protection to restore various fish
stocks and changes in mean sizes of landed fish, which are very crucial indicators of the status of
fishing. The lake is experiencing drastic reduction in the water level from both anthropogenic
activities and climate change (Yuretich, 1976). Further, the knowledge on fish systematics and
taxonomy are prerequisites to any future studies in the lake. The information obtained will enhance
our understanding on fish habitat utilization, niche and food resource partitioning and enable us to
compare current and past findings on the fisheries resource. The present study reviews previous
theory of gillnets operation and attempts to show how gillnets can be used as random sampling
tools. The objective of the study was to assess the Impact of Gillnet Fishing on the Stocks and
Predation on Population Structure of Key Commercial Fish Species in Lake Turkana.
1.2 Objectives
To Assess the Impact of Gillnet Fishing on the Stocks and Predation on Population Structure of
Key Commercial Fish Species in Lake Turkana
2

2 MATERIALS AND METHODS
2.1 Study Area
The study was carried out from September to November, 2020 (wet season). The samples were
taken at Kerio River Mouth, Turkwel River Mouth, Napasinyang River Mouth and Omo River
Mouth on an East-West transects. Lake Turkana is a large water reservoir in the eastern arm of the
Great Rift Valley, about 30 km wide and extending 265 km in a north-south direction. The lake
extends from latitude 2°27'N to 4°40'N at an altitude of 365 meters above sea level, in the arid
Northwest part of Kenya. It has a mean and maximum depth of 31m and 115 m, respectively, and
occupies an area of about 7,560 km. This area is almost twice that of Kenya's part of Lake Victoria
(6% of the lake or 4,300 km) (Hopkins 1982 and Kolding 1989). About 90% of the lake's inflow
is from Omo River, which is entirely in Ethiopia and enters the lake at its northern end, creating a
swampy delta. Lake Turkana (formerly Lake Rudolf) is a closed basin lake stretching from 35050’
to 36040’East and 2027’ to 4040’North, in Northwestern Kenya (Figure 1). It covers an area of
7,560 km2 and is the largest water body wholly in Kenya. The regional climate in its basin is
highly variable; thus the lake experiences highest water level fluctuations of all Kenyan lakes. The
major river draining into Lake Turkana is the Omo that has its source in the Ethiopian highlands.
It enters the lake from the north and contributes > 90% of the total water influx. Other inflowing
rivers are the Turkwel and Kerio both of which are temporary, flooding only during sporadic rains.
Napasinyang is a seasonal river in flowing into the lake at the northern end of Kalokol fishing
beach. In situ measurements showed that these environmental factors were thus: temperature (29.4
°C), conductivity (3845 μScm-1), turbidity (80 NTU), dissolved oxygen (2.0-6.26 mgL-1), Salinity
(1.85 %o), Total Dissolved Solids (2307 mgL-1), Oxidation-Reduction-Potential (ORP) (-0.6-35)
and pH (9.98-10.07) using portable meter Model No. Professional Plus series YSI -171 102253
Secchi depth measured using a standard black and white disc of diameter 20 cm, with quadrants
shaded alternately ranged from 14 cm to180 cm. Water, for laboratory analyses, was collected with
a 2-litre Van Dorn water sampler. Portions of the water samples (50 mLs) were analyzed for total
alkalinity and total hardness by titration with 0.02N HCl to final pH of 4.5 i.e. faintest pink colour
using methyl orange indicator and with 0.02N EDTA respectively. Dissolved oxygen
concentration was determined using portable meters and ranged from 2.1—6.26 mgL-1.
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Geographic Position System (GPS) was recorded using a GPS model EAGLE-CUDA 350.
Sampled areas ranged in depth from 2 m - 29 m.

Figure 1: Distribution and abundance of the commercially important fish species in Lake Turkana
2.2 Data collection
Data were pooled together for analysis for Omo River Mouth and Turkwel –Kerio Rivers Mouths
where in most cases samples for each sex were inadequate. Data for all stations were merged to
get realistic estimates of size at 50% maturity (Lm50) and L-W relationships. Representatives of
all species caught were photographed live using a digital camera, anesthetized and preserved in
10% formalin for detailed taxonomic analysis in the laboratory.
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2.2.1 Fish species diversity, distribution and abundance
Representative fish specimens preserved in the field were later transferred to a series of ethanol
from 30 % to 70% ready for detailed taxonomic analysis on species. Morphometrics measurements
of certain reference points on the fish body were made point to point using a pair of callipers to
the nearest 0.1 mm. The method allows exclusion of the influence of size thus allowing a size free
comparison of specimens. In order to compare the diversity of fish species at different stations,
Simpson’s diversity index (D) and equitability were calculated. The index was calculated using
the following formula;
D=1/ΣP2,
where P is the proportion of the total population that species i contributes or the relative abundance
of each species at each of the stations, while equitability (E) was derived as follows:
E=D/S,
where D is the Simpson’s diversity index and S is the total number of species in the respective
station.
2.2.2 Fish biomass estimates
In the monofilament gillnets, each mesh size had an area of 5 m2 and the effective surface area of
net in fishing 10 m2 (= A). The percentage of fish caught in the path of the net is taken to be
composite mean selection factor that differs by species and was assumed to be the same in Lake
Turkana at 0.6 (= x). If the number of fish caught is NA, after accounting for selectivity, the
density of fish in the lake was calculated at = NA/(A.x). Instead of the net being active, it is actually
the fish that are active and would be obeying the laws of Brownian motion (free swimming).
2.2.3 Gillnet selectivity estimation
Fish samples were collected using monofilaments sets of gill nets. The gill nets were set from one
fibreglass boat of 30 m long mounted with 75 Hp outboard engine. The nets were set at each station
at a time. One set of monofilament gill net consisted of ten different meshes with geometric
increment in their mesh sizes (25, 38, …., 255 mm). Each mesh size had the same surface area,
while the other one set of multifilament gill nets consisted of 13 mesh sizes of 25 mm (1 inch), 38
mm (1.5 inches), 51 mm (2 inches), 63 mm (2.5 inches), 76 mm (3 inches), 88 mm (3.5 inches),
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102 mm (4 inches), 114 mm (4.5 inches), 127 mm (5 inches), 140 mm (5.5 inches), 152 mm (6
inches), 178 mm (7 inches) and 203 mm (8 inches). The multifilament gillnets were arranged in
increasing arithmetic order from the smallest to the largest mesh sizes. The nature of the
substratum, depth and GPS positions were recorded for each sampled station. There are two main
experimental methods used for selectivity analyses: the direct method and the indirect method. If
the length distribution of the fished population is ‘‘known’’ then selectivity can be estimated
directly. Good knowledge about the population length distribution is rare and in practice one might
consider an experiment that used only the recaptures of a tagged sub-population of fish. The
indirect methods involve estimation from catches taken by nets of slightly different mesh size.
The indirect method proposed by Holt (1963) was used in this study to estimate the selectivity
parameters of gillnets for Alestes baremose, Bagrus bayad, Barbus bynii, Citharinus citharus,
Clarias gariepinus, Dischodus niloticus, Hydrocynus forskalii, Labeo horie, Lates niloticus,
Oreochromis niloticus and Synodontis schall. This method allows the estimation of the selectivity
parameters by comparing the catches in terms of quantity of two slightly different meshes, m1 and
m2, for the same length. Holt (1963) demonstrated that the natural logarithms of the number caught
by two slightly different mesh sizes, m1 and m2, are linearly related to fish lengths:
Ln(C2/C1) = a+bL Where, C1 is the catch of mesh size m1, C2 is the catch of mesh size m2, L
is the length class, a and b are the intercept and slope of the linear regression, respectively. The
optimal lengths (Lm1 and Lm2) for mesh sizes m1 and m2, the selection factor (SF) and the
standard deviation (SD) were then estimated from the following equations:
Lm1 = -2[am1/b(m1+m2)] Lm2 = -2[am2/b(m1+m2)] SF = -2a/b(m1+m2) SD = {-2a(m2m1)/b(m1+m2)}1/2
The common selectivity factor was calculated with the following formula because the number of
meshes used was more than two:
SF = -2Σ[(ai/bi)(mi+mi+1)]/Σ[(mi+mi+1)2] for i=1 to n-1
The common standard deviation (SD) was calculated as the mean value of the individual estimates
for each consecutive pair of meshes:
SD = {1/(n-1)Σ[2ai(mi+1-mi)]/[bi2(mi+mi+1)]}1/2
6

The optimal length (Lm) (corresponding to a retention probability of 100%) for each mesh of size
m was obtained as: Lm SF x m The probability of capture (P) for a given length in a gill net
having a mesh size m was determined from the following equation (Holt, 1963; Pauly, 1984): P
= Exp[-(L-Lm)/(2SD2)]
2.2.4 Size of first sexual maturity
The size at first maturity can be defined as the length at which 50% of all individuals within a
population are sexually mature (L50) where the mature individuals are characterized by the
presence of spermatophores or ova in gonads (Ozyurt et al., 2011). Sex and maturity stages of the
fish were determined. Maturity was recorded on the basis of visual inspection of the gonads (males
and females) on a scale from 1 to 5 and individuals with stage 3, 4 and 5 in the gonad development
stage were considered to be mature (Faye et al., 2014a). A logistic function linking the percentage
of mature fish and the mean length (Ghorbel et al., 1996) was used to estimate the L50: % M =
100/1+e –σ(LF-L50) Where, %M is the percentage of mature fish, LF is the fish fork length, and
σ and L50 are estimated parameters.
2.2.5 Sex ratio
The sex ratio was calculated for each mesh size considered in the study period. It is defined as the
percentage of male or female individuals in relation to the total population of fish sampled. The
sex ratio was calculated according to the following formula (Kartas and Quignard, 1984): SR = F
x 100 x 1/ (M+ F) Where, SR is the sex ratio, F are the females and M the males.
2.2.6 Food and feeding ecology of key commercial fish species
The food and feeding ecology of key commercial fish species in Lake Turkana were analysed
using qualitative and quantitative methods by identifying the food contents in the stomach of
various fish species as described by Hynes (1954). Stomach content analysis in the laboratory
entailed dissecting and emptying the whole gut contents into different marked Petri dishes. They
were then examined using binocular microscope at x40 magnification. Samples requiring detailed
examination were examined at a higher x400 magnification using a Zeiss compound microscope.
The stomach fullness was classified according to Hynes (1954). Food items were assigned a
number of points proportional to the estimated contribution to the total volume as in Hyslops
(1980). Full stomachs were awarded 20 points, ¾ full 15, ½ full 10, ¼ full 5 and empty 0 points.
The number of stomachs in which each prey item occurred were recorded and expressed as a
7

percentage of the total number of stomachs examined (% occurrence). Various taxonomic keys,
and reference materials (i.e. Lowndes, 1936; Worthington and Ricardo, 1936b) including an
updated checklist of zooplankton of Lake Turkana (Malala, 2000) were used to identify prey items
and the results tabulated. To reduce bias associated with using only one method, gravimetric and
numerical methods were also applied. Stomachs from Nile perch and other fish species were
collected in both monthly for wet and dry seasonal samples.
2.3 Data collection and analyses
Data were pooled together for analysis for Omo River Mouth and Turkwel –Kerio Rivers Mouths
where in most cases samples for each sex were inadequate. Data for all stations were merged to
get realistic estimates of size at 50% maturity (Lm50) and L-W relationships. Representatives of
all species caught were photographed live using a digital camera, anesthetized and preserved in
10% formalin for detailed taxonomic analysis in the laboratory.
Single factor Analysis of Variance (ANOVA) was used to test differences between stations. The
data collected included catch by weight, composition by species and size, fishing gear types and
fishing methods, craft type and length, value of catch and fishing frequency. The catch in weight
was measured using weighing scales while tapes and measuring boards were used in measuring
craft lengths. The data obtained particularly for the unresolved species were later subjected to
principal component analysis (PCA) included in the statistical program PAST (version 1.36).
Statistical analysis and graphs were performed with Microsoft Office Excel and R softwares. To
compare the mean fork length and the sex ratio of the sampled fish One-Way Anova and Chisquare tests were used. Statistical significance was determined at P<0.05. Stomach contents of fish
were analysed both seasonally and monthly as described by Hynes (1954) and Hyslop (1984).

3 RESULTS AND DISCUSSION
3.1 Selectivity of gillnets
Studies on gillnet selectivity involve consideration of three curves. The easiest to measure is the
catch curve which is the frequency distribution of fish retained by the gillnet. The other two curves
(selection and population) are initially unknown, but, once the selection curve has been estimated,
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the population curve can be calculated. The selectivity, or the 'relative fishing efficiency' (Baranov,
1948), is the unknown which one attempts to estimate. The term 'population' is used throughout
this study to denote the population structure by size groups over the range of fish sizes available
to the gillnet (Clay 1981). The asymptotic length of the fish, L∞, is an essential parameter in
growth modeling. It represents the average largest fish. The relative abundance of fish in Western
inshores, Island offshores and Eastern inshores and River mouths are shown in Table 1 and Figure
2.
The scope of our data is limiting and the optimal mesh sizes for the fishery would be mesh sizes
of more than 76 mm and 51 mm for A. baremose and Labeo species respectively. On the other
hand, the number of specimens for Nile perch indicates that gill net selectivity inferences of 127
mm mesh size would be adequate to address the sustainability of fishing in the lake. In this regard,
the current mesh sizes in use need to be adjusted upward to help retain sustainability in the fishery.
Fish were distributed significantly (p<0.05) along the multifilament gillnets (Figure 3i, ii, iii, iv,
v).

Table 1. Fish abundance and size range caught in Lake Turkana from July 2020 to March 2021

Species

No.

Size Range

Mean size (cm)

(cm)

of fish

TL
Lates niloticus

200

17.5 – 86.5

55.7 ± 3.0

Lates longispinis

30

16.5-67.5

44.5± 4.0

Alestes baremose

13

26.4 – 61.0

45.1 ± 16.4

Bagrus bajad

12

30.8 – 71.0

49.2 ± 15.0

Hydrocynus forskalii

163

15.8 – 37.9

25.4 ± 4.4

9

Citharinus citharus

208

22.5 – 48.0

31.5 ± 4.3

Distichodus niloticus

8

44.0 – 75.5

60.8 – 9.3

Brycinus sp.

8

8.5-12.4

8.4± 21.0

Labeo horie

22

22.0 – 58.0

29.7 ± 9.8

Barbus bynni

19

13.0 – 25.0

17.2 ± 3.2

Synodontis schall

60

16.5 – 26.8

22.6 ± 2.0

Schilbe uranoscopus

16

18.5 – 26.5

20.9 ± 2.6

Clarias gariepinus

12

16-54.5

26.7± 3.0

Oreochromis niloticus

33

15.4 – 27.5

21.8 ± 3.1

Tilapia zillii

8

19.0 – 24.9

20.6 ± 2.2

Rel. abundance in
numbers
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Figure 2. Distribution of relative fish abundance in the Western inshores, Island offshores and
Eastern inshores and River mouths of Lake Turkana
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Figure 3 i: Distribution of Citharinus citharus in multi (4")
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Figure 3 ii: Distribution of Citharinus
citharus in multi (4.5")
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Figure 3 iii: Distribution of Citharinus citharus in multi (4.5")
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Figure 3 iv: Distribution of Citharinus
citharus in multi (5")
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Figure 3 v: Distribution of Oreochromis
niloticus in multi (3.5")
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Figure 3 i-vi. Distribution of fish in multifilament gillnets in Lake Turkana from July 2020
to March 2021
3.2 Food and feeding ecology of key commercial fish species
The smallest A. baremose had a total length of 16.7 cm while the largest length (Lmax) was 28.5
cm. The mean length of all A. baremose was 23.7cm ± 3.0 cm. Only thirteen had reached sexual
maturity. Ten specimen each of L. horie and B. bynni had also reached sexual maturity. Most S.
schall were mature but the rest of the other fish species were immature.
In the southern sector including Kerio River Mouth and Turkwel River Mouth, the mean size of
H. forskalii caught was 25.3 ± 3.8 cm TL while that of S. schall was 29.2 ± 2.0cm. Prey items
found in the stomach of S. schall were very diverse. At North Island and Nachukui, the contents
were dominated by gastropods, then followed by plant remains, periphytons, rock particles and
insects; mostly corixids and water mites.

Zooplankton, characterised by Moina micrura

(Cladocera) and Ostracods were present. At Todonyang, ingested plant roots and periphyton
dominated. Caridina spp was found in fish stomachs of fish from the River Omo delta. Insects,
crustaceans and vegetable matter contributed about 90% of all food encountered in stomachs of S.
schall. In vegetated sites of Sibiloi and Koobi Fora, the guts were dominated by various insects
and larvae, algae and mud.
The stomach contents of A. baremose were dominated by adults and larvae of chaoborid insect
(90%). At Todonyang’, zooplankton identified, were adult copepods Mesocyclops ogunnus,
copepodites and nauplii, while Cladocera were Moina micrura and Diaphanosoma excisum. The
corixids were the dominant prey in fish guts with 96% occurrence. At Ferguson’s Gulf or
Namkuse Longech area, insect remains and gastropods had the highest frequency of occurrence.
At Eliye Springs, Caridina spp was the dominant diet of A. baremose. However, Ceriodaphnia
cornuta, corixids and Microcystis spp. algae colonies were also present.
In the northern sector, Schilbe uranoscopus was predominantly a piscivore, with many stomachs
being 97% full of juvenile fish. Many prey items were partially digested and could not be
identified. In the southernmost stations, at Loiyangalani, Central Island, El Molo Bay and Eliye
Springs, Caradina nilotica was the most dominant prey item in the diet of inshore fish. The
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dominant prey species were juvenile Alestes spp, R. stellae and L. horie. Size relation of Schilbe
and prey were also examined. An instance of individual fish of 15.2 cm TL and 40.0 g body weight
had predated on locust of body weight 1.110 g. Another fish of body size 10.5 cm TL and weight
of 38.2 g had a full stomach full of eleven juvenile fish prey of 4.2 ± 0.3 TL mean size.
Few Barbus bynni were caught. Their food was mainly insects (70%) and vegetable matter (30%).
Corixidae, gastropods were also found from Nachukui samples. The gut contents of Labeo horie
were dominated by detritus mixed with mud (80% occurrence) and Ostracods. Algal remains and
periphyton plus blue green algae were also present. Fish, insect larvae and crustaceans were the
main diet of H. forskalii. Fish had the highest frequency of occurrence (90%). Juvenile Alestes
spp., L. horie and R. stellae were dominant.
Laboratory analyzed Lates niloticus were mostly juveniles. Their food was composed of fish
(75%), insects and crustaceans (24%). The dominant identifiable fish prey items in its diet in a
decreasing order were H. forskalii (vittatus), juvenile A. baremose and O. niloticus and Brycinus
sp. Vegetation matter was also recorded but this accounted for less than 1%.

Table 2. Predation of fish stocks and their prey in Lake Turkana from July 2020 t0 March
2021

Fish species

Prey item

Lates niloticus,

Brycinus sp, crustacea, Tilapia zillii,
Caridina

nilotica,

GASTROPODA,

Ostracods
Lates longispinis

Tilapia zillii, Brycinus sp.

Hydrocynus forskalii

Brycinus sp, CRUSTACEA

Alestes baremose

Brycinus sp

Bagrus bayad

Brycinus sp

Bagrus dokmac

Brycinus sp

Clarius gariepinus

Labeo horie
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Labeo horie

Tilapia zillii

Distichodus niloticus

Odonata

Barbus bynni

Insecta

Citharinus citharus

Odonata

Hydrocynus spp.

Brycinus

Labeo horie

Copepoda, Copepodites

Oreochromis niloticus

Cyanophytes (Anabaena, Chroococcus
and

Romeria,

Microcystis

spp.,

Microcystis aeruginosa); The green
algae (Tetraedron, Scenedesmus and
Coelastrum);

Dinoflagellates

(Ceratinium);

Diatoms

(Aulacosira,

Cyclotella and pinnate diatoms like
Nitzschia).
Schilbe uranoscopus

Mesocyclops ogunnus

Synodontis schall

Tropodiaptomus turkanae, Detritus

Tilapia zillii

Vegetable matter

Alestes spp.

Diaphanosoma excisum

Hydrocynus forskalii

Moina micrura

Tilapia

Encrusting algae (Periphyton), Plant
roots, Leaves, Cyclotella,
Rock material

Labeo horie

Insecta, Water mite

Alestes spp.

Corixidae,

Hydrocynus forskalii

Caridina,

Chironomids,

Unidentified remains
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Beatidae,

Of the stomach contents examined during the research, 44% contained food, 34% were empty
and 22% were inverted, during wet season and 34% contained food, 54% empty and 12% were
inverted during dry season. The Nile perch diet was mainly composed of fish (97% by weight)
with a predominance of sardines (Brycinus, 31%) and Labeo horie (10%), crustaceans (2% by
weight) and other invertebrates (1%). Key factors influencing the degree of stomach fullness
were related to the size of the fish and the seasons. The youngest Nile perch were found to feed
mainly on small crustaceans such as Caridina niloticus and others such as Copepods, and as it
grows, the importance of fish in the diet increases.
3.3 Impact of predation fish stocks population structure of key commercial species
Landings of Brycinus sp, Labeo horie and Orechromis niloticus in the Lake Turkana showed a
decrease in the past 25 years, especially in the early 2020. Nile perch landings more than doubled
in the nineties and 2000s and showed a high variability in the second half of the period observed.
The evaluation of effort data proved to be difficult. The number of boats involved in Lates niloticus
has decreased considerably in past decades in Lake Turkana. At the same time the average boat
has become larger and was equipped with a more powerful engine. There had been the entry of a
larger number of motorised (260-300 hp) boats to the Alestes baremoze fleet in the early 2000s.
Only limited data on kW days at the lake was available for Lake Turkana but the last decade
showed a slight increase.
Lake Turkana effort data had been collected by different institutions at different times and the
overlap of the different time series is small. In all, a doubling in kW days at lake could be seen for
the last 25 years, while the diesel consumption per day at sea had increased even steeper. The
commercial catch samples (CCS) of both River Mouths and other landing beaches have been
digitised. The analysis of both series showed a decrease in the proportion of large Nile perch in
the catches. In the Lake Turkana series this decrease was more pronounced as it covers a longer
period. The percentages of large Brycinus, Labeo horie and Orechromis niloticus in the lake
samples from the end of the CCS series were about as low as the values at the end of the river
mouths catch series.
The size distribution in the pelagic fish survey did not show any trends and the data was few. The
CCS of Lake Turkana showed a marked decrease in the proportion of egg-bearing Nile Tilapia of
commercial size (>55 mm long) over the 35 years of observation. This decrease was found in all
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length classes contributing to the egg production. Consequently, the reproductive output of Nile
perch in the Lake Turkana waters must have dropped considerably. The reason for this is not
understood and it is unclear whether the decrease persisted after the end of the sampling in
2005.The Alestes baremoze CCS data did not exhibit the same pattern of a decreasing proportion
of ovigerous Nile Tilapia. Instead, the percentage of egg bearing Labeo horie has always been
much higher than in the river mouths samples.
An analysis by size-class revealed a surprisingly high contribution of small length classes (50 mm
length, up to twice the average commercial catch). It must be kept in mind, however, that this time
series was based on a constant proportion of Brycinus, Labeo horie and Orechromis niloticus in
the predator stomachs and thus rather reflects changes in predator abundance. In this context it is
noteworthy that the lowest values in the more offshore regions are observed in those years when
the Nile perch abundance in the more inshore region is highest. Examples are the years 2020 and
2021.This indicates that in certain years the distribution of young Nile perch is shifted more
towards the coast where they appear in high densities then. Only then is a significant depletion of
Brycinus, Labeo horie and Orechromis niloticus seen which is mirrored in both the abundances
and the landings data.
A new growth model for Nile perch was formulated, based on growth experiments at different
temperatures. Using field temperatures, the new model predicts faster growth than the previous
models but still cannot reproduce the growth needed to make Brycinus, Labeo horie and
Orechromis niloticus of the short rains recruitment peak grow to marketable size by October. Most
likely, the high variability in growth is the explanation for the large number of small but marketable
Nile Tilapia caught in December.
Total fish mortality (denoted by fishery biologists as the letter ‘Z’) estimated from the length
converted catch-curve assuming seasonal growth were compared to estimates not accounting for
seasonality, both tested on modelled populations with known Z. The inclusion of seasonality in
the calculation did not greatly improve the accuracy of the estimation. The result of Z estimation
is very dependent on the parameters of the van Bertalanffy growth function used. Lake Turkana
CCS data did not show the temporal trend in mortality that had been detected in the previous years
CCS. This might have been due to the shorter period of observation.
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4 CONCLUSION AND RECOMMENDATIONS
4.1 Conclusions
The species are exploited using gillnets and baited long lines. However, the use of beach seine is
slowly gaining prominence in the fishery, particular among fishers targeting tilapiines in shallow
sandy areas. The current minimum recommended mesh size of gill nets in the lake is 127 mm (5
inches), however, fishers are using smaller mesh sizes.
Our gill net selectivity estimation, shows that use of 127 mm mesh sizes continues to provide
optimum minimum meshes sizes for sustainable exploitation of fishery resources, though its
economic viability remains questionable and a challenge to the fishers in Lake Turkana.
The mean catch rate particularly of the valuable Lates niloticus was estimated at 29.75 kg boat-1
day-1. Otherwise, the annual total catch and biomass of the whole lake was estimated at 98202
metric tonnes and 3.2 million metric tonnes respectively. Even though the rates and the biomass
are indicating under exploitation of the fishery, maximum caution needs to be exercised in the
application of results as we continue with research activities aimed at refining the precise
estimates.
The higher catches of fish noted in 127 mm might be related to the selective properties of gillnets
giving the resulting catches in 203 mm lower than the lower meshes hence the discrepancies noted
in the catches. However, the choice and design of appropriate mesh sizes for the fishery would
offer a higher yield of fish. The scope of our data is limiting and as depicted in figures 2 i-x, the
optimal mesh sizes for the fishery would be mesh sizes of more than 127 mm and 203 mm for Nile
perch and Gymnarchus niloticus species respectively.
On the other hand, the number of specimens for Citharinus citharus was insufficient for gill net
selectivity inferences. In this regard, the current mesh sizes in use (127 mm) should be retained to
ensure sustainable exploitation and conservation of fish in the Omo River Delta. The weather
patterns in the lake are also determining the soaking time of gillnets where on average all the
fishing activities were operated for a period of at least 8 hours.
The only contrast is in other areas like Omo River Delta (close to the Ethiopian border), where
fishermen can only go to the waters once a week due to insecurity. The high catch rates observed
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in the month of December compared to the month of July are attributable to the fact that the former
survey targeted the northern region which according to experimental surveys has relatively higher
abundances of fish.
More importantly, the northern portion is directly under the influence of river Omo, which
contributes up to 90% of flux into the lake. As such the reported high productivity in the area is a
result of nutrients input into the lake from the rich agricultural southern Ethiopian watershed of
the Omo. Fishers in the northern region also prefer to use large sized gill nets of 127 mm and above
that not only enables them to explore the deep rich waters (able to reach and poach the eastern
protected waters) but also operate more gears and employ several crewmembers.
The high catch rates in the north are also indicative of under exploitation a phenomenon reinforced
by the observation that catch rates are well correlated with areas that are inaccessible with reduced
fishing pressure and (under exploitation).
The significance and use of gillnet selectivity knowledge of the selectivity of any gear, especially
gillnets, allows better management of a commercial fish stock through the choice of mesh size to
suit the available population of fish. Gillnet selectivity also allows an independent estimate of the
population structure of fish from the commercial catch data, something not feasible with
uncorrected gillnet catch data.
Static gillnets are an important gear used by small-scale artisanal fisheries in the Lake Turkana
fishery. Artisanal fishermen in the Lake Turkana commonly deploy several gillnets in a day,
depending on the season, fishing area and their ability to operate the gear. The diversity of gillnets
can be explained by the morphology of the fishing ground and depth of water. Twelve mesh sizes
were identified in the Beach Management Units taking part in the fishery, in the southern Central
and northern zones of the lake. These included single gill-nets, and combined gillnets. Among
these, most nets used to target Alestes baremoze, Nile perch and pelagic (nearsurface) species
including Oreochromis niloticus had to be of sufficient depth in order to limit the avoiding actions
of fishes. Static nets catch fish by either catching them behind the gills (gilling) or entanglement
of the body. Factors found to influence catch rate and thus selectivity of the gear include the
abundance of fish in the vicinity of the net, mesh size, net hanging ratio, depth of the net (from
header rope to foot rope) and characteristics of the line and twine used in the construction of the
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net. Selectivity is expressed in terms of species and size selectivity. Increasing net depth was found
to increase entanglement catching efficiency for juveniles and large individuals and for species
with spines and protuberances. The factors that effect entanglement in static gear was found to be
a main determining factor in the species diversity of the catch, and thus the number of by-catch
species such as Synodontis schall. It is evident in the SCC that proposals for modifying mesh size
(e.g. increase) should be discussed widely and appropriately, including discussions with fishermen
on alternatives facing the potential positive and negative consequences. When this process of
understanding is not successful, it is difficult to implement management measures in artisanal
fisheries of Lake Turkana, which are hardly monitored and inspected. Our current observation is
that most small-scale fishers operating in Lake Turkana would not follow the regimental
suggestions of increasing mesh-size. It is hoped that scenarios such as these, where management
measures are not effectively implemented, would not occur in the SCC which has a great
importance and tradition in the fishing of forage species in the lake. In regard to the future outlook,
we summarise that different indicators suggest that a decrease in effort will not lead to a
corresponding decrease in landings, cautioning that the level of understanding of the system and
the quality of the data used did not permit firm conclusions to be drawn. The study concluded that
although static gillnets are generally viewed as having relatively lower impact on fishery resources
and the environment in comparison to active (towed) fishing gears, their effectiveness might be
further improved by a better understanding of the factors affecting entanglement and gilling of fish
in Lake Turkana.
4.2 Recommendations
For sustainable exploitation of Lake Turkana fisheries there is need to consider the following
recommendations:
o Improving communication and road infrastructure would solve the problems of
transportation, so that large sized fish landed using gillnets of 127 mm reach market
in time before spoilage.
o Impressive biomass densities were observed in the deeper parts of the lake using
gillnets of mesh sizes above 127 mm. Appropriate fishing incentives to be provided
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to the fishers to exploit offshore rich fishing grounds with gillnets of mesh sizes
above 127 mm.
o A major observation at the fishing sites is the rate of repeated use of one site without
any moratorium of the fishery resulting in overexploitation of fishery with gill nets
of mesh sizes above 127 mm.
o Offshore fishery requires large sized gillnets of over 127 mm.
o Long line, to target the offshore species, is recommended as the most viable means
for exploiting Lates niloticus and the two Bagrus species as this method mostly
catches older mature fish thus allowing replenishment of the stocks. Nonetheless,
for sustainability of the fishery, use of beach seine is discouraged and future
research will consider defining the right hook sizes.
o The ability of Oreochromis niloticus to use naturally available food sources could
be harnessed in shallow depressions close to the margin of the lake to culture
Tilapia. Rainstorms arising from the inconsistent rains could be managed to boost
fish production under artificial conditions. On the other hand, cage culture in wellflushed sheltered areas can easily be adopted in the Lake Turkana to boost food
security in the region.
o Since gillnets are highly selective gear, the small fishes below 18 cm were hardly
represented.
o Though no data was collected on the impact of the ongoing beach seine operation
by fishers, the low catch rates of market size fishes especially of tilapiines in
shallow sandy areas cannot be ignored.
o Observed catch composition mostly of immature fish by fishers from beach seining
does not augur well for the sustainability of the lakes fishery.
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APPENDICES
Appendix 1: Forwarding letter by the Station Coordinator Lake Turkana Station to the
Director through Assistant Director Fresh Water Systems

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE
TEL: +254 710 487 520
FAX:
E -mail: kmfriturkana@yahoo.com
please quote KENYA
Ref: no.
and date
If calling or telephoning ask

TURKANA STATION
P.O. Box 205
LODWAR 30500 When replying

for

Please addre ss your reply to
STATION COORDINATOR

KMF/TUR/CON/AD/44/
12TH March 2021
The Deputy Director (Fresh Water Systems),
KMFRI,
P.O. Box 1881-40100, KISUMU.
RE: SUBMISSSION OF 2020/2021 TECHNICAL REPORT ON PERFORMANCE
CONTRACT (PC) TARGET NO. C 7 (V) FOR LAKE TURKANA
Sir, please find attached a technical report on the implemented PC target category on
Stock Assessment and Ecology of Key Commercial Fisheries of Freshwaters titled:
“Assess the impact of gillnet fishing on the stocks and predation on population
structure of key commercial fish species in Lake Turkana, prepare a technical
report and disseminate the findings” for your information and further attention.
Please consider sharing it with various stakeholders.
Thank you

John Malala Station Co-ordinator KMFRI – TURK
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Appendix 2: Forwarding letter by the Assistant Director Fresh Water Systems to the
Director
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Appendix 3: Fact sheet

EXECUTIVE SUMMARY






The need to understand the future of fish population dynamics in a lake requires the utilization
of gillnet catch data for quantitative analysis.
Understanding how prey population structure is influenced by top predators biomass, thus
lowering the catches of these fishes by fisher folk in Lake Turkana.
The present study shows the significance of gillnets operation and attempts to show how
gillnets can be used as random sampling tools.
The selectivity and efficiency of the net must be known to allow the correction of the catch
to give an unbiased estimate of the population.
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The objective of the study was to assess the impact of gillnet fishing on the stocks and
predation on population structure of key commercial fish species in Lake Turkana to inform
fisheries management, and share findings with stakeholders.
 Fish samples were collected using both monofilament and multifilament gill nets, and
comparisons made with the fishers catches using similar multifilament gill nets.
 The mean length for Nile Perch (Lates niloticus) caught in 88 mm mesh, 101 mm mesh, 114
mm mesh, 127 mm mesh and 203 mesh size were 29, 30, 32 and 33 cm and 200 cm TL
respectively.
 Gillnet selectivity index influenced the population structure of the key commercial species
including Alestes baremose, Bagrus bayad, Bagrus docmak, Barbus bynii, Citharinus
citharus, Clarias gariepinus, Distichodus niloticus, Hydrocinus forskalii, Labeo horie, Lates
niloticus, Oreochromis niloticus, Schilbe uranoscopus, and Gymnarchus niloticus in Lake
Turkana, Kenya.
 The four predators that occupy the top of the food chain in the lake include: Lates niloticus,
Bagrus docmak, Bagrus bayad, and Hydrocynus forskalii. These predators impact on the
biomass of Oreochromis niloticus and Alestes baremose such that the population structure of
these prey fish are negatively affected.
 This study recommends the optimal mesh sizes of more than 127 mm targeting exploitation
of older mature fish for Oreochromis niloticus, Labeo horie and Lates niloticus for
sustainability and fish stocks replenishment.
 These findings show that impacts of gillnet fishing on fish stock and predation on population
structure of this fishery is sustainable when effort is controlled by BMU and fishery
managers.
Key words: Catch curves – Gillnet selectivity percentage – Fish population structure – Predation
– Monofilament – Multifilament – Lake Turkana

INTRODUCTION








Gillnet is one of the oldest types of fishing gear and is widely used to harvest diverse lake
species.
Gillnets are classified as a passive gear, consisting of a large wall of netting which can be
set at or below the surface on the lake bed, or any depth in between.
Its construction can be single, double or triple.
Depending on the operation, gillnet can be drifting, fixed or encircling.
Fish caught in gillnets are usually gilled, but can be wedged, snagged or entangled.
The modern nets are made of synthetic fibres such as polyamide and can be monofilament
or multifilament or a combination of both in the case of more than one panel.
The importance of gillnets in the modern fishing industry is relevantly modest in
terms of catch compared with towed gears such as trawls and seines.

33










But the gillnets, at least those with a single netting, are, in general, considered as having
a high degree of selectivity, in terms of fish species, as well as the size of the fish, which
directly depends on the size of the mesh.
However incidental catch of a number of endangered species in certain areas is a matter
of growing concern.
The objective of this study was to assess the impact of gillnet fishing on the stocks and
predation on population structure of key commercial fish species in Lake Turkana.
This research was also carried out with aim to reduce the risk of incidental catch of a
number of fish in endangered fish habitats and in fish breeding areas of Lake Turkana.
It was based on gillnet records which were collected from five different areas in Northern
and southern part of Lake Turkana waters in November 2020 (Figure 1 and 2).
The comparison of selectivity was done on the different twines of net and mesh size in
five areas, the other gear parameters, such as vertical slack, flotation and weights are equal
in construction.

Figure 1. Procedures during annual gillnet survey in Lake Turkana in 2020 and 2021
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Figure 2: Gillnet survey sites and fish abundance in Lake Turkana



RESULTS
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In all the five areas sampled, this study reveals that, catch reduces in multifilament as
the mesh size increases (Figure 3).
This study found that monofilament gillnets catch better than multifilament.
The mean lengths of Nile perch, Nile Tilapia, labeo and Alestes increased with mesh
size of gillnet but the difference of netting material did not affect selection range.
However, the selection was affected by size distribution and abundance of Nile perch,
Nile Tilapia, Labeo and Alestes.

Figure 3. Measuring fish parameters during the annual gillnet survey at Lwarengak, Lake
Turkana in December 2020







For the above-mentioned reasons, this study encourages the use of passive gears such as
gillnets and hooks in small scale fisheries.
Landings of Alestes in the Lake Turkana showed a decrease in the past 25 years,
especially in the early 2000s.
Nile perch landings more than doubled in the nineties and 2000s and showed a high
variability in the second half of the period observed.

The number of boats involved in Lates niloticus has decreased considerably in past
decades in Lake Turkana.
At the same time the average boat has become larger and was equipped with a more
powerful engine.
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There had been the entry of a larger number of motorised (260-300 hp) boats to the
Alestes baremoze fleet in the early 2000s.
Only limited data on kW days at the lake was available for Lake Turkana but the last
decade showed a slight increase.
Lake Turkana effort data had been collected by different institutions at different times
and the overlap of the different time series is small.
In all, a doubling in kW days at lake could be seen for the last 25 years, while the diesel
consumption per day at sea had increased even steeper.
Catch samples of fish from Lake Turkana showed a marked decrease in the proportion
of egg-bearing Alestes baremoze of commercial size (>55 mm long) over the 35 years
of observation.
An analysis by size-class of A. baremoze revealed a surprisingly high contribution of
small length classes (50 mm length, up to twice the average commercial catch).
This indicates that in certain years the distribution of young Alestes shifted more
towards the river mouths and inshore areas where they appear in high densities.
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS




Findings indicate that the use of various types of gillnets of various mesh sizes impact
fishing by selecting fish of specific sizes and body shape.
Mature Nile perch that were caught in multifilament gillnets showed that the slot size
has decreased below 55 cm total length that suggest fishing pressure is on the increase.
Alestes baremoze (Silver fish) fishery are affected by increased gillnetting pressure and
predation by top predators such as Nile perch (Lates spp), Dog fish (Bagrus spp), Tiger
fish (Hydrocynus spp) and Mud fish (Clarias gariepinus).
RECOMMENDATIONS

This study recommends that:
 The current Fisheries Regulation sets the minimum gill nets mesh size for
fishing in the lake at 5 inches. However, fishers are using smaller mesh sizes to
the tune of 2.0 inches. There is need for various stakeholders including the
County Fisheries Department, Kenya Fisheries Services, State Department of
Fisheries, KMFRI and Beach Management Units (BMUs) to collaborate to
ensure enforcement of this regulation for sustainable conservation and
management of the lakes fishery.
 In addition, donors assisting the fisherfolk with gillnets should base their gillnets
donations on optimal mesh sizes of at least five inches. Appropriate fishing
incentives to be provided to the fishers to exploit offshore rich fishing grounds
with gillnets of mesh sizes above 127 mm.
 Given the observed changes in sizes of fish landed, new policies need to be
formulated at the county level specific to Lake Turkana fisheries aimed at
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revising the gillnet mesh size to a size supported by research findings for each
species.
Use of longlines, targeting offshore species, is recommended as the most viable
means for exploiting Lates niloticus and the two Bagrus species as this method
mostly catches older mature fish thus allowing replenishment of the stocks.
In order to reduce fishing pressure from overuse of gillnets, cage culture trials
may be considered in well-flushed sheltered areas of Lake Turkana to boost food
security in the region.
Finally, observed catch composition mostly of immature fish by fishers from
inshore based gillnets does not augur well for the sustainability of the fishery as
they target immature fish before they reach sexual maturity which may lead to
recruitment overfishing.
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Appendix 4: Dissemination letter to the Director Turkana County Fisheries Department
and attendance register
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Appendix 5: Dissemination letter to Assistant Director Kenya Fisheries Service Turkana
County and attendance register
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Appendix 6: Dissemination letter to Turkana Central BMUs Network Offices and
attendance register
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Appendix 7: Request for facilitation for fieldwork
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