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Editorial
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The Chief Editor, the Editorial Board and the management of
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home of Kenya Aquatica, sincerely thank WIOMSA and MASMA
for the generous support and continued collaboration.

The current Volume covers outputs from research conduct-
ed in the Indian Ocean coast, lacustrine and riverine envi-
ronments of Kenya. In the coastal environment, one paper
presents preliminary assessment of post-harvest fish loss-
es in Kwale and another the rapid assessment of the Indian
mackerel. One lacustrine based paper profiles pesticide con-
centrations on Lake Victoria. In the aquaculture domain, one
paper presents results on the growth performance of marine
tilapia cultured in hapa nets, while the other demonstrates the
potential of culturing eucheumoid seaweeds in deep waters.

The final paper describes the effect of the COVID-19 pan-
demic on slum dwellers living adjacent to Lake Victoria, while
a short communication relates the alarming incidences of
pufferfish in the Lamu seascape to possible imbalances in
the marine ecosystem.

The Editorial Board acknowledges all the reviewers of the
manuscripts. They include Mr. Collins Ongore of University
of St. Andrews in the United Kingdom, Dr. Flower Msuya of
the Institute of Marine Sciences of the University of Dar-es-
Salaam (IMS/UDSM) in Zanzibar, Tanzania, Mr. Johnstone
Omukoto of Lancaster University in the United Kingdom, Prof.
Saeed Mwaguni and Dr. Cosmas Munga both of the Tech-
nical University of Mombasa (TUM), Prof. Bernerd Fulanda
of Pwani University (PU) in Kilifi and Prof. Kaunda Arara of
University of Eldoret (UoE).
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and evaluation of the manuscripts at various stages: Dr. Mary
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Cyprian Odoli, Ms Sarah Ater, Dr. Kevin Obiero and Dr. David
Mirera. The quality of the resubmitted manuscripts following
initial evaluation were substantially improved due to the criti-
cal assessment and input from reviewers.
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Abstract

Artisanal marine fisheries play a critical role in enhancing food security and supporting the live-
lihoods of Coastal communities in Kenya. The sustainable exploitation of this resource is how-
ever threatened by post-harvest fish losses (PHFLs) occurring along the entire fish value chain.
We conducted an assessment of the PHFLs at five landing sites in Kwale County to investigate
the status of these losses along selected fish supply chains in the County. The Informal Fish Loss
Assessment Method (IFLAM) and Questionnaire Loss Assessment Method (QLAM) were used to
collect data from key informants and value chain actors operating at the landing sites. Sixty-five
percent of the respondents reported having experienced PHFLs with the highest scale of loss at
34% and 15% being reported in Mkunguni and Jimbo landing sites, respectively. The fishing and
marketing nodes of the fish value chains represented points at which the highest losses were
encountered at 28% and 17%, respectively. The inadequacy of preservation infrastructure at the
landing sites and the lack of preservation during fishing were the main factors contributing to
the PHFLs. Provision of cold chain facilities, adequate drying racks and capacity building on fish
handling are recommended as priority interventions to reduce the PHFLs.

Keywords: fish preservation, mitigation, fish spoilage, coast, artisanal fisheries

Introduction 2021). The sustainable exploitation of artisanal
) ) o ' o fisheries, therefore, has the potential to contrib-
Fisheries exploitation contributes significantly . . .

ute towards socioeconomic stability through
the provision of food for subsistence and in-

come generation (Kimani et al.,, 2018).

towards food and nutritional security, revenue
generation and poverty alleviation (Mavuru et
al, 2022). Artisanal fisherfolk and local coastal
communities rely heavily on fisheries for food Fish is a highly nutritious source of animal pro-
provision and livelihood support (Purcell and tein, vitamins, fatty acids and minerals (FAOQ,
Pomeroy, 2015). Globally, artisanal fisheries di- 2020); and thus represents an affordable source

rectly support 60 million livelihoods and con- of nutrition for low-income communities (Ade-
wolu and Adoti, 2010). Fish is, however, a highly

perishable commodity, prone to rapid spoilage
induced by post-moterm microbial and bio-
chemical activity which results in post-harvest
fish losses (PHFLs) (Akande and Diei-Ouadi, 2010;

tribute approximately 50% of fish consumed in
developing countries (Tilley et al., 2021). Small-
scale marine fisheries in Kenya directly support
above 60,000 coastal households and account
for 6% of the coastal economy (Nyawade et al,

(5]
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lkape and Cheikyula, 2017). The Food and Agri-
culture Organization of the United Nations (FAO)
defines PHFL as fish that is either discarded or
sold at a relatively low price because of qual-
ity deterioration or owing to market dynamics
(Wood, 1984). Morrissey (1988) defines the term
post-harvest as the period of time from when
a fish is separated from its growth medium; in-
cluding the time a fish enters a net, is caught on a
hook or in a trap. There are three main means of
PHFLs, i.e, physical, quality and market force loss.
Physical losses refer to fish which is discarded or
eaten by insects while quality losses occur due
to microbial/ biochemical/ structural changes
which result in the reduction of the market value
of the fish. Market force loss is caused by chang-
es in supply and demand dynamics resulting in
fish fetching a low revenue despite being of good
quality (Ward and Jeffries, 2000).

The inherent high perishability of fish relegates
the fisheries industry to comparatively high-
er post-harvest food losses which are gener-
ally estimated at 14% globally across all agri-
cultural sectors (Tesfay and Teferi, 2017). It is
estimated that artisanal fisherfolk in low and
middle-income countries experience PHFLs of
approximately 40% owing to poor fish handling
practices and limited preservation infrastruc-
ture along the fish value chains (Prodhan et al,
2022). Owing to its high perishability, preserva-
tion of the fish is imperative immediately after
catch to limit microbial growth and slow down
enzymatic activities which are the main drivers
of fish spoilage. Temperature control is one of
the most effective preservation ways to retard
the spoilage of fresh fish throughout the value
chain (Tesfay and Teferi, 2017).

Accurate quantification of PHFLs occurring along
the artisanal fish value chain (fishing, process-
ing, distribution and sale) is crucial to enhance
accurate identification of the main factors con-
tributing to the losses and inform the develop-
ment of suitable mitigation measures (Ward
and Jeffries, 2000). The dispersed nature of ar-
tisanal fisheries and the dynamic nature of the
fish value chain necessitate the combination of
different methods to assess all factors contrib-

e | 7

uting to the three types of losses encountered.
This study focuses on the determination of the
scale of postharvest losses encountered in
Kwale County, based on a case study conduct-
ed at 5 landing sites i.e., Jasini, Jimbo, Shimoni,
Mkunguni, and Gazi. The assessment was im-
plemented based on two methods as proposed
by FAO i.e, Informal Fish Loss Assessment Meth-
od (IFLAM) and Questionnaire Loss Assessment
Method (QLAM) (Diei-Ouadi and Mgawe, 2011).
The IFLAM is an informal method based on par-
ticipatory rural appraisal (PRA) principles while
QLAM relies on interviewing a population sample
in a community or geographical area using a
questionnaire to validate data generated by the
IFLAM. The objective of the study was to conduct
a preliminary quantification of the postharvest
losses across the selected fish value chains and
propose suitable measures towards the reduc-
tion of these postharvest losses.

Materials and methods

Study area

The study was conducted in Kwale County, which
is located in the South of the 640 km long Coast
of Kenya (Kimani et al, 2018). Five (5) landing
sites i.e. Jasini, Jimbo, Mkunguni, Shimoni and
Gazi were selected to represent the main fish-
eries and variations of catch volumes. Artisanal
fisherfolk at Jasini and Jimbo predominantly land
and process sardines while at Shimoni and Mku-
nguni, mixed reef fin fish dominate the catches.
The catch landed at Gazi landing site constitutes
a combination of both. Seasonal North East and
South East Monsoon winds have a major influ-
ence on the patterns of fisheries exploitation with
the former season which occurs from September
to April being characterized by comparatively
higher catches (Johnson et al, 1982)

Study design

The study was conducted using a combination
of two post-harvest loss assessment meth-
ods as recommended by FAO (Diei-Ouadi and
Mgawe, 2011), with both methods relying pre-
dominantly on qualitative data collection tech-
niques through questionnaire administration
and observation.
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Informal Fish Loss Assessment Method
(IFLAM)

The IFLAM phase reconnaissance visits to the five
(5) landing sites were conducted followed by
detailed interviews using semi-structured key
informant interview guides (Appendix 1) admin-
istered to key informants i.e. selected leaders of
the respective Beach Management Unit (BMUs).
The key informants provided information on the
status of the respective landing sites in terms of
gear types, catch volumes, main species land-
ed and post-harvest dynamics including the
number of value chain actors, fish handling ac-
tivities, the approximate scale of post-harvest
losses and measures implemented to reduce
the losses. The provided information was subse-
quently validated through the use of pre-formu-
lated observation guides to assess the activities
conducted at the landing sites by the fish value
chain actors. The main sources of post-harvest
losses as well as assess the status of the infra-
structure at the sites were noted.

Questionnaire Loss Assessment Method
(QLAMm)

Semi-structured questionnaires (Appendix 2)
were designed and administered to a sample of
respondents from each landing site (n = 30) to
obtain detailed information on their experiences
including the volume and type of fish handled,
fish preservation and processing techniques
and scale of post-harvest losses encountered.
The selection of the respondents was based on
a purposive sampling technique. Each sample
contained representatives of the main actors
involved in the fish value chaini.e. fishermen, fish
processors and fish traders. The questions were
administered to each respondent as descrip-
tively as possible to enable the respondents to
differentiate the types of losses occurring along
the supply chain.

Data entry and analyses

All data from the questionnaires was convert-
ed into electronic form by entry into MS Excel

spreadsheets. Open-ended responses were

pre-analysed and coded based on the main
themes identified. The datasets were then sub-
jected to cleaning and harmonization. Data
analysis was conducted using MS Excel and
mainly involved descriptive statistics, summa-
ries such as percentages and generation of
graphical illustrations.

Results and discussion

Fishing and fish handling infrastructure
based on the IFLAM

During the IFLAM phase of the survey, it was re-
ported and observed that majority of the arti-
sanal fishermen at the landing sites use tradi-
tional wooden fishing vessels such as dugout
canoes, outrigger canoes, sailboats and dhows
(Table 1), with a carrying capacity of 2 to 20
crew depending on the size of the vessel; which
was largely determined by the target fishery as
highlighted by Nyawade et al. (2021).

The key informants interviewed during the IFLAM
phase reported that fisherfolk targetting reef
finfish used smaller vessels while vessels used
to exploit the sardine fishery and offshore fish-
eries were larger with outboard engines. 89%
of the reported 450 fishing vessels were unmo-
torized; contributing significantly to long delays
during transit to and from the fishing grounds.
A variety of fishing gear was used at all the
landing sites depending on the target fisher-
ies. These included handlines, gill nets, reef nets,
barricades, basket traps, monofilaments, seine
nets and longlines and spear guns. Basket traps
and ring nets were the most commonly used
at the 5 landing sites (Table 1). The type of gear
and fishing vessels used by artisanal fisherfolk
have been reported to contribute to the signif-
icant losses encountered in small-scale fisher-
ies in developing, tropical countries (Mavuru et
al, 2022; Mramba and Mkude, 2022). Infrastruc-
tural insufficiencies were observed particularly
in the preservation and processing functions at
the landing sites; resulting in lack of/ inefficient
fish preservation (particularly icing of harvested
fish) and/or use of unconventional and/or tra-
ditional processing techniques which exposed
the harvest to conditions favouring rapid spoil-

ek~ ]
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Table 1. Status of key fishing and fish handling infrastructure at the selected landing sites as
identified during the Informal Fish Loss Assessment Method (IFLAM) phase.

Landing Sites

Category Types

Jasini Jimbo Shimoni Gazi Mkunguni Total
Fibre boat 0 0 18 5 8 26
% Mtumbwi 1 6 70 25 79 181
# Ngalawa 1 0 1 4 20 207
3 Mashua 10 0 8 0 1 19
ol Hori 0 17 0 0 0 17
£ Total 12 23 97 34 103 448
w Motorized (No.) 10 6 27 5 4 52
Motorized (%) 83% 26% 28% 15% 4% 11%
Basket traps v v v 4 v 5 landing sites
Handlines i 4 4 4 4 landing sites
Longlines 4 4 4 3 landing sites
S Ringnets v v v v v 5 landing sites
3 Gillnets ‘/ e 4 3 landing sites
g’ Baricades i i/ 2 landing sites
S Hook & stick 7 7 7 / 4 landing sites
= Reef seine i i 4 4 landing sites
Monifilament 4 1 landing site
Main gear Ringnets Ringnets B.traps B.traps B.traps
B.traps B.traps Gillnets Ringnets Hand lines
Cooler boxes X NS X X
Ice (Flakes/ X X v X X
Blocks)
£ Freezers X NS 4 NW 4
S Ice flaking X X NW X X
= machine
§ Potable water 4 7 / 7
€ Raised drying X NS X NS
racks
Toilets X 4 4 4
Status NS NS NS NS NS

Key: NS = Not Sufficient; NW = Not Working; X = Not Present;

v = Yes/ Present

age such as high temperatures. Similar results
have been reported in studies on post-harvest
fish losses occurring along fish value chains
(Tesfoy and Teferi, 2017; Kimani et al., 2018; Keer-
thana et al,, 2022).

Value chain activities identified based on
the IFLAM

A variety of activities were performed by specif-
ic value chain actors based at the landing sites
i.e. fisherfolk, traders, and processors (Figure 1)
were observed and explained in detail by the
key informants during the IFLAM phase. From

I | O

the observations made, 3 main value chains
i.e. fresh, fried, and dried fish value chains were
identified and scrutinized to understand the
stages involved. Fishermen and fresh fish trad-
ers were mainly involved in handling the fresh
fish. The UN-FAQ strongly recommends the chill-
ing of fish immediately after harvest to mitigate
spoilage (Shawyer and Medina, 2003). However,
in the present study, it was reported that none of
the fishermen at the five landing sites preserve
their catch using ice. Rather, they rely on timing
their fishing activities based on experience to
approximate the time that they would require to
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Figure 1. Flowchart of key fish handling activities at the landing sites in fresh, fried and dried fish
value chains as identified during the Informal Fish Loss Assessment Method (IFLAM) phase
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transport their catch to the landing site prompt-
ly and storing the fish away from direct sunlight
to slow down the spoilage rates. The absence
of cold-chain facilities on-board artisanal fish
vessels thus contributes to the landing of fish
whose quality is already compromised as re-
ported in related studies (Kruijssen et al, 2020).
The fish traders use freezers and cooler boxes
to preserve fish while in transit from the landing
site to the market while the fish processors (dry-
ing and frying) ensured the purchase of fresh
fish by assessing the quality of the landed fish.
However, it was observed that they did not utilize
any temperature control techniques to prevent
further quality deterioration of fresh fish after
purchase and during transit to the processing
sites. The aforementioned findings are in line
with the characteristics of most artisanal fishers
in developing countries as outlined by Purcell
and Pomeroy (2015).

Drivers of post-harvest losses identi-
fied based on the IFLAM and the QLAM

It was noted that the cross-cutting factors (Ta-
ble 2) such as poor fish handling, insufficient fish
preservation and processing infrastructure and
market dynamics related to seasonal fluctua-
tions in catch volumes were the main contrib-
uting factors towards the occurrence of signifi-
cant losses at all the landing sites. Trends in the
losses were driven mainly by the seasonal vari-
ations in catch volumes influenced by ocean
dynamics during the NEM and SEM seasons. The
former occurs between November and March
and is characterized by warm temperatures

light rains, calm seas and steady light winds;
easing fishing activities and resulting in bumper
harvests. The latter, on the other hand, takes
place from April to October and is characterized
by cool temperatures, long heavy rains, rough
seas and strong winds (Kimani et al, 2018). It
was reported that the conditions during the NEM
season contributed towards significant quality
losses, particularly in the dried fish value chain
which often requires ample solar insolation for
sufficient drying to occur. These findings align
with research conducted on seasonal variations
in the scale of post-harvest losses in other re-
gions (Ward and Jefries, 2000) and underscore
the importance of developing climate-resilient
fish value chains All the key informants were of
the opinion that improvements in fish preserva-
tion/ processing infrastructure at the respec-
tive landing sites and capacity building on fish
handling could have a significant impact on the
reduction of post-harvest losses thereby im-
proving the livelihoods of the value chain actors.
Similar suggestions were noted in a study un-
dertaken by Diei-Ouadi and Mgawe (2011).

Demographic profile of QLAM respondents

A total of 152 respondents drawn from the 5
landing sites were interviewed to validate the
data collected during the initial two stages of the
study. Fishermen represented the highest pro-
portion of value chain actors interviewed across
the board at 41% followed by fish processors (fried
and dried fish) at 34% (Figure 2). This may have
been influenced by the target population which
was mainly fishers in the current study.
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Figure 2. Occupations of respondents inter-
viewed during the Questionnaire Loss Assess-
ment Method (QLAM) phase.

The findings show that 70% of the 152 respon-
dents were male and 30% female while the
youth (<35 years old) represented 23%, with 70%
of the actors being engaged in fish value chain
activities for 6 to 7 days a week — indicating that
these activities were their main source of live-
lihood and are male-dominated. According to
Manyungwa-Pasani et al. (2017), male players
constitute a significantly larger proportion of
fish value chain actors globally in comparison
to their female counterparts. Women, however,
play key roles that are essential to the sector in-
cluding fish processing and repair of artisanal
fishing gear such as fishing nets (Williams, 2010).
Diei-Ouadi et al. (2014) recognized that address-
ing this disproportionate gender representation
in fish value chains has the potential to contrib-
ute towards the reduction of post-harvest loss-
es by amplifying the contribution of women in
sustainable fisheries management.

Catch volumes and composition based on the
QLAM

The value chain actors reported handling a
variety of nearshore (reef) and offshore fish
species. The main fish species landed and

processed (drying or frying) in-
cluded Siganus spp (Tafi), Lethri-
nus spp (Changu), Leptoscarus
spp (Pono), Caranx (Kolekole),
Parupeneus spp (Mkundaiji), Tu-
nas (Viboma), Kingfish (Ngu-
ru), Snappers and Sardines
(kimarawali, Katashingo and
Simsim). The catch volumes var-
ied at the different landing sites
based on the monsoon-based
seasons (NEM & SEM). Figure 8
illustrates the variation in the
average seasonal catch vol-

ume reported per individual at

each landing site. The season-

al bumper harvests in selected
fisheries such as sardines were associated with
significant losses due to limited infrastructure
to preserve the massive landings. While spe-
cies-specific post-harvest fish losses were not
quantified in this study, research conducted in
other regions indicates that the scale of losses
encountered often differs with the type of fish
harvested (Prodhan et al,, 2022). A subsequent
study using the load tracking method (Ward
and Jeffries, 2000) would enable the quantifica-
tion of losses occurring in specific marine fish-
eries in Kenya.

Scale and frequency of post-harvest losses
based on the QLAM

The respondents reported that spoilage of fish
i.e. quality deterioration was the main type of
loss that was encountered at most landing sites
(Table 2); with quantity losses being reported
mainly in the dried sardines value chain. Most
respondents (65%) reported having encoun-
tered post-harvest losses at some point in their
fish value chain activities; with a significant ma-
jority reporting loss frequencies of up to twice
a month (Kimani et al, 2018). The scale of the
losses varied from one landing site to another
(Fig. 9); with respondents at Mkunguni reporting
the highest proportion of total catch lost per in-
dividual at 34%; followed by the Jimbo landing

ey -
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Figure 3. Seasonal fish catch volume (kg) variations at the landing sites. NEM: North East
Monsoon season; SEM: South East Monsoon Season.

site at 15%. The points at which the losses oc-
curred along the value chain were fishing (28%),
at the fresh fish markets (18%) and during pro-
cessing (17%). The observed variations in the
post-harvest losses encountered at different
landing sites were attributed to the differenc-
es in the catch compositions and preservation
infrastructure present at the selected sites. This
illustrates the need to develop inclusive imple-
mentation frameworks that will drive the provi-
sion of the requisite post-harvest management
infrastructure along all fish value chains in Ken-
ya as proposed by Odoli et al. (2019). Respon-
dents reported that the low-quality fish is often
split, heavily salted and dried into a product
locally known as ng‘onda; which fetches lower
prices than fresh fish due to the moisture loss in
the process of drying. While drying was reported
as an innovative technique used by the respon-
dents in this study to upcycle low-quality fish,
the use of rotten fish to produce dried fish for
human consumption was noted as a significant
malpractice. This observation justifies the need
to capacity-build the artisanal fisherfolk on the
best practices in fish handling and processing
to produce value-added products that are fit

1 | 17

for human consumption (Kumolu-Johnson and
Ndimele, 2011).

Factors contributing to post-harvestlosses &
proposed solutions

Several factors were identified as the main
causes of the post-harvest losses (Table 3).
Chief among these was the lack of necessary
cold-chain infrastructure and equipment such
as freezers, cooler boxes and ice flake-making
machines, in addition to the prohibitively high
cost of electricity bills accruing from cold-chain
facilities connected to the national grid. This
was the situation at Shimoni, Gazi and Mkunguni
landing sites where modern facilities were avail-
able but frequent breakdowns led to inconsis-
tencies in fish preservation, which contributed to
significant losses — a common challenge in the
fish cold chain in the tropics (lkape and Cheik-
yula, 2017). Within the sardine value chain in
Gazi, Jimbo and Jasini, the main cause of losses
highlighted was the inadequacy of drying racks
resulting in high quality and quantity sardine
losses due to drying the fish on the ground. Re-
search findings have provided evidence of the
impact of improving fish drying infrastructure
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<

. Gazi

actor at the landing sites.

on the reduction of post-harvest losses in the
sardine fish value chain (Mhanga and Mwan-
dya, 2022).

Cold chain equipment such as cooler box-
es, freezers and cold rooms were requested
by a majority of the respondents who insisted
that without fresh fish from the fishermen, loss-
es would continue to be encountered at other
downstream nodes of the value chains. Pro-
cessors of fried and dried fish requested for im-
provement of infrastructure such as drying racks
and provision of high capacity processing infra-
structure to reduce the delays during process-
ing occasioned by the use of small equipment.
Fishermen requested the provision of modern
fishing vessels with inbuilt cold rooms and/or the
provision of cooler boxes with sufficient capaci-

B sasini [ Jimbo [l Mkunguni

Figure 4. Proportion of total fish lost post-harvest per value chain

ty to arrest spoilage during
fishing and while on tran-
sit to the landing sites. In-
frastructural development
and provision of preser-
vation equipment across
the value chains were sug-
gested as the main inter-
vention which would en-
hance mitigation against
the losses. This aligns with
recommendations  from
related studies proposing
the provision of requisite
post-harvest

. Shimoni

manage-

ment infrastructure as a

strategy to reduce losses,
particularly among artisanal fishing communi-
ties (Alhaiji et al, 2015; Odoli et al,, 2019). Capac-
ity building of fish value chain actors on the best
practices in fish handling, preservation and pro-
cessing was also identified as a major interven-
tion that could contribute significantly towards
the reduction of post-harvest losses (Keerthana
et al, 2022).

Conclusion and
recommendations

The study revealed the occurrence of signifi-
cant post-harvest losses occurring along the
three value chains evaluated and at all the rep-
resentative landing sites. These losses mainly
occurred in the fresh fish value chain resulting
in spoilage during the subsequent trading and

Table 3. Summary of the key factors contributing to high post-harvest losses at all the sampled

landing sites.

Factor Responses
No. %

Lack of cold chain equipment/ infrastructure including cold rooms, freezers 85 35%
and cooler boxes

Unfavourable weather conditions during sardine drying 10 10%
Delays during fishing resulting in commencement of fish spoilage before 28 29%
hauling the fish in

Lack of proper fish-handling skills at the landing/ processing site 15 15%
Inadequate drying racks and sardine handling infrastructure 10 10%

T3 |
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processing stages in the value chain. Quality
losses in the fresh fish supply chain were largely
attributed to lack of adequate fish preservation
infrastructure such as ice production machines,
cooler boxes, freezers and cold rooms. The in-
adequacy of processing infrastructure further
contributed to losses in the dried fish value
chain where sardine processors were relegated
to drying fish on the ground due to the insuffi-
ciency of drying racks, resulting in contamina-
tion and high losses, especially during bumper
harvest seasons. Improving the fish preserva-
tion infrastructure at all the landing sites, cou-
pled with continuous capacity building of the
fish value chain actors on the best practices in
fish handling are recommended as key mitiga-
tion measures against PHFLs in Kwale County.
The incorporation of the load tracking method in
subsequent studies is recommended to enable
the quantification of the losses occurring along
the value chains and inform the implementation
of target-based mitigation techniques aimed at
reducing the losses to a measurable extent.
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Appendixes
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Appendix 1. IFLAM Tool: Observation/ Key Informant Interview Guide.
The target: Conduct a pilot baseline survey to quantify fish post-harvest losses in Kwale County

(Vanga, Jimbo, Shimoni, Gazi and Mkunguni) to inform management by 30t June 2020 (30%)
g g g Y

Landing site......mn.

.Observer

Phase One: Informal Fish Loss Assessment Method

Observation Guide

Date

1. What are the main types of fishing vessels used?

Fishing vessel | Size(M) Propulsion mode | Construction [Numberof [Phototaken
Material vessels
Are oil and fuel kept separate in the fishing vessels?
2. What are the main types of fishing gear used?
Fishing gear Mesh/ Hook size Photo taken
What are the five main species harvested?
Species Approx. % of Total Catch Photo taken

What are the measurement units used for the catch?

3. What type of containers are used to hold the harvest during transportation to the landing site? Indicate

the number of observations for each based on whether each has ice or not.

WITHOUT ICE

WITHICE

Type of holding
container

Number
observed

Photo
taken

Type of holding
container

Number Photo
observed taken

ppif—————
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Are fish handled carefully to avoid damage?
4. How many observations of fish icing after landing or lack thereof are observed?

Fish icing observations (Number):

Lack of fish icing observations (Number):

5. Are the insulated storage facilities, (if present) adequate?

6. Isthe landed fish gutted at sea or at the landing site?

Gutting stage Number of observations Photo taken

At sea

At the landing site

At market

By the consumer

Approximately how long does it take to offload and preserve the fish prior to processing/sale?

7. How is the fish processed/ preserved after landing?

Preservation Processing

Are fish being processed adequately?

8. Describe the personal hygiene of crew, handlers and processors?

9. Where are fish placed during processing?

Surface Number of observations Photo taken

Directly on the ground

On rocks

On fishing nets

On the floor

On clean surfaces

On a clean mat or canvas

Other:

What is the source(s) of water used during handling of the fish?

10. Are sanitary conditions adequate? [1]Yes [2]No Elaborate

e | 2.3
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1. Which animals are wandering freely where fish are handled or processed, etc.?

12. Which pests/insects are noticeable at the fish landing/processing site etc.?

Landing

Processing

13. How are harvested fish isolated from potential contaminants?

14. Are landed fish protected from direct solar insolation?

15. How are fish protected from the rain?

16. What type of containers are used to hold the harvest during transportation to the market? Indicate the

number of observations for each in the table below depending on whether the container contains ice

or not.
WITHOUT ICE WITH ICE
Type of holding Number Photo Type of holding Number | Photo
container observed taken container observed | taken

How are fish transported and does this cause any damage or other loss?

Transport means Description of damage/loss caused

What mitigation strategies are being used at the site to control losses?

17. How effective are loss reduction measures?

prig————— ]
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Rapid assessment of the Indian mackerel Rastrelliger
kanagurta fishery in Kenya's coastal waters

Gladys M. Okemwa*, Aimubarak A. Abubakar, Esther Fondo, Johnstone Omukoto, Boaz Orembo,
Edward Kimani, Jane Nyamora, Fatuma Mzingirwa, Nina Wambiji, Nimrod Ishmael

Kenya Marine and Fisheries Research Institute. P.O. Box 81651 - 80100, Mombasa, Kenya
*Corresponding author: gokemwa@kmifri.go.ke, (+254) 20 8021561

Abstract

The Indian mackerel, Rastrelliger kanagurta is a highly migratory epipelagic species in the family
Scombridae. The species plays a significant role in supporting the food security and livelihoods
of coastal communities in the Western Indian Ocean. The exploitation status of R. kanagurta in
Kenya's waters is uncertain. This study evaluated the R. kanagurta fishery using available catch
data collected from 2014-2015 and 2017-2020. The study described the catch dynamics and uti-
lized a suite of length-based approaches to derive diagnostic indicators of the exploitation status.
Four gear types were documented that target the species, dominated by ring nets (79%) and reef
seines (11%). Catch rates and selection patterns of fishing gears targeting R. kanagurta varied
between gear types. Reef seines caught the highest proportion (80%) of immature R. kanagurta
below size at maturity (L), while the lowest (0%) was by handlines and set gillnets. There were
statistically significant differences in the proportion of R. kanagurta caught below L, between gear
types and years. Overall, the spawning potential ratio (SPR) was within optimal levels at 0.48 and
was above the target reference point of 0.4 during all years. The assessment provides a case study
for the rapid evaluation of fishery performance for Kenya's data-limited fisheries.

Keywords: small-scale fisheries, length-based approach, gear selectivity, spawning potential, pe-
lagic fish, data-limited fisheries

Introduction

Small-scale fisheries (SSF) support food security
and livelihoods for millions of coastal communi-
ties worldwide. In Kenya, SSF contributes approx-
imately 90% of annual marine fisheries landings.
An estimated 25,000 metric tons of fish are landed
annually, of which pelagic species (including tu-
nas and mackerels) constitute about 27% of this
production. Mackerels, locally referred to as Seh-
ewa or Una, are some of the key target species in
Kenya's small-scale purse seine (ring net) fishery
(SSPSF) which mainly targets small and medium
pelagic species. The Indian mackerel Rastrelliger
kanagurta is the dominant species landed along
the Kenyan coast (Bett et al, 2021). It is a relatively
short-lived species occurring at depths ranging
from 10 m to 100 m (often above 25 m) across the
tropics of the Indo-West Pacific region (Akib et al,
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2015). Because the species moves in large aggre-
gations, it is usually caught in high numbers pro-
viding an affordable and easily available source
of protein for the coastal communities. Macker-
els are generally marketed fresh, chilled or frozen.
Studies assessing the fishery, biology, population
dynamics, and exploitation status of R. kanagur-
ta have been conducted in various regions of the
Indian Ocean (Abdussamad et al, 2010) and the
Yemeni coast (Al-Mahdawi and Mehanna, 2010),
with the earliest reported study being in Mozam-
bique (Sousa and Gislason, 1985). However, the
exploitation status of R. kanagurta stock in Kenya
remains uncertain as information is limited.

Towards achieving the 2030 Sustainable De-
velopment Goals (SDGs), Goal 14.4]1 empha-
sizes the need to ensure that all fisheries are
assessed and well-managed within biological-
ly sustainable levels. However, assessing and
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managing small-scale fisheries remains chal-
lenging as the collection of reliable data is dif-
ficult due to the highly diverse vessel and gear
types used, high diversity of species, and diffuse
landing sites, some of which are located in re-
mote, inaccessible areas where consistent data
collection and monitoring is difficult (Pita et al,
2019). Consequently, most small-scale fisheries
are categorized as data-poor or data-limited.
Data-poor fisheries arise when certain key pa-
rameters needed to run the quantitative models
are either not available or are collected incon-
sistently (FAQ, 2020).

Over the last decade, various length-based
methods have been developed, which have
made it possible to con-
duct simple diagnostic
assessments of the ex-

39"29‘0"E

assess annual changes in catch rates and se-
lection patterns of fishing gears targeting R. ka-
nagurta and to derive stock status diagnostics
using a suite of length-based indicators.

Materials and methods
Data collection

Data used for this study was obtained from a
catch sampling programme undertaken by KM-
FRI at selected landing sites along the Kenya
coast. Key landing sites where R. kanagurta was
recorded were four: two at the South Coast of
Kenya (Vanga and Gazi) and two landing sites
at the North Coast of Kenya (Takaungu, Mayun-
gu, and Kilifi) (Fig.1).

39“3P'O"E 39"410‘0"E 39°5|0'0"E

ploitation status for da-
ta-poor (Fro-
ese, 2004; Cope and Punt,
2009; Hordyk et al, 2015;
Prince et al, 2015; Froese
et al, 2018). These meth-
ods are now being inte-
grated widely (Babcock et
al, 2013; Gough et al,, 2020;
Prince et al, 2020). This is
because length-frequency

3°40'0"SH
fisheries

3°50'0"S+

4°0'0"S

data is easy to collect and pres
is hence the most readily
available stock parameter
for most data-poor fisher-
ies. This study applies se- 42200"s
lected length-based ap-
proaches to rapidly assess
the exploitation and stock
status of the Indian Mack- **”%7

erel R. kanagurta fish-

ery, based on catch and : '

length data collected over @
4°40'0"S+

i ‘Vanga

a 6-year period from 2014
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Kilifi centrg.l . J P
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to 2020 at selected land-
ing sites along the Kenya
coast. The specific objec-
tives of the study were to

T
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Figure 1. Map showing the location of landing sites along the Kenya
coast monitored during the study period (Source: Authors).
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The catch sampling programme entailed the
collection of the following information for each
sampled fishing trip: vessel and gear type used,
number of crew, total catch (kg), and species.
Fish were identified to species level and the to-
tal catch for each species component in each
sampled trip was estimated by number and
weight. The total length (cm) and body weight
(kg) of each specimen was measured and then
weighed using an electronic weighing balance
to the nearest 0.1cm and 0.1kg, respectively. To-
tal length was measured from the tip of the up-
per jaw (snout) with the mouth closed to the tip
of the longer lobe of the caudal fin.

Data processing and analysis

A raising factor (rf) for each fishing trip was cal-
culated to extrapolate the sampled catch and
number of individuals caught to the total catch
using the formula:

rf=W,/W,

where W, is the total weight of all the fish
caught during a fishing trip and W_is the
weight of the sampled fish.

The raising factor for each fishing trip was then
multiplied by the total sampled weight of each
species to estimate the total species weight in
the catch. The data for all fishing trips which
caught R. kanagurta was extracted for this as-
sessment. The catch per unit effort (CPUE) for
each fishing trip was standardized as kilograms
per vessel (kg vessel trip™). Each length mea-
surement was first rounded off to the nearest 1
cm. The length data were then grouped into 2
cm class intervals and a frequency histogram
plotted to visualize the length distribution. Vari-
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ation in mean length between gear types and
between years was assessed using a one-way
analysis of variance (ANOVA). If significant, a
paired post hoc Tukey HSD test for unequal
sample sizes was applied to identify the signifi-
cant interactions.

The length-based spawning potential ratio (LB-
SPR) model was then applied to quantify the
spawning potential of the exploited population
during each sampled year. Spawning Potential
Ratio (SPR) is defined as the proportion of nat-
ural or unfished reproductive production left in
a population when under fishing pressure. The
ratio is a function of the relative fishing mortali-
ty (estimated as the ratio of fishing mortality to
natural mortality, F/M), selectivity, and life his-
tory ratios (M/K and L_/L_). K is the von Berta-
lanffy growth coefficient, L _ is the size at matu-
rity, and L_ is the asymptotic size (Hordyk et al,
2015). The model defines maturity and selectiv-
ity ogives by logistic curves and estimates se-
lection length at 50% (SL,,) and 95% (SL,,). The
relative fishing mortality (F/M) is also estimat-
ed to compute SPR. The model considers an SPR
of 0.40 and 0.20 as target and limit reference
points for stock productivity as postulated by
Hordyk and Carruthers (2018), and assumes an
equilibrium state and asymptotic selectivity. In
addition, the model assumes that the full spec-
trum of lengths in the population is represented
in the sampled catch (Prince et al,, 2015). Length
at 95% maturity (L,;) was calculated as L, x1.15
following Prince et al. (2015). The Natural Mortal-
ity tool and LBSPR tool available at GitHub (2020)
were used to estimate natural mortality and
SPR. Table 1 provides a summary of the growth
parameters used in the LBSPR model.
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Table 1. Growth parameters and maturity size for Rastrelliger kanagurta used in the LBSPR model

Parameter

Natural Mortality (M)

Growth coefficient (year™) (K)
M/K ratio

Asymptotic length (Le)

Size at 50% maturity (L)

Size at 95% maturity (L,,)

Estimate (Source)

1.99 (Natural mortality tool)

1.3 (Froese and Pauly, 2023)

1.53 (Calculated)

39 (Froese and Pauly, 2023)
20.5 (Sousa and Gislason, 1985)
23.6 (Calculated)

Results

Gear and vessel use

The data containing catches of Rastrelliger ka-
nagurta represented 71 fishing trips consisting
of 6,440 kg of R. kanagurta over the 6-year pe-
riod. The main gear types catching Rastrelliger
kanagurtawere ring nets (94% of the sampled
catch), and to a much lesser extent reef seines

(5%) (Fig. 2).

Five vessel-gear combinations were identified,
dominated by mashua-ring nets representing
59 fishing trips (84%). Canoe-reef seines repre-
sented five trips (7%), canoe-gillnet represent-
ed three trips (4%), fibre-boat-handline rep-
resented two trips (3%), canoe-handline and
outrigger-handline represented one trip (1%)
each. Catch per unit effort (kg vessel™ trip™) for
R. kanagurta varied among the four gear types
ranging from 2.7 kg 1.1 kg/trip for handlines to
101.9 kg * 18.6 for ring nets (Table 2).

10 15 20 25 30 35 40
2014 2015 2017
240 - 240
N= 1637 N =142 N=78
180 - 180
4
120 120
> 60- 60
(=]
g
35 0 0
o
L 4 - 240
b ] N = 452 N = 1662 N = 1438
180 - 180
- 120
)
1 T 1 T 0
40 30 35 40

Total length (cm)

Figure 2. Length frequency distribution of Rastrelliger kanagurta sampled from artisanal land-
ings at three landing sites between 2014 and 2020 at three landing sites along the Kenya coast.
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Table 2. Mean catch per unit effort (CPUE, kg vessel-1trip-1), mean length (total length, cm) and
the proportion below size at maturity (L,,) of Rastrelliger kanagurta caught by four gear types

along the Kenyan coast.

Gear type Proportion of total Mean CPUE Mean length % <Ly,
landings (kg vessel™ trip™) (TL cm) = SE

Handlines 4% 27 £11 23.9+0.2 10.1

Gillnets 6% 9.6 +4.0 22.9+0.2 28.4

Reef seines 1% 57.4 £15.3 20.6£0.1 80.0

Ring nets 79% 101.9 + 18.6 19.7+0.1 55.0

All groups 100% 90.7 £17.5 20.2+0.1 S8

Length composition and selectivity

The length distribution of R. kanagurta during
the different years is shown in Figure 2. It was ev-
ident that the data was collected inconsistently
with under-sampling occurring in some years
e.g. 2015, 2016 and 2017. The overall mean total
length was 20.2 cm (Table 1). The total length
ranged from 6 cm to 35 cm (Fig. 3a).

Individuals ranging from 20 - 23 cm dominat-
ed landings accounting for 40% of the sampled
catch. Results of the one-way ANOVA showed
significant differences in mean sizes among the
gear types (p < 0.05). The highest proportion of
immature sizes (below L) was caught by reef
seines constituting 80% of the sampled catch;
while mature sizes dominated handline catches
representing 90% (Table 1). On the other hand,

a)
250 r BRing net
. @ Reef seine
] :
200 | | g mSetgﬂvlnet
1 0O Handline
‘W M m Monofilament gillnet
> 1 -
o 150 '@
= aqll
] ] 2
=}
o
f
w100
50
0 O BTN I s

11 13 15 17 19 21 23 25 27 29 31 33 35 38

the proportion of immature fish caught by ring
nets was about 55% indicating a relatively bal-
anced harvest.

Annual change in mean length and spawning
potential ratio

Annual changes in the mean length of R. kanagur-
ta remained stable over the 6-year period ranging
from 18.9 = 3.8 cm in 2014 to 23.4 + 1.5 in 2017 (Figs.
3b and 4). Results of one-way ANOVA showed sig-
nificant differences in mean length over time (p <
0.05); the post hoc Tukey HSD test revealed 2014
and 2017 as significantly different in mean size from
the other years. The SPR for the entire study peri-
od was estimated at 0.48 indicating a relatively
healthy state. Annual estimates of the SPR revealed
that the fishery was above the target reference
point of 0.4 during all the years (Fig. 5).
b)

2014 2017 2019 2022

e
Est. Selectvily _ 2015 — 2018 — 2020 = Maturity

1.00

0.75

Proportion
o
14
=]

0.25

0.00

10 20 40

30
Length (cm)

Figure 3. Length distribution of Rastrelliger kanagurta artisanal fishery landings stacked along

the Kenya coast during 2014-2020 stacked by gear type (a) and the maturity and selectivity

ogives for the years sampled (b).
e — | 33
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Figure 4. Annual change in mean to-
tal length of Rastrelliger kanagurta
in landed artisanal catches along
the Kenya coast. Whiskers represent

the minimum and maximum length.
Dashed reference line represents the
size atfirst maturity (L_,).
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Discussion

The present study represents a first attempt to
assess annual trends in the artisanal fishery tar-
geting R. kanagurta in Kenyan waters. The spe-
cies was mainly caught using ring nets, which
had the highest catch rates compared to other
gear types. Ring nets are known to be highly effi-
cient in targeting schooling pelagic fish and are
hence the most preferred gear type for target-
ing Mackerels. High catch rates of R. kanagur-
ta by ring nets have been reported in Malaysia
(Amin et al,, 2014) and in Indonesia (Arrafi et al,,
2016), similar to this study. Most of the R. kana-
gurta catches are landed at the South Coast of
Kenya in Gazi and Vanga which is strongly influ-
enced by the Pemba channel which has been
reported to support small high numbers of small
and medium pelagic species (Kizenga et al,
2021). Observed length ranges were within the
range reported within the Indian Ocean region

(Ganga, 2010). The differences in mean sizes
and proportions of mature fish among different
gear types may reflect differences in catchabil-
ities associated with accessibility to nearshore
vs offshore fishing grounds.

Conclusion and
recommendations

The study shows that the R. kanagurta popu-
lation was fished at optimal levels during the
study period, indicating a low risk of overfishing.
A major assumption of the study was that the
data fully met the SPR model assumptions. The
study demonstrates utility in the application of
length-based approaches to rapidly diagnose
the status of Kenya’s data-poor fisheries to in-
form decision-making on research directions
and precautionary management. The R. ka-
nagurta fishery has been prioritized for further
stock assessment under various ongoing initia-
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tives. Going forward, the scope of assessment
should be broadened to include other length-
based indicators (LBIs) to further validate the
findings of this rapid assessment. Continued
catch and biological monitoring of the fishery
is emphasized to improve the data quality, par-
ticularly with regard to sampling frequency and

consistency.
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Abstract

Water samples were collected between August 2020 and March 2021 and analyzed for physico-
chemical parameters to ascertain the current limnological status of Lake Oloidien. The maximum
mean depth of the lake recorded was 7.7 m in November, which corresponded with a high water
transparency value (69.0 = 3.4 cm) in the same month. There were no significant variations in
temperatures among the sampled stations, mean ranges were 23.15 + 1.15°C and 23.93 + 1.09°C.
Dissolved oxygen (DO) concentrations were high in September (13.99 + 0.0 mg L") with depth
profiles of DO between August 2020 and March 2021 differing significantly (p = 7.955E-06). Con-
ductivity mean values ranged from 414.0 = 23.89 uS cm™ and 730 * 11.54 pyS cm™, with January
recording the highest value while October recorded the least value. It was observed that only pH
levels had significant variation across the months sampled with p = 0.506 and a mean of 8.55 +
0.56. The mean values for nitrates ranged from 2.04 +1.30 mg L' and 4.78 + 0.045 mg L™ across the
months sampled and the highest chlorophyll-a levels were recorded in August at 83.3 + 56.06 mg
L™.In the past years, the lake has been alkaline-saline with high conductivity levels, and chances of
fish survival were limited. Currently, the environmental factors are now favourable for fish survival.

Keywords: Lake Naivasha basin, dissolved oxygen, nitrates, phosphates, physicochemical

Introduction lake. Verschuren et al. (2000) reported that the
water level in Lake Oloidien is maintained by
Lake Oloidien is located immediately South- . . .
rainfall, evaporation, and subsurface inflow from

west of the main basin of Lake Naivasha at 1,885 Lake Naivasha through a permeable sill. When

meters above mean sead level (mamsl) in the . .
( ) Lake Naivasha'’s level rises above 1,886.5 mamsl,

Lake Oloidien becomes confluent with Lake Na-
ivasha and inputs into the Oloidien Bay. Thus,
the underground connection allows L. Oloidien

central valley of the Great African Rift Valley in
Kenya. It is one of the three lakes of the Naiva-
sha basin, the other two being the main Lake

Naivasha and the Crater Lake. The local climate . . .
levels to fluctuate in synchrony with the main

lake (Harper et al, 2011). Consequently, Lakes
Naivasha and Oloidien experience periods of
being one or separate water bodies. In the 1980s
when decreasing lake levels led to a separation
of L. Oloidien from L. Naivasha, the conductivi-
ty was 660 uS cm™. In the period 2001-2005, a
conductivity of 3,890 to 5,270 yS cm™ was mea-

The basin of Lake Oloidien is a caldera of a crater  sured (Ballot et al, 2009). The lake has an open,
with the shape of a truncated cone. It is shallow ~ 9rassy shoreline with no emergent or floating

and lacks direct physical input from the main Macrophytes.

is warm and semi-arid because much of the
monsoonal rainfall in the region is intercepted
by the Mau Escarpment on the West and the
Nyandarua (Aberdare) Range on the East (Ver-
schuren, 1994). Its surface area is 550 hectares,
separated from the main lake by the papyrus
swamp Cyperus spp (Benun and Njoroge, 1999).
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It was initially believed that Lake Oloidien is too al-
kaline to support any freshwater fish species but
currently, there are ongoing fishery activities at
the lake with approximately active 26 boats. This
could be attributed to the fact that recently the
lake has been connected with the main lake due
to an increase in water level. The main sources
of nutrient input to Lake Oloidien originate from
cattle and goat herds watering at the lake and
local women washing clothes using detergents.

Lake Oloidien is threatened by unsuitable phys-
icochemical conditions (Ballot et al, 2009). Its
water quality and quantity have been under in-
creasing pressure due to fluctuations in water
levels and increasing water demand from the
fast-expanding agricultural activities around
the lake (Hubble, 2000). Anthropogenic activities
within the lake’s catchment provide both point
and non-point sources of nutrients to the water
column. Changes in water quality characteristics
have a direct linkage to aquatic production. The
rapid growth of human settlement around the
lake and the associated urban waste disposal
are potential sources of biological micro-con-

taminants in the lake and could cause unde-
sirable effects on the aquatic environment. This
study aimed to ascertain the limnological status
of Lake Oloidien over the period 2020 - 2021.

Material and methods

Study area

Lake Oloidien is located about 100 km north-
west of Nairobi at an altitude of 1890 m above
sealevel at 0°48' 57.3768” S and 36°15" 46.7748"
E (Njuguna, 1988; Hickley et al., 2002) (Fig. 1).
It is a satellite lake of L. Naivasha found in a
hydrologically closed basin. The lake’s depth
and surface area usually fluctuate depend-
ing on the prevailing dry and wet seasons and
range between 4-19 m and 4-7.5 km?, respec-
tively. During periods in which Lake Naivasha's
water level is high, it dilutes L. Oloidien, making
its water fresh. Conversely, during the dry sea-
sons when the lake water level is low, the two
lakes are separated, resulting in a saline Lake
Oloidien (Verschuren et al., 1999). Four sta-
tions representative of the lake were select-

— River
[ Lake Boundary
0 4

8 km
—— |

Oloidien

- )

1:15,000

Figure 1. Map of Lake
Oloidien showing
the sampling sta-
tions (Oloidien 1A, 1B,
2A, and 2B) (Source:
Maina et al. 2018).
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ed during the study, i.e. Oloidein 1A, Oloidein
1B, Oloidein 2A, and Oloidien 2B. The study was
done between August 2020 and March 2021.

Water sample collection and analysis

Water quality parameters including tempera-
ture, pH, dissolved oxygen (DO), conductivity, to-
tal dissolved solids (TDS) and salinity were mea-
sured in situ using a portable multiparameter
meter (YSI Professional Pro Plus). The parame-
ters were recorded in each site at a depth of Tm.
Water transparency was measured using a Sec-
chidisk, 20 cm in diameter. The disk was lowered
up to the point of its disappearance and lifted to
the point of appearance. The average depth of
the two points was recorded as water transpar-
ency (Secchi depth). Water samples for nitrates,
phosphates, total suspended solids (TSS), and
Chlorophyll-a (Chl-a) were collected using a
Van Dorn sampler and emptied into one-liter
polyethylene bottles. The samples were stored
in cooler boxes at a temperature of about 4°C
for analysis in the laboratory. Samples for Sol-
uble Reactive Phosphorus (PO,*) were filtered
using 0.45 um membrane filters followed by the
analysis of the filtrate using the molybdate as-
say method (APHA, 1998). Nitrates (NO,") were
analyzed using Palintest Photometer 7500 Blue-
tooth method. This method uses the principles
of optical absorbance and scattering of visible
color light representing specific analytes upon
reactions with spectrophotometric reagents.
Samples for chlorophyll-a determinations were
filtered through glass fiber filters and extracted
in 90% acetone in distilled water. Chl-a values
were measured in a 1.0 cm length cell at the
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absorbencies of 665 and 750 nm, respectively,
using a spectrophotometer and concentration
according to Pechar (1987). Total suspended
solids (TSS) were determined, first by recording
the initial weight of a filter paper before a known
volume of sample water was filtered through
the same filter paper, and dried in an oven at
104°C for 24 hours. The resultant weight of the
filter was recorded as the final weight and TSS
was calculated as shown below.

Final weight lmg) —initial weight (mg)

TSS{ng'L] = - — -
SEMPLE POLUTRE (L)

Spatial variations of the same parameters were
compared using one-way analysis of variance
(ANOVA) at a 95% confidence limit.

Results
Surface water temperature

Figure 2 shows the spatial and temporal vari-
ation of temperature in the surface water of L.
Oloidien during the sampling period. It com-
prises a pair of graphs showing a) spatial and
b) temporal temperature variations in the lake.
Results show that there were no significant vari-
ations in temperature between the sampling
sites (p > 0.05) with mean temperature ranges
of 23.15°C to 23.93°C. Temperature values had
significant variations (p < 0.001) among the
months sampled with November and Decem-
ber recording high values at 24.9°C and 24.5°C
respectively.
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Figure 2. Spatial and temporal variations of temperature (°C) in Lake Oloi-
dien’s surface water between August 2020 and March 2021.

Surface dissolved oxygen sampled. However, there were significant vari-
ations (p < 0.001) in DO concentrations among

the months sampled, with September recording
tions of dissolved oxygen (°C) in Lake Oloidien's e highest surface DO concentrations at 13.99

surface water between August 2020 and March 4 5 gg mg.L" while January recorded the least at
2021. There was no significant variation (p = 6.88 + 0.31mg L.

0.69) in dissolved oxygen among the stations

Figure 3 shows the spatial and temporal varia-
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Figure 3. Spatial and temporal variations of dissolved oxygen (°C) in Lake Oloidien’s
surface water between August 2020 and March 2021.

Vertical patterns of water tempera-
ture and dissolved oxygen in the lake

Figure 4 shows the mean vertical temperature
and oxygen profiles during the study period. The
temperatures decreased gradually from the sur-
face to the bottom with no distinct vertical strat-
ification. Temperature fluctuation between sur-
face water and the deepest point did not exceed
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2°C. A rapid change in temperature with depth
was only experienced in November, between 0
m and 2-3 m depth. The variations of DO depth
profiles between the months differed signifi-
cantly (p = 7.955E-06), with steep gradients in
DO concentration from the surface towards the
bottom observed in February while the lowest DO
concentrations were recorded at 9 m in Novem-
ber (0.2 mg L") and March (0.9 mg L™).
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Figure 4. Mean vertical temperature and oxygen profile of L. Oloidien during the study period.

Electrical conductivity and pH

Figure 5 shows the pH levels and conductivity
fluctuation in Lake Oloidien from August 2020
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to March 2021. The mean conductivity values
were observed to increase from August through
March, with January recording the highest (730
+11.54 uS cm™). The study observed slightly fluc-
tuating range of pH val-
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ues between the months.
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Salinity, total dissolved solids, and to-
tal suspended solids

The summary of mean values of TDS, Salinity,
and TSS is shown in table 1. The results show
a slightly increasing trend with small varia-
tions in TDS and salinity levels from August
to March. Mean TSD values ranged from 0.28
and 0.48 g L. It was also observed that salin-
ity levels varied minimally between the sta-
tions with November through March having
no variations (Table 1). The concentration of
total suspended solids ranged between 9.75
298 mgLl'and 35.67 £18.01 mg L™, with the
highest recorded in August and the lowest in
February.

Water transparency and depth

Figure 6 shows the mean Secchi disc readings
(water transparency) and mean depth in Lake
Oloidien between August 2020 and March 2021.
Results show the highest mean depth of the lake
during the entire sampling period was 7.7 min No-
vember with the deepest point recorded at 10.15
m in the same month at Oloidien 1B, and the least
mean depth recorded in March (5.94 m). The
highest water transparency was recorded during
the November sampling period with a mean of
69 + 0.34 cm, while the lowest transparency was
observed in August at 36.9 + 5.4 cm. The overall
mean depth of the lake was 6.8 £ 0.71 m. Water
transparency readings reflected a significant dif-
ference (p = 5.05E-09) across the months.

Table 1: Summary of mean values of TDS, Salinity, and TSS across the sampling months (August
2020 to March 2021)

Mean (+SD)

TDS gL Salinity (ppt) TSS (mgL™)
August -'20 0.31+0.04 0.22+0.033 35.67 +18.01
September 0.30 +0.064 0.22 +0.049 11.63+1.11
October 0,28 +0.029 0.21+0.018 15.5 + 6.02
November 0.37 +0.006 0.28+0 18.5 +0.57
December 0.44 +0.006 0.33+0 23.5+9.33
January 0.48+0 0.36+0 14.33 £ 0.57
February 0.47 +0.004 0.35+0 9.75 +£2.98
March - 2] 048 +0 0.36+0 31.75+7.27
sU.U r 120
70.0
- 100
60.0
{ w0 " - 8.0
i ‘
{ 400 - 6.0
30.0 |
- 4.0
saa Figure 6. Mean Secchi
,, discreadings (wa-
10.0 ter transparency) and
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Figure 7 shows the trends of mean N-NO," (ni-
trotes), soluble reactive phosphorus, and Chli-q,
from August 2020 to March 2021. It was observed
that the mean nitrate concentrations across the
months ranged between 2.04 + 1.30 mg L' and
4.78 + 0.45 mg L. Soluble reactive phosphates
(P-PO,*) concentrations were below 1.0 mg L
during the entire sampling period. High levels of
Chl-a concentrations were recorded in August
(83.3 £ 56.06 mg L"). It was also observed that
when the levels of nitrates were low, Chl-a con-
centrations were high, and vice versa.

Discussion

Generally, Lake Oloidien has low water transpar-
ency as is evident from the observations made
in the study, which is an indication of the high
biological productivity of the lake. This could be
attributed to high levels of Chl-a recorded in this
study of up to 83.3 mg L. Despite low transparen-
cy levels during the sampling period, there was
a slight but consistent increase in Secchi depth
values over the sampling period. Similar studies
have shown an increase in water transparency
since the year 2017 (Mutie et al., 2020). Tropical
lakes are thought to be permanently stratified
due to low seasonal variations in temperature

Feb Mar-21 L. Oloidien.

—o—Chl-a (mg.L-1)

(Catalén and Donato-Rondén, 2016). However,
the low-temperature gradient between the sur-
face and the maximum depth of measurement
and the lack of a permanent thermocline was
an indication of the total water mixing of the
whole water column. This could be attributed
to the shallowness of the lake and a wide-open
basin, which allows exposure to the winds, which
easily causes mixing. As a result, the water col-
umn was found to be well-oxygenated with DO
levels ranging from 6.88 mg L"'to 13.9 mg L™. Sur-
face water was well-oxygenated, but at the bot-
tom, it was depleted of oxygen (anoxic). Studies
have shown that the depth of the lake, anaer-
obic conditions, and prevailing environmental
conditions affect the amount of dissolved oxy-
gen in the water (Siriwardana et al, 2019). The
high levels of dissolved oxygen concentration
at Oloidien surface waters could be due to the
effect of photosynthesis coupled with the high
densities of algae in the water which is evident
in the high levels of Chl-a concentration. Pho-
tosynthesis is usually highest during mid-day,
hence the high production of oxygen during this
period of the day led to a significant increase
in the amounts of dissolved oxygen in the wa-
ter. Comparable results from a study done by
Grotzschel and Beer (2002) showed that oxygen
concentration increased from 0 to 100% satura-
tion due to photosynthetic activity.
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Conductivity values observed in this study were
generally low (414 - 730 uS cm™) compared with
other studies which documented higher values
of conductivity, for instance, Mutie et al. (2020)
reported a value of 2,916 yS cm™ while Ballot et
al. (2009) reported 5,270 uS cm™. The current
lower values of conductivity could be attributed
to the rising levels of Rift Valley lakes whereby
Lake Oloidien is currently connected to the main
Lake Naivasha, therefore bringing about the di-
lution effect. High levels of pH observed during
the sampling period were attributed to higher
photosynthetic activity and also due to the di-
lution effect of the rains. Previous studies have
shown pH levels of up to 6.6 - 6.71 (Kaoga et al,
2013; Mutie et al., 2020).

Results from this study indicate that Lake Oloi-
dien is a phosphorus-limited aquatic system.
This is in agreement with previous studies. For
example, Ballot et al. (2009) reported total
phosphorus (TP) concentrations of between 0.4
and 1.0 mg L. In the same study, nitrogen con-
centrations range between 0.9 and 6.3 mg L7,
which falls within the same range reported in
the current study. It is observed that during the
wet season, there are higher levels of nutrients in
most lakes, and these are presumably the result
of mixing events that redistribute nutrients to
the surface water, and inputs from runoff (Zina-
bu, 2002). Chl-a concentration, which is a proxy
for phytoplankton biomass, increased as nitrate
concentration decreased. It has been shown
that as phytoplankton consume nitrates and
bloom, the concentration of nitrate decreases
proportionally (Li et al, 2010). In the past years,
the lake was alkaline and conductivity levels
were high, and chances of fish survival were
limited. Currently, the environmental factors are
more favourable for fish survival as reported by
a study by Mutie et al. (2020), with Oreochromis
niloticus condition factor (K) of above 1.
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Conclusion

The limnology of Lake Oloidien has changed
over time from a shallow saline lake to mildly
saline and it can be classified to be productive
in its current state. This is based on the physi-
cochemical parameters of the Lake which have
changed over time from a shallow saline lake
to mildly saline and could be termed as favour-
able for fishery production.
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Abstract

It is crucial to have a coordinated mapping of banned pesticide contaminants in aquatic sys-
tems to assess the risks associated with water and fish consumption. The objective of this study
was to evaluate pesticide residue levels in Lake Victoria, Kenya, with respect to global thresholds
using water and sediment samples collected from representative sites (Kisumu, Awach, Oluch,
Mbita, Sondu, and Yala) between 2013 and 2018. The solvent-phase extraction (SPE) method was
used to extract the samples. The results of the pesticide distribution analysis in natural water
indicated higher mean HCH isomer residues in Winam Gulf compared to open waters. Since
water is a vital resource for humans and fish, these concentrations are of particular concern.
The highest observed concentration in sediment samples was the mean p,p’-DDT (58.80 + 3.618
ug kg™). Organochlorine residues in water samples were below the recommended limits set by
the World Health Organization (WHO), but sediment samples exceeded these limits. As a result,
there is a continuous need for regular monitoring of both local and regional data from point
and non-point sources to ensure human and environmental health is safeguarded and to im-
plement mitigation measures.

Keywords: Winam Gulf, pesticides residues, organochlorines, WHO guidelines

has been defined by the use of organic syn-
thetic pesticides known as chemical pesticides,
including compounds like DDT, 2,4-D, and later

Introduction

A pesticide is defined as a substance or a com-

bination of substances designed to prevent, de-
stroy, repel, or alleviate any type of pest, which
may include insects, mites, nematodes, weeds,
and rats, among others. This category encom-
passes insecticides, herbicides, fungicides, and
a wide range of other compounds used for pest
control (US EPA, 2007). The history of pesticides
at a global level can be categorized into three
distinct phases. The first phase occurred be-
fore the 1870s and involved the use of natural
pesticides such as sulphur in ancient Greece to
manage pests. The second phase took place
between the 1870s and 1945 and was charac-
terized by the use of inorganic synthetic pesti-
cides as well as natural substances. The third
and most recent phase started after 1945 and
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HCH, such as «~HCH, 5-HCH and cyclodienes in-
cluding endosulfans and methoxychlor (Wass-
wa et al, 2011; Zhang et al., 2011).

The worldwide consumption structure of pesti-
cides has undergone significant changes since
the 1960s. The proportion of herbicides in pesti-
cide consumption increased rapidly, from 20%
in 1960 to 48% in 2005 while the proportion of
consumption of insecticides and fungicides/
bactericides declined despite the increase
in their sales (Mbabazi, 1998; Wheelock et al,
2008). The application of chemical pesticides,
in particular, organic synthesized pesticides i.e.
herbicides greatly protects and facilitates agri-
cultural productivity leading to enhanced agri-
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cultural intensification and productivity (Whee-
lock et al, 2008; Nyaundi et al, 2020). Without
pesticide application, the loss of fruits, vegeta-
bles, and cereals from pest injury would reach
78%, 54% and 32% worldwide, respectively (Cai,
2008). Crop loss from pests declined to 35% from
42% when pesticides were used (Pimentel, 2009;
Dhaliwal et al, 2010). Over the period from 2007
to 2008, herbicides ranked first in three major
categories of pesticides (insecticides, fungi-
cides, bactericides, and herbicides). Fungicides
and bactericides increased rapidly and were
ranked second. Europe is how the largest pes-
ticide consumer in the world, seconded by Asia.
In terms of countries, Ching, the United States,
France, Brazil, and Japan are the largest pesti-
cide producers, consumers and traders in the
world (US EPA, 2007; Pimentel, 2009; Dhaliwal et
al, 2010). Most pesticides are not spontaneously
generated and are highly toxic to humans and
the environment and their degraded products
flow and accumulate freely in the atmosphere,
soils, and rivers (WHO, 2019).

organochlorine pesticides (OCPs) are parts of
persistent organic pollutants (POPs), which in-
clude HCH, DDT, aldrin, dieldrin, endrin, chlordane,
heptachlor, toxaphene, HCB, etc. POPs are a group
of compounds that remain intact in the environ-
ment for long periods, become widely distributed
in nature and accumulate in the fatty tissue of
humans and wildlife. Exposure to POPs can lead to
serious health effects including certain cancers,
birth defects, dysfunctional immune and repro-
ductive systems, greater susceptibility to disease
and even diminished intelligence (WHO, 2019). To
substitute these persistent organochlorine pes-
ticides, agricultural sectors have shifted towards
organophosphate pesticides. However, organo-
phosphate pesticides are generally much more
toxic to vertebrates compared to other classes
of insecticides even though they rapidly degrade
in the environment (Chambers et al,, 2001; Gupta
and Doss, 2022).

According to the “Stockholm Convention on Per-
sistent Organic Pollutants”, nine in twelve POPs
are organochloride pesticides and there are

more than 26 million human pesticide poison-
ings with about 220,000 deaths per year (Peter
et al, 2002; Richter, 2002; Gunnell et al., 2007). In
general, detailed and continuous data are still
lacking on the impact of pesticides on human
health and the environment (Kubiak-Hardiman
et al, 2022). Three major areas of pesticide use
in Africa have been and remain agriculture, live-
stock development, and human health (Wondi—
gq, 200]). Pesticide consumption in Africa ac-
counts for about 3% of global use, with South
Africa making up about 2% of pesticide con-
sumption in the world (FAO, 2022).

Lake Victoria is an ecosystem of global con-
cern since it is the largest tropical and the sec-
ond-largest freshwater lake in the world with a
surface area of 68,000 km?2 Itis shared by Ugan-
da (43%), Tanzania (51%) and Kenya (6%) (Njiru
et al, 2012).In recent years, the ecological health
of the Lake is being threatened by rapid urban-
ization and industrialization. This development,
coupled with a population of over 60 million
people (Nyamweya et al,, 2020) in its catchment
area has resulted in increased anthropogenic
activities that exert pressure on the lake ecosys-
tem (Banadda et al,, 2009; Wasswa et al., 2011).
In addition, riparian wetlands which previously
played a vital role in tertiary purification of ef-
fluent before discharge into the lake have long
been encroached on for settlement (Wasswa et
al., 2011). Pollution to the environment through
pesticide accumulation is one such example of
increased anthropogenic influence.

In Kenya, organochlorine pesticides have been
in use in farming and livestock since the 1940s
(Aucha, 2017). Lindane was the first organochlo-
rine pesticide introduced in 1949 for the control
of ticks. This was followed by the import of tox-
aphene in 1950, DDT in 1956, and dieldrin in 1961
(Abong'o et al, 2014). They were imported for
sole use by white farmers for livestock rearing
(Aucha, 2017). DDT was banned in Kenya in 1985,
while aldrin and dieldrin were banned in 1992
(PCPB, 2022). Organochlorine pesticides which
remained officially in use in Kenya are endosul-
fan, alpha, gamma-BHC, and alachlor (Madadi

ey
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et al, 2006; Aucha, 2017). Because of its threats
to human health and the environment, a global
ban on the manufacture and use of endosulfan
was negotiated under the Stockholm Conven-
tion in April 2011. The ban took effect in mid-2012,
with certain uses exempted for five additional
years. Most of the pesticides used in the Nyan-
do catchment area are organophosphate and
are moderately hazardous, but some individual
farmers still use banned or restricted organo-
chlorine pesticides (Musa et al., 2011; Abong'o et
al, 2014; Nyaundi et al., 2020).

Incidences of pesticide poisoning of fish were
highlighted by the press in May 1999. The fish
was purportedly harvested from the lake by
using endosulfan; an organochloride insec-
ticide. This resulted in a ban by the European
Union (EU) on all fish imports from Lake Victoria
(LVEMP and MoALD, 1999), greatly affecting the
economies of the three riparian countries. The
total loss of income due to the ban was esti-
mated to be more than US $ 300 million (LVEMP
2003). There are individual reports on pesticide
concentrations in fish (Henry and Kishimbag,
2006), water (Getenga et al, 2004), soil and
sediments (Abong’o, 2009; Osoro et al., 2016)
and from parts of the lake.

River Nyando, located in Western Kenyaq, is iden-
tified as the most contaminated drainage basin
on the Kenyan side of Lake Victoria by Shepherd
et al. (2000). The river system traverses agri-
cultural and industrial zones, making it a recip-
ient of various pollutants from teq, coffee, lime,
and sugar factories that utilize a diverse range
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of pesticides. Additionally, it exhibits the highest
slope and sediment transport rate among all
the rivers that flow into Lake Victoria. The unfa-
vourable land-use management practices and
excessive use of agrochemicals have led to a
high influx of nutrients and sediments, negative-
ly affecting the river and Lake Victoria ecosys-
tems (Peters and Meybeck, 2000).

There is a tremendous need for coordinated
and accessible mapping of pesticides and mi-
cro-contaminant concentrations in the Lake
Victoria Basin to focus on the current pollution
status as well as ensure that the fish ban by
the EU in 1999 does not recur. Thus the present
study sought to provide the status of pesticide
concentrations and their impact in Lake Victo-
ria, Kenyaq, in order to advice on the lake use and
fishery industry in relation to the set limits.

Materials and Methods
Study area

The study area constituted sites outside and in
Winam Gulf, a shallow inlet connected to the
main lake by the deep, narrow Rusinga Channel,
about 4 km wide (Fig. 1). The main lake is con-
nected by a narrow channel which is a region of
active interchange involving the main lake and
the gulf, with an average depth of 8 m, a width of
about 25 km and extends for 64 km from Kisumu
City to the channel. The gulf receives an average
annual river discharge of about 2.4 km3, hence
draining rich intensive farming areas, munici-
palities, and manufacturing areas, all of which
supply heavy loads of suspended sediments
and nutrients into the gulf (Njiru et al., 2012).
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Figure 1. Lake Victoria, Kenya showing the various sites sampled during the
study (Source: Authors).
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Average rainfall in the eastern side of the catch-
ment is seasonal, about 1,550 mm yr, with two
maxima. The main rain season occurs between
March and May, with an intermittent short rain
period (September-November). The minimum
monthly air temperatures range from 16.0°C -
18.0°C while the maximum temperatures lie be-
tween 27.5°C and 30.0°C. The winds occur in a
south-westerly direction and are strongest in
the afternoons. The representative sampling
sites which included the Kisumu river mouth,
Awach river mouth, Oluch river mouth, Mbita
river mouth, Sondu river mouth and Yala river
mouth (Fig. 1) were chosen since they act as a
confluence of anthropogenic discharges.

Sampling regime and sample collection

Sampling and analyses of pesticides were un-
dertaken as per standard methods as shown in

various literature (Getengo et al, 2004; Henry
and Kishimba, 2006; Abong’o, 2009; Osoro et al.,
2016). Figure 2 shows the schematic representa-
tion of the procedure undertaken to relate pesti-
cide field data to the set limits. Sampling stations
were marked using a GPS (Magellan Global Po-
sitioning System, 315 Meridian). Water and sed-
iment pesticide data were taken from six sam-
pling sites on a quarterly basis, between March
2013 and December 2018 in the Winam Gulf, Lake
Victoria to coincide with the long rain (April-May),
the dry (July) and the short rain (September)
seasons. Water samples, taken in composites,
were obtained using the grab method (APHA,
2012), into 25 L amber glass bottles that had
been pre-washed with distilled water and dried.

Marking of sampling sites using GPS

Water samples collection via
grab method into glass bottles

l

Sample mixed with 1g of HgCI,
for 5 minutes

Sediment collection by use of
a primer grab

Y

Sample thoroughly mixed for
homogeneity

{

500 g sample wrapped in aluminium foil

'

Samples stored in ice box and transported to lab and stored at 4 °C |

| Pesticides levels over 5yr period |

Comparison with WHO/NEMA standards

Solvent-phase extraction (SPE) used for the extraction of samples

v

| Acceptable pesticide levels

Figure 2. Sampling and sampling preparation framework towards the mapping of pesti-

cide concentrations in Lake Victoria, Kenya.

After the collection of the water samples, 1.0 g
of mercuric chloride was thoroughly mixed with
the sample for 5 minutes. This was used as a
treatment option to avoid the degradation of
pesticides by microorganisms. Sediment sam-
ples were also obtained from the same sam-
pling sites using a Punner grab and thorough-
ly mixed to homogenize before a 500 g aliquot
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was carefully separated and wrapped in alu-
minium foil. Before extraction, all the samples
were temporarily stored in an icebox with wet
ice, transported to the laboratory and kept in a
standard fridge at 4°C. Solvent-phase extrac-
tion (SPE) method was used in the extraction of
all the samples.
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Sample extraction, clean-up and
analysis

The method described is a modified version of
the EPA Method 3545 for the extraction of or-
ganic compounds from water, soil, and sedi-
ment samples as described by Houck (2000)
and Krieger (2001). Used glassware was soaked
in detergent for 24 hours, washed and rinsed
in distilled water before being oven-dried at
100°C for 24 hours. Solvent-phase extraction
(SPE) method was used in the extraction of wa-
ter samples. Subsequently, 50 ml of 0.2 M dipo-
tassium hydrogen phosphate buffer was added
to a water sample of 2.0 L and later transferred
into a separatory funnel. Its pH was adjusted to
7.0 by adding drops of 0.1 M sodium hydroxide
and 0.1 M HCI solutions to neutralize the sample.
About 100 g sodium chloride was then added to
salt out the pesticides from the aqueous phase,
while slowly releasing pressure, 60 mL triple dis-
tilled dichloromethane (DCM) was added to this
solution and shaken for two minutes.

Separation of the phases was achieved after al-
lowing the sample to settle for 30 minutes. A 250
mL Erlenmeyer flask was then used to collect
the organic layer and extraction was repeated
twice using 60 mL portions of dichloromethane.
After storage in a refrigerator at 4°C, the extracts
were combined and cleaned by passing them
through an ALO, chromatographic column
topped with anhydrous sodium sulphate. Pesti-
cide residues were sequentially eluted with 175
mL n-hexane. It was necessary to concentrate
the elutes to 1 mL using a rotary evaporator at
40°C, and to reconstitute them in 0.5 mL HPLC
grade isooctane for GC analyses.

Before mixing, the sediment samples were al-
lowed to thaw for 4 hours in the laboratory. The
EPA method 3540 Soxhlet extraction of sedi-
ments was then applied before transferring the
sediment samples to the Soxhlet thimble. Trip-
licates of 20 g samples were dried overnight
using activated anhydrous sodium sulphate
(Na,S0,), then extracted with 200 mL of hexane
to acetone (3:1 v/v) in 250 mL round-bottomed
flasks for a minimum of 16 hours.

After storage in a refrigerator at 4°C, the extracts
were combined and cleaned by passing them
through an ALO, chromatographic column
topped with anhydrous sodium sulphate. The
elutes were concentrated to 1 mL using a rotary
evaporator at 40°C, and reconstituted in 0.5 mL
HPLC grade isooctane for GC analyses. The final
samples were analyzed by a Varian Chrompack
CP-3800 GC equipped with an electron cap-
ture detector, under the conditions specified.
The following organochlorine pesticide residues
were identified: a-HCH, B-HCH, y-HCH, 8-HCH,
p.p’- DDD, p,p-DDE, p,p-DDT, aldrin, endrin, diel-
drin, endrin aldehyde, endosulfan |, endosulfan
I, endosulfan sulphate, heptachlor, heptachlor
epoxide, and methoxychlor.

Quality control

Replicate sampling was employed as well as
extraction and analysis of the samples collect-
ed for quality control and assurance. The de-
tection limit of each pesticide investigated was
handled using international standards and pure
distilled water as blanks. Spiking of water sam-
ples was carried out using 2 L of distilled water
and sediments busing 20 g of anhydrous Na,SO,
to a sample concentration of 0.1 pg L™

Identification and quantification of pesticide res-
idues in the samples obtained were done by the
use of a high-quality pesticide standards mixture
of over 99% purity. The pesticide standards were
obtained from Dr. Ehrenstorfer GmlbH, (Augs—
burg, Germany). Solvents such as dichlorometh-
ane (DCM), acetone, isooctane, and hexane
were sourced from Fisher Scientific (USA). Oth-
er consumable chemicals such as hydrochloric
acid (HCI), methanol (CH,OH), sodium chloride
(Nacl), aluminium oxide (Al,0,), sodium hydrox-
ide (NaOH), copper (Cu) and anhydrous sodium
sulphate (Na,S0,), all of analytical grade, were
also obtained from Fisher Scientific (USA). Gen-
eral purpose reagents (GPR) were triple distilled
in all-glass apparatus before use.

Data analysis

The data obtained were recorded in MS Excel
sheets and subjected to analyses in R version
3.5.0 (R Core Team, 2014). The significance lev-
el was set at p < 0.05. The ranges and means
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for the pesticides were obtained for comparison
with the National Environment Management
Authority (NEMA) and the World Health Organi-
zation (WHO) recommended guidelines.

Results and discussion

The study revealed a total of 17 different organo-
chlorine pesticides (OCPs): a-HCH, p-HCH, y-HCH,
8-HCH, p,p’- DDD, p,p’-DDE, p,p’-DDT, aldrin, en-
drin, dieldrin, endrin aldehyde, endosulfan |,
endosulfan [, endosulfan sulfate, heptachlor,

heptachlor epoxide, and methoxychlor, both in
water and sediment samples over a period of
five years. Organochlorine pesticide residues
from six target sampling sites ranged from be-
low detection limit (BDL) to detection level, indi-
cating local input of the detected contaminants
within the study area. NEMA and WHO pesticide
threshold limits in Lake Victoria, Kenya, are listed
in table 1. Concentrations from analyzed water
and sediment samples produced a total of 17
different organochlorine pesticides (OCPs) iden-
tified during the study period (Table 2).

Table 1. Pesticide limits in water and sediments as recommended by NEMA and WHO (FAO and

WHO, 2016).
Pesticide Name NEMA (ugL™) WHO (ugL™)
Aldrin 0.03 0.03
Endrin NR 0.6
p.o-DDT 2 1
Heptachlor 0.03 0.03
Heptachlor Epoxide 0.02 0.03
Endrin Aldehyde NR 0.6
o~HCH 2 2
B-HCH 2 2
v-HCH 2 2
5-HCH 2 2
Endosulphan | 0.01 -
Dieldrin 0.25 0.03
Endosulphan I 0.01 -
Methoxychlor 20 20

Endosulphan sulphate
p.p- DDD -
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Table 2. Overall mean pesticide residues for the period from 2013 to 2018 in Lake Victoria, Kenya in
relation to WHO-recommended concentration limits.

Pesticide Water (ugL?') Sediment (ugL") WHO (pglL™)
a~HCH 0.03 39.67 2
B-HCH 0.13 8.69 2
g-HCH 0.02 12.56 2
d-HCH 0.03 14.32 2
Heptachlor 0.13 25.81 0.03
Aldrin 0.06 21.45 0.25
Heptachlor Epoxide 0.08 15.93 0.02
Endosulphan | 0.01 36.99 0.01
p,o-DDE 0.02 4.78 0.01
Endrin 0.02 12.58 0.01
Dieldrin 0.01 26.63 0.25
Endosulphan i 0.03 12.05 0.01
p,p- DDD 0.04 8.76 0.01
Endrin Aldehyde 0.06 44.93 0.03
p,e-DDT 0.21 58.80 1
Endosulphan sulphate 0.29 4418 0.01
Methoxychlor 0.76 24.67 20

Exposure to methoxychlor, an insecticide, can
occur when spraying deter insects such as mos-
quitoes, cockroaches and flies and is known to
be toxic both to aquatic animals and humans.
Additionally, methoxychlor can bio-accumulate
in the tissues of these organisms. Mean results
from this study indicated that methoxychlor
residue levels ranked highest in water samples
analyzed from the Kisumu Bay site (1.31 £ 0.002
ug L), Mbita (113 + 0.01 pg L), Sondu Miriru (1.05
+ 0.005 pg L") and Yala (0.79 = 0.2 pg L) and
second highest in Oluch (0.13 + 0.003 ug L") and
Awach (0.14 + 0.002 pg L) (Fig. 5). However, this
was still well below WHO threshold levels of 20
pg L7 in natural water (Fig. 3). Overall results
obtained in all the target sites indicated that it
recorded the highest score in sampled water,
at a mean value of 0.76 + 0.003 pg L™. This indi-
cates that either methoxychlor is still being used
on crops, livestock, and in animal feed or car-
ried downstream via runoff. Once methoxychlor
is deposited in the ground after its application
on forests, food crops and animals, it adheres
strongly to the soil. These soil particles are ei-
ther blown by the wind or carried downstream

as runoff (Rodriguez-Eugenio et al, 2018).

Endosulfan sulphate in water samples was the
highest in Awach (0.19 + 0.01 ug L"), followed by
Sondu Miriu (1.04 + 0.002 pg L) and Oluch (0.06
+ 0.001ug L") (Figs. 3 & 5). Overall, endosulfan
sulphate ranked second highest in analyzed
water samples (0.29 + 0.005 pg L") and the third
highest in sediment samples (44.18 + 1.412 ug
L) within the period under study (Fig. 6). NEMA
(2012) provides no guideline value for endosul-
fan sulphate since its occurrence in drinking
water is documented to be at concentrations
that don’t arouse health concerns. Mean p,p '-
DDT pesticide concentrations for water samples
were the highest in Sondu Miriu (0.63 + 0.004 ug
L") and lowest at Awach (0.08 + 0.0001 ug L)
(Fig. 3). The concentrations were well below the
WHO-recommended value of 1 ug L. p,p '-DDT
ranked first in sediment samples from Kisu-
mu (92.01 + 5162 pg L") and first in the overall
concentrations of the sediment samples over a
five-year span with 58.80 + 2.013 pg L™ (Table 2).

Cases of DDT use have been reported previous-
ly in vector-borne disease control efforts within

Ly~ ]
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the Lake Victoria Basin, and it is known to survive
in soils and air for up to 30 years. In addition, a
study by Golfinopoulos et al. (2003) has shown
that thunderstorms and rains could cause re-
sidual DDT to be carried in flush floods, ending
up in the lacustrine ecosystems. A study carried
out by M'Anampiu (2011) also revealed that the
degradation of DDT and mirex in exposed fish
was very slow compared to other pesticides
and that there was very little excretion of the
pesticide via urine and gills even after 48 hours
of exposure and this can pose very serious pub-
lic health concerns.

Analyzed bottom sediment samples showed
methoxychlor pesticide residue levels with high
mean concentrations which were above the
WHO global recommended standards of 20 pg
kg™. Kisumu Bay site recorded a high mean val-
ue of 82.07 + 3.201 ug kg™, while 44.79 + 1.271 pg
kg was recorded at the Oluch station and 115.59
+ 4.372 pg kg™ in the Sondu Miriu sampling sta-
tion (Figs. 4 & 6).

Mean endosulfan pesticide concentrations in
bottom sediments was four times higher in the
Awach sampling station (144.42 + 1.072 ug kg
1) as compared to the Sondu Miriu site (59.01 +
3102 ug kg™) (Figs. 4 & 6). However, its environ-

taken into consideration. Endosulfan sulphate
has not been classified by NEMA as toxic since
its quantities in natural water are much low-
er (NEMA, 2012). However, according to a study
conducted by Shetty et al. (2000) on the bio-
degradation of cyclodiene insecticide endosul-
fan by Mucor thermohyalospora, it was report-
ed that endosulfan, a parent compound, can be
persistent and toxic to non-targeted organisms
such as fish and should therefore be of environ-
mental concern (Singh and Singh, 2011).

The concentration of DDT in water samples is
considered more significant compared to its
levels in the sediments due to its availability in
the former for use by humans and fish. Results
from this study, however, showed concentra-
tions that were below the recommended lim-
its by FAO/WHO compared to residue levels in
sediments whose values were way above these
globally recommended standards. The pres-
ence of DDT pesticides in analyzed sediment
samples, although it had been banned from use
decades ago in Kenya (1994), could probably
be due to previous use in the catchment un-
der study (Mbobozi, 1998; Getenga et al.,, 2004;
Nyaundi et al., 2020) as it is known to bio-mag-
nify and persist in the environment for a long
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Figure 3.

organochlorine pesticide residue means in water samples from the selected study

sites in Lake Victoria, Kenya over a five-year period from 2013 to 2018. The dotted line represents

WHO recommended limits.
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Figure 4. Organochlorine pesticide residue means in sediment samples from the selected study
sites in Lake Victoria, Kenya over a five-year period from 2013 to 2018. The dotted line represents

WHO recommended limits.

Heptachlor pesticide and its oxidized product
heptachlor epoxide were detected in water sam-
ples in insignificant spatial variations (p = 0.142).
However, the Yala river mouth sampling station
showed a mean value of heptachlor in sampled
water at 0.21 + 0.004 pg L' residue level whereas
heptachlor epoxide recorded a mean value of 0.1
+ 0.001 yg L. At the Mbita sampling site the val-
ues recorded for heptachlor were 0.27 + 0.02 pg
L"and 0.26 + 0.006 pg L for heptachlor epoxide
while at the Kisumu station, the mean contami-
nation levels recorded for heptachlor were 0.17 =
0.002 ug L and 0.1 = 0.0001 pg L™ for its degraded
compound, heptachlor epoxide (Fig. 3).
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Concentrations of the parent compound hepta-
chlor and its dissipated compound heptachlor
epoxide in sediment samples were detected at
varying levels during the study. Mean residue
levels were recorded as: 57.84 + 2.016 ug kg™ and
14.89 + 1.732 pg kg™ in Kisumu; 42.24 + 3.005 ug
kg™ and 0.02+ 0.001 pg kg™in Yala, 18.46 + 0.842]
Mg kg'and17.85 +2.003 pg kg™ in Oluch and 6.09
+ 0.005 pg kg™ and 27.83 + 2.021 yg kg™ in Mbita
for heptachlor and heptachlor epoxide pesti-
cides in sediment samples, respectively (Fig. 4).
The overall concentrations for the period under
study were 0.13 £ 0.006 ug L' and 0.08 + 0.0001
Mg L' for heptachlor and heptachlor epoxide,
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Figure 5. Generated pesticide levels in water obtained from the sampling stations during the

study period.

Kisumu Bay

Sondu Miriu

Sampling stations

Yala

L - -

Met



Kenya Aquatica Journal - Volume 8, Issue No. 01

respectively, in water samples and 25.81 + 2.021
pg kg™ and 15.93 + 3.101 ug kg™ heptachlor and
heptachlor epoxide, respectively for sediment
samples (Table 2).

The sample analysis results show that these
concentrations were above the NEMA recom-
mended value of 0.03 pg kg 'for both heptachlor
and heptachlor oxide in bottom sediment sam-
ples. The presence of heptachlor and its degra-
dation product is an indication that heptachlor
has been used in the area in recent times and
is still currently in use. The higher concentration
of heptachlor epoxide compared to heptachlor
in Mbita shows that the rate of application was
higher in the past than it is currently according
to Abong'o et al. (2015), since this is a degraded
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Kisumu Bay
Sondu Miriu

Oluch

compound from its parent compound. Hepta-
chlor residues were detected probably due to
its application as a household insecticide, ter-
mite control agent as well as an herbicide, in
agricultural settings whereby it ended up being
transported downstream as runoff. These levels
should be of concern since heptachlor and hep-
tachlor oxide have been reported by ATSDR to
accumulate in fish, livestock and the body fat of
humans and could still be detected up to three
years after exposure (SRC, 2007). Prolonged ex-
posure to these compounds can cause humans
to experience dizziness, weakness, headache
and feelings of ‘prick and pin” on human skin
(Hughes et al, 2014).
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Figure 6. Generated pesticide levels as observed in sampled stations during the sampling period.

Endrin was undetectable in water samples from
other sampled stations, except in the Kisumu Bay
site (0.02 + 0.0001 ug L") and Sondu Miriu (0.13 +
0.0001 pg L") analysed water (Fig. 3). In the bot-
tom sediment samples, endrin concentrations
recorded were higher, at 86.7 + 4.061 pyg kg™ in Ki-
sumuy, 19.2 = 0.007 pg kg™ in Mbita, and 13.13 £ 1.002
pg kg residue levels in Sondu Miriu sampled sta-
tions (Fig. 4). Overall, endrin had a concentration
of 0.01 £ 0.001 ug L™ and 12.568 + 0.724 ug kg™ for
water and sediment samples, respectively (Ta-
ble 2). These concentrations were well above the
WHO recommended limit of 0.6 £ 0.003 pg L™ for
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drinking water as mean values observed in bot-
tom sediments in this study exceeded the global
thresholds. There is need to ensure continuous
pesticides monitoring of its spatial and temporal
loading variations since endrin can persist in the
soil for more than a decade, and exposure to it
causes severe harmful health effects to the cen-
tral nervous system, vomiting, and convulsions
and eventually leading to death in humans and
livestock (Pathak et al, 2022).

According to Abong'o et al. (2014), the main
sources of organochlorine pesticide residues
in the Lake Victoria region are agricultural ac-
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tivities and use for public health vector control,
such as mosquitoes. The high levels of pesti-
cide residues detected in the sediments during
this period occurred during the wet season and
this was attributed to the runoff from the farms
where the pesticides were previously applied. No
organophosphates were detected in any of the
water and sediment samples. p,p"- DDD which
was identified at all sampling sites over a five-
year span. Its results showed a markedly higher
concentration followed by cyclodienes and the
least was HCHs, in the order (DDTs > cyclodienes
> HCHs), respectively.

Detection of pesticides methoxychlor, endosul-
phan, heptachlor, endrin and DDT which stand
banned in Kenya pose serious risks to public
health. According to Abong6 et al. (2014), in a
study on the impacts of pesticides on human
health and the environment in the River Nyando
catchment, pesticides were responsible for the
development of symptoms of ill health where
several farmers fell ill after exposure to these
pesticides, although the authors could not point
to any specific pesticide. For example, pesti-
cides such as heptachlor have been reported
to be highly toxic to humans causing hyperex-
citation of the central nervous system and harm
to the liver (US EPA, 2007).

Conclusion and
recommendations

Even though a ban on the use of these OCPs
took effect in Kenya almost two decades ago,
the results of this study indicate that they are still
within the Lake Victoria Basin. Fluxes were noted
between different sampling sites with some re-
sidual concentrations, especially in sediments
exceeding the WHO and NEMA recommended
limits. Notably, concentrations in water samples
than in sediments are considered crucial in this
case due to their direct availability for use by
biota and humans. However, public health may
be under threat owing to the continued use of
contaminated water since compounds such
as heptachlor are persistent organic pollutants
capable of biomagnifying in the food chain
(Pérez-Ruzafa, 2000).

The rapid population growth and urbanization
within Lake Victoria Basin in the last decade, cou-
pled with intensive agricultural practices for food
could be attributed to these pesticide residues
encountered during this study. Therefore, due
to environmental and public health concerns,
there is a need for continuous mapping of point
and non-point sources of pollution and monitor-
ing of residual levels of these organochlorines to
help in providing mitigation measures.
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Abstract

Aquaculture as an enterprise is hampered by the high cost of fish-based protein diets which ac-
count for 30 - 70% of the production cost. Alternative plant-based protein diets are paramount in
guiding fish farmers on feed efficacy and fish stocking densities. This study analyzed the growth
performance of marine acclimatized Nile tilapia (Oreochromis niloticus) using fish meal (an-
imal protein), soybean (plant protein) and wheat bran (control) formulated diets. Nile tilapia
fingerlings weighing 13 -17 g were cultured in hapa nets in three concrete-based ponds at stock-
ing densities of 15 fish/m?, 10 fish/m?3 and 5 fish/m? for each feed treatment. Monitoring of water
quality parameters (temperature, dissolved oxygen (DO), and salinity), as well as the initial and
final fish body length and weight, was done fortnightly during the experimental period. Two-way
ANOVA was used to determine if stocking density and feed treatment(s) had a significant ef-
fect on fish growth performance. Weight gain was highest in fingerlings cultured using the soy-
bean-formulated diet (10.28 + 2.44 g). Marine acclimatized O. niloticus fingerlings had a high feed
utilization for soybean meal. The stocking density of 5 fish/m? recorded the highest percentage
survival rate of 85.6% on wheat bran treatment. An optimal stocking density of 5 fish/m? is there-
fore recommended to optimize and maximize their fish production.

Keywords: fish meal, alternative proteins, optimal stocking density, Nile tilapia

Introduction In the aquaculture industry, fish feeds comprise
the main input in fish production, accounting for
Globally, human population is on the rise and is 30 - 70% of the cost of production (El-Sayed et al,,

projected to hit the 8 billion mark by the year 2030 2004). Therefore, efficient feeds are a necessity
(Khanet al, 2013). According to the UN-FAO (2000),

seafood consumption is projected to reach be-
tween 150-160 million tons per year in 2030. How-
ever, with the rampant decline in wild capture
fisheries due to the overexploitation of fisheries re-
sources, achieving this target is not possible with-
out calling upon the aquaculture sector to fill in
the gap (Khan et al, 2013). Aquaculture is expect-
ed to compensate for the decreasing fish protein
from the capture fisheries and hence bridge the N9 human health by contributing towards the
gap between demand and production. elimination of malnutrition (Pradeepkiran, 2019).
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for profit realization in aquaculture. Additionally,
balanced diet feeds, sound nutrition and ade-
quate feeding are essential to the production
and culture of fish in captivity (Khan et al, 2013).
With an estimated more than 1 billion people re-
lying on fish as the major protein source in their
diets, aquaculture is likely to play a critical role in
food security by combating hunger and boost-
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For optimum fish growth, lipids, carbohydrates
and proteins are essential macronutrients re-
quired in the rearing of Nile tilapia, Oreochro-
mis niloticus. Most importantly, protein is critical
to good health, nutrition and the physiological
processes of fish including energy production
(Banrie, 2013). In the intensive farming of O. ni-
loticus, proteins are provided in form of shrimp
meal, fish meal and fish oil.

As an animal-based protein, fish meal has been
the main source of protein in the aqua feed in-
dustry due to its palatability and well-balanced
amino acid profile (Al-Thobaiti et al,, 2017). Im-
balances may however be created among an-
imal-based proteins due to lack of one or more
essential amino acids (Tacon, 1993). Moreover,
volatility in fish meal supply and the high de-
mand by the livestock feed industry has led to
prolonged efforts in seeking alternatives. Plant-
based proteins such as soybean meal can be
viable alternatives due to their relatively low
cost, availability and their capability to partially
or completely reduce reliance on high-cost fish
meal. However, plant-based proteins are defi-
cient in essential amino acids such as methi-
onine, lysine, tryptophan and isoleucine.

Overdependence on fish meal as a feed constitu-
ent has resulted in increased pressure on natural
marine resources especially the reduction of pe-
lagic fisheries known for their source of fish meal
and fish oil (Kaushik and Hemre, 2008). This can
lead to a disruption in the marine ecosystems’
food chain. Therefore, there is need for concern
over striking a balance between reducing the
overdependence on fish oil and fish meal in the
aqua feed industry, while at the same time meet-
ing the amino acid and protein requirements of
fish (Kaushik and Hemre, 2008). For future devel-
opment of the aquaculture sector, fish meal re-
placement with locally available and cheap feed-
stuffs is recommended (Khan et al,, 2013).

The government of Kenya has played a signifi-
cant role in boosting aquaculture since the year
2006. The stagnation of the sector since its in-
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ception in 1950 was due to lack of efficient feeds
for various stages of fish development and the
availability of low-quality seed (Munguti et al,
2014). Aquaculture in Kenya has made tremen-
dous progress and is expected to grow even
further with the government’s and other stake-
holders’ support. However, this may only be
achieved if a response is made to address the
compelling need for restructuring the fish feed
industry. Over time, lack of quality feeds has
been the main challenge among the fish farm-
ers in Kenya and when quality feeds are avail-
able, they remain unaffordable for fish farmers
(Shitote et al, 2013). However, as the long wait
for the right information continues, the govern-
ment should continue playing its oversight role
on agrovet-supplied feeds to determine their
compliance with the stipulated quality stan-
dards (Munguti et al, 2014). In addition, farm-
ers’ partnership with the private sector can
help boost their access to reliable information
through extension messages via local media.

Common plant and animal protein sources used
in feed formulation include fish meal, shrimp
meal, cottonseed meal, sunflower seed, soybean
meal, and rice and wheat bran. Currently, fish
meal has dominated as a major source of pro-
tein by providing more than 50% of the fish pro-
tein requirements for fries and juveniles (Mon-
toya-Camacho et al, 2018). Shrimp meal is a
high nutritional quality animal protein source and
can be substituted with its counterpart fish meal.
However, like fish meal, it is scarce and hence not
readily available in some countries, making fish
production even more expensive (Liti et al,, 2006).
Wheat bran is a carbohydrate source obtained
from the grinding of wheat cereals and is suit-
able for culturing acclimatized Nile tilapia, O. ni-
loticus, for a weight below 140 g (Liti et al., 2005).

The efficiency of plant-based proteins depends
on several factors which include the levels of in-
clusion (complete or partial substitution) and
toxicity levels. For instance, higher amounts of
soybean meal in the O. niloticus diet may com-
promise fish growth performance (Webster et
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al, 1999). This is due to the slow digestion rate of
high concentrations of soybean meal by the fish
(Ambardekar et al, 2009). However, this may
vary between feeding regimes, strains, sex, age
and health status of fish amongst other factors.
Moreover, as inclusion levels of plant-based
proteins increase, fish growth performance de-
creases and vice versa (Khan et al,, 2013).

Stocking density denotes the carrying capaci-
ty of a fish culturing facility and potentially has
an effect on fish growth performance. Although
the stocking densities of O. niloticus range from
3,000 to 4,000 fry/m?, densities, beyond 2,670 fry/
m?* significantly affect fish growth performance
and survival (Ntanzi et al, 2014). Moreover, densi-
ties as high as 20,000 fry/m3 are viable depend-
ing on the water quality management technique
throughout the fish-rearing period and feed effi-
ciency is realized at the highest stocking densi-
ties (Yildiz and Bekcan, 2017). Generally, stocking
density potentially affects heterogeneity and ho-
mogeneity of growth among fish. A lower stock-
ing density is associated with heterogeneity due
to the aggressive behaviour of O. niloticus. Some
fish show territorial dominance and grow at a
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faster rate than those that show low dominance.
This leads to appetite suppression and low food
intake. A high stocking density promotes homo-
geneity in fish growth due to reduced territo-
rial dominance hence reducing chronic stress
among the low-dominating fish (Ntonzi et al,
2014). The improved growth however signifies re-
duced growth for the fast growers and increased
growth for the slow growers rather than fast
growth for every individual fish. Thus, the current
study was conducted to test the growth perfor-
mance of marine acclimatized O. niloticus using
plant and animal protein sources in diet formu-
lation. The effects of stocking density on growth
performance were also investigated.

Materials and methods
Experimental Site

The experiment was carried out using concrete
ponds located at the Kenya Marine and Fisher-
ies Research Institute (KMFRI) in Mombasa, Ken-
ya (-4.054757° S and 39.682621° E; Fig. 1). It is lo-
cated along the shoreline of the Indian Ocean.

© KMFRI

Figure 1. A map showing the experimental site at KMFRI (Google Maps, 2023).
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Experimental design and stocking

The experiment was conducted in three con-
crete-based tanks of dimensions 4 m x 3 m x
1 m. The tanks were fitted with three hapa nets
of dimensions T m x 1 m x 1 m to accommodate
the three levels of fish stocking densities, i.e., 15
fish/m3, 10 fish/m3 and 5 fish/m?3. A total of 90
mixed-sex O. niloticus fingerlings with average
weights of 13 £ 0.06 g,14 + 0.06 gand 17 + 0.06 g
were selected from a holding tank, and stocked
in densities of 5, 10, and 15 fish/m? respectively
per concrete tank. Figure 2 illustrates the setup
of the experiment.

Initial fingerling weight and length measure-
ments were taken using an analytical weighing
balance (Sartorius TE4100 Talent Analytical Bal-
ance) and a fish sticker length ruler respectively
to the nearest gram and cm, respectively be-
fore stocking. The treatments were then accli-
matized for 24 hrs before feeding commenced
(Khan et al,, 2013). The experiment was conduct-
ed for 57 days from 15th June to 11th August 2021.

Experimental diets and feeding

Three culture diets were formulated i.e., fish meal,
soybean meal and wheat bran using cassava,
fish meal (Omena), soybean and wheat bran as
ingredients. Fish meal and soybean meal were
formulated to contain a 30% crude protein level.
The control diet was formulated using wheat bran
as the single main ingredient. Ratio determina-
tion for various feed proportions was done using
the Pearson square method (Catacutan, 2002).
In the formulation process, dry feed ingredients
were mixed thoroughly before adding water to

Figure 2. Setup of the experiment using hapa nets for marine tilapia rearing (Source: Authors).

moisturize the feeds. Diets were then passed
through an improvised pelleting machine, made
into “spaghetti-like” strands (Thompson et al,
2020) and sundried for 24 hrs to obtain dry pel-
let feeds which were used to feed the fingerlings.
Fish meal formulated diet, soybean meal diet
and the wheat bran diet (control) were fed to fin-
gerlings in tank 1, tank 2 and tank 3 respective-
ly. The fish fingerings were fed manually twice a
day at 9.00 a.m. and 3.00 p.m. at 3% body weight
to apparent satiation at each feeding with feed-
ing adjustments during the experimental period
(Mapenzi and Mmochi, 2016).

Proximate composition analysis of
experimental diets

The proximate composition of diet feeds and
their respective ingredients was analyzed to
determine their percentage moisture, crude
protein, crude lipids, crude fibre, ash content,
carbohydrate, calcium and phosphorus using
standard procedures defined by the Associa-
tion of Official Analytical Chemists (AOAC, 2000).
Analysis of crude protein level was done using
the Kjeldahl method. Samples were digested in
a digestion unit for approximately 45 minutes.
The digester was then distilled and titrated us-
ing 0.2 M HCI and crude protein was obtained by
multiplying nitrogen with a conversion factor of
6.25. Moisture content was determined by AOAC
procedure 930.15, by oven-drying feed samples
at 105°C until a constant weight was obtained.

Ash content was determined by AOAC pro-
cedure 942.05 by obtaining calcinations in a
muffle furnace at 550°C for 4 hours. Deter-
mination of crude lipid was done through the
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extraction of a weighed sample with acetone
in a Soxhlet extraction unit. Crude fibre was
determined through AOAC procedure 962.09
by digesting weighed samples with sulphuric
acid and with a few drops of octane in the di-
gestion unit for 30 minutes. The acid was then
removed through filtering and washing and
thereafter a residue was obtained. The resi-
due was then boiled with potassium hydroxide
and then washed in boiling water and acetone
before oven-drying at 130°C and ignited in a
muffle furnace at 500°C. Crude fibre content
was then determined based on the weight dif-
ference. The results of the proximate analyses
are presented in Table 1.

Table 1. Proximate composition of the formu-
lated diets. Key: FM-fish meal; SB-soybean
meal; WB-wheat bran

Treatment Diet

Component Diet1(FM)  Diet 2 (SB) Diet 3 (WB)
Moisture 11.6 10.8 1.7
Crude protein 25.71 2274 14.2
Crude Lipids 7.92 5.58 2.31
Ash content 9.01 6.81 5.7
Crude Fiber 43 523 7.6
Carbohydrate 2172 217 18.17

Determination of growth performance

Table 2. Proximate composition of the feed
ingredients

Feed ingredients

Fish Wheat Cassava
Composition % meal Soybean bran (binder)
Moisture 10.21 9.21 9.7 10.14
Crude protein 51.36 38.23 16.34 21
Crude Lipids 5.53 28.2 51 1.34
Ash content 33.74 4.29 3.62 3.32
Crude Fiber 1.42 5.34 8.6 17
Carbohydrate = 16.48 23.48 89.62

Sampling protocol

Sampling to monitor the growth of individual
fingerlings was done fortnightly (Mapenzi and
Mmochi, 2016). Sample weight and length were
measured using an analytical weighing balance
and a fish sticker length ruler respectively. Wa-
ter quality control was done manually by use of
an outlet system in each of the concrete ponds
which served as a continuous filtration sys-
tem throughout the experimental period. Water
quality parameters (temperature, oxygen, pH,
salinity and dissolved oxygen) were measured
twice a week throughout the experimental peri-
od using a hand-held portable multi-parame-
ter (YSI ProQuatro model).

The following fish growth parameters were used to determine growth performance.

i. Specific growth rate (%)=
.. . Nr
ii. Survival rate (%)= ~ 100

i. Food Conversion Ratio (FCR) =

INnWi— InWy) .

Total feed /Diet consumed

100

+ 100

Total weight gain

Where, T is the number of days of the experiment; W, and W, are the initial and final mean
body weights and N, and N, are the numbers of harvested fish at the end of the experiment
and the initial number of stocked fish respectively.

Data analysis

Collected data were tabulated in a MS Excel worksheet and analyzed using two-way ANOVA to de-

termine if stocking density and feed treatments had significant effects on the growth performance
of O. niloticus. All statistical analyses were computed using SPSS (version 22).

(55|
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Results and discussion

In situ measurements of water quality
parameters

Most of the water quality parameters were within the
acceptable range for O. niloticus culture. The mean
values for in situ (inside the hapa nets) water quality
parameters monitored throughout the experiment

including temperature, oxygen (mg L"), pH, salini-
ty and total dissolved solids (TDS) were computed
(Table 3). pH and DO had a comparable effect on
the FCR. Increasing pH by one unit would improve
FCR by about 0.5 unit. On the other hand, decreasing
DO from the highest level investigated ie, 11 mg L
to 3 mg L™, which is the minimum level required for
tilapia production, would lead to an increase of 0.9
unit FCR (Mengistu et al, 2020).

Table 3: Mean water quality (mean * SE) parameters inside the hapa nets for feed treatments at
different stocking densities.

Water quality parameters

Density

Fish meal Soybean Wheat bran 15 10 5
Temp (°C) 26.87 £ 0.15 26.84 +0.07 | 26.78 +0.07 | 26.69 £0.08 | 26.84 + 0.94 | 26.95 + 0.03
Dissolved Oxygen (DO) 4.03 + 0.05 530 + 0.10 469 +£0.05 | 4.66+0.28 4.65 + 0.43 471+ 0.42
Total Dissolved Solids (TDS) 26937.24 + 27075.28 + 26937.23 26936.56 + 27006.64 27006.56 +
35.56 18.87 35.56 67.89 +18.77 51.39
Salinity 26,57 +0.01 | 2658 +0.08 | 26.55+ 0.01 | 26.59 £ 0.04 | 26.59 £ 0.03 | 26.53 + 0.55
pH 6.74 + 0.01 6.74 + 0.01 6.75 + 0.01 6.75 + 0.01 6.75 + 0.03 6.74 £ 0.01

Efficiency of diet on fish growth
performance and survival rate

After 57 days of culture, mean individual weight
gain was highest in the Soybean treatment
(10.28 + 2.44 g) while the survival rate was high-
est in the wheat bran (control diet) treatment
(85.55%). There were no statistically significant

differences in average stocking weight for both
stocking density (p > 0.05) and feed treatment
(p > 0.05). The food conversion ratio (FCR) was
not significantly different in samples exposed to
the different treatments (p > 0.05). The growth
performance of O. niloticus fingerlings is as
presented in Table 4. Results are presented as
mean + standard error of the mean (SE).

Table 4: Calculated means of growth and yield (Mean * SE) of O. niloticus fed on three different

diets and cultured at different densities.

Treatment Diet | Density (Fish/m3)
Growth and yield parameters  Fish meal Soybean Wheat bran 15 10 5
Individual stocking length (cm)  9.06+0.07 9.6+0.39 9.46+0.13 9.30+0.22 9.71+0.29 9.11+0.16
Individual final length (cm) 11.82+0.21 1.96+0.16 11.27+0.28 11.35+0.23 11.68+0.31 12.03+0.12
Individual stocking weight(g) 17.67+4.32 14.86%1.14 13.78+0.61 13.8+0.81 19.41+3.48 13.09+0.633
Individual final weight (g) 23.7+0.81 25.14+1.63 21.84+1.99 21.48+1.42 24.18+1.60 25.02+1.43
Individual weight gain (g) 6.03+3.71 10.28+2.44 8.06+2.42 7.67+1.84 4.77+3.09 11.93+2.06
Survival rate (%) 83.33x16.67 64.44+12.37 85.55+293  86.67+7.69 60+15.28 86.67+6.67
SGR (% day) 1.3+0.45 1.29+0.32 1.09+£0.29 1.23+0.49 0.98+0.167 1.5+0.26
FCR 13.63+6.96 17.5+5.64 1.77+5.64 4.03+9.48 2478+16.60  4.10£4.10
DGR 0.11+0.07 0.19+0.05 0.22+0.04 0.14+£0.03 0.09+0.06 0.22+0.04
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Stocking density potentially influences fish growth
performance and the overall yield in aquaculture.
In this study, a positive growth of fish occurred
in all treatments. The 5 fish/m? stocking densi-
ty had a marginally higher SGR, weight gain and
a slightly higher survival rate than other density
treatments including the control treatment. FCR
was lower in the 10 fish/m3 than in the 15 and 5
fish/m3 densities. However, the parameters did
not vary significantly between the treatments (p
> 0.005). Figures 2 and 3 depict the growth trend
curves for O. niloticus under different densities
and dietary feed treatments. In Figure 2, growth
trend curves depicted growth declines after fish
attained approximately 23 g, with the 5 fish/m?
density depicting a higher positive and consis-
tent growth response compared to 10 and 15 fish/
m?* densities. In figure 3, growth declines were
observed at approximately 24 g with soybean
meal (SBM) depicting a positive growth response
compared to other dietary feeds i.e, wheat bran
and fish meal.

Effects of stocking density on growth
performance and survival rate

Stocking density of 5 fish/m3 had the highest
weight gain, SGR and survival rate compared to
densities of 15 fish/m? and 10 fish/m3 while stock-
ing density of 10 fish/m? had the least weight
gain (4.77 + 3.09 g) and the lowest survival rate
(60 +15.28%). Weight gain, SGR and survival rate
did not vary significantly. Stocking density had
no significant effect on fish growth performance
(p>0.187).

Results from the study demonstrate that soy-
bean treatment had the highest growth re-
sponse in terms of weight gain (10.28 + 2.44 g)
compared to fish meal and wheat bran diet
treatments. Soybean meal had a moderate fi-
bre content. Despite both fish meal and soy-
bean diets having a 30% crude protein level,
moderate content of crude fibre in soybean
may have aided in its digestibility compared to
fish meal and wheat bran. A study by Phumee
et al. (2011) however, reports that the high fibre

content in soybean meal affects its digestibili-
ty. The findings of the present study concur with
Obirikorang et al. (2020) in which Nile tilapia fry
was used to test the effects of soybean meal on
its growth performance and concluded that low
contents of soybean meal can improve feed di-
gestibility. However, the presence of anti-nutri-
tional factors such as phytic acid, trypsin inhib-
itors and saponins in soybean meal can inhibit
growth (Francis et al., 2001). Wheat bran treat-
ment had a significant effect on growth perfor-
mance compared to fish meal. Soybean had a
balanced chemical composition based on the
diet feeds’ proximate analysis compared to fish
meal and wheat bran.

Dissolved oxygen is one of the main limiting en-
vironmental variables that potentially affect fish
growth performance and can possibly affect
feed intake by reducing digestibility (Tran-Duy et
al, 2012). Feed assimilation is improved at high
DO due to improved blood flow to the gastro-
intestinal tract (Axelsson et al, 2002) and lower
energy cost of feed digestion and absorption of
nutrients (Duan et al, 2011). Energy for growth will
therefore be available. According to Tran-Ngoc et
al, (2017), Nile tilapia recorded significantly lower
performance in terms of SGR, FCR and final body
weight, under hypoxia (3 mg L") compared to its
performance under normoxia (5 mg L) which
represents 50% of DO saturation. In addition, the
study found that hypoxia affected intestinal mor-
phology negatively. Optimum DO is therefore an
important environmental factor for improving
FCR. Dissolved oxygen in this study was within the
optimum range between hypoxia and normoxia
and was statistically significant (p = 0.000) and
highest on treatments fed on Soybean (5.30
0.10 mg L") and lowest on treatments fed on fish
meal (4.03 = 0.05 mg L™). This may have aided
a high feed consumption for soybean compared
to fishmeal and wheat bran treatments. Lower
concentrations of DO on treatments fed on fish
meal might have caused stress in fish or con-
strained fish metabolism which might have led
to a reduction in growth performance. Oxygen
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Figure 4. Mean weights of O. niloticus fed on different diet treatments. Values are means (* SE)

for different feed treatments per sampling date.

concentration levels have been shown to have a
positive effect on fish growth performance (Mal-
lya, 2007).

Survival rates were greater on fishmeal (83.3%)
and wheat bran (64.4%) treatments compared
to soybean (64.44%) but were not statistical-
ly significant (p =0.361). The maximum surviv-
al rate in this study, 86%, differed from that of
Mapenzi and Mmochi (2016), which reported a
maximum survival rate of 90%. A low survival
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rate in this study may have been due to poor
acclimation to saline conditions as the fish tried
to adapt. Some may have been unable to cope
with the harsh salty conditions and hence re-
sulting in the higher mortalities observed in the
present study. In addition, the handling method
during sampling might have led to a low surviv-
al rate, to some extent. The higher survival rates
observed in this study may be due to the abil-
ity of the fish to tolerate adverse conditions of
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low temperature and oxygen. This is as was ob-
served by Ahmed et al. (2013) who observed a
slightly lower survival rate (75.55%) for monosex
tilapia compared to this study while evaluating
the production performance of monosex tilapia
under homemade feed in earthen mini ponds.
Furthermore, the results of this study fall with-
in the range of research findings of Kohinoor et
al. (2007) who observed that the survival rate of
monosex tilapia varied from 79 - 92%.

Stocking density has the potential ability to in-
fluence fish growth. Stocking density of 5 fish/
m? had the highest mean survival rate, weight
gain and SGR compared to 15 fish/m? and 10
fish/m?® densities. However, stocking density
in this study was not statistically significant (p
=0.187). The results agree with those of Mapenzi
and Mmochi (2016) who found a nonsignificant
result on stocking density. Furthermore, nonsig-
nificant findings on stocking density also concur
with Mengistu et al. (2020) who found a nonsig-
nificant result in two of the three models used
for analysis. Moreover, Mengistu et al. (2020)
cite that, as part of what is generally observed
in aquaculture, as stocking density increases,
FCR is negatively affected and that an increase
in one unit of stocking density would lead to an
increase in FCR by about 0.01kg feed per kg bio-
mass harvest. However, stocking density and
stocking size differs from country to country un-
der small-scale tilapia production systems.

Specific Growth Rate (SGR) varied for wheat
bran but not between fish meal and soybean.
This may be attributed to the 30% crude protein
level in the two diets, fish meal and soybean.
Protein and ash content levels relate to fish size.
Specific Growth Rate of wheat bran might have
been affected by a low content of crude protein
and ash content. Specific Growth Rate was how-
ever not statistically significant (p =0.905), with
its values in this study (0.98 - 15) being lower
than those reported by Mapenzi and Mmochi
(2016) (8.33, 8.3, 7.8) but in range with values
reported by lluyemi et al. (2010) (0.77 - 1.49) for
red tilapia. However, the SGR values reported by

lluyemi et al. (2010) were statistically significant
and decreased with feed supplementation. High
SGR values in the Mapenzi and Mmochi (2016)
study were attributed to the use of hybrids of O.
niloticus and O. urolepis. The hybrids might have
had enhanced genetic traits inherited from both
of their parents that promoted high SGR values.

Food Conversion Ratio, the fish’s ability to con-
vert food into biomass was not significantly af-
fected by stocking density and feed treatments.
The optimum feeding rate is the rate that gives
the lowest FCR (Mengistu et al., 2020). Best FCR
values were observed at densities of 15 fish/m?
and 5 fish/m3 and on wheat bran treatment.
The recommended FCR range for O. niloticus is
3.4 - 4.0 (Liti et al, 2008). In this study, FCR was
higher than the recommended FCR range for
O. niloticus. Reasons for a poor FCR may have
been due to stress. Stress causes inappropriate
dietary energy utilization attributable to physi-
ological alterations, which leads to poor growth
(Mapenzi and Mmochi, 2016). Factors such as pH
and DO have a comparable effect on FCR. The
Mengistu et al. (2020) study found the best FCR
and growth to be within a pH range from 7 to 9.
The pH levels in this study were below the range
requirements for optimizing FCR.

Weight gain and final mean weight, on the other
hand, were highest at the lowest stocking den-
sity, 5 fish/m?3. This was similar to observations
made by Ferdous et al. (2014) and Mapenzi and
Mmochi (2016). However, mean weight gain did
not vary significantly in this study.

Conclusionandrecommendation

Marine acclimatized O. niloticus fingerlings have
a high feed utilization for soybean meal com-
pared to fish meal and wheat bran. The results
indicate that soybean meal had a higher growth
performance as a diet for the fingerlings of ma-
rine acclimatized Nile tilapia. Furthermore, Nile ti-
lapia are capable of utilizing plant protein sourc-
es in their diets, achieving growth in their early
life stages. Therefore, growth and feed utilization
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results from the study can serve as a basis for
recommending the formulation of cost-effective
feeds for the nursery culture of fingerlings of Nile
tilapia using locally available plant ingredients.

Stocking density of 5 fish/m3 promoted fish
growth due to less or no energy expenditure on
food and space competition compared to 15
fish/m? and 10 fish/m? densities that promoted
a high expenditure on space and food com-
petition resulting in a low growth rate. Soybean
meal and a stocking density of 5 fish/m3 can
therefore be adopted by fish farmers for opti-
mization and maximization of their fish produce.
However, there is need for further research on
soybean meal efficiency.

On seasonality, the study was carried out during
the Southeast Monsoon season. There are no
arguments on whether seasonality significant-
ly affects fish growth performance since similar
yields may still be obtained no matter the sea-
son. However, conditions such as temperature
and availability of water for experimental ponds
may affect yield in the long run. Consequent-
ly, male and female O. niloticus, have different
growth rates. In this study a mixed-sex popu-
lation was used, thus, there is need to monitor
growth using monosex tilapia.

Acknowledgements

We acknowledge Paige Cooper and Bro. Pe-
ter Kombe (FSC) for financially supporting this
study. The Kenya Marine and Fisheries Research
Institute (KMFRI) is appreciated for offering re-
search facilities through the Mariculture Re-
sedrch Department.

References

Ahmed GU, Sultana N, Shamsuddin M, Hossain
MB (2013) Growth and production perfor-
mance of monosex tilapia (Oreochromis
niloticus). Pakistan Journal of Biological
Sciences, 16(23): 1781-1785 [https://doi.
org/10.3923/pjbs.2013.1781.1785]

| 71

Al-Thobaiti A, AI-Ghanim K, Ahmed Z, Suliman EM,
Mahboob S (2017) Impact of replacing fish
meal by a mixture of different plant pro-
tein sources on the growth performance in
Nile Tilapia (Oreochromis niloticus L.) diets.
Brazilian Journal of Biology, 78(3): 525-534
[https://doi.org/10.1590/1519-6984.172230]

Ambardekar AA, Reigh RC, Williams MB (2009)
Absorption of amino acids from intact
dietary proteins and purified amino acid
supplements follows different time-cours-
es in channel catfish (Ictalurus puncta-
tus). Aquaculture, 291(3): 179-187 [https://
doi.org/10.1016/j.aquaculture.2009.02.044]

AOAC (2000) Official Methods of Analysis. (17th
ed.). The Association of Official Analytical
Chemists

Axelsson M, Altimiras J, Claireaux G (2002)
Post-prandial blood flow to the gas-
trointestinal tract is not compromised
during hypoxia in the sea bass Dicen-
trarchus labrax. Journal of Experimental
Biology, 205(18): 2891-2896 [https://doi.
org/10.1242/jeb.205.18.2891]

Banrie (2013) Principles of fish nutrition. Re-
trieved from https://thefishsite.com/arti-
cles/principles-of-fish-nutrition

Catacutan MR (2002) Formulation of aqua-
feeds. In OM Millamena, RM Coloso, FP
Pascual (eds) Nutrition in Tropical Aqua-
culture: Essentials of fish nutrition, feeds,
and feeding of tropical aquatic species.
Aquaculture Department, Southeast
Asian Fisheries Development Center, pp
99-123. Retrieved from http://hdl.handle.
net/10862/3318

Duan Y, Dong X, Zhang X, Miao Z (2011) Effects
of dissolved oxygen concentration and
stocking density on the growth, energy
budget and body composition of juvenile
Japanese flounder, Paralichthys oliva-
ceus (Temminck et Schlegel). Aquacul-
ture Research, 42(3): 407-416 [https://doi.
org/10.1111/j.1365-2109.2010.02635.x]



Kenya Aquatica Journal - Volume 8, Issue No. 01

WRETINNERNY - R o ) T

El-Sayed A-FM (2004) Protein nutrition of farmed
tilapia: Searching for unconventional
sources. Proceedings of the 6th Interna-
tional Symposium on Tilapia in Aquacul-
ture 12-16 September 2004, 364—-378

Ferdous Z, Masum M, Mohsin M (2014) Influence
of Stocking Density on Growth Perfor-
mance and Survival of Monosex Tilapia
(Oreochromis niloticus) Fry. Internation-
al Journal of Research in Fisheries and
Aquaculture., 4(2): 99-103

Francis G, Makkar HPS, Becker K (2001) An-
tinutritional factors present in plant-de-
rived alternate fish feed ingredients and
their effects in fish. Aquaculture, 199(3):
197-227 [https://doi.org/10.1016/S0044-
8486(01)00526-9]

lluyemi F, Hanafi M, Othman R, Kamarudin MS
(2010) Nutritional evaluation of fermented
palm kernel cake using red tilapia. African
Journal of Biotechnology, 9(4): 502-507

Kaushik SJ, Hemre G-1(2008) 12—Plant proteins
as alternative sources for fish feed and
farmed fish quality. In @ Lie (ed), Improv-
ing Farmed Fish Quality and Safety. Wood-
head Publishing, pp 300-327 [https://doi.
org/10.1533/9781845694920.2.300]

Khan MSK, Siddique MaM, Zamal H (2013) Re-
placement of fish meal by plant protein
sources in Nile tilapia (Oreochromis niloti-
cus) diet: Growth performance and utili-
zation. Iranian Journal of Fisheries Scienc-
es, 12(4): 864-872

Kohinoor AHM, Islam AKMS, Jahan DA, Zaher M,
Hussain MG (2007) Monoculture of climb-
ing perch, Thai koi, Anabas testudineus
(Bloch) under different stocking densities
at on-farm. Bangladesh Journal of Fisher-
ies Research, 11(2):173-180

Liti D, Cherop L, Munguti J, Chhorn L (2005)
Growth and economic performance of
Nile tilapia (Oreochromis niloticus L.) fed
on two formulated diets and two locally
available feeds in fertilized ponds. AQua-

culture Research, 36(8): 746-752 [https://
doi.org/10.1111/}.1365-2109.2005.01265.x]

Liti DM, Waidbacher H, Straif M, Mbaluka RK,
Munguti JM, Kyenze MM (2006) Effects
of partial and complete replacement of
freshwater shrimp meal (Caridinea niloti-
cus Roux) with a mixture of plant protein
sources on growth performance of Nile
tilapia (Oreochromis niloticus L.) in fertil-
ized ponds. Aquaculture Research, 37(5):
477-483 [https://doi.org/10.1111/j.1365-
2109.2006.01450.x]

Mallya YJ (2007) The effects of dissolved ox-
ygen on fish growth in aquaculture. The
United Nations University Fisheries Training
Programme, Final Project. Retrieved from
https://www.grocentre.is/static/gro/publi-
cation/58/document/yovita07prf.pdf

Mapenzi LL, Mmochi AJ (2016) Effect of Stock-
ing Density on Growth Performance of
Hybrids of Oreochromis niloticus® and
Oreochromis urolepis urolepisk in Saline
Water. Western Indian Ocean Journal of
Marine Science, 15(2): 62-74 [https://doi.
org/10.4314/wiojms.v15i2]

Mengistu SB, Mulder HA, Benzie JA H, Komen H
(2020) A systemaitic literature review of
the major factors causing yield gap by
affecting growth, feed conversion ratio
and survival in Nile tilapia (Oreochromis
niloticus) Reviews in Aquaculture, 12(2):
524-541 [https://doi.org/10.111/raq.12331]

Montoya-Camacho N, Marquez Rios E, Castil-
lo-Ya&fez F, Cardenas-Lopez J, Lépez-Elias
J, Ruiz-Cruz S, Jimenez-Ruiz E, Rivas-Vega
M, Ocafo-Higuera V (2018) Advances in
the use of alternative protein sources for
tilapia feeding. Reviews in Aquaculture, 11:
1-12. [https:/[doi.org/10.1111/raq.12243]

Munguti JM, Musa S, Orina PS, Kyule DN, Opi-
yo MA, Charo-Karisa H, Ogello EO (2014)
An overview of current status of Kenyan
fish feed industry and feed management
practices, challenges and opportunities.

72|



Kenya Aquatica Journal - Volume 8, Issue No. 01

International Journal of Fisheries and
Aquatic Studies, 1(6): 128-137

Ntanzi R, Bwanika G, Eriku G (2014) The Effects
of Stocking Density on the Growth and
Survival of Nile Tilapia (Oreochromis niloti-
cus) Fry at Son Fish Farm, Uganda. Journal
of Aquaculture Research & Development,
5(2):1-7 [https://doi.org/10.4172/2155-
9546.1000222]

Obirikorang KA, Gyamfi S, Goode ME, Amisah S,
Edziyie RE, Quagrainie K, Egna H, Frimpong
E (2020) Effect of soybean meal diets on
the growth performance, ammonia ex-
cretion rates, gut histology and feed cost
of Nile tilapia (Oreochromis niloticus) fry.
Aquaculture Research, 51(9): 3520-3532
[https://doi.org/10.1111/are.14689]

Phumee P, Wei WY, Ramachandran S, Hashim
R (2011) Evaluation of soybean meal in
the formulated diets for juvenile Pan-
gasianodon hypophthalmus (Sau-
vage, 1878). Aquaculture Nutrition, 17(2):
214-222 [https://doi.org/10.1111/].1365-
2095.2009.00729.x]

Pradeepkiran JA (2019) Aquaculture role in
global food security with nutritional value:
A review. Translational Animal Science,
3(2): 903-910 [https://doi.org/10.1093/tas/
txz012]

Shitote Z, Wakhungu J, China SS (2013) Chal-
lenges Facing Fish Farming Development
in Western Kenya. Greener Journal of Ag-
ricultural Sciences, 3(5): 305-311. [https://
doi.org/10.15580/GJAS.2013.3.012213403]

Tacon AG (1993) Feed ingredients for warm-
water fish, fish meal and other processed
feedstuffs. FAO Fisheries Circular (FAO).
No. 856

Thompson MSA, Pontalier H, Spence MA, Pin-
negar JK, Greenstreet SPR, Moriarty M,
Hélaouét P, Lynam CP (2020) A feeding
guild indicator to assess environmental
change impacts on marine ecosystem

e | 73

structure and functioning. Journal of Ap-
plied Ecology, 57(9): 1769-1781 [https://doi.
org/10.1111/1365-2664.13662]

Tran-Duy A, van Dam AA, Schrama JW (2012)
Feed intake, growth and metabolism of
Nile tilapia (Oreochromis niloticus) in
relation to dissolved oxygen concen-
tration. Aquaculture Research, 43(5):
730-744 [https://doi.org/10.1111/j.1365-
2109.2011.02882.x]

Tran-Ngoc KT, Schrama JW, Le MTT, Nguyen
TH, Roem AJ, Verreth JAJ (2017) Salinity
and diet composition affect digestibility
and intestinal morphology in Nile tilapia
(oreochromis niloticus). Aquaculture, 469:
36-43 [https://doi.org/10.1016/j.aquacul-
ture.2016.11.037]

UN-FAO (2000) Food Supplies Set to Grow Fast-
er Than Population, but Undernourish-
ment Will Remain Widespread, According
to New FAO Report. UN: Press Release.
Retrieved from https://press.un.org/
en/2000/20000724.sag77.doc.html#:~:tex-
t=Average%20world%20consumption%20
of%20fish,tons%2C %20is%20likely%20to%20
fall

Webster CD, Tiu LG, Morgan AM, Gannam A
(1999) Effect of Partial and Total Replace-
ment of Fish Meal on Growth and Body
Composition of Sunshine Bass Morone
chrysopsxM. saxatilis Fed Practical Di-
ets. Journal of the World Aquaculture
Society, 30(4): 443-453 [https://doi.
org/10.1111/}.1749-7345.1999.tb00992 x]

Yildiz HY, Bekcan S (2017) Role of stocking den-
sity of tilapia (Oreochromis aureus) on
fish growth, water quality and tomato
(Solanum lycopersicum) plant biomass in
the aquaponic system. International Jour-
nal of Environment, Agriculture and Bio-
technology, 2(6): 2819-2824 |[https://doi.
org/10.22161/ijeab/2.6.7]



Kenya Aquatica Journal - Volume 8, Issue No. 01 Pages 74-88

The potential of three culture techniques to mitigate
environmental challenges and enhance yields of Eu-
cheumoids (Rhodophyta; Gigartinales) in deep water
on the Kenyan Coast

Alex G. Kimathi'’, Joseph G. Wakibia?, Moses K. Gichua?, David Mirera’
'Kenya Marine and Fisheries Research Institute, P.O. Box 81651, Mombasa, Kenya
2Jomo Kenyatta University of Agriculture and Technology, P.O. Box 62000-00200, Nairobi, Kenya

*Corresponding author: kimathi_alex@yahoo.com, (+254) 0 721 400063

Abstract

Relocation of seaweed farms from shallow to deeper waters has been recommmended to remedy
seasonal infestation of seaweeds by ice-ice disease and epiphytes. However, data supporting
the best culture technique for farmers’ adoption is scarce. In the present study, the production
potentials of one shallow, fixed off-bottom (FB) and two deep water techniques; modified off-bot-
tom (MB) and floating raft (FR) techniques were evaluated by comparing the yields of Eucheuma
denticulatum and Kappaphycus alvarezii while monitoring the environmental factors. Each of the
cultivation techniques was set at a low tide water depth of 1 m. Experiments were established at
Mkwiro and Kibuyuni in the South Coast and data were collected fortnightly for nine months. The
net yield (dw ha™ yr™) was significantly higher at Mkwiro (32.4 t) than at Kibuyuni with 22.8 t (p <
0.05). The net yield (dw ha™ yr™) of 30.2 t in the FR was significantly higher than 20.4 t and 10.9 t in
MB and FB respectively (p < 0.05). The net yield (t dw ha™ year™) of E. denticulatum (30 t) was sig-
nificantly higher than 12 t for K. alvarezii (p < 0.05). Although the FR was the best in mitigating en-
vironmental challenges of seaweeds, the three techniques can be adopted to improve seaweed
production in deep water.

Keywords: South Coast, cultivation technique, ice-ice disease, net yield, Eucheuma denticulatum,
Kappaphycus alvarezii,

Introduction rezii (Doty) Doty ex Silva are the main sources of

kappa and iota carrageenans respectively that

There are three basic types of seaweed; red
(rhodophytes), brown (bryophytes) and green
(chlorophytes). These versatile marine plants
have diverse economic importance. While the
brown and green seaweeds are used directly
as food (Paull and Chen, 2009), red seaweeds
are sources of anti-oxidants/microbial agents
(Gupta and Abu-Ghannam, 2011) and phyco-
colloids - agar, carrageenan and alginate are
used as industrial binding agents (McHugh,
2003). The red seaweeds; Eucheuma denticula-
tum Collins and Hervey, and Kappaphycus alva-

have gained a high demand in food, cosmetic
and pharmaceutical industries (Wakibia et al,
2006; Anis et al, 2017). To meet the global de-
mand for carrageenans, K. alvarezii and E. den-
ticulatum (carragenophytes) are commercially
cultivated in countries with tropical coastlines,
with Asian countries such as Indonesia leading
in production (FAO, 2018). Aquatic cultivation of
carragenophytes in Indonesia enhanced the in-
crease in seaweed output from less than 4 mil-
lion tonnes in 2010 to over 11 million tonnes in
2016 (FAO, 2018). Away from giant seaweed pro-
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ducers in Asia, cultivation of carragenophytes
has spread to the Western Indian Ocean (WIO)
countries of Mozambique, Madagascar, Tan-
zania and Kenya in the recent past (Wakibia et
al, 2011; Msuya et al, 2014; Msuya and Hurtado,
2017). In 2020, annual productions of carragee-
nophytes in Tanzania and Madagascar were
102,960 and 53,370 tonnes (fw), respectively.
However, in Kenya, the production of eucheu-
moids is still low, standing at approximately
1,000 tonnes (fw) in 2020 (Msuya et al, 2022).

Seaweed cultivation in Kenya shares similar
challenges experienced in other WIO countries.
Reported challenges include poor gate price of
harvested seaweeds that demotivates farm-
ers’ over-reliance on the same strain (E. dentic-
ulatum and K. alvarezii) that is exposed to in-
breeding and the perennial use of one culture
technique i.e., off-bottom (Hurtado et al., 2015).
Moreover, the location of farms is limited to
shallow beds within the sub-littoral zone where
water depth hardly exceeds 0.5 m at low tide
because the majority of the farmers are wom-
en with inadequate swimming capabilities to
expand their farms to deeper areas (Kimathi et
al, 2018). This farming behaviour has resulted
in some farms being located in areas without
water at low tide thus exposing seaweed cut-
tings directly to hot air and water temperatures
above 33°C (Msuya et al, 2014). For instance, in
2008, a water temperature range of 36-38°C
recorded in January and February in Zanzibar
and Songo Songo was reported to increase die-
offs of K. alvarezii due to severe ice-ice disease
attacks (Msuya, 2010). The ice-ice disease has
been described as an unhealthy condition of
seaweeds manifested by the degeneration of
seaweed thalli by rotting and turning to a pale
white colour similar to ice (Wakibia et al.,, 2006).
However, it has been shown from various studies
that the conducive season of seaweed is during
the cold season (June-September) and also
during short rains (October-November) when
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temperatures are 25-30°C, while low growths
are recorded during the hot season (December
-February) when temperatures are above 30°C
(Msuyaq, 2010). Through prudent use of this infor-
mation, farmers have maximized their produc-
tion and inspired their colleagues thus increas-
ing in humber at Kibuyuni, Mkwiro, Gazi, Funzi
and Nyumba Sita villages in the South Coast of
Kenya. Just like in Tanzanian seaweed farming,
women farmers on the southern coast of Ken-
ya are today well recognized in the community
setups because of their economic contributions
to the households (Msuyo and Hurtado, 2017,
Mirera et al., 2020).

Relocation of seaweed farms from shallow sites
to deep sites where the water quality is relatively
stable for their growth has been recommended
as a remedy to curb ice-ice disease (Msuya et
al, 2014). Lack of adequate data on the best cul-
ture technique for seaweeds in deep water sites
could compound the challenges of seaweed
farmers in Kenya. With a focus on encouraging
farmers to relocate their seaweed farms from
shallow to deep sites to curb the ice-ice disease
and epiphyte challenges, a study to compare
the net yield of seaweeds E. denticulatum and
K. alvarezii using different culture techniques in
deep water was therefore critical. In the present
study, we discuss the results of an experiment
in which three culture techniques, fixed off-bot-
tom (FB), modified off-bottom (MB) and float-
ing raft (FR) were deployed at sites with low tide
water of 1 m deep and monitored concurrent-
ly by measuring the net yield of seaweeds and
environmental variables for nine months (Sep-
tember 2015 to May 2016) at Kibuyuni and Mk-
wiro. The study was key in providing information
to inform decision-making and formulation of
appropriate policies to increase seaweed pro-
duction and consequently protect a livelihood
that ensures food security for the marginalized
coastal communities in the WIO region.
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Figure 1. Map of the Kenya coast showing the location of the two study sites at Kibuyuni and Mk-

wiro (Source: Authors).

Materials and methods
Study sites

The sites of study are shown in figure | below. The
study was conducted at the villages in Shimoni;
Kibuyuni (4° 38'17.77" S, 39° 20’ 26.11” E) and Mk-
wiro (4°39' 53.31” S, 39°24' 5.27" E). Kibuyuni is lo-
cated about two km South of Shimoni town while
Mkwiro is situated at the southern Mkwiro-Wasini
Island.

The two farming sites are about 5 km apart and
have intertidal zones that share similar char-
acteristics. Both sites have a narrow (20 m) belt
of mangrove species on the shore and an ex-
posed rocky flat of about 100 m wide running
parallel to the shore. A high diversity of ther-
mal-tolerant seaweed species such as Graci-
laria spp are common. Between the rocky flat
and the sub-tidal zones of each site is a wide

and shallow (0.2 m - 1.5 m deep) seagrass bed
comprising species including Thalassoden-
dron ciliatum (Forskal) Hartog 1970, Thalassia
hempbhrichii (Ehrenberg) Ascherson 1871, Sy-
ringodium spp, Cymodocea spp, Hophila spp.,
among others. All the seaweed farms at both
sites are located within this area. Although a
depth of 1.0 m could be accessed by farmers at
low tide, their farms hardly exceeded 0.5 m wa-
ter depth at low tide. From the seagrass beds
of each site is a narrow coral biotope running
parallel to the beach, with water depths rang-
ing from 0.5 m - 2 m at low tide. The availabil-
ity of commercial farms at these sites assured
ideal sources of seaweeds for stocking the an-
ticipated experiments. In addition, the avail-
ability of local farmers (both male and female)
with prior knowledge of the basic seaweed
farming protocols, would enhance the capaci-
ty of the individuals to be hired in providing the
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necessary support to the project with minimum
supervision. The farming communities provid-
ed free space and protection for experimental
setups during the study period. To implement
the experimental design, the field activities
were coordinated by the researcher. Rotational
criteria designed by the seaweed group lead-
ers provided 2 men and 3 women during each
sampling period to participate in the activi-
ties of setting up field experiments, especially
the preparation of the ropes and seed stock-
ing. This strategy ensured that the maximum
number of different farmers benefited from the
training and also developed confidence work-
ing in deep water (1m) at low tide.

Seaweed and planting materials

Two rhodophytes; E. denticulatum and K. alva-
rezii used in the present study were similar to
those imported from Zanzibar for culture trials in
Kenya in 2001 (Wakibia et al,, 2006). The species
were distinguished by the branching pattern of
the thalli, with E. denticulatum having spinose
branchlets while K. alvarezii has smooth thalli.
Thefirst stock of fresh, young and clean seedlings
of E. denticulatum and K. alvarezii were bought
from farmers at Kibuyuni and Mkwiro to set the
first month’s experiment. All the other monthly
experiments were stocked with seaweeds har-
vested from the previous month’s experiments.
The farming materials which included polypro-
pylene ropes, tie-ties, bamboo, mangrove poles,
tape measures, pangas (machetes), knives,
metallic rings, spring balance, Plaster of Paris
(POP) and tennis balls were purchased locally.
The refractometer and thermometers were pro-
vided by the laboratory at KMFRI.

Experimental design

An experimental design that ensured that the
seaweed growth for that particular month of
the year was measured during the spring tides
was emphasized in the present study. A com-
pletely randomized design (CRD) was adopt-
ed, in which five replicates of seaweed-stocked
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ropes for each species were randomly plant-
ed in three different culture techniques namely;
fixed off-bottom (FB) method, modified off-bot-
tom (MB) method and floating raft (FR) method
during spring tide at water depths of 1 m. Each of
the cultivation techniques was located at a dis-
tance of 50 m away from the other. The sampling
unit was the seaweed-stocked rope with 25 cut-
tings and an initial known stocking density. After
30 days of growth, each of the seaweed-stocked
ropes was harvested and weighed. The farm lay-
outs of all the cultivation techniques were modi-
fications of techniques described by Msuya and
Hurtado (2017). However, the MB technique was
adopted from Kimathi et al. (2018). The water
temperature, salinity, diffusion factor, ice-ice dis-
ease symptoms, herbivory, epiphytes and plant
loss were monitored every month. This farming
procedure was replicated at Mkwiro and Kibuyuni
for nine months.

Cultivation techniques
Fixed off-bottom (FB) technique

In figure 2, the FB technique during planting
(D1) and during harvesting (D30) after 30 days
is presented. In the FB technique, two opposite
rows of six mangrove posts (0.76 m height),
were fastened to the sea bottom perpendicu-
lar to the beach. The distance between the rows
was 5 m (rope length) and 0.5 m between posts
in each row. The polypropylene ropes used to
culture seaweeds were 8 mm thick. Twenty-five
thin and short raffia strings (tie-ties) were fixed
at intervals of 0.2 m along the length of a 5.0 m
polypropylene rope. Twenty-five seaweed cut-
tings of each species were then attached to dif-
ferent ropes using tie-ties. Each seaweed cut-
ting was 50 - 80 g and five replicates ropes were
stocked for each species and each technique.
Similar initial weight of each stocked rope was
maintained and recorded before being taken to
the water for growth in the respective cultivation
technique. For the FB system, the stocked ropes
of both species were randomly tied to opposite
ends of short mangrove posts by suspending



78|

T N NS e I R P

Figure 2. The fixed off-bottom technique during planting (D1) and during harvesting (D30) after

30 days (Source: Usi Mohammed).

them in water at a depth of 0.3 m above the
substrate. The stocked ropes were then left for
about 30 days to grow.

The structural setup of the FR during planting (D1)
and harvesting (D30) after 30 days is shown in fig-
ure 3. The FR technique consisted of a floating 4 m
x 5 m bamboo device anchored to the bottom of
a 5 m deep lagoon by a polypropylene rope (0.01
m diameter). The anchoring device was a 100 kg
rectangular block constructed of cement, con-
crete and sand in different proportions. The same
set of stocked polypropylene ropes (as those
in FB) for both species were each weighed and

stretched along the length of the bamboo raft.
The distance between stocked ropes was approx-
imately 18 - 20 cm with each raft having a total
of 10 stocked ropes. The experiment was repeated
after 30 days (monthly).

Modified off-bottom (MB) technique

The structural setup of the MB technique present-
ed in figure 4 employed the principles of both the
fixed off-bottom and floating raft methods but
differed in the structural design (Fig. 4). Unlike in
the FB where the ropes were suspended in wa-
ter using short (0.76 m) wooden posts, in the MB

Figure 3. The floating raft technique (FR) during planting (D1) and during harvesting (D30) after
30 days (Source: Alex Kimathi).
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technique, longer mangrove poles (5.0 m), equiv-
alent to the highest tidal depth at the site were
used and a floating mechanism that ensured
the cultivated seaweeds ascended and de-
scended with the tidal direction along the height
of the supporting poles was designed. One-end
sharpened long poles were slowly dipped in the
water and vertically pressed deep into the soft
sediments for stability. A circular metallic ring
prepared locally was then inserted on the long
pole from the top and settled on the bottom to
rest on a small wooden material fixed by nails on
the long pole at 0.30 m from the bottom. Anoth-
er wooden material was fixed on the other end
(top) of the long pole to prevent the ring from
being pushed out of the pole at high tide. At the
end of the exercise, two opposite rows, each with
ten poles were constructed and the distance be-
tween rows was 5 m. The initial weight of each
polypropylene rope stocked with seaweed cut-
tings (as those in the FB and FR techniques) was
taken and later tied to the circular metallic rings
on the pole for growth. Three - 5 L empty plastic
bottles were tightly cocked and tied to the middle
of each seaweed-stocked rope at equal intervals
using thin nylon ropes. The empty plastic bottles
provided buoyancy to the stocked rope so that
it could rise and fall with tidal direction. The sea-
weeds were then cultured for 30 days. Figure 4
shows the structural setup of the MB technique
during planting and harvesting of the seaweeds.

Young, healthy thalli were selected from ev-
ery harvest of each cultivation technique and
served as new transplants for the next month'’s
stocking. This procedure was repeated for all
techniques at the two sites and experiments
were conducted for nine months from Septem-
ber 2015 to May 2016 to obtain growth data for
yield and productivity analysis.

After a culture period of 30 days, the final weight
of each rope in each culture system was aver-
aged to the number of cuttings present. The net
yield of the seaweeds for each rope was then
calculated as the difference between the final
weight and initial weight per unit area under
cultivation according to the formula described
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by Wakibia et al. (2011).

W,

Net yield (kg wet wtm™ 30d 1) =

Where Wi is the weight of harvesting after
30 days (kg); W, is the initial weight (kg)
and is the area under cultivation (m?2)

Biotic factors

After every fortnight, the number of missing cut-
tings and those with signs of ice-ice disease,
epiphytes and grazing were recorded from each
stocked rope. During analysis, the number of
missing cuttings in each rope was computed as
a percentage of the original number of cuttings
on the planting day while those with ice-ice dis-
ease, epiphytes and those grazed upon were
computed as a percentage of the total number
of cuttings present during the sampling day.

Specific grazers were identified by swimming
gently over the seaweed lines at mid-tide. During
the monitoring, the in situ grazing behaviour of
the prevailing fish species was mastered to aid
future identifications. For example, the fish-bit-
ten thalli were differentiated from those with ur-
chin bites by exhibiting the ‘nipping’ nature as
described by Ateweberhan et al. (2015).

Abiotic factors

During the sampling period, daily salinity and
water and air temperatures were recorded at
midday. The seawater salinity was measured
fortnightly using a refractometer (Atago, Ja-
pan) while the temperatures were measured
using a clinical mercury thermometer. The
monthly temperature ranges were recorded
usinga maximum/minimum thermometer fixed
on the bottom of a selected wooden peg. Water
motion was measured fortnightly by monitor-
ing the rate of dissolution of spherical Plaster of
Paris (POP) balls according to a modified clod
card method (Wakibia et al, 2006). To prepare
the balls, a mixture of water and POP (11) was
poured into tennis ball moulds of 5 cm diam-
eter. A stick (15 cm long, 0.5 cm diameter) was



Figure 4. The modified off-bottom (MB) technique during planting (D1) and during harvesting
(D30) after 30 days (Source: Abdalla Darusi).

then inserted into the wet POP mixture of each
ball. After two days of hardening in air, the tennis
ball moulds were removed using a sharp blade
and the rough surfaces smoothed with sandpa-
per. The initial weight of each smoothened ball
was measured using an electronic top-loading
balance (Satorius model). The diffusion index
factor (DIF) was measured by the deployment
of 3 sets of POP balls at each of the three ex-
perimental setups in the two sites. A thin string
(usually a tie-tie) was used to attach the hang-
ing POP ball to the polypropylene ropes stocked
with seaweed cuttings. The POP balls were left
in the water column and retrieved after 24
hrs. Upon retrieval, the POP balls were rinsed
with fresh water, dried in the oven at 40°C and
weighed to a constant weight. The final weight
was compared with the average final weight of
five control POP balls left for 24 hours in a 20-litre
motionless bucket of seawater of equal salinity
placed in the laboratory. Seawater samples for
determination of nitrate and phosphate levels
were collected 20 cm below the surface sea-
water at each site fortnightly using five 125 mL
high-density polyethylene bottles. The samples
were fixed immediately using mercuric chloride,
labelled and stored in a cooler box at 40°C be-
fore being transported to the KMFRI laboratory
for analysis. The samples were analyzed using
the modified automated method of Parsons et
al. (1984) as applied in the Technicon Auto Ana-
lyzer Il system.

Data analysis

All data were analyzed using MS Excel and SPSS
software (version 26.0). ANOVA was conducted
to test the individual main factor effect on net
yields and the interaction effects of subjects and
net yields. To confirm the suitability of the ANO-
VA test, the homogeneity of variance was test-
ed by conducting Levene’s test (Levene, 1960).
A post hoc pairwise comparison test using Tur-
key HSD was conducted to determine significant
differences between the means of the three cul-
ture techniques. Two sample t-test was used to
determine significant differences in net yield
between sites and species. The Pearson prod-
uct-moment correlation coefficient test was
conducted to establish the relationships be-
tween net yield and environmental factors.

Results and discussion

Growth conditions

The diffusion factor varied significantly over the
eight months at the two sites (p < 0.05), with the
highest (4.4 + 0.5) being recorded in March and
the lowest (2.8 + 0.3) in January. The diffusion fac-
tor was highest in the FR technique (4.2 + 0.2) fol-
lowed by MB (3.9 + 0.2) and lowest in FB (2.8 + 0.1).
These diffusion factors were significantly different
(p < 0.05), However, the diffusion factors of 3.63 +
0.1 and 3.51 + 0.2 obtained at Mkwiro and Kibuyuni,
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respectively were not significantly different (p >
0.05). The sallinity levels in the South Coast of Ken-
ya ranged between 35.0 and 35.5 %., with a mean
of 35.1 £ 0.3 %.. No significant difference was ob-
served in salinity between culture techniques and
between sites (p > 0.05).

The air temperature, minimum and maximum
water temperatures at Kibuyuni (A) and Mk-
wiro (B) are displayed in figure 5. The average
minimum water temperature ranged between
27°C and 29.9°C and a mean of 28.3°C while
the average maximum water temperature was
30.4°C ranging from 28.0°C to 32.7°C. Maximum
water temperatures were highest in December
(32.7°C) and February (32.7°C) and the lowest
value was recorded in May (25°C). The minimum
water temperature was neither significantly dif-
ferent between sites nor between techniques
(p > 0.05). However, the maximum water tem-
peratures did not vary significantly between the
sites but did between the culture techniques (p
< 0.05) with the FB technique having the highest,
followed by MB and FR having the lowest. During
the study period, the mean air temperature at
the South Coast of Kenya was 27.7°C with the
lowest (25°C) and highest (29.5°C) being ob-
tained in May and January respectively. No sig-
nificant difference was observed in air tempera-
ture between sites and techniques (p > 0.05).
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The mean nitrates and phosphate concentra-
tion (umoles L") were 1.31 £ 0.2 and 0.746 + 0.1 re-
spectively at Kibuyuni while at Mkwiro, the mean
nitrate and phosphate concentrations were 1.2
+ 0.1 and 0.624 = 0.1 respectively. There were no
significant variations in nutrient concentration
both between sites and cultivation techniques
(p > 0.05).

Water motion (diffusion factor) in the South
Coast of Kenya has been described earlier, with
higher water motion being reported at Gazi than
at Mkwiro and Kibuyuni (Wakibia et al., 20086).
The water motion was not significantly different
between the MB and FR techniques but was in-
deed higher than in the FB technique (p < 0.05).
This observation could be attributed to the high-
er speed of surface tidal currents experienced
in FR and MB techniques than at the bottom
where the FB technique was positioned. Water
motion in the FR technique has been associated
with wave action generated by wind (Ask and
Azanza, 2002). The highest water temperatures
observed in this study coincided with the North
East Monsoon (NEM) season while the lowest
temperature aligned with South East Monsoon
(SEM) season. Our observations are consistent
with the findings of Obura et al. (2000), who re-
ported the highest sea surface temperatures
during NEM, with an average of 28.4°C, a max-
imum of 29°C and lowest temperatures during
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Figure 5. The air, minimum and maximum water temperatures at Kibuyuni (A) and

Mkwiro (B) at the South Coast of Kenya.
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SEM (24-26°C). The present study observed no
significant variation in water nitrate and phos-
phate concentrations between Kibuyuni and
Mkwiro. The incidence of the ice-ice disease of
eucheumoids was higher in the FB culture tech-
nique than in the MB and FR techniques prob-
ably due to the presence of significantly lower
water motion and higher minimum and max-
imum water temperature in the FB than in the
MB and FR techniques. Lower water motion may
have prolonged stagnation of water in the FB
than in the MB and FR techniques leading to the
accumulation of water pollutants such as met-
abolic products which exacerbated the effects
of ice-ice disease on seaweeds.

The environment under which seaweeds were
cultured in the FR technique appeared to have
been also conducive for the growth of epi-
phytes. The two algae species thus seemed to
favourably compete for space and nutrients
without significant harm to each other. On the
other hand, the epiphytic load in the FB tech-
nique may have been proliferating to occupy
the space left by the lost seaweeds, thus in-
creasing food diversity and the number of for-
aging herbivores. Epiphytes have been shown to
provide ecological niches, food and protection
for animals including grazers (Bittick et al,, 2010).

Growth performance

A higher incidence of ice-ice disease, herbivory
and plant loss on eucheumoids occurred be-
tween December and February, a period when
the highest air and water temperatures were
also observed. Significant variations of the biot-
ic factors between the three culture techniques
were observed with the ice-ice disease, plant
loss and herbivory being higher in FB than in the
MB and the FR techniques (p < 0.05). Epiphyt-
ic load (%) was highest in FR and lowest in MB
techniques. Further analysis showed that all the
biotic factors were significantly higher in K. alva-
rezii than in E. denticulatum (p < 0.05).

The fish population observed during the nine
months of the study was dominated by Sigan-

idae (60%), Scaridae (30%), and Acanthuridae
(10%). These fish were encountered more at
Kibuyuni than at Mkwiro and were more abun-
dant during high tides than at low tides. The
thalli of eucheumatoid cuttings stocked in the
FB ropes showed the highest signs of nipping
and the lowest in MB technique at both sites.
Aggregations of 10-20 individuals of the sea ur-
chin Tripnneustus gratilla were also observed
crawling on the bottom of all the culture tech-
niques. However, there was no clear evidence of
seaweed grazing by urchins.

Netyield of seaweeds

The net yields of eucheumoids presented in fig-
ure 6 show a general trend of net yields in the
FR and MB techniques with high net yields from
September to January and a drop in Febru-
ary. This observation contrasts with that of net
yields in FB where high net yields were observed
from September to November and declined in
December and January. The net yields of eu-
cheumoids in FR and FB seemed to recover in
March in both sites but a continuous decline
was observed thereafter in the MB technique.
Positive and negative growth of seaweeds were
encountered in all the culture techniques during
the cultivation period. The growth variation co-
incided with changes in the prevailing environ-
mental conditions. For instance, the growth rate
was highest during the wet season compared to
the hot season. However, during the wet season,
there was negative growth of seaweeds in the
MB technique because the structure support-
ing the cultivated seaweeds was destroyed by
a strong typhoon.

A statistically significant variation of eucheu-
moid net yields across the nine months of cul-
tivation was observed in the three culture tech-
niques F (8, 448) = 60.8, p < 0.001). The mean net
yield of eucheumoids at the South Coast of Ken-
ya was 2.3 kg wet wt m™2 30 d' with FR showing
its highest yield (kg wet wt m=230 d™") in October
(4.33) and both MB and FB showing their highest
net yields in November (MB = 2.234, FB = 114).
The lowest net yields (1.98 in December, 0.44 in
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February, and 113 in January) were observed in
FR, MB and FB techniques, respectively.

According to multiple comparison tests, the cul-
tivation techniques had statistically different net
yields (kg wet wt m2 30 d”') with the FR, MB and
FB having 2.6 + 0.2,1.7 £ 0.1 and 1.0 + 0.1, respec-
tively (p < 0.05).

The mean net yield at Mkwiro was 2.7 kg wet wt
m=230 d'ranging from 0.7 to 7.7 kg wet wt m230
d”, with the lowest and highest being observed
in December and February respectively. On the
other hand, Kibuyuni had a net yield mean of 1.9
kg wet wt m™ 30 d ' ranging from 0.4 to 4.3 kg
wet wt m™230 d™. T-test analysis showed that the
mean net yield (kg wet wt m=2 30 d') obtained
at Mkwiro was significantly higher than that ob-
tained at Kibuyuni and that the net yield (kg wet
wt m=2 30 d”) of E. denticulatum (3.0 £ 0.2) was
significantly higher than that of K. alvarezii with
1.6 = 0.1 (p < 0.001).

Correlation of eucheumoids net yields
and environmental parameters

Table 1 shows the correlations between envi-
ronmental parameters with the net yields of
eucheumoids. Significant correlations of eu-
cheumoids net yield with both biotic and abi-
otic factors were observed at p < 0.05 and p <
0.01, respectively. Among the abiotic factors,
diffusion factor showed a positive correlation
with the net yield of both species while air and
maximum water temperature and phosphate
concentration were inversely correlated with
the net yields of both species (p < 0.05). On the
other hand, all the biotic factors had negative
correlations with the net yields of both eucheu-
moids (Table 1). However, based on the step-
wise multiple regression analysis, there was no
single environmental factor that could explain
50% of the variation in the eucheumoid net yield.
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Figure 6. Monthly net yield of eucheumoids at two sites i.e., Kibuyuni (A) and Mkwiro (B) in the
southern coast of Kenyaq, (n = 91 - 97, mean = SEM).
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Net yields

The significant relationships expressed in the
correlation analysis in table 1 could suggest
that the monthly variations in eucheumoid net
yields in the present study were associated with
monthly changes in environmental conditions
including diffusion factor, water temperature,
incidence of ice-ice disease, herbivory and
plant loss. The monthly trends in eucheumoid
net yields observed in this study, are typical
of seasonal variations in eucheumoid growth
rates observed in previous studies. Kimathi et
al. (2018) observed high growth rates of eu-
cheumoids in September and October and the
lowest between December and February. Low
net yield of seaweeds following the outbreak of
ice-ice disease and epiphytes during regimes
of abnormal increase in air and surface wa-
ter temperature has been reported in Malaysia
(Vairappan et al, 2006) and Tanzania (Msuya
et al, 2014). In the Philippines, Hurtado and Ag-
bayani (2002) reported that moderate to strong
water movement contributed between 70-80%
of seaweed productivity in southern Mindanao.
In the WIO region, the negative effects of ice-ice
disease and epiphytes were responsible for a
drop in biomass production of K. alvarezii from
1,000 tonnes (dry wt) to only 13 tonnes in Tan-

zania while the epiphytic algae and ice-ice dis-
ease infestations seriously hampered growth of
K. alvarezii in Kenya (Msuya and Kyewalyanga
2006; Wakibia et al, 2006; Msuya et al., 2014). In
the present study, the highest net yields of eu-
cheumoids were observed between September
and January when the water temperature was
lower and water motion was moderate, thus re-
ducing the incidences of ice-ice disease, and
plant loss. This observation contrasted with the
lowest net yield observed in February when the
highest water temperature was observed and
incidences of ice-ice disease, epiphytes and
plant loss were higher. In his study, Vairappan
(2006) reported that cultured seaweed in the
dry seasons becomes susceptible to epiphytes
and that the outbreak of epiphytic filamentous
red algoe correlates with drastic changes in
seawater temperature and salinity.

Destruction of the culture facility (MB technique)
by the storm (typhoon) between April and May
led to a continuous decline of eucheumoids
biomass during the period and consequently
impacted the mean net yield of eucheumoids
negatively. However, the high biomass accumu-
lated by plants in the MB technique in the previ-
ous months ensured that the MB technique had
a better overall performance than the FB tech-

Table 1. Correlation coefficients (r) of eucheumoid net yield of two species with environmental
factors and seaweed parameters in South Coast Kenya.

Eucheuma denticulatum | Kappaphycus alvarezii
Variable r p-value r p-value
Diffusion factor 0.247 0.0071** 0.222 0.001**
Air temperature (°C) -0.213 0.007** -0.138 0.005**
Maximum temperature (°C) -0.041 0.503 -0.286 0.001**
Nitrate (uM) 0.097 0.16 0.115 0.063
Phosphate (uM) -0.229 0.001** -0.200 0.001**
Herbivory (%) -0.221 0.001** -0.342 0.001**
Ice - ice disease (%) -0.208 0.0071** -0.346 0.001**
Epiphytic load (%) -0.271 0.001** -0.468 0.001**
Plant loss (%) -0.368 0.001** -0.336 0.001**

ris significant at p < 0.05, where p has **, r is highly significant at p < 0.05
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nique. The damage of seaweed farms due to ty-
phoons in tropical regions has been reported in
Argentina which resulted in the mean net yield
of eucheumoids reducing from 4.27 + 0.23 kg wet
wt m= 30 d’ to 0.02 + 0.04 kg wet wt m= 30 d”!
(Valderrama et al, 2013). In the Philippines, the
challenges of typhoons are annual occurrences
that negatively impact seaweed yield (Hurtado
and Agbayani, 2002). The results of this study
thus suggest that if mechanisms are devised to
improve the stability of the MB technique in deep
water to resist strong typhoons, then it could be
an effective technique for seaweed cultivation
in deep water. Nevertheless, the study observed
that the high biomass in the MB technique could
have been influenced by the position of sea-
weeds on the surface at all times where grazers
were minimal and the water temperature was
stable. Contrastingly, the permanent fixing of
seaweed ropes on the sea bottom in the FB tech-
nique exposed seaweeds to many grazing haz-
ards and subsequently to bacterial infections,
ice-ice disease and plant loss.

The highest diffusion factor, lowest maximum
water temperature, lowest herbivory, ice-ice
disease and capacity to overcome the ty-
phoon were attributed to the highest net yield
observed in the FR technique compared to the
other techniques. The interaction of the cooler
environment and higher water motion could
have triggered positive results. In a previous
study in Kenya, Wakibia et al. (2006) observed
significantly higher growth rates of E. denticula-
tum in comparison to K. alvarezii at a site where
water motion was highest.

The net yields (kg wet wt m=230 d™') of 3.0 + 0.4
and 1.6 = 0.1 in the present study for E. dentic-
ulatum and K. alvarezii (1.6 + 0.1) respectively
were higher than those reported in the previous
study. Wakibia et al. (2011) reported net yields
(kg wet wt m230 d™") of 0.57 - 0.99 for K. alvarezii
and 0.77 for E. denticulatum in South Coast Ken-
ya. When compared to net yields from other re-
gions, the net yields of Kappaphycus (0.57 - 0.99
kg wet wt m 230 d ') were lower than 4.8 kg wet
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wt m=230d in Indonesia, 21 kg wet wt m230d
in Hawaii and 2.8 kg wet wt m 30 d'in the Phil-
ippines (Hurtado-Ponce et al., 1996). The higher
prevalence of ice-ice disease, herbivory, epi-
phytic load and plant loss in the K. alvarezii than
in the E. denticulatum accounted for a higher
mean net yield (3.0 + 0.4 kg wet wt m2 30 d")
of the former compared to the latter (1.6 + 0.1 kg
wet wt m230 d™). E. denticulatum possesses the
capacity to produce H,0O, during oxidative burst
which is suspected to be part of its chemical
defence mechanisms against epiphytic attack
(Collen et al, 1995). This characteristic could
portray that in an environment where both spe-
cies are challenged by epiphytes, E. denticula-
tum has a greater capacity to maintain a higher
growth rate and biomass compared to K. alva-
rezii. In Tanzania, a drop in biomass production
of K. alvarezii from 1,000 t (dry wt) to only 13 t (dry
wt) was associated with ice-ice disease (Msuya
et al, 2014). In other studies, the abundance of
Kappaphycus decreased from 62.5% to 15.9%
in five months in Hawaii by a single Tripneustes
gratilla foraging within an enclosure of 0.25 m?
(Conklin and Smith, 2005).

Conclusion and
recommendations

The study demonstrates how the exposure of
seaweed species to environmental challenges
may influence variations in its biomass accu-
mulation. The abiotic factors (water motion and
water temperature) and biotic factors (ice-ice
disease, epiphytes and herbivory) significant-
ly influenced the variations of euchemoid net
yields between the cultivation techniques on the
South Coast of Kenya. All the techniques were
suitable for the production of E. denticulatum in
deep water but the FR technique had the high-
est potential for commercial application since it
supported the production of both E. denticula-
tum and K. alvarezii in deep water. The positive
observations of the FR technique were associ-
ated with its ability to mitigate ice-ice disease
challenges in deep water environments. On the
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other hand, MB was the best technique to mit-
igate epiphyte challenges. However, the struc-
tural design of the MB technique could not resist
occasional typhoons leading to the highest loss
of seaweed biomass during the SEM. Conse-
quently, mechanisms to improve the stability of
the MB technique to overcome strong destruc-
tive oceanic waves (typhoons) in deep water
should be devised. The FB is a favourable sea-
weed cultivation technique for adoption by new
farmers, especially those with limited swimming
ability and low confidence in working in deep
water. Further research should be conduct-
ed to determine the economic feasibility of FR
and MB techniques before commercial adop-
tion. The government of Kenya in collaboration
with donor agencies should mobilize resources
to promote seaweed cultivation in deep water
using the floating raft technique. Such efforts
would boost national seaweed production and
contribute significantly to ensuring food and job
security for coastal communities and the sus-
tainable development of the Blue Economy.
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Abstract

The Coronavirus disease (COVID-19) measures were counter-productive in the food and nutri-
tional security landscape for households that were already vulnerable before the pandemic. Our
study assessed the food insecurity experiences of low-income, fisheries-dependent, urban dwell-
ers of Manyatta slum in Kisumu, Kenya, during the implementation of the COVID-19 regulations.
Data was collected from 24 households in July 2021 for a period of 14 days using a standard food
security assessment questionnaire. Results indicate that the main sources of food during the pan-
demic were small shops (50%) and rural open-air markets (42%), with major shopping malls less
frequented for food purchases. Further, most (83%) respondents had a reduction in their income
during the pandemic. Overall, affected Manyatta slum dwellers were affected by increased food
prices, reduced income and limited access to food products. The coping mechanism was borrow-
ing money or food to meet the shortfall. The availability and affordability of fish, which is the main
source of animal proteins for the community, was negatively impacted by the dusk-to-dawn cur-
few, which curtailed night fishing. Subsidies for nutritionally important food items such as fish, and
increased access to credit for vulnerable slum dwellers to help them meet their food budgets
during pandemics are recommended.

Keywords: pandemic, food security, nutrition, fisheries, lake, urban

To curtail the spread of the pandemic, many
governments developed regulations that re-

Introduction

The COVID-19 pandemic was reported to have stricted the movement of people and goods

started in Wuhan-China in December 2019 (Ku-
mar et al, 2020; Lin et al, 2020). The disease
spread rapidly to many other countries glob-
ally resulting in the death of millions of people
worldwide and significant impacts on the glob-
al economy (Onyeaka et al, 2021). The virus is
mainly spread through close contact with respi-
ratory droplets released when an infected per-
son sneezes, talks or coughs. Symptoms range
from mild to severe, with the most common be-
ing fever, cough, and laboured breathing (Parvin
et al, 2020; Wilson and Wilson, 2021).
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through the enforcement of curfews, quaran-
tines, travel bans, social distancing, and lim-
itations on social gatherings (Aura et al., 2020).
These measures varied in length depending on
the country and were frequently supported by
financial assistance for individuals and com-
panies affected by the pandemic (Koh et al,
2020). The regulations disrupted food produc-
tion systems and trade, thereby leading to seri-
ous socioeconomic implications such as loss of
employment, social unrest, reduced access to
food products and widespread food insecurity
(Aday and Aday, 2020; Meuwissen et al.,, 2021).
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In addition to food insecurity, lack of consistent
access to nutritious food sources during pan-
demics was a leading cause of malnutrition
and mental health problems (Fong et al, 2021;
Paslakis et al., 2021). The Food and Agriculture
Organization of the United Nations predicted
that the COVID-19 pandemic would increase
global food insecurity due to several factors,
including the restrictions on access to suffi-
cient or diverse nutritious foods that may have
resulted from disruptions in trade and market
supply chains (FAO, 2020).

Studies have shown the existence of socioeco-
nomic vulnerabilities that worsen food insecurity
during pandemics. For instance, poverty (Perei-
ra and Oliveira, 2020), presence of children in a
household (Ahn and Norwood, 2021), race and
ethnicity (Morales and Ali, 2021), neighbourhood
or residential area (Larson et al, 2021), among
others. Similarly, several social unrests (Cam-
pedelli and D'Orsogna, 2021) and political up-
heavals (Censolo and Morelli, 2020) have been
witnessed during the pandemic in response
to unwelcome government regulations and
worsening living conditions. The impacts of the
COVID-19 pandemic on food supply chains, food
access, and food security were more severe in
low-income countries (Udmale et al, 2020).
All these indicate that many citizens expect a
more economically friendly environment during
pandemics, yet many governments are mostly
caught unprepared (Dodds et al., 2020).

In Kenya, the COVID-19 pandemic was reported
at a time when the country was already experi-
encing food shortages and hunger among 5.5%
of its population (USAID, 2020). The government
of Kenya moved with speed to enforce mea-
sures such as the ban on social gatherings,
closure of all learning institutions and places
of worship (Agwanda et al., 2021). In addition,
lockdowns of the capital city (Nairobi) and the
second largest city (Mombasa) and shutdown
of eateries and bars were also enforced (Lau
et al,, 2021). Countrywide restrictions on move-

ment except for essential goods and services,
a dusk-to-dawn curfew, social distancing, fre-
quent hand sanitization and mandatory wear-
ing of masks were also among the regulations
enforced (Mwesigye, 2021). Moreover, the im-
portation of second-hand items such as cloth-
ing was banned (Curran et al., 2021). Given that
the country comprises about 14.5 million peo-
ple engaged in informal employment (imply-
ing that 90% of the total number of people are
employed) (Aura et al, 2020), the immediate
observable impact was the loss of employment
to millions of Kenyans (Schwettmann, 2020).
Tourism earnings also dropped by more than
80% (Wanjala, 2020).

The massive loss of employment, disruption of
supply chains for goods and services, and termi-
nation of feeding programmes for school children
during the COVID-19 pandemic worsened the
food insecurity situation within the already hun-
ger-stricken population (Kansiime et al., 2021).
Yet, while the government offered some reme-
dies such as tax reduction, waivers of transac-
tion fees on electronic transactions and suspen-
sion of credit bureau listing (Banga and te Velde,
2020; Ouko et al., 2020), there was no govern-
ment-led programme that efficiently or contin-
uously availed food to needy households. Many
food-insecure households reside in the slums of
maijor cities (Kimani-Murage et al,, 2014; Wanya-
ma et al,, 2019). This is because, if they cannot af-
ford adequate food (though food is a basic com-
modity) they will highly likely not be able to afford
the secondary costs that are associated with a
decent living. Life in slums is much fairer for them
because the cost of housing is cheaper and at
a minimum (Huchzermeyer, 2008). Slum dwell-
ers also account for most of the labour force en-
gaged in informal employment (Meagher, 2016).
An assessment of the socioeconomic experienc-
es of slum dwellers in the wake of the implemen-
tation of COVID-19 regulations thus gives useful
insights into the extent to which the pandemic
affected the ability of households in slums to ac-
cess food and maintain food security.
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Regulations are important in safeguarding the
health of citizens during a pandemic (Dos San-
tos et al, 2021). However, just as pandemics
pose a significant threat to human health, ac-
cess to sufficient and nutritious food is also a
key determinant of human health and well-be-
ing (Kundu et al, 2021). The fear of the COVID-19
pandemic caused many governments to focus
more on controlling the disease without consid-
ering the welfare of their citizens (Ferreiro et al,
2021), and Kenya was no exception. Therefore,
government regulations mostly impacted poor
populations who were already experiencing so-
cioeconomic challenges such as food insecuri-
ty (Van Barneveld et al, 2020). Since the level
of impact on these communities may not be
known, the study investigated the extra burden
that slum communities bore due to government
regulations, including the coping strategies that
they adopted during the COVID-19 pandemic.
The study builds on existing research to estab-
lish a link between socioeconomically vulnera-
ble communities and their livelihood safety nets
during pandemics.

0 1 2km

Estate boundary o

Materials and methods

Study area

The study was conducted within Manyatta Es-
tate (Fig. 1). Manyatta is a peri-urban neigh-
bourhood on the eastern outskirts situated
within the slum belt of Kisumu County, Ken-
ya’'s third-largest city (Baker, 2002). It is subdi-
vided into two Wards - Manyatta A and B. The
neighbourhood is predominantly characterized
by informal settlements. According to the 2019
census, the population density in Manyatta was
60,000 people living in an area of five square
miles (KNBS, 2019). The area has several fe-
male-headed households due to the high prev-
alence of HIV/AIDS-related deaths of male part-
ners (Miller et al,, 2021). The main activities in the
area dre small-scale fish trade and groceries
with many households living on less than a dol-
lar a day (Kiaka et al., 2021). The sanitation of the
area is relatively poor, with more than 50% of the
households either living in semi-permanent or
temporary structures (Anderson, 2016; Othoo et
al, 2020). Manyatta slum provides features of a
vulnerable community, which was of interest to

Figure 1. Map showing the location of the Manyatta Estate (Slums) in Kisumu County, Kenya

(Source: Authors).
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our study on the impact of COVID-19 regulations
on household food security. Other factors, such
as the availability of resources, including fund-
ing and ease of access to the community also
played a role in the choice of the Manyatta slum.

Sampling

Manyatta has a population density of 2.4 peo-
ple per square kilometre. The estate has about
8,600 households. The present study focused on
Manyatta Centre due to the ease of accessibil-
ity and financial constraints. The Centre hosts
about 300 households (KNBS, 2019). A sample of
24 (~10%) households were randomly selected at
Manyatta Centre for the interviews in the month
of July 2022. The sample size was thus largely
moderated by resource constraints. Households
which declined to participate in the survey cited
limited availability, competing economic activi-
ties, and lack of funds for prior compensation for
their interview time.

Ethical considerations

The study adhered to the ethical principles of
confidentiality, anonymity, transparency, and no
harm to the participants. Before the interviews
began, the purpose of the study, data collection
procedures, the absence of risks, and the bene-
fits of participating in the study were explained to
the respondents who verbally provided consent.
The survey was designed and administered in a
culturally sensitive manner, taking into account
cultural and linguistic differences among the
study participants. Consideration was also giv-
en to the vulnerable and marginalized members
of the community to avoid bias.

Data collection

Semi-structured questionnaires were admin-
istered to the household representatives who
were often the breadwinners, but in instanc-
es where the respondent was male and mar-
ried, he mostly responded to questions on the
preparation of food for the household with the

assistance of the female partner. It is important
to note that some chores within the household
were given based on gender roles largely de-
fined by cultural norms (Alonso et al, 2018). In
some societies, cooking and food preparations
dare considered women’s work, therefore, men
are often deemed not to have as much knowl-
edge or experience in this area (Taillie, 2018). As
a result, it was considered more suitable for the
male respondent to seek assistance from his
wife or other female family members while an-
swering questions about household food prepa-
rations. The questionnaire included questions on
household socio-demographic characteristics,
the food security situation during COVID-19 and
before, and coping strategies during the pan-
demic. Each interview session lasted for a period
of at least 30 minutes while the duration of the
entire study was 14 working days.

Data entry and analyses

Raw data from the questionnaires were entered
into an electronic form (Google®) which was
transmitted into the Kobo Collect system for on-
ward transmission and archiving. This mode of
data entry was meant to minimize errors and to
utilize inbuilt analytical features in Google Sheets
to speed up the data analysis process (Aura et al,
2023). The data was later downloaded into a MS
Excel sheet for data cleaning and validation. Fur-
ther analyses were also performed in MS Excel. The
main analyses performed included summaries
such as means, percentages, and graphic visual-
ization. Qualitative data or long explanations were
subjected to thematic analyses.

Results and discussion

Socio-demographic characteristics

Figure 2 shows the socio-demographic charac-
teristics of the respondents. A proportion of 53%
of respondents originated from Manyatta B ward
with the rest residing in Manyatta A. The majori-
ty (75%) of respondents were female, with at least
75% of the respondents having either primary
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1(a) Gender

(b) Age

42-49
years

18-25
years
17%

(d) Education
University 4%

(c) Marital status
None 4%

Tertiary
17%
Primary
37%

Married

46%

Secondary
38%

Separated/
Divorced 8%

Figure 2. Socio-demographic characteristics of respondents showing (a) gender, (b) age, (c)
marital status and (d) level of education amongst the residents of Manyatta Slums.

(37%) or secondary (38% ) education. This could
be attributed to the involvement of women in
household chores as compared to men (Alonso
etal, 2018). Most of the households sampled were
represented by youths (26-33 years, 37%), with
fewer households represented by either much
younger (18-25 years) or much older citizens (42-
49 years). Most households were in marital unions.

Figure 3 shows the mean monthly income of the
respondents. The respondents relied on several
casual jobs and some low-paying salaried jobs.
These included security guards, hairdressing,
small-scale grocers, fish trade, social work, and
hotel services. Their income levels were rela-
tively low (mostly less than USD 100 per month)
ranging from KES 5,000-20,000 a month (1 USD

Figure 3. The mean monthly income of slum dwellers in
Manyatta, Kisumu, based on a survey of 30 respondents

conducted in 2022.
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<KShs. 5,000
[ >kshs.20,000

[0 Kshs.5,001-

= KES 117 in 2022) which is the dominant income
level for peri-urban and urban dwellers in infor-
mal settlements (KNBS, 2019).

Income during COVID-19

Figure 4 shows the outcome when respondents were
asked about the changes in income, which they ex-
perienced during the COVID-19 pandemic due to the
regulations. During the interviews, respondents were
probed to help identify the factors that may have
contributed to income reduction during the pandem-
ic, such as job loss, and decreased demand for prod-
ucts or services. From the results, most respondents
(83%) had a reduction in their income, with none indi-
cating any increase in income. This exhibits the possi-
ble negative effect that COVID-19 regulations had on
these households’ livelihoods. Similar findings were
reported in other studies conducted on the impact of

the COVID-19 pandemic (Aura et al, 2023).

Constant
17%

Decreased
83%

10,000

Figure 4. Change inincome during
implementation of COVID-19 reg-
ulations.
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Figure 5. The frequency of food types accessed
by slum dwellers in Manyatta, Kisumu during
implementation of COVID-19 regulations,
based on a survey of 30 respondents conduct-
edin 2022.

Food accessibility

Figure 5 shows responses on the types of food
that the respondents accessed during the pan-
demic. Most respondents reported accessing
cereals, vegetables, and oils as their primary
food sources during COVID-19 regulations. Meat
products were the least accessible product to
households in Manyatta. This could be attributed
to the relatively higher price of meat, making it a
lesser priority during economically difficult times.

Food Prices

Figure 6 shows the

Dairy products

Grains and cereals

Meat & chicken

Vegetable oil

Vegetables
Fruits

sugar/honey

Fish

10 15
Count of respondents

. Increase

Figure 6. The average prices of common
food products accessed by slum dwellers in
Manyatta, Kisumu during implementation of
COVID-19 regulations, based on a survey of 30
respondents conducted in 2022.

20 25

I constant

ward effect on the prices of food commodities.
However, other market factors such as changes
in global trade, production costs, and consum-
er preferences could have also influenced the
prices of food commodities (Anderson and Mar-
tin, 2021; Nekmahmud, 2022).

Impact of regulations on access to food

Figure 7 shows the respondents’ rating of the ef-
fect of various categories of COVID-19 regula-
tions on food access. Among the regulations, the
dusk-to-dawn curfew was rated to have had the

trend of food prices.
Most food prices were
reported to have in- “Curfew 0 ® ® .
creased during the
. . Lockdown
implementation of
COVID-19 regulations, ~ Secial distancing e e . . o
The greatest increase Handwashingand .

9 sanitization o . ®
was noted for prices PPEs (masks,

. gloves, etc.) ® . . . .
of fish, meat, vegeta-
bles/vegetable prod- Social gathering
ucts and dairy prod-

Rate 1 2 3 4 5

ucts whereas prices of
sugar, grains and fruits
were mostly constant.
The COVID-19 pan-
demic thus had an up-

Figure 7. Respondents’ rating of the effect of COVID-19
regulations on food access. The different colours repre-
sentthe various regulations enforced during the COVID-19
pandemic, whereas the size of the dots shows the magni-
tude of a particular regulation on food access in the area.
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most effect on food access for the slum dwell-
ers. Most perishable food items are sold during
periods of cooler temperatures of the day with-
in slums due to limited refrigeration facilities.
This implies that most trading in perishable food
products is effective at dusk or dawn, possibly
explaining the relatively high rating for the curfew
regulation as the regulation that has the high-
est impact on food access among residents of
Manyatta (Fiorella et al, 2021).

Food source during COVID-19
regulations

Figure 8 shows major sources of food consumed
by respondents during the regulation period.
Most respondents purchased food from small
shops (50%) and rural markets (42%). Unlike
many urban dwellers of the middle and upper
classes (Mandal et al, 2021), the Manyatta resi-
dents rarely visited supermarkets for food prod-
ucts during the periods of government-imposed
restrictions following the COVID-19 pandemic.

Relatives
82%

Groceries
&small shops
50%

Rural markets
42%

Figure 8. Food sources during the implemen-
tation of COVID-19 regulations.

Coping strategies

Figure 9 shows the variety of food-related cop-
ing strategies employed by the respondents.
The main coping strategies used by Manyat-
ta slum dwellers were the purchase of food on
credit, borrowing food from friends or relatives
and reduction in meal portions. This finding pro-
vides a possible insight into how access to credit
facilities may have served as a useful buffer for
these residents in economic difficulty. The find-
ing could be useful in the future for government
agencies and development partners who are
interested in improving access of these com-
munities to finances. Financial services could
be tailored by existing banking or microfinanc-
ing institutions to meet the needs of this unique
sector of clients and enable them to mitigate
livelihood risks during pandemics.

Conclusion and
recommendations

This study established that the COVID-19 pan-
demic severely affected Manyatta slum dwellers
in Kisumu City. Manyatta, as one of Kenya's larg-
est and most densely populated slums, provides
arepresentative case study of the experiences of
low-income groups in urban regions. As a result,
the study’s findings are likely to mirror the situa-
tion in other low-income suburbs in Kenya and
other African countries. The main effects of the
pandemic included an increase in food prices,
the reduction in income sources, and the reduc-
tion in access to food products. Food products
like meats and fruits, which are nutritionally very

Coping strategy

mmSometimes mmm Other Never

20

0 " Borrowed Purchase Harvesting Consumed Reduced Reduced Relied Extended Bought/
food food on cropearly  seeds/stock all meal only adultl on food famland for stocked larger
(friend/relative) credit for next portions portions distribution  prodution  quantities of

season food
Figure 9. The frequency of coping strategies employed by slum dwellers in Manyatta, Kisumu

during COVID-19 regulations, based on a survey of 30 respondents conducted in 2022.
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important, were the least accessible during the
pandemic. This implies that the pandemic af-
fected both food and nutritional security. These
findings are especially significant because they
emphasize the critical need for initiatives to
address the pandemic’s impact on vulnerable
communities and improve their food security
and general well-being. The main sources of
food were donations and rural markets while the
dusk-to-dawn curfew was rated as the sever-
est regulation with respect to food access. The
main coping strategy for these communities
was borrowing to meet their shortfall in food ex-
penditures. Policymakers should thus consider
adopting measures to support vulnerable com-
munities during pandemics, such as providing
social safety nets, access to credit facilities, and
improving the availability and affordability of
essential food products. These measures could
help to build community resilience and enhance
the ability of low-income communities to cope
with the challenges of future crises. The study,
therefore, recommends the following:

i.  Subsidizing expensive food products that
are nutritionally important for house-
holds during pandemics. These include
all classes of meat and fruits.

i. Increasing access to credit for vulnera-
ble slum dwellers during pandemics to
help them meet their food budgets.
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Abstract

Overfishing and destructive fishing practices are strongly associated with loss of biodiversity and
habitat degradation resulting in the proliferation of non-target and resilient species. In the long-
term, this may also lead to an ecosystem imbalance. This short communication documents a
worrying trend of high catch ratios of porcupinefish in the Lamu seascape beach seine fishery
observed during catch assessment surveys conducted in 2021 — 2023. The increasing incidence
high puffer bycatch is alarming fishers due to concerns over economic loss. Unfortunately, there is
very limited data and information on the status of the puffer populations and ecosystem impacts
within the seascape. A comprehensive study is recommended to better understand patterns of
seasonal abundance as well as ecological and socioeconomic impacts. Research on alternative
commercial uses of the harvested puffers can also be explored. However, such exploitation must
be undertaken with caution considering the potential risk of incentivizing direct targeting which
may secondarily encourage increased beach seine fishing effort. As part of a multi-institutional
collaboration to restore the critical marine ecosystems of the Lamu seascape, it is hoped that a
gear exchange programme will encourage beach seine fishers to exit the fishery and adopt other

more environment friendly fishing practices.

Keywords: Overfishing, impacts, climate change, management

Introduction

Porcupinefish form a large proportion of the
discarded bycatch in Kenya's artisanal fishery.
Porcupinefish belong to the order Tetraodon-
tiformes, which contains nine other families:
Tetraodontidae (pufferfish), Balistidae (trigger-
fishes), Molidae (molas), Monacanthidae (file-
fishes), Ostraciidae (boxfishes), Triacanthidae
(triplespines), Triacanthodidae (spikefishes),
Tridontidae (threetooth puffers), and Aracani-
dae (deepwater boxfishes) (Pando et al., 2016).
Worldwide, at least 19 different species of porcu-

pinefish have been discovered (Leis, 2006; Mat-
suura, 2014). Although they can reach lengths
of up to 100 cm, they usually measure 20 - 50
cm. Diodon liturosus, Diodon holocanthus, and
Diodon hystrix are three species that are regu-
larly found along the Kenyan coast and are lo-
cally referred to as Bunju in the South Coast and
Matoetoe in the North Coast up to Lamu (Froese
and Pauly, 2023). They are typically solitary and
inhabit a wide range of habitats such as inner
reef flats and lagoons, where they can be found
in seagrass beds, sandy and muddy bottoms,
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Figure 1. A typical beach seine catch dominated by parrotfish, Leptoscarus vaigiensis (left) and
bycatch dominated by porcupinefish, Diodon holocanthus (right) (Source: Aimubarak A.).

estuaries, coral reefs, rocky substrates, seagrass
beds, mangroves, artificial structures, pelagic
open water, tide-pools, as well as deep-water
habitats (Froese and Pauly, 2023). Their diet is
diverse, consisting primarily of algae, molluscs
(like clams), and crustaceans (like crabs and
lobsters). Although population trends are un-
known, the World Conservation Union (IUCN)
has classified all three porcupine species as
least concern (LC).

Incidence of porcupinefish bycatch

In contrast to the rest of the Kenyan coast, the
Lamu seascape is regarded as a global biodiver-
sity hotspot sustaining highly productive marine
ecosystems and fisheries (Kairo et al, 2021). In
some areas of the seascape, fishermen have re-
ported an increase in the frequency of large por-
cupinefish capture ratios in beach seine catches
over the past three years (Fig. 1). Alarm has been
raised by the new trend due to worries about a
possible underlying environmental imbalance.
The high bycatch ratios have an unknown under-
lying explanation, but there is a nagging doubt as
to whether this could be connected to a popula-
tion boom. Porcupinefish population surges have
been documented all across the world, includ-
ing in India, where the overfishing of predators
was blamed for the phenomenon (Padate et al,
2022). Sharks, lizardfish, sea snakes, catfish, co-
bia, skipjack tuna, and octopus are some of the
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few natural predators of porcupinefish (Stump
et al, 2018; Ulman et al,, 2021). As a result of pre-
vious overfishing, which altered food webs (tro-
phic cascades), most apex predators, including
sharks, have unfortunately suffered (Azzurro et
al, 2019). Overfishing of sea urchin predators,
particularly triggerfish, was blamed for the early
1990s population explosion of sea urchins at nu-
merous locations along the Kenyan coast (Mc-
Clanahan and Shafir, 1990).

Management interventions

Interventions to control overfishing and habitat
degradation include promoting use of more se-
lective and environment friendly fishing meth-
ods in addition to mitigating use of harmful
fishing practices. Due to their high catch effi-
ciency and close interaction with seagrass and
reef environments, beach seines are among
the most harmful fishing methods (McClanah-
an and Mangi, 2004; Samoilys et al., 2011; 2017).
Effective enforcement of the 2001-enacted na-
tional beach seining prohibition is necessary to
limit the usage of beach seines. When they are
dragged down the sea floor, they not only de-
stroy vital fish spawning and feeding grounds,
but they also increase juvenile fish catch rates
and hence contribute towards overfishing. A
typical beach seine net is up to 300 m long and
is lined with buoys or floats at the top to keep
the upper part afloat and lead sinkers at the
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bottom to keep the net submerged in the water.
In order to catch fish that are herded into the
net through the water, the net may additionally
feature a cod end. Beach seining is a labour-in-
tensive activity that requires a sizable workforce
(8-40 people), hired by the owners of the equip-
ment.

It is also possible to conduct research on alter-
native applications for harvested porcupinefish
bycatch. For the treatment of cancer, it has been
discovered that the extracted toxin possesses
anti-tumour characteristics (Fouda, 2005; Lago
et al, 2015; Bucciarelli et al, 2021). Any commer-
cial exploitation, however, needs to be done cau-
tiously and with due regard for the potential risk
of rewarding direct targeting, which might subse-
quently stimulate more beach seine fishing effort.

On porcupinefish populations and catches
around the Kenyan coast, there are, regret-
tably, very few data and details available. To
better comprehend the causes, as well as the
ecological and socioeconomic effects of exces-
sive porcupinefish bycatch, a thorough study is
recommended. There is an urgent need to map
the incidents, estimate the overall catch and
bycatch rates, and evaluate the seasonality of
occurrence in beach seine catches. The exer-
cise may encompass a scaled-up version of
any ongoing partnerships with relevant stake-
holders, including the fishing communities. The
purpose of this partnership would be to lessen
the use of destructive fishing methods such as
beach seines in Lamu. A beach seine gear ex-
change initiative undertaken by KMFRI, The Na-
ture Conservancy (TNC), Kenya Wildlife Service,
County Government of Lamu and the Northern
Range Trust (NRT) is also ongoing as part of this
multi-institutional collaboration to entice beach
seine fishermen to transition to utilizing oth-
er more environmentally friendly fishing gears
like handlines and traps. The program makes
use of important takeaways from earlier gear
exchange initiatives and directly incorporates

local fishing communities and Beach Manage-
ment Units in decision-making. Fisherfolk col-
laborate closely with KMFRI and other partners
in co-production and knowledge sharing to
identify best practices and provide information
for adaptive management. These initiatives and
the suggested management strategies are an-
ticipated to make a significant contribution to
the restoration of vital marine ecosystems that
constitute the Lamu seascape, while minimizing
any potential ecosystem imbalance.
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aspects of Kenya’s marine and freshwater fisheries, aqua-
culture, environmental and ecological studies, and marine
research including chemical and physical oceanography.

All manuscripts submitted to the Kenya Aquatica are ac-
cepted for consideration on the understanding that they are
original and their content has not been published elsewhere
and not under consideration by any other journal.

Manuscripts and all illustrations should be prepared ac-
cording to the instructions provided below and submitted in
electronic format as attachments via e-mail. Submissions
will be subject to a pre-review by the Editorial Board and
those that fall within the remit of the journal, make a sub-
stantial contribution to the field of research, and are in the
correct style and format will be sent for review. Manuscripts
that do not meet these criteria will be rejected. Every manu-
script will be reviewed by at least two referees competent in
the field of interest. The choice of reviewers is made by the
Chief Editor or the Editorial Board.

The Manuscript

1. The manuscript is your own original work, and does not
duplicate any other previously published work, includ-
ing your own previously published work.

2. The manuscript has been submitted only to the Ken-
ya Aquatica and it is not under consideration or peer
review or accepted for publication or in press or pub-
lished elsewhere.

3. By submitting your manuscript, you are agreeing to any
necessary originality checks it may undergo during the
peer-review and production process.

4. Contributions must be written in English. Any consistent
spelling and publication styles may be used. Please
use single quotation marks, except where ‘a quote is
“within” a quotation’. Long quotations of 40 words or
more should be indented without quotation marks. If
English is not your first language we suggest that an
English-speaker edits the text, before submission.

5. All persons who have a reasonable claim to authorship
must be named in the manuscript as co-authors; the
corresponding author must be authorized by all co-au-
thors to act as an agent on their behalf in all matters
pertaining to publication of the manuscript, and the or-
der of names should be agreed by all authors.

6. The manuscript must be typed in a normal type font
(e.g. Times Roman, font size 12) and at least with 1.5 line
spacing. The total number of pages should not exceed

I | 105

20 manuscript pages (excluding figures and tables),
both for Original Articles and Review Articles. Short
Communications must not exceed 8 manuscript pag-
es. A separate sheet should be used for each table and
figure.

Species names must be in italics; the genus is written in
full at the first mention in the Abstract, again in the main
text and the figure and table legends, and abbreviated
thereafter.

llustrations (figures, tables) should be placed sepa-
rately at the end of the manuscript. Originals of all fig-
ures should be in black and white (graphs) but colour is
acknowledged for figures such as maps and diagrams,
and complex graphs where black and white does not
allow good separation of patterns; the lettering should
be of a size readable after reduction for the final layout.

Figure legends (captions) should be written on a sep-
arate page. Table legends must incorporate all the in-
formation needed and placed on the same page as
the table. Authors are requested to indicate the recom-
mended position of figures and tables in the left-hand
margin of the text.

The international system of units (SI Units) must be
used throughout; abbreviations and acronyms should
be defined where they first appear; mathematical sym-
bols and formulae should be used only when absolutely
necessary and should be clearly explained and defined
in the text.

A complete Original Article manuscript must include
the following: title page, abstract, keywords, introduc-
tion, materials and methods, results, discussion, ac-
knowledgements, references, tables and figures (with
figure legends) in that order.

a. Title Page: This should contain a concise title and the
names of authors followed by affiliations and their
complete postal addresses, phone numbers, and
email addresses. The corresponding author and
email address must be indicated.

b. Abstract: The abstract should not exceed 200 words,
and should be on a separate page. It should briefly
describe the main points of the manuscript, i.e. the
topic, the main findings and the conclusions.

c. Keywords: four to six key words are required for in-
dexing purposes.

d. Introduction: A brief survey of relevant literature and
objectives of the work should be given in this sec-
tion. Thus, the introduction should largely be limited
to the scope, purpose and rationale of the study.
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e. Materials and Methods: In this section, the method- as above, but also should include full title of paper

ology used should be clearly explained, including
relevant references, such that anyone else can re-
peat the procedures. It should provide the frame-
work to gain answers to the questions or problems
identified. Sampling methods must be elaborated
as well as analytical frameworks and model spec-
ifications.

f. Results: Make the text as objective and descriptive
as possible. Only material pertinent to the subject
should be included. Presentation of the same infor-
mation in both graphical and tabular form should
be avoided.

g. Discussion: This section could be combined with the
above to present “Results and Discussion”. It should
interpret the results in view of the problems identi-
fied in the introduction, as well as in relation to other
published work. The final paragraph of this section
could include concluding remarks and recommen-
dations for future work. “Dicsussion and Conclus-
sion” or “Conclusion and Recommendations” could
also be combined to form separate sections or pre-
sented individually.

h. Citations: Authors should be cited using their sur-
names, followed by the year of publication. Two au-
thors should be separated by ‘and'. If there are more
than two authors, only the first author, followed by
“et al.”, should be given. This and other Latin or for-
eign terms should be italicized.

i Acknowledgement/ss This section should be brief.
Authors are advised to limit acknowledgements to
substantial contributions to the scientific and tech-
nical aspects of the paper, financial support or im-

followed by In: editor(s) if any, full title of publication,
publisher, etc., and the first and last page numbers.
Example: Nathwani P, Slatter J (1995a) Satelite anal-
ysis of benthic secondary production. In: Zhu MPC,
Vanini WX (eds) Determination ofsecondary pro-
duction from the molecular to the global Scale. ICES
Marine Science Symposia, Vol. 95, Copenhagen. pp
337-432

- Articles with a Digital Object Identifier (DOI). Example:
Gooseff MN, McKnight DM, Lyons HJ, Blum RJ (2002)
Weathering reactions and hyporheic exchange
controls on stream water chemistry in a glacial
meltwater stream in the McMurdo Dry Valleys. Water
Resources Bulletin 38 [doi: 10.1029/2001WR000834]

k. Tables and illustrations: Each figure/table/photo-
graph should be numbered consecutively, accom-
panied by a complete caption, and must be cited
in the text. Figures should be of high quality to allow
reproduction and reduction without loss of infor-
mation. When accepted for publication the original
figure files may be requested from authors in order
to ensure eventual standardization and graphical
improvement. Photographs should be of excel-
lent quality to maximise contrast and detail during
printing (15cm longest edge @300 dpi), be focused
and well composed.

I. Supplementary material: In case it is found relevant,
authors may submit appendices with relevant in-
formation of major interest for the interpretation of
the manuscript results. This is not applicable for the
raw data of normal research. The editors will decide
its eventual inclusion as appendices.

provements in the quality of the manuscript. 12. A complete Review Article manuscript must include the
j- References: The reference section must contain an following: title page, abstract, keywords, introduction,

alphabetical list of all references mentioned in the main body text (the central sections vary with specific

text of the manuscript. Limit punctuation and spe- divisions according to the theme), acknowledgements,

cial fonts as indicated and give all journal names references, tables and figures (with figure legends) in

in full. Examples for citations from periodicals, books that order.

and composite works are given below: 13. A complete Short Communication manuscript must

« Periodicals. Here the following should be sequentially
listed: author's name/s, initials, year of publication,
full title of paper, periodical (in full), volume, first and
last page numbers. Example: Edmonton K, Randall
J, Allistair J (1984) Adaptation of unicellular algae to
irradiance: An analysis of strategies. The New Scien-
tist 94:168-183

Books. The following should be listed: author’s or
editor's name, initials, year of publication, full title,
publisher, place of publication, total pages. Exam-
ple: Klan OJP (1980) Light and photosynthesis in
aquatic ecosystems. Cambridge University Press,
Cambridge. 204 pp

« Composite works or serials. The sequence should be

include the same structure as an Original Article in a

shorter format.
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