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ABSTRACT

Climate change continues to be one of the major bottlenecks to global development and it has
affected the fisheries sector. In Malawi, limited information is available on how the inland
fisheries of Lake Malawi have been affected by climate change. A study to assess the effects of
climate change on the inland fisheries of Lake Malawi was therefore conducted from December
2021 to February 2022. Primary data was collected from 90 respondents through the
administration of a structured questionnaire. Literature review was used to further assess the
impacts of climate change on the fisheries resources of Lake Malawi while drawing lessons from
other countries. Data was analysed in excel, where pivot tables were formulated, and the gender
dimensions of the fishery were also considered. Most of the respondents (76%) were male and
mostly involved in fishing, the remainder were female mostly involved in fish trading and fish
processing. This represents how the fish value chain is structured, men are the key players, while
women are involved in the ancillary activities. Most respondents claimed that they have the
knowledge and are aware of climate change and have experienced one or more extreme weather
events, mostly floods and droughts. Rainfall has become erratic and starts late. There has been an
increase in heavy Mwera winds which has affected their fishing activities. 73% of the
respondents said that their income from fishing activities has decreased over the years. As a
coping strategy, some respondents said they are involved in rainfed farming, an activity that is
also vulnerable to climate change shocks. In terms of fishing, most of the fishers are going
further offshore to catch fish, which may be dangerous considering the fishing gear used. Almost
60% of the respondents have access to general fisheries extension services, but not interventions
from donor partners. Climate change information and early warning systems should be
incorporated in fisheries extension messages.
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1 INTRODUCTION

Malawi’s economy is heavily dependent on ecosystem services, and this makes the country
highly vulnerable to impacts of Environment and Natural Resources degradation (ENR) and
climate change. Agriculture, which is the mainstay of the economy accounts for 30 percent of
the Gross Domestic Product (GDP) and 90 percent of the country’s export earnings. Over 80
percent of Malawi’s labour force is employed in this sector and most of the farmers are
involved in subsistence farming (Government of Malawi, 2015). Similarly, the fisheries sector
as one of the ecosystem services is important to the economy and livelihoods of Malawi’s
population. Nearly 65,000 fishers, living in rural areas are directly employed and 600,000
people are indirectly employed through ancillary activities along the value chain which
include fish processing, fish marketing, boat building, and engine repair. Fish is an important
food resource for Malawians, contributing 70% of dietary animal protein and 40% of the total
protein supply; and to the nutrient requirements of the rural masses with per capita fish
consumption of 9.6 kgs per year (Malawi Government, 2021).

The main provision of the fishery resource comes from capture fisheries. Even with the
increase in the global consumption of fish and fish products in recent decades, the per capita
fish consumption in Malawi has decreased during the same period (Hara, 2011). Combined
effects of overfishing, habitat destruction, use of illegal gears, violation of closed seasons and
protected areas, catchment degradation, and climate change have significantly caused
unprecedented overexploitation of freshwater ecosystem fisheries (Dudgeon, 2012). This
implies that unsustainable use of the fishery resource will negatively affect the fisheries
sector, therefore affecting its performance in the long run (M'balaka, et al., 2018).

Climate change is considered the biggest challenge humanity is facing today. Due to its
geographical position, Malawi has not been spared the negative impacts of climate change. It
is projected that being one of the Least Developed Countries (LDCs), climate change will
have serious impacts on all socio-economic sectors, with serious implications for the
livelihoods of its population and its social and economic development (Government of
Malawi, 2020). The factors that increase vulnerability to climate change impacts in Malawi
are deep-rooted: poverty, rapid population growth resulting in overexploitation of natural
resources, and high dependence on subsistence rain-fed agriculture.

The fisheries sector, which is essential to both the nutrition and livelihoods of most of the
world population, especially in the developing world, has over time faced the negative
impacts of overfishing, pollution as well as natural climate variabilities that often arise from
extreme events, posing a serious setback to fisheries production (Deepananda & Macusi,
2012). On the other hand, there is low awareness of sustainable management of global inland
fisheries despite their importance to the livelihoods of millions of people. Even though the
impacts of climate change on marine resources have been mapped and are being addressed,
there is not enough data to quantify the effects of climate change on inland fisheries. It is
important to build resilient fishing communities which will be able to adapt to the negative
impacts of climate change.

GRO - Fisheries Training Programme under the auspices of UNESCO 1
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1.1 Problem statement and justification

Malawi is particularly vulnerable to climate change and variability. Observed changes in
climate include a shift in the rainfall season, with late onset and cessation, as well as increases
in the length of the dry season and reduction in the length of the growing season. According
to UNDP country profile for Malawi, temperature increased by 0.9°C between 1960 and
2006, at an average rate of 0.21°C per decade, with the highest increases during December-
February (mid-summer) and lowest during September-November (early summer) as shown in
figure 1.1 (McSweeny, et al., 2012). An Economic Vulnerability and Disaster Risk
Assessment demonstrates that whilst drought poses a more extensive threat than floods in
terms of geographical range and economic effects, floods are more common and cause severe
economic hardships. The lakeshore areas of Lake Malawi also experience these flooding
events (IFPRI/RMSI, 2010).

Malawi: Mean Temperature Anomaly Annual

Temperature Anomaly (ZC)

1960 1980 2000 2020

2040

2060 2080 2100

Figure 1.1. Trends in annual and seasonal mean temperature for the recent past and projected
future. Source: (McSweeny, et al., 2012).

Little information on how the inland fishery in Malawi has been affected by climate change is
available, despite showing a significant decline in catches and a change in species
composition in the catches over the years. The fisheries sector is facing both internal and
external pressures such as land degradation, pollution, and other anthropogenic factors
(external) and dwindling of fish catch due to pressure on the fisheries resources (internal) and
this is exacerbated by the effects of climate change. Fishers can no longer catch the highly
valued Oreochromis (Chambo) species, and they are currently going offshore to catch the
pelagic schooling Lake Malawi sardine Engraulicypris sardella (Usipa). This is hampered by
an increase in extreme weather events as the fishers are already forced to search for fish
further offshore and hence regularly encounter more severe weather, while taking longer to
reach the safety of the shore because they use primitive fishing gears. (FAO, 2018).

GRO - Fisheries Training Programme under the auspices of UNESCO 2
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Figure 1.2. Oreochromis karongae (Chambo), left, and Engraulicypris sardella (Usipa),
right.

It is therefore important to examine the effects of climate change on the livelihoods of fishing
communities and come up with possible adaptation options to help strengthen the resilience of
those dependent on the fishery resource. The National Aquaculture and Fisheries Policy,
which is the overarching strategy for the sector, should clearly indicate key priority areas on
how to address this important global issue.

Lake Malawi, which is the third largest in Africa after Lakes Victoria and Tanganyika, is an
important economic resource to Malawians, boasting about 800 endemic fish species. It is
considered a world heritage site as it is home to more diverse fish species than any other water
body in the world (Weyl, et al., 2010). The Lake is also home to rock-dwelling aquarium fish
species, Mbuna which are exported live globally to be used in aquariums. Although a large
quantity of fish produced within Malawi is consumed locally, the nation derives a significant
amount of foreign exchange from exporting fish. It is estimated that more than 500 tonnes of
fish are exported annually (Government of Malawi, 2016).

1.2 Goal

To assess the impacts of climate change on the inland fisheries of Lake Malawi, particularly
Nkhotakota District.

1.2.1 Objectives

i. To explore how climate change has impacted the livelihood of the fishing communities
in Nkhotakota District.
ii. To identify possible adaptation options for the small-scale inland fishery in Malawi.

1.2.2 Research questions

i. Has climate change had any effects on the livelihood of the fishing communities on
Lake Malawi, particularly in Nkhotakota district?

ii. What are the possible climate change adaptation options for the small-scale fishing
communities in Nkhotakota?

GRO - Fisheries Training Programme under the auspices of UNESCO 3
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2 LITERATURE REVIEW
2.1 The importance of inland fisheries sector

The contribution of inland fisheries to livelihoods, food security and sustainable development
is often overlooked by prioritizing ocean issues on one hand and in global-level discussions
about food systems and security on the other hand. This setback comes at a time when fish is
one of the most consumed foods and traded commodities in the world, providing food, jobs
and life satisfaction to billions of people worldwide (Funge-Smith & Bennet, 2019; Loring, et
al., 2019). The small-scale fishery sector’s contribution to economic growth, food and
nutrition security at household, local and national level should never be understated, even
though its fisheries activities are mostly informal (FAO, 2020).

Fish is currently among the most eaten foods and traded commodities in the world (Arthur, et
al., 2021). Global fish consumption has increased from 9 kgs per capita per year in 1961 to
20.3 kgs per capita per year in 2017, at an average rate of 1.5% per year and this is higher
than the increase in consumption of any other food products (FAO, 2020). There is a need to
ensure that fisheries issues are included in food security and poverty related policies. Africa
accounts for 25 percent of the global inland catches from the wild and provide between 32 per
cent and up to 70 per cent of total animal protein consumed (Heck, et al., 2007). Given the
fact that a significant percentage of the population is malnourished and battling with epidemic
diseases such as HIV/AIDS, fish as a food system could address such issues and contribute to
a healthy population.

The inclusion of the fisheries sector in food systems would contribute to the achievement of
Sustainable Development Goals (SDGs) and help mitigate climate change issues by
increasing the availability, stability and utilization of the fishery through sound policies. The
contribution of fisheries to food security at both household and national levels through direct
and indirect contributions has particularly been highlighted by the United Nations Food and
Agricultural Organisation (FAO) (Sowman & Cardoso, 2010).

2.2 Climate change as a driver for a decline in fish catches in inland lakes

Studies have shown that inland fisheries face many challenges to their sustainability such as
urban encroachment, environmental degradation, and human-induced climate change, posing
a threat to the majority of the world’s 200 million full and part-time fisherfolk directly and
indirectly employed in the sector (Utete, et al., 2018). High climate variation has a significant
effect on the distribution and productivity of the fisheries resources, even though relationships
between the biophysical impacts of climate change and the livelihood vulnerability of poor
fishing communities have seldom been investigated. Scanty information on the areas and
people that are likely to be the most vulnerable to climate-induced changes in the fisheries is
available. However, this information is required for the effective prioritization of development
interventions to reduce vulnerability to the impacts of adverse climate change on fisherfolk
living in poverty (Allison, et al., 2005)

It has also been observed that there is a link between climate change and other factors
affecting the fishery, some of which include anthropogenic activities such as land-use changes
which affect the balance between inputs and outputs of nutrients and sediments, as well as
changes in food-web dynamics in the freshwater ecosystem (Arthur, et al., 2021). This is due
to the fact that the fishery is vulnerable to environmental changes because fish are ectothermic
and fish distribution is usually limited by structural thermal and chemical barriers. In the long
run, this has been linked to major shifts in fish catches (Kao, et al., 2020). Understanding the

GRO - Fisheries Training Programme under the auspices of UNESCO 4
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impact of climate change requires time-series data and lack of data has restricted the
assessment on how the inland fishery has been affected by climate change events.

There is enough evidence to show that African inland freshwater ecosystems are changing due
to climate variability though at a small-scale. For instance, elevated Surface Temperatures
(STs) have been reported for the Lakes Kariba, Kivu, Tanganyika, Victoria and Malawi. It has
also been reported that increased temperatures have caused a decrease of approximately 30
percent in fish yields in Lake Tanganyika, East Africa (Seggel & De Young , 2016).

2.3 Anoverview of Malawi in the face of climate change

Malawi as a country is highly vulnerable to climate change (Deepananda & Macusi, 2012). It
has the lowest per capita income in the world, with more that 50 percent of its population
living below the poverty line. Agriculture is the mainstay of its economy, contributing nearly
40 percent of Gross Domestic Product (GDP) and roughly 90 percent of the country’s export
earnings, with fishing a predominant activity in the lakeshore areas (along Lake Malawi).
Small-scale fisheries in Malawi contribute 95% of fish catches and the fish is mostly
consumed locally (USAID, 2021). In addition to unsustainable fishing practices, the fishery
resource is also under pressure from climate change, which impacts fish biology,
reproduction, productivity, and habitats. It has been estimated that Malawi loses an average of
1.7% of its GDP from climate change-related disasters, mainly floods and drought
(IFPRI/RMSI, 2010).

Table 2.1. Annual economic losses by countries worst hit by extreme weather events in
Africa in 2019. Source: (Eckstein, et al., 2021)

Loss monetary
Country Fatalities GDPloss  millions
Mozambique 700 13 $4.9 billion
Zimbabwe 347 4  $1.8billion
Malawi 95 2 $452 million
South Sudan 185 1 $85milion
Niger 18 1 $219 million

It has been noted that the water bodies in Malawi are susceptible to climate changes, for
instance there was a period between 1915-1935 when Lake Malawi was closed and there was
no outflow of Shire River. The lake nearly became closed in 1997 due to low precipitation
(Ministry of Forestry and Natural Resources , 2021). Lake Malawi is known to be
permanently stratified and it is anoxic below depths of about 170-200 m. Temperature has a
great influence on the processes in the lake, for instance at shallower depths, water
temperatures and lake stratification follow seasonal patterns. In the months between
September and December there is a warming of the surface waters and stratification
intensifies. By May the upper 60—80 m is homothermic at about 27°C; during the cool windy
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season the thermocline weakens so that by July it is poorly defined and there is a gradual
temperature gradient of 23°C at the surface to 22.5°C at 250 m (Weyl, et al., 2010).

/ CLIMATE PROJECTIONS \

1-3°C increase in : Increased frequency and intensity Increased incidence of
temperatures by 2050 :\g\‘\{{{y:?‘\ \ of heavy rainfall events droughts and floods
KEY CLIMATE IMPACTS

Agriculture Water Resources Fisheries

Reduced yields of rainfed crops Reduced water supply Reduced productivity
Shift in timing of planting/growing Decline in water quality Migration of fish to cooler waters
Food shortages Reduced hydropower production Damage to fish habitat

Ecosystems - Human Health

Drying of wetlands; loss of biodiversity Increased risk of diarrheal disease
Reduced forest productivity; forest fires Expanded range of malaria to highlands
Loss of ecosystem-dependent livelihoods Increased food insecurity

Figure 2.1. Climate projections for various sectors in Malawi. Source: USAID

2.4 \Weather patterns in Malawi

There is overwhelming evidence that global air temperatures are changing with time. Over the
last four decades, rainfall and air temperatures in Malawi have exhibited an increasing trend,
and extreme weather events are more common with an increased intensity, frequency and
magnitude of floods and droughts. For instance, from 1970 to 2008, Malawi has experienced
more than 40 weather-related disasters, with 16 of these occurring between 1990 and 2008
(Republic of Malawi, 2011). These extreme weather events adversely impact on food security,
natural resources, and sustainable livelihoods of family households.

2.4.1 Rainfall trends

Over the last two decades, Malawi has been affected by climate variability and change,
experiencing greater incidences of dry spells and intense rainfall. These have in turn lead to
an increase in the frequency of floods, droughts, pest, and disease outbreaks, with severe
economic and social consequences. According to the Second National Communication report
to the UNFCCC by the Malawi Government (2011), Malawi has experienced several climatic
variations that have resulted in the occurrence of extreme weather events, ranging from
droughts (1991/92) to floods (1996/97) and flash floods (2000/01). When there were floods in
the Southern Region during the 1996/97 crop season, the Lakeshore Plain, experienced
drought conditions. These extreme occurrences within the country clearly illustrate that there
are large temporal and spatial variations in the occurrence of extreme weather events.
Furthermore, there are large decadal rainfall fluctuations, with a clear decreasing trend for
mean seasonal rainfall in the Lakeshore areas (Republic of Malawi, 2011).

Even though scanty information on extreme weather events exists at national level, it has been
evidenced that high rainfall intensity and large rainfall variations have a direct effect on the
occurrences of extreme weather events such as flush floods and prolonged droughts. Rainfall
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has been varying over time, but the long-term trend showed a decreasing trend like the runoff
inflow into the Lake (Kaunda, 2016).
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Figure 2.2. Mean total annual and warm-wet (December to March) season precipitation (mm)
for Dwangwa, Nkhotakota, Malawi from 1982-2016. Source: (Limuwa, et al., 2018).

2.4.2 Temperature trends

Historical observations indicate the average annual temperatures have risen by 0.9°C between
1960 and 2006 with changes in patterns of El Nifio and La Nifia, thus increasing climate
variability and uncertainty. Climate projections indicate an increase in average annual
temperatures and floods, with natural disasters being declared around lake Malawi in the last
few decades, including droughts (1991-1992) and floods (2000-2001) (Government of
Malawi, 2019).

Though there is inadequate evidence and records in terms of impacts of climate change on
Lake Malawi fisheries, ample evidence suggests that global mean temperatures which have
increased from 0.3°C to 1.09°C in the last century, and 2021 was 0.18°C to 0.26 °C warmer
than 2011 (World Meterological Organization, 2022). This is an indicator of serious threats on
the survival of both marine and freshwater fish species (Makwinja & M'balaka, 2017). Studies
have shown that there is a warming trend in the surface waters of Lake Tanganyika, and in the
surface and deep waters of Lake Malawi (Powers, et al., 2011). There is also strong evidence
to show that the temperature of the deep water below 300 meters in Lake Malawi has
increased by 0.78°C over the last six decades (Kumambala & Ervine, 2010; Vollmer, et al.,
2005). This is mainly due to the reduction of cold-water deep convection over this period,
which is associated with milder winters in the sub-Saharan region. According to Vollmer et
al., (2005), the results indicate that the vertical density stratification over the full depth range
has weakened during the summer months over the observed period. Another study has shown
that there has been a warming trend in Malawi with the mean temperatures increasing from an
average of 22.0 °C in 1961-1970 to 22.6 °C in 1991-2000 over the period of 1961 to 2005
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(Warnatzsch & Reay, 2019). This is in line with Conway et al., (2005) who stated that there
were rainfall fluctuations in East Africa in 1961, followed by very high rainfall in 1963 and a
succession of wet seasons during the late 1960s through to the early 1980s and the effects
were spread from the Equator to as far south as Lake Malawi. The same study also reported
that from 1961-1964 the cumulative river flow anomaly for the White Nile upstream of the
Sudd (Lakes Victoria, Kyoga, Edward and Albert), plus the Blue Nile, Atbara, Congo, Tana
and Zambezi rivers was 1428 km?, roughly equivalent to the mean annual flow of the Congo
and after another event in 1997, the level of Lake Victoria rose by 1.7 m by 1998, Lake
Tanganyika by 2.1 m and Lake Malawi by 1.8 m.

These temperature changes affect fish migration, spawning times, species distribution and the
overall productivity of lake Malawi fisheries (Republic of Malawi, 2011). According to the
Fifth Assessment Report on Climate Change, extreme weather events are expected to become
more frequent and more intense as the climate changes, though with large regional variations
and differing degrees of confidence depending on the type of climate event. However, climate
change has already led to changes in freshwater and marine ecosystems in eastern and
southern Africa, and terrestrial ecosystems in southern and Western Africa (IPCC, 2014).

2.4.3 Lake Malawi water levels

Geological evidence supports the view that Lake Malawi water levels have been fluctuating
since time immemorial as shown in figure 2.3. According to Kaunda (2016) and Bhave et al.,
(2020), Lake Malawi is very sensitive to climate variations where the cyclic fluctuations in
levels are largely subjective to annual rainfall patterns. The lowest lake water levels were
recorded in 1916 at 469 Meters Above Sea Level and in the recent past, the lowest recorded
was at 472.94 MASL in 1997 and very recently in 2015 at 473.32 MASL (MoIWD, 2015).
Climate change is expected to reduce the water level yield by 8.84% based on simulations for
the near future from 2036 to 2065 and the far future from 2066 to 2095 (Kaunda, 2016). The
changing water levels could have an impact on the type and amount of fish catches, regardless
of the anthropogenic factors that have led to a significant decline in fish catches. For instance,
substantial quantities of fish from Lake Malawi catchment which include the cichlids have
diverged from the parent population over time in response to climatic conditions and
fluctuating water levels (Republic of Malawi, 2011).

LAKE MALAWI MONTHLY MEAN LEVELS

478.00

EEEVEATIIGN ( m.a.&l)
SZ%"_’O‘,
-
(_,___5—=

PERIOD

Figure 2.3. Lake Malawi monthly mean levels from 1970 to 2015. Source: Kaunda, 2016
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2.5 Sustainability issues that would limit the assessment of climate change on Lake
Malawi

Fisheries management in Malawi continues to be challenging due to over exploitation of fish
stocks and various anthropogenic activities resulting in a reduction of genetic resources
(Kassam, et al., 2017). This has led to a decline in fish catches with other fish species being
listed on the IUCN endangered species list. Opsaridium microlepis, locally known as Mpasa
and Oreochromis karongae, locally known as Chambo are the most threatened fish species in
the Lake. In response to the declining fish catches, fishers have resorted to using
unsustainable fishing methods, such as cheaper and destructive fishing gears in order to catch
more (Hara, 2011). Mpasa is commonly found in the Northern and Central parts of Lake
Malawi, and it is heavily exploited by gillnets set near the river mouths during its migration
from the lake to breed in the rivers (Kassam, et al., 2017).

Figure 2.4. Opsaridium microlepis (Mpasa)

Being a large open water system, it has proven difficult to control the fishery of Lake Malawi
unlike other water bodies. With this weak governance system, there are several challenges and
threats that continue to impact on the ecosystem health of Lake Malawi (M'balaka, et al.,
2018). This has led to overfishing mainly due to rampant use of under-sized-meshed nets,
trawling in undesignated areas, degradation of the environment by clearing aquatic weeds in
cottage developed shore areas; and the ‘open access’ nature of the fisheries leading to
increased fishing effort in terms of gears and fishers (Njaya, 2018). With all these factors, it
would be difficult to quantify the factors that are being driven by climate change.
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3 METHODOLOGY
3.1 Study area

The study was conducted in the central parts of the west coast of Lake Malawi, particularly in
Nkhotakota district in three landing sites namely, Bondo, Liwalazi and Matumbi which were
identified through random sampling (figure 3.1). Nkhotakota district is in the central region
along the shores of Lake Malawi. The district, which is one of the major fishing districts in
Malawi has the longest shoreline than any other district at 350 kilometers. The Bua river,
which is a tributary of major importance and a breeding ground for salmonids fish species
such as Mpasa and Ntchira, flows into Lake Malawi in this district. These fish species are
migratory, spending most of their life in the lake and are currently on the International Union
for Conservation of Nature (IUCN) red list.

Istang

Cenlral
Malawi

-h Dem. Rep of

} Tha Congo

’ ANGOLA

INDIAN
NAMIBIA ) OCEAN

Figure 3.1. Map of Southern Africa showing location of Malawi (left) and map of central
Malawi showing location of Nkhotakota.

3.2 Data collection

This study incorporated quantitative research methods in data collection and analysis with the
purpose of providing a better understanding of the research topic. Primary data and
information were collected in Nkhotakota district between 26 and 31 December 2021
through administration of a structured questionnaire to ask both open and close-ended
questions. The landing sites were randomly sampled from a list of active landing sites to
collect data from fish value chain actors consisting of gear owners, crew members, fish
traders, fish processors and boat builders. Information collected was on the effects of climate
change on the livelihood of the value chain actors, their coping and adaptation strategies and
their access to climate change information (appendix 1). The structured questionnaires were
administered to the fish value chain actors through face-to-face interviews. The formulated
questionnaire was pre-tested prior to the commencement of the information gathering exercise
to ensure it was capturing data that will be key to addressing the project objectives.
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Figure 3.2. respondents captured during data collection.

» Literature review was conducted to assess the impact of climate change on the physical
parameters (rainfall, temperature and water levels). This is due to lack of time series
data which would have been used to analyze this information (see section 2.4).

> Relevant literature was also synthesized to understand the impacts of climate change
on small-scale inland fisheries and identify the adaptation options for the sector. It is
expected that in the long run, this will contribute to the formulation of climate change
adaptation measures on inland fisheries of Lake Malawi.

3.3 Data analysis

The survey data was inputted into google forms then exported to Excel 365 to analyse the
effects of climate change on the livelihoods of the fishing communities. Descriptive statistics
were used as an analysis tool to present the socio-demographic characteristics, climate change
stressors and livelihood adaptation methods as designed in the questionnaire. Pivot tables
were used to analyse the data which was then plotted into graphs. Gender dimensions of the
study were also taken on board.

3.4 Limitations of the study

Lake Malawi fisheries, being a large open access fishery has been faced with overexploitation
due several factors. This has overtime led to the collapse of Mpasa fishery and the Chambo
fishery and currently, juvenile Usipa is being exploited (refer to section 2.7). Being a very big
lake, it is also very difficult to quantify the effects of climate change. It is however believed
that in the long run, the results will trigger more research or help make informed decisions in
terms of adaptation and resilience of the fishing communities to climate change. It is
imperative to note that global climate has changed over time, and it is affecting other sectors.
This may either add pressure on the fishing communities or even affect the lake in one way or
the other. It is therefore important to assess the effects of climate change on the fisheries
resources and identify possible adaptation options for the fishery sooner rather than later.
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4 RESULTS
4.1 Overview of the results from interviews with value chain actors

Three landing sites; Bondo, Matumbi and Liwaladzi in Nkhotakota District were randomly
selected, and 90 respondents were involved in the study. Out of the 90 respondents, 66 were
male and 24 were female, representing an overall percentage of 73% and 27% respectively.
The percentage of respondents by landing site are shown in figure 4.1 below. It is worth
noting that in the fish value chain, the majority are men, so it is not surprising to see that there
were fewer women than men in the landing sites.

Percentage of respondents segregated by gender and landing site

30%

70%
60%
50%
40%
30%
20%
10%

0%
Bondo Liwaladzi Matumbi Grand Total

mFemale mMale

Figure 4.1. Percentage of respondents segregated by gender and landing sites.
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Out of the females interviewed, 71% were fish traders and 29% were fish processors. The
majority of male respondents (70%) were fishers, the rest were distributed into fish traders
(21%), fish processors (6%) and boat builders (3%) as shown in figure 4.2 below.

Percentage of respondents segregated by fish value chain
80%
70%
60%

50% u Boat Builder
40% m Fisher
Processor

m Trader

30%
20%
10%
0% —
Female Male

Figure 4.2. Percentage of the respondents segregated by gender and fish value chain.

When asked about the number of years they have been in the fish value chain, the majority of
the males (58%) and females (42%) said they have been in the fish value chain for more than
10 years (figure 4.3).

Duration in the fish value chain
70%
60%
50%
40%

mFemale

30% =Male

20%
- I I I I
I == [ ]

0%
Less than a year 1-3 years 4-6 years 6-10 years Above 10 years

Figure 4.3. Duration in the fish value chain segregated by gender.
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4.2 Climate change effects on the livelihoods of the respondents

4.2.1 Knowledge and awareness about climate change issues

Results in figure 4.4 below show that a higher percentage of men believe they have some or
good knowledge about climate change than the corresponding percentage of women.
However, when it comes to awareness on climate change issues, the percentage of women
who claimed to have some or good awareness is slightly higher than that of men. The
respondents claimed to have started experiencing extreme weather events in the early 2000s.

Knowledge Awareness
45% 45%
40% 40%
35% 35%
30% 30%
25% 25%
20% 20%
15% u Female 15% = Female
10% u Male 10% = Male
o | || | II
0% 0%
o 3 o o ) S S )
04‘\06% o:é\e‘b% oé\@b% 04@"0 é&&% @@&% @é@% & ¢
%0%9 .&@@ &@@ 008@ %0% . (\\Qfo /&efzy oob(b
A ) ) e ¢

Figure 4.4. Knowledge (left) and awareness (right) of climate change by the respondents
segregated by gender.

4.2.2 Drought and flood incidences that have been experienced over the years

From the responses shown in figure 4.5, a similar percentage of males (83%) and females
(80%) said they have experienced 1 to 5 drought incidences. However, when asked about
flood incidences, the percentage dropped to 67% for men and 79% for women. More men
(26%) claimed to have experienced flood incidences than women (13%).
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Droughts Floods
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Figure 4.5. Number of drought incidences (left) and flood incidences (right) that have been
experienced over the years segregated by gender.

4.2.3 Observed changes in rainfall and weather patterns over the years

The respondents claimed that rainfall patterns in the district have changed over the years, with
the rains coming late and are usually erratic. Their responses in percent distribution are shown
in figure 4.6 below:

Observed rainfall patterns

Erratic rainfall

Poor distribution of rainfall

Late onset

Early onset
0% 520 10% 15% 20% 25% 30% 35% 40% 45%

Figure 4.6. Observed changes in rainfall patterns over the years.

In terms of weather patterns that have affected their fisheries activities, most respondents
(89%) answered that heavy Mwera winds (south-easterly winds) are having a negative impact
on their business in terms of low catches or even not going to the lake to catch fish during the
incidences of Mwera winds, followed by heavy rains (11%) as shown in figure 4.7.
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Weather patterns

Decreased rainfall I

Heavy mwera winds _
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Figure 4.7. Weather patterns that have negative impacts on the respondents’ fishing business

Common weather events as mentioned by the respondents in figure 4.8 include late rains,
persistent winds, dry spells and extreme temperatures.

Weather events

Late rains

Early rains

Increased drought incidences
Increased flood incidences
Persistent winds

Dry spells

Extreme temperatures

0% 5% 10% 15% 20%% 259 30%% 35%% 40%% 459%% 50%%

Figure 4.8. Common extreme weather events

During episodes of extreme weather events the respondents claimed that fish catches are low
and this affects all fish value chain actors; the fishers because they are not able to fish, the
traders and processors are not able to order fish to sell or process and the little available fish
becomes very expensive. The respondents also claimed to have experienced damaged fishing
gears and vessels and consequently, loss of lives (figure 4.9).
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Consequences of the extreme weather events

Damage to fish processing facilities [l
Damage to fishing gears
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Figure 4.9. Consequences of the weather events

4.2.4 Observed climate change impacts as described by the respondents

In terms of fish catches, a majority of the respondents (figure 4.10) claimed that they are
catching less fish, with 53% of the males claiming that there is less of the same fish species
and 54% of the females claiming that there is less and different fish species.

Climate change impacts in terms of fish catches

60%

50%
40%
30%

®Female
20% mMale
10%
. l EE =

We are catching less We are catching less We are catching  We are catching the We are catching the

and same fish but different fish more and same fish same amounts and same amounts but
species as before species as before species as before  same fish species as different fish species
before as before

Figure 4.10. impacts of climate change in terms of fish catches

In terms of fishing grounds (figure 4.11), both genders responded that fishing grounds have
changed over the years as fishers are now going further offshore to catch fish than it was
before.
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Climate change impacts in terms of fishing grounds
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Figure 4.11. Impacts of climate change in terms of fishing grounds

In terms of fishing gears used (figure 4.12), 63% of the female respondents did not have any
idea, possibly because they are not involved in fishing activities, 39% of the male respondents
claimed that they are using the same fishing gears to catch fish, while the majority of the
males (47%) claimed to have upgraded their fishing gears in order to catch more fish.

Climate change impacts in terms of fishing gears used
70%
60%

50%

40%

® Female
30%

= Male
20%
- . I l
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No idea We are using the same fishing ‘We have upgraded
gears to catch fish

Figure 4.12. Impacts of climate change in terms of fishing gears used.

Other climate change effects as mentioned by the respondents include low crop yields,
unreliable weather patterns, damage to fish processing facilities among others.
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4.3 Coping and adaptation mechanisms identified during the study

4.3.1 Changes in income from fishing activities

When asked whether their income has changed over the years, 73% of the value chain actors
claimed that their income has decreased, 16% respondents said that it has increased, while
11% of the respondents claimed that their income has remained the same (figure 4.13). The
reasons for the change in income given by the respondents include decline in fish catches,
influx of exported fish in the markets such as dagaa, high inflation and depreciation which is
increasing the operation costs and making their businesses unstable among other reasons. In
terms of alternative sources of income, 36% of the respondents said they have no source of
alternative income and 52% of the respondents said they are involved in rainfed farming,
which is also prone to climate related shocks.

Has your income changed over the years

# It has remained the same = It has decreased It has increased

Figure 4.13. Whether the income of the value chain actors has changed over the years
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4.3.2 Access to weather information by the fish value chain actors

All respondents claimed that they can access weather information (figure 4.14). The most
common source of weather information is the media, through radio stations. Some
respondents can use the weather application on their phones to determine the weather of the
day.

Source of weather information

Television -

Meteorological department I

rhone |
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Friends in the village -
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Figure 4.14. common sources of weather information by the respondents

When it comes to opportunities for accessing weather information, a higher percentage of the
male and female respondents said that men have more opportunities to access weather
information than women, followed by a percentage of respondents that claimed that both men
and women have the same opportunities in accessing weather information (figure 4.15). The
common reason given is that since it is the men who are involved in fishing activities, they
require weather information as a safety precaution before they go fishing. It was also noted
that as household heads, men have more control over gadgets and more ability to own them.
This makes it easier for them to access weather information than their female counterparts.
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Opportunities of accessing weather information in relation to gender
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Figure 4.15 opportunities of accessing weather information in relation to gender.

4.3.3 Knowledge of traditional methods of predicting extreme weather events

Results show that 80.3% of male respondents and 75% of the female respondents claim to
know some traditional methods of predicting weather events. The rest, 19.7% of males and
25% females do not know and have never heard about any traditional methods of predicting
extreme weather events (figure 4.16).

Knowledge of traditional weather prediction methods
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Figure 4.16. Knowledge of traditional methods of predicting extreme weather segregated by
gender.
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In the table 4.1 below, we can see the type of extreme weather events and how they are
predicted as mentioned by the respondents:

Table 4.1. Indigenous/traditional methods of forecasting extreme weather

Weather event

Sign

General bad weather

Emergence of some types of insects in trees

North-easterly winds (Mpoto)

Appearance of thick dark clouds in the sky from the north

Appearance of lake flies

Steamy hot air

Air breeze that is very smelly

Changes in water colour of the lake

South-easterly winds (Mwera)

Low body temperatures in some individuals

Hernia in some individuals

Thick dark cloud movement from the south to north

Formation of foam in the lake

Stars flashing in the sky

Abdominal pains in some individuals

Extreme cold weather

Stormy rains

Dark clouds in the sky

Lightening

Upwelling of the waters

Strong wind movement

Appearance of woodpeckers

In terms of climate change adaptation options, 57% of the respondents said that using boats
with engines to fish offshore would help them increase their fishing efforts and therefore
increase fish catches, 28% said that using climate resilient fishing processing methods such as
solar drying, using less wood for fish smoking would help save the environment and therefore
contribute to climate change adaptation. See figure 4.17 below.
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Climate change adaptation options
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Figure 4.17. Climate change adaptation options as mentioned by the fish value chain actors.

4.3.4 Access to extension services

In terms of fisheries extension services, 59% of the males and 54% of the females claimed to
have accessed fisheries extension services over the past year, while 41% of the males and
46% of the females said they did not have access to any fisheries extension services.

Access to fisheries extension Fisheries extension services
services accessed
70%

60% Closed season [

50%
Awareness on gear -
40% licensing
u Female
30% = Male General fisheries _
20% extension
10% Access to weather .
information
0%
No Yes
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Figure 4.18. Access to fisheries extension services segregated by gender (left) and the type of
extension service accessed (right).
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In terms of interventions from Non-Governmental Organisations (NGOs), 79% of the females
and 74% of the males claimed to not have any access to such interventions while 21% of the
females and 26% of the males claimed to have accessed them. The most common intervention
was ecosystem management (50%), and other interventions mentioned were wildlife
conservation and weather information access (figure 4.19).
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Figure 4.19. Access to Non-Governmental Organization interventions segregated by gender.
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5 DISCUSSION

5.1 Composition of the fish value chain in terms of gender and its relationship to the
study

Results in figure 4.1 show that out of the total respondents, 76% were males and 24% were
female. Studies have shown that men are the primary actors in the fish value chain, with
almost 70% of them being involved in fishing activities. The females however are mostly
involved in the secondary side of the fish value chain such as fish processing and fish trading
(Cheke, 2012). This is in line with a fish value chain study which was conducted at Kachulu
and Msaka landing sites on Lake Malawi, where over 95% of the gear owners were men with
all the fishing out on the lake being undertaken by crew members who are also men. These
fishers then sell their catch to local processors or traders as soon as it is landed on the beach.
Women mostly play the role of an intermediary between the other fish value chain actors, fish
processing and trading and their representation was estimated to be around 70 to 90% in the
three value chains mentioned (Manyungwa-Pasani, et al., 2017). Similarly in Nigeria, women
constitute a greater percentage of the fish mongers/processors, representing the first segment
of the fish market chain; buying fresh fish directly from the producers/ fishermen as they land
the fish at shores (Cheke, 2012).

According to UN Women (2022), it is important to remember that in rural settings where the
population is heavily dependent on natural resources for their livelihoods, women are not only
vulnerable to climate change, but they are also effective actors or agents of change in relation
to both mitigation and adaptation. In Malawian culture, which is highly patriarchal, gender
inequalities are persistently putting most women in a position of vulnerability to climate
change and variability. The situation is exacerbated when women are heading households
(Henriksson, et al., 2021). Women therefore are at a greater risk of experiencing negative
impacts of climate change and even greater barriers to adapt to the situation. To achieve food
and nutrition security, access to climate and weather information, which have been identified
as a potential enabler for improved adaptation should therefore not segregate any gender
(Habtezion, 2013). Women usually have a strong body of knowledge and expertise that can be
used in climate change adaptation and mitigation, and since women are involved in gendered
responsibilities in their households and communities, as stewards of natural and household
resources, it positions them well to contribute to livelihood strategies adapted to changing
environmental realities (UN Women, 2022).

5.2 The effect of climate change on the livelihoods of the fishing communities in
Nkhotakota District

5.2.1 Knowledge and awareness about climate change information in relation to gender

From their responses, the majority of the participants have perceived changes in weather
events, including droughts, floods, changes in time of rainfall, which usually comes later in
the rainy season than before, and is also erratic. A higher percentage of the male respondents
claimed to have some or good knowledge about climate change than the corresponding
percentage of their female counterparts. However, when it comes to awareness of climate
change issues, women claimed they have some or good awareness of what is happening
around them in terms of weather events. When fishers were asked about their perception
about climate change in Lake Kariba, they described climate change as the changes in weather
outlook, decreasing rainfall, increased occurrence of severe weather events and increasing
number of hot days (Muringai, et al., 2019). This affirms that the value chain actors are aware
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that weather patterns are changing. Another study in Ghana reported that 92% of fishermen
are aware of climate change, but have inadequate adaptation techniques, emphasizing that
creating effective climate responses at the local level is crucial. The fishers are aware of rising
patterns in air temperature, seawater temperature, interior precipitation, offshore precipitation,
and storms. It is therefore important to identify appropriate adaptation strategies for the small-
scale fishery.

In a follow-up study on climate change awareness in Cambodia, it was noted that women are
the most vulnerable to the impacts of climate change because they normally gain more
burdens than men in housework such as taking care of children, cooking, washing, collecting
water and firewood, while they are being involved in other activities to earn income (Save
Cambodian Wildlife, 2012). The Malawi National Climate Change Policy states that climate
change has also exacerbated systemic inequalities between women and men, given that they
experience climate impacts differently based on their capacities and vulnerabilities
(Government of Malawi, 2016). Similarly at local level, women are often more vulnerable to
climate change and variability as observed among sugarcane farmers in the Southern part of
Malawi (Henriksson, et al., 2021). Access to climate information, such as weather forecasts,
have been identified as a potential enabler for improved adaptation, but such issues tend to be
strongly gendered (Henriksson, et al., 2021). This emphasizes the need to bridge the gendered
knowledge gap that exists to build a resilient society.

5.2.2 Implication of extreme weather events that have been experienced over the years in
Nkhotakota District.

Reports show that as a natural resources’ dependent economy, Malawi is vulnerable to any
changes of weather events and climate variability due to its high exposure and low adaptive
capacity; and it is highlighted as one of the most vulnerable countries in the world to the
effects of climate change (Warnatzsch & Reay, 2019). Results from figures 4.6 to 4.8 show
that since the 2000s, extreme weather events have become frequent, and pose a threat to
livelihoods of fishing communities in one way or another as described by the respondents.
This is in line with (Makwinja & M'balaka, 2017), who stated that changes in rainfall season,
pattern and temperature, and changes in the frequency of droughts and floods and significant
variations in Lake Malawi and river levels have been observed over the years and they are an
evidence of climate change in Malawi. Climate change is a long-term phenomenon and will
continue to negatively affect the structure and function of natural ecosystems, including the
provision of natural services such as fisheries (Makwinja & M'balaka, 2017).

5.2.3 Climate change impacts on inland fisheries as described by the respondents

The respondents mentioned several impacts of the climate related extreme weather events, as
highlighted in figures 4.9 to 4.12. Some of the impacts highlighted include low fish catches,
changes in fishing grounds, upgrading fishing gears and catching different fish species than
before due to scarcity of fish.

According to Allison, et al., (2005), inland fisheries will be impacted by climate change
through a series of direct and indirect pathways, whose relevance will vary depending on the
type of ecosystem and fishery. It has been reported that climate change has begun to affect
freshwater ecosystems as reported for the surface waters of Lakes Kariba, Kivu, Tanganyika,
Victoria and Malawi (Niang, et al., 2014). It was also observed that the moderate warming
would contribute to reduced lake water inflows and therefore nutrients, which subsequently
destabilizes plankton dynamics and thereby adversely affects food resources for higher
trophic levels of mainly planktivorous fish (also refer to section 2.2). As an integral part of the
livelihood of the small-scale fishers, the fishery will be affected through changes in water
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levels and flooding events, temperature and increased frequency of extreme weather events
which will affect the number of fishing days and therefore the income of the fish value chain
players (Deepananda & Macusi, 2012), also refer to section 2.4. Similarly, although
interacting drivers of fisheries decline in African lakes are uncertain, given the extent to
which other factors, such as increased effort, the use of illegal gears, pollution, and invasive
species among others, climate change should not be ruled out in this narrative (Allison, et al.,
2005; Muringai, et al., 2019).

Changes in fish habitats due to physical water parameter changes would have an impact on
fish abundance and distribution over time as evidenced in Lake Kariba and Lake Tanganyika
(IPCC, 2014; Muringai, et al, 2021), as described in section 5.2.2 above. It has also been
reported that two thirds of climate change vulnerability in fisheries is in Africa, with a 21%
projected loss in fish catches, 50% decline in fisheries-related employment and a total annual
loss of US$311 million to the region’s economy (Niang, et al., 2014).

5.2.4 Coping and adaptation mechanisms identified during the study

In reference to figure 4.13 on the income of the fishers over the years, 73% of the respondents
reported a decline in their income, which was mostly attributed to low fish catches; 36% of
the respondents were sorely dependent on fisheries activities as their source of income, while
52% of the respondents are also involved in rainfed farming, which is also vulnerable to
climate change shocks. As a coping mechanism, the majority of the respondents said they
would use boats with engines to catch more fish offshore and by using climate resilient fish
processing methods such as solar drying, fuel efficient fish smocking methods. Fishers are
likely to use illegal and destructive illegal fishing gears as a way of adapting to low fish
catches as reported by (Huynh, et. al., 2020; Limuwa, et. al, 2018).

The responses from the participants are also in line with the analysis of poverty in small-scale
fisheries with guidance by the sustainable livelihoods analytical framework which identified
vulnerability to external shocks and trends, rather than asset or income poverty, as a particular
threat to the sustainability of fishing-based livelihoods (Allison, et al., 2005). This would
undermine important contributions made by fisheries to poverty alleviation and nutritional
security at local, regional and sometimes national levels. There is also a suggestion that
climate change may impact fisheries in at least two different ways: by altering the availability
of fish to fishermen (direct impact) and by changing the price of fish products and fisheries
inputs (indirect impact). (Daw, et. al, 2009) reported that the poverty of many fishing
communities has been derived endogenously from the inevitable overexploitation and poor
returns from open-access resources (people are poor because they are fishers); or exogenously
because the influx of the poorest of the poor into fisheries as a last resort (they are fishers
because they are poor), which is in line with the responses of the coping mechanisms from the
respondents. From this analysis, it can be said that climate change poses threats not only to
fisheries and fish productivity but also to livelihoods and food security of fishery dependent
households in Malawi (Muringai, et al, 2019).

The adaptation strategies employed by the respondents as outlined in figure 4.17 are also in
line with (Muringai, et al, 2021), who stated that to cope with the impacts of climate change,
fishers considered changing fishing gear, migration, targeting new species, and increasing
fishing grounds and time spent fishing. Some of the adaptation responses have potentially
negative long-term consequences if overexploitation is a concern in the fishery (Daw, et al.,
2009).
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5.3 Climate change adaptation options for inland fisheries of Lake Malawi

Fisheries resources face many uncertainties and multiple potential pathways which link
climate change with fisheries production (FAO, 2020). Lake Malawi fishery has been further
compounded by a series of anthropological factors, which affect the socio-economic capacity
of the sector. It is therefore important to understand the impacts of climate change on
livelihoods and the resulting vulnerability of fisherfolk is essential for the appropriate design
of policies and management strategies in the fisheries sector (Allison, et al., 2005).

It has been noted that even at global level, the implementation of climate-adaptive measures
in fisheries management has been slow, with many challenges to document their effectiveness
and benefits (Deepananda & Macusi, 2012). It has also been suggested that climate change
adaptation measures should not only focus on responses to extreme weather events, but rather
on all changes that happen within the system (Bahri, et al., 2021). Climate change adaptation
should be considered at individual, community, national, or regional level. (Niang, et al.,
2014) stated that Africa has adaptation-related strengths because the continent is rich in
natural resources, which are underpinned by local or indigenous knowledge systems for
sustainable resource management.

Several possible climate change adaptation options are outlined below:

5.3.1 Access to weather information should be enhanced

Natural resources dependent livelihoods such as fishing activities are very risky due to
extreme weather events and climate shocks. The respondents outlined in figures 4.6 to 4.8 that
the extreme weather events, such as Southeasterly (Mwera) winds have become more
common and could even lead to loss of life if not monitored. It has been reported that extreme
events such as cyclones and their associated storm surges and inland flooding can have
serious impacts on fisheries, through damage or loss of stock, facilities and infrastructure and
even loss of lives (Tewabe, 2015). To build resilience and adaptive capacity of fish value
chain actors, it is important to examine the responses of fishing communities to natural
disasters across all genders to understand which measures may reduce vulnerability and
enhance resilience in the face of future climate impacts (IPCC, 2014). In this regard, access to
weather information should be promoted to reduce avoidable weather-related accidents and
contribute to long-term disaster risk management planning (Rota & Abila, 2015).

The Green Climate Fund together with the UNDP has taken the first step in scaling up climate
information and early warning systems to the fishers through capacity building and provision
of weather information in Malawi (Gerdvila, 2021). In Senegal, it has been observed that if
weather forecasts were made accessible to most fisher-folks, more than 83% would avoid
going to sea during periods of extreme weather extreme events, thus significantly reducing the
number of fatalities (Diouf, et al., 2020). Accurate weather forecasts would therefore help the
fishers overcome the negative impacts of extreme weather events. It is therefore important to
ensure that these efforts are upscaled to reach all fishing communities and that they are
adopted through policy to ensure there is sustainability.

5.3.2 Inclusion of climate change information in fisheries extension messages

Figures 4.18 and 4.19 in the results show that most of the respondents were able to access
general fisheries extension services and not information on climate change. (IPCC, 2014)
states that effective adaptation strategies should strengthen livelihoods, enhance wellbeing
and human security, and reduce poverty today. This would be possible through the provision
of extension services. It has been noted that making climate change information reliable and
accessible is one of the pressing and cross-cutting adaptation needs, but providing information
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is insufficient to guarantee adaptation, which requires behavioural change (Niang, et al.,
2014). Therefore, climate information should be downscaled together with general extension
messages to improve the adoption rate by the fish value chain actors.

5.3.3 Ecosystem approach to fisheries management should take on board climate change
and its impacts

Fisheries management systems should take on board climate change adaptation, as predicting
freshwater ecosystems and fisheries responses to climate change is uncertain. This begins by
describing good practices and the foundational principles of fisheries management in general,
which are also central to coping with climate change (Bahri, et al., 2021). Effective fisheries
management systems are the ones that consider the internal and external factors in order to
foster socio-ecological systems which would provide building blocks for the maintenance of
livelihoods in the face of critical and pervasive threats, and resilient fisheries that can absorb
disturbances and reorganize themselves following perturbation while still delivering benefits
for poverty reduction (Badjeck, et al., 2009). Working towards equitable and sustainable
fisheries, should therefore be a goal of fisheries management as a way of advancing the
adaptive capacity of fishing communities and this includes climate variability and social
aspects of fisheries (Daw, et al., 2009).

There is evidence that climate change increases environmental variation. This would create an
additional imperative to implement the ecosystem approach to fisheries (EAF). Adaptation for
climate change, in terms of building the resilience of fish stocks and communities and taking
account of uncertainty, could therefore be seen as implementation of good fisheries
governance (Deepananda & Macusi, 2012). Thus, adaptation for climate change, in terms of
building the resilience of fish stocks and communities and taking account of uncertainty,
could be seen as implementation of good fisheries governance to assist adaptation (Daw, et
al., 2009).

5.3.4 Formulation of fisheries climate change strategies to guide climate financing in the
fisheries sector

According to (Bahri, et al., 2021), having a robust adaptive management framework to guide
fisheries managers and stakeholders to test, evaluate, review and adjust decisions based upon
monitoring or observations of changing fishery, climatic and environmental conditions is
essential to improving climate readiness in the fishery management cycle. (Niang, et al.,
2014) observed that across the continent, most of the adaptation to climate variability and
change is in response to short-term motivations and is occurring autonomously at the
individual/household level and lacks support from government stakeholders and policies.
There is a need to develop long term strategies for climate change adaptation for the fisheries
sector. This would also act as a guiding principle when it comes to climate change financing.
(Limuwa, et al., 2018) suggested the need to mainstream adaptation into development policies
which might strengthen the adaptive capacity of small-scale fishers. Though adaptation is a
difficult process when coupled with a declining fish population, solutions to enhance
adaptation may be identified if the local system is understood.

Existing knowledge and solutions, lessons learnt and good practices for developing climate-
adaptive fisheries management for Lake Malawi should be adopted. Lessons may include
existing adaptation strategies that are being used in other inland fisheries which share similar
characteristics to Lake Malawi. The developed policies and strategies should promote
opportunities for livelihood diversification, to ease pressure on the fishery as overfishing is
one of the driving factors to a decline in fish catches (Huynh, et al., 2020). The policies and
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strategies should not disregard or undermine cultural and traditional and context-specific
practices that aid climate adaptation (IPCC, 2014).

5.3.5 Infusion of indigenous and modern knowledge to create a clear understanding on
adaptation and mitigation

Results in figure 4.16 show that most of the respondents claimed to have some indigenous or
traditional knowledge in weather prediction. Table 2.1 shows some of the extreme events and
how they are predicted traditionally. It is believed that local knowledge is an important aspect
of rural communities, and it is handed down from generation to generation (Kpadonou, et al.,
2012). Incorporating indigenous knowledge which is grounded on traditions and culture,
community priorities, needs, and capacities, will enable local people to plan and cope with the
impact of environmental change in fisheries and other sectors. Combining local and scientific
knowledge in weather forecasting is known to be important component of the concept of
ethno-meteorology. It is based on traditional ecological knowledge handed down from
generation to generation (Tume, et al., 2019). According to IPCC (2014), local and
indigenous knowledge underpin longstanding traditional practices for managing climate
variability. Local leaders should be involved in climate change adaptation process because
they have influence in their communities. It is therefore important to document such
indigenous knowledge to enhance its use in local climate change adaptation and utilize
synergies with the formal weather forecasting systems.

5.3.6 Institutional capacity building to ensure effective implementation of the formulated
strategies

Climate change adaptation should also focus on building the capacity of the fisheries staff to
ensure effective and efficient service delivery. (Niang, et al., 2014) stated that climate change
adaptation should not underestimate the importance of institutions’ ability to facilitate or limit
adaptation. Information of climate change in fisheries sector should be incorporated in the
curriculum of tertiary institutions. According to (Efitre, et al., 2017), increasing human and
institutional capacity to address threats posed by climate change to natural resources and
livelihoods requires building capacity to generate and disseminate information and knowledge
on climate change, its impacts, adaptation and mitigation through research, education and
raising awareness by tertiary training institutions. Staff should also be engaged in capacity
building training to improve their knowledge in the subject matter.

5.3.7 Synergy in implementing adaptation measures with other institutions

Climate change adaptation strategies should follow a multisectoral approach. This is because
its impacts are likely to cut across sectors as with the other socio-economic and environmental
drivers (Badjeck, et al., 2009). It would also create a synergy between climate change and
non-climate change drivers which need to be recognized as we are tackling the issue.
According to (Bahri, et al., 2021), climate change does not act in isolation but interacts with
other drivers, such as pollution, habitat degradation and unsustainable fishing (among others),
and these stressors act in a cumulative fashion to disrupt the freshwater ecosystems and the
fisheries that depend on them (Niang, et al., 2014). Monitoring and modelling should
therefore identify and quantify the contributions of climate change among other drivers of
change that are important to inform adaptation targeted at fisheries management, and to
identify whether fishing has the dominant effect on the status of a stock. This approach will be
vital in identifying various pathways to climate change adaptation in the fisheries sector.
(Bahri, et al., 2021) also stated that working in synergy will ensure that management goals
and objectives are realistic regarding future conditions and help prioritize management
interventions. Implementation of this strategy would also promote livelihood diversification
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opportunities and address household-level constraints for adaptation. This would ease the
pressure exerted on fisheries resources (Huynh, et al., 2020).

5.3.8 Inclusion of gender mainstreaming in climate change adaptation

With reference to section 5.1, it is important to recognize the significance of equity across
gender, age, and income in addressing climate change in the fisheries sector; and how
adaptation measures can support and enhance equity (Bahri, et al., 2021). Inclusion of women
in adaptation will enhance the capacities of the systems in addressing some of the climate
change shocks, as women play a big role in their societies. It has also been noted that
sustainable development and equity provides a basis for assessing climate policies and
addressing the risks of climate change (IPCC, 2014). Climate change adaptation programs
should be gender-sensitive and capable of measuring progress and achievements toward
addressing gender inequities and having effective, efficient, equitable and sustainable climate
action at the same time. Gender dimensions should be integrated in all aspects to ensure that
women are involved at all levels.

6 CONCLUSION

From various literature reviews and the interviews conducted in the study, it can be concluded
that climate change is affecting the inland fisheries of lake Malawi. There isn’t enough
literature and evidence to show the impacts of climate change on inland fisheries, even though
marine fisheries resources have received a lot of attention. Climate change impacts on the
fisheries resources are different, depending on the structure of the water body, geographical
position and how vulnerable the country is to extreme weather events. Over the last few
decades, Malawi has experienced climate related disasters ranging from floods, droughts, and
heavy winds, which could also have a negative impact on the livelihoods on the fishing
communities.

It is very difficult to isolate the impacts of climate change on Lake Malawi due to other
factors such as dwindling fish catches due to overfishing, the use of illegal fishing gears, the
open access nature of the fishery among others. Climate change adaptation should therefore
be incorporated in the management of Lake Malawi ecosystem. There is lack of consistent
time series data on most of the parameters that would be necessary to quantify the effect of
climate change on inland fisheries of Lake Malawi.

Even though the number of respondents in the study was limited, it can still be said that fish
value chain actors are aware about what is happening around them in terms of changes in
weather and are able to use their indigenous knowledge to adapt to some of the negative
impacts. It is important to build the adaptive capacity of the fishing communities to ensure
that they cope with climate induced stress. Most of the fishing communities are solely
dependent on the fishery resource for their livelihood and do not have any other livelihood
option. Most of those that have are involved in rainfed farming, which is also vulnerable to
climate-induced shocks.
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7 RECOMMENDATIONS

The following are some of the recommendations that have been deduced from the study:

Climate change adaptation and mitigation should consider taking a gendered approach
to avoid maladaptation.

There should be a multisectoral approach to climate change adaption, to ensure that all
components of natural resources are taken into consideration.

Climate change information and early warning systems should be readily available to
the fishing communities.

The fisheries sector should come up with a climate change strategy to inform
implementation of climate change activities in the sector.

Structures to collect time series data on important parameters such as temperature and
other water related parameters should be deliberately put in place and monitored to
ensure climate change related issues are documented.
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9 APPENDIX
Questionnaire used to collect primary data

ASSESSING THE IMPACTS OF CLIMATE CHANGE ON INLAND FISHERIES: A
CASE STUDY OF LAKE MALAWI

Student: Carolyn Chinguo Munthali

Introduction:

This questionnaire is for a study on “assessing the impacts of climate change on inland
fisheries: a case study of Lake Malawi”. The questionnaire will be used to compile a research
report for GRO—Fisheries Training Programme under the auspices of United Nations
Educational, Scientific and Cultural Organisation (UNESCO). The training is a programme
under the partnership between Marine and Freshwater Research Institute (MFRI) and the
University of Akureyri, Iceland. The programme is aimed at strengthening capacity within
fisheries and aquaculture sectors in developing countries including Malawi. The study seeks
to investigate how climate change has affected the livelihood of the fishing communities
along lake Malawi, specifically in Nkhotakota District. The purpose of this questionnaire is to
find out how climate change has affected fish value chain actors and come out with possible
adaptation options for the fishery. You will be asked questions regarding your perceptions on
climate change and its impacts on fisheries. The interview requires approximately 20
minutes of your time to be completed.

Participation

Taking part in this questionnaire is a voluntary exercise. The questionnaire and your
responses will not be used to your disadvantage. You will be treated with anonymity. As such,
the researchers will not attempt to identify you with the responses to this questionnaire, or to
name you as having taken part in this research. All responses will be treated with
confidentiality and used for research only. You have an option not to answer any question or
respond to any part or aspect of this questionnaire.

Interviewer:

Name of landing

site:

Gender of the Interviewee:

Section 1: Demographic characteristics
1.1. Age of respondent.

0 18-25 00 26-33 0 34-40 01 40-50 OAbove 50
1.2. Gender of respondent
L1 Male L] Female
1.3. Marital status of respondent
L] Single 0] Married L] Divorced [ Widowed 01 Separated
1.4. Education level of respondent
L] None L] Primary level L] Secondary level L] Higher
level
1.5. Are you the breadwinner in your household? [ Yes L No
1.6. What is your household size? [ Less than 4 O5to 10 ] More than 10
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1.7. What is your occupation?

Ul Fisher 0] Trader L1 Processor L1 Boat builder

If the answer is fisher, answer questions 1.8 and 1.9 then proceed to question 1.14; if it is fish
trader, go to 1.10 and 1.11 then proceed to 1.14, if processor, go to question 1.12 then
proceed to question 1.14, if boat builder, go to question 1.13 then proceed to the other
questions.

1.8. Are you a gear owner or a crew member?

L1 Gear owner [ Crew member

1.9. What type of fishing craft do you use for fishing?

L] planked boat L] Boat with engine [J Boat without engine

1.10. Which fish species do you sell? 00 Chambo [ Micheni [0 Matemba
L] Usipa L] Mlamba [J Utaka

L1 Others (Please specify)
1.11. In what form do you sell the fish?

L] Fresh U Dried 1 Smoked [ Parboiled [ Deep-fried [ Others
1.12. Which processing methods do you use?
01 Sun-drying 0 Smoking [ Parboiling L] Deep-frying OSolar-

drying [ Others (Please specify)
1.13. What type of boats do you make?

(1 Planked canoes [0 Wooden boats for artisanal fishers [0 Wooden boats for pair trawlers
L1 Others (Please specify)
1.14. How long have you been involved in fish value chain?
L] Less than a year 0] 1-3 years L1 4-6 years O 6-10 years
L1 Above 10 years
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Section 2: Knowledge of climate change and its impacts

2.1.  How much knowledge do you have about climate change?

[ Good knowledge [1 Some knowledge [ Little knowledge [ No knowledge

2.2. How much awareness do you have about how climate change can impact nature and
society?

[1 Good awareness [1 Some awareness [] Little awareness

[] No awareness

2.3.  When did you first notice there have been significant changes in climate/weather

patterns? (Indicate the decade, e.g.
1980s)
2.4.  How many drought/flood incidences have you witnessed in your lifetime?
1. Drought incidences: [] Never witnessed LIlto5 [J More than 5
ii. Flood incidences: [1 Never witnessed O1lto5 L1 More than 5

2.5. In which decade, would you say there has been frequent adverse weather events or
climate/weather patterns in this area?

01 1980s 0 1990s 01 2000s O Other (Please

specify)

2.6.  Can you recall some specific events in the last 5 years that have impacted your fishing
activities?

[l Heavy Mwera winds during seasons that are supposed to be calm
L] Heavy rainfall
L1 Other events (Please

specify)
2.7.  Over the past five years, when did you experience these extreme weather
events?

2.8.  What type of extreme weather events have been common in this area in the last five
years? (Multiple responses are allowed).

L] Increased drought incidences L] Increased flood incidences L1 Extreme

temperatures L] Late rains U] Dry spells U] Early rains [

Persistent winds

2.9. How often did you experience these extreme weather events?

1 Once 0] Less than 3 times L] 3 to 5 times L1 More than 5
2.10. What have been the consequences of these extreme weather events to your livelihoods?
(Multiple responses are allowed)

0] Crop damage 0] Livestock loss L] Loss of life [ Loss of biodiversity

0 Scarcity of water [ Low yields [ Low fish catches [ Damage to
fishing vessels [ Damage to fishing gears [ Others (Please
specify)

2.11. What are the observed changes in the rainfall patterns in the last 10 to 20 years?

L] No changes L] Early onset L] Late onset U] Erratic rainfall O

Poor distribution of rainfall

2.12.  What are the observed changes in the rainfall intensity in the last 10-20 years?

L] No change L] Decreasing L] Increasing

2.13. Do you have access to the weather forecasting data/information from the
meteorological? department? [1 Yes [l No
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2.14. What is the source of this weather forecasting information? (Multiple responses are
allowed)

[] Radio station; [] Newspaper; [J Extension workers; [J Friends in the village; [
Household (Family) members; [1Church; [1 Meteorological Station; [ Other (Please
specify)

2.15. Do men and women have the same opportunities in accessing weather information (If
the response is 2 or 3, please provide reasons)?

L] We have the same opportunities regarding access to weather information
L1 Men have more opportunities in accessing weather information than women

L] Women have more opportunities in accessing weather information than men
Please specify the reasons here

2.16. Do you know any traditional methods/indicators of predicting weather?

[1 Yes LI No If YES to 2.16 above, name these indicators/methods used to predict weather
atterns

Weather Hazzard Sign

Mwera winds
Zambwe
Mpoto/Mvuma
General Bad weather
Stormy rains

2.17. Mention the impacts of climate change that you have been observing in terms of:
1. Fish catches: are you catching the same amounts of fish as previous years

L] We are catching the same amounts and same fish species as before

[J We are catching the same amounts but different fish species as before
[ We are catching less and same fish species as before

L] We are catching less but different fish species as before

L] We are catching more and same fish species as before

[LIWe are catching more but different fish species as before

ii. Fishing grounds: Do you catch fish in the same fishing grounds that you were
catching fish in the previous years?

L] We are catching fish in the same fishing grounds

L1 We are going further offshore to catch fish

L1 We are now catching fish closer to the shores than before
01 Other (Please specify)

iii. Fishing gears used: Are you using the same fishing gears to catch the same amount
of fish as in the previous years?

L1 We are using the same fishing gears to catch fish
L1 We have upgraded
L1 Other (Please specify)

1v. Are you still catching same quantities in the months that had more fish and in the
months that had less fish, or the trend has changed and in which months?
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L] The quantities have remained the same in the following

months

0] The quantities have reduced in the following

months

U] The quantities have increased in the following

months

L] Please explain the change

2.18. Apart from fishing activities, has climate change affected you in other ways?

Section 3: Coping and adaptation mechanisms
3.1. Has your income from fishing activities changed over the past years:
[1 It has remained the same [ It has decreased [ It has increased
Please state the reasons

3.2. Do you have alternative sources of income? [ Yes L1 No
If the answer is yes: mention them (Please tick more than one box if applicable)

1.

ii.
1il.

1v.

V.
Vii.
Viil.
IX.
X.

L] Casual employment in fisheries activities (this refers that you are involved for
just a few days or less and not on permanent basis)

L] Casual employment in other activities
Farming

0] Rainfed O Irrigation

1 Sale of food crops

L1 Sale of cash crops

[ Sale of fruits and vegetables

L1 Sale of livestock

[ Sale of livestock products

L] Off-farm activities

] Remittances from family members

3.3. What means are you using to adapt to the impacts of climate change when doing fisheries
related activities?

L] Using climate resilient fish processing methods such as solar drying
L] Using boats with engines to fish offshore

O Other (Please specify)
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3.4. Have you received any fisheries extension services recently?
O Yes LI No

If yes, what topics were discussed?

L] General fisheries extension

L1 Access to weather information

L] Climate change adaptation and mitigation

01 Other (Please

specify)

3.5. Are there any interventions from government or NGOs that are dealing with climate
change?

O Yes L No

If yes, what are the interventions?
L] Ecosystem management

L1 Weather information access

O] Early warning systems

01 Other (Please

specify)
3.6. What are the problems being faced in your day-to-day fishing activities? Please mention
them
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