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Abstract: The effects of climate change have negatively affected Malawi’s agricultural production.
In this context, fisheries have been providing alternative livelihoods. However, there is a knowledge
gap around the responses of small-scale fishers to climate-related changes. Therefore, a study was
conducted on the Western shores of Lake Malawi between August 2015 and April 2016. The study
evaluated the perceived effects of climate change on small-scale fishers and their coping strategies
by employing a wide range of methods for data collection and analysis. The study used explorative
surveys, household surveys, focus group discussions and key informant interviews to collect data.
The study randomly sampled 112 household heads who owned either fishing gear or a fishing vessel
or both. Content analysis for themes was used to analyse the qualitative data. The Mann–Kendal
Test was used to analyse trends in meteorological data, and binary logistic regression was used to
determine factors that influence coping with low fish catches. Despite the respondents noticing an
increased incidence of extreme weather events and low fish catches, their perceptions could not
be validated using time series meteorological data. However, such perceptions were influenced by
experience from long-time exposure to extreme weather events and to low fish catches. The majority
of the fishers had adjusted to these changes by increasing their fishing time, using highly efficient
illegal fishing nets, expanding farming land, operating small businesses and undertaking casual
labour in agriculture and fishing activities. The fishers’ propensity to adjust to these changes increased
due to the presence of the following factors: older age of household head, higher education level,
being married and having an annual income. In contrast, being a member of fish conservation
club decreased the probability of adjusting. This study emphasizes the need to be cautious when
defining and framing perceptions of local communities on extreme weather events as data obtained
could be misleading. Furthermore, a multi-sectoral approach to balance sustainable livelihoods and
management of fisheries is needed. These findings provide theoretical and practical lessons that can
inform design, planning and implementation of policies that enhance adaptive capacity in fisheries
and promote sustainable livelihoods in sub-Saharan Africa.
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1. Introduction

Global food production systems have been impacted by climate change [1]. This problem is
increased because the adaptive capacity of many poor communities is too low to enable them to be
resilient. This is a picture which commonly describe many developing countries whose people are
poor and vulnerable [2]. One such country in the Southern part of Africa is Malawi, which has been
facing increased impacts of extreme weather events more frequently in the last decades than ever
before [3].

These extreme weather events have affected Malawi’s agriculture sector on which its development
agenda is framed [4]. This is because Malawi’s agriculture heavily depends on rainfall [5]. This makes
Malawi’s economy and its people more vulnerable; thus, they continue to search for other sustainable
livelihood sources. Malawi fisheries have, for a long time, cushioned the impacts of low agricultural
productivity [6,7].

Small-scale fisheries support the livelihoods of over 180 million people in developing countries;
Malawi’s fisheries support its entire population [8–10]. In this case, the small-scale fishers are important
because they produce more than 90% of Malawi’s total annual fish catches. Although fish has remained
the cheapest source of animal protein for many rural Malawians [10], the edible fish population has
also been fluctuating [10,11] leading to collapse of some important fisheries, like Lake Malombe [12].

The decline in the fish population has been attributed, among other factors, to overfishing [13–15],
weak governance structures and environment-related changes [16]. Although it has been difficult to
ascertain whether climate change could be among the factors affecting Malawi’s fisheries specifically,
at a global level, climate change has been reducing fish catches [17–21].

This should be a major concern to Malawi fisheries, as climate projections, under different
scenarios, indicate higher maximum temperatures and lower annual precipitation levels than
previously experienced [22–27]. These projected changes will have a direct influence on Malawi
fisheries via an increase in water temperature and a decrease in fish production in water bodies like
Lake Malawi [28,29]. Increase in water temperature lowers water mixing which bring food for fish
from the bottom of the lake [30,31]. However, there is still a lack of knowledge on the influence of such
effects on Malawi fishers’ livelihoods and coping strategies.

Attempts have been made to investigate such impacts at Lake Chilwa in Malawi [32,33]. However,
the knowledge gained was specific to that ecosystem and cannot be applied or generalized to other
ecosystems like Lake Malawi. This is because the contexts of the communities along these two water
bodies are different. Therefore, using such knowledge to create local policies that enhance sustainable
livelihoods will not meet the intended goals [34].

If sustainable livelihoods are to be achieved, there is need to mainstream adaptation into
development policies [35]. Implementation of such policies might strengthen the adaptive capacity of
small-scale fishers. Adaptation is a difficult process when coupled with a declining fish population [36];
however, understanding the local context might provide solutions to enhance adaptation.

It is paramount to understand local conditions to improve the potential for policies to be correctly
designed and to increase chances that they will actually be effective in promoting climate adaptation.
Therefore, we explored the perceptions of Lake Malawi’s small-scale fishers on climate change and
its effects on their livelihoods using the following research questions: (a) What are the perceptions
of the fishers on climate change and what influences such insights? (b) What are the effects of these
perceived changes on fish catches? (c) What are the fishers’ coping strategies to the perceived changes?
(d) What factors determine these coping strategies?

2. Conceptual Framework

This study was framed around the vulnerability [37] and perception [38] conceptual frameworks.
The vulnerability framework has its basis in the Intergovernmental Panel on Climate Change (IPCC)’s
Third Assessment Report (TAR) [39], whereas the perception framework was developed for drought
studies in the Ogallala Aquifer in the Western United States Great Plains. These two frameworks have
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been applied in many climate-related studies [40–43], and in this study, it enabled the application of
mixed research methods to assess the vulnerability level of Malawi small-scale fishers using perceptions
as a basis to access their impacts on climate change. The combination of these two frameworks (Figure 1)
was used to show how fishers view climate change and at the same time, gave a comprehensive
platform to capture features of complex systems, such as fisheries [44]. Furthermore, these two
concepts are imaginative in nature and offer a method of assessing the relationships between the
human and environmental systems.

The vulnerability framework has weaknesses in that it does not consider the mental processes
that drives individuals to change their behaviour when exposed to climate changes. Moreover, it
assumes that time is irrelevant [40]. These weaknesses were overcome by incorporating the perception
framework, which focuses on behaviour, values, beliefs, knowledge and culture [38].
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Figure 1. Vulnerability—perception conceptual framework (adapted from [38,39]).

The perception framework is hinged around psychology, which is study of behaviour and
mental processes [45]. Furthermore, psychology is closely linked with perceptions [46]. However,
perceptions are subjective [47] and comprise a wide range of things which are contextual, value-laden
and dynamic [38,47]. For example, a definition of a similar event might be different within a group of
individuals in the same environment [48], due to social constructs [47]. Perceptions are also associated
with experience, i.e., how individuals react to situations [38]. This is so because perception is a function
of the actions displayed thereafter [49]. The experience component is the link to the vulnerability
framework through the exposure and sensitivity components.

In addition to exposure and sensitivity, the other component of the vulnerability framework
is adaptive capacity. Exposure is the nature to which a system is exposed to significant climatic
variation, while sensitivity is the degree to which a system is affected either adversely or beneficially
by climate-related stimuli [39]. Adaptive capacity is the ability of a system to adjust to changes [37].
Exposure, sensitivity and adaptive capacities vary across temporal and spatial scales [50], making
findings from other fisheries difficult to generalise. Many studies that have theorized vulnerability
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have found it to be influenced by socioeconomic, cultural, political and technological factors as well as
access to financial resources, kinship networks and environmental conditions [37,50,51].

On the other hand, many climate change-related studies have used the perception concept as a
tool to understand how people interact with their environment [52–63], but many of them have failed
to look at how perceptions are theorized.

Failure to theorize the findings could also be equated with failure to declare how vulnerability
is framed. Therefore, in using the vulnerability framework, we followed the human security
framework [64], because it links fishers’ inability to cope with low fish catches as being due to many
stressors, which includes climate. We applied the vulnerability framework based on the contextual
issues affecting the fishers.

Linking these two frameworks enabled the study to relate how exposure and sensitivity to past
events has been shaped and defined. In our case, fishers remembered events they were exposed to,
and this had a bearing on expectations of similar future events, which affected their behaviour [38].
The act of remembering is a psychological aspect of their memory and has a time factor attached
to it. The outcome of such behaviour could either be reactive or proactive [ibid]. The displayed
behaviour could also be associated with whether a fisher copes with, adapts to, or continues their
fishing behaviour because of being satisfied with their fish catch. Behaviour is responsible for the
process of choosing either short-term goals, which in most cases are unsustainable (for example,
overfishing or using non-selective fishing gear which is destructive), or long-term sustainable goals.

However, in using the composite framework, we made assumptions based on Malawi’s projected
temperature and precipitation levels [25,65]. The climate-related impacts based on such projections
might potentially affect the provision of ecosystem services from the fisheries on which many people
base their livelihoods. If fishers are vulnerable to such changes, what could be factors driving them to
perceive the situation in that manner? Moreover perceptions to extreme weather events were validated
with the use of meteorological data [58,66].

3. Study Area

The study was conducted in Nkhotakota district between Geographical Positioning System (GPS)
Coordinates −13◦35′09′′ S, 34◦29′ 90′′ E and −12◦62′73′′ S, 34◦17′46′′ E, along the Western shores
of Lake Malawi in the central region of Malawi (Figure 2). Lake Malawi is also situated alongside
two other countries (Mozambique and Tanzania). Lake Malawi has about 500–1000 endemic fish
species [67], and Nkhotakota district is one of the five-lakeshore districts on the Malawi side.

Nkhotakota has a population of 303,659 people representing 2.3% of Malawi’s population. The
proportions of men and women in Nkhotakota are equal [68]. The climate of Nkhotakota has been
variable [29]. Its average annual rainfall ranges between 860 and 1600 mm between December
and March, whereas, its monthly average temperature ranges between 20 and 28.7 degrees Celsius.
Nkhotakota district has an approximate area of 7500 km2, of which 43% of it is under water [69].

Although 57% of Nkhotakota is covered by land, only a small portion (6%) of it is left for its
people to use for shelter and agriculture. Large chunks of land are divided between commercial
sugarcane plantation and protected game and forest reserves. The people of Nkhotakota are mainly
engaged in growing cotton, burley tobacco, cassava and rice, while maize is grown on a small scale.
Rice, cotton and tobacco are mostly grown for sale with maize and cassava for food. Nkhotakota
is highly vulnerable to extreme weather events [69,70], making food production from agriculture a
big challenge.

Vulnerability to agriculture drives many people in Nkhotakota to focus on fishing.
Nkhotakota’s fishing gear owners represent 18% of the total proportion of owners on Lake Malawi,
and of these, about 2% are women. Crew members from Nkhotakota represent 17% of the entire Lake
Malawi fishing population [71]. Nkhotakota fishery industry is characterized by multiple species
and multiple types of gear [72]. Despite the majority of Nkhotakota’s population being small-scale
fishers [69,71], there is lack of information on these fishers’ vulnerability to changes related to climate.
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4. Methods

4.1. Data Collection

The study used mixed research methods to collect information from the respondents [73,74].
Nine exploratory interviews at different fish landing sites within the study area were conducted
between August 2015 and December 2015. These interviews targeted local fishery conservation groups,
village management structures, fishers and fish traders. The sample comprised both men and women
in order to capture a variety of perceptions [60]. These interviews contextualized the study by asking
the respondents to describe their local climate and any changes associated with climate occurring
in their area. In addition, the respondents were asked about fish catches and any changes that had
occurred and the reasons as to why such changes were happening. The respondents were also asked
to cite how they were coping with such changes. The responses to the interviews identified the
perceptions of the local people [47] and helped to frame quantitative surveys as a follow up to the
critical issues gathered during the exploratory surveys.
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After the explorative interviews, semi-structured questionnaires (Supplementary File S1) and
checklists were developed, pretested and validated [75,76]. The questionnaires captured both
quantitative and qualitative information from household surveys [77]. Checklists were used to collect
information from focus group discussions and key informant interviews. Some of the aspects covered
in the questionnaire included household characteristics and composition, household fishing data,
household sources of income, climate change risks, perceptions of climate and ecosystem changes and
an analysis of climate change coping measures. The questions avoided leading answers on climate
scenarios, but they were open-ended to allow the fishers to discuss and elaborate more on their
perceptions [66]. Data collection took high ethical principles into consideration [78]. The household
surveys, focus group discussions and key informant interviews were conducted between February
2016 and April 2016.

The survey was administered to 112 fisher household heads (98% male and 2% female) randomly
sampled [79] from five fish landing sites (Mwadzama, Chipala, Vinthenga, Kamguzila and Luwaladzi).
In addition to the household survey, ten focus group discussions, comprising an average of twenty
members per group, were conducted to further probe issues, which emanated from the exploratory
interviews and household surveys. The focus group discussions were coordinated by a single
moderator in order to maintain consistency in question delivery, timing emphasis and reactivity
potential [80]. In establishing focus group discussions, age, gender and the nature of work in the
village were considered [60]. Furthermore, five key informant interviews with chiefs, local fishery
conservation group members and fish traders were conducted using a phenomenological research
approach [81] in which their lived experiences were probed. The use of these methods triangulated
different sources of information in order to improve validity [80,82].

To further validate fishers’ perceptions, secondary data sources on meteorology (temperatures,
rainy days and precipitation) were used [83,84]. Climate data from the previous 34 years (1982–2016)
was obtained from a nearby weather station at Illovo Sugar Company, Dwangwa Estate, located at
Geographical Positioning System (GPS) coordinates −12◦31′06′′ S, 34◦07′55′′ E.

4.2. Data Analysis

Qualitative data from exploratory surveys, focus group discussions and key informant interviews
were transcribed, translated into English and analysed using content analysis for related themes [85].
The analysis involved coding to generate initial themes, searching for themes among the codes,
and reviewing and naming the themes [86]. The identification of related themes was based on
recorded patterns within the data. Themes were related to specific research questions and they also
guided further data analysis. In order to support and clarify the perceptions of different respondents
interviewed, direct quotations were also used.

Household survey data from the sampled respondents were analysed using descriptive statistics
(means, ranges, frequencies and percentages) [87]. Descriptive statistics were used to identify the
main characteristics of the participants. On the other hand, inferential statistics were used to assess
whether relationships existed between certain respondent characteristics and the fishing environment.
For example, cross tabulations (non-parametric test) were used to determine the associations between
(a) a fisher’s main occupation and income source and (b) the fisher’s perceived climate change
exposure and changes in fish catches and (c) coping strategies and type of climate exposure [88].
Another inferential statistic used was the Pearson’s correlation coefficient, which determined whether
any relationship existed between the maximum annual temperature and total annual precipitation.
Furthermore, the Mann–Kendall (MK) test [89,90] was used to establish the presence of trends in
precipitation and temperature of the meteorological time series data [91]. In order to verify if the
required conditions for the MK test were met, one of the assumptions was to check if there was any
random correlation between the variables being tested. Therefore, serial correlation was checked in
the precipitation and temperature data using a pre-whitening procedure prior to conducting the MK
tests [92]. The influence of serial correlation may lead to committing a Type 1 error [93], that is rejecting
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the null hypothesis when it is, in fact, true. The annual precipitation and temperature anomalies were
standardized, i.e., departures from the mean divided by the standard deviation, were compared with
the fishers’ perceptions [84,94].

Finally, a binary logistic regression was used to determine factors which affected fishers’ coping
behaviour with the perceived fish catch changes [95]. These factors were gathered through the
household survey and were assessed using bivariate correlations prior to running the logistic regression.
Of these factors, annual income was log transformed to remove skewness before running the logistic
regression so that it conformed with the regression assumption of normality [96]. In conducting
descriptive and inferential statistical procedures, Microsoft Excel, Statistical Package for Social
Scientists (SPSS) version 24 and Stata version 14.2 were used.

5. Results

5.1. Characteristics of Fishers

The results from this study showed that fishing (90%), farming (6%) and operating small
businesses (4%) were the main livelihood sources. The fishers’ main occupation and sources of
income were significantly different (χ2 = 16.55, df = 6, p < 0.01). The majority (65%) of the respondents
stated that they consume fish every day. More than 90% of the respondents access drinking water
from the lake, and a small proportion (1%) access their drinking water from a public utility company.
These results suggest the importance of Lake Malawi to the livelihoods of its surrounding communities.

The study also categorized fishers in the study area based on fishing vessel types, fishing location
and fishing gear types. We observed that 22% of the fishers use boats with outboard engines, while
44% have boats without engines and a small proportion (26%) use dugout canoes. The majority (76%)
of the fishers operate in the offshore waters, whereas 24% fish the inshore waters. The fishers take
an average of 2 h to reach the fishing ground. Half of these fishers (50%) spend 3 to 6 h fishing,
compared to the other half that spend 9 to 10 h. However, during the focus group discussions,
we observed that there have been changes in the time spent fishing. Beach Village Committee #1,
15 December 2015 “We travel very far away in search of fish than in the past.” These results could be
a reflection as to why the majority of fishers fish in the offshore waters. Gillnets (60%) whose
average length is 917 m were the most common fishing gear type in the study area. A gillnet is
a rectangular fishing gear made from 4 or 6 ply twine, and has a mesh size designed to catch fish
of a specific size range. It is used with a single planked boat (with or without engine) and a crew
of four. The net may be surface set or bottom set and is a passive gear [97]. The gill nets are used
to catch Copadichromis virginalis, Bagrus meridionalis, Mylochromis guentheri, Rhamphochromis spp.,
Synodontis njassae, Tramitichromis intermedius, Opsaridium microcephalum and Oreochromis species.
The other group of fishers (35%) use open water seine nets whose average length is 107 m. An open
water seine net has a conical appearance and is used at night to catch Engraulicypris spp., while during
the day, the gear is used to target Copadichromis spp. The net is towed in the opposite direction to the
movement of the fish and finally hauled into the plank boat [98]. Open water seine nets are used to
catch Engraulicypris sardella, C. virginalis and T. intermedius. Some fishers (3%) use fish traps to catch C.
virginalis and O. microcephalum, whereas longlines (2%) are used to catch B. meridionalis. The study
further noted that some fishers (58%) use nets with mesh sizes ranging from 0.25 to 1.75 inches while
the other category (42%) use mesh sizes of 2.5 to 3.5 inches. It was reported by key informant # 1
regarding the question of what has changed in their fishing behaviour that “Almost everyone in this
fishing area has adjusted their fishing equipment. Ten years ago, I used to operate gillnets with mesh sizes of four
and half (4.5) inches and I was catching many fish. As it is now, I cannot use such type of nets because I will not
catch anything, and my family will die of hunger”. Despite the small mesh sized fishing gears, which have
improved fishing efficiency, the study also, revealed a high diversity of fish species being caught.
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5.2. Fishers’ Perceptions on Changes in the Climate

Even though the study revealed high species diversity, all fishers interviewed acknowledged
been exposed to extreme weather events. The fishers reported increased incidences of drought (32%),
erratic rainfall (32%), extreme hot temperatures (22%), persistent Mwera winds (strong South easterly
winds affecting Lake Malawi due to the flat and obstruction-free nature of its surface, allowing
winds of considerable strength to develop. The onset of a Mwera can be quite sudden, causing
rapid deterioration in the condition of the lake itself) (11%) and flooding (8%). Most of these fishers
(88%) revealed experiencing these extreme weather events in the 21st century. These events occurred
frequently in the years between 2000 and 2016, as reported by 89% of the fishers. The majority of
the fishers (90%) acknowledged experiencing continuous drought incidences. However, in the last
5 years, about half (44%) of the respondents cited no flooding event in the study area. Apart from being
erratic, rainfall was also reported to have reduced in intensity (94%). The reduced intensity might have
resulted in drier years in the 2000s, as cited by most respondents (95%), in comparison to the 1990s.
These results suggest that the perceived exposures revolved around precipitation and temperature.

An analysis of discussions from qualitative interviews revealed that climate change is defined
differently between respondents. The definitions were affected by the time lived in the area, which
affected how the fishers perceived the changes. For example, there were variabilities in responses
by different age groups based on the way they had experienced different changes related to extreme
weather events. The older people recollected past events over a long period through experiences and
oral tradition, whereas the young fishers lacked the long-lived experiences but their recollections were
also based on information passed down to them through oral tradition. Most of the oral tradition was
bound by cultural beliefs as alluded to by one fisher, aged 67 years old, during a focus group discussion:

“ . . . . . . In the past with such frequent occurrence of droughts, the elders of the clan would go and seek
advice from the medium spirits and God. Droughts and floods were a form of punishment of some sort, but
currently things have changed and believing in medium spirits was outdated, it is all about churches and praying
to God . . . . . . ”

This experience has an effect on how the extreme events are defined, with the older individuals
saying such events are normal but that the sensitivity of occurrences has increased. This is so because
they have a reference point from their past. This was not the case for the young fishers, who claimed
that these changes are not normal. Therefore, the frequent occurrences of these extreme events has
made these fishers more vulnerable than in the past.

An example was also given for the lake level changes, as an indication of lower precipitation
and extremely hot temperatures. The respondents cited that the place where we were conducting
our interviews, which was 50–100 m from the shoreline, used to be underwater, but over the last
20–30 years, it has become dry land. In addition, some fishers have built houses in that area.

“ . . . . . . ..If it was not for the drying of the lake we would not have a place to build our houses because we
migrated to this area as fishers and getting land to settle as migrant fishers, is very difficult . . . . . . ..”

On the other hand, during a key informant interview with a male fisher on 15 November 2015, he
reported “By now 30 years ago, we should have planted crops and the rains would have been falling with good
intensity. Currently, it is very hot and dry and people are not even sure as to when the rains will fall”.

5.3. Analysis of Meteorological Data

5.3.1. Precipitation

Contrary to the perceptions of the fishers, the results from the meteorological time series data
showed that between 1982 and 2016, most of the annual precipitation (96%) fell between November
and April which is the normal rainy season, while 3% fell between May and August and 1% fell
between September and October. The Mann–Kendall (MK) trend test results showed a decrease in
precipitation in the study area over time (Figure 3). These results were only statistically significant
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(Mann–Kendall (s) =−127 (p < 0.05) for the cool-dry winter season (May–August) which might illustrate
interseasonal variability in annual precipitation.

The precipitation varied between 1982 and 2016, with the lowest (745 mm) and highest (2161 mm)
values recorded in 2005 and 1989, respectively. The annual precipitation for the main rainy season
(November–April) decreased by 6 mm per year compared to the total annual precipitation which also
decreased by 4 mm per year between 1982 and 2016 (34 years). Despite the decreased precipitation
rates between 1982 and 2016, there was an increase in the total annual precipitation (14 mm) for the
warm-wet season (17 mm) between 1982 and 2002 (20 years). Although a large proportion of the fishers
(>90%) reported decreased precipitation in the last 20 years, the results from the long time series of
precipitation showed variable annual rates between the years.
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Figure 3. Mean total annual and warm-wet season precipitation (mm) for Dwangwa, Nkhotakota,
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The highest total number of rainy days (180 days) was recorded in 2000/2001, while the number of
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5.3.2. Temperature

Some fishers (22%) perceived extremely hot temperatures, and the Mann–Kendall (MK) trend test
also showed an increased maximum annual temperature by 0.007 ◦C and a decreased minimum annual
temperature by 0.001 ◦C per year (Figure 5). However, the temperature results were not statistically
significant (p > 0.05). The highest (29.7 ◦C) and lowest (28.4 ◦C) mean annual maximum temperatures
were recorded in 2005, and 1985 and 1989, respectively. The highest temperature in 2005 coincided
with lowest level of precipitation (745 mm) and there was a statistically significantly relationship
between the two (r = −0.611, p < 0.01). This suggests that the high temperatures experienced by the
respondents might have been due to increased rates of evapotranspiration.

Climate 2018, 6, x FOR PEER REVIEW  10 of 23 

 

5.3.2. Temperature 

Some fishers (22%) perceived extremely hot temperatures, and the Mann–Kendall (MK) trend 
test also showed an increased maximum annual temperature by 0.007 °C and a decreased minimum 
annual temperature by 0.001 °C per year (Figure 5). However, the temperature results were not 
statistically significant (p > 0.05). The highest (29.7 °C) and lowest (28.4 °C) mean annual maximum 
temperatures were recorded in 2005, and 1985 and 1989, respectively. The highest temperature in 
2005 coincided with lowest level of precipitation (745 mm) and there was a statistically significantly 
relationship between the two (r = −0.611, p < 0.01). This suggests that the high temperatures 
experienced by the respondents might have been due to increased rates of evapotranspiration. 

 
Figure 5. Mean annual maximum, mean annual minimum and mean temperatures for Dwangwa, 
Nkhotakota, Malawi in 1982–2016. 

The anomalies for maximum and minimum annual temperatures between 1982 and 2016 
showed no defined trend (Figure 6). These results might be a reflection of a non-stable cooling or 
warming pattern in the study area. 

 
Figure 6. Annual maximum and minimum temperature anomalies for Dwangwa, Nkhotakota, 
Malawi in 1982–2016. 

 
 

Figure 5. Mean annual maximum, mean annual minimum and mean temperatures for Dwangwa,
Nkhotakota, Malawi in 1982–2016.

The anomalies for maximum and minimum annual temperatures between 1982 and 2016 showed
no defined trend (Figure 6). These results might be a reflection of a non-stable cooling or warming
pattern in the study area.
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5.4. Impact of the Perceived Climatic Changes on Fish Catches

Despite no significant trends in the meteorological data, there was significant association between the
fishers’ perceptions on the changes in climate and fish catches (χ2 = 44.02, df = 20, p < 0.001). The majority
of the fishers (89%) reported that the change in climate was the main driver of low fish catches and
species composition changes. However, some fishers (10%) attributed low fish catches to overfishing and
God’s plan (1%). The specific extreme weather events cited by the respondents as being responsible for low
fish catches were increased incidences of drought (29%), erratic rainfall (29%), Mwera winds (27%), extreme
hot temperatures (11%) and flooding (5%).

The majority (68%) of the fishers were experiencing changes in fish species composition and sizes
compared to last 20 years. For example, some fishers reported that C. virginalis (31%), E. sardella (26%) and
Oreochromis species (20%) used to be more important fish species in Nkhotakota 20 years ago compared to
their present status.

An analysis of qualitative material revealed the existence of variations in reasons why the fishers were
experiencing low fish catches and fish species composition changes. For example, during the qualitative
interviews, some fishers cited the following reason: “..the fish have gone to the Mozambique side of the lake,
running away from fishing pressure . . . ..”

Some respondents who had indigenous knowledge on the relationship between climate and fish
catches explained how rainfall is related to fish catches, with more rainfall resulting into more fish
catches. Furthermore, they explained that high temperatures also reduce Mwera winds, and more fish are
caught because fishers are not hindered from fishing, because Mwera winds increase the risk of operating
fishing boats.

The older respondents cited population increase as causing low fish catches, because too many fishers
are fighting for too few fish. Therefore, fishers use illegal fishing gears because they have to survive.
On responding to the question on the change of behaviour in fishing practice, the focus group discussions
stated that not much is happening in the agricultural fields and many people are joining the fishing industry
in order to survive.

The study showed that there were some disparities between quantitative and qualitative results.
The quantitative output seemed to point to climate change as the major cause for low fish catches, whereas
the same climate seemed to increase fish catches based on the qualitative analysis. Therefore, it is difficult to
entirely validate such perceptions without a long-term assessment of climate and fish stocks.

5.5. Coping Strategies for Low Fish Catches and Determining Factors

The study showed that the majority (75%) of fishers had adjusted to other livelihood patterns in
order to supplement fishing. The adjustment strategies included expanding their agricultural farming land,
operating small businesses (small retail shops, buying and selling fish and farm produce) and providing
labour services to agriculture and fisheries (Table 1). However, some fishers (25%) did not adjust to the
perceived changes as they accepted the low fish catches.

Table 1. Nkhotakota fishers’ (n = 112) coping strategies to low fish catches matched with their perceived
climate exposure.

Agriculture Business Labour in Agriculture Labour in Fisheries No Strategy

Extremely hot temperatures (%) 15 53 14 20 18
Incidences of flooding (%) 3 0 0 0 11
Persistent Mwera winds (%) 10 13 21 20 14
Erratic rainfall (%) 45 13 29 33 25
Increased drought incidences (%) 28 20 36 27 32
Total number of respondents (n) 40 15 14 15 28

Source: Fishers’ perceptions survey data, 2016.

Although some respondents did not adjust their livelihoods, most respondents (84%) had access to
weather information, which guided them in terms of where and when to fish. The sources of information
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were diverse, with the majority (83%) accessing information through local radio stations and to a lesser
extent, from churches/mosques (2%) and extension workers (1%). Despite some of the respondents getting
the information from their churches/mosques, some respondents (77%) indicated that religious institutions
had nothing in their teachings on climate change. Therefore, all respondents emphasized the need for the
religious institutions to incorporate climate change into their teachings, in order to enhance the process of
coping with the extreme weather events.

However, in the focus groups, we tried to follow up why these fishers had agriculture as a
diversifying strategy, despite complaining about continued droughts. We also questioned how and
why these fishers were engaged in providing casual labour in fisheries as a livelihood diversification
strategy while they were complaining of low fish catches.

The respondents highlighted that relying on fishing alone is not enough, but sometimes they join
other fishers’ boats as crew members as a way of diversifying income. They also hire out their fishing
equipment while they concentrate on other income-generating activities like farming and providing labour
in agriculture. On the other hand, their involvement in agriculture is related to winter cropping which
uses residue moisture from the erratic rainfall, which does not fall during the main agricultural season.

The study also analysed factors, which influence fishers’ coping behaviour. The choice of the
explanatory variables (Table 2) was based on available data and the current scientific literature [99–102].
Prior to conducting the logistic regression to determine which factors influence coping behavior,
the relationships between the explanatory variables were assessed using bivariate correlations. The results
of the correlations (Supplementary File S2) indicated significant relationships between some of the
explanatory variables (age, sex, length of stay in the area, family size, fishing experience, fishing
location, access to weather information, extreme temperature incidences, Mwera wind incidences, drought
incidences and erratic rainfall incidences). For example, the age of the household head was positively
correlated with the length of stay in the area, number of family dependents and experience in fishing.
Such results suggest that an increase in age of the household head increases time stayed in the area and
the fishing experience.

Table 2. Description of explanatory variables for the determinants of coping strategies for Nkhotakota
fishers (n = 112).

Explanatory Variable Mean Std. Deviation Description

Household head sex 0.98 0.13 Dummy takes value of 1 if male and 0 otherwise

Household head age 43.7 11.4 Continuous

Household head education 4.58 3.53 Continuous

Household head marital status 0.90 0.30 Dummy takes value of 1 if married and 0 otherwise

Time stayed in the area by HHH 33.00 15.62 Continuous

Household size 6.0 3.40 Continuous

Household head fishing experience 21.46 11.8 Continuous

Fishing location 0.24 0.43 Dummy takes value of 1 if inshore and 0 otherwise

Membership to fish conservation club 0.37 0.48 Dummy takes value of 1 if a member and 0 otherwise

Income earned last year 5.3 1.02 Continuous—Log transformed

Access to weather information 0.84 0.37 Dummy takes value of 1 if have access and 0 otherwise

Access to other natural resources 0.36 0.48 Dummy takes value of 1 if have access and 0 otherwise

Extreme weather event (droughts) 0.29 0.45 Dummy takes value of 1 if extreme weather event is drought
and 0 otherwise

Extreme weather event (floods) 0.03 0.16 Dummy takes value of 1 if extreme weather event is floods
and 0 otherwise

Extreme weather event (extreme
temperature) 0.21 0.41 Dummy takes value of 1 if extreme weather event is extreme

temperature and 0 otherwise

Extreme weather event (erratic rain) 0.32 0.47 Dummy takes value of 1 if extreme weather event is erratic
rains and 0 otherwise

Extreme weather event (Mwera winds) 0.14 0.35 Dummy takes value of 1 if extreme weather event is Mwera
winds and 0 otherwise

Source: Fishers’ perceptions survey data, 2016 Notes: HHH is household head.
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A logistic regression was then conducted to ascertain the effects of socioeconomics factors and
incidences of extreme weather events on the probability that the fishers will cope with fish catch
fluctuations. The estimated coefficients of the logistic regression are presented in Table 3 along with
the levels of significance, standard errors and odds ratios (Exp (B)). The logistic regression model was
statistically significant, χ2 = 9.15, df = 8, p < 0.001. The independent variables had adequate power to
explain 52% (Nagelkerke R2) of the variation in coping with changes and correctly classified 85% of
cases. These results suggest that the model developed may be used to determine the probability that a
fisher will cope with changes related to fish catch.

Several factors which include the household head’s age, education, marital status, annual income
and membership to a fish conversation club significantly influenced the ability to cope with fish catch
changes. These factors were also statistically significantly different between the respondents who
adjusted and those who did not.

The age of the household head (p < 0.01) and level of education (p < 0.1) were statistically
significant with a positive coefficient suggesting an increase in age and education by one year, increased
the probability of adjusting by a factor of 1.1, compared to those who did not adjust. While being
married increased the propensity to adjust by almost 7-fold compared to single fishers. An increase in
a unit of annual income increased the probability of adjusting by 2-fold. On the other hand, being a
member of the fish conservation club reduced the propensity to adjust. These results reflect that the
coping process was not homogeneous and was multidimensional.

Table 3. Binary logistic regression analysis results of factors influencing Nkhotakota fishers’ (n = 108)
ability to cope with perceived fish catch changes.

Explanatory Variables Coefficients Standard Error Exp (B)

Household head sex −18.76 27 933 0.00
Age of household head 0.12 *** 0.04 1.12
Household head education 0.16 * 0.10 1.18
Household head marital status 1.92 ** 0.96 6.85
Length stayed by household head in the area −0.03 0.02 0.98
Household size 0.07 0.10 1.07
Fishing experience −0.03 0.03 0.98
Fishing location −0.26 0.70 0.77
Membership to fish conservation club −1.79 *** 0.65 0.17
Annual fishing income 0.73 ** 0.36 2.08
Access to other weather related information 0.12 0.87 1.13
Access to other natural resources −0.74 0.67 0.48
Increased drought incidences −1.39 1.83 0.25
Increased flooding incidences −23.10 21 127 0.00
Increased extreme temperatures incidences −1.13 2.00 0.32
Increased incidences of erratic rainfall −1.01 1.80 0.37
Increased incidences of Mwera winds −0.87 1.94 0.42
Constant 17.36 *** 21 127

Source: Fishers’ perceptions survey data, 2016. Notes: n = 112. For binary variables (coping), no = 0 and yes = 1. *,
**, and *** indicate significant coefficients at significance levels of 0.10, 0.05, and 0.01, respectively.

In the qualitative analysis, it was observed that some of the factors that were shown to significantly
affect coping behaviour are similar to those in the regression model. These factors included household
income, age and education and these opened room for more coping options.

6. Discussion

6.1. Fishers’ Perceptions on Climate and Changes in Climate Variables

The respondents’ perceptions to extreme weather events could be attributed to their levels of
exposure and experience [56,103,104]. The 20-year recall period used in this study was sufficient to
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validate the stated adverse weather events. The average age and fishing experience of the respondents
provided sufficient platform to avoid perceptive reasoning challenges, which arise when trends
are interpreted from a few recent events [46]. Age and fishing experience could be responsible
for increasing the probability of recalling major climate incidences [105,106]. However, perception
memories are reconstructions of forgoing schemes of clear pictures of how the world is viewed [47].
This means that what the fishers perceive to be climate change is not straightforward [107], and that is
why time series meteorological data were used to validate such connections.

There were disparities between the perceptions of the fishers and the meteorological data.
These disparities could be attributed to the ease of accurately describing changes over shorter periods
of time compared to longer periods [108]. The majority of the respondents were fishers and farmers;
therefore, they might have defined the climate to be abnormal as long it did not fit their agriculture
calendar or resulted in low crop yields or low fish catches [43,46,66,109]. Therefore, memories related
to livelihood failures might have been labelled as significant climate changes because knowledge
obtained through direct perceptions is practical in nature and is based on what an environment offers
for the fulfilment of the action in which the fishers were engaged in at the time [47].

It was difficult to validate the perceptions of the fishers on certain aspects of climate. However,
the changes in rainfall pattern could be attributed to a shift in the prevailing rainfall and circulation
regime for Malawi, resulting in reduced rainfall in mid-February [110], which is the main agricultural
season. Our findings on the interseasonal and interannual rainfall variations are similar to those
reported by Ngongondo et al. [111] for the Malawi’s entire rainfall pattern. The observed climate
variations in this study could be a true reflection of the entire Southern Africa region. The weather
pattern in this region is affected by the influx of the Southwestern Indian Ocean during spring, and the
shift of the tropical temperate cloud band sea surface temperature (SST) from the central south Atlantic
and off the coast of Southwest Africa [112–114].

Our findings further corroborate other studies in Malawi [109,115] that also reported conflicting
messages between the perceptions of farmers and the time series climate data, and attributed these
differences to the ease of remembering the occurrence of extreme climate events. However, contrary to
our findings, Kalanda-Johua et al. [58] reported that the perceptions of farmers in the Mulanje district
of Malawi were similar to the meteorological data, but these perceptions reflected climate variability
just like in our study. The failure to ascertain the fishers’ perceptions as significant climatic changes
could mean that the climate was variable [116].

6.2. Perceived Impact of Climate Change on Fish Catches

Our findings demonstrated the awareness of fishers’ knowledge on the causes of poor fish catches
over time. One of the factors raised by the fishers was changes in climate (low precipitation, droughts
and high temperatures). Despite the insignificant trends in our meteorological data, the perceived
changes directly affect fish production [117–122]. For instance, high rainfall brings nutrient fluxes to the
lake through rivers and boosts fish production [123]. High temperature and strong winds also facilitate
primary production which makes food available for fish through water mixing [124]. Despite high
temperatures being good for primary production, Lake Malawi has a complex circulation pattern in
its surface temperature meaning that there is no well-defined temperature distribution pattern [125].
Furthermore, the respondents during the focus group discussions cited low lake levels as being another
cause of low fish catches. However, in Lake Malawi, low lake levels increase the speciation process
which increases fish abundance [126]. In general, these perceived changes have the capacity to increase
fish catches and distribution, unlike in agriculture. Therefore, the fishers might have constructed their
perceptions based on agricultural failures, because even though these respondents all own fishing gear,
their main occupation was shown to be significantly different from their income source. This might
mean they are part-time fishers but are predominantly farmers. Thus, the problem of low fish catches
cannot be entirely attributed to the perceived changes in climate. The study also recognizes that a clear
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picture of the direct relationship between the perceived climate variables and fish catches can only be
validated through modelling of the two, which was beyond the scope of this study.

Furthermore, the study also failed to attribute low fish catches to fishing location, because
many fishers (76%) were operating in the deep offshore waters known to have a huge unexploited
fish biomass [127], but they still experienced low fish catches. Therefore, the problem of low fish
abundance could be distributed throughout the entire lake.

This study also noted an increase in unsustainable fishing gears, which includes small mesh sized
nets without size selectivity for catching fish [128]. The reduced mesh sizes and increased fishing
time observed in this study could be a sign of an overfished resource, as a response to decline in
the large fish sizes at the top of the food web [129]. These results corroborate with [12,13,130,131]
who all reported that Malawi fisheries are overexploited. Even though the use of small mesh sized
nets is illegal in Malawi fisheries [97], fishers are still using them. This could be attributed to weak
enforcement of the laws and also to the need to survive. However, our results also corroborate with
Ha and van Dijk [132], who found that the violation of fishing regulations by Vietnamese fishers
had caused resource decline. However, these results provide a platform to explore other livelihood
sources for the fishers to deter unsustainable fishery exploitation. The observed behaviour of the
fishers occurred due to their vulnerability, causing them to adopt and develop strategies to cope with
the situation.

6.3. Coping Strategies for Low Fish Catches and Their Determinant Factors

Apart from the observed unsustainable fishing methods, the study also revealed that a proportion
of the fishers (25%) had not changed their fishing behaviour. Failure to adjust to low fish catches
despite having access to weather information, could be interpreted as the fisheries still being a major
livelihood source. This corroborates with Bryan et al. [133] who found that not all farmers who had
perceived climatic changes had adjusted their behaviour. Additionally [134] found that an increase in
fishing dependency could be a sign of decreasing viability of agricultural livelihood opportunities,
as small-scale fishers are opportunists, driven by fluctuating fish catches.

On the other hand, others (75%) expanded agricultural land, ventured into small businesses,
and provided casual labour services to agriculture and fishing. The presence of many coping strategies
and the ability to widen alternative strategies has been found to characterize fishers subjected to
the effects of climate change [135]. However, small-scale fishers in Malawi are also known to have
several coping strategies for low fish catches, which include farming and migrating to other fishing
grounds [7,134,136,137]. The adjustment of livelihood sources in this study may be not permanent but
rather, a diversification strategy as a response to low fish catches [7,138]. These strategies are meant to
spread out efforts between the most profitable activities [137], which includes agriculture, a sector that
is a basic source of income for over 80% of Malawians [139].

However, the decision to adjust behaviour due to low fish catches was influenced by the household
head’s age, marital status, education level, annual income and membership to the fish conservation
committee. All the coping strategies are labour-intensive and require physical strength, which older
fishers are more likely to lack [140]. This study found that age increases the probability of adjusting.
This could be the case because an increase in age is associated with having experience with practical
solutions related to dealing with exposure to extreme weather events. These results corroborate with
Bryan et al. [133], Pangapanga et al. [3] and Maddison [102], who conducted studies in Ethiopia,
Malawi and several African countries, respectively, and also found that age significantly increases the
propensity to adjust to the effects of climate change.

The study also observed that the magnitude of a fisher’s annual income increased the likelihood of
adjusting. High income levels build adaptive capacity [141] that could enable fishers to diversify into
other initiatives. Families with high income levels are responsive to climate change [142]. High income
from fishing promotes the willingness to invest into other initiatives that provide a cushion against
household emergencies caused by future low fish catches [143].
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We also found out that education increases the probability of adjusting because education is
normally positively correlated to access to climate information [102,133,142]. The more educated
the fishers are, the more climate information they have; this is important in helping them to be
forward-looking in their plans, compared to being reactional.

Furthermore, the reason why marital status was a significant factor could be the fact that the
study area is predominant matrilineal [144]. In their study, Nagoli and Chiwona-Karltun [33] revealed
that matrilineal systems affect coping strategies, as in most cases, men have to leave their households
in search of green pastures. This practice improves the financial status of the family, as it supplements
fishing incomes with remittances.

The study revealed that being a member of the fish conservation club reduced the probability
of adjusting. This might be contrary to good steward practice in sustainable fisheries management
where members of such clubs should be the ones spearheading conservation initiatives [145]. However,
in this study, only 35% of those who adjusted were members of such clubs. Their persistence in fishing
could be attributed to knowledge of the fishing locations where good stocks of fish can be exploited,
as most of them stated that they fish in the offshore areas.

Despite the logistic regression model being correctly specified, some obvious variables
(e.g., household size, household head sex) which are known to affect coping behaviour were not
statistically significant (p > 0.05) [100,140,146]. For example, gender influences coping behaviour due
to the different roles that men and women have to do, as determined by sociocultural constructs [147],
like ownership of fishing gears and participation in other fishery-related activities [148]. Furthermore,
this might explain why our sample size was biased towards men as the act of catching fish is
male-dominated [149].

7. Conclusions

Fishers of Nkhotakota perceive that the climate has changed and in this study, they explained how
this has affected their fishing behaviour. They perceive that they have experienced increased incidences
of droughts, erratic rainfall, extremely hot temperatures, Mwera winds and flooding. However, these
perceptions did not corroborate with time series meteorological data for the area, which reveals a
variable climate and non-significant changes. Despite these perceived changes and low fish catches,
fishing is still the main livelihood source. The study further failed to fully ascertain whether low fish
catches are due to climate change, even though climate plays a major role in fish distribution. There is
a need to model climate trends and fish catches to ascertain such a relationship. However, low fish
catches could be influenced by the long-term use of destructive and unselective fishing gears, leading
to overfishing. The results indicate the need to be cautious of how extreme weather events are defined
and framed. This has implications for the development of local sustainable adaptation strategies,
which rely on the use of perceptions.

This study has also shown that fishers have multiple livelihood strategies to cope with the
experienced changes and this enhances their adaptive capacity. Fishers adjusted to low fish catches
by expanding their agricultural farming land, running small businesses and providing casual labour
services to farming and fishing. The ability to cope with such changes was strongly influenced by
different socioeconomic factors. Despite the need for the fishers to adapt to the climate-related changes,
the identified coping strategies might have negative long-term impacts on the availability of fish,
which is still a cheap protein source in Malawi. Some of these choices for adjusting are not permanent
and might not give the fishery room to return to its normal state. Therefore, either the fishers should be
regulated through closed seasons or encouraged to use sustainable fishing methods, but this requires
the Malawi Government to institute strong policies to control input targets for fisheries. A study of
this nature could also be used to inform the management of other natural resource-based livelihoods
when claims related to climate change are perceived to affect livelihoods.
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