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			Abstract

			Small-scale coastal fishing communities in the tropics have varied responses to climate variability constraints. These responses are often part of the different ways in which communities build adaptive capacity and resilience against internal and external stresses in their bid to reduce the impacts of prevailing and projected weather conditions. It is widely accepted that small-scale coastal fishing communities depend on fisheries resources for their livelihood. If these resources are increasingly becoming scarce as a result of climate variability pressure, a natural question to ask revolves around the ability of these fishing communities to employ alternative livelihood strategies. Drawing from a recent cross-sectional field study conducted in Ungwana Bay and the Lower Tana Delta, north coast of Kenya coupled with analysis of long -term terrestrial temperature and rainfall data, this paper describes the climate variability and the socio-economic status of the small-scale or artisanal fishing communities and how these communities are adapting to existing challenges. Trend in terrestrial temperature indicated a strong and positive correlation over time for the region (R2 = 0.7588). Small scale coastal fishing community’s livelihood showed significant association with natural resource dependence (P = 0.001, χ2 = 494.153a). Furthermore, empirical evidence indicated that while fishing is an important source of livelihood in Ngomeni and Kipini, the Ozi fishing community has expanded its sources of livelihood to include crop production. Population pressure, low level of education, and unemployment have been identified as key socio-economic factors leading to the heavy dependence on natural resources for livelihood support (χ2 = 24.273a, P = 0.004; χ2 = 46.319a, P = 0.001 and χ2 = 17.863a; P = 0.037, respectively). It is recommended in this paper that the provision of both civic and formal education may play an important role in equipping fishing communities with knowledge for embracing and adopting alternative livelihood strategies and income generation opportunities. These strategies would also contribute to less pressure on the fisheries resources for sustainable livelihood. 
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			Introduction

			Natural and human environments are at high risk to climatic variability [1]. To a high degree, climate variability impacts have been manifested through degradation of natural environments which then affect the human environment through direct or indirect impacts, respectively [2,3]. The direct impacts encompass a range of natural hazards and extreme events such as increased soil salinity, drought and flooding while indirect impacts are manifested through deterioration in the social-economic 

elements [1,4,5]. Human livelihoods are intertwined with climatic conditions [6]. It has been argued that variations in temperature and rainfall affect human livelihoods especially for those communities whose livelihood systems are rainfall and ecosystem dependent [7]. Simatele et al. (2012) [8] have observed that variations in weather conditions tend to subject and compromise the ability of the poor people to secure sustainable livelihoods due to the fact that they lack the necessary asset portfolios to deploy and adapt to climate variability. 

			Globally, artisanal or small-scale coastal fishing communities predominantly depend on fisheries resources for their livelihood and largely rely on low-productive traditional fishing methods thus coined as “poorest of the poor” [9]. Degradation of natural resources due to climate variability results to decline in catches. Mustapha et al. [10] noted that climatic extremes may compell abandonment of artisanal fisheries. Badjeck et al. [7] further argues for the need to understand the implications of climate variability on fishing communities in order to identify the entry point for policy implementation and decision making, foster livelihood diversification of grassroot communities, and strengthen institutions mandated with facilitating the adaptive capacity and resilience of vulnerable fishing communities. 

			The Ungwana Bay and Lower Tana Delta region in north coast Kenya, experiences condusive oceanographic conditions characterized by the South East Monsoon (SEM) and North East Monsoon (NEM) seasons prevailing from April to September, and October to March, respectively. These seasons favor a number of livelihood activities such as fishing [11]. The Ungwana Bay area, in particular, is widely known for its high biodiversity especially in fisheries and birds [12,13]. To a large extent, the area is known as home for artisanal fishing communities [14]. However, projections on climate variability in the entire region of north coast Kenya within which the study area is located, estimated an increase in temperature by 0.3°C, as well as a decrease in rainfall by 25% by 2050 [15]. These climate projections have a potential to significantly and negatively affect the livelihood status of the many poor coastal communities as a result of the change in ecosystem services. In view of these observations, this paper characterizes and discusses the current climatic variability and socio-economic status of the artisanal fishing communities and how these communities are adapting to these challenges. 

			Materials and Methods

			Data was collected using a cross-sectional socio-economic survey in three study sites namely: Ngomeni, Kipini, and Ozi typical of coastal fishing communities (Figure 1). 
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			In order to draw a representative sample size of the study, the Cochran’s [16] formula was employed: 
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			Where:

			n0 = sample size, 

			z = is the selected critical value of desired level of confidence, 

			p = is the estimated proportion of an attribute that is present in the population,

			q = 1-p, 

			e = is the desired level of precision
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			Where: 

			n = new sample size to be determined,

			n0 = sample size derived from eq...(i), 

			N = actual population size of the subjects

			The weight for each study site was determined by the following formula (iii) based on the total population of each area.
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			Where: w = weight,

			n = Population for each stratum 

			N = Total population for the three strata

			The total population of Ngomeni, Kipini and Ozi was 10,241, 14,695 and 2,084 [17,18], respectively. A representative sample of 144, 206 and 29 individuals from Ngomeni, Kipini and Ozi were selected through a simple random process. Therefore, an overall total of 379 respondents were interviewed during the study period. 

			Data collection

			Long term rainfall and terrestrial temperature data for the three study sites was obtained from the Kenya Meteorological Department, (i.e. Msabaha - Malindi station) spanning a period from 1999 to 2016. Semi-structured interviews using questionnaires were used for data collection. The questionnaires were administered by one on one interview of the respondents addressing their annual income from fishing activities, other sources of livelihood, natural resource dependence, and social factors. The respondents were selected through a simple random process which was conducted through the help of the respective area government administration officers and village elders. All the names of household heads of the fishing communities were assigned numbers and then a table of random numbers was generated and produced the order of sampling procedure and the sample size. The corresponding household names on the random numbers generated were then identified before engaged in the semi-structured interviews. 

			Data analysis

			Mean and trends of rainfall and terrestrial temperature were computed using Microsoft Excel. Frequencies of socio-economic variables were coded and entered into SPSS software where respective variables were analyzed descriptively using actual values and relative percentages and then graphically represented. Chi-Square (χ2) test was used to determine whether there was a significant association in natural resource dependence among the artisanal fishing community’s livelihood, and whether there was a significant association in factors resulting in the dependence of the natural resources (fisheries, terrestrial forests, mangroves and land). 

			Results

			Rainfall and temperature variability

			Based on the 1999-2016 rainfall and terrestrial temperature data, the Ungwana Bay and Lower Tana Delta in north coast Kenya recorded a mean rainfall of 85.11 ± 4.36mm and terrestrial mean temperature of 30.55 ± 0.08°C. During the same period, rainfall showed a decreasing trend while terrestrial temperature indicated an increasing trend (Figure 2). The rainfall trend showed weak and positive correlation (R2 = 0.178) with time while the trend in terrestrial temperature indicated a strong and positive correlation (R2 = 0.7588) with time (Figure 2). 
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			Socio-economic attributes of small-scale fishing communities 

			A total of 379 individuals were interviewed during the study period. The monthly average income on fisheries livelihood among the fishing communities in the three study sites varied. Ngomeni showed relatively high monthly average income per person ($ 52 ± 4) followed by Kipini at $ 33 ± 2 and Ozi at $ 24 ± 3 (Figure 3). The artisanal fishing communities of Ngomeni, Kipini and Ozi revealed high levels of unemployment of 88.2%, 88.3%, and 93.1% respectively (Figure 4). Majority of the respondents attained elementary level of education where Ngomeni comprised of 54.9%, Kipini (49.5%), and Ozi with 53.6% (Figure 5). Across all the study sites, perception on population growth status showed that the population has been increasing with time (Figure 6). 
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			Dependence on natural resources by small-scale fishing communities

			The dependence level on natural resources among the small-scale (artisanal) fishing communities varied across the study sites. In Ngomeni and Kipini sites, majority (66% and 62%, respectively) of the communities relied on fisheries resources while majority (66%) of the fishing communities in Ozi relied on land resources (Table 1). The fishing communities indicated low dependence level on terrestrial forests across all the study sites (Table 1). Livelihood of the small-scale fishing communities showed significant association with the dependence on natural resources (P = 0.001, χ2 = 494.153a). 

			Table 1: Dependence level (%) on natural resources by small-scale fishing communities in Ungwana Bay and Lower Tana Delta, Kenya.
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			Status of sources of livelihood and factors resulting to dependence on natural resources for livelihood support

			Table 2:Composition (%) of sources of livelihood for fishing communities in Ungwana Bay and Lower Tana Delta, Kenya.
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			Fishing activity forms a core source of livelihood for artisanal fishing communities in Ngomeni with 74.3% and in Kipini with 57.8%. However, the core source of livelihood for Ozi community is crop farming with 48.3% and to some extent fishing with 44.8% (Table 2). Results of Chi-Square test indicated significant association between natural resource dependence with population growth (χ2 = 24.273a; P = 0.004), with education (χ2 = 46.319a; P = 0.001), and with employment (χ2 = 17.863a; P = 0.037).

			Discussion

			The Ungwana Bay and Lower Tana Delta region in north coast Kenya is characterized by increasing variability of rainfall and terrestrial temperature. Though weak correlation was observed on rainfall over time, the decreasing rainfall trend in the study area has been reported in several studies [15,19]. Langat et al. (2017) [19] in their study of rainfall variability in the Tana River Basin noted that while rainfall is characterized by increasing trends in the upstream (high lands), the downstream (coastal lands) is characterized by decreasing trends. Thus, the Tana River flow is highly influenced by the amount of rainfall upstream. Furthermore, Langat et al. (2017) [19] also noted that the Tana Delta receives a mean annual rainfall of 79.57 mm against a mean annual of 85.11 ± 4.36mm recorded in this study. In addition, Deenapanray and Tan [15] projected a decrease of the rainfall in the region by 25% in 2050. Notably, terrestrial temperature according to this study has shown increasing trend as well as strong and positive correlation over time. Likewise, projections have estimated an increase in temperature in the region by 0.3°C in 2050 [15]. Therefore, rainfall and temperature variability in the study area is apparent with already observed implications to the small-scale fishing communities as found out in this study. 

			The small-scale fishing communities in Ungwana Bay and Lower Tana Delta, north coast Kenya are similar to the rest of tropical coastal artisanal communities globally characterized by low mean annual income, high level of unemployment, and low level of education. Similarly, Perret [20] observed that majority (54%) of the small-scale fishing communities in Singkaraka Lake, Indonesia had attained elementary education while Paudel et al. [21] showed that 69% of the artisanal fishing communities in Nepal were illiterate. Attainment of basic education limits accessibility to decent employment opportunities due to low level of skills. Higher education on the other hand is important for skilled labour and productive workforce thus enhance high standard of living [22]. Comparable to the relatively low monthly average income per person of the small-scale fishing communities in Ngomeni ($ 52 ± 4), Kipini ($ 33 ±2), and Ozi ($ 24 ± 3), most of the artisanal fishing communities in Nepal were reported to have a slightly high monthly average income of $ 60.2 ± 2.6 from fisheries [21]. The overall population trend of the artisanal fishing communities in Ungwana Bay and Lower Tana Delta has been increasing. Secours Islamique France (SIF) [23] confirmed the Tana Delta region has experienced population growth that has turned more land into settlement schemes and farming. 

			While the small-scale fishing communities are still dependent on fisheries resources despite the prevailing climatic challenges globally [20,21], these fishing communities have also been engaging in other sources of livelihood especially for Ozi community where crop farming seems to be slighlty more important than fishing. This may be attributed to the general observation of core livelihood activities in the Tana Delta region which is characterized by farming and pastoralism [23]. Other livelihood such as fishing, hunting and honey gathering are considered less important in the region [23]. On the other hand, crop farming is less important for Ngomeni and Kipini communities. Ngomeni and Kipini are adjacent to the Indian Ocean thus rely mostly on fisheries resources for livelihood. However, the current fisheries dependency level for Ngomeni (74%) and Kipini (58%) is lower compared to the dependency level reported by Kitheka [24] in Ngomeni and Kipini (90%, 70%) respectively. This may be due to climate variability challenges experienced and possible expansion of livelihood sources. 

			Demographic factors such as population growth have been observed to accelerate environmental degradation due to high dependency on natural resources [25]. In this study, population growth, unemployment and low level of education are the factors that cause high dependency on natural resources among the artisanal fishing communities. Lack of employment, population growth and low level of education compel communities to rely on natural resources thus resulting to resources deterioration [26]. Paudel et al. [20] confirmed this in their study where the artisanal fishing communities in Nepal recommended better education and alternative occupations to conserve their ecological resources of Ganges River dolphin. Thus, poor education and lack of employment may force fishing communities to exert pressure on natural resources. 

			Conclusion 

			The Ungwana Bay and Lower Tana Delta ecosystem is exposed to increasing terrestrial temperature and decreasing rainfall over time. The ecosystem is an important source of livelihoods to the local communities with an increasing population growth. Majority of the artisanal fishing communities are poorly educated and unemployed with resultant high pressure dependency on the available natural resources. The climatic variability coupled with anthropogenic pressure may impact the fisheries resources and in turn affect the fishing communities. The artisanal fishing communities need to expand their sources of livelihood to include other feasible activities such as crop farming especially for Ngomeni and Kipini communities. Therefore, there is need for community sensitization on climate variability impacts, provision of education and improved crop production to balance between sustainable resource use and environmental management. 
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Figure 2: Mean annual trends of rainfall and terrestrial temperature between 1999 and 2016 in Ungwana Bay and Lower Tana Delta, in
north coast Kenya (Data source: Kenya Meteorological Department, Malindi Station)
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Figure 6: Perception on population growth based on outcome of the respondents by study sites in Ungwana Bay and Lower Tana Detta,
Kenya
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Figure 3: Annual average income per person of artisanal fishing communities in Ungwana Bay and Lower Tana Delta, Kenya (1 US$ = 101
Ksh).
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Figure 4: Employment status of respondents by study sites in Ungwana Bay and Lower Tana Delta, Kenya
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Figure 1: Map showing the study sites of Ngomeni, Kipini, and Ozi in Ungwana Bay and Lower Tana Delta, north coast, Kenya
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Figure 5: Education status of respondents by study sites in Ungwana Bay and Lower Tana Delta, Kenya.






