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Abstract
Fisheries are one of livelihood strategies that have contributed significantly to the improvement of life quality in developing countries. However, anthropogenic and climate change poses new challenges to the sustainability of fisheries and aquaculture systems.
This study aimed: 1) to assess the main anthropogenic activities, 2) to identify climate change trend and its impact on the fishers in

the area of study, and 3) to identify major problems in the fishery in order to recommend means of intervention for better resource

utilization. Selection of the fishers was conducted using a three stages sampling technique. Qualitative and quantitative data were

collected between November 2013 and September 2014. Descriptive statistics such as; frequency, mean, percentage, standard deviations, t-test and chi-square test were used to summarize and compare the information. Most of the selected households participate

seasonally and part time in the fishery. The variety of fish species and fish production showed a declining trend. In the area of study
main anthropogenic activities take place around the lake, with the most important being the deposition of waste, fishing in breeding

season and area, free and over grazing, deterioration of wetlands/buffering zones, recession agriculture, agricultural influents, and
the widely used monofilament gillnet. Hence, benefits from the lake and reservoir are not as usual due ever increasing users and

depletion of the resources. The study presents the fluctuation of rainfall, temperature, and humidity over the years. A 3.1°C increment was found in mean maximum temperature within 22 years. Multiple uses of the lake watershed and being a common ground
threatened the resources which result in ‘tragedy of the commons’.
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Introduction
Ethiopia is a land-locked country and depends on its inland water bodies for fish supply for its population. The country’s water bod-

ies have a surface area estimated at 7334 km2 of major lakes and reservoirs, and 275 km2 of small water bodies with 7185 km of rivers
within the country [1].

Fisheries are one of livelihood strategies that have contributed much to people in developing countries. It is one of the vital strategies

for the poor to achieve food, income and other social benefits. For instance, it serves as an important source of diet for over one billion
people and provides employment for about 38 million people around the world [2].

Many capture fisheries worldwide have declined sharply in recent decades or have already collapsed from overfishing, and major

fishing grounds are concentrated in zones threatened by pollution, the mismanagement of freshwater, and the habitat and coastal zone
modification. Climate changes may affect fisheries and aquaculture directly by influencing fish stocks and the global supply of fish for
consumption [3].
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Climate change poses new challenges to the sustainability of fisheries and aquaculture systems, and has serious implications on the

520 million people who depend on fishery for their livelihoods and on the nearly 3 billion people who use fish as an important source
of animal protein [3].

Therefore, analyzing the impact of climate change and anthropogenic activities on livelihood of fishing community is important in

order to formulate focused and targeted interventions to sustain the life of the lakes and reservoir by maximizing its usability. Thus, the
aim of this study was to: assess the main anthropogenic activities, identify climate change trend and its impact on the fisheries in the area
of study, and identify major problems in the fisheries in order to recommend means of intervention for better resource utilization.

Material and Methods

Description of the Study Area
Lake Tana, the source of the Blue Nile, is Ethiopia’s largest lake; it probably was formed during late Pliocene or early Pleistocene

times. It now covers an area of about 3150 km2 and has an average depth of 8 m, with a maximum of 14 m. It is situated at an altitude of
1830 m and can be characterized as oligo-mesotrophic Lake [4]. Several large and small rivers including Gumara, Ribb, Megech, Gilgel
Abay, Arno Garno and Dirma enter the lake, and the Blue Nile is its only outflow.

The climate around Lake Tana is characterized by four seasons: 1) a main-rainy season with heavy rains during June-August, 2) a dry

season during December-February, 3) a pre-rainy season during March-May and 4) a post-rainy season during September-November.
After the main-rainy season there are the two cropping seasons. Maize, finger millet, sorghum, teff, rice, chickpea, grass pea, lentil, wheat
and noug are the main crops growing in the study area. The mean annual rainfall of the lake region varies from 74.6 mm to 163.3 mm

with a mean value of 166.6mm. The long term rainfall distribution data (from 1982 to 2014) shows that most of rain occurs starting

from June (figure1). Data collected from 1961 to 2012 shows the mean annual air temperature of the Lake area varies between 16.96°C
and 21.24°C.

Figure 1: Mean monthly rainfall of Lake Tana from year 1982 to 2014 taken from
Bahir-Dar meteorology station, 2015.
Methods of Data Collection
Qualitative and quantitative data were collected between November 2013 and September 2014. Most of the data were collected by

preparing structured questionnaire, direct observation, focus group discussion (FGD), key informant interview, and stakeholder consultation. The main data collected included information on fishing related activities, market situation for fish, anthropogenic and climate
change impact on fishers and problems in fishery sector. Secondary data was collected from literatures.
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Sampling Procedures

Within ten districts that bound up with the Lake Tana, nine representative districts were purposely chosen. Both primary and sec-

ondary data has been collected from about forty (out of 54) kebeles surrounding Lake Tana. A three-stage sampling technique was followed for the selection of fishers. At the first stage kebeles were selected purposively, based on the existence of fishing activities. At the

second stage fishers were purposively selected from non fishers. Finally simple random selection of fishers was done. Finally, sampled
respondents were interviewed using a pretested structured questionnaire and checklist.
Data Analysis

The collected data was analyzed by both qualitative and quantitative approaches. Descriptive statistics such as frequency, mean,

percentage, standard deviations were also used. In addition, t-test and chi-square test (to test the significances of continuous and discrete variables respectively) were used to summarize and compare the information by using SPSS version 20 software. Non-parametric

Kruskal-Wallis test was employed to see the difference in distance to the marketing site between districts. Meteorological data were
analyzed using chart.

Results and Discussion
Demographic characteristics of sample households
The study was based on the information collected from 58 households, all of which participate in the fishery sector in a variety of

ways. The age structure of the sample household’s showed an average of 32.9 years. This implies that most of the respondents have had

adequate experience on fishing activities. All of the fishers sampled were males. This fact shows that in study area, fishing is considered
mainly as an occupation for men, while the post harvest activities seem to be addressed in common with women. Marital status of the
respondents showed that 74.5% of the respondents were married and 21.8% were single. Thus, majority of the respondents were bearing family responsibilities and participated in fishing activities in order to feed their families.
Religion

Frequency

%

Marital
status

Frequency

%

Education

Frequency

%

Orthodox

37

63.8

single

12

21.8

Illiterate

7

12.7

Total

58

100

29

52.8

Muslim

21

36.2

married
divorce
total

Table 1: Demographic characteristics of the respondents.

41
2

55

74.5
3.7

100

Able write and
read

16

Total

55

Grade 5-10

Above grade 10

3

29.1
5.5

100

The respondents’ religion falls under Orthodox and Muslim, with the 63.8% being Orthodox and the rest Muslims. This reveals that

fishing and related activities haven’t any restriction among religious groups in the study area. It is therefore a business venture accepted

in all religions. In consistent with this study Eyo AA (2001) states that “fish is highly acceptable with little or no religious bias, which
gives it an advantage over beef”.

The educational status of the respondents can be described as all can write and read. Only 12.7% were illiterate. This indicates that

the fishing activity is open not only for poor and illiterate communities but also for those who couldn’t get employment after their graduation (Table 1).

The main means of income in the area of study was agriculture (cropping). Of the total households, 37.9% of them participate mainly

on fishing activities. This suggests that fishing is a good means of income besides cropping and livestock rearing.
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Means of livelihood

Frequency

Percent

agriculture(cropping)

29

50.0

agriculture(crop), animal
rearing, fishing

4

6.9

Livestock rearing

fishing and related

agriculture(crop), animal
rearing
Total

1

22
2

58

Table 2: Income source of the respondents.
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1.7

37.9
3.4

100.0

Fishing equipments used and level of participation
Lake Tana fisheries consists of artisanal, predominantly subsistence reed boat fishery. This type of fishery is limited to shore areas

and targets mainly the tasty Oreochromis niloticus species. However, the new motorized boat with monofilament gillnet fishery is developing rapidly from year to year. Sample households in the study area engage in the fishery activities in a variety of ways. Due to activities

like livestock rearing and crop production, only 18.2% of the respondents were fully occupied in fishing activities. While, most of the
respondents participate in a seasonal (58.2%) and part time (23.6%) basis.

Figure 2: Fishing boat type.

Even though users of motorized boat increase from year to year, most of the fishers use papyrus and reed boat with most commonly

used gill net. The statistical differences were highly significant (χ2 = 50.2, df = 24, p < 0.01). This shows there is strong evidence of
relation between sampled water bodies and type of fishing gear used. Furthermore, fishers have the knowledge of the site where fish
is available and their breeding ground.

Consumption and Demand For Fish

The household uses their catches for both home consumption and selling to generating income by at the nearby local market. Oreo-

chromis niloticus (84.8%), Labeobarbus intermedius (10.9%), and Clarias gariepinus (4.3%) are the main fish species preferred to catch

by fishers for sale. However, Clarias gariepinus is not preferable for consumption in the study area. Demand for fish increases from year
to year; due to increase in knowledge of the respondents about its nutritional value, the number of consumers (population), export
market to Sudan and high price of substitute goods.
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Figure 3: Trend of demand for fish and fishing activity.

Socio-Economic Aspects of Fisheries in the Study Area
Farming and fishing are overwhelmingly the most important activities for household food supply and means of income generation

in the study area. The study shows clearly that fishing is considerably important for community including crop producer and part-time/

seasonal fishers. Furthermore, fisheries contribute to livelihoods in a range of ways: directly as food, earning from fish production, processing and marketing and job opportunity.

The finding of the study shows that participant in the fishing activity increases from year to year. The reasons for increase in number

of fishers are: attractiveness of the income from fishing; requires low initial and operational cost; increase in demand for fish; increase
in unemployment; newly emerged Sudan market for dried fish and non existence of other alternatives like agricultural land.
Benefits of fishing
compared to costs

Frequency

Percent

Very good

21

77.4

Good
Total

16
37

Table 3: Benefits of fishing compared to costs.

22.6

100.0

The household in the study area asserts that the benefit from fishing compared to costs is very good (77.4%), while the remaining

22.6% says the benefit of fishing compared to costs is good. This reveals how fishing activity in the study area is economically profitable

and attractive. This is also reported by Andersson and Ngazi. (1998) [5] fisheries can provide an important contribution to household

cash income. This cash income enables fishers to fulfill their basic needs (table 4) and gives them access to other benefits such as education, health services, clothing; other foodstuffs. It also allows investment in other assets or enterprises such as land, livestock or fishing
gear.

Benefit

Frequency

Percent

Fulfill basic needs

20

35.7

Total

56

100.0

Enhance income level
No change

32
4

Table 4: Change in livelihood due to fishery.

57.1
7.1
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Result from structure questionnaires and focus group discussion showed that the widely used monofilaments gillnet and fishing

pressure were a big issue. Seasonal market problem is also observed due to the limited number of local fish traders who monopolize
the market, and the far distant market, which takes about 66.8 minute of walk from the landing sites to the nearby fish market. The
independent samples test indicates that there was a significant difference between market distance and categories of districts at significance level of 0.05. In association with the market problem, the fishers also reported that there is a high wastage due to poor post

harvest handling and shortage of materials, technology and skill. The main market problems raised by respondents were: price of fish
are seasonal; due to illegal fishing and high fisher the amount of catch reduce from year to year; since the product is easily perishable
market distance exacerbate spoilage rate of our catch and demand for fish reduced during fasting season.

Regarding the anthropogenic activities on the other hand, the following points were observed: encroachment of the wetlands for

cultivation (recession agriculture) of local variety of teff (Eragrostis tef), chickpea, grass pea and maize using residual moisture at the

end of the rainy season that ends up with loss of buffering zones of lakes; over threaten and degradation of river banks for crop cultiva-

tion which facilitates soil erosion and sediment load during upcoming rainy seasons; destruction of fish breeding and nursery ground,
illegal fishing gear, agricultural influents; animal trampling; expansion of water hyacinth and different recreational areas are built

surrounding the lake which sewage untreated wastes directly to the lake. The wetland is communally used but no responsible body to
manage such problems. Multiple uses of the lake watershed threatened the resources.
Temperature, Rainfall and Humidity Trend Over 30 Years

According to key informants and group discussion, fishers reported their observation about changes in seasonality and amount of

rainfall, direction of wind, relative humidity and trend of temperature. The meteorological data also shows that mean annual rainfall

fluctuate from 74.6 mm in 1982 to 163.3 mm in 1991. Moreover, the mean annual rain fall couldn’t continue to increase rather it starts
to decrease to a minimum of 89.7 mm in 1994 and starts to increase to 142.6 mm in 2014. These show mean annual rainfall in 2014

is lower by 20.7 mm from the maximum amount in 1991 and higher than the minimum amount of mean annual rainfall in 1982 by 68
mm.

Figure 4: Mean annual rainfall taken from Bahir-Dar meteorology station, 2015.
The mean maximum annual temperature shows increasing trend especially after 2009. The mean maximum temperature was

26.9oc in 1984 and after 30 years the mean maximum annual temperature becomes 28.8°C (1.9°C increment) in 2013. In addition
mean annual maximum temperature were 25.7°C in 1991 and become increase to 28.8°C in 2013. This shows there is a 3.1°C increment in mean maximum temperature within 22 years and variability in the rainfall, temperature, and humidity in the study area is a
common phenomenon.
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Figure 5: Mean annual maximum temperature taken from Bahir-Dar meteorology station, 2015.
Consequence of Climate Change and Anthropogenic Activities
Climate change and anthropogenic activities affect fishers’ livelihood in a several of ways. It can increase vulnerability of fishing

households in particular and communities in general by: reducing overall lake productivity; possibly affecting the timing and levels of
production of target species; shifts in distribution of macrophyte, invertebrates, and other aquatic animals. Fishers were asked about
the severity of the impacts from climate change and anthropogenic activities, and 51.4% of the respondents replied that the severity of

the impact was medium. On the other hand, 42.9% of the respondents said the impact is severe while the remaining said it is low and
insignificant.

Trend of Fish Production and Species Composition
The survey showed production and distribution of target fish species, invertebrates, aquatic animals and macrophyte shows declin-

ing trend in every year. 77.6% of the respondents responded that the amount of catch per unit of effort is deteriorating from year to
year. This might be a result of increasing of fishers (efforts), anthropogenic activities, and climate changes. This could pose a serious
problem to the community in general and to the fishers who depend fishing only in particular.

Figure 6: Trend of fish production per effort and fish species composition.
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As cited in Alayu Y. (2012) and Aytegeb A. (2013), [6,7] even though catch per unit of effort was reduced from year to year, due to in-

crease in numbers of fishers and use of illegal fishing gear the annual production from Lake Tana fishery increased from year to year.

Figure 7: Annual fish production from Lake Tana fishery taken from Alayu Y., 2012
and Aytegeb A., 2013.
Trend of Water Volume and Aquatic Species
Regarding the water body, water quality problem is a big issue; especially due to algal blooming and water hyacinth infestation in

Lake Tana. In association with this fish odour/taste is altered, especially the tasty Oreochromis niloticus fish. The water volume of the
lake, vegetable and grass cover, and aquatic animals deteriorate from year to year and this could be a threat for future fishery in both

sites. According to the group discussion result, the main reasons for deterioration are: drought, degradation of wetlands, draining of
lakes for recession agriculture, lack of natural resource conservation on the upper catchment, and expansion of invasive water weeds.

A

B

Figure 8: Extent of Shesher and Welala wetlands in 1987 (a) and in 2008 (b) Picture
taken from Tewabe D. (2014).
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Shesher and Welela wetlands consists the main part of Lake Tana, but the drastic change in the areas of Shesher and Welala wet-

lands in the last two decades shows significant decline in wetland coverage. In 1987, the total surface area of Shesher and Welala was

1557 and 298 hectares, respectively. In 2008 the surface area of Shesher shrunk to 136 hectares (91% shrinkage) and Welala shrunk to
159 hectares (47% shrinkage) as shown in Figure 8. These wetlands are shrinking at an alarming rate, mainly because of unsustainable

farming practices by the local inhabitants. The local farmers drain the water from these wetlands to expand their farmland and pump
water for irrigation until dried up totally.

Figure 9: Dried area of Shesher wetland and Furrow irrigation Picture taken from: Tewabe D. (2014).

Figure 10: Dead fishes eaten by birds at welella wetland Picture taken from: Tewabe D. (2014).

Recession agriculture in the study area is the most commonly practiced agricultural activity. When the water level is reduced the

farmers sow their crop after they clear some weeds without ploughing. Unlike dry land cropping, sowing crop in this area is not time
restricted rather they cultivate teff (Eragrostis tef), and other cash crops when the lake become shirked each day.
Gender Division of Work in the Fishery

Because of fishing is rarely carried out alone and is often a very social activity in nature; this could strengthen bonds between peo-

ple and community cohesion. Increased production from fisheries provides greater community income for community projects such as

school, road and support poorer community members. Men and women often have distinct role in the fisheries. In the area only men
go out to fish, but women are often involved in marketing and post harvest processing. Thus, women’s participation in the fishery sec-

tor is restricted especially fishing is unthinkable. Pre fishing activities like logistical functions, picking up equipment and post harvest
processing are executed by both men and women. However caring child, preparing food, fetching water and fuel wood, cleaning house,
shopping, washing close and utensils, grinding are mainly tasks of women [8,9].
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From the study it was founded that fishing activity is economically profitable and attractive. However, there is trend of fish species

composition and catch per unit of effort declination which have a strong connection with climate change and anthropogenic activities. In addition, the widely used monofilament gillnet is a big issue. There is also a fluctuation in seasonality and amount of rainfall,

direction of wind, relative humidity and of temperature. Hence, benefits from the lake are not as usual due ever increasing users and
depletion of the resources. Multiple uses of the lake watershed and being a common ground might result in ‘tragedy of the commons’.

The water Lake is communally used but no responsible body to manage such problems. Communities’ awareness about the short and
long term impacts of climate change and anthropogenic activities is still limited.

Based on the findings it is recommend to: use an integrated watershed management approach for the lake and its surroundings

rather than focusing only on the lake; reduce fishing effort/reduce overfishing, design appropriate pollution and pollutant control

mechanism; control illegal and unregulated fishing; demarcate and control wetlands to develop buffering zones. Awareness creation

about the short and long term impacts of climate change and anthropogenic activities. Fill knowledge gaps on mitigation and adaptation mechanisms for climate change. Diversify livelihood strategy for risk averting.

Acknowledgment

The author gratefully acknowledge the contribution of fishers who participate in research activity, researchers, research assistants,

car drivers and extension workers who make tremendous efforts to make the research successful. The financial support of Ethiopian
Institute of Agricultural Research (EIAR) and Amhara Regional Agricultural Research Institute (ARARI) to conduct this research is also
very much appreciated. We also acknowledge Ethiopian meteorological agency Bahir-Dar branch for their meteorological data.

Bibliography

1.
2.
3.
4.
5.
6.
7.
8.
9.

FAO, (2003). “Assessment of the World Food Security Situation. 29th Session of the Committee on World Food Security, 12th-16th

May 2003”.

Gebremedhin S., et al. “Determining factors for fishers’ income: the case of Lake Tana, Ethiopia”. International Journal of Current

Research 5.5 (2013): 1182-1186.

Dereje Tewabe. “Impacts of climate change and population on tropical aquatic resources”. (2011).

Demeke Admasu. “Report on Limnological Studies on Lake Tana Addis Ababa, Ethiopia: Addis Ababa University”. Dept. of Biology,

internal report. (1986): 1-44.

Andersson J and Ngazi Z. “Coastal communities’ production choices, risk diversification and subsistence behaviour responses in

periods of transition”. Ambio 27.8 (1998): 686-693.

Alayu Yalew. “Fish production, processing and utilization in the Lake Tana fisheries: Implementation of Ecohydrology –a trans-

disciplinary science for integrated water resources and sustainable development in Ethiopia”. (2012).

Aytegeb Anteneh Chekol. “Management and Livelihood Opportunity of Lake Tana Fishery, Ethiopia: The need for co management,

Master thesis in International Fisheries Management, Norwegian College of Fisheries Science”. Bioprospecting and Devolopment 1
(2013): 131.

Eyo AA. “Fish Processing Technology in the Tropics”. University of Illorin Press, Nigeria (2001): 1-402.

Tewabe D. “Impacts of Furrow Irrigation on Shesher and Welala Natural Reservoirs of Lake Tana Sub Basin, Ethiopia”. Journal of

Biodiversity 1.1 (2014): 1-5.

Volume 3 Issue 1 February 2016
© All rights reserved by Erkie Asmare Beyene., et al.
Citation: Erkie Asmare Beyene., et al. “Impact of climate change and anthropogenic activities on livelihood of fishing community
around Lake Tana, Ethiopia”. EC Agriculture 3.1 (2016): 548-557.

