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Abstract

Length-weight relationship, condition factor and size at first maturity of Nile tilapia Oreochromis niloticus (L.)
in different water bodies of Ethiopia have indicated that nearly isometric (b=3) growth pattern. The Fulton
condition factor (K) of O. niloticus was higher in Lake Chamo (2.35) and in Baro River (2.05) than in Gilgel
Gibe Reservoir (1.87) and in Lake Langano (1.77). However, it was lowest in Lake Beseka (0.05). Size at first
maturity (Lso) of O. niloticus was high (42.0 cm TL) for both sexes in Lake Chamo. However, declined in most
water bodies of Ethiopia and also exhibits both sexual and seasonal variations. There was variation in size at first
maturity with respect to sex in which males had larger size at first maturity than females. Generally, the length-
weight relationship, condition factor and size at first maturity of O. niloticus was correlated with availability of
food, feeding rate, gonad development, spawning period, water quality parameters can determine the growth rate
and the condition of fish and therefore, proper management of this fish stock for conservation and sustainable
fishery is critical.
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INTRODUCTION

In Ethiopian water bodies, Nile tilapia (Oreochromis niloticus) contributes more than 50% of total landings of
fish catch per year (Tesfaye and Wolff, 2014). In addition to this, the Nile tilapia are the most important fish
species in both tropical and subtropical freshwater bodies and often playing a significant role of commercial
fisheries in various African countries (Mohammed and Uraguchi, 2013). This is most probably due to, their high
range tolerance to environmental conditions and the ability to accept artificially formulated and natural available
food items that makes them commercially feasible (Adeyemi et al., 2009). In Ethiopian context, O. niloticus is
the most edible fish species (Mitike, 2014). The Nile tilapia is widely found in the rift valley Lakes, Abay,
Awash, Baro-Akobo, Omo-Gibe, Tekeze and Wabishebele-Genale basins (Awoke, 2015; Golubtsov and Mina,
2003). Furthermore, it is also found in some other Ethiopian highland lakes and rivers (Golubtsov and Mina,
2003).

The relationship between length-weight is very essential for proper fish exploitation and management
schemes and it is possible to estimate the average weight of fishes at a given length (Lawson et al., 2013; Assefa,
2014; Ahmed et al., 2017; Getso et al., 2017; Kumar et al., 2017; Melaku et al., 2017; Muchlisin et al., 2017).
The relationships of length-weight are also vital in aquaculture and wild fishery for management purposes
(Gupta and Tripathi, 2017). In similar way, the wellbeing of the fishes is considered as a good indicator of
various water bodies health in relation to water pollution (Gupta and Tripathi, 2017; Kumar et al., 2017). This is
because length-weight, condition factor and size at first maturity investigations are the cheapest means of
determining the stress of water pollution on the fishes’ body condition (Gupta and Tripathi, 2017). Furthermore,
the length-weight relationships among the fish population indicates that their wellness (Hamid et al., 2015 Gupta
and Tripathi, 2017).

The difference in length-weight is obtained by the biotic and abiotic environmental factors as well as the
trophic status of a given aquatic ecosystem. Condition factor is good parameter that shows the wellbeing of
fishes in their natural habitat or in aquaculture and it is represented as by the coefficient of body condition. It is
an indicator of different biological and ecological factors in relation to fishes feeding habits (Nehemia et al.,
2012). Better body condition is correlated with high values of condition factor. Similarly, poor body condition is
obtained when the values of condition factor is less (Gupta and Tripathi, 2017). Although, it is influenced by
stress, sex, season, availability of food and the water quality in the environment in which they live (Ighwela et al.,
2011).

Length at first maturity of fish is considered as a minimum harvestable size of a given fish spp. (FAO,
1984). According to Muluye et al. (2016) the number of eggs spawned to recruit a number of young fish in a
given aquatic ecosystem is related to the availability of sexually matured fish. Sexually matured fish are a key
for recruitment and the next harvestable fish stock (LFDP, 1997). Therefore, the number of fishes attaining
recruitment depends on sexually matured fishes in the water bodies (LFDP, 1997; Muluye et al., 2016).
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The study of length-weight relationship, size at maturity and condition factor of freshwater fish species is a
subject of continuous research as it is a basis for the development of a successful management program on fish
capture and culture (Dadebo et al., 2012; Shalloof et al., 2009) in wild and controlled environments. In addition,
the information is vital for management of the fish taken from different habitat types, feeding habits and species
interaction under culture systems. The length-weight relationship, size at first maturity and condition factor of
Oreochromis niloticus have been reported from several water bodies of Ethiopia (Senait, 2015; Bjorkil, 2004;
Muluye et al., 2016; Dadebo et al., 2012; Fasil et al., 2012; Tadesse, 1998; Admasu, 1994; Teferi and Admasu,
2002; Melak, 2009; Temesgen, 2017; LFDP, 1997; Tesfaye and Tadesse, 2008; Tesfaye et al., 2016; Wudneh,
1998). However, there is no compiled information on the length-weight relationship, size at first maturity and
condition factor of Oreochromis niloticus in different Ethiopian water bodies. Therefore, this review paper is
aimed to summarize the length-weight relationship, size at first maturity and condition factor of the Nile tilapia
Oreochromis niloticus in Ethiopian water bodies.

MATERIALS AND METHODS

Data sources were collected from December, 2017 through March, 2018. A range of literature sources were used
for this review including journal articles, books and book chapters, workshop proceedings, FAO reports,
bulletins, legal documents, and unpublished reports including PhD dissertations. The documents were collected
from University libraries and Ethiopian Ministry of Livestock and Fishery, from individual researchers, and from
the Internet data bases.

SOME BIOLOGICAL ASPECTS OF NILE TILAPIA Oreochromis niloticus IN ETHIOPIAN WATER
BODIES

Length-weight relationship

Several authors (Hamid et al., 2015; Assefa, 2014; Getso et al., 2017; Kumar et al., 2017; Melaku et al., 2017;
Muchlisin et al., 2017) reported that the wellbeing of fishes is determined by the length-weight structured data.
Because of, it can predict the average weight of the fish at a given length group by establishing a mathematical
relation between length-weight (Ahmed et al., 2017). Based on this, fishes can achieve isometric, negative
allometric or positive allometric growth pattern throughout its life (Nehemia et al., 2012). Isometric growth
pattern (b=3) is all the body parts grow at nearly the same rate as the fish increases in size. The isometric growth
pattern of this fish species was reported in different water bodies of Ethiopia e.g. in Lake Beseka (Senait, 2015),
Gilgel Gibe Reservoir (Wakjira, 2013), Lake Hawassa (Admasu, 1990), Lake Ziway (Tadesse, 1998), Lake
Chamo (Teferi and Admasu, 2002), Baro River (Melak, 2009), Lake Hawassa (Bjorkil, 2004), Lake Koka
(Engdaw et al., 2013) and Lake Langano (Temesgen, 2017) (Figure 1). The nearly isometric growth pattern is
common for this fish species in both running and standing water bodies. However, several authors documented
that the allometric growth pattern is the most appropriate for describing morphometric growth of fishes
(Karpouzi and Stergiou, 2003).

But, it should be rare in nature and the estimation is not optimally applicable to all measurement
comparisons, because the relationship tells the effect of different factors, such as habitat type and feeding habits
on the fish growth. In addition, Fulton (1904) stated that the growth performance of fish could vary in different
habitats and at certain period of the year. Mostly, difference in biological factors, such as availability of food
items, quality and quantity of food items, feeding rate and spawning period of fish affects the b value of fishes in
the environment where they live (Suquet et al., 2005). Moreover, the regression coefficient of length weight
relationship value (b) is used as an indicator of food availability, water quality and growth pattern, where the
feeding availability is influenced by spatial and temporal variations of food items (Wotton, 1995). In addition, to
the variation between habitats, physiological and biological factors of the fish that influence the fish growth
pattern (Zdanowski et al., 2001). The gonad development also affects the fish weight and b values in the length-
weight relationship (Wotton, 1995; Zdanowski et al., 2001). In other way, the differences in regression
coefficient b (growth parameters) might be due to seasonal variations in water quality parameters, food
availability, feeding rate, gonad development and spawning period (Bagenal and Tesch, 1978).
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Figure 1. Regression coefficient (b) values of Oreochromis niloticus in Ethiopian water bodies (Senait, 2015;
Wakjira, 2013; Admasu, 1990; Tadesse, 1998; Teferi and Admasu, 2002; Melak, 2009; Bjorkil, 2004; Engdaw et
al., 2013; Temesgen, 2017).

Fulton Condition Factor (FCF)

Various investigators (Lawson et al., 2013; Assefa, 2014; Ahmed et al., 2017; Getso et al., 2017; Kumar et al.,
2017; Melaku et al., 2017; Muchlisin et al., 2017) documented condition factor expresses the degree of
wellbeing of fishes in their habitat (aquaculture and wild fishery). In other way, it is a measure of various
biological and ecological factors with regard to their feeding conditions (Nehemia et al., 2012). Food availability
in the water bodies are influenced by the changes in the water chemistry due to variations in the atmosphere and
the surrounding environments (Pothoven et al., 2001). The condition factor of Oreochromis niloticus showed
variations among the populations in the lakes, rivers and reservoirs. Higher body condition is correlated with
high energy content, adequate food availability, reproductive potential and favorable environmental conditions
(Pauker and Rogers, 2004). Relatively high condition factor was recorded in Lake Chamo (2.35) (Teferi and
Admasu, 2002) and River Baro (2.05) (Melak, 2009) than in Gilgel Gibe Reservoir (1.87) (Wakjira, 2013),
Langano (1.67) (Tadesse, 1998) and Langano (1.77) (Temesgen, 2017). However, recently in Lake Chamo the
water quality has drastically altered due to improper land use practices such as fertilizer use, nutrient loading,
agricultural activities that causes poor water quality, it is in turn stress on the fishes’ body condition (Teffera et
al., 2017; Utaile and Sulaiman, 2016). In the same way, the Ethiopian rift valley lakes such as Ziway, Langano,
Hawassa, Koka and Beseka are under high human pressure like lake shore farming, destruction of buffer zone,
effluent discharges from textile, ceramic and tannery industries drained into water bodies (Gebretsadik and
Mereke, 2017; Tesfahun, 2018).

The least condition factor was reported in Lake Beseka (0.05) (Senait, 2015) (Figure 2). Ighwela et al.
(2011) indicated that seasonal variations in food quantity and quality, water level, flow rate and temperature
affect the condition factor of fishes. The measure of fish condition factor is influenced by different factors.
According to Otieno et al. (2014), noted that it changes in availability of food items and water quality, and
fluctuation of water level and water temperature that determine the body condition of fishes. Condition factor
also reveals that variation happens seasonally due to sex and gonad development (Engdaw, 2014). This is due to
large part of energy is invested for growth and spawning (reproduction), which effects in the lower body
condition of fishes (Abera et al., 2014). In Lake Beseka, the Nile tilapia had the poorest body condition (0.05)
when compared to other water bodies of Ethiopia. Mostly, probably due to the lake becomes shallower and
shallower by natural and human induced factors since the lake is one of Ethiopian rift valley lakes and
experienced with high salinity, alkaline and sodic water as well as the land use practices near by the lake which
are made unsuitable for the Nile tilapia and might result the lowest body condition in the lake (Dinka, 2017;
Gebretsadik and Mereke, 2017). When the water salinity alters, fish faced biological aspect problems (length-
weight, maturity and body condition), and physiological changes (oxygen consumption and energy demand) in
their environment in which they live. Because, each fish species has its own optimum salinity ranges for growth
and metabolism (Kii¢iik et al., 2013). In summary, the implication of the higher body condition indicates the
higher energy content, adequate food availability, reproductive potential and favorable environmental condition
as well as good water quality (Pauker and Rogers, 2004) and intensive fish stock assessment as well as
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watershed management like the vulnerable Lake beseka is critically important.
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Figure 2. Fulton Condition Factor (Mean) of Oreochromis niloticus in water bodies of Ethiopia (Senait, 2015;
Wakjira, 2013; Tadesse, 1998; Teferi and Admasu, 2002; Melak, 2009; Temesgen, 2017).

Maximum size and size at first maturity (Lsy) of Nile tilapia

The maximum size recorded for Nile tilapia O. niloticus is varied in different water bodies of Ethiopia. It was
greater (57.0 cm TL) in Lake Chamo (Teferi et al., 2001) than reported in Lake Beseka (25.0 cm TL) (Senait,
2015), Gilgel Gibe Reservoir (48.5 cm TL) (Wakjira, 2013), Lake Koka (32.5 cm TL) (Engidaw et al., 2013),
Lake Hawassa (39.0 cm TL) (Muluye et al., 2016), Langano (29.8 cm TL) (Temesgen, 2017) and Lake Hawassa
(29.0 cm TL) (Dadebo et al., 2012). Size at first maturity of fish is considered as a minimum harvestable size of
a given fish species (Muluye et al., 2016). The size at first maturity of Oreochromis niloticus is different in
different water bodies of Ethiopia. Length of maturity in many fish species depends on demographic conditions,
and is determined by genes and the environment (Senait, 2015; Tesfaye et al., 2016). Generally, fish in poor
condition mature at smaller size than those in good condition (Senait, 2015). For instance, the size of (50%)
sexual maturity of the fish in Lake Beseka (17.0 and 14.0 cm TL) (Senait, 2015), Lake Hawassa (17.8 and 14.1
cm TL) (Bjorkil, 2004) for males and females respectively and Lake Ziway (18.8 cm TL) for females having
smaller size than reported in Lake Chamo (42 cm TL) (Teferi and Admasu, 2002), Fincha Reservoir (24.5 and
21.8 cm TL) (Fasil et al., 2012), Lake Hawassa (20.8 and 20.3 cm TL) (Muluye et al., 2016) and Lake Hawassa
(20.0 and 16.8 cm TL) for males and females respectively. Moreover, in Lake Tana (20.7 cm TL) for males
(Wudneh, 1988) and Lake Langano (19.5 cm TL), Lake Koka (23.5 cm TL) (Tesfaye and Tadesse, 2008) and
Lake Koka (24.6 cm TL) (Tesfaye et al., 2016) for unsexed specimen respectively had relatively larger size
(Figure 3). Several studies revealed that the interaction of physical and chemical parameters of the water
(Deepak and Singh, 2014), biological factors (Teshome et al., 2015) and the pressure of overfishing (Mohammed
and Uraguchi, 2013) can determine the size of fishes in the water bodies. Accordingly, biological factors, such as
presence of fishes in the water, fish’s behavior towards the fishing gears, shape, and external features of the fish,
which depends on season, age, environment and other species, determine the size of fish in the catch (Kolding et
al., 2003). Similarly, human induced factors, such as fishing pressure, type fishing gear, mesh size and other
factors (e.g. period of year, location, fishing quotas) decide the catch volume and the size distribution of the
catch (Mous et al., 2004). The environmental factors, such as water temperature (Davis and Parker, 1990) and
water salinity (Barton and Zitzow, 1995; Mous et al., 2004) also affect the size of the fish catch. In addition,
environmental factors, such as water temperature, oxygen concentration, salinity, and photoperiod can also
influence the rate of fish growth in both aquaculture and wild fishery (Zdanowski et al., 2001). In summary, the
present review on length-weight, condition factor and length at first maturity of the Nile tilapia (Oreochromis
niloticus) was focused on the earlier works in Ethiopian water bodies. Now days, the aquatic ecosystems altered
by human induced and natural associated impacts via water bodies. For this reason, new study is critical towards
environmentalists and policy makers to enhance water quality for sustainable fishery management through the
catchments of Ethiopian water bodies.
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Figure 3. Size at first maturity of Oreochromis niloticus in different water bodies of Ethiopia (Senait, 2015;
Bjorkil, 2004; Muluye et al., 2016; Dadebo et al., 2012; Fasil et al., 2012; Tadesse, 1998; Admasu, 1994; Teferi
and Admasu, 2002; Melak, 2009; Langano, 2017; LFDP, 1997; Tesfaye and Tadesse, 2008; Tesfaye et al., 2016;
Wudneh, 1998).

CONCLUSIONS

Nearly, isometric growth pattern of fish was recorded in different water bodies of Ethiopia. Good body condition
factor was reported in the fishes collected from Lake Chamo and Baro River than other water bodies. Fish had
larger size at first sexual maturity in Lake Chamo for both sexes compared to other water bodies of Ethiopia. The
length-weight relationship, condition factor and size at first maturity of O. niloticus ultimately depend on the
season, sex, gonad development, food availability and water quality of the water bodies where they inhabit.
Therefore, proper management of water bodies is essential for sustainable fish stock exploitation in the country.

CONFLICT OF INTEREST
The author declares that there is no conflict of interest.

ACKNOWLEDGEMENTS
I acknowledged the efforts made by the earlier researchers and express my gratitude for permitting to use the
required data from their publications.

REFERENCES

Abera L, Admassu D, Tadesse Z (2014). Length-weight relationship, sex ratio, length at maturity and condition
factor of African catfish Clarias gariepinus in Lake Babogaya, Ethiopia. J. Adv. Res. Biol. Sci.1:105-112.

Adeyemi SO (2009). Food and feeding habits of some commercially important fish species in Gbedikere Lake,
Bassa, Kogi State, Nigeria. Int. J. of Lake and River, 2: 31-36.

Admasu D (1990). Some Morphometric relationships and Condition Factor of Oreochromis niloticus (Pisces:
Cichlidae) in Lake Awassa, Ethiopia. SINET Ethiop. J. Sci., 17:53-69.

Admasu D (1994). Maturity, fecundity, brood-size and sex ratio of tilapia (Oreochromis niloticus L.) in Lake
Awassa, Ethiopia. SINET: Ethiop. J. of Sci. 17: 53-69.

Ahmed O, Mohammed E, Afra A, Aziz and Esam MK (2017). Length-weight relationships and condition factor
of five freshwater fish species in Roseires Reservoir, Sudan European J.of Phys. and Agri. Sci., 5: (2).

Assefa W (2014). Length-weight relationship, condition factor and some reproductive aspects of Nile tilapia
Oreochromis niloticus in Lake Hayq, Ethiopia. Int. J. of Zool. and Res. (IIZR), (4)5: 47-60.

Awoke T (2015). Fish species diversity in major river basins of Ethiopia: A review. World J. Fish and Marine
Sci., 7 (5): 365-374.

39



Journal of Natural Sciences Research wWww.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) l'~.i_l
Vol.8, No.12, 2018 Ils E

Bagenal TB, Tesch FW (1978). Methods of Assessment of Fish Production in Fresh Waters, IBP Handbook No
3, 3rd ed. Oxford Blackwell Scientific Publication, London.

Barton BA, Zitzow RE (1995). Physiological responses of juvenile walleyes to handling stress with recovery in
saline water. Prog. Fish. Cult. 57: 267-276.

Bjerklis G (2004). The fisheries in Lake Hawassa, Ethiopia; estimation of annual yield. M.Sc. Thesis submitted
to Department of Plant and Environmental Sciences, Norwegian University Life Sciences, As, Norway.
Dadebo E, Tadele B, Balkew K (2012). The impact of gillnet selectivity on immature Nile tilapia (Oreochromis
niloticus L.) (Pisces: Cichlidae) in Lake Hawassa, Ethiopia. Trends in the conservation and utilization of

aquatic resources of Ethiopian Rift Valley. EFASA Fifth Annual Conference, Hawassa, Ethiopia.

Dinka OM (2017). Analysing the temporal water quality dynamics of Lake Basaka, Central Rift Valley of
Ethiopia. Earth Environ. Sci. 52: 012057.

Engdaw F, Dadebo E, Nagappan R (2013). Morphometric relationships and feeding habits of Nile tilapia
Oreochromis niloticus (L.) (Pisces: Cichlidae) from Lake Koka, Ethiopia. International Journal of Fisheries
and. Aquatic Science, 2:65-71.

Engdaw F (2014). Morphometric relations, diet composition and ontogenetic dietary shift of Labeobarbus
intermedius (Ruppell, 1836) in Lake Tana gulf of Gorgora, Ethiopia. Int. j. Fish. & Aqu. 6(11):1-9.

FAO (1984). Papers presented at the Expert Consultation on the regulation of fishing effort (fishing mortality). A
preparatory meeting for the FAO World Conference on fisheries management and development.

Fasil D, Gashaw T, Fekadu F (2012). Study on the adaptability status and reproductive success of Oreochromis
niloticus L. (Pisces: Cichlidae) and carp (Cyprinus carpio L. 1758) in a tropic reservoir (Fincha, Ethiopia).
Int. J. Aquacult., 2(10): 65-71.

Fulton TW (1904). The rate of growth of fishes. 22nd Ann. Rep. Fish. Board Scot. 3:141-241.

Gebremariam Z, Kebede E, Desta Z (2002). Long-term changes in chemical features of waters of seven
Ethiopian rift-valley Lakes. Hydrobiol. 477: 81-91.

Gebretsadik T, Mereke K (2017). Threats and Opportunities to Major Rift Valley Lakes Wetlands of Ethiopia.
Agric. Res. Technol. J. 9:1-6.

Getso BU, Abdullahi JM, and Yola TA (2017). Length-weight relationship and condition factor of Clarias
gariepinus and Oreochromis niloticus of Wudil River, Kano, Nigeria. Agro-Sci., 16 (1), 1-4.

Golubtsov AS, Mina MV (2003). Fish species diversity in the main drainage systems of Ethiopia: current
knowledge and research perspectives. Ethiop. J. Natural Resources, 5(2): 281-318.

Gupta D, and Tripathi M (2017). Length-weight relationships and condition factors of five cyprinidae species
(Subfamily-Barbinae) from three diverse rivers of Uttar Pradesh, India. Int. J.of Fish. and Aqua. Stud.; 5(2):
594-598.

Hamid MA, Mansor M, Nor S (2015). Length-weight relationship and Condition Factor of Fish Populations in
Temengor reservoir: Indication of Environmental Health, Sains Malaysiana, 44: 61-66

Ighwela K, Ahmed A, Abol-Munafi A (2011). Condition Factor as an Indicator of Growth and Feeding Intensity
of Nile Tilapia Fingerlings (Oreochromis niloticus) feed on Different Levels of Maltose. American-
Eurasian J. Agri. Env. Sci. 11: 559-563.

Karpouzi VS, Stergiou KI (2003). The relationships between mouth size and shape and body length for 18
species of marine fishes and their trophic implications. J. fish boil. 62: 1353-1365.

Kolding EJ, Overa R, Nielsen JR, van Zwieten PAM (2003). Management, co-management or no management?
Major dilemmas in southern African freshwater fisheries 2, Case studies. FAO, Rome, Italy.

Kiiciik S, Aslihan K, Siikrii Y, and Kutsal G (2013). Effects of salinity on growth and metabolism in blue tilapia
(Oreochromis aureus). Afr. J. of Biotechnol. 12(19): 2715-2721.

Kumar A, Jitender KJ, and Hemendra KV (2017). Length-Weight Relationship and Relative Condition Factor of
Clarius batrachus (Linnaeus, 1758) from Gaurmati Fish Farm, Kawardha, Chhattisgarh, India. Int. J. Curr.
Microbiol. App. Sci., 6(12): 1425-1431.

Lawson EO, Akintola SL, Awe FA (2013). Length-weight Relationships and Morphometry for Eleven (11) Fish
Species from Ogudu Creek, Lagos, Nigeria. Adv.Biol. Res. 7: 122-128.

LFDP (Lakes Fisheries Development Program) (1997). Lake Management Plans: Phase 11, Working Paper 23.
Ministry of Agriculture, pp: 23.

Melak T (2009). Diversity, Relative Abundance and Biology of Fishes in some Water bodies of Baro and Tekeze
Basins, Ethiopia. MSc Thesis, Addis Ababa University, Ethiopia.

Melaku S, Getahun A, Wakjira M (2017). Diversity, Relative Abundance and Some Biological Aspects of Fishes
in Geba and Sor Rivers, Baro-Akobo Basin, Southwest Ethiopia. Indo. Ame. J. of Pharma. Res.,
7(01):7384-7391.

Mitike A (2014). Fish production, consumption and management in Ethiopia. Res. J.Agricult. and Environ.
Manag., 3: 460-466.

Mohammed EY, Uraguchi ZB (2013). Impacts of climate change on fisheries: implications for food security in

40



Journal of Natural Sciences Research wWww.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) l'~.i_l
Vol.8, No.12, 2018 Ils E

Sub-Saharan Africa. In: Hanjra, M. A. (eds.) Global Food Security, Nova Science Publishers, Inc.: 114-135.

Mous PJ, Van Densen WLT, Machiels MAM (2004). Vertical distribution patterns of zooplanktivorous fish in a
shallow, eutrophic lake, mediated by water transparency. Ecol. freshwater fish. 13: 61-69.

Muchlisin ZA, Fransiska V, Muhammadar AA, Fauzi M, Batubara AS (2017). Length-weight relationships and
condition factors of the three dominant species of marine fishes caught by traditional beach trawl in Ulelhee
Bay, Banda Aceh City, Indonesia. Croat. J. of Fish, (75): 104-112.

Muluye T, Tekle-Giorgis Y, Tilahun G (2016). The Extent of Immature Fish Harvesting by the Commercial
Fishery in Lake Hawassa, Ethiopia. Momona Ethiop. J. of Sci., 8(1):37-49.

Nehemia A, Maganira JD, Rumisha C (2012). Length-weight relationship and condition factor of tilapia species
grown in marine and fresh water ponds. Agri. Biol. J. North Am. 3: 117-124.

Otieno ON, Kitaka N, Njiru JM (2014). Length-weight relationship, condition factor, length at first maturity and
sex ratio of Nile tilapia, O. niloticus in Lake Naivasha, Kenya. Int. J. of Fish. & Aqua. Stud., 2: 67-72.
Pauker C, Rogers RS (2004). Factors affecting condition of Flanmelmout Suckers in Colorado River, Grand

Canyon, Arizona. North Am. J. Fish Manage. 24: 648-653.

Pothoven SA, Nalepa TF, Scheeneberger PJ, Brandt SB (2001). Changes in diet and body composition of Lake
Whitefish in southern Lake Michigan associated with changes in benthos, North America Journal of Fishery
Management, 21: 876-883

Senait G (2015). Conceptive science of Oreochromis niloticus in Lake Beseka, Ethiopia. Int. J. Cell and Animal
Biology Vol. 2 (3):084-087.

Shalloof KASh, Khalifa N (2009). Stomach Contents and Feeding Habits of Oreochromis niloticus (L.) From
Abu-Zabal Lakes, Egypt. World Applied Journal of Science, 6: 01-05.

Suquet M, Rochet M, Gaignon J (2005). Experimental ecology: A key to understanding fish biology in the wild.
Aqua. Liv. Res. 18: 251-259.

Tadesse Z (1988). Studies on Some Aspects of the Biology of Oreochromis niloticus (L.) (Pisces: Chilidae) in
Lake Zeway, Ethiopia. MSc Thesis, Addis Ababa University,

Tadesse Z (1998). The nutritional status and digestibility of Oreochromis niloticus (L.) diet in Lake Langeno,
Ethiopia. Hydrobiol., 416: 97-106.

Teferi Y, Admasu D, Mengsitou S (2001). Breeding, Maturation and fecundity of Oreochromis niloticus L.
(Pisces: Cichilidae) in lake Chamo Ethiopia, SINET: Ethiop. J. sci., 24:255-264.

Teffera FE, Pieter L, Arne D, Luc B, Stefaan D, Jozef D et al. (2017). A call to action: strong long-term
limnological changes in the two largest Ethiopian Rift Valley lakes, Abaya and Chamo, Inland Waters,
7 :(2): 129-137.

Teferi Y, Admassu D (2002). Length-weight relationship, Body Condition and Sex ratio of tilapia (O. niloticus)
in Lake Chamo, Ethiopia. SINET: Ethiop. J. Sci., 25:19-26.

Temesgen M (2017). Status and trends of fish and fisheries in Lake Langano, Ethiopia. PhD dissertation
submitted Department of Zoological Sciences, Addis Ababa University, Ethiopia, 243.

Tesfahun A (2018). Review in current problems of Ethiopian fishery: In case of human and natural associated
impacts on water bodies. Int. J. of Fish. and Aquat. Stud., 6(2): 94-99.

Tesfaye G, Tadesse Z (2008). Length weight relationship, Fulton condition factor and size at first maturity of
tilapia Oreochromis niloticus L. in Lake Koka, Ziway and Langano (Ethiopian Rift Valley). Ethiop. J. Biol.
Sci., 7:139-157.

Tesfaye G, Wolff M (2014). The state of inland fisheries in Ethiopia: a synopsis with updated estimates of
potential yield. Ecohydrology and Hydrobiol. 14: 200-219.

Tesfaye G, Wolff M (2014). The state of inland fisheries in Ethiopia: a synopsis with updated estimates of
potential yield. Ecohydrology and Hydrobiol. 14: 200-219.

Tesfaye G, Matthias W, Marc Taylor (2016). Gear selectivity of fishery target resources in Lake Koka, Ethiopia:
evaluation and management implications. Hydrobiol. 765:277.

Teshome G, Getahun A, Mengist M, Hailu B (2015). Some biological aspects of spawning migratory
Labeobarbus species in some tributary rivers of Lake Tana, Ethiopia. Inter. J. Fish. Aqua. Stud. 3: 136-141.

Utaile and Sulaiman (2016). Assessment of water quality parameters of Lake Chamo-implications for freshwater
fishes, Gamo Gofa Zone, Southern Ethiopia. J. of Hill Agricult. 7(2): 237-241.

Wakijira M (2013). Feeding habits and some biological aspects of fish species in Gilgel Gibe Reservoir, Omo-
Turkana Basin Ethiopia. Int. J. Curr. Res., 5(12): 4124-4132.

Wotton RJ (1995). Problems in the estimation of food consumption and fecundity in fish production
studies. Polskie Arch. Hydrobiol. 33: 267-276.

Wudneh T (1998). Biology and management of fish stocks in Bahir Dar Gulf, Lake Tana, Ethiopia. PhD thesis.
Wageningen Agricultural University, Wageningen.

Zdanowski B, Lossow K, Bartel R, Szczerbowski JA (2001). Thermal and oxygen conditions in Iraqi dam
reservoirs and lakes. Arch. Pol. Fish. 9: 19-34.

41



