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a b s t r a c t 

This paper focused on determining the sub lethal effects of reported pollutants in Lake 

Naivasha, Kenya using the straightfin barb ( Enteromius paludinosus ), a decade after the ex- 

isting baseline study. The specific objectives included determining the length–weight re- 

lationship (LWR), condition factor (K) and the sex ratio, of the migratory E. paludinosus . 

A total of 1279 straightfin barb were collected from the mouth of River Malewa, a ma- 

jor source of water for Lake Naivasha using seine nets of mesh size 1.2 mm in the month 

of November 2017. The fish were caught and transported to the laboratory, then killed 

humanely by cervical dislocation and thereafter their lengths (cm) and weights (g) deter- 

mined followed by their dissection to examine the gonads. The length–weight relationship 

was determined using the formula W = aTL b . The condition factor (K) was determined us- 

ing the formula K = 100 W/ L b . A student’s t -test was used to test the significant differ- 

ences in the weight and length of both sexes. The sex ratio, expressed as male: female 

was calculated by dividing the number of females by that of the males. The equations ob- 

tained for the LWR of the combined sexes, males and females of E. paludinosus were, Log 

W = 3.23 Log L + Log 0.1073, Log W = 2.83 Log L + Log 0.1500 and Log W = 2.87 Log L + Log 

0.1522 respectively. The mean condition factor of the combined sex, males and females of 

E. paludinosus were; 0.5897, 0.5729 and 0.5981 respectively. The sex ratio of the fish was 

1: 1.981 (males: females). The results showed that E. paludinosus in Lake Naivasha are not 

in a good condition, k < 1. The findings of this study may be attributed to the state of the 

lake due to the reported pollution increase and ecological changes by recent studies. 

© 2019 The Authors. Published by Elsevier B.V. on behalf of African Institute of 

Mathematical Sciences / Next Einstein Initiative. 

This is an open access article under the CC BY license. 
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Introduction 

Lake Naivasha is one of the most valued resources in the Rift Valley. It is a Ramsar site since 1995, a wetland of inter-

national importance [24] . There have been numerous studies in the Lake focusing on different aspects: fish species compo-

sition [2,40] , ecology [14,17] , pollution [18,22,34] , fish biology [15,33] , fish parasitology [1,35,38] among others. For instance,

a study by Hickley et al. [16] in Lake Naivasha found the following fish species at that time: common carp ( Cyprinus carpio ),
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the blue-spotted tilapia ( Oreochromis leucostictus ), largemouth bass (Micropterus salmoides ), redbelly tilapia ( Tilapia zillii ) and

straightfin barb ( E. paludinosus ). 

A number of investigations on heavy metals and other trace elements have also been carried out in the lake [29,31] .

Jimoh et al. [18] identified the source of pollutants into the lake as the flower farms on the catchment which find their

way into the lake through River Malewa among others such as the runoff from town center. Mutia et al. [29] reported an

increase in levels of heavy metals such as Lead (Pb), Copper (Cu) and Cadmium (Cd), while Kitaka et al. [22] reported an

increase in nutrient levels such as Phosphorous, thus, affecting the quality of the lake. This has consequently stimulated

investigations on the health status of the biota including fish and whether or not they get affected by the changes in the

quality of the environment that they live in. This is typically done by determining the LWR and condition factor [5,20,36] . 

LWR is a vital aspect in fishery assessment that aids in the estimatation of weight from length needed in the computation

of biomass and in fish harvest assessment [11] . For example, a study by Britton and Harper [5] on LWR of five species which

were then found in Lake Naivasha, indicated that fish had a good growth ratio. Several fish species from Lake Naivasha have

depicted differences in sex ratios [27,28,36,39] . Different fish species have different sexes dominating in the population. For

example, studies on E. paludinosus by Mutia [27] and Mutia et al. [28] revealed female population to be dominating as

opposed to fish species like for instance O. leucostictus and O. niloticus having males dominating their population ( [39] and

[36] ) respectively. 

E. paludinosus came into view in Lake Naivasha in the 1920s and 1982 [16] . Even though it is not common in the fish

markets, it is used as a source of protein by the people who live around the lake [2] . Several studies have been conducted

on different aspects of this fish species in Lake Naivasha. For example, on fish parasites [6] , spawning seasons in the lake

[28] as well as on the LWR [5] and sex ratio [27,28] . However, all these earlier studies were carried out more than a decade

ago. A lot of changes have occurred in the lake (increased pollution, rise of heavy metal levels, fish species composition and

changes in water levels as well as the ecology of the lake among others) which may have impacted on this fish species.

The main focus of this study was to establish sub lethal effects through assessing the length–weight relationship, condition

factor and sex ratio of E. paludinosus in Lake Naivasha. 

Materials and methods 

Study area 

Sampling was done in the month of November 2017 in Lake Naivasha. The description of the study site has been vastly

done by Gaudet and Melack [12] , Kitaka et al. [22] , Odongo et al. [32] among many others. Lake Naivasha was declared a

Ramsar site in 1995 in recognition of its global importance to wildlife [24] particularly with more than 400 species of water

birds. This study was conducted at the mouth of River Malewa (0.714622 °S 36.362709 °E) as indicated in Fig. 1 . 

Sample collection and analysis 

Fish samples were collected using seine nets of mesh size 1.2 mm from the mouth of River Malewa. The fish were caught

then placed into the aerated water tanks. Thereafter, they were transported alive in the tanks to a research laboratory at the

Biological Sciences Department, Egerton University. In the laboratory, the fish were killed humanely by cervical dislocation.

This was then followed by measurements of the total lengths (TL) in cm using a measuring board. The weight of the fish

was then measured in g using an electronic weighing scale, (ED 4202S, Sartorius AG, Germany). The fish were then dissected

following the standard procedures according to Florio et al. [9] and the gonads examined. A guideline by Keys [21] was used

to calculate the length–weight relationship as follows; 

W = aTL b 

where 

W = the weight of fish in grams 

TL = the total length in centimeters 

a = the intercept 

b = the slope of the regression line. 

A linear transformation was made using natural logarithm at the observed lengths and weights according to Keys [21] as

follows: 

Log W = b Log L + Log a 

The condition factor (K) was determined using the formula by Le Cren [23] as follows: 

b 
K = 100 W/ L 
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Fig. 1. A map of Lake Naivasha showing the sampling site. 

 

 

 

 

Statistical tests 

A student’s t -test was used to test the significant differences in the weight and length of both sexes from the data

obtained from this study, after log transformation. The sex ratio, expressed as male: female was calculated by dividing the

number of females by that of the males and null hypothesis tested with the use of chi-square test. 

Results 

Length–weight relationships 

A total of 1279 fish were measured. Total length ranged from 6 to 11.1 cm and weight from 1.86 to 13.84 g. The mean

length was 8.4840 with a standard deviation of 1.0240 while that of the weight was 6.2011 with a standard deviation of
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Table 1 

Length–weight relationship of E. paludinosus . 

Sex n Length range (cm) a b r 2 p 

Both sexes 1279 6 - 11.1 0.1073 3.23 P 0.923 < 0.05 

Male 429 6 - 9.7 0.1500 2.83 N 0.746 < 0.05 

Female 850 6.5 - 11.1 0.1522 2.87 N 0.816 < 0.05 

n, sample size; P, positive allometry; N, negative allometry: r 2 , coefficient of determi- 

nation: p, probability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3357. The length–weight relationships were determined separately for all individuals and categorized by sex (males and

females) and are presented in both Table 1 and Figs. 2 a–c. 

Condition factor 

The mean condition factor and the standard errors were 0.5897 ± 0.002, 0.5981 ± 0.002 and 0.5729 ± 0.003 for both

sexes combined, the females and males respectively. This is illustrated in Fig. 3 . 

Sex ratio 

Out of the total number of the fish samples, female fish dominated (850) while the males were 429. The sex ratio was

calculated by dividing the number of female fish by that of the males. The sex ratio was greater than 1 which was 1: 1.981

(males: females). The Chi-square test showed a significant difference between the sexes ( P < 0.05). 

Discussion 

Length–weight relationship 

The length–weight relationships were significant ( P < 0.05), with values of r 2 > 0.70. The expression was log-transformed

as suggested by Keys [21] . The equation of both sexes combined was W = 0.1073 L 3.23 , indicating a positive allometric growth.

The equation for males was W = 0.1500 L 2.83 and females, W = 0.1522 L 2.87 , both indicating a negative allometric growth. This

result signified a positive allometric growth and is different from that of Britton and Harper [5] who reported that when

both sexes of E. paludinosus were combined, a and b values were 0.0173 and 2.904 indicating an isometric growth. This

could be due to the temporal variation because it is more than a decade ago and some ecological aspects of the lake such

as water quality changes, pollution levels as well as the ecology of the lake as a whole were different. In a related study

by Giannetto et al. [13] on Barbus pergamonensis , from the Aegean region in Turkey recorded a similar observation to that

of this study reporting a positive allometric growth of 3.129. Similar results were recorded by Mar ̌ceta [25] on B. balcanicus

from Slovenia whereby a positive allometric growth with a b value of 3.0493 was obtained. However, Bibak et al. [4] and

Dan-kishiya [8] recorded a negative allometric growth for the B. grypus (from Dalaki River in Iran) and B. occidentalis (from

Lower Usuma Reservoir in Nigeria) with b values of 2.93 and 2.11 respectively. 

According to Pervin and Mortuza [37] , high b values show a general state of great demand of food as well as the gonad

content of the fish. Thus, a remarkable increase in weight is reached upon the consumption of the foods which aid them

in growth and energy gain [19] . However, b values could vary due to factors like growth period, sex, gonad development

and the contents of the stomach [37] . Moreover, b values depend considerably on conditions such as environmental settings,

biological, geographical, seasonality as well as other factors including sampling [10] . 

Condition factor 

The condition factor (K) of both males and females E. paludinosus in this study was less than 1 thus indicating that this

fish species is in a very poor condition. According to Barnham and Baxter [3] , a K value that is approximately 1.40 indicates

a good and well-proportioned fish while that of 1.20 indicates a fish of moderate condition. A K value of 1.00 on the other

hand shows that the condition of the fish is poor. There was a significant difference between the K factor of the males and

females ( P < 0.05). Mean condition factor (K) recorded in this study for female fish species was slightly higher ( K = 0.5981)

than that for the males (0.5729) indicating that females were in a slightly better condition than the males fish species

examined. The poor condition of E. paludinosus as indicated by the very low K values could be as a result of the sub lethal

effects of pollution in the lake as reported in the studies by Ochieng et al. [31] , Mutia et al. [29] , Otachi et al. [35] , among

many others. Heavy metals such as Lead (Pb), Copper (Cu) and Cadmium (Cd) were found to be among the pollutants in

Lake Naivasha with their source identified as the flower farms [29] . Other heavy metals reported in the lake are such as

Cobalt (Co), Chromium (Cr), Stannum (Sn) and Zinc (Zn) [31] . Furthermore, Otachi et al. [35] reported levels of Cd, Pb, Cu,

Zn, Stromium (Sr), Rubidium (Rb) and Molybdenum (Mo) from the sediment samples of Lake Naivasha. These pollutants

have sparked changes in the lake through contamination thus affecting the biota, E. paludinosus included as shown by the
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Fig. 2. (a). Length–weight relationship of both sexes of E. paludinosus . (b). Length–weight relationship of male E. paludinosus . (c). Length–weight relationship 

of female E. paludinosus . 
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Fig. 3. Mean condition factors of combined sexes, male and female E. paludinosus in Lake Naivasha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

low K values in this study. Some of the toxic effects of heavy metals in aquatic organisms reported include bioaccumulation

in various organs, tissue damage, disruption in growth and reproduction and induction and synthesis of metallothionein [7] .

There is hardly any information on the condition factor of E. paludinosus from Lake Naivasha as the baseline study by Britton

and Harper, [5] only provided data on the LWR of the fish. 

Sex ratio 

The sampled fish was dominated by female fish with a sex ratio of 1: 1.981. This finding was slightly different from

that of Mutia et al. [28] in Lake Naivasha where the females were 877 and males 550 with a sex ratio of 1:1.6 although it

agreed with that females were more than males. This therefore showed that there has not been any difference in the female

dominance even though there is an eleven-year difference from the time the baseline study was conducted. The significant

difference in sex ratio could be as a result of a number of factors. There could be behavioral variances between the sexes

that might have made females more susceptible during fishing hence trapped in the active gear such as seine nets that were

used to catch the fish in this study. Another possibility for the significant difference in sex ratio is the migratory patterns

between the males and females that might differ depending on the seasons [26] . Other possible determining factors could

be the difference in growth rate between the sexes whereby females attain larger body size than their male counterparts,

as well food supply where females dominate when there is plenty of food [30] . It was also evident that the sampled E.

paludinosus were migrating upstream for spawning at the time of sampling. This is because the morphologically ripe gonads

were present in the fish all through the dissection procedure. 

Conclusion 

The length–weight relationships of samples indicated that the population of E. paludinosus studied had a good growth

ratio. Both sexes combined produced a b > 3 which indicated a positive allometric growth while that of the males and

females separated produced a b value of ( b < 3) indicating a negative allometric growth. The population was not in good

condition as the condition factor values (K) obtained for the fish population revealed. This is a clear indication of the un-

healthy status of this species of fish population with a probability of depressed procreative potential. The sex ratio revealed

that the female E. paludinosus were more than the males. 

Declaration of Competing Interest 

None. 

Acknowledgement 

Many thanks go to Egerton University for providing the laboratory space and equipment as well as the joint Limnology

and Wetland Management (LWM) program for providing the laboratory equipment, Lake Naivasha fishermen and the tech-

nical team (including my colleagues) that helped in obtaining and processing of the fish samples. All the fish used in the

research were treated and killed humanely according to Egerton University guidelines. 

Funding 

This study was funded by the Rotary Club of Vienna (RCV) through a Masters fellowship awarded at Egerton University. 

References 

[1] P.A. Aloo, A comparative study of helminth parasites from the fish Tilapia zillii and Oreochromis leucostictus in Lake Naivasha and Oloidien Bay, Kenya,
J. Helminthol. 76 (2002) 95–102, doi: 10.1079/JOH2001105 . 

https://doi.org/10.1079/JOH2001105


N.E. Adhiambo, O.E. Onyango and K.N. Kivuva / Scientific African 4 (2019) e0 0 097 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] P.A. Aloo, D.O. Oyugi, G.N. Morara, M.A. Owuor, Recent changes in fish communities of the equatorial Lake Naivasha, Kenya, Int. J. Fish. Aquac. 5 (2013)
45–54, doi: 10.5897/IJFA11.037 . 

[3] C. Barnham , A. Baxter , Condition factor, K for Salmonid Fish. State of Victoria, Department of Primary Industries, Fish, Notes 5 (1998) 14 4 4–2254 . 
[4] M. Bibak, S.A. Hosseini, G.R. Izadpanahi, Length–weight relationship of Barbus grypus (Heckel, 1843) in Dalaki River and Garra rufa (heckle, 1843) in

Shahpur River in South of Iran, World. J. Fish. Mar. Sci. 5 (2013) 203–205, doi: 10.5829/idosi.wjfms.2013.05.02.66178 . 
[5] J.R. Britton, D.M. Harper, Length–weight relationships of fish species in the freshwater rift valley lakes of Kenya, J. Appl. Ichthyol. 22 (2006) 334–336,

doi: 10.1111/j.1439-0426.20 06.0 0769.x . 

[6] J.R. Britton, M.C. Jackson, D.M. Harper, Ligula intestinalis (Cestoda: diphyllobothriidae) in Kenya: a field investigation into host specificity and be-
havioural alterations, Parasitology 136 (2009) 1367–1373, doi: 10.1017/S0 0311820 0999059X . 

[7] G.W. Bryan, The effects of heavy metals (other than mercury) on marine and estuarine organisms, Proc. R. Soc. Lond. B Biol. Sci. 177 (1971) 389–410,
doi: 10.1098/rspb.1971.0037 . 

[8] A.S. Dan-kishiya , Length–weight relationship and condition factor of five fish species from a tropical water supply reservoir in Abuja, Nigeria, Am. J.
Res. Comm. 1 (2013) 175–187 . 

[9] D. Florio , A. Gustinelli , M. Caffara , F. Turci , F. Quaglio , R. Konecny , T. Nikowitz , E.M. Wathuta , A. Magana , E.O. Otachi , G.K. Matolla , H.W. Warugu ,
D. Liti , R. Mbaluka , B. Thiga , J. Munguti , P. Akoll , W. Mwanja , K. Asaminew , Z. Tadesse , M.L. Fioravanti , Veterinary and public health aspects in tilapia

( Oreochromis niloticus niloticus ) aquaculture in Kenya, Uganda and Ethiopia, Ittiopatol 6 (2009) 51–93 . 

[10] R. Froese, Cube law, condition factor and weight–length relationships: history, meta-analysis and recommendations, J. Appl. Ichthyol. 22 (2006) 241–
253, doi: 10.1111/j.1439-0426.20 06.0 0805.x . 

[11] C.B. Garcia , J.O Duarte , N. Sandoval , D. Von Schiller , G. Melo , P. Navajas , Length–weight relationships of demersal fishes from the Gulf of Salamanca,
Colombia, Naga 21 (1998) 30–32 . 

[12] J.J. Gaudet, J.M. Melack, Major ion chemistry in a tropical African lake basin, Freshwat. Biol. 11 (1981) 309–333. https://10.1111/j.1365-2427.1981.
tb01264.x . 

[13] D. Giannetto, A.S. Tarkan, F. Akba ̧s , N. Top, S. A ̆gdamar, U. Karaku ̧s , M. Lorenzoni, Length–weight and length-length relationships for three endemic

cyprinid species of the Aegean region (Turkey) with proposed standard weight equations, Turk. J. Zool. 39 (2015) 925–932, doi: 10.3906/zoo- 1410- 44 . 
[14] D.M. Harper, K.M. Mavuti, S.M. Muchiri, Ecology and management of Lake Naivasha, Kenya, in relation to climatic change, alien species’ introductions

and agricultural development, Environ. Conserv. 17 (1990) 328–336, doi: 10.1017/S037689290 0 03277X . 
[15] P. Hickley , D.M. Harper , Fish community and habitat changes in the artificially stocked fishery of Lake Naivasha, Kenya, Fishing News Books, Blackwell

Scientific Publications, Oxford, 2002 . 
[16] P.R Hickley, D.M. Bailey, R.K. Harper, M. Muchiri, R. North, A. &Taylor, The status and future of Lake Naivasha fishes, Kenya, Hydrobiologia 488 (2002)

181–190, doi: 10.1023/A:1023334715893 . 

[17] P. Hickley, J.R. Britton, S. Macharia, S.M. Muchiri, R.R. Boar, The introduced species fishery of Lake Naivasha, Kenya: ecological impact vs socio-economic
benefits, Fish. Manag. Ecol. 22 (2015) 326–336, doi: 10.1111/fme.12130 . 

[18] E. Jimoh , C. Vogler , J. Waters , Perceived and Real Sources of Pollution in Lake Naivasha. Nairobi, Kenya, Tropical Biology Association, 2007 . 
[19] I.S. Kamaruddin, A.S. Mustafa-Kamal, A. Christianus, S.K. Daud, S.M.N. Amin, L. Yu-Abit, Length-weight relationship and condition factor of three

dominant species from the Lake Tasik Kenyir, Terengganu, Malaysia, J. Fish. Aquat. Sci. 6 (2012) 852–856, doi: 10.3923/jfas.2012 . 
[20] J.L. Keyombe , J.O. Malala , E. Withaka , R.M Lewo , B.O. Obwanga , Seasonal changes in length weight relationship and condition factor of Nile tilapia,

Oreochromis niloticus (Linnaeus, 1758) in Lake Naivasha, Kenya, Int. J. Aqua. Biol. 5 (2017) 7–11 . 

[21] A.B. Keys , The weight-length relationship in fishes, in: Proceedings of the National Academy of Science, XIV, Washington, DC, 1928, pp. 922–925 . 
[22] N. Kitaka , D.M. Harper , K.M. Mavuti , Phosphorus inputs to Lake Naivasha, Kenya, from its catchment and the trophic state of the lake. In Lake Naivasha,

Kenya, Hydrobiologia 488 (2002) 73–80 . 
[23] E.D. Le Cren, The length-weight relationship and seasonal cycle in gonad weight and condition in the perch ( Perca fluviatilis ), J. Anim. Ecol. 20 (1951)

201–219, doi: 10.2307/1540 . 
[24] LNRA (1999). Lake Naivasha Management Plan. Lake Naivasha Riparian Association, P. O. Box 1011 Naivasha, Kenya: 77 pp. 

[25] B. Mar ̌ceta , Length–weight Relationship of Barbus balcanius from Slovenia. BIOS, Fisheries Research institute of Slovenia, 2013 . 

[26] M. Matsuyama , R.T. Lara , S. Matsuura , Juvenile bisexuality in the red sea bream, Pagrus major , Environ. Biol. Fish. 21 (1988) 27–36 . 
[27] G.M. Mutia , Some aspects of the ecology of Barbus amphigramma (Boulenger, 1908) in lake Naivasha and River Malewa, Kenya, 2006 . 

[28] G.M. Mutia, M.J. Ntiba, K.M. Mavuti, G. Omondi, Some observations on the spawning season of Barbus amphigramma in Lake Naivasha, Kenya, Aquat.
Ecosyst. Health. Management. 13 (2010) 214–221, doi: 10.1080/14634 988.2010.4 81240 . 

[29] T.M. Mutia, M.Z. Virani, W.N. Moturi, B. Muyela, W.J. Mavura, J.O. Lalah, Copper, lead and cadmium concentrations in surface water, sediment and
fish, Cyprinus carpio ,samples from Lake Naivasha: effect of recent anthropogenic activities, Environ. Earth. Sci. 67 (2012) 1121–1130, doi: 10.1007/

s12665-012-1556-8 . 

[30] G.V. Nikolsky , The Ecology of Fishes, 6th ed, Academic Press, London, 1963 . 
[31] E.Z. Ochieng , J.O. Lalah , S.O. Wandiga , Analysis of heavy metals in water and surface sediment in five rift valley lakes in Kenya for assessment of recent

increase in anthropogenic activities, Bull. Environ. Contam. Toxicol. 79 (2007) 570–576 . 
[32] V.O. Odongo, C. Tol, P.R. Oel, F.M. Meins, R. Becht, J. Onyando, Z. Su, Characterisation of hydroclimatological trends and variability in the lake Naivasha

basin, Kenya, Hydrol. Process. 29 (15) (2015) 3276–3293, doi: 10.1002/hyp.10443 . 
[33] A.O. Oluoch, Breeding biology of the Louisiana red swamp crayfish Procambarus clarkii Girard in Lake Naivasha, Kenya, Hydrobiologia 208 (1990) 85–92,

doi: 10.10 07/BF0 0 0 08447 . 
[34] J.M. Onyari , The need for aquatic pollution studies in Kenyan inland waters, in: Proceedings of the Workshop of Kenya Marine and Fisheries Research

Institute on Aquatic Resources of Kenya, July 13th–19th 1981, 1981 . 

[35] E.O. Otachi, W. Körner, A. Avenant-Oldewage, C. Fellner-Frank, F. Jirsa, Trace elements in sediments, blue spotted tilapia Oreochromis leucostictus (Tre-
wavas, 1933) and its parasite Contracaecum multipapillatum from Lake Naivasha, Kenya, including a comprehensive health risk analysis, Environ. Sci.

Pollut. Res. 21 (2014) 7339–7349, doi: 10.1007/s11356- 014- 2602- 8 . 
[36] O.N. Outa , N Kitaka , J.M. Njiru , Length-weight relationship, condition factor,length at first maturity and sex ratio of Nile tilapia, Oreochromis niloticus

in Lake Naivasha, Kenya, Int. J. Fish. Aqua. Stu. 2 (2014) 67–72 . 
[37] M.R. Pervin , M.G. Mortuza , Notes on length-weight relationship and condition factor of fresh water fish, Labeo boga (Hamilton)(Cypriniformes:

cyprinidae), Univ. J. Zool., Rajshahi Univ. 27 (2008) 97–98 . 

[38] N.M. Rindoria, L.K. Mungai, A.W. Yasindi, E.O. Otachi, Gill monogeneans of Oreochromis niloticus (Linnaeus, 1758) and Oreochromis leucostictus (Tre-
wavas, 1933) in Lake Naivasha, Kenya, Parasitol. Res. 115 (2016) 1501–1508, doi: 10.10 07/s0 0436- 015- 4883- 3 . 

[39] A.Q. Siddiqui, Lake Naivasha. Kenya, East Africa. Fishery and its management together with a note on the food habits of fish, Biol. Cons. 12 (1977)
217–218, doi: 10.1016/0 0 06-3207(77)90 017-9 . 

[40] A.Q. Siddiqui , Changes in fish species composition in Lake Naivasha, Kenya, Hydrobiologia 64 (1979) 131–138 . 

https://doi.org/10.5897/IJFA11.037
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0003
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0003
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0003
https://doi.org/10.5829/idosi.wjfms.2013.05.02.66178
https://doi.org/10.1111/j.1439-0426.2006.00769.x
https://doi.org/10.1017/S003118200999059X
https://doi.org/10.1098/rspb.1971.0037
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0008
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0008
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0009
https://doi.org/10.1111/j.1439-0426.2006.00805.x
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0011
https://10.1111/j.1365-2427.1981.tb01264.x
https://doi.org/10.3906/zoo-1410-44
https://doi.org/10.1017/S037689290003277X
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0015
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0015
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0015
https://doi.org/10.1023/A:1023334715893
https://doi.org/10.1111/fme.12130
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0018
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0018
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0018
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0018
https://doi.org/10.3923/jfas.2012
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0020
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0020
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0020
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0020
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0020
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0020
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0021
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0021
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0022
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0022
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0022
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0022
https://doi.org/10.2307/1540
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0024
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0024
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0025
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0025
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0025
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0025
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0026
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0026
https://doi.org/10.1080/14634988.2010.481240
https://doi.org/10.1007/s12665-012-1556-8
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0029
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0029
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0030
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0030
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0030
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0030
https://doi.org/10.1002/hyp.10443
https://doi.org/10.1007/BF00008447
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0033
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0033
https://doi.org/10.1007/s11356-014-2602-8
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0035
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0035
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0035
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0035
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0036
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0036
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0036
https://doi.org/10.1007/s00436-015-4883-3
https://doi.org/10.1016/0006-3207(77)90017-9
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0039
http://refhub.elsevier.com/S2468-2276(19)30259-5/sbref0039

	Some biological aspects of straightfin barb, Enteromius paludinosus (Peters 1852) during the rainy season in Lake Naivasha, Kenya
	Introduction
	Materials and methods
	Study area
	Sample collection and analysis
	Statistical tests

	Results
	Length-weight relationships
	Condition factor
	Sex ratio

	Discussion
	Length-weight relationship
	Condition factor
	Sex ratio

	Conclusion
	Declaration of Competing Interest
	Acknowledgement
	Funding
	References


