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 This study aimed to assess the population dynamics of of cladocerans in three manmade 
ponds in Boye wetland Jimma Zone, Ethiopia.  Seven Cladocera species namely; Moina 

micrura, Diaphanosoma excisum, Alona rectangula, Ceriodaphnia cornuta, Daphnia 

lumholtzi, Chydoruss sphericus and Macrothrix laticornis. were identified during the 

study period.  From the seven cladocera species, four species (Diaphanosoma excisum, 

Alona rectangula, Ceriodaphnia cornuta and Chydorous sphericus) showed higher 

proportions as well as maximum peaks in pond III while, Moina micrura and 
Macrothrix laticornis showed higher proportions in pond I. In a temporal pattern, a 

significant difference in cladoceran species (T- test, p = 0.005) and abundance was 

observed along the studied months (T- test, p < 0.05).. Moina micrura population was 
comparatively higher with a peak in April but declined from May to August.  

Apparently low population of Diaphanosoma excisum was recorded in April, while it 

was increased from May to August. Generally in the temporal pattern, the population of 
cladocerans showed maximum density (May and August), while low density was found 

in the month of March and July of the study period 
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INTRODUCTION 

 

 Cladocera  is  an  ancient  group  of aquatic crustaceans which originated in Palaeozoic period(Forró  et  al.,  

2008)  and  they are the integral part of micro-zooplankton  (Dodson  and Frey, 1991). Cladocerans are most 

useful and nutritive group in the aquatic food chain. They are suitable live food sources for aquaculture practice 

due to their abundance, tolerance to environmental variations, high nutritional quality, easy of handling and 

suitable size (0.2-5mm) except one lacustrine species Letodora kindtti; which has more than 18mm in size.  Due 

to its parthenogenetic reproduction, short generation time, richness with digestive enzymes and high caloric 

values, Cladocera is considered to be an ideal candidate for ornamental and commercial fishery (Kumar et al., 

2005).  

 Cladocerans have high seasonal variability due to the alternation of parthenogenetic and gamogenetic 

reproduction modes (Egloff et al., 1997; Rivier, 1998). Increase in density is accelerated by parthenogenesis, 

namely, the development of parthenogenetic eggs beginning in the brood chambers of female without  

 Fertilization by male and release the young one like an immature adult (Egloff et al., 1997). Generally 

cladocerans reproduce parthenogenetically when the environment is favorable. This ability makes them 

especially adapted to opportunistic utilization of seasonally changing resources (Brandl, 2002), enabling them to 

achieve seasonally very high abundances and play significant roles in the diet of various planktivorous fishes 

and invertebrate predators at high densities (Flinkman et al.,  1998). 

 Among crustaceans, cladocerans may be the best indicator for biodiversity assessment in ponds and small 

lakes because they are easy to identify, play a key role in food webs, and respond to environmental gradients 

(Jeppesen et al., 2000). Cladocerans can respond both to bottom-up factors, such as changes in water quality and 

nutrients, algal resources, and aquatic vegetation (Walseng et al., 2006; Ge´linas and Pinel-Alloul, 2008; 

Peretyatko et al., 2009), and top-down factors induced by fish and macro invertebrate predators ( Boven and 

Brendonck, 2009; Drenner et al., 2009). They have a wide range of phenotypes that allow them to colonize, 

survive, and develop differently in temporary and permanent ponds (Boven and Brendonck, 2009; Drenner et 

al., 2009). They are also able to rapidly re-colonize ponds as a result of efficient recruitment from the dormant 

cyst bank and the ability to reproduce parthenogenetically (Brendonck and De Meester, 2003). Cladocerans are 
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also key species for pond restoration because large-bodied daphnids are efficient grazers on algae and may 

enhance water transparency in shallow lakes and ponds (Peretyatko et al., 2009). 

 In Ethiopia so far most limnological studies focused on large lakes and reservoirs (Morgan et al.1980; 

Wodajo and Belay,1984; Mengistou and Fernando,1991; Lemma et al. 2001; Dejen et al. 2004, Beneberu,2005; 

Delelegne, 2006; Desta and Mengistou 2009; Dejenie et al. 2012). There is limited information regarding 

population dynamics of cladoceran zooplalnktons from Ethiopian fresh water bodies. Therefore this study was 

designed to study the population dynamics of freshwater cladocerans in manmade ponds at Boye wetland in 

Jimma zone, Southwest Ethiopia. 

  

Methodology: 

 The study was conducted from March 2013 to August 2013 in a manmade ponds at Boye wetland; 4 km 

away from Jimma town (Figure 1). Boye wetland is located at 07 
0
 40' N and 36

0
 60' E, with an altitude of 1703 

m above the sea level, Oromiya Regional State, in southwestern Ethiopia. Jimma town is the capital and 

administrative center of the zone, located 353 km away from the capital of Ethiopia, Addis Ababa. There were 

six ponds constructed in 2010 by Jimma University for sewage treatment and bio-gas production but not yet 

giving the intended work. The ponds have almost rectangular shape and a surface area of approximately 

90m×50m. The distance between any two ponds s about 4 m wide. Some of the ponds having wetland plants 

such as Nymphaea odorata and emergent macrophytes such as Typha grasses (Typha latifolia).  

 

 
 

Fig. 1: Map of the study site.  

 

 Three ponds were selected based on easy access, presence of macrophytes and anthropogenic activities. The 

first pond has good macrophytic growth (Typha latifolia) and other short grasses and medium anthropogenic 

effect. The second pond has sparse growth of macrophytes (emergent short grasses) and high anthropogenic 

activity. The third has profuse growth of macrophytes (Typha latifolia and Nymphaea odorata) and other 

aquatic grasses and least anthropogenic effect as per the standard procedure (Sharma et al., 2011). Fortnightly 

samples were collected from these ponds. In the month of June, due to some technical reasons periodic 

zooplankton collection was not performed. A  Plankton net (scoop net) with mesh size of 70µm was employed 

for collection. The horizontal and vertical haul was made to get homogeneous representation of plankton. The 

sampling time was fixed between 7- 9 am to minimize the vertical migration of zooplankton and fluctuation of 

dissolved gases mainly O2 (Onyema and Ojo, 2008).  Samples were taken by throwing the plankton net to the 

open waters of the central area with defined length (5meter) and dragged the net slowly. The total volume of 

filtered water was calculated by using the equation   V= π r
2
h, here “r” is the radius of the mouth of the net (12.5 

cm) and “h” is the total dragged distance. Samples were taken in triplicate. The samples also were taken by 

filtering subsurface pond water through plankton net with 70 μm mesh size; mouth diameter 25 cm for 

qualitative analysis. The samples were fixed with 5% formalin solution as proposed by Haney and Hall (1973) 

to avoid damaging animal tissues by bacterial actions and autolysis. Finally the samples were transported to 

Jimma University, Biology department Postgraduate laboratory for further analysis. Zooplankton samples 
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brought from the field were allowed to settle at least overnight. Before taking a subsample, each sample was 

first homogenized by inverting the containers few times to achieve a random distribution of organisms and 

placed in a beaker and subsamples of 4ml (total volume 125 ml) were taken using a 4 mm mouthed pipette and 

placed on to a counting chamber which is 50mm long, 20mm wide and 1mm deep and examined under a 

dissecting microscope where identification and counting were done. The process was repeated three times for 

each sample and the average was taken. All individuals present in the subsample were identified and counted. 

For the taxonomical analysis, the specimens were dissected under the low power dissection microscope by using 

two entomological needles and the taxonomical important parts were mounted on glass slides with glycerin for 

very close and detailed examinations. Then cladocerans were  identified using standard identification 

monographs and literature keys with stereo and compound microscopes, utilizing taxonomic keys provided by 

Edmondson(1992), Fernando(2002); Elmoor-Loureiro(2007); Sharma  and Sharma  (2008)  and Van  Dame et 

al., (2010). Figures of the available cladocerans were taken with hand held digital camera and measurements 

were taken with calibrated ocular micrometer.  

 The supernatant plankton’s free water was removed and the settled zooplanktons were enumerated by 

plankton counting chamber. The counting was done by using stereo-microscope. The number of individuals was 

counted and abundance was expressed as number of individuals per litter based on volume sampled. The volume 

of water filtered during the sampling time was calculated by the following formula.   

V= π r
2
h 

 Here, V is the volume of the water filtered, “r” is the radius of the net, and h is the length of the course of 

the net through the water. The number of each species of Cladocera or genus was calculated by the classical 

formula (Welch, 1952) and then total Cladocera species were accounted on monthly basis: 

  

   

 
 

 Then density of   cladocerans was expressed as number individuals per litter. The statistical analysis was 

performed using SPSS version 16 computer software. One-way ANOVA was applied to check the variation in 

physico-chemical parameters among the ponds and sampling dates. To check the presence of variation in 

Cladocera density between months and ponds students T-test was applied.  

  

Result: 

Spatial variations in Cladocera species: 

 From the three sampled ponds seven species of Cladocera were identified during the entire study period. 

Most Cladocera species did not show spatial variation in their distribution. From the seven cladocera species 

counted, four species (Diaphanosoma excisum, Alona rectangula ,Ceriodaphnia cornuta and Chydorous 

sphericus ) showed higher proportions as well as their maximum peaks in pond III (Figure 2a. and b.) while,  

Moina micrura and Macrothrix laticornis showed higher proportions  in pond I (Figure  2c.).  

 

 
A 
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B 

 

Fig. 2(a): Spatio-temporal distribution of Diaphanosoma excisum (a) Alona rectangula (b)   

 

 
C 

 

 
D 

 

Fig. 2(b): Spatio-temporal distribution of Ceriodaphnia cornuta (c) and Chydorous sphericus (d) 
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E 

 

 
F 

 

Fig. 2(c): Spatio-temporal distribution of Moina micrura (e) and Macrothrix laticornis (f)  

 

Temporal variation in Cladocera Species: 

 In a temporal pattern, a significant difference in cladoceran species (T- test, p = 0.005) and abundance was 

observed along the studied months (T- test, p < 0.05). Highest number of species (7) was recorded in July, while 

lowest number of species (3) was recorded in March.  In pond I the total species of Cladocera recorded from this 

pond were 6. The highest numbers of species were 5 which were recorded in all the months except in April the 

number was 4 and recorded (absence of Macrotrix laticornis and Alona rectangula). The total number of 

Cladocera ranged between 29 individual/L during 15
th

 March and 70 individual/L during 14
th

August. In pond II 

the total species of Cladocera recorded was 5 species, the highest number of species were 5 which were 

recorded in August. Whereas the lowest number of species were 3 and recorded in March and July (absence of 

Alona rectangula and Macrothrix laticornis). The total number of Cladocera ranged between 28 individual/L 

during 28
th

 July and 46 individual/L during 15
th

 May. In pond III the total numbers of Cladocera species 

recorded from this pond was 7, the highest number of species was 6, recorded in August and the lowest number 

was 4 in the month of March and July respectively (Figure. 3). The total number of Cladocera ranged between 

38 individual/L during 15
th

 March and 54 individual/L during 28
th

 August.  
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Fig. 3: Temporal variation in species composition in the three ponds. 

 

 The population of Moina micurura, Diaphnosoma excisum and Ceriodaphnia cornuta were encountered 

throughout the study period. The population of Moina micrura was comparatively higher with a peak during 28
th

 

April and but it declined from May to August (Figure. 4). Low population of Diaphanosoma excisum was 

recorded in 14th April, while it was increased from May to August. High population of Ceriodaphnia cornuta 

was recorded in 30
th 

May, and lowest in 14
th

 April. Maximum population of Chydrous sphericus was recorded in 

30
th

 May (Figure. 4). Its population was apparently absent from 28
th

 July to August. The population of Alona 

rectangula remained low during most of months, but a minor peak value was observed in 28
th

 August. Low 

population of Macrothrix laticornis was observed from March to May, but its population reaches peak during 

August. The population of Daphnia lumholtzi was observed in the month of July and population number was 

slightly increased towards August (Figure.5). Generally in the temporal pattern, the population of cladocerans 

showed maximum density (May and August), while low density was found in the March and July. 

 

 
 

Fig. 4: Temporal patterns in the abundance of Diaphanosoma excisum, Moina micurura, Ceriodaphnia cornuta  

and Chydrous sphericus (individual / L) during study period.  
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Fig. 5: Temporal patterns in the abundance of Macrothrix laticornis, Alona rectangula and Daphnia lumholtzi  

(individual / L) during study period. 

 

Discussion: 

 Pond III showed rich macrophytic growth and represented by maximum number of cladoceran species and 

abundance. This showed the effects of aquatic vegetation, in association with increasing nutrient and created 

conducive condition for cladoceran community structure. Other studies have already stated that, the presence of 

macrophytes in permanent lakes and wetlands created the conditions for more diverse cladoceran communities 

as reported by Peretyatko et al. (2009) and Sorf and Devetter (2011). The highest diversity values of cladoceran 

community was found for the sites situated among submerged vegetation which create a favorable anti-

predation refuge against a number of predators, both invertebrate and vertebrates (Kuczyńska-Kippen and 

Nagengast, 2006). These ecological types of macrophytes also often serve as a nutritional source for their 

inhabiting organisms (Jones et al., 2000). Dejen et al. (2004) also reported that in Lake Tana, the cladocerans 

were most abundant in the sub littoral zone of the lake where the aquatic weeds are high.  

 The low diversity and abundance of Cladocera species was recorded from pond II, this might be related to 

the presence of few vegetation and anthropogenic activities such washing and swimming. Similar result is 

reported by Solomon et al. (2009) recognized various anthropogenic stress affecting the abundance and diversity 

of the Cladocera population. The species diversity tends to be low in stressed and polluted ecosystem (Bass and 

Harrel, 1981). In contrast Siokou-Frangou and Papathanassiou (1991) reported the cladocerans abundance is 

generally high in disturbed areas in which perturbations of zooplankton causes domination of small number of 

species. 

 Chydorous sphericus was absent in pond II, this might be the habitat nature and feeding behavior of the 

species. This is in agreement with Cerbin, et al. (2003) some cladocerans will occur amongst submerged 

vegetation out of necessity for their mode of feeding, such as periphyton scrapers (e.g. Chydorids) which live in 

close association with plant surfaces.  Kotov (2006) also reported predominantly the member of the families 

Macrothricidae and Chydoridae which have specializations that allow them to the use the resources in the 

littoral zone, including appendices specialized in scraping and handling food; the chydorids also present great 

mobility of the post-abdomen.     

 The restricted occurrences of Daphnia lumholtzi to pond III might be due to the presence of dense aquatic 

vegetation in pond III used as a refuge to protect from planktivorous fishes predation. The presence of fish was 

observed based on actual capture of juvenile fish during sampling of zooplankton by visual observations, and 

information gained from the society around the ponds and sometimes humans were observed actively fishing on 

these ponds. This is also supported by Lemma et al. (2001) stated that the presence of Daphnia spp. in Lake 

Kuriftu could be assisted by the availability of refuge such as high turbidity, in spite of the presence of 

planktivory in the lake.   

 Cladocerans are constantly exposed to a great variety of environmental factors, whose fluctuations constrain 

the size, reproduction and survival of populations. According to Rajagopal et al. (2010) the composition and 

relative abundance of species in the aquatic communities is influenced by the variation in tropic state and 

seasonal changes of physicochemical variables of water body. In the present study, the Cladocera population 

fluctuate monthly shows bimodal peaks and its population was maximum during May followed by August and 

least during March. This might be associated with increased availability of food or nutrients (phytoplankton and 

bacterioplankton).This is in agreement with Yarwood (2005) seasonal variation in Cladocera populations 
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suggests that the most favorable period for growth is from May to August, which may be attributed to the 

increase of phytoplankton population during this period.     

 According to Ricardo et al. (2009) the great amplitude variation of species richness in the rainy season can 

be related to two factors.The first one, the spatial heterogeneity of cladocerans, which explore the environment 

in different ways searching for adequate conditions for their development. For example, an increase in volume 

of reservoir raises food availability and alters the phytoplankton community. Second, rain effect is noticeable 

because it causes the transport of autochthonous (from littoral zone) and allochtonous materials to water bodies. 

Mergeay et al. (2006) also stated low water temperature and other environmental conditions are prerequisites to 

the hatching of resting eggs of various cladocerans during rain season. This factor may explain the dominance of 

the cladocerans during the rainy season and also leads to hatching of resting zooplankton eggs deposited in 

previously dry area. Dejen et al. (2004) attributed the dominance of cladocerans in Lake Tana to the rapid 

hatching of resting egg in rain season. The dominance of cladocerans during the rainy season may be ascribed to 

multiple factors that include low water temperature, high nutrient condition, food availability and hatching of 

resting eggs (Okogwu, 2010).  

 Various cladoceran species show their higher population at different times of the study period.The 

population of Diaphanosoma excisum and Moina micurura dominated throughout the five month sampled, even 

though their peak was different in different time. The population of Moina micurura progressively decreased 

towards August while the population of   Diaphanosoma excisum was increased. This might be associated with 

acidiophilic nature of the Moina micrura persistent during the dry season and Diaphanosoma excisum was the 

most protracted summer occupant species (Hart, 2000). Crosetti and Margaritora (1987) also reported the main 

planktonic species is Moina micrura that appeared when other cladocerans diminished in stressful conditions 

during the drying period. 

 The population of Ceriodaphnia cornuta and Chydorous sphericus progressively increased from March to 

May but their populations declined in July. This might be due the effect of turbidity diminished the population 

of these species. This is in agreement with Dagne (2010) the difference in the response of cladoceran species to 

an increase in turbidity (e.g. disappearance of Daphnia barbata and Ceriodaphnia cornuta at low water 

transparency could be the susceptibility of the species.   

 The absence of Daphnia lumholtiz from March to May might be due to food limitation. Other study 

reported that  Daphnia specie have the potential to out-starve smaller competitors through high per capita 

filtration rates at high food concentrations (Vanni, 1986) but low food supply might favour small-sized taxa. 

Starvation is especially harmful to juvenile Daphnia, while Ceriodaphnia are less sensitive to low food levels 

(Romanovsky and Feniova, 1985). Increased in cladocerans population in this study during wet set season is 

also documented by Dejen (2004) in Lake Tana, Morgan et al. (1980), in Lake Langano and Abijata, Kasahun 

Wodajo and Amha Belay (1984), Lake Awasa, Mengistu and Fernando (1991), Lake Zeway, Beneberu (2005), 

Lake Beseka, Delelegne (2006), also reported that there was cldocerans increase during the wet season. But in 

contrast with the report of Dagne (2010) in Lake Ziway  and Dejenie  et al.(2012)  in tropical semi-arid highland 

reservoirs in Tigray, northern part of Ethiopia. 
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