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Abstract: In recent years, intensification of aquaculture production in the Lake Victoria Crescent, 
Uganda has resulted in increased parasitic disease occurrences. However, despite the efforts made, 
the parasite burden has continued to cause fish mortality. Notably, the different production systems 
provide different habitats and environmental conditions for the parasites and understanding of the 
parasite infestation dynamics in these culture systems may provide better sanitary and farm 
management strategies for the parasite burden. Therefore, the study compared the parasite 
prevalence and mean intensity of pond and cage cultured Nile tilapia and also identified statistical 
associations between parasitic infestation and farm management practices. Across the Crescent, a 
high infestation rate of 65% (418/640) with Trichodina spp. being most prevalent and abundant, and a 
16 parasite taxa; 6 protozoa, 2 monogenea, 2 digenea, 1 crustacea, 3 cestode, and 1 acanthocephala 
was obtained. Furthermore, nearly all parasites were recovered in 3 fish organs; gills harboring 50% 
(8/16), intestines with 31% (5/16) and skin with 25% (4/16) of the parasite genera. Fish from Pond 
grow-out and Hatchery farming system harboured ≥ 11 parasite genera while ≤ 5 parasite genera 
were found in Cage grow-out (lake) and Cage grow-out (reservoir) farms namely; Pond grow-out: 5 
protozoa, 1 monogenea, 2 digenea, 1 crustacea, 2 cestode; Cage grow-out (lake): 2 protozoa, 1 
monogenea, 2 digenea; Cage grow-out (reservoir): 2 protozoa, 1 monogenea, and Hatchery: 3 
protozoa, 2 monogenea, 2 digenea, 1 crustacea, 2 cestode, and 1 acanthocephala. Definitely, Trichodina 
spp. and Dactylogyrus spp. were recorded in all culture systems but with Trichodina spp. having the 
highest prevalence and mean intensity in Cage grow-out (reservoir). After classification of 
infestation, the comparative assessment between Pond grow-out and Cage grow-out (lake) farming 
systems revealed that 66 % (12/18) of Pond grow-out farms had normal/ frequent infestation and with 
one farm having very severe/ severe infestation whereas, 33 % (3/9) of Cage grow-out (lake) had 
gradual/ rare infestation yet with no farm having very severe/ severe infestation. The Fisher’s exact 
test revealed that in Pond grow-out, the relatively high infestation was significantly associated with 
all the farm management practices: fish seed source, stocking density, feeding and nutrition, 
disinfection, control of intermediate hosts, and control of wild fish entry, while in Cage grow-out 
(lake), the relatively low infestation was only significantly associated with stocking density, feeding 
and nutrition, and control of wild fish entry. Therefore, the findings from the study suggest that 
proper farm management practices will reduce on the parasite proliferation in the Crescent. 
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Key Contribution: A few studies on parasites of farmed Nile tilapia have been carried out in Uganda. 
However; this study not only provides insight on parasitic infestation dynamics under different 
culture systems but also the farm management practices to control the parasite burden 
 

1. Introduction 

Aquaculture production has steadily increased worldwide to approximately 130.9 million 
tonnes in 2022 [1], in response to the increasing demand for the fish protein amidst reduced supply 
from capture fisheries. Similarly, Africa’s aquaculture production increased, contributing to 7 per 
cent of the total fish production in 2022 [1]. More over, in Uganda, fish production presented an 
estimated total production of 95,000 tonnes in 2010 to 139,000 tonnes in 2021 [1]. Surely, the increase 
in fish production is attributed to Nile tilapia (Oreochromis niloticus), a commonly cultured species, 
that contributes approximately 49% of national annual aquaculture production [2]. Notably, the 
species has intrinsic favourable attributes that promote its rearing not only in Uganda but the world 
over. These include; the high nutritional value that promotes customer acceptance and marketability, 
easy managerial protocol, highly productive, indiscriminate appetite and tolerance to poor water 
quality [3]. Furthermore, the culture of Oreochromis niloticus contributes to improved food and 
nutrition security, economic growth, trade and living standards of the human populations [4]. 
However, it has been documented that fish production in Uganda is faced by a number of challenges 
such as limited land for culture, lack of feeds, predators, poor fish seeds, competition from other 
agricultural sectors, lack of access to financial support, environmental pollution, and poor fish disease 
management [5,6]. 

Currently, intensification of aquaculture production in Uganda has been identified as the cause 
of increased occurrence of disease out-breaks [7]. Definitely, fish parasites have been registered as 
the main disease burdens in the country [7,8]. In pond and cage culture systems, the parasites co-
exist with farmed fish if the host-pathogen interaction is not disrupted [9]. Nevertheless, rapid 
changes in water quality and farm management practices may result in an increase in the parasite 
populations [9–11]. Parasites proceed to attack fish’s external surface (skin, eyes, fins) or internal 
organs (gills, gut, gonads, kidney, liver, swim bladder, muscle tissue, intestines) [12]. As a result, 
serious economic losses through morbidity, loss of productivity and treatment costs may occur on a 
farm [13,14]. Therefore, in order to control the direct and indirect effects of these parasites, functional 
aquatic health management and biosecurity systems need to be established and yet they are still 
poorly developed in the country [15]. For instance, farmers often have little knowledge of biosecurity 
measures and good farm management practices [16]. The few available agricultural extension 
workers who would provide technical support to farmers are hardly knowledgeable in disease 
management [15,17]. Additionally, there have been few disease surveillance programs, lack of well-
equipped diagnostic laboratories, shortage of fish health experts, high costs of diagnosis, and absence 
of disease outbreak reports due to poor record keeping by farmers [15,18]. For that reason, 
employment of better aquatic animal health strategies are needed in place to strengthen the existing 
aquatic health management and bio-security systems [19,20]. 

Parasitological studies in Uganda have recorded relatively higher parasite frequency and 
abundance in farmed fish in the Lake Victoria Crescent than in any other agro-ecological zone in the 
country [ 7,8,15]. Notably, the high parasite burden is due to the aquaculture intensification in this 
region, which aquaculture is largely characterized by many commercial fish farms, management of 
stocked water bodies and adoption of high stocking density fish culture technologies [5], which 
makes fish vulnerable to increased parasitic attacks [21]. However, despite the various efforts made by 
farmers, scientists and policy makers to control the parasite burden, there has been increased parasite 
proliferation and associated mortality on fish farms over the years [15,18]. Therefore, in order check 
these parasite populations, there is need of understanding the parasite infestation dynamics in the 
commonly used production systems in the Crescent, in order to come up with better sanitary and 
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farm management strategies for parasite burden [15]. However, there are hardly assessment studies 
on parasite infestation dynamics in Uganda’s aquaculture [11]. Indubitably, these different culture 
systems provide different habitats and environmental conditions for the parasites, which induces 
diseases in the confined aquaculture environment [22]. For example, [23] recorded a higher parasite 
prevalence in pond cultured Nile tilapia than that in cage cultured one. Elsewhere, [24] noted that 
there was higher parasitic infections in Nile tilapia reared in ponds than those reared in floating cages. 
Therefore, this study was intended to; 1) provide insight into the occurrence, distribution, prevalence 
and intensity of parasites infesting pond and cage cultured Nile tilapia (Oreochromis niloticus) in the 
Lake Victoria Crescent, Uganda, 2) to compare the prevalence and mean intensity of fish parasites in 
the four culture systems; Pond grow-out, Cage grow-out (lake), Cage grow-out (reservoir) and 
Hatchery, and 3) to analyse the potential statistical associations between the parasitic infestation and 
farm management practices. 

2. Materials and Methods 

2.1. Study Area and Sample Collection 

According to the Ministry of Agriculture, Animal Industry and Fisheries, Uganda, aquaculture 
production in Lake Victoria Crescent is relatively developed as compared to the other agro-ecological 
zones [3,5]. The development is due to the favourable altitude of 1,000 – 1,800 m ASL, tropical climate 
with a bi-modal rainfall pattern ranging from 1,200 – 1,450 mm per year and temperature range 
between 15 – 30 oC throughout the year which support fish production [3,5,25]. However, the 
aquaculture intensification has led to increased occurrence of fish disease outbreaks [5,8,15]. Therefore, a 
survey was carried out in thirty-two (32) fish farms, consisting of 18 Pond grow-out, 9 Cage grow-out 
(lake), 2 Cage grow-out (reservoir) and 3 Hatchery farms, from 10 districts, eight farms from Buikwe 
(C), five from Wakiso (A), four from Bugiri (G), three from Masaka (E) and Mukono (B), two from 
Mpigi (D), Busia (J), Tororo (K), and Namayingo (H), and one from Jinja (F) within the Crescent 
(Figure 1) and fish examined for parasites. Fish farms within the selected districts were chosen using 
block sampling techniques i.e., 5% of the total number of fish farms in the district, in order to not only 
overcome denominators between selected districts but also have a fair representation of fish farms 
from each district. A total of 640 live specimens of Nile tilapia, 20 samples per fish farm (from 
different farming units on each farm) were collected once between mid October and early December, 
2019, a period in which the Crescent receives near normal to above normal rainfall [25]. The one and 
half month sampling period was adopted in order to understand the occurrence, distribution, 
prevalence and intensity of the parasites of farmed fish in the Crescent and to also avoid temporal 
effects on parasite burden. The live fish was collected randomly by fishing with seine nets in ponds 
or cast nets in cages in all the study sites before the fish were identified as Oreochromis niloticus. The 
collected fish weighed between 56 and 328 g and were between 11 and 23 cm long. The live fish were later 
transported in separate labeled plastic bags (with source water) to the Parasitology Laboratory at 
Aquaculture Research and Development Centre, National Agricultural Research Organization for 
parasitological examination. 
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Figure 1. Map showing fish farms visited in selected districts in the Lake Victoria Crescent. 

2.2. Examination of Fish for Different Parasites 

2.2.1. Macroscopic Examination 

In the laboratory, harvested live fish specimens were sacrificed and the external body surface 
including scales, gills, fins and operculum were examined with the use of the naked eye and a 
dissecting microscope for the presence of external parasites. The scales were crushed carefully by a 
scalpel to identify any macroscopic lesions or cysts [26]. In addition, the fish were dissected from 
anus ventrally along the middle of abdomen to mouth as described by [27] in order to expose the 
internal organs. Two lateral incisions were done in order to expose the body cavity, alimentary canal 
and other internal organs and all were examined for presence of macroscopic adult parasites and 
encysted metacercariae [28]. 

2.2.2. Microscopic Examination 

Scrapings from the body surface, fins and gills of the fish were taken with a cover slip and were 
smeared onto clean microscope slides and examined microscopically [29]. Later on, the digestive tract 
was dissected along its length using scissors and investigated by parts and its content was emptied 
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into a petri dish and diluted with physiological saline; the films were then prepared and examined 
[28]. Adult trematodes and cestodes were collected, washed with physiological saline to remove 
mucus and debris, and left in a refrigerator at 4 °C until complete relaxation. Then, they were fixed 
according to [30] and stained in acetic acid alum carmine according to [31]. The nematodes were 
collected in warm 70% ethyl alcohol solution and cleaned in lactophenol for 12 to 24 hours. They were 
then preserved in 70% alcohol plus 5% glycerin solution [32]. All of the prepared slides were 
examined to identify the parasite genera basing on morphological features such as shape and size, 
and predilection sites in the fish host as described elsewhere by [33–44]. 

2.3. Collection of Water Quality and Farm Management Practices 

2.3.1. Water Quality 

The physio-chemical parameters were measured once at each fish farm between 09:00 am and 
12:00 noon on the day of fish sampling. At pond fish farms, measurements were taken at several 
different areas in the pond as far from the bank as possible, whereas at cage fish farms, measurements 
were taken within and outside the cages at different depths ranging from 1 m to 6 m below the water 
surface. Temperature, pH, salinity, dissolved oxygen, conductivity and total suspended solids were 
measured using VuSitu Digital Water Testing Device (In-Situ Inc., United States), while ammonia, 
nitrite, chloride and hardness were measured using Fresh Water Aquaculture Kit AQ-2 (LaMotte 
Company, United States) as guided by [45]. 

2.3.2. Farm Management Practices 

Data were collected through direct observation, qualitative open-ended questionnaires and 
interviews given to farm managers. Management factors; fish seed source, stocking density, feeding 
and nutrition status (i.e., amount of feed, frequency of feeding, time intervals of feeding and quality 
of feed) and disinfection were ascertained by questionnaires and interviews while factors such as 
control of wild fish entry and intermediate hosts were established by direct observation as 
recommended by [46]. 

2.5. Statistical Analysis 

2.5.1. Parasite Diversity and Infestation Levels 

The parasite diversity in the study was established by parasite diversity estimators; Chao and 
Jackknife. The Shannon– Wiener Index (H′) and evenness (E), and the Berger–Parker Dominance 
Index (d) (a quantification of the most abundant parasite types in a given sample) were determined 
as described by [47]. Infestation levels were analyzed by prevalence, mean intensity and mean 
abundance using the guidelines outlined by [48]. 

2.5.2. Prevalence and Mean Intensities of Parasites Recovered from Oreochromis niloticus in the 
Different Culture Systems 

Chi-square test of association was used to compare parasite prevalence and mean intensities 
among the culture systems. Statistical analyses were performed using the R Foundation Software 
Version 4.2.1 at p ≤ 0.05. 

2.5.3. Relationship Between Parasitic Infestation and Farm Management Practices 

The parasite prevalence recorded in fish farms was categorized into classes according to a 
criteria by [49,50]. In order to cater for the variable prevalence levels in the study, the prevalence was 
categorized into 5 classes instead of 10 classes as presented in Table 1. The Fisher’s exact test was then 
used to determine if there was any significant association between the two categorical variables 
(classified parasite prevalence and farm management practices). Statistical analyses were performed 
using the R Foundation Software Version 4.2.1 at p ≤ 0.05. 
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Table 1. Prevalence criteria. 

Class Description of  Infection/ Infestation Prevalence (%)  
I Very severe/ Severe  100-90 
II Intermediate/ very frequent 89-50  
III Normal/ frequent 49-10  
IV Gradual/ rare 9-0.1  
V Very rare/ almost no >0.1  

*Modified from [49,50]. 

3. Results 

3.1. Composition and Levels of Parasitic Infestation in the Lake Victoria Crescent 

Out of 640 fish samples, 418 (65%) were infested with a single or multiple parasites belonging to 
one or many different genera with some shown in Figure 2. A total of 16 different parasite types were 
identified to genera level. Parasite diversity indices; Shannon index (H′) of 0.961, Evenness (E) of 
0.347, Berger–Parker Dominance index (d) of 0.79 and diversity estimators; Chao = 16.125 and 
Jackknife = 16.998 were obtained as shown in Table 2. 

Table 2. Summary of ecological characteristics of Oreochromis niloticus parasite diversity. 

Diversity parameter Oreochromis niloticus (n = 640) 
Total number of genera 16 

Shannon index (H′) 0.961 
Evenness (E) 0.347 

Berger–Parker Dominance index (d) 0.79 
Diversity estimators  

Chao 16.125 
Jackknife 16.998 

 

Figure 2. Micrographs of some of the parasites identified in/ on the fish; a) Dorso-ventrally flattened oval 
metacercariae of Clinostomum sp. with a sucker (arrow) around the anterior mouth, b) Elongated, cyclopoid and 
segmented Ergasilus sp. with elongated antennae, c) Dorso-ventrally flattened Acanthocephalus sp. with spiny 
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proboscis (arrow), d) Cylindrical shaped Trichodina sp. with numerous denticulate rings as viewed under 
Electronic Leica microscope at X400. 

Table 3 presents Trichodina spp. as the most prevalent parasite genera recovered from fish, with 
a prevalence of 23.4%, followed by Dactylogyrus spp. with a prevalence of 14.2%. In the same way, 
Trichodina spp. had the highest mean abundance of 9.66 individuals, in contrast to the other parasite 
genera with mean abundance less than 1 individual. Overall considering parasite genera collected, 7 
parasite genera comprised mean intensities greater than ten individuals per fish. Furthermore, nearly 
all parasites were recorded in the skin, gills and intestines with a few found in the fins, intestines, 
muscle, viscera, gonads, liver, gas bladder, stomach, and spleen. The gills independently harbored 
50% (8/16) of the parasite genera recovered, followed by the intestines with 31% (5/16), and skin with 
25% (4/16) of the parasite genera. Particularly, the Trichodina spp. was the most dominant in both the 
skin and gills whereas the Myxobolus spp. was restricted to more organs than any other parasite 
genera (9 organs). Unlike other parasite genera, Dactylogyrus, Clinostomum, Ergasilus, Eimeria, 
Gyrodactylus, Chilodonella, Ichthyobodo and Ambiphrya species were isolated from one organ, either the 
skin, gills or intestine. 

Table 3. Prevalence (P), Mean intensities (Mi) and Mean abundance (Ma) of parasitic infestation in different 
organs of sampled Oreochromis niloticus from the Lake Victoria Crescent. 

Genus  Organ infested 
Prevalenc

e (%) 

Mean 
intensit

y  

Mean 
abundan

ce   
Trichodina Skin, Gills, Fins 23.4 41.21 9.66 

Dactylogyrus  Gills 14.2 4.16 0.59 
Neascus  Skin, Gills, Fins 5.6 4.9 0.28 

Clinostomum  Skin 3.6 3.22 0.12 
Ergasilus  Gills  5.9 4.61 0.27 

Myxobolus  
Gills, Muscles, Viscera, Gonads, Liver, 

Intestine (anterior), Gas bladder, Stomach, 
Spleen   

4.4 13.64 0.60 

Amirthalingami
a  

Intestine (anterior), Intestine (posterior) 0.6 2.25 0.014 

Acanthocephalu
s  

Intestine (anterior), Intestine (posterior 1.4 1.56 0.022 

Monobothroides  Intestine (anterior), 0.2 25 0.039 
Contracaecum Intestine (posterior), Viscera 0.3 3 0.0094 

Eimeria  Intestine (anterior) 0.2 35 0.055 
Gyrodactylus   Gills 0.6 4.5 0.028 
Chilodonella  Skin, Gills 0.3 17.5 0.055 
Ichthyobodo Gills 1.9 6 0.11 
Ambiphrya  Gills 0.3 12 0.038 

Diphyllobothriu
m  

Muscles, Viscera 3 11.47 0.34 

3.2. Prevalence and Mean Intensities of Parasite Recovered from Oreochromis niloticus in the Different 
Culture Systems 

Comparison of the prevalence among the culture systems revealed a highly significant 
difference (p ≤ 0.05) as shown in Table 4. In terms of parasite genera numbers, fish samples examined 
from Pond grow-out and Hatchery farming systems harboured ≥ 11 parasite genera, against the ≤ 5 
parasite genera found in Cage grow-out (lake) and Cage grow-out (reservoir) farming system. 
Certainly, Trichodina spp. and Dactylogyrus spp. were recorded in all of the four culture systems. In 
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addition, the Trichodina spp. was not only found to have the highest prevalence in Cage grow-out 
(reservoir) (45%) but also its prevalence was repetitively high across other culture systems; Pond 
grow-out (23.9%), Cage grow-out (lake) (17.2%), and Hatchery farming systems (25%). 

As revealed in Table 5, the mean intensities of parasites in the culture systems differed with a 
highly significant variation (p ≤ 0.05). Definitely, Trichodina spp. was found in all in the four culture 
systems with high mean intensities namely; Cage grow-out (reservoir) 121.1±29.5), Cage grow-out 
(lake) (41.5±16.7), Hatchery (22±9.5) and Pond grow-out farming systems (15.6±10.4) in that order. 
Likewise, mean intensities of Myxobolus species were moderately high in Pond grow-out (13.1±16.9), 
Cage grow-out (reservoir) (13.1±16.9) and Hatchery farming systems (11.9±7.7) with ≥ 11 mean 
intensities. Additionally, parasite genera such Eimeria, Chilodonella, Ambiphrya and Diphyllobothrium 
species, which were found in either Hatchery or Pond grow-out farming systems, had relatively high 
mean intensities as indicated in Table 5. 

Table 4. Percentage prevalence of parasite genera of Oreochromis niloticus in different culture systems. 

Genus Prevalence per culture system  p-Value 

  
Pond grow-out  

(n=360) 

Cage grow-
out (lake) 

(n=180) 
 

Cage grow-out 
(reservoir) 

(n=40) 

Hatchery 
(n=60)  

6.709e-13 

Trichodina 86(23.9%) 31(17.2%) 18(45%) 15(25%) 
Dactylogyrus  44 (12.2%) 30(16.7%) 8(20%) 9(15%) 

Neascus  20(5.5%) 7(3.9%) __ 9(15%) 
Clinostomum  14(3.9%) 2(1.1%) __ 7(11.7%) 

Ergasilus  15(4.2%) __ __ 23(38.3%) 
Myxobolus  9(2.5%) __ 5(12.5%) 14(23.3%) 

Amirthalingamia  1(0.3%) __ __ 3(5%) 
Acanthocephalus  __ __ __ 9(15%) 
Monobothroides  __ __ __ 1(1.7%) 
Contracaecum 2(0.6%) __ __ __ 

Eimeria  __ __ __ 1(1.7%) 
Gyrodactylus   __ __ __ 4(6.7%) 
Chilodonella  2(0.6%) __ __ __ 
Ichthyobodo 11(3%) 1(0.6%) __ __ 
Ambiphrya  2(0.6%) __ __ __ 

Diphyllobothrium  19(5.3%) __ __ __ 

*The Chi square test was used to compare the difference in prevalence by culture system. 

Table 5. Mean intensities of parasite genera infesting Oreochromis niloticus in different culture systems. 

Genus Overall 
intensity 

Mean intensities in culture systems p-Value 

    Pond grow-
out   

Cage grow-
out (lake)   

Cage 
grow-out 

(reservoir)  
Hatchery  

3.188e-
09 

Trichodina 41.21 15.6±10.4 41.5±16.7 121.1±29.5 22±9.5 
Dactylogyrus  4.16 3.2±1.4 5.9±2.5 5.0±2.7 5.6±2.6 

Neascus  4.9 4.1±2.5 5.3±3.3 _ 5.4±2.3 
Clinostomum  3.22 2.9±1.5 2.5±0.7 _ 4.0±1.2 

Ergasilus  4.61 5.3±2.8 _ _ 4.2±2.7 
Myxobolus  13.64 13.1±16.9 _ 19.6±8.4 11.9±7.7 

Amirthalingamia  2.25 2.0±1.0 _ _ 3.0±0.0 
Acanthocephalus  1.56 _ _ _ 1.6±0.7 
Monobothroides  25 _ _ _ 25±0.0 
Contracaecum 3 3.0±0.0 _ _  

Eimeria  35±0.0  _ _ 35±0.0 
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Gyrodactylus   4.5  _ _ 4.5±2.4 
Chilodonella  17.5 17.5±4.9 _ _ _ 
Ichthyobodo 6 5.5±3.0 12±0.0 _ _ 
Ambiphrya  12 12.0±1.4 _ _ _ 

Diphyllobothrium  11.47 11.5±2.4 _ _ _ 
*The Chi square test was used to compare the difference in mean intensities by culture system. 

3.3. Water Quality, Farm Management Practices and Parasitic Infestation 

3.3.1. Water Quality and Farm Management Practices in the Different Culture Systems 

The water quality parameters and farm management practices against recommended limits for 
fish culture varied from one culture system to another as recorded (Table 6). Clearly, all the culture 
systems had levels of pH, salinity, total dissolved solids, hardness, nitrite and chloride fall within the 
optimal range for fish culture apart from ammonia. Additionally, dissolved oxygen was within 
accepted levels in only Cage grow-out (lake) and Hatchery systems. Temperatures were within 
recommended limits only in the Cage grow-out (lake) culture system. Unlike in other culture systems, 
conductivity fell out of the recommended limits in Cage grow-out (lake) and Cage grow-out 
(reservoir) systems. Almost all Cage grow-out (lake) and Hatchery farming systems outsourced fish 
seed from certified hatcheries. Except for Pond grow-out and Cage grow-out (lake) systems, stocking 
density in Hatchery and Cage grow-out (reservoir) was within the required numbers. However, 
feeding was appropriate in Cage grow-out (lake) and Hatchery systems only. Notably, disinfection 
was only present in Cage grow-out (lake) and Hatchery culture systems. Lastly, wild fish entry was 
present in Pond grow-out, Cage grow-out (lake) and Cage grow-out (reservoir) while intermediate 
hosts were observed in Cage grow-out (reservoir) and Hatchery systems. 

Table 6. Mean values of water quality and farm management practices at the various culture systems. 

 
Parameter 

Recommended 
limits* 

Pond grow-out 
parameter  

mean value  
(farms outside 
recommended 
limits ) N=18 

Cage grow-out 
(lake) parameter  

mean value   
(farms  outside 
recommended 

limits ) 
N =9 

Cage grow-out 
(reservoir) parameter  
mean value   (farms  

outside recommended 
limits ) 

N=2 

Hatchery 
parameter  mean 

value   (farms  
outside 

recommended 
limits ) 

N=3 
DO (mg/l) 5.5 – 10 5.1±2.4 (n = 7) 5.7±1.0 (n = 4) 3.8±1.3 (n = 2) 5.7±1.2 (n = 1) 

T(°C) 26 – 32 24.9±1.3 (n = 13) 26.2±0.9 (n = 4) 24.1±0.1 (n = 2) 24.7±0.5 (n = 3) 
pH 6.5–8.5 7.6±0.4 (n = 0) 8.5±0.5 (n = 6) 7.7±0.5 (n = 0) 7.8±0.3 (n = 0) 

Salinity (PSU)  0 -20 0.06±0.05 (n = 0) 0.04±0.01 (n = 0)  0.03±0.07  (n = 0)  0.06±0.03 (n = 0)  
TDS (mgl-1) < 0.13  0.08±0.07 (n = 4) 0.05±0.01 (n = 0) 0.05±0.07 (n = 0) 0.09±0.04 (n = 1) 
Conductivity 

(ÂµS/cm) 
100 -2000  

120.7±108.5  
(n = 8) 

78.4±29 (n = 6) 62.1±11.1 (n = 2) 
118.2±64.8  

(n = 2) 
Ammonia free 
nitrogen (mg/l) 

0 – 0.2 1.2±0.6 (n = 17) 1.5±0.5 (n = 9) 2±0.0 (n = 2) 1.2±0.3 (n = 3) 

Hardness (ppm) < 50 36.3±23.4 (n = 5) 22±17.2 (n = 0) 26±8.5 (n = 0) 31.7±25.6 (n = 1)  
Nitrite (mgl-1) 0 – 0.2 0.07±0.1 (n = 0) 0.05±0.0 (n = 0) 0.005±0.0 (n = 0)  0.04±0.03 (n = 0)  
Chloride (ppm) <230 19.1±10 (n = 0) 12.7±11.5 (n = 0) 31.5±9.2 (n = 0) 12±5.6 (n = 0) 

Fish seed   source Certified hatchery-1 2 (n = 13) 1 (n = 1) 2 (n = 1) 1 (n = 0) 
Stocking density  Recommended -2  1 (n = 11) 1 (n = 3) 2 (n = 0) 2 (n = 1) 

Feeding and 
nutrition  

Rank 4, 5   3 (n = 12) 4 (n = 0) 3 (n - 2) 4 (n = 0) 

Disinfection  Present-1 0 (n =  10) 1 (n = 2) 0 (n = 2) 1 (n = 0) 
Control of 

Intermediate hosts 
Absent-0 0 (n = 7) 0  (n = 4) 1 (n = 2) 1 (n  = 3) 

Control of Wild fish 
entry    

No entry -0 1(n = 10) 1  (n = 6) 1(n = 1) 0 (n = 1) 

Key; Fish seed source (1-Certified hatchery, 2-Other: wild catch or from fellow farmers); Feeding and nutrition 
status (Rank 1 to 5 according to amount of feed given, feeding frequency , time intervals of feeding and feed 
quality ); Disinfection (Present-1, Absent-0); Stocking density (1-overstocked, 2-recommended) ; Control of 
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intermediate hosts (Intermediate hosts present-1 , absent-0); Control of wild fish entry (Entry of wild fish-1 , No 
entry-0), TDS; Total dissolved solids, N; Number of fish farms per culture system, n; number of fish farms with 
parameter outside recommended limits, *Recommended limits as reported by [51–53]. 

3.3.2. Relationship Between Parasitic Infestation and Farm Management Practices 

As shown in Figure 3, all fish farms in the study irrespective of the culture system, were infested 
with parasites. Notably, very severe/ severe parasitic infestation was recorded in one farm in each of 
the Pond grow-out, Cage grow-out (reservoir) and Hatchery farming systems. Certainly, 
intermediate/ very frequent infestation was found in all of the culture systems with Pond grow-out 
system having the highest number of farms. Additionally, normal/ frequent parasitic infestation was 
documented in both Pond grow-out and Cage grow-out (lake) farming systems with Pond grow-out 
culture system still having the highest number of farms. Lastly, gradual/ rare infestation was 
recorded in only the Cage grow-out (lake) farming system. 

 

Figure 3. Number of fish farms belonging to each class of parasitic infestation in the different culture systems. 

Generally, parasite prevalence in farmed fish sampled in the Lake Victoria Crescent was 
significantly associated with fish seed source (p = .002), stocking density (p = .003), feeding and 
nutrition (p = .000), control of intermediate hosts (p = .02), and control of wild fish entry (p = .046). 
Unfortunately, disinfection had no significant relationship with parasite prevalence (Table 7). 

Table 7. Association between parasite prevalence and farm management practices in all fish farms visited in the 
Lake Victoria Crescent. 

Parameter p-Value 
Fish seed   source  0.00173* 

Stocking density  0.002705 * 
Feeding and nutrition  0.0003973* 

Disinfection  0.3007* 
Control of Intermediate hosts 0.02484* 

Control of Wild fish entry    0.04636*  
*The Fisher’s exact test used to determine if there was a significant association between farm management 
practices and parasite prevalence. 
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In regard to culture systems, only Pond grow-out and Cage grow-out (lake) farming systems 
were considered for further Fisher’s exact test analysis due to the fact that sufficient data was 
available i.e., 18 Pond grow-out and 9 Cage grow-out (lake) farms were visited during the survey, 
compared to the 3 Hatchery and 2 Cage grow-out (reservoir) farms. With the Pond grow-out farming 
system, parasite prevalence was significantly associated with all the farm management practices; fish 
seed source (p = .002), stocking density (p = .013), feeding and nutrition (p = .001), disinfection (p 
= .036), control of intermediate hosts (p = .013), and control of wild fish entry (p = .018) (Table 8). For 
the case of Cage grow-out (lake) farming system, parasite prevalence was significantly associated 
with stocking density (p = .036), feeding and nutrition (p = .014), and control of wild fish entry (p 
= .036). 

Table 8. Association between parasite prevalence and farm management practices in Pond grow-out and Cage 
grow-out (lake) farming systems. 

 Pond grow-out   Cage grow-out (lake) 
Parameter p-Value p-Value 

Fish seed   source 0.02171 * 1 
Stocking density   0.01282 * 0.03571* 

Feeding and nutrition  0.008807 * 0.01429* 
Disinfection   0.03595 * 1 

Control of Intermediate 
hosts 

0.01282 * 1 

Control of Wild fish entry    0.01785 * 0.03571* 
*The Fisher’s exact test used to determine if there was a significant association between parasite prevalence and 
farm management practices in Pond grow-out and Cage grow-out (lake) farming systems. 

4. Discussion 

4.1. Composition and Levels of Parasitic Infestation in the Lake Victoria Crescent 

The high infestation rate of 65% (418/640) reported in the study was lesser than the 89% (124/140) 
rate recorded earlier by [8] in fish farms along the Lake Victoria Crescent. Similarly, the 16 species 
richness in the study was higher than the 11 species richness obtained by [8] in the Lake Victoria 
Crescent. Additionally, 8.2% (2/11) of the parasites recorded by [8] had a mean intensity of five or 
more individuals per fish, contrary to the 43.8% (7/16) of the parasite genera recorded in the present 
study that had a mean intensity exceeding 10 individuals per fish. Certainly, the difference in 
infestation rate and species richness in the two studies may be due to the different fish sampling 
efforts used. About 140 fish samples were collected from only 25 fish farms, five from each of the 
districts of Masaka, Mpigi/Mityana, Wakiso, Mukono and Kampala and examined for parasites by 
[8], while in the present study, 640 fish samples were collected from 32 fish farms, eight farms from 
Buikwe, five from Wakiso, four from Bugiri, three from Masaka and Mukono, two from Mpigi, Busia, 
Tororo, and Namayingo, and one from Jinja and examined for parasites. However, the high 
infestation rate recorded in the present study may be largely caused by intensification of aquaculture 
along the Lake Victoria Crescent [3]. Particularly, about 46% (15/32) of fish farms visited during the 
study were characterized by high stocking densities as seen in Table 6 and this was also evidenced 
by [54,55]. The increased fish biomass stocked disrupts the parasite-fish interaction [9] by causing 
stress, poor feeding ability and injuries, thereby increasing the fish’s susceptibility to parasitic attack 
[56]. Notably, the prevalence and mean abundance for Trichodina spp. obtained in the study agrees 
with [8], who recorded the protozoan as the most prevalent parasite. In addition to the high 
prevalence and mean abundance documented in the current study, a high Berger–Parker Dominance 
index (d) of 0.79 for Trichodina spp. was recorded, which revealed the continued poor water quality 
in fish farms in the Lake Victoria Crescent over the years, as Trichodina spp. are commonly associated 
with heavy parasitic infestations of fish under stress due to poor water quality [43]. The persistent 
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poor water quality may be associated with overstocking, uncontrolled addition of livestock and 
poultry manure in ponds, low water exchange, poor siting of cages, and overfeeding. For that reason, 
parasite diversity and high infestation rates reported in the study depict an increasing parasite 
burden in the Lake Victoria Crescent which needs urgent attention. 

4.2. Prevalence and Mean Intensities of Parasites Recovered from Oreochromis niloticus in the Different 
Culture Systems 

The current study made a comparative assessment of the prevalence and mean intensities of 
parasite genera of farmed Nile tilapia in the different culture systems in the Lake Victoria Crescent. 
The Pond grow-out and Hatchery farming systems had higher numbers of parasite genera recovered 
as compared to Cage grow-out (lake) and Cage grow-out (reservoir) culture systems. The Pond grow-
out farms were characterized by low dissolved oxygen, high ammonia levels, poor feeding, high 
stocking densities, use of wild fish catch as seed for stocking, absence of disinfection and wild fish 
entry as documented in Table 6. Likewise, Hatchery farms in the study had high ammonia levels and 
presence of intermediate hosts (Table 6). Therefore, the poor water quality and farm management 
systems recorded in these two culture systems affect the fish physiological functions and metabolic 
rate hence increasing their vulnerability to different parasitic attack [23,57–59]. Unlike cages in the 
lake, cages in the reservoirs and hatchery ponds especially in the out-door hatchery system provide 
better environmental conditions and habitat for intermediate hosts like copepods, snails and fish-
eating birds which are essential for the life cycles of Neascus, Clinostomum, Contracaecum, 
Amirthalingamia and Diphyllobothrium species. More so, these different parasite types may be 
introduced in the cages in the reservoirs and hatchery ponds through; transfer of infected live brood 
fish, transfer of eggs from infected to uninfected farm, movement of birds or faeces of infected birds, 
human movement from infected farms to uninfected hatcheries, movement of wild fish and infected 
water in case of flooding [60]. 

The protozoan parasite Trichodina spp. was recorded in all the four fish culture systems with 
prevalence and mean intensities being much higher in Cage grow-out (reservoir) farms. Definitely, 
the high prevalence of Trichodina spp. and Dactylogyrus spp. and high mean intensities of Trichodina 
spp. in Cage grow-out (reservoir) farming system is caused by poor water quality as evidenced in 
Table 6. Cage grow-out (reservoir) farmers tend to utilize sand mining holes filled with water for fish 
culture yet they are small and have no inlets and outlets, contrary to the large and open reservoirs 
with many inlets and outlets utilized elsewhere [61]. Additionally, the Pond grow-out farming 
system had prevalence of Trichodina spp. higher than that of the Cage grow-out (lake) farming system 
and this is similar to an earlier report by [23], who described Trichodina spp. prevalence in pond 
farmed fish being higher than that in cage (lake) cultured fish. The higher Trichodina spp. prevalence 
in ponds than cages (lake) in both studies is linked to the fish stress caused by poor water quality, 
thus, resulting heavy infestations [23]. Other than the Dactylogyrus and Trichodina species, parasite 
genera such as Eimeria, Chilodonella , Ambiphrya and Diphyllobothrium species were also documented 
with relatively high mean intensities in fish farmed in either Hatchery or Pond grow-out farming 
systems, and this indicated that these two culture systems provided a better habitat for a good 
number of parasites genera as earlier discussed [22]. 

4.3. Water Quality, Farm Management Practices and Parasitic Infestation 

4.3.1. Water Quality and Farm Management Practices in the Different Culture Systems 

Water quality and farm management practices are important factors when it comes to aquatic 
animal health management [15]. Of the water quality parameters assessed in the different culture 
systems, ammonia fell out of the recommended limits in all. The high ammonia levels in the culture 
systems may be attributed to the high stocking densities in some fish farms as identified in Table 6. 
The increased stocked biomass is always associated with increased amounts of uneaten feed and 
decrease in dissolved oxygen concentration from the fish waste produced, thus leading to increased 
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ammonia concentrations [62]. In the same way, the higher ammonia levels in the Cage grow-out 
(lake) farms may be brought about by overfeeding, use of protein rich feed, excess feed decays and 
excreted ammonia from fish as reported by [63]. Furthermore, the high ammonia levels in Cage grow-
out (reservoir) farms maybe caused by inadequate water filtration or circulation as they were found 
to have no inlets and outlets [61]. Other than Cage grow-out (lake) farms, the temperatures recorded 
were outside the recommended limits for Nile tilapia farming. Surely, the lower temperatures were 
brought about by the rains since the study was carried out in the rainy season. Definitely, water 
temperatures in Cage grow-out (lake) farms are usually stable due to the large water mass while 
Pond grow-out, Cage grow-out (reservoir) and Hatchery farms are exposed to seasonal temperature 
variation [64]. Furthermore, high conductivity levels were evidenced in Cage grow-out (lake) and 
Cage grow-out (reservoir). However, the high conductivity in these cage farms indicates possible 
water pollution from either agricultural runoff or industrial waste leak, which brings along high 
concentration of dissolved ions, thus the increased conductivity concentration [65]. Therefore this 
calls for proper sitting of cages in the lake or reservoirs in areas far away from these anthropogenic 
activities [66]. As shown in Table 6, most cage grow-out (lake) and Hatchery farmers obtained fish 
seed from certified hatcheries, fed fish adequately and carried out disinfection. Certainly, most of 
these farms were located in Wakiso, Mukono and Buikwe districts with a high GDP per capita of 
($2496), ($1653) and ($769) respectively as compared to other districts [67]. This meant that fish 
farmers were financially capable of buying fish seed from certified hatcheries, commercial fish feed 
and disinfectants. Furthermore, wild fish and intermediate hosts were observed in a few farms in all 
farming systems. This maybe due to the fact that some farmers hardly install inlet and outlet pipes in 
the ponds, screen the inlet and outlet pipes in ponds, build high pond dykes to prevent flash floods, 
clear grasses around ponds, remove debris at the pond bottom, repair the old or worn out fish cage 
nets, or disinfect the farm equipment and culture systems. In addition, these fish farmers were found 
in districts outside the central region of Uganda, which districts are characterized by a lower financial 
status and farmers usually rely on government for support [67,68], therefore, they couldn’t afford 
practising the mentioned good farm management practices. 

4.3.2. Relationship Between Parasitic Infestation and Farm Management Practices 

This study evaluated parasitic infestation and farm management practices in the Lake Victoria 
Crescent and any link between the practices and parasite prevalence. All fish farms in the study 
irrespective of the culture system, were infested with parasites and infestation levels ranged from 
very severe/ severe, intermediate/ very frequent, normal/ frequent to gradual/ rare infestation as seen 
in Figure 3. We could link these infestation dynamics to the management practices; fish seed source, 
feeding and nutrition, control of intermediate hosts and control of wild fish entry as reported earlier 
in the study, as they had a significant association with parasite prevalence. Similarly, an earlier report 
from [7] revealed that most farmers had little knowledge of good farm management practices and 
biosecurity measures, thus the relatively high parasitic infestation in the Crescent. Furthermore, it 
was established that disinfection was not statistically associated with the general parasitic infestation 
in the Crescent, since 47% of the fish farmers hardly practise it on the farm as indicated in Table 6. 
This agrees with a previous study by [15] which showed that only Hatchery farmers disinfected the 
farm equipment and culture facilities routinely unlike Grow-out farmers. 

The study further evaluated the relationship between parasitic infestation with farm 
management practices in Pond grow-out and Cage grow-out (lake) farming system. Parasite 
prevalence in Pond grow-out farming system was significantly associated with all the farm 
management practices in the study. Of all the Pond grow-out farms visited, 72% (13/18), 61% (11/18), 
67% (12/18), 56% (10/18), 39% (7/18) and 56% (10/18) obtained fish seed from wild catch or from fellow 
farmers; overstocked the ponds; fed fish inappropriately; hardly disinfected farm equipment and 
ponds; hardly controlled the proliferation of intermediate hosts; hardly controlled wild fish entry 
into culture systems respectively. This therefore explains the severe and very frequent infestation 
recorded in this culture system (Figure 3). Certainly, fish seed obtained from wild catch or fellow fish 
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farmers by Pond grow-out farmers other than from certified hatcheries will always carry parasites 
along with them, which in turn increases the parasite populations in the production system [60,69]. 
Additionally, the inappropriate feeding of farmed fish has an impact on the growth and health of fish 
since an adequate supply of fish nutrient requirements is not met [70], thus increasing the fish’s 
susceptibility to parasitic attack [21]. Furthermore, the increased stocked biomass in the ponds 
decreases dissolved oxygen concentration in water and increases ammonia accumulation, fish stress 
and waste from fecal and uneaten feed, hence reducing the fish immune system making it vulnerable 
to parasites [58]. Moreover, disinfection is a common disease management tool used to reduce or 
eradicate parasites in aquaculture [71]. For this case, Pond grow-out farmers may apply these 
chemicals on the farm equipment and pond facilities in sufficient concentrations and for sufficient 
periods to kill all pathogenic organisms including parasites that would otherwise gain access to the 
ponds [72]. Definitely, control the intermediate hosts’ population is crucial to pond farmers since 
intermediate hosts like copepods, snails and fish-eating birds are essential for the life cycles of some 
parasites recorded in the study such as Neascus, Clinostomum, Contracaecum, Amirthalingamia and 
Diphyllobothrium species [73]. Surely, these farmers may need to remove excess algae on water 
surfaces, decaying plant matter in the pond and debris at the pond bottom since all these provide 
food for snails and copepods. Furthermore, pond farmers may as well as cover the ponds with 
overhead wire, line, screen, or netting to prevent access of the birds. Finally, in regard with wild fish 
entry into ponds, farmers should screen all the inlet pipes because these wild fish not only increase the 
carrying capacity of the culture system, compete for feed and dissolved oxygen with farmed fish but 
also spread the parasites to the farmed fish [74]. 

Unlike for the Pond grow-out farming system, there was no very severe/ severe parasitic 
infestation in Cage grow-out (lake) farming system. Notably, 67% (6/9) of the Cage grow-out (lake) 
farms had either normal/ frequent or gradual/ rare infestation while the remaining few had 
intermediate/ very frequent infestation (Figure 3). This could be linked to the following farm 
management practices; stocking density, feeding and nutrition and control of wild fish entry which 
were significantly associated with the parasite prevalence as shown in Table 8. According to [68], 
Cage grow-out (lake) farmers are usually of a better financial status than Pond grow-out farmers in 
Uganda and therefore, they are able to not only access public but private agricultural extension 
workers who provide technical support to them in terms of proper stocking densities, feeding and 
feed management and measures to control entry and populations of intermediate hosts. Assuredly, 
optimum stocking density in fish cages not only prevents accumulation of fish waste and uneaten 
feed at the cage bottom, fish stress due to crowding, water quality deterioration but also increases 
feed conversion ratio [75], thus increasing the fish resistance to parasitic attack [21]. Furthermore, the 
provision of good quality feed having high nutritional value in proper feeding regimes and feed 
composition impacts on the farmed fish health [70], which also increases the fish resistance to 
parasitic attack [21]. Notably, Cage grow-out (lake) farmers should always use cages made of durable 
material such as galvanized and plastic coated welded wire mesh, plastic and nylon netting with an 
additional larger mesh and stronger twine built around nylon netting. Certainly, this kind of cage 
design will be able to prevent the wild fish, that gets attracted to waste feed from the cages, from 
accessing fish inside in the cage, thus preventing parasite transmission from the wild fish to the 
farmed fish [69]. 

5. Conclusions 

The results obtained in the current study revealed a high parasitic infestation in the Lake Victoria 
Crescent with Trichodina spp. being the most prevalent and abundant of all parasite genera recovered 
in all the farming systems. This indicates the poor water quality in the Crescent and therefore, farmers 
need to adopt the water quality management measures since water is essential for the health and growth 
of fish. Furthermore, Fish from Pond grow-out and Hatchery farming system harboured ≥ 11 parasite 
genera while ≤ 5 parasite genera were found in Cage grow-out (lake) and Cage grow-out (reservoir) 
farms. This indicates distinct parasite diversity of farmed fish between the land and water based 
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aquatic environments as each provides different habitat and environmental conditions for the 
different parasites. Further comparative assessments between Pond grow-out and Cage grow-out 
(lake) systems revealed that higher parasitic infestation was exhibited in Pond grow-out and was 
statistically associated with all the farm management practices unlike in Cage grow-out (lake). 
Therefore, it is important to educate the pond fish farmers on better sanitary and farm management 
strategies in order to control the parasite burden on their farms. 
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