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A total of 110 Piscine trypanosomes from five species of Wild fish- Clarias gariepinus, Tilapia zilli, Synodontis 
nigrata, Mormyrus rume, and Bagrus bayad captured from Sokoto, Kebbi and Zamfara States Nigeria, were 
Morphologically characterized. Parasites differ in size, shape and staining reaction. T. zilli were predominantly found 
to harbor larger and monomorphic forms, S. nigrata with smaller monomorphic, while C. gariepinus, M. rume and B. 
bayad were infected with medium sized pleomorphic trypamastigotes. While most of the trypanosomes had anterior 
disposed nucleus common feature of African piscine trypanosomes, some trypanosomes in C.gariepinus; T. zilli and 
M .rume from 4 locations, possessed posterior inclined nucleus, NI < 1. That was statistically significant (P <0.05). 
Total length TL of parasite in T. zilli. and S.nigrata. were statistically not significant (P> 0.05) indicating uniformity in 
characters and species specificity of the parasite in each species. The pleomorphic medium forms are tentatively 
identified as T mukasai, while the specie specific larger and smaller group and those with posterior inclined nucleus 
are considered new species. 
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INTRODUCTION 
 
Trypanosomes are hemoparasites of aquatic and 
terrestrial animals. These protozoan’s cause debilitating 
disease in man and serious economic losses in domestic 
and wild animals.. For decades concerted efforts were 
made towards effective control of the disease in man and 
domestic animals, yet losses associated with the disease  

 
in aquatic animals are yet to be quantified.  While   tsetse 
flies are known vectors of the disease in man and 
animals (OIE 2013) transmission of the disease in birds 
and fish are attributed to mosquitoes and leech bites 
respectively. In fish, trypanosomes are responsible for 
important economic disease  complex  of  fish  (Woo  and  



 
 
 
 
Black, 1984; Simon and Woo, 1991; Smith et al., 2000). 
From the earlier discovery from Salmon by Valentin   in 
1847, over 200 species of trypanosomes were reported in 
fish globally (Kolesnikov et al., 1995). Trypanosomal 
infection among wild fish species in Africa was reported 
from North to Southern regions, notably in Uganda 
(Baker, 1959; 1960); Botswana (Smith et al., 2004); 
Nigeria (Hassan et al., 2007); Egypt (Osman, 2009); 
Sudan (Samia et al., 2011); South Africa (Ferreirra and 
Avenant, 2013); and in recent times more species of fish 
were reported to be infected in North Western Nigeria 
(Muhammad et al., 2016). Morphological studies are still 
reliable for species identification if adequate number of 
samples and uniformity of characters are taken into 
consideration (Gupta, 2006). Conventionally several 
methods of classification were adopted based on 
location, and specie specificity (Lom, 1979). By size, 
trypanosomes are grouped as small, intermediate or 
larger forms of T.ticti as adopted by Gupta et al. (1998). 
The teeming number of over 60 species of trypanosomes 
earlier reported in Brazil ware based on morphological 
features (Fujimoto et al., 2013). Morphological 
characterization of fish trypanosomes was reported by 
several authors globally or in combination with molecular 
techniques for nomenclature and phylogenic studies 
(Smith et al., 2004; Davies et al., 2005; Gu et al., 2007; 
Fujimoto et al., 2013; Haves et al., 2014; Moara et al., 
2015). In recent times, concerted efforts were made to 
set limits for morphological diversity in both cyclic and 
bloodstream trypamastigotes (Wheeler et al., 2013), 
though a more divergent view of pleomophism was 
earlier suggested with the resultant changes in size, and 
nuclear position (Gupta, 2016). Though prevalence of 
piscine trypanosomes was earlier reported (Hassan et al., 
2007; Muhammad, 2014), further classification of 
morphotypes among different species of Nigerian fishes 
is yet to be reported. It is therefore the aim of this study to 
preliminary characterize fish trypanosomes 
morphologically as baseline, prior to further phylogenic 
studies.  
 
 
MATERIALS AND METHODS  
 
A total of 110 giemsa stained blood films initially 
confirmed positive to trypanosomes, as  captured from 10 
locations in Sokoto, Kebbi and Zamfara States, from 
2013 – 2014 were used for the study. One parasite /slide 
was randomly considered for measurement and 
assessment. The samples were drawn from five species 
of fish, to which prevalence was earlier determined, 
which include Clarias gariepinus (39.3 %), Tilapia zilli 
(46.1 %), Synodontis nigrata (23.2%) Mormyrus 
rume,(4%) and Barus bayad (11.5%) as  captured from  
Rabah, Goronyo, Lugu, Kwalkwalawa, and Shagari in 
Sokoto State; Talata -Mafara and Natu, in  Zamfara 
State:  while    Malisa-  Kollade,  Argungu  and  Yauri  are 
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locations  from Kebbi State (Muhammad et al., 2016). 
The three States lie between 3° 35 E; 7°2 E latitude and  
10°N:140N longitude respectively The identified 
trypanosomes were morphologically characterized 
considering external features and relative position of 
internal organelles in accordance with Nico et al.(2004) 
and Davies and Hopkins, (2012). Relevant dimensions 
were taken in microns, using trinocular microscope, 
mounted with calibrated motic camera and measuring 
software. Criteria for measurement include: width of 
nucleus (NW); Nuclear length (NL), Mid nucleus to 
anterior end of the body (NA); Mid nucleus to posterior 
(NP), Total length with flagellum(TL), Body Length 
without flagellum (BL), Number of folds of undulating 
membrane,(UM), and length of Free Flagellum(FF).  In 
most of the samples under study kinetoplast was located 
terminally hence, values for measurement not 
considered. Shape of the parasite extremities described 
as pointed, blunt or round, nuclear shape and size and 
staining reaction determined, body mass considered 
according to intensity of color, while nucleus and 
kinetoplast described according to size, color intensity 
and relation to horizontal axis of the parasite in 
accordance with Thompson et al. (2013). While the thin 
blood films were processed at Veterinary Parasitology 
Laboratory Usmanu Danfodiyo University, the data was 
analyzed using student t-test and Analysis of Variance, 
facilitated by Open Epidemiological Software. The study 
was based on the Null Hypothesis that no differences 
exist in species of trypanosomes affecting wild fishes 
within the sub region, as claimed by Baker, (1960). 
 
 
RESULTS 
 
The trypanosomes identified in these fishes ranges from 
broad large to slender medium and smaller groups 
depending on the fish species infected. The larger and 
stump trypamastigotes had shorter flagella, grayish white 
oval nucleus predominantly inclined interiorly (NI > 1) and 
gray to pink staining terminal kinetoplast. These features 
were exclusively identified in Tilapia sp (Plates A and B) 
and the medium sized categories were observed in C. 
gariepinus (Plate C). In M rume, with posterior nucleus 
(Plate D) and B bayad , with lightly stained cytoplasma 
(Plate E). These categories were slender in shape, with 
terminal kinetoplast, and nucleus that were rectangular to 
oval in shape, grayish to pink in color, and nuclear 
borders not clearly defined (Plate C). A new form of 
trypanosome (sperm–shaped) in C gariepinus with 
broader but pointed posterior end, posterior-inclined 
nucleus and highly convoluted flagellum (Plate F).were 
screened from samples captured at Malisa  Kollade and 
Natu dams in Kebbi and Zamfara States. With few 
exceptions, most of the parasites stained deeply black, 
while the undulating membranes had 4-7 folds of medium 
sized wave lengths, with fairly long flagella.  
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The  smaller group was predominantly seen in S nigrata, 
and possessed elongated nucleus that was poorly 
stained, short undulating membranes and long flagella 
(Plates G and H). The results for external dimension- TL, 
BL, FL, FF and internal measurements relating to nucleus 
NA, NP, NL, NW and NI in five fish species are presented 
in (Table 1). The Total length of the larger group was 
observed in Tilapias sp (55 – 65 µm) followed by the 
medium forms in C. gariepinus (40 -55 µm) and smaller 
forms predominantly seen in S nigrata (20 - 45 µm) as 
recorded in most of the locations as (Table 1). The 
Nuclear Indices NI (NA/NP) for most of the 
trypanosomes, (NI >1) representing anterior location. 
Some trypanosomes in C gariepinus from Kebbi and 
Zamfara States had values of NI < 1, indicating posterior 
inclined nucleus. In all the samples studied, parasites had 
terminal round kinetoplasts, hence the values for NK, and 
NA almost same, and therefore not considered. The 
nucleus in C gariepinus, M rume and B bayad appeared  

 
 
dark, with ill defined borders where ever discernible, as 
compared to grayish white and well defined borders for 
nucleus in T zilli (Plates A and B ). While nucleus 
appeared oval to rectangular in most trypanosomes, with 
Nuclear length in Tilapias, Clarias, and Mormyrus sp. (3-4 
µm), Bagrus sp. (3 -5 µm),  and  elongated nucleus of S 
nigrata (5 -6 µm) while range of nuclear width as 
measured  in Tilapias sp.(4- 5 µm), Bagras and Clarias 
sp. (2 – 2-8µm), and Synodontis sp. (2- 2.3 µm). The 
length of free flagella ranges from shorter form in Tilapia 
sp. (2.8 µm)   to an elaborate longer forms (6-8 µm) as 
observed in S nigrata. With the exception of B.bayad 
whose undulating membrane (UM) was barely 
discernible, the number of folds of UM, ranges from 4-6 
for all the species under study (Table 1).  Table 1 present 
ANOVA result for both nuclear and somatic indices 
among different fish species from different locations. 
Statistical significance (P < 0.05) was observed from NA, 
NP, values and indeed Nuclear Index (NI) of trypamastigotes  
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Table 1.  Morphometric Characterisation of Fish Trypanosomes (5 Fish Species, n-110). 
 

Measurement (µ) Fish Genera 
Sokoto 
Mean/SD(No) 

Kebbi 
Mean/SD/(No) 

Zamfara 
Mean/Sd(No) 

Nuclear Anterior Bagras 15.4±0.42(2) 
  

 
Clarias 21.8±5.63(23) 19.6±7.00(6) 27.7±3.37(11) 

 
Mormyrus 20.2±8.19(5) 

  
 

Synodontis 15.1±2.54(5) 15.4±1.63(6) 15.5±1.51(5) 

 
Tilapia 25.9±2.90(34) 17.6±1.48(2) 23.1±4.26(11) 

Nuclear Posterior Bagras 15.3±2.76(2) 
  

 
Clarias 22.9±4.30(23) 16.0±6.72(6) 23.0±2.30(11) 

 
Mormyrus 16.6±2.05(5) 

  
 

Synodontis 19.7±2.32(5) 19.5±1.77(6) 17.4±1.19(5) 

 
Tilapia 31.2±4.37(34) 20.5±2.76(2) 30.5±4.02(11) 

Nuclear Length Bagras 3.9±2.47(2) 
  

 
Clarias 3.4±0.60(23) 3.4±1.57(6) 3.8±0.94(11) 

 
Mormyrus 3.3±1.48(5) 

  
 

Synodontis 5.1±1.06(5) 3.7±1.04(6) 4.5±0.23(5) 

 
Tilapia 3.7±0.53(34) 4.2±0.35(2) 3.5±0.53(11) 

Nuclear Width Bagras 2.1±0.71(2) 
  

 
Clarias 2.1±0.68(23) 2.9±1.75(6) 2.0±0.46(11) 

 
Mormyrus 2.1±1.08(5) 

  
 

Synodontis 2.1±0.30(5) 1.9±0.37(6) 1.7±0.27(5) 

 
Tilapia 4.1±1.05(34) 12.2±13.93(2) 3.5±1.07(11) 

Nuclear Index Bagras 1.0±0.21(2) 
  

 
Clarias 1.1±0.25(23) 0.9±0.27(6) 0.8±0.11(11) 

 
Mormyrus 1.0±0.53(5) 

  
 

Synodontis 1.3±0.24(5) 1.3±0.06(6) 1.1±0.11(5) 

 
Tilapia 1.2±0.18(34) 1.2±0.06(2) 1.3±0.33(11) 

Body Length with Flagellum Bagras 33.8±1.7(2)   
 Clarias 47.5±8.02(23) 41.2±12.83(6)    53.5±5.47(11) 
 Mormyrus 41.6±10.51(5)   
 Synodontis 41.5±2.81(5) 38.3±3.89(6) 35.0±2.93(5) 
 Tilapia 59.1±7.09(34) 39.6±5.23(2) 58.4±9.44(11) 
Body Length without Flagellum Bagras 29.8±0.49(2)   
 Clarias 44.3±8.71(23) 37.1±12.25(6) 50.8±4.49(11) 
 Mormyrus 36.7±9.24(5)   
 Synodontis 35.7±3.44(5) 33.7±2.37(6) 33.4±2.88(5) 
 Tilapia 56.6±6.75(34) 38.8±4.10(2) 54.0±6.93(11) 
Free Flagellum Bagras 4.1±2.05(2)   
 Clarias 4.9±2.19(14) 5.2±2.77(5) 3.6±1.19(8) 
 Mormyrus 5.4±2.10(3)   
 Synodontis 6.9±1.73(4) 5.2±2.70(6) 4.2±0.07(2) 
 Tilapia 4.4±2.29(17) 1.6±-(1) 6.9±3.43(7) 

Undulating Membrane Bagras -±- (0)   
 Clarias 4.6±1.74(14) -±-(0) 5.7±1.42(11) 
 Mormyrus 5.5±0.71(2)   
 Synodontis 4.0±1.41(2) 4.5±0.58(4) 5.0±0.00(3) 
 Tilapia 4.5±0.71(2) -±-(0) -±-(0) 

 
 
 
in C gariepinus only.  No statistical significance (P > 0.05) 
was observed in values from trypanosomes in S nigrata, 
indicating uniformity of characters in that species from all 
the locations under study.  
 
 
DISCUSSION 
 
The identified trypanosomes in this study were primarily 
categorized morphologically by size, as small, medium 
and large forms, in accordance with Baker, (1959), who 

categorized trypanosomes as small and larger forms, 
ranging between 15 – 65µm, and considered 42.2 µm as 
cut off point in between small and larger groups. In this 
study the identified size of trypanosomes ranges from 
16.7 to 65.7µm.  Hence the ranges 16 – 30; 30 – 40; and 
41 – 65.7 µm, were considered for small, medium and 
larger forms respectively. The smallest trypanosome that 
measured 16.7 was from C gariepinuus from Malisa in 
Kebbi State, while largest was from T. zilli (65.7µm), from 
Talata Mafara, in Zamfara State. Trypanosomes in T zilli 
were   large  and  monomorphic  as  observed  in  all  the 



Muhammad  et al.          26 
 
 
 
locations except 2 samples of smaller forms recorded 
with T.zilli. at Argungu. These trypanosomes are 
morphologically similar to, but differ slightly to T.mukasai 
for being specie- specific. Though prevalence pattern of 
infection in this study is similar to those reported in 
Botswana (Smith, 2004) where conclusion was drawn to 
identification of T. mukasai, in accordance with Baker 
(1961) due to anterior position of the nucleus in all the 10 
families of fish studied. The observed trypanosomes in  
C. gariepinus, S nigrata , T zilli and B bayad  from all the 
locations except Mafara, Malisa and Natu tentatively 
identified by morphometrics to conform to earlier 
description of  T. mukasai and T. toddi. However there 
are some morphological features observed that are 
outside the scope of what was described earlier for 
African trypanosomes, as some samples from C. 
gariepinus in Goronyo, Mafara and Natu, and also M. 
rumi from Lugu had striking feature of NI < 1, indicating, 
that the nucleus was located more towards posterior end 
which is rarely seen in fish trypanosomes. Trypanosomes 
with posterior inclined nucleus were reported in wild 
terrestrial animals (Thompson et al., 2013).  According to 
Baker, (1960 and 1961), all African fish trypanosomes 
were considered to belong to either of the 3 species T. 
toddi, T. mukasai or T. tobeyi, and all had anterior 
nucleus. Becker and Oversteet, (1979), Paperna (1996); 
Eiras et al., (1995) and Davies et al. (2005) all shared 
similar opinion. These latter observations in this study are 
therefore contrary .to earlier conceived opinion. From the 
Analysis of variance (ANOVA) result for trypanosome  
morphometrics (Table 1),  in 3 species, C gariepinus, T 
zilli and S nigrata from 3 States, S nigrata harbored   
monomorphic smaller forms, as all the variable 
measurements were not significantly (P > 0.05) different, 
except the TL which showed significant P < 0.05 values, 
possibly due to flagella length. Baker, (1960) however 
emphasized that difference in nuclear position, rather 
than the flagella length was more important factor in 
species differentiation. Therefore such statistical 
difference may not alter the monomorphic status of the 
species in all the 3 States, hence suggesting that 
trypanosomes affecting S.nigrata in all the 3 States are 
probably of the same species based on their unified 
characteristics.  Though Neelima, (2016) re-emphasized 
pleomorphism as common feature in fish trypanosomes 
which may include changes in size, shape, relative 
position of internal organelles possibly due to several 
factors..The persistent uniformity in parasite size groups 
(larger among T. zilli and smaller in S,nigrata), with 
unique light staining reaction (Plate E and H) could 
support earlier claim, by Lom, (1979) for specie 
specificity. The status of trypanosomes in C gariepinus 
from ANOVA result however differed from that of S 
nigrata, as statistically significant (P < 0.05) values were 
observed with both nuclear and somatic indices as 
NA,NP, NI, TL, and BL. More so the significant difference 
in values for NI (P < 0.05), indicated that the difference in  

 
 
 
 
nuclear position (Posterior location) in some parasites 
could not have been by chance. Contrary to Baker 
(1960), the trypanosomes observed among C gariepinus 
in 3 States, may not be the of same species. Only the 
medium sized group with anteriorly inclined nucleus is 
considered as T. mukasai in line with the standard set by 
Baker for African Trypanosomes. The null hypothesis is 
therefore rejected. As trypanosomes among wild fish 
species of North Western Nigeria are not of the same 
species. Those with posterior inclined nucleus are to be 
considered new species of piscine trypanosomes.  
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