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Abstract. During 2001 and 2002, blood smears from 37 of 120 fishes belonging to 10 species captured in the Okavango Delta
region of Botswana, were found to harbour trypanosomes. These trypanosomes displayed differing staining properties, were
morphometrically variable, and ranged in total length from 29.5 to 80.8 um. Mixed populations of the smaller and larger
trypanosomes were found in most fish examined. Despite variations in size and appearance, these specimens are tentatively
identified as Trypanosoma mukasai Hoare, 1932, likely adding another 9 new hosts to those known for this parasite. It is possible
that Trypanosoma clariense Pienaar, 1962, described from Clarias gariepinus in South Africa, is also a junior synonym of 7.

mukasai.

Prior to 1960, knowledge of trypanosomes infecting
freshwater fishes in Africa was limited to probably 13
publications describing almost as many species (see
Baker 1960, 1961). These records were from fishes in
French West Africa, the Congo, the Sudan, Uganda,
Mozambique and Natal (Baker 1960, 1961). Careful
scrutiny of these reports led Baker (Baker 1960, 1961)
to conclude that only three of these species could be
considered valid: Trypanosoma toddi Bouet, 1909, Try-
panosoma mukasai Hoare, 1932 and Trypanosoma
tobeyi Dias, 1952. Even so, Baker (1960) noted that a
“small difference in nuclear position” was the only char-
acter separating 7. toddi from T. tobeyi. He also re-
ported that 7. foddi was not remarkably different from
T. mukasai and T. tobeyi might prove a synonym of the
same trypanosome. Since 1961, new species of trypano-
somes from freshwater fishes have been described from
South Africa and Egypt (see Pienaar 1962, Negm-Eldin
1997, 1998), and Trypanosoma froesi Lima, 1976 from
the rivers and lagoons of southern Africa (see Paperna
1996, Smit et al. 2000). However, elucidation of the life
cycle of T. mukasai, involving its transmission to a vari-
ety of wild-caught host fishes, has led to the conclusion
(Negm-Eldin 1998) that most records of freshwater fish
trypanosomes across Africa may be of a single species
(T. mukasai).

Recently, a single fish trypanosome from the silver
catfish Schilbe intermedius Riippell, 1832, tentatively
identified as T. mukasai, was discovered in the Oka-
vango Delta region of Botswana (Smit et al. 2000).
During 2000 and 2001, blood from further fishes was
obtained from this source, and the results are reported
here.

MATERIALS AND METHODS

Fish were collected in the panhandle region of the Oka-
vango Delta using hand, seine, cast, and gills nets, or by rod
and line (see Reed et al. 2002) in June and July of 2001, and
during August of 2002. In a mobile field laboratory, fish were
measured, identified (Skelton 2000), and kept in aerated
aquaria containing fresh river water. Heart blood smears were
fixed in absolute methanol, stained with phosphate-buffered
Giemsa (pH 6.8) and screened for blood parasites with a 100 x
objective on a Zeiss Axioskop 20 photomicroscope. Micro-
scopic images were captured by digital camera (Nikon
DN100), stored on computer disks and then parasites were
measured with an Eclipse Net (Nikon) image analysis pack-
age, calibrated to a stage micrometer.

RESULTS

The identity, numbers and lengths of fishes captured,
and parasite prevalence are recorded in Table 1. Thirty-
seven of 120 fishes, in five families, six genera and ten
species, were infected with trypanosomes (Table 1) and
infections were generally light. One fish, a thinface
largemouth tilapia, Serranochromis angusticeps, was
parasitized by both a trypanosome and a dactylosomatid
that is described elsewhere (Smit et al. 2003). No fish
was found to bear haematophagous ectoparasites that
might act as vectors of these infections.

Trypanosomes varied considerably in size (Table 2)
and staining properties, and small and large trypano-
somes formed mixed populations in most smears exam-
ined (Figs. 1-12). The smallest trypanosomes (in overall
length) were found in the nembwe, Serranochromis
robustus, and the largest in the Zambezi grunter,
Parauchenoglanis ngamensis (Fig. 9), but there was
overlap between sizes of trypanosomes among the
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Table 1. Identity, number and length of fishes captured in the Okavango Delta and prevalence of blood parasites in these fishes.
Abbreviations: n — number; ML — mean length; SD — standard deviation.

Fishes Trypanosomes

Species n ML + SD (range) in mm Prevalence (%)
Anabantidae
Ctenopoma multispine Peters, 1844 1 73 0/1 (0)
Cichlidae
Oreochromis andersonii (Castelnau, 1861) 6 308.2 + 88.6 (135-360) 1/6 (17)
Sargochromis codringtonii (Boulenger, 1908) 1 256 0/1 (0)
Serranochromis angusticeps (Boulenger, 1907) 4 299.3 £25.9 (280-312) 2/4 (50)
Serranochromis macrocephalus (Boulenger, 1899) 4 267.3 £31.2 (232-294) 2/4 (50)
Serranochromis robustus (Glnther, 1864) 8 341.6 £25.9 (305-380) 4/8 (50)
Tilapia rendalli (Boulenger, 1897) 1 293 0/1 (0)
Tilapia sparrmanii Smith, 1840 1 140 0/1 (0)
Characidae
Brycinus lateralis (Boulenger, 1900) 1 103 0/1 (0)
Rhabdalestes maunensis (Fowler, 1935) 1 43 0/1 (0)
Micralestes acutidens (Peters, 1852) 1 71 0/1 (0)
Hydrocynus vittatus Castelnau, 1861 6 485.3 £ 188.9 (205-680) 0/6 (0)
Clariidae
Clarias gariepinus (Burchell, 1822) 7 686.4 + 132.1 (455-840) 3/7 (43)
Clarias stappersii Boulenger, 1915 6 191.8 £221.5 (42-485) 0/6 (0)
Clarias theodorae Weber, 1897 8 201.6 +37.2 (114-237) 8/8 (100)
Claroteidae
Parauchenoglanis ngamensis (Boulenger, 1911) 1 185 1/1 (100)
Cyprinidae
Barbus miolepis Boulenger, 1902 1 75 0/1 (0)
Barbus paludinosus Peters, 1852 1 110 0/1 (0)
Hepsetidae
Hepsetus odoe (Bloch, 1794) 13 339.2 +34.7 (284-395) 0/13 (0)
Mochokidae
Synodontis nigromaculatus Boulenger, 1905 14 214.8 £32.1 (162-260) 11/14 (79)
Synodontis macrostoma Boulenger, 1911 1 155 0/1 (0)
Synodontis vanderwaali Skelton et White, 1990 4 20625+ 7.5 3/4 (75)
Mormyridae
Marcusenius lacerda Castelnau, 1861 1 375 0/1 (0)
Marcusenius macrolepidotus (Peters, 1852) 2 200 and 210 072 (0)
Petrocephalus catostoma (Giinther, 1866) 1 50 0/1 (0)
Schilbeidae
Schilbe intermedius Riippell, 1832 25 235.9 +£54.8 (120-307) 2/25 (8)
Total 120 37/120 (31)

different species of fishes (see Table 2). Generally, the
smaller trypanosomes were pale-stained with Giemsa,
whereas the larger ones stained deeply, sometimes
showing longitudinal striations (Fig. 9). The most deli-
cately stained trypanosomes were found among the
Clarias spp. (Fig. 5), but the small trypanosomes found
in other fishes such as the finetooth squeaker Synodontis
vanderwaali (Fig. 11) and Schilbe intermedius (Fig. 12)
were indistinguishable from those found in Clarias spp.
Nuclei in the small trypanosomes were often oval
and longer than wide, whereas those in the larger
trypanosomes also tended to be oval, but wider than
long (Figs. 1-12). Free flagella were generally rather
short and not easily stained, especially in the larger
trypanosomes. The undulating membrane was well
developed and a distinct kinetoplast lay near the
posterior end of the body (Figs. 1-12). Comparison of
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flagellar indices (FI values) (see Becker and Overstreet
1979) were unhelpful in distinguishing between try-
panosome types, but nuclear indices (NI values) (see
Becker and Overstreet 1979) were consistently >1,
indicating that the nucleus lay forward of the mid-point
of the body for the majority of trypanosomes measured.

DISCUSSION

In the current Okavango Delta study, the large
number of fishes infected with trypanosomes and the
variety of these flagellates were surprising, especially
given the paucity of these in the previous study at the
same time of year (Smit et al. 2000). The small trypano-
somes seen in several fishes, especially Paraucheno-
glanis ngamensis and the threespot tilapia Oreochromis
andersonii, closely resembled Trypanosoma mukasai in
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Table 2. Morphometrics of the trypanosomes collected in the Okavango Delta. Abbreviations: SD — standard deviation; n — number trypanosomes measured; MA — midnucleus to
anterior; MP — midnucleus to posterior; MK — midnucleus to kinetoplast; PK — posterior to kinetoplast; NL — nucleus length; BW — body width; TBL — total body length; OL — overall
length including free flagellum; NI — nuclear index; FI — flagellar index.

Chh Trypanosome morphometrics: Mean + SD (range)

Fish host n MA MP MK PK NL BW TBL oL NI | FI

Orcochromis andersonii s | 22243 | 23937 | 225£35 | 1403 34+03 46+1.0 | 46179 | 54688 | |
(17.3-27.3) | (19.3-28.2) | (17.9-26.4) | (1.1-1.8) | (2.9-3.7) | (3.9-5.6) | (37.7-53.6) | (452-633) | :

Serranochromis aneusticens o | 20923 | 254%19 | 23.01£21 | 2305 41404 48+1.1 | 46314 | 55014 | ., | .
gusticep (17.3-24.8) | (23.6-29.1) | (19.4-26.8) | (1.6-2.9) | (3.6-4.6) | (3.2-6.2) | (43.9-48.2) | (51.6-57.1) | :

Serranochromis macrocenhal 4 | 222£21 | 265£07 | 237£1.0 | 28%03 44+05 49+1.0 | 48628 | 56842 | ., | (g
CITAnoCRromis macrocephaus (19.1-23.6) | (25.5-27.2) | (22.3-24.7) | (2.5-3.2) (3.9-5.0) (3.9-6.1) | (44.6-50.8) | (51.5-61.6) | :

Sorranochromis. robusius s | 193£51 | 23242 | 215£39 | 1704 37408 37412 | 425589 | 502£96 |, | o
(82-27.3) | (15.5-33.6) | (14.5-31.5) | (0.9-2.2) | (2.6-5.8) | (1.4-5.7) | (23.6-60.9) | (29.5-70.1) | :

Clarias eariei 55 | 156£32 | 17823 | 165+21 13402 34405 24405 | 333£50 | 438+54 |, | L,
arias gariepmus (8.6-22.1) | (13.1-22.2) | (12.2-20.5) | (0.8-1.7) (1.9-4.1) (12-3.6) | (21.7-41.5) | (30.1-52.4) | :

Clarias. theodorae b5 | 21739 | 24448 | 22747 | 1702 43+0.8 24404 | 46282 | S40£78 | | o
! (10.9-26.9) | (11.8-30.4) | (10.5-28.4) | (1.4-2.1) | (3.2-5.5) | (1.8-3.5) | (22.7-54.9) | (32.7-62.5) | :

Paranchenoelanis noamensis b5 | 2365901 | 27774 | 24965 | 2714 4.0+0.6 56+22 | 513162 | 59.1+166 | |, |
granis ng : (11.0-40.0) | (15.0-40.0) | (13.4-33.8) | (1.5-6.2) | (3.2-5.0) | (2.3-11.5) | (30.8-75.4) | (33.1-80.8) | :

Somodontis mieromaculatus s | 16632 | 22629 | 21.0£3.1 1.6+0.3 37405 32£0.7 | 392+45 | 47850 |, |,
o4 1w me (10.3-20.2) | (17.7-27.3) | 16.2-25.8) | (1.1-2.2) | (2.7-4.6) | (2.0-4.0) | (28.043.6) | (36.6-54.0) | :

Somodontis vanderwaali o | 148%30 | 192£31 | 181%31 1.1£0.1 3.0£0.5 20£06 | 34155 | 406+61 | . | o,
o4 v (10-18.6) | (14.6-23.3) | (13.6-22.1) | (0.9-1.4) | (22-3.7) | (1.1-3.0) | (26.7-40.9) | (32.0-48.1) | :

enilbe intormedins Lo | 160£28 | 230£33 | 21435 | 1.5+04 37406 38+0.9 | 383+43 | 47053 |, | ,,
: (13.1-19.5) | (18.0-26.7) | (16.0-25.2) | (1.3-2.1) | (2.6-44) | (2.5-4.7) | (31.642.5) | (353-51.6) | :
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Figs. 1-12. Light micrographs of suspected Trypanosoma mukasai from different fishes in the Okavango Delta. Fig. 1. Oreo-
chromis andersonii. Fig. 2. Serranochromis angusticeps. Fig. 3. Serranochromis macrocephalus. Fig. 4. Serranochromis robus-
tus. Fig. 5. Clarias gariepinus small form. Fig. 6. C. gariepinus larger form. Fig. 7. Clarias theodorae. Fig. 8. Parauchenoglanis
ngamensis small form. Fig. 9. P. ngamensis large form. Fig. 10. Synodontis nigromaculatus. Fig. 11. Synodontis vanderwaali.

Fig. 12. Schilbe intermedius. Scale bar = 10 pm for Figs. 1-12.

size and morphology. Baker (1960) found small exam-
ples of this species in Tilapia esculenta, T. variabilis
and Bagrus docmac from Lake Victoria. We presume
that the small forms found in our samples are immature
stages of this same trypanosome, and probably represent
a recent infection. The larger trypanosomes found in the
Cichlidae and Mochokidae in Botswana were also mor-
phologically similar to and fell within the size ranges
for T. mukasai. The largest trypanosome, seen in P.
ngamensis (80.8 pm long), was longer than 7. mukasai
reported from Uganda (see Baker 1960), but within the
record (up to 90 um) for experimental infections
(Negm-Eldin 1998).

Baker (1960) commented that nuclear position, rather
than flagellar length may be important in distinguishing
the three African freshwater fish trypanosomes that he
suspected might be valid species. The nucleus lies for-
ward of the mid-line consistently in the trypanosomes
recorded in this study (see NI values), which supports
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their identity as 7. mukasai. However, T. tobeyi, origi-
nally named from Clarias angolensis (see Baker 1960),
also has an anterior nucleus. The suggestion that T.
tobeyi might be synonymous with 7. mukasai (see
Baker 1960), and the subsequent transmission of 7.
mukasai from Clarias lazera to a variety of genera of
wild-caught freshwater fishes by Negm-Eldin (1998),
leads to the conclusion that they probably are the same
species.

Trypanosoma  froesi (=Trypanosoma mugilicola
Becker et Overstreet, 1979) occurs in the Mugilidae,
and so the only other truly freshwater trypanosome from
southern Africa is Trypanosoma clariense Pienaar, 1962
infecting a single sharptooth catfish Clarias gariepinus
caught in the Potchefstroom district in the North West
Province of South Africa. Unusually, Pienaar (1962)
reported this species in his study of blood parasites of
South African reptiles. The total body length (3548
um) and width (1.3-2.7 pum) of this parasite fall within



the ranges of those from C. gariepinus in the Okavango
Delta, as well as those of 7. mukasai. Pienaar (1962)
also mentioned the difficulty in staining the free
flagellum, a characteristic found in the majority of the
Okavango specimens. Based on Pienaar’s (1962) origi-
nal description (no type material was deposited), the
name Trypanosoma clariense may therefore also prove
to be a junior synonym of T. mukasai.

Trypanosoma mukasai is thus tentatively recorded
from 9 new host fishes in this study: Oreochromis
andersonii, Serranochromis angusticeps, S. macro-
cephalus, S. robustus, Clarias gariepinus, C. theodorae,
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