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Abstract
The Okavango Delta comprises a huge floodplain and wetland region in the north west of Botswana. 
Limited anthropogenic impacts have allowed the existence of a relatively pristine freshwater 
habitat without the devastating effect of introduced fish species. Four morphologically distinct 
and potentially new myxosporean species were recorded from four indigenous fish species in the 
Okavango Delta between 1998 and 2000. Henneguya sp. 1, Henneguya sp. 2, Henneguya sp. 3 were 
recorded from the gills of Mormyrus larcerda Castelnau, 1861, Marcusenius macrolepidotis (Peters, 
1852), Schilbe intermedius Rüppell, 1832 respectively, and Myxobolus sp. 1 from underneath the 
scales of Tilapia sparrmanii Smith, 1840. 
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Introduction
The majority of fish infecting myxosporeans 
recorded from freshwaters in Africa are 
described from Northern Hemisphere 
countries such as Benin, Egypt, Senegal, 
Tunisia, Chad, Israel, Uganda, Nigeria and 
Burkina Faso. Very few records exist for 
myxosporean species in southern African 
freshwater systems and yet, ironically it is 
here that early myxosporean research in 
Africa begun. It seems the earliest record 
of myxosporeans from freshwater fishes in 
southern Africa is that of Fantham (1930) 
who recorded a Myxobolus species from 
barbel and carp collected from Brakpan and 
Florida in the Witwatersrand in South Africa. 
Many years later Van Wyk (1968) recorded 
salmonid whirling disease from trout farms 
in the Cape Province in South Africa. Then, 

in 1971, Peters recorded that, what appeared 
to be eggs within the gill operculum of an 
African anabantid from the Okavango River 
reported by Boulenger (1911), were actually 
myxosporean plasmodia. Roughly 30 years 
later, Reed et al (2002 and 2003) recorded 
several new species and new geographical 
records for myxosporeans infecting fishes in 
the Okavango Delta, Botswana. 

This short paper presents the morphological 
descriptions of four potentially new 
myxosporean species, Henneguya sp. 1, 
Henneguya sp. 2., Henneguya sp. 3 from the 
gills of Mormyrus larcerda Castelnau, 1861, 
Marcusenius macrolepidotis (Peters, 1852), 
Schilbe intermedius Rüppell, 1832 respectively, 
and Myxobolus sp. 1 from underneath the 
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scales of Tilapia sparrmanii Smith, 1840, all 
from the Okavango Delta in Botswana. 
Although spore morphologies alone should 
not be used to distinguish new myxosporean 
species (which should be verified by molecular 
analyses), it is felt that these potentially new 
species are worth mentioning because of their 
unique locality on the African continent, the 
Okavango Delta in Botswana. 

Methods
Twenty-four M. lacerda, 25 M. macrolepidotus, 
79 S. intermedius and 148 Tilapia sparmanii were 
collected from the Okavango River and Delta, 
Botswana from 1998 to 2000. Fishes were 
collected using a series of gill nets. Captured 
fish were kept alive in aerated containers and 
identified using Skelton (1993). Subsequent 
to being anaesthetised with a dosage of 
Benzocaine sufficient to kill them, they 
were measured and all organs examined for 
myxosporean infections. The remoteness of 
these collection localities required that mature 
myxosporean spores found in plasmodia 
be fixed in 10% buffered neutral formalin. 
Mature spores were photographed using 
an Axiophot microscope with differential 
interference contrast on a layer of 0.5% non-
nutrient agar at the Department of Zoology 
and Entomology, University of the Free State, 
Bloemfontein. Formalin fixed mature spores 
were measured according to the guidelines 
provided by Lom and Arthur (1989) with 
minimum and maximum values of spore 
measurements provided in micrometres (μm), 
followed in parenthesis by arithmetic mean 
and standard deviation. 

Results and discussion
Henneguya sp. 1 (Figures 1a-d)

Host: Mormyrus lacerda Castelnau, 1861
Site: Gills
Locality: Samochima Lagoon, Okavango Delta, 
Botswana (18º24’26.08”S; 21º54’09.26”E)
Prevalence: 13% (3/24)
Vegetative stages: Many tiny rounded to sub-
spherical sporogonic plasmodia histozoic 
in primary gill lamellae. Whitish in colour, 
measuring less than 0.5 mm in diameter. 

Spores (based on 20 formalin fixed spores): 
Mature spores ovoid in valvular view with 
anterior end rounded and tapering to a blunt 
point. Two smooth shell valves adhere along 
a narrow, smooth sutural edge. Total length of 
the spores 32.0 – 36.0 (34.2 ± 1.28) μm, spore 
body 10.0 – 12.0 (11.3 ± 0.6) μm long × 5.0 – 
6.0 (5.4 ± 0.4) μm wide. Two filiform, narrow 
caudal appendages extend from spore body, 
21.0 – 24.0 (24.2 ± 0.5) μm. Two pyriform-
shaped polar capsules in anterior of spore 
extending to at least one third of spore body, 
3.5 – 5.0 (4.3 ± 0.4) μm long × 1.5 – 2.0 (1.8 ± 0.2) 
μm wide. Polar capsules with 3 – 4 filament 
turns.

Remarks: Henneguya species in Africa infecting 
similar hosts include H. odzai Fomena 
and Bouix, 1996, H. mormyri Kostoingue, 
Diebakate, Faye and Toguebaye, 2001 and 
Henneguya nyongensis Fomena and Boux, 
1996. Compared with H. odzai described from 
the gills of Mormyrus moori in Cameroon by 
Fomena and Bouix (1996), Henneguya sp. 1 
has a distinctly more pointed anterior, while 
that of H. odzai is almost entirely round. The 
spores of H. mormyri, described from the 
gills of Mormyrus cashive by Kostoïngue et al. 
(2001), are very similar to those of Henneguya 
sp. 1, but the spore body of H. mormyri has a 
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more pointed anterior with a distinctly shorter 
spore body. In comparison with H. nyongesis, 
described from the gills of Marcusenius moori 
by Fomena and Bouix (1996), the polar 
capsules of Henneguya sp. 1 lack the distinct 
“neck-like” structure as is seen in the polar 
capsules of H. nyongensis.

Henneguya sp. 2 (Figures 2a-c)
Host: Marcusenius macrolepidotis (Peters, 
1852).
Site: Gills.
Locality: Samochima Lagoon (18º24’26.08”S; 
21º54’09.26”E), Okavango Delta, Botswana.
Prevalence: 80% (20/25).
Vegetative stages: Small sporogonic plasmodia 
found in secondary gill lamellae, oval and 
whitish in colour, 0.5mm in diameter. 
Spores (based on 20 formalin-fixed spores): 
Mature spores have ovoid body, very 

elongated 11.3 - 13.7 (13±1.3) μm. Anterior 
end of spore rounded, tapering to blunt 
point towards posterior end. Two filiform 
expansions visible at posterior end of the 
spore body. Two small teardrop-shaped polar 
capsules of equal size visible at anterior end 
of spore body, measuring 2.5 - 3.2 (2.7 ± 0.7) 
μm long × 1.0 μm wide. Widest region of 
spore observed towards posterior end of 
polar capsules, measuring 3.8 - 5 (4.3±0.9) 
μm in width. Two smooth shell valves visible 
with prolonged extensions clearly separated 
at base. Number of coils of polar filament 
difficult to observe and spores contained a 
single binucleate sporoplasm.

Remarks: Henneguya sp. 2 is most similar to 
H. odzai, which was described from the gills of 
Marcusenius moori by Fomena and Bouix (1996). 
The spore body of H. odzai is, however, more 

Figure 1. Line drawing (a) and light micrographs of formalin fixed spores 
(b,c,d) of Henneguya Thélohan, 1892 sp. 1. from the gills of Mormyrus lacerda 
Castelnau, 1861collected from the Okavango River and Delta, Botswana. 
Scale bars 10μm.



Bull. Eur. Ass. Fish Pathol., 30(4) 2010, 140

elongated than the spore body of Henneguya 
sp. 2. A comparison with H. malapteruri 
described from the gills of Malapterurus 
electricus by Fomena and Bouix (1996) reveals 
that the spore body of Henneguya sp. 2 is not 
as round to ovoid in shape as in the case of the 
former species. The relative sizes of the polar 
capsules of Henneguya sp. 2 are much smaller 
than those of H. malapteruri. Furthermore, 
Henneguya sp. 2 does not possess a bulge at the 
base of the caudal appendages as described 
for H. malapteruri. Since the spore morphology 
of the present species is dissimilar to any of 
the known African species, we consider it 
to be new. This is the first description of a 
myxosporean species from M. macrolepidotus 
in southern Africa.

Compared to the former species described in 
this paper, Henneguya sp. 2 differs significantly 

from Henneguya sp. 1 as the spores of 
Henneguya sp. 2 are very elongated and have 
a much broader spore body, despite infecting 
related host species.

Henneguya sp. 3 (Figures3a,b; 4a-d)
Host: Schilbe intermedius Rüppell, 1832. 
Site: Gills.
Localities: Samochima (S18º25’44.0”; 
E021º54’01.0”), Guma (S18º57’41.2”; 
E022º22’28.4”), Thoage (S18º55’33.0”; 
E022º24’30.1”) and Duba (S18º58’24.0”; 
E022º33’45.8”) Lagoons, Okavango Delta, 
Botswana. 
Prevalence: 64.5% (51/79).

Vegetative stages: Sporogonic plasmodia 
in secondary gill lamellae. Polysporous 
plasmodia ovoid, whitish in colour, measuring 
33 × 9 – 28μm. 

Figure 2. Line drawing (a) light micrograph (b) and silver impregnated (c) spores of 
Henneguya Thélohan, 1892 sp. 2. from the gills of Marcusenius macrolepidotus (Peters, 
1852) collected from the Okavango River and Delta, Botswana. Scale bars 10μm.
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Figure 3. Dissecting microscope photographs (a,b) of Schilbe intermedius Rüppell, 1832 gill filaments showing 
Henneguya sp. 3 plasmodia (arrow). Scale bars: 5 mm.

Figure 4. Line drawing (a), light micrograph (b), scanning electron micrograph 
(c) and silver impregnated (d) spores of Henneguya Thélohan, 1892 sp. C. from 
the gills of Schilbe intermedius Ruppell, 1832 collected from the Okavango River 
and Delta, Botswana. Scale bars 10μm.



Bull. Eur. Ass. Fish Pathol., 30(4) 2010, 142

Spores (based on 10 formalin fixed spores): 
In valvular view, spore body ovoid with 
anterior end slightly pointed, measuring 12.5 
- 17.5 (14.4±1.6) μm. Two filiform expansions 
observed towards posterior of spore body 
with total length of spores measuring 33 - 37.5 
(34.1±2.5) μm. Two elongated pyriform polar 
capsules present in the anterior end of spore 
body measuring 4 - 6.3 (5.2±0.7) μm long × 
1 - 1.3 (1.1±0.1) μm wide. Widest region of 
spore observed towards posterior ends of 
polar capsules measuring 5 - 6.3 (5.3±0.5) 
μm. Two shell valves visible. Shell valves 
smooth and extended by two filiform and 
long expansions clearly separated from the 
base. Narrow sutural ridge visible and polar 
filaments within the polar capsules contain 
eight coils. Spores contain a single binucleate 
sporoplasm.

Remarks: Henneguya sp. 3 shows some 
similarities with a few African species from 
the genus Henneguya, but closer examination 
reveals the following differences. Henneguya 
sp. 3 differs from H. bopeleti described by 
Fomena and Bouix (1987), in having a more 
elongated to oval spore body shape and 
also having a shorter total spore length. 
The caudal appendages of Henneguya sp. 
3 are also shorter than those of H. bopeleti 
and the spore body of Henneguya sp. 3 takes 
up more of the total spore length than the 
spore body of the la�er species. Henneguya 
sp. 3 resembles H. chrysichtyi Obiekezie 
and Enyenihi, 1988 described from the gills 
of Chrysichthys nigrodigitatus by Obiekezie 
and Enyenihi (1988) in having similar spore 
body length and width, but has a longer 
total body length and two polar capsules of 
equal size. Henneguya sp. 3 also differs from 

H. clariae Abolarin, 1971, described from the 
gills of Clarias lazera by Abolarin (1971), in 
having a more elongated spore body and 
more elongated polar capsules that are equal 
in length. The spore body of H. clariae tapers 
to a sharper degree than that of Henneguya 
sp. 3. The caudal appendages of Henneguya 
sp. 3 are distinctly separate compared to the 
occasionally fused caudal appendages of H. 
clariae. The shape and structure of this species 
appears to be very similar to H. nyongensis 
described from the gills of Marcusenius moori 
by Fomena and Bouix (1996), but differs from 
the la�er species which has a very distinct 
‘neck-like’ structure at the anterior ends of 
the polar capsules (Fomena and Bouix 1996), 
which is absent in Henneguya sp. 3. Henneguya 
sp. 3 does not conform to the description of 
any known African Henneguya species. This is 
the first description of a myxosporean species 
from Schilbe intermedius in Africa.

Myxobolus sp. 1 (Figures 5a-c)
Host: Tilapia sparrmanii Smith, 1840
Site: Epidermis underneath the scales
Localities: Pepere Backwaters (S18º54’42.8”; 
E022º32’36.5”), Okavango Delta, Botswana.
Prevalence: 2 % (3/148)

Vegetative stages: Many rounded to sub-
spherical sporogonic plasmodia found in 
epidermis underneath scales. Whitish in 
colour, approximately 0.5 mm – 3 mm in 
diameter. 

Spores (based on 20 formalin fixed spores): 
Mature spores sub-spherical in valvular 
view with two smooth shell-valves joining 
along well-defined, narrow, smooth-edged 
sutural ridge, 10.0 – 13.0 (12.0 ± 0.5) μm 
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long × 10.0 – 11.5 (10.7 ± 0.6) μm wide. Two 
pyriform-shaped polar capsules in anterior of 
spore extending to past mid-length of spore, 
measuring 5.5 – 7.0 (6.2 ± 0.6) μm long × 3.5 
– 5.0 (4.1 ± 0.3) μm wide. Small intercapsular 
process visible between converging anterior 
polar capsules. Each polar capsule with 7 – 8 
filament turns. 

Remarks: Myxobolus sp. 1 does not conform to 
the description and dimensions of any of the 
known Myxobolus species in Africa. Several 
species from the genus Myxobolus have been 
described from Tilapia hosts in Africa and are 
compared with Myxobolus sp. 1. Myxobolus sp. 
1 is similar to M. brachysporus (Baker, 1963) 
described from the spleen of Tilapia esculenta 
and T. variabilis in Lake Victoria by Baker 
(1963). Although they are similar in shape, 
the spores of M. brachysporus are broader 

Figure 5. Line drawing (a) and light micrographs of formalin fixed spores (b, c) 
of Myxobolus Bütschli, 1882 sp. 1. from underneath the scales of Tilapia sparrmanii 
Smith, 1840, collected from the Okavango River and Delta, Botswana. Scale bars 
10μm.

than they are wide and appear generally more 
compressed than the almost spherical spores 
of Myxobolus sp. 1. Myxobolus sp. 1 has a similar 
almost spherical spore shape and dimensions 
to that of M. doussoui Sakiti, Blanc, Marqués 
and Bouix, 1991 described from the gills of 
Tilapia zilli in Benin by Sakiti et al. (1991). The 
major difference between the two species is 
that M. doussoui has two unequally sized polar 
capsules compared to the two equally sized 
polar capsules of Myxobolus sp. 1. Myxobolus 
sp. 1 strongly resembles M. nilei (Faisal and 
Shalaby, 1987) described from Oreochromis 
niloticus in Egypt by Faisal and Shalaby 
(1987). The spores of M. nilei are, however, 
much narrower and have much larger polar 
capsules than those of Myxobolus sp. 1. 
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Conclusion
Future molecular analyses will be required to 
verify and support the complete description of 
these potentially new species. The Okavango 
Delta in Botswana remains one of the few 
relatively pristine freshwater wilderness areas 
that are free of introduced fish species and with 
limited anthropogenic influences. Developing 
an early understanding of the diversity of all 
organisms living in this unique habitat, in 
this case myxosporean parasites associated 
with indigenous fish species, will provide an 
important back drop to understanding current 
interactions between all organisms and will 
hopefully contribute to proactive future 
management of this very special locality in 
the heart of southern Africa. 
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