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Summary. The phylogenetic relationships of avian trypanosomes, common parasites of birds, remain ambiguous and validity of many
species is questionable. Analyses based on 18S rRNA sequences, dimensions of the kinetoplast disc and the size of kinetoplast (k) DNA
minicircles were used to differentiate among large trypanosomes parasitizing birds of the Old World. These trypanosomes with typical
striated appearance formed two well-supported groups - the “ Trypanosoma avium” clade and the “ Trypanosoma corvi” clade. Interestingly,
the isolate derived from the Central European hippoboscid fly (Ornithomyia avicularia) is closely related to T. corvi from araven captured
in the U.K., whereas a trypanosome obtained from the blood of araven of the Central Europe origin (Czech Republic) isatypical member

of the “T. avium” clade.
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INTRODUCTION

Avian trypanosomes, transmitted by various blood-
sucking invertebrates, are widespread parasites of birds
(Apanius 1991). About one hundred species of bird
trypanosomes have been described worldwide, mostly
on the basis of “one host - one species’ paradigm,
according to which a new species was assigned for
every “new” bird host (Bishop and Bennett 1992).
However, clear-cut evidence for strict host specificity
of bird trypanosomes is lacking, while several experi-
mental transmissions of trypanosomes from one host
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species to another (sometimes across a family or an
order) have been described (Baker 1956a, c; Bennett
1970; Woo and Bartlett 1982; Chatterjee 1983). Since
the validity of most species has been questioned, many
taxa are considered nomina dubia and the taxonomic
status of avian trypanosomes remains generally contro-
versial.

In 1885 Danilewsky described T. aviumfrom birds of
the families Corvidae, Accipitridae and Laniidae, and in
1889 included Asio otus (Strigiformes) and Coracias
garrulus (Coraciiformes) as additional hosts. Later,
Srix aluco obtained from a street market in Paris
enlarged the list of T. avium hosts, while Laveran
proposed that trypanosomes from C. garrulus belong to
a different species (Laveran 1903). Since these early
works, avian trypanosomes from many bird species
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captured in Europe and Asia have been labelled as
T. avium, but thedescriptionsandillustrationsare (mostly)
inadequate. According to Novy and McNea (1905),
T. avium also parasitizes awide range of hostsin North
America (Agelaius phoeniceus, Colaptes auratus,
Cyanocitta cristata, Icterus galbula, Lophotrix sp.,
Melopiza melodia, Passer domesticus, Salia sialis,
Turdus migratorius, Zenaidura macroura). A more
recent example of the concept that T. avium is a
widespread parasite of birds is exemplified by its de-
scription from a fish crow (Corons ossifragus) in
Florida (Dusek and Forrester 2002). Quite early, Lihe
(1906) used the name Trypanosoma confusum for
what he considered a “species mix”. Many authors
accepted this taxonomy of the New Word avian trypa-
nosomes, while according to others T. confusum is
regarded as ajunior synonym of T. avium (Baker 1976).

Based on severa studies (Bennett 1961, Baker 1976,
Bishop and Bennett 1992), large trypanosomes with
typical striated appearance (so-called myonemes) have
been grouped together as species of the T. avium
complex or the “avium” group (Baker 1976, Woo and
Bartlett 1982, Apanius 1991, Bennett et al. 1994, Sehgal
et al. 2001). The flag species of this group are T. avium
and T. corvi from the Old World and T. confusum from
the New World avian hosts. Baker (1976) proposed a
concept according to which there are no more than
12 valid species of trypanosomes in birds world-wide,
with T. avium restricted to trypanosomes of the Old
World owls (Strigiformes), and morphologically similar
protozoans parasitizing birds of the New World belong-
ing to T. confusum.

Trypanosoma corvi Stephens et Christophers, 1908,
originally described from a house crow (Corvus
splendens) in India, was re-described from the material
obtained from a raven (Corvus frugilegus) captured in
the U.K., and emended for the large striated trypano-
somesof corvidsand blackbirds (Turdus merula) (Baker
19564, c, 1976). Finally, flagellates obtained from the
blood of a tree pic (Dendrocitta vagabunda) captured
in India served as material for another morphology-
based re-description of T. corvi (Nandi and Bennett
1994). At present, C. splendens is the type host of
T. corvi, with C. frugilegus, C. monedula spermologus,
D. vagabunda, and Turdus spp. being additional hosts.
Generally, all large trypanosomesfound in Corvidae and
other families (e.g. Turdidae) of the Old World birds are
considered to be conspecific into this species (Baker
1976).

The classification summarised above proved helpful
for distinguishing trypanosomesfrom different bird hosts
and continents; however, severa taxonomic problems
with the avian trypanosomes remain unsettled. The lack
of morphological featuresamong different isolatesis out
weighted by biochemical and molecular data. Biochemi-
cal characterization of trypanosome strains obtained
from the American raptors (Buteo jamaicensis, Accipi-
ter striatus) and owls (Aegolius acadicus) led
Kirkpatrick and Terway-Thompson (1986) to conclude
that they are closely related. The electrophoretograms
of T. corvi from ravens were similar to those of trypa-
nosomes isolated in the U.K. from sparrowhawks
(Accipiter nisus) and black flies (Eusimulium latipes)
(Dirie et al. 1990) indicating that this blood-sucking
insect is the vector of T. corvi. However, according to
Baker (1956b) and Mungomba et al. (1989), T. corvi is
transmitted by the hippoboscid fly (Ornithomyia
avicularia).

The 18S rRNA gene sequences are available for
dozens of trypanosome species and are widely used to
infer their relationship. Our previous study based on the
sequences of the 18S rRNA genes showed that isolates
from four raptor species (Buteo buteo, Accipiter nisus,
Falco tinnunculus, Aquila pomarina), a chaffinch
(Fringilla coelebs), a raven (Corvus frugilegus), and
a black fly (Eusimulium securiforme), all originating
from Central Europe, belong to a single robustly mono-
phyletic “T. avium™” clade (Votypka et al. 2002). Fur-
thermore, we have shown that the different bird trypa-
nosomes are diverse in the size of kinetoplast (k) DNA
minicircles and that this feature is reflected in a unique
and characteristic shape of their kinetoplast (LukesS and
Votypka 2000, Votypka et al. 2002). In this study we
have used molecular techniques (sequencing of the 18S
rRNA gene and determination of minicircle size) and
€electron microscopy (measurement of kinetoplast thick-
ness) to compare trypanosomes originating fromaraven
captured in the U.K. and described as T. corvi with the
other Old World avian trypanosomes including isolates
from a raven (C. frugilegus) captured in the Czech
Republic and a hippoboscid fly (Ornithomyia
avicularia).

MATERIALS AND METHODS

Strain origin and cultivation of trypanosomes. The Trypano-
soma corvi strain “LUM-LSHTM” (ITMAP 180795) was isolated
by J. R. Baker from the blood of an adult raven (C. frugilegus)



captured in Fordingbridge, Hampshire, U.K. in June1970. Cultiva-
tion was performed on blood agar with RPM1 1640 medium (Sigma)
and supplemented with 10 % (v/v) foetal calf serum (Sigma) and
gentamicin (80 pg/ml) at 23°C.

DNA processing. Isolation of total cellular DNA, PCR amplifica-
tion of the 18SrRNA geneusing primers S762 and S763, cloning, and
sequencing with a set of conserved primers were performed as de-
scribed previously (Maslov et al. 1996). Isolation of the kDNA
network and enzyme digestion of minicircles was done according to
Votypkaet al. (2002).

Electron microscopy. For transmission electron microscopy,
cells collected from culture in the exponential phase (6-day-old cul-
ture) were washed in 0.1 M phosphate-buffered saline solution and
fixedin2.5% glutaraldehydeinthe samebuffer at 4°C. Sampleswere
further processed and the KDNA structure was analyzed as described
elsewhere (LukeS and Votypka 2000).

Sequence availability. 18S rRNA sequences of T. corvi and
T. “avium” FT2 were deposited in GenBank under the accession
numbers AY 461665 and AY 099319, respectively. Nucleotide se-
quencesused in phylogenetic analysisareavailablefromthe GenBank/
EMBL databases under the following accession numbers: T. cruz
PERU (X53917), T. cruzi marinkellei (AJ009150), T. dionisii
PJ (AJ009152), T. dionisii P3 (AJ009151), T. rangeli (AJ012416),
T. vespertilionis (AJ009166), Trypanosoma sp. “kangaroo”
(AJ009168), T. lewis (AJ223566), T. microti (AJO09158), Trypano-
soma sp. OA6 (AF416562), Trypanosoma sp. CUL1 (AF416561),
T. bennetti (American kestrel), T. grayi (AJ223565), T. “avium’
A1412 (U39578), T. “ avium” SIM3 (AF416563), T. “ avium” APO1
(AF416559), T. “avium” LSHTM144B (AJ009140), T. cf. paddae
N335 (AJ223570), T. varani (AJ223572), T. scelopori (U67182),
Trypanosoma sp. “wombat” (AJ009169), T. pestanai (AJO09159),
T. theileri (AJ009164), Trypanosoma sp. D30 (AJ009165), T. theileri
(AJ009163), T. cobitis(AJ009143), Trypanosomasp. “fish” (L14841),
Trypanosoma sp. “leech” (AJ009167), T. boissoni (U39580),
T. triglae (U39584), T. rotatorium B2-11 (AJ009161), T. rotatorium
B21(U39583), and T. mega (AJO09157). Information on avian trypa-
nosomes (for which molecular data are available) has been summa-
rized in Table 1.

Phylogenetic analyses. The entire 18S rRNA gene sequences
from 35 trypanosomes were aligned using the ClustalX program
(Thompson et al. 1997), alignment was manually corrected, and gaps

Table 1. Summary details of avian trypanosomes analysed.
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and ambiguously aligned regions were excluded from phylogenetic
analyses. Maximum parsimony (M P) and maximum likelihood (ML)
trees, as well as trees based on LogDet-distances (D) were con-
structed. M Ptreeswere constructed using PAUP* program (Swofford
2000) with TBR as a branch swapping method and random addition
of sequences with 10 replicates. MP bootstrap support was com-
puted out of 1000 replicates with random addition of sequenceswith
10 replicates. ML tree was computed using the DNAmI program in
Phylip package (Felsenstein 2001) version 3.6a3, using HKY 85
model with discrete gamma distribution in 8+1 categories. Gamma
distribution parameter a and portion of invariable sites were esti-
mated from dataset using Tree-Puzzle program (Strimmer and von
Haeseler 1996), version 5.0. Maximum-likelihood puzzle support
was computed in 10,000 puzzling steps using Tree-Puzzle 5.0 with
discrete gamma distribution in 8+1 categories. Distance tree was
constructed using LogDet/paralinear distances as implemented in
PAUP* version 4b10, with constant positions excluded from the
analysis. Consistent with previously published phylogenies of try-
panosomes (Stevens and Gibson 1999, Votypka et al. 2002), all
constructed trees were rooted using T. mega as an outgroup.

RESULTS AND DISCUSSION

Alignment used for phylogenetic analysis contained
35 taxa and 2031 characters and is available from the
authors upon request. In this alignment, 441 characters
arevariable, with 281 charactersparsimony informative.
M aximum parsimony analysisresulted in construction of
22 equally parsimonious trees with TL (tree length) =
1039 steps; Cl (consistency index) = 0.5987; RI (reten-
tionindex) = 0.6936; RC (rescaled consistency index) =
0.4152. Although the general topology of the MP tree
shown in Fig. 1 is unstable, the cluster composed of
T. varani, T. scelopori, T. pestanai, and Trypanosoma
sp. “wombat” branches together with the “T. avium’
clade in 20 out of 22 equally parsimonious trees con-
structed. These 20 trees differ only in the internal

Species Acc. No. Strain Host species Origin

T. “avium” AF416559 AAQU/SK/97/APO1 lesser-spotted eagle Aquila pomarina Slovakia

T. “avium’ AF416563 IEUS/CZ/99/SIM3 black fly Eusimulium securiforme  Czech Rep.

T. “avium” AY 099319 AFAL/CZ/99/FT2 European kestrel Falco tinnunculus Czech Rep.

T. “avium” AJ009140 LSHTM144B chaffinch Fringilla coelebs Czech Rep.

T. “avium” U39578 A1412 raven Corvus frugilegus Czech Rep.

T. cf. paddae AJ223570 N335 Java sparrow Padda oryzivora Asia (?)

T. corvi AY 461665 ITMAP 180795 raven Corvus frugilegus England (U.K.)
Trypanosoma sp. AF416562 IORN/CZ/99/0A6 hippoboscid fly Ornithomyia avicularia ~ Czech Rep.
Trypanosoma sp. AF416561 ICUL/CZ/98/CUL1 mosquito Culex pipiens Czech Rep.

T. bennetti AJ223562 KT-2 (ATCC 50102) American kestrel Falco sparverius USA, New Jersey
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Fig. 1. Maximum parsimony (MP) phylogenetic tree (one of
22 equally parsimonious trees) as inferred from 18S rRNA gene
sequences. Tree was computed out of 2031 characters, from which
281 were parsimony informative, using heuristic options in the
PAUP* program (Swofford 2000) version 4b10, with random addi-
tion of sequences with 10 replicates. Tree is 1039 steps long,
Cl = 0.5987; RI = 0.6936; RC = 0.4152. Numbers above branches
indicate MP bootstrap support (higher than 50%) in 1000 replicates
with random addition of sequencesin 10 replicates. Tree was rooted
using T. mega as an outgroup.

topologies of particular clusters. In the remaining two
trees, this cluster does not form a sister group to the
“T. avium®’ clade, which is more closely related to
T. theileri. Moreover, in these two trees, T. grayi does
not appear on theroot of the“T. corvi” cluster, asit does
in most MP trees, but becomes affiliated to T. theileri.
However, bootstrap support for these topological varia-
tions is low (data not shown). In ML tree (Fig. 2), the
T. varani, T. scelopori, T. pestanai and Trypanosoma
sp. “wombat” cluster appears between the “T. corvi”
and “T. avium” clades, but similarly to the MP bootstrap
analysis, thisposition isnot supported by the M L-puzzle
tree. Finally, in phylogenetic trees based on the LogDet/
paralinear distances, position of the above-mentioned
cluster differs from that found in the ML and MP trees,
since it is related to Trypanosoma sp. “kangaroo’
(Fig. 3), whileinthe sametree, T. theileri appears on the
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Fig. 2. Maximum likelihood (ML) phylogenetic treeasinferred from
18SrRNA gene sequences. Treewas constructed using DNAmI from
the Phylip package version 3.6a3 (Felsenstein 2001) with HKY 85
model with discrete gamma distribution in 8+1 categories. Gamma
distribution parameter o, as well as portion of invariant sites, were
estimated from the dataset using the Tree-Puzzle program version
5.0 (Strimmer and von Haeseler 1996). Numbers above branches
indicate ML puzzle support (higher than 50%) as determined by
Tree-Puzzle (discrete gamma distribution in 8+1 categories). Tree
was rooted using T. mega as an outgroup.

root of the clade composed of T. cruz, T. dionisii,
T. rangeli, and T. vespertilionis. The four equal LogDet
treesconstructed differed only in theinternal topol ogy of
the T. aviumcluster. Importantly, in all constructed trees,
T. corvi and T. avium formed highly supported separate
clusters (see Figs 1-3), however, their mutual relation
has not been resolved. In al trees, except the two MP
trees, T. grayi and T. bennetti appear on the root of the
T. avium cluster, although this relationship is not sup-
ported by bootstrap or puzzle analyses.

Several strainsof T. corvi isolated from ravensin the
U.K. have been studied so far: (i) unnamed strains
isolated by J. R. Baker from ravens in Hertfordshire
(England) between the years 1953 and 1955 were used
torevea theincidence of parasitesin birdsand transmis-
sion experiments using hippoboscid flies (Baker 19564,
b, ¢) and, (ii) together with our model strain ITMAP
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Fig. 3. Phylogenetic tree (one of four trees) based on LogDet dis-
tances, as inferred from 18S rRNA gene sequences. Tree was con-
structed using PAUP* program (Swofford 2000) and alignment con-
taining 441 variable positions (constant positions excluded). Mini-
mum evol ution scorewas 2.57308. Numbersabove branchesindicate
bootstrap support (higher than 50%) computed with 1000 replicates.
Tree was rooted using T. mega as an outgroup.

180795, have been used for species re-description of
T. corvi (Baker 1976); (iii) strain no. 85 from a bird
captured in 1973 in the same locality (Hertfordshire) as
the above-mentioned strains was used for immunity
studies (Molyneux and Gordon 1975); and (iv) strain
from Cheshire (England) was subjected to electron
microscope observation of development in the gut of its
insect vector (Mungomba et al. 1989). We assume that
all these strains belong to the same species, of which the
oneavailableto us (ITMAP 180795) is considered to be
most representative.

Unexpectedly, based on the 18S rRNA sequence, the
trypanosome strain obtained from the blood of a raven
captured in the Czech Republic (strain A1412) branched
within the well-supported “ T. avium” clade, in the com-
pany of strains parasitizing a chaffinch, lesser-spotted
eagle, java sparrow and black fly (Votypka et al. 2002).
However, when featureslike minicircle size (10 kb) and
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kinetoplast thickness (1.2 um) are considered, the strain
A1412 is clearly different from other avian trypano-
somes (Lukes and Votypka 2000, Votypka et al. 2002).
These results imply that the studied European popula-
tions of ravens are infected by at least two different
trypanosome species, which may possibly betransmitted
by different vectors.

Previous studies identified the hippoboscid fly
Ornithomyia avicularia as the vector of T. corvi
(Baker 1956b, Mungomba et al. 1989). When we in-
cluded the newly obtained 18S rRNA gene sequence of
T. corvi ITMAP 180795 into the available 18S rRNA
dataset, it clustered together with the trypanosomes
isolated from a hippoboscid fly (strain OA6) and a
mosquito (CUL1) collected on raptor nestlings in the
Czech Republic, forming a highly supported clade
(Figs 1-3). Analyses of the kinetoplast structure and the
kDNA minicirclesizefurther supported thisrelationship.
In fact, the low-pitched and elongated kinetoplast ob-
served by electron microscopy in the T. corvi cells
(thickness 0.39 + 0.35 pm; n = 38) was almost indistin-
guishable from the kinetoplast disc of the strain OA6
obtai ned from ahippoboscidfly (Fig. 4; seea so Votypka
et al. 2002). Thisisin contrast to the cylindrical-shaped
kinetoplasts characteristic of trypanosomes from Cen-
tral European raptors, raven, black bird, and black fly
(LukesS and Votypka 2000, Votypka et al. 2002).

In our recent work (Votypka and Svobodova 2004)
we show that kinetoplast thicknessis a character stable
for a particular trypanosome species in its host, vector
and derived culture stages. Moreover, the thickness of
thekinetoplast disc correlateswith the size of minicircles
that constitute the kDNA network (LukesS and Votypka
2000). The thin disc of T. corvi is composed of 3.0 kb
long minicircles (data not shown) similar in size to
minicircles of the strain OA6 from the hippoboscid fly
(Votypka et al. 2002). In addition, the hindgut and
rectum of infected hippoboscid flies harbour a heavy
infection of slender epimastigotes (data not shown), the
localization and morphology of which is reminiscent of
flagellates described from vectors by Baker (1956b) and
Mungomba et al. (1989). Molecular and morphological
data thus provide evidence that T. corvi from a raven
captured in the U.K. is either identical with, or very
closely related to, the trypanosome isolated from a
hippoboscid fly in central Europe three decades later.

Close relatedness of T. corvi isolated from a raven
with trypanosomes originating from a hippoboscid fly
(strain OA6) and a mosquito (strain CUL1), based on
the 18S rRNA sequences as well as morphological
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Fig. 4. Transmission electron microscopy of low-pitched and elongated kinetoplasts from Trypanosoma corvi (strain ITMAP 180795) (A)
and trypanosome isolated from the hippoboscid fly (Ornithomyia avicularia) (strain OA6) (B). Arrowheads indicate thickness of the

kinetoplasts. Both micrographs are to the same scale.

features, prompted us to speculate that T. corvi is
transmitted via different vectors among its avian hosts.
However, important differences exist between theinfec-
tion in the hippoboscids, for which a contaminative
transmission has been proposed (Mungombaet al. 1989),
and that in the mosguitoes. In the latter insects, a
massive plug of parasites attached to the stomodeal
valve in the foregut region was observed, as well as
accompanying degenerative changes of the valve, remi-
niscent of the sand fly infections by Leishmania spp.
(Hajmova, Votypka and Volf, unpubl. results). There-
fore, we conclude that cycling of trypanosomes between
mosquitoes and birds is carried out via inoculation or
regurgitation rather than by the contaminative way de-
scribed in the hippoboscids. Such a dissimilar type of
transmission is an important feature of the biology of
kinetoplastids, and should be considered incompatible
with their belonging to one species. On the basis of this
difference, we propose that avian trypanosomesisol ated
from hippoboscidsfly and mosquito belong to two differ-
ent but closely related species.

Questions concerning the host specificity of T. corvi
still remain open. Baker (1956a) found trypanosomesin
ravens (Corvus frugilegus frugilegus), jackdaws (C.
monedula spermologus), and blackbirds (Turdus merula
merula) and suggested that flagellates from these birds
belong to the same species. Furthermore, he transmitted
them experimentally to canaries (Serinus canaries).
After the emendment of T. corvi by Stephens and
Christophers (1908), Baker restricted the use of the
name T. corvi to large trypanosomes from non-Ameri-

can corvids and aso from other bird families (e.g.
Turdidae) (Baker 1976). While our trypanosome strain
isolated from a blackbird (strain A493) appears to be a
typical member of the‘avian’ group (L ukeSand Votypka
2000; thiswork), we could not excludethe possibility that
T. corvi is able to infect other bird species than corvids.
With the exclusion of T. bennetti, al other trypano-
somes isolated from birds, for which the 18S rRNA
sequence is available (Table 1), constitute a homoge-
neous group, the monophyly of which is supported by
100% bootstraps. Moreover, this compact group con-
tains one trypanosome isolated from a black fly (strain
SIM3). It is hard to find support in our dataset for the
existence of more than one species - T. avium.
Trypanosoma avium is apparently able to invade
many speciesof birdsbelonging to distant orders(Bennett
1970, Chatterjee and Ray 1971). While for T. paddae
(T. cf. paddae; strain N335) a feature that distinguishes
this species from other avian trypanosomes has been
described (kinetoplast situated closer to the nucleus) and
sinceit constitutesthe earliest branch within the“avian”
clade, its separate status should be retained until more
sequence data is available. T. paddae was originaly
described from the Asian Java sparrow (Padda
oryzivora) and Baker (1976) speculated that this name
is valid for most of the trypanosomes of Fringillidae
recorded from Europe and Asia Our results do not
support thisview, sincetrypanosomestrain LSHTM 144B
from chaffinch (F. coelebs) has the 18S rRNA se-
guence more related to T. avium from birds of prey and
the black fly (Figs 1-3). Theinclusion of strainsisolated



from small passerine birdsinto the phylogenetic analysis
isnecessary to settle thetaxonomic status of T. brimonti,
T. bakeri (Baker 1976, Chatterjee 1983) and other avian
trypanosomes.

Based on a combined analysis of molecular data and
morphologic features, we provide the evidence that
avian trypanosomesform two well-supported monophyl-
etic clades: the “T. avium” clade and the “T. corvi”
clade. While no significant differences have been found
intheir 18SrRNA sequences, avian trypanosomes of the
“T. corvi” clade isolated from a mosquito and a
hippoboscid fly undergo such adifferent developmentin
the vector that their provisional placement into two
different species is unavoidable. The data available for
flagellates belonging to the “T. avium” clade is consis-
tent with the notion that trypanosomes parasitizing unre-
lated bird hosts may indeed belong to one species with
alow host specificity that is transmitted by black flies.

Acknowledgements. We thank Prof. D. LeRay (Institute of Tropi-
cal Medicine, Antwerp, Belgium) for kindly providing the T. corvi
strain ITMAP 180795 and Prof. J. Vévrafor useful discussions. The
authors were supported by the Ministry of Education of the Czech
Republic (projects 1131-4 and MSM 12300003).

REFERENCES

Apanius V. (1991) Avian trypanosomes as models of hemoflagellate
evolution. Parasitol. Today 7: 87-90

Baker J. R. (1956a) Studies of Trypanosoma avium Danilewsky
1885. I. Incidence in some birds of Hertfordshire. Parasitology
46: 308-320

Baker J. R. (1956b) Studies of Trypanosoma avium Danilewsky
1885. I1. Transmission by Ornithomyia avicularia L. Parasito-
logy 46: 321-334

Baker J. R. (1956c) Studies of Trypanosoma avium Danilewsky
1885. I11. Life cycle in vertebrate and invertebrate hosts. Para-
sitology 46: 335-352

Baker J. R. (1976) Biology of thetrypanosomes of birds. In: Biology
of the Kinetoplastida, (Ed. W. H. R. Lumsden). Academic Press,
London, 131-174

Baker J. R, Bird R. G. (1968) Trypanosoma avium: fine structure of
all developmental stages. J. Protozool. 15: 298-308

Bennett G. F. (1961) On the specificity and transmission of some
avian trypanosomes. Can. J. Zool. 39: 17-33

Bennett G. F. (1970) Trypanosoma avium Danilewsky in the avian
host. Can. J. Zool. 48: 803-807

Bennett G. F., Siikamaki P, Ratti O., Allander K., Gustafsson K.,
Squires-ParsonsD. (1994) Trypanosomes of somefennoscandian
birds. Mem. Inst. Oswaldo Cruz 89: 531-537

Bishop M. A., Bennett G. F. (1992) Host-Parasite Catalogue of the
Avian Haematozoa and Bibliography of the Avian Blood-inhab-
iting Haematozoa. Memorial University of Newfoundland Occa-
sional Papersin Biology (Supp. 1, 2)

Chatterjee D. K. (1983) Lifecycle of Trypanosoma aviumbakeri and
its host-specificity. Acta Protozool. 22: 43-53

Chatterjee D. K., Ray H. N. (1971) Some observations on the
morphology and developmental stages of Trypanosoma avium
bakeri ssp. nov. from the red-whiskered bulbul (Otocompsa
jocosa Linn.). Parasitology 62: 331-338

Danilewsky B. (1885) Zur Parasitologie desBlutes. Biol. Zentral blatt
5: 529-537

Phylogenetic relationship of T. corvi 231

Danilewsky B. (1889) LaParasitologie comparéedu Sang. |. Nouvelles
Recherches sur les Parasites du Sang des Oiseaux. Kharkoff
Dirie M. F, Ashford R. W., Mungomba L. M., Molyneux D. H.,
Green E. E. (1990) Avian trypanosomes in Smulium and
sparrowhawks (Accipiter nisus). Parasitology 101: 243-247
Dusek R. J., Forrester D. J. (2002) Blood parasites of American
crows (Corvus brachyrhynchos) and fish crows (Corvus
ossifragus) in Florida, USA. Comp. Parasitol. 69: 92-96

Felsenstein J. (2001) PHYLIP, Phylogeny Inference Package
(Department of Genetics, University of Washington, Seattle),
Version 3.6a3

Kirkpatrick C. E., Terway-Thompson C. A. (1986) Biochemical
characterization of some raptor trypanosomes. |1. Enzyme stud-
ies, with a description of Trypanosoma bennetti n. sp. Can.
J. Zool. 64: 195-203

Laveran M. A. (1903) Sur un trypanosome d'une chouette. C. R.
Séances Soc. Biol. Filial. 55: 528-530

Lihe M. (1906) Die im Blute schmarotzen Protozoen und ihre
nachsten Verwandten. In: Handbuch der Tropenkrankheiten.
Barth, Leipzig, 69-268

Lukes J., Votypka J. (2000) Trypanosoma avium: Novel features of
the kinetoplast structure, Exp. Parasitol. 96: 178-181

Maslov D. A., LukeS J., Jirktt M., Simpson L. (1996) Phylogeny of
trypanosomes as inferred from the small and large subunit
rRNAs. Implications for the evolution of parasitism in the
trypanosomatid Protozoa. Mol. Biochem. Parasitol. 75: 197-205

Molyneux D. H., Gordon E. (1975) Studies on immunity with three
species of avian trypanosomes. Parasitology 70: 181-187

Mungomba L. M., Molyneux D. H., Wallbanks K. R. (1989) Host-
parasite relationship of Trypanosoma corvi in Ornithomyia
avicularia. Parasitol. Res. 75: 167-174

Nandi N. C., Bennett G. F. (1994) Re-description of Trypanosoma
corvi Stephens and Christophers, 1908 emend Baker, 1976 and
remarks on thetrypanosomes of the avian family Corvidae. Mem.
Inst. Oswaldo Cruz 89: 145-151

Novy F. G., McNea W. J. (1905) On the trypanosomes of hirds.
J. Inf. Dis. 2: 256-308

Sehgal R. N. M., JonesH. I., Smith T. B. (2001) Host specificity and
incidence of trypanosomes in some African rainforest birds: a
molecular approach. Mol. Ecol. 10: 2319-2327

Stephens J. W. W., Christophers S. R. (1908) The Practical Study of
Malaria and Other Blood Parasites. University Press, Liverpool

Stevens J. R., Gibson W. (1999) The molecular evolution of trypa-
nosomes. Parasitol. Today 15: 432-437

Strimmer K., von Haeseler A. (1996) Quartet puzzling: A quartet
maximum likelihood method for reconstructing tree topologies.
Mol. Biol. Evol. 13: 964-969

Swofford D. L. (2000) PAUP* Phylogenetic Analysis Using Parsi-
mony (*and Other Methods). Ver. 4.0b3. Sinauer Associates,
Sunderland, MA

Thompson J. D., Gibson T. J., Plewniak F., Jeanmougin F., Higgins
D. G. (1997) The Clustal X windowsinterface: flexible strategies
for multiple sequence alignment aided by quality analysis tools.
Nucl. Acids Res. 24: 4876-4882

Votypka J., Svobodova M. (2004) Trypanosoma avium: Experimen-
tal transmission from black flies to canaries. Parasitol. Res. 92:
147-151

Votypka J., Obornik M., Volf P, Svobodova M., LukeS J. (2002)
Trypanosoma avium of raptors (Falconiformes): phylogeny and
identification of vectors. Parasitology 125: 253-263

Woo P. T. K., Bartlett C. M. (1982) Trypanosoma ontarioensis n. sp.
and T. paddae from Corvus brachyrhynchos brachyrhynchos in
Ontario, Canada, with notes on the biology of T. ontarioensis n.
sp. Can. J. Zool. 60: 2107-2115

Received on 1st December 2003; revised version on 25th March,
2004; accepted on March 31st, 2004.



