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Based on phylogenetic analysis of 18S rRNA sequences and clade taxon composition, this papel
adopts a biogeographical approach to understanding the evolutionary relationships of the human and
primate infective trypanosomeélypanosoma cruzi, T. brucei, T. rangatid T. cyclops. Results indi-
cate that these parasites have divergent origins and fundamentally different patterns of evdlution.
cruziis placed in a clade with. rangeliand trypanosomes specific to bats and a kangaroo. The pre-
dominantly South American and Australian origins of parasites within this clade suggest an ancient
southern super-continent origin for ancestfakruzi possibly in marsupialsT. bruceiclusters exclu-
sively with mammalian, salivarian trypanosomes of African origin, suggesting an evolutionary history
confined to Africa, whild. cyclops from an Asian primate appears to have evolved separately and is
placed in a clade witfi. (Megatrypanumgpecies. Relating clade taxon composition to palaeogeographic
evidence, the divergence df. bruceiandT. cruzi can be dated to the mid-Cretaceous, around 100
million years before present, following the separation of Africa, South America and Euramerica. Such
an estimate of divergence time is considerably more recent than those of most previous studies based o
molecular clock methods. Perhaps significantly, Salivarian trypanosomes appear, from these data, to be
evolving several times faster th&cthizotrypanumnspecies, a factor which may have contributed to
previous anomalous estimates of divergence times.
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The evolutionary relationships of human infec-ally undergo one or more cycles of development
tive trypanosomes have long been debated (Bakand multiplication in the alimentary tract of the
1963, Hoare 1972, Vickerman 1994). However, iinvertebrate, before infective forms are transmit-
is only recently, with advances in molecular anded to a new vertebrate host via saliva, contamina-
phylogenetic methods, that significant progreston with faeces or ingestion of the whole vector.
towards resolving trypanosome evolutionary hisk this respect the human pathogenic trypanosomes
tory is being made (e.g. Lake et al. 1988, Fernanddsgfer markedly. T. brucej the causative agent of
etal. 1993, Wiemer et al. 1995, Maslov efl86, African human sleeping sickness, together with a
Lukes et al1997, Haag et al. 1998, Stevens et akange of related species of veterinary importance
1998). (T. congolenseT. simiaeandT. vivay, is transmit-

Prior to the advent of molecular techniquested by tsetse flies (gen@ossing by the salivarian
great importance was attached to the mode of trarrgute. T. cruzi which causes Chagas disease in
mission as a means of understanding the evoluatin America, develops in the hindgut of
tionary history of trypanosomes (Baker 1963friatomine bugs; infective forms are excreted in the
Hoare 1972). Most vertebrate trypanosomes afaeces and infect a new host by contamination of
transmitted from host to host by bloodsucking arwounds or mucous membranes - the stercorarian
thropod or leech vectors. The trypanosomes areute (Hoare 1972). The classification and trans-
taken up by the vector with a bloodmeal, and usumission characteristics of another, apparently non-

pathogenic species from Latin Ameridarangeli
remain much in debate.

. In addition to transmission characteristi€s,
m'_sa’glksvilfzslgg/%?rted by the Wellcome Trust (GranbruqeiandT. cru;ialsp differ in their mode of in-
*Corresponding author. Fax: +44-117-925.7374. E-maif.ecuon: T. brucelrQSIdes in the bloodstream .and_
j.r.stevens@bristol.ac.uk evades the host immune response by antigenic
Received 15 June 1998 variation, whileT. cruziis an intracellular parasite
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sient bloodstream phase in the host. It has thus Ribosomal RNA sequenceBhe ssu rRNA se-
been obvious from even the earliest parasitologguence ofl. cyclopswvas sequenced, as described
cal studies that. bruceiandT. cruziare very dif- by Stevens et a[1998). Briefly, the gene was
ferent organisms, but, just how different? Such amplified by PCR from trypanosome template
guestion has an important bearing on how far ré@NA as a fragment of ~2 kb using conserved prim-
sults relating to the biochemistry or metabolism oérs (Maslov et al. 1996). The products of 8-10
one pathogenic species can be extrapolated to theparate PCR reactions were then purified and
other, for example, in terms of new chemothergsooled, prior to automated sequencing in both di-
peutic approaches. rections at approximately 300 base pair intervals
To quantify the evolutionary distance betweemising 12 additional internal primers (Maslov et al.
the two species we have used the divergence $996) on a Perkin-Elmer ABI 377 automated se-
the small subunit ribosomal RNA (ssu rRNA) gengjuencer. A consensus sequence was assembled
to date the evolutionary split (Stevens et al. 1998jor each trypanosome strain from the internal
Similar molecular phylogenetic studies have pregrimer sequences using AutoAssembler v.2.0 (Ap-
viously relied heavily on “molecular clocks”, cali- plied Biosystems, Perkin-Elmer).
brated by a variety of methods (e.g. Lake et al. Thirty-two Trypanosomasp. sequences were
1988, Fernandes et al. 1993, Haag et al. 1998hcluded from Stevens et al. (1998; Table), together
However, given the almost constant debate suwith 15 Trypanosomasp. sequences from the
rounding the accuracy of such clocks (Sibley &EMBL/GenBank databases. The suitability of free-
Ahlquist 1984, Wilson et al. 1987), we have basetiving bodonid taxa as outgroups for phylogenetic
the date of divergence @f bruceiandT. cruzion analysis of trypanosomatids has been established
biogeographical and clade taxon compositioty a number of studies using a range of ribosomal
(Nelson & Rosen 1981, Meyers & Giller 1988).and protein coding genes (see Stevens et al. 1998).
We believe that this approach is more likely to yieldn this study,Trypanosomapecies were compared
a phylogenetic interpretation with biological rel-with a range of ten outgroup tax@odo caudatus
evance, which will contribute to an understanding{53910;Trypanoplasma borreli14840;Crithidia
of the evolution of the genuEypanosoma Fi- spp. X03450).29264;Leishmaniaspp. X53912,
nally, the addition of more taxa, including a pri-X07773, X53913, X53915; aridhytomonaspp.
mate trypanosome from south-east A8igyclops L35076, L35077).
has allowed us to explore the robustness of the Alignments -TheT. cyclopssequence was in-
phylogeny and our biogeographically based evaorporated into the alignment of Stevens et al.
lutionary hypotheses. (1998). In this alignment, all sequences were
aligned primarily to eightrypanosomaequences
MATERIALS AND METHODS downloaded from the rRNA database maintained
Choice of phylogenetic markeiThe 18S ssu  at the University of Antwerp (Neefs et al. 1990);
rRNA gene was chosen as a suitable phylogenetige alignment of these eight template sequences is
marker. Itis conserved throughout the eukaryotegased on their secondary structure. Sub-sections
while the range of conserved and variable regionst the alignment, between ‘anchor’ regions of high
allow diverse rates of genetic evolution to be stuchomology were then sub-aligned using the program
ied, making it ideal for elucidating both higherCjustal V (Higgins et al. 1992), before final ad-
evolutionary relationships and those betweefystments were made by eye. Hypervariable sites,
closely related species (Sogin et al. 1986). Its hidRhere nucleotide changes were saturated, and re-
copy number also facilitates ease of PCR amplifigions where it was not possible to produce a single
cation. The ssurRNA gene has become the markefliable alignment across all 58 taxa were excluded
of choice for evolutionary analyses of thefrom the analysis. Following this, a number of
klnetoplastld protozoa (eg Fernandes et al. 199§eparate a|ignments' representing more or less
Maslov et al. 1994, 1996, Marche etl®95, Lukes  stringent subsets of a ‘standard’ alignment, were
etal. 1997, Haag et al. 1998). explored (Stevens et al. 1998) and used as the ba-
~ TrypanosomesSummary details of all taxa are sis for the phylogenetic analysis presented in this
given in the Table.T. cyclopswas isolated from paper. Certain sites which were locally informa-
Macacaspp. in Peninsular Malaysia (Weinmantive between closely related taxa introduced
1972). This uniquely pigmented trypanosome (denojse’, resulting in a loss of definition (reduced
scribed as containing large granules of pigmemootstrap support) at higher phylogenetic levels;
derived from haemoglobin) could not readily besuch sites were excluded from the final analysis
placed in any existing subgenus. The vector igig.) and the alignment used included 1801 nucle-
unknown, but transmission by reduviid bugs wastide positions (available on request from JRS).
ruled out (Weinman 1972). Phylogenetic analyses Bootstrapped maxi-
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Summary details ofrypanosomapp. analyset

Species Host Location
T. avium Bird Fringilla coelebs Czech Republic
T. bruceigambiense Human Homo sapiens Nigeria

T. bruceirhodesiense Human Homo sapiens Uganda

T. cobitis Freshwater fish Noemacheilus barbatulus England

T. congolense(kilifi) Domestic goat Caprasp. Kenya

T. congolense(forest Domestic goat Caprasp. Cameroon
T. congolense(savannah) Domestic goat Caprasp. Kenya

T. cruzi (Z1) Human Homo sapiens Brazil

T. cruzi (Z 1I) Triatomine bug Triatoma infestans Chile

T. cruzi (Z 11I) Human Homo sapiens Brazil

T. cruzimarinkellei Bat Phyllostomum discolor Brazil

T. cyclops Macaque Macacasp. Malaysia

T. dionisii Bat Pipistrellus pipistrellus England

T. dionisii Bat Pipistrellus pipistrellus Belgium

T. equiperdum Horse Equus caballus China

T. evansi Capybara H. hydrochaeris Brazil

T. godfreyi Tsetse fly G.m.submorsitans The Gambia
T. grayi Tsetse fly G.p.gambiensis The Gambia
T. lewisi Rat Rattussp. England

T. mega Toad Bufo regularis Africa

T. microti \ole Microtis agrestis England

T. pestanai Badger Meles meles France

T. rangeli Dog Canissp. Venezuela
T. rotatorium Frog Rana catesbeiana Canada

T. simiae Tsetse fly G.m.submorsitans The Gambia
T. theileri Cattle Bos taurus Germany

T. theileri Cattle Bos taurus Scotland

T. varani Lizard Varanus exanthematicus Senegal

T. vespertilionis Bat Pipistrellus pipistrellus England

T. sp. Leech Piscicola geometra England

T. sp. Kangaroo Macropus giganteus Australia

T. sp. Wombat Vombatus ursinus Australia

T. sp. Deer Cervus dama Germany

a: details of the 33rypanosomap. isolates sequenced as part of this study. See Stevens et al. (1998) for additional
isolation details; see Weinman (1972) for full detail3.afyclops. Information on the 15 addition@itypanosoma

sp. ssu rRNA sequences added from EMBL/GenBank can be obtained from datataseonlJ39580;T. carassii
L14841;T. rotatoriumU39583;T. triglaeU39584;T. brucei bruceM12676;T. congolenséilifi-type) U22317;T.
congolensdforest-type) U22319T. congolensésavannah-type) U2231%; congolensétsavo-type) U22318F.
simiaeU22320;T. vivaxU22316;T. cruziX53917;T. cruziM31432;T. aviumU39578;T. sceloporiJ67182.

mum parsimony analysis of 58 kinetoplastid 183vere selected for inclusion in the maximum likeli-
ssu rRNA sequences (Table) was performed withood analysis so as to maximise the degree of se-
100 replicates (Fig.); again, analyses were repeat@d€nce variation analysed, highly homologous se-
with a number of more and less stringent aligndquences being excluded; starting trees were derived
ments (see Stevens et al. 1998). The number Y both parsimony and neighbour-joining. Tran-
taxa necessitated the use of a heuristic search stigition/transversion ratios were estimated from the
egy to find the most parsimonious trees. The délata in preliminary runs and then set for full analy-
fault options of PAUP were used: TBR branctses. All analyses were performed using test ver-
swapping, zero length branches collapsed and $°n 4.0d63 of PAUP*, written by David L
random addition sequences (bootstrap analys&gvofford.

used simple addition).

Maximum-likelihood analysis was also per-

RESULTS

) ; Phylogenetic analysisThe phylogram (Fig.)
formed; however, due to computational constraintgjassifies the genuEypanosomanto three major
a reduced data set of 36 taxa was employed. Taxmdes, including théruceiclade and theruzi
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T.cobitis

T.carassii *

T. sp. (K&A leech)
T. boissoni ™

T. triglae

T. rotatorium (B2-1)*

T. rotatorium (B2-11}

solr mega * -~
T. b. brucei”

T. b. rhodesiense
100 |7, b, gambiense *

T. evansi®

T. equiperdum

T. congolense (savannah A)
T. congolense (savannah B)*
T. congolense (kilifi K45.1)*
T. congolense (kilifi WG5)
T. congolense (forest IL3900)*
T. congolense (forest CAM 22b)
T. congolense (tsavo)
T. godfreyi
T. simiae (KETRI 2431/1)*
T. simiae (KEN 2)

T. vivax

©

75

63

brucei-clade

97

T. cruzi (X10)
T. cruzi (VINCH)*
T. cruzi (Canlll)*
10g[ T- cruzi (M31432)
T. cruzi (No.3)
T. c. marinkellei cruzi-clade
T. dionisii (PJ)
T. dionisii (P3)*
97 T. rangeli
T. vespertifionis
100 T. sp. (H25 kangaroo)
95 T. lewisi
T. microti
99rT. avium (LSHTM 144B)
T. avium (A1412)*
—T. grayi

69[ T. varani

T. scelopori

T. theileri (TREU 124)
ag[[1- theileri (K127)*
T. sp. (D30 deer)*

T. cyclops
97 T. sp. (H26 wombat)
T. pestanai
Leishmania amazonensis
Leishmania major *

97l [ eishmania donovani *
98 Leishmania guyanensis
100 Crithidia oncopelti *

Crithidia fasciculata
JO_{“_‘— Phytomonas sp.
Phytomonas sp.*
Trypanoplasma borreli
Bodo caudatus

Phylogram constructed by bootstrapped (100 replicates) maximum parsimony analysis of 58 kinetoplastid 18S ssu rRNA se-
guences and rooted on the free-living kinetopla&uatjo caudatus The tree is derived from the 28 most parsimonious trees of
length = 1135 (Rl = 0.8177, Cl = 0.5570), based an alignment of 1801 nucleotide sites. Bootstrap values for all majer nodes ar
given and all branches receiving bootstrap support values >50% are shown; relationships failing to achieve this leveboésuppor
shown as polytomies (i.e. branch points at which three or more branches arise from the ancestral line). Certain ckaties, referr

in the text, are defined by dashed brackets. The 22 taxa not included in the maximum-likelihood analyses are markeaf. Detail

all taxa are given in the Table.

cladefthe bruceiandcruzi clades (and all species the phylogram is proven to be robust and its struc-
therein) are defined in the Fig. The terimgicel ture is largely the same as that presented by
clade’ and ¢ruzi-clade’ are used throughout this(Stevens et al. 1998). However, the addition of
study to refer to the clades containing (a) all maniwo Phytomonassp. to the analysis significantly
malian Salivarian (Hoare 1972) trypanosomeseduces phylogenetic definition at the upper level
(bruceiclade) and (b) trypanosomes in the subgesf the Trypanosomasuch that the clade contain-
nusSchizotrypanunplusT. rangeliand an as yet ing trypanosomes from aquatic and related hosts
unidentified species of trypanosome from a karno longer diverges earlier than otfieypanosoma
garoo ruziclade)], and six minor clades, whichand forms part of a nine-way polytomy within the
together form a nine-way polytomy. Importantly,genus. Such a result serves to underline the im-
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portant influence that the choice of outgroup taxan kangaroo. The origins of parasites within this
may exert on phylogenetic analyses. clade thus lie largely in South America and Aus-
T. cyclopsisolated from a Malaysian primate, tralia; the only trypanosomes from this clade rep-
is classified withT. theileriand another well char- resenting the Old World are those infecting bats.
acterizedMegatrypanunspecies from a deer (Fig.;  The taxonomic and evolutionary status of hu-
100% bootstrap support), rather than in either theman infectiveT. rangeli (generally classified as
bruceiclade or thecruzi-clade, which contain all subgenusHerpetosompremains controversial
other human/primate infective trypanosomeg¢D’Alessandro & Saravia 1992, Stevens & Gibson
[Johnson (1933) reportéd lewisiin the blood of 1998). In the current studly rangeli albeit only
a child, also in Malaysia]. Such a result does nat single isolate (RGB - Basel), is classified firmly
support a close phylogenetic relationship with eiin a clade with a range &chizotrypanurspecies
ther African or South American human/primatgbootstrap 97%); the classification of this isolate
infective trypanosomes, whilst its apparent lack ois T. rangeliis supported by preliminary results
overt Megatrypanumcharacteristics (Weinman from analysis of the miniexon which indicate it to
1972) calls into question the taxonomic basis dfe of the correct size and sequence according to
the subgenubMegatrypanum Murthy et al. (1992).T. rangeliandT. cruzialso
The results of the parsimony analyses wereluster together (bootstrap >90%) and separate
again strongly supported by maximum-likelihoodfrom Salivarian trypanosomes in phylogenetic
analysis. The positions and branching order of aélnalyses of miniexon sequences (Stevens &
major clades were identical between methods (iGGibson, unpublished data).
respective of starting tree), and only minor varia- Phylogenetic resolution Despite support for
tions in the positions of certain terminal taxa werat least nine distinct clades within tigypano-
apparent. Indeed, the main phylogenetic relatiorsoma it is not possible on the basis of these rRNA
ships revealed in the tree are as described loiata to determine the exact order in which these
Stevens et al. (1998) and are largely robust to tletades diverged and a nine-way polytomy within
addition of the primate trypanosome and additiondahe genus remains unresolved (Fig.). This may be
outgroup species. due to limitations on the resolution of the ssu gene
Briefly, the phylogenetic analysis confirms theover this time scale, to a possibly explosive diver-
monophyly of the genusrypanosomavith boot- gence of trypanosome species over a very short
strap support of 63% (Fig.). The human pathogenjoeriod some time around 100 million years before
trypanosomedI. bruceiandT. cruzj are placed in present (mybp) or, as seems probable, to a combi-
separate clades, each receiving high bootstrap sumtion of both these factors.
port of >97%. Thdoruceiclade, contains all spe-  Nevertheless, the inclusion of a large and var-
cies of mammalian Salivarian trypanosomes (Hoaried range of taxa (Swofford et al. 1996) has en-
1972). Except foil. evansiandT. equiperdum abled elucidation of the complex relationships of
these trypanosomes are all of African origin anthe human infective trypanosomes and, while satu-
transmitted by tsetse flies [analysis of kinetoplagiation of some variable regions within the ssu gene
(mitochondrial) DNA (Borst et al. 1987) and isoen-may preclude the accurate determination of branch-
zymes (Lun et al. 1992, Gibson et al. 1983) pointsig order at more ancient levels, considerable sup-
to T. evansandT. equiperdunbeing comparatively port for the ‘correctness’ of the phylogenetic rela-
recent mutants of. brucei,which have been able tionships represented in the tree is provided by the
to spread outside Africa because they no longdéwgical placement of the outgroup trypanosomatids,
rely on tsetse transmission; the particularities dfeishmaniaspp.,Phytomonaspp. andCrithidia
these two species are therefore irrelevant to thepp., which are well separated from fhgpano-
more ancient evolution of the clade]. The host exsoma(Fig.).
clusivity of thisclade suggests a distinct evolution-  Comparative rates of sequence evolutidhe
ary history initially confined to Africa. Trypano- phylogenetic analysis provides evidence of very
somes of African origin from other vertebrates aréifferent rates of evolution within the clades con-
completely unrelated (e.@. grayi T. varanifrom  taining T. bruceiand T. cruzi. Comparison of
African reptiles;T. megafrom an African toad). deeper branch lengths suggests a difference in in-
A similar result is reported by Haag et al. (1998)tra-clade evolution rate of approximately 8-fold.
Thecruzi-clade contains all subgen8shizot- The exact extent to which the rapid evolution of
rypanumspecies . cruziisolates from humans, certain lineages within the Salivarian clade may
sylvatic and domestic mammals, including bats andave distorted the topology of the tree (and hence
opossums, together with trypanosomes specific testimates of evolutionary rates) is unknown. Nev-
Old and New World batq. rangeliand an as yet ertheless, the tree appears sufficiently robust to
unidentified trypanosome species from an Austrehave avoided the Salivaria being drawn towards
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outgroup taxa by long-branch attractiondebated concept. Using this approach, parasite
(Felsenstein 1978, Hendy & Penny 1989), a prolirees can be calibrated by reference to time points
lem encountered in many previous studies (e.gvithin host phylogenies, which have been con-
Fernandes et al. 1993, Maslov etl#94, 1996). structed on the basis of independent evidence, e.g.
fossils. Such an approach was also used by Haag
) DISCUSSION S et al.(1998), who used the divergence of fish from

Phylogenetic analysis of variation in ssu rRNAnigher vertebrates (400 mybp) and the divergence
genes of the 48 trypanosome specimens places #fbirds from rodents (220 mybp), to estimate the
two human pathogens, bruceiandT. cruzi un-  split of Salivarian trypanosomes from other trypa-
equivocally in two distinct clades. The Asian pl’i-nosomes at 260 and 500 mybp’ respective|y.
mate trypanosomel. cyclops is grouped in an Again, even the most recent of these estimates
apparently unrelated clade with trypanosomes frofflaces the divergence of the Salivaria somewhat
cattle and deer. . _unrealistically in the mid-Permian.

The time of divergence @t bruceiandT. cruzi A third approach to calibrating organismal phy-
can be estlmated by a range.of methods includingigenies is by reference to known biogeographi-
sequence divergence analysis (the molecular cloglg| events - vicariance biogeography (Nelson &
approach), by reference to host phylogenies arrRbsen 1981) - and several sequence divergence
by consideration of palaeo- and biogeographic@lased studies of trypanosomatids have drawn on
data. ] this technique, for example, to date the divergence

The concept of a molecular cllock was first Proof LeishmaniaandTrypanosom4Lake et al. 1988)
posed by Zuckerkand| and Pauling (1965). Sincgnd to date the split between Old and New World
then the exact nature of the workings of suchejshmania(Nelson et al. 1990, Fernandes et al.
‘clocks’ have remained under almost constant de-993). Using this approach we previously obtained
bate (Sibley & Ahlquist 1984, Wilson et al. 1987).a mid-Cretaceous date for the divergenceT.of
Itis apparent that, if they do exist, they are at begfuceiandT. cruzi(Stevens et al. 1998). In sum-
only stochastically constant (Fitch 1976), and thahary, we suggested that the exclusively African
different types of DNA sequence undoubtedlymammalian tsetse-transmitted taxon complement
evolve at significantly different rates. Nevertheof the bruceiclade (excepting. evansiandT.
less, within given taxonomic groups and define@quiperdum- see above), points to an origin in
categories of genetic marker, the concept of a M@frica. The first time at which Africa became iso-
lecular clock can provide a useful tool for Underfated was around 100 mybp7 in the mid-Cretaceous,
standing phylogenetic relationships. when it finally separated from South America and

In the study of trypanosome evolution molecugyramerica (Parrish 1993, Smith et al. 1994). At
lar clocks have been used by a number of authofisis time, the first mammals were present, but had
to attempt to date the divergence events betwe@at yet begun major diversification and it is easy
important taxonomic groups. In arecentand conp envisage subsequent coevolution of this clade
prehensive study, Haag et al. (1998) used an es}jith ancient African hosts.
mate of 0.85% substitution per 100 million years, The cruziclade would thus have a southern
derived from rRNA based studies of Apicomplexasuper-continent (South American/Antarctica/Aus-
(Escalante & Ayala 1995), to date the divergencgalia) origin, an interpretation which makes sense
of Salivarian trypanosomes from other trypanoof the inclusion of the Australian marsupial trypa-
somes at about 300 mybp. Such a result places th§some in the clade. Indeed, the early evolution
divergence of. bruceiand the Salivaria in the late of this clade may have been associated with the
Carboniferous, at a time when the very first repdominant marsupial fauna of the region. The opos-
tiles had just appeared in a world dominated byum,Didelphissp., a not so distant relative of the
amphibians, and long before the appearance of evRistralian kangaroos (Flannery 1989), is a particu-
the most primitive mammals. Perhaps significantlyarly important natural reservoir ®f cruziin South
the continents with which several major extanAmerica and can maintain a patent parasitaemia
groups of trypanosomes (i.e. Africa: Salivariathroughout its life, with no apparent clinical symp-
South AmericaSchizotrypanuinare now gener- toms (Deane et al. 1986). The only trypanosomes
ally associated, had not at that time even begun f@m this clade found in the Old World are those
separate, but were grouped together in the solififecting bats. The biological similarity &f cruzi
southern land mass known as Gondwana (Cox &nd certain species of bat trypanosomes has been
Moore 1993, Smith et al. 1994). “recognised for some time - all are classified in the

A second method for estimating times of disubgenusSchizotrypanum The present day dis-
vergence in parasite phylogenies is based on coffibution can be explained by the ability of bats to
gruence of host and parasite phylogenies, a mugfisperse over long distances, particularly across
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water barriers and, while (Schizotrypanuirspe- Finally, to what extent their different evolution-
cies have been isolated from European bats onaay histories have affected intra-clade evolution
number of occasions (Baker 1974, Baker &ates is unknown, however, it appears thratcer
Thompson 1971, Baker & Mewis 1987), reportclade species are diverging at a rate up to eight
of T. cruzilike trypanosomes from other hosts intimes faster than that observed amoogsti-clade
the Old World are insubstantial (Hoare 1972). species. Moreover, such differences in evolution-
In the current studyT. rangeliwas placed ary rates between trypanosome clades are in keep-
firmly within the cruzi-clade. However, the taxo- ing with results from previous studies (Maslov et
nomic position of this human infective species haal. 1996) and are confirmed by maximum-likeli-
long been disputed. While it appears morphologhood based rate analyses (Stevens, Rambaut &
cally and behaviourally similar to subgenudsGibson, unpublished data), which indicate the dif-
Herpetosomarypanosomes (Hoare 1972), it isferences in rates of evolution between the
transmitted by both salivarian and stercorariaBalivarian clade and tt&chizotrypanunclade to
routes (D’Alessandro & Saravia 1992), while Afiede significant. Reasons for these rate differences
(1982) even separated it into a new subgenusmain to be explored.
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