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Triatomine bug species such Mcrotriatoma trinidadensis, Eratyrus mucronatus, Belminus herreri,
Panstrongylus lignariugnd Triatoma tibiamaculatare exquisitely adapted to specialist niches. This
suggests a long evolutionary history, as well as the recent dramatic spread a few eclectic, domiciliated
triatomine species. Virtually all species of the gegRhbisdniusare primarily associated with palms. The
genusPanstrongyluss predominantly associated with burrows and tree cavities and the ggat@sna
with terrestrial rocky habitats or rodent burrows. Two major sub-divisions have been defined within the
specieslrypanosoma cruzasT. cruzil (Z1) andT. cruzi2 (Z2). The affinities of a third group (Z3) are
uncertain. Host and habitat associations lead us to propos@ teatizi1 (Z1) has evolved in an arboreal,
palm tree habitat with the triatomine tribe Rhodniini, in association with the opd3sietphis Similarly
we propose thal. cruzi(Z2) and Z3 evolved in a terrestrial habitat in burrows and in rocky locations with
the triatomine tribe Triatomini, in association with edentates, and/or possibly ground dwelling marsupials.
Both sub-divisions off. cruzimay have been contemporary in South America up to 65 million years ago.
Alternatively,T. cruzi2 (Z2) may have evolved more recently fiargruzil (Z1) by host transfers into
rodents, edentates, and primates. We have constructed a molecular phylogeny of haematophagous ve
tors, including triatomine bugs, which suggests that faecal transmission of trypanosomes may be the an-
cestral route. A molecular clock phylogeny suggestsRhatiniusand Triatomadiverged before the
arrival, about 40 million years ago, of bats and rodents into South America.
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Phenotypic diversity and genotypic diversityTRIATOMINE BUGS SHOW EXQUISITE ADAPTA-
of Trypanosoma cruaivere described in a seriesT'ON TO THEIR NATURAL ECOTOPES
of publications in the 70s and 80s. At least two Pioneering and life-long studies have provided
major subdivisions within the species were definedy framework of understanding for the taxonomy
initially as principal zymodemes (reviewed inof triatomine bugs (Lent & Wygodzinsky 1979,
Stothard et al. 1999, Anon 1999). Contemporargarcavallo et al. 1998). In contrast, understand-
papers orT. cruziin the Amazon basin of Brazil, ing of the biology of individual triatomine species
described the habitats and vertebrate hosts f their natural habitats is fragmentary; for some
triatomine bug species and their roles as vectors gpecies natural ecotopes have not been described.
T. cruziandT. rangeli(Miles et al. 1981a,b, 1983). Research on sylvatic ecotopes of triatomines
Here we revisit these early studies in the context Amazon forest was aided by spool and line track-
of (a) more recent molecular approaches to undeng to trace mammals back to their nests and ref-
standingT. cruzigenotypes, and (b) new researcluges (Miles et al. 1981a,b). Observations from the
on the phylogeny of triatomine bugs. We specuBrazilian Amazon basin and elsewhere provide
late on the evolution of triatomine bugs andevidence that many triatomine species are exquis-
T. cruzi and provide evidence for key elements oftely adapted to their natural ecotopes (Fig. 1).
their evolutionary history. Thus,Microtriatoma trinidadensiss a small spe-
cies which is dorsoventrally flattened and lives
between the folded leaves of opossDidélphig
nests; its coloration corresponds with the hue of
ihe leaves among which it hideEratyrus
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Fig. 1: many triatomine species are adapted to specialist niches (see textMicFopiatoma trinidadensiand its habitat, the
leaves of Didelphisnest. CentreEratyrus mucronatuand hollow tree inhabited by porcupines and arachnids. BaBelminus
herreri (left) andPanstrongylus lignariugright) with its bark-like camoflauge colouration.
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large forest trees where it is associated with thé/ygodzinsky 1979, Miles 1979, Carcavallo et al.
lizard Thecadactylusit appears to be an obligate 1998). Exceptions afe. domesticyseported from
lizard feederPanstrongylus lignariuadults move bromeliads and hollow trees, aRd paraensis
freely over the surface of Amazonian trees and willvhich has only been found once, in a tree hole ref-
approach disturbances in the forest: their coloratge of the arboreal spiny Bhimys chrysurusAs
tion corresponds beautifully with the bark on whichmentioned, som&hodniusspecies may be asso-
they reside, whilst younger stages lacking the cansiated with particular types of palm, further ex-
ouflage, live in tree holeslriatoma tibiamaculata amples bein®. bretheswith the palmi_eopoldinia
(in the State of Bahia, Brazil) lives in bromeliadpiassabaandR. ecuadoriensiwith Phytelephas
epiphytes with pinkish camouflage that ideally suit$n addition to coloration (see above) other features
its habitat at the junction between the epiphyte amaf Rhodniusmay be adapted to life in palms, for
the host tree. The peridomestic species example, the climbing organs might assist move-
rubrofasciatais almost invariably associated withment along frond stems and trunks, which are par-
the ship’s ratRattus rattusand is fortunately re- ticularly smooth in many palm species. It follows
luctant to feed on most other hosts including huhe distribution of sylvatidcRhodniusin Latin
mans. Some triatomine species, however, such America broadly coincides with the distribution of
Rhodnius prolixugndP. megistusare obviously palm trees. Itis also not surprising that many spe-
eclectic in their feeding, without obligate hostscies ofRhodniuswill feed avidly on birds, which
Nevertheless, the examples above suggest that @dmmonly nest in palms, especially on the fringes
aptation of triatomine species to specialist nichesf forests and in open woodland. The genus
is commonplace, not exceptional. Psammolestesvhich is closely related ®®hodnius
The obscure spatial, feeding or temporal chacan be found in palms but especially in the nests of
acteristics of some triatomine niches may reflect AnumbiusandPhacellodomusirds.
lack of information. One example is the difficulty ~ We believe therefore that the triatomine genus
in defining distinct niches foR. pictipesandR. Rhodniushas a history of evolution in the palm
robustus both of which may be found in the sameree habitat in Latin America.
palm tree. Yet,R. pictipesappears to be more  Although somé?anstrongyluspecies, such as
commonly associated with the “mucaja” palmP.megistuscan be found in palm crowns, all spe-
(Acrocomia sclerocarpaandR. robustusvith the  cies are predominantly associated with terrestrial
“inajd” (Maximiliania regig or the closely related burrows, tree root cavities and/or arboreal tree
“babacu” Orbigyna specioséMiles et al. 1983). holes. A sylvatic habitat of the highly domicili-
These palm species prefer different soil types arated specieB. megistuss arboreal tree holes with
have different, albeit partially overlapping geo-Didelphis(Miles et al. 1982). We suggest that the
graphical distributions. We suspect that the darkerenusPanstrongyludgs primarily associated with
colour ofR. pictipesand pinker light brown hue of burrows and tree cavities.
R. robustusmay be indicative of their different A survey of the habitat associations of species
palm tree habitats. Certainly, the coloration obfthe genudriatoma(Miles 1979) reveals that at
R. pictipesblends perfectly with the dry bases ofleast twentylriatomaspecies are associated with
Acrocomiapalm fronds. Distinct feeding nichesterrestrial rocky habitats or rodent burrows. An
might also be provided by subtle host preferencesxception isT. sordida which likePsammolestes
for example R. robustushas been tentatively as- seems to feed preferentially on birds. We suggest
sociated with the marsupi@laluromys philander that the genusriatomahas evolved predominantly
(Caluromyidae) The greater ease with whichin terrestrial, rocky habitats. The genera
R. robustusadapts to laboratory colonies, com-PanstrongylusandTriatomaare considered to be
pared tdR. pictipesmay also reflect subtle micro- closely related (tribe Triatomini) but more distant
habitat differences. Finally present geographicdtom Rhodniug(tribe Rhodniini).
distribution may in part be due to the contraction These links between the three triatomine gen-
and expansion of forest relicts with climatic changeera and habitat type are summarised in Table I.
The specialist adaptation of triatomine speciealthough not absolute, these associations are re-
to distinct niches implies a long evolutionary hismarkable in view of the many opportunities that
tory, as well as the dramatic more recent expamust have arisen for the colonisation of alterna-

sion of a few eclectic, domiciliated species. tive niches.
HABITAT TRENDS OF RHODNIUS, PANSTRONGYLUS Indeed the substrate preference®bbdnius
AND TRIATOMA PanstrongylusandTriatomaare reflected in their

Virtually all Rhodni i re primaril distribution within infested houses. Thug,
assoc'l:;e% a th Oalrr?stsrzzc ﬁZba'ltZtg (Lgnty prolixuscan give heavy infestations in palm roofs;
: with p : &P megistuss primarily associated with earth and
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wooden substrates of timber framed, mud wallethiled molecular studies suggest Z3 has closest af-
houses but seldom colonises palm roofs, dnd finities with T. cruzi2 (Z22).
infestanscan be found in good quality housing and A large number ofT. cruziisolates from the

in tiled roofs. Amazon basin have been identifiedTascruzil
HABITAT AND HOST ASSOCIATIONS OF T.cruzi1  (£1) or Z3, although this work is far from compre-
(1), T. CRUZI 2 (Z2) AND Z3 hensive as not all mammal or triatomine species

are well represented in these surveys (Povoa et al.
1984). Neverthelesg,. cruzil (Z1) was consis-
Pesntly isolated from the common opossub (
marsupiali§ and was also found R.robustusand
R. pictipes(Povoa et al. 1984, Carrasco et al. 1996).
“This accords with the frequent isolatiorTofcruzi
(21) fromDidelphiselsewhere. We concluded

hat there is a close but not absolute association
Between palm treeRhodniusspeciesT. cruzil
Mz1) andDidelphis(Table I).

T. cruziZl andT. cruziZ2 were originally de-
scribed on the basis of isoenzyme phenotypes
major subdivisions within the speciés cruzi
They were more widely separated by isoenzym
criteria than unequivocal biologically distinct spe
cies of the genukeishmania(Miles et al. 1983).
Z3 was described as a group without certain
finities to Z1 or Z2. Over the last two decades
plethora of molecular methods including rando
amplification of polymorphic DNA (RAPD), de- The T. cruzi subgroup Z3, with as yet unre-
termination of r|bo§omal and mini-exon DNA S€5olved affinities, was associated in the Amazon
quence polymorphlsms, and'm|crosatelllt_e analyﬁasin with an edentate, the armadibasypus
sis have confirmed the integrity of two major subg, e meinctusand with the terrestrial marsupial
divisions withinT. cruzj corresponding to Z1 and Monodelphis brevicauda@ovoa et al. 1984). 73
Z2. A recent wqushop (Anon 1.999) attempted vas also isolated fro.geniculatusthe triatomine
consoh_date various terminologies (and to remov g commonly found in armadillo burrows. We
confusmn that arose when Z1 and Z2 Were NAM&hnciuded that z3 may be primarily associated with
on ribosomal DNA.‘ sequence data as lineage 2 atfe terrestrial habitat and ground dwelling hosts
Ime;age 1 respeptlvely) by naming the two SUbd'(Povoa et al. 1984, Table I).
visions adl. cruzil (Z1) andr. cruzi2 (22). There T. cruzi2 (Z2) predominates in domestic trans-
is marked heterogeneity also withlincruzil and icqion cycles in the southern cone countries of
T. cruzi2, particularly within the latter. Tibayrenc South America [Argentina, Bolivia, Brazil, Chile,

and his collaborators have studied this heterogé;; !
neity in great detail (Bastrenta et al. 1999). Som araguay and (presumably) Uruguay] (Miles et al.

T cruzistrain ' to have characteristics t fos4, Chapman et al. 1984), whera<ruzil
célco?b c?th‘? ;apge;l d19 C? e_g gac gst?’n Csthgpkm) predominates in domestic transmission cycles

-cruzizandl. cruziz, SU9gesing tn€ y, e norih of the Amazon basiff. infestanss
occurrence of genetic recombination and hybri

forms (Stothard et al. 1999). Althoughcruziap- ought to have spread from a sylvatic habitat in

rs to be predominantly clonally or t olivia among rocks inhabited by guinea pigs
pears 1o be predominantly clonally propagate Cavia) throughout the entire region of domestic
field and experimental evidence implies a capac:

: , . . cruzitransmission in the southern cone coun-
ity for genetic exchange, at least Tn cruzil

0 tries. This led us to suggest that there is a strong
(Stothard et al. 1999)' A fel cruzusolat_es from association betweeéh cruzi2 (Z2), Triatomaand
the Amazon basin appear to sh@reruzil (Z1)

rodents, and the terrestrial habitat (Table I). Im-
and Z3 characters (Povoa et al. 1984). More d‘f)'ortantly,T. cruzi2 (Z2) has also been linked to

TABLE |
Triatomine habitats, hosts and trypanosomes
Triatomine Silvatic Ecotope Associated Trypanosomes Associated Hosts
Rhodniusspecies Arboreal: palms Trypanosoma cruZ [Z1] Marsupial(Didelphis)
T. rangeli Marsupial Didelphig

Panstrongylus Arboreal: not palms T. cruzil [Z1] Didelphis
Panstrongylus Terrestrial: burrows T. cruzi[Z3] EdentateDasypus

MarsupialMonodelphis
Triatoma Terrestrial: rocks T. cruzi2 [Z2] [Edentates?]

Rodents Cavia)

Primates l(eontocebus)

a: edentates proposed as original hosts, see Table Il and text.
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primates in southern BrazilLéontocebus malinhabitants of South America were the marsu-
(Fernandes et al. 1999). pials, and the placental edentate mammals (arma-
Not surprisingly there are exceptions to thesdlillos, sloths and anteaters) around 65 million years
general associations, for examplecruzil (Z1) ago. However, fossil evidence indicates that ro-
has been isolated froiin spinolaiin Chile (Miles dents, primates and bats arrived about 25 million
et al. 1984) and. cruzil (Z1) has been isolated years later (Fig. 2). Furthermore rodents and pri-
from P. geniculatudnfesting pigsties in the Ama- mates probably reached South America from Af-

zon basin (Valente et al. 1998). rica, whereas marsupials and edentates migrated
THE EVOLUTION OF T. CRUZI 1 (Z1),T. CRUZI 2 (22) southwards from North America. Molecula( evi-
AND 73 dence suggests that cruzil (Z1) andT. cruzi2

The observations above suagest a link betwe Z?2) diverged between 88 and 37 million years ago,

T. cruzil (Z1) andidelphi andgt?etwee'rﬁ cruzi hough this requires confirmation with other data
: phIS : sets (Briones et al. 1999). Tf cruzi2 (Z2) is in-

2 (Z2) and rodents or primates. The early mam-

Million South American First appearances in south America
years ago| land mammal ages
PLEISTOCENE Cricetidae, Mustelidae, Felidae, Canidae
Ursidae, Camelidae, Cervidae, Tayassuidae
0 Gomphotheriidae, Equidae, Tapridae
PLIOCENE Leporidae, Soricidae, Sciuridae
5
MIOCENE Procyonidae
10 —
15 ——
20 ——
OLIGOCENE
25 —
30
3B
EOCENE Primates
40 —— Caviomorpha
45 —
50 ——
55 PALEOCENE
60 ——
Marsupalia, Xenartha, Condylarthra
65 —— Litopterna, Notoungulata, Astrapotheria
CRETACEOQUS | Trigonostylopoidea, Pyrotheria, Xenungulata

Fig. 2: marsupials and edentates are thought to have been present in South America 65 million years ago and 25 million years
before the arrival of primates and rodents (based on Webb & Marshall 1982).
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deed primarily associated with rodents or primates. rangeliis Didelphis and geographical distribu-
this implies a more recent evolutionary history thation of T. rangelibroadly corresponds with that of
that of T. cruzil (Z1). Rhodniusspecies andidelphis We therefore
Based on the observations described here vessume that likd. cruzil (Z1), T. rangelihas
propose the following for the evolutionary historiesevolved in an arboreal palm tree habitat with the
of T. cruzil (Z1),T. cruzi2 (Z2) and Z3: (i} . cruzi  Rhodniini and wittDidelphis Molecular evidence
1 (Z1) has evolved in an arboreal, palm tree habitahdicates that there is heterogeneity within the spe-
with the triatomine tribe Rhodniini and also in assoeies T. rangeli Further clarification of the rela-
ciation with the opossumidelphis (ii) bothT. cruzi  tionship betweef. rangeliandT. cruzimay de-
2 (Z2) and Z3 evolved in a terrestrial habitat in burpend on molecular phylogenetic studies.
rows and in rocky locations, with the triatomine tribe  The relatively recent arrival of bats to South
Triatomini, in association with ground dwelling America and their mobility by flight, suggests that
edentates, and possibly ground dwelling marsupf-. cruzilike trypanosomes of bats are derived from
als. Thus, edentates could be the primary host eftherT. cruzil (Z1) orT. cruzi2 (Z2)/Z3 by habi-
bothT. cruzi2 (Z2) and Z3 and both the major sub+at sharing or, for insectivorous bats, by consump-
divisions ofT. cruzicould have been contemporarytion of infected triatomine bugs. Several bat genera
in South America up to 65 million years ago, anére common to South America and to the Old World.
both have evolved in South America. If this hy-Molecular phylogenetic studies should reveal
pothesis is correct, it follows that cruzi2 (Z2) has whether bat trypanosomes are closely related to one
reached rodents in later times through the shared both of theT. cruzi subdivisions and whether
terrestrial ecotope with edentates, and primatek cruzidoes indeed pre-date [&thizotrypanum.
would also represent secondary hosts. We would T. conorhiniis unusual in that it is specifically
expect that additional molecular evidence will conassociated witR. rattusandrubrofasciata which
firm that Z3 is more closely relatedTocruzi2 (Z2) may have spread from North America to the Old
than toT. cruzil (Z1). An alternative hypothesis isWorld. If T. conorhinialso has a New World ori-
that there was no early association betwieanruzi  gin and affinities withT. cruziwe might expect
2 (Z2) and edentates and thaffalkruzi2 (Z2) popu- molecular evidence to show that it is more closely
lations are more recently derived frofcruzil related toTl. cruzi2 (Z2) thanT. cruzil (Z1).
(Z1) by host transfer into rodents, edentates and PHiE | Nk WITH AUSTRALIA
mates (Table I). Molecular dating evidence will
be crucial (see below) to determining whether there Stevens et al. (1999) have suggested an evolu-
is an ancient association betwekncruzi2 (z2) tionary link between a trypanosome of Australian

and edentates. marsupials (kangaroo) and cruzi Australian
marsupials are likely to be derived from one or a
TABLE Il few species of the South American fauna which
Proposed habitat and host associations for the two f€8ched Australia via Antarctica around 45 mil-
major subdivisions ofrypanosoma cruzi lion years ago. If we assume that the Triatominae
(T. cruzil and 2) evolved in South America (with the possible ex-

ception of the aberrant Indian gerilsshcosteus

T. cruzil Z1 has evolved witidelphisand i . . . .
(Marsupial) Rhodniusin an arboregl ecotope itis perhaps not surprising that triatomine bugs did
(palms) not reach Australia. Whilst of no proven evolu-

) o . tionary significance, it is interesting to note that
T. cruzi2 Z2  have both evolved initially with  \jiles et al. (1982) commented on the kangaroo-
(Edentate)  Z3 ) ederlltat_es a;ﬁdato:n_leanst- like terrestrial locomotion of the marsupial
rongylusin a ferrestrial €colope - petachirus nudicaudatuis Brazilian forest.
T.cruziz 22 :ﬁ:rézagfg;ﬁgfggg&g”ﬁ&the THE EVOLUTION OF TRIATOMINE BUGS
edentates The occurrence of infective (metacyclic)cruzi
in anal glands of the opossubidelphishas sug-
gested that. cruzimight have been transmitted di-
T. RANGELI, BAT SCHIZOTRYPANUM AND T. rectly from marsupial to marsupial without a
CONORHINI triatomine vector. In this case, triatomine bugs
T. rangeliis virtually exclusively associated would have acquired. cruziinfections only after
with the triatomine tribe Rhodniini and the genud . cruzihad evolved as a blood parasite of marsupi-
Rhodniusin whichT. rangelican reach the sali- als. The alternative view is that cruzihas arisen
vary glands to be transmitted by the bite, and nétom a flagellate parasite or symbiont of insects.
by faecal contamination. A common host oMany flagellates, including kinetoplastids, are found
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in insects, and do not have a vertebrate host. Ondisease transmission by the eradication of domes-
again, molecular phylogenetics is likely to be funtic T. infestansin the recent southern cone
damental to resolving this question. programme (Dias & Schofield 1999). Our initial
Schofield (this volume) has quite logically sug-analysis describes the evolution of the triatomines
gested that the haematophagous triatomine bugsth respect to the other major haematophagous
arose from predatory reduvids in response to thesctors through a mitochondrial DNA phylogeny
availability of vertebrate as well as invertebrateomprisingAedes CulexandAnophelesnosqui-
food sources in animal refuges and nesting sitetes, biting midges, black flies, and tsetse. To our
It is possible that the transition from predation t&knowledge this represents the largest phylogeny
haematophagy may have occurred on more thar haematophagous vectors between genera. The
one occasion. Several reduvid predators amghylogeny is divided into two clades one contain-
morphologicaly similar to triatomines. However,ing the homometabolous insects and the other the
the transition to haematophagy may not have bedremimetabolous insects. The evolution of disease
straightforward in that it presumably demands th&ansmission is a question that can be addressed
evolution of anti-thrombins, to prevent coagulaby phylogeny, that is the evolution of faecal trans-
tion interfering with feeding, and of less painfulmission (cophageny) of vector-borne diseases in
bites to allow prolonged feeding. comparison to that of salivary transmitted parasites.
As marsupials and edentates were extant ifiriatomines are anomalous as an arthropod vector
South America at least 65 million years ago ands they transmit trypanosomes both through con-
were presumably using similar abundant arboregéminated faeced (cruzi) and salivary transmis-
and terrestrial nesting sites, we have no reasongmn (T. rangeli). A comparative analysis of the
believe that the triatomine transition tofive vectors phylogeny with the inclusion of other
haematophagy did not take place long ago, andsects, particularly termites, harboring protozoan
perhaps at a similar time, that is late in the Cret@ndosymbionts provides several lines of evidence
ceous or early in the Cenozoic (Paleocene, Eocentjat faecal transmission is ancestral. In addition,
It is significant to this debate to determine the evadriatomines demonstrate exclusive cophageny for
lutionary age of triatomine bugs. Accordingly webacterial symbionts (Durvasula et al. 1999), and
have begun to apply an extensive moleculgrredominant cophageny for the triatomine patho-
phylogenetics approach to elucidate the evolutiogenBlastocrithidia triatomagSchaub et al. 1989).
and ecology of triatomines using both mitochonThe evidence suggests that the original bug-borne
drial DNA and nuclear targets. trypanosome “hijacked” the natural mechanism of
VECTOR PHYLOGENETICS endosymbiont transmission. _
) ] A second focus of our macro-evolutionary stud-
The phylogenetic analysis of DNA sequencges has concerned evolutionary dating. The dating
data has proved a powerful method for addressing jnsects remains problematic due to the relative
both macro- and micro-evolutionary hypotheses fagca ity of their fossil record (Ross & Briggs 1993)
the origins, epidemiological structure and populagng the surprising absence of molecular clocks even
tion dynamics of both arthropod vectors and theig; the family level. Following an extensive search
specific parasites (Garcia & Powell 1998, Stothargye gptained a single genetic locus demonstrating
et al. 1998, Lyman et al. 1999, Stevens & Gibsopjnck behaviour both between lineages (constant
1999, Stevens et al. 1999). The questions raisggies of evolution) and between nodes (the con-
so far fall into the macro-evolutionary categorygryence of the fossil record) for all available se-
however questions of evolution in “micro-time guence data within the clagsecta The molecu-
scales” are receiving increasing attention in the fielgy, cjock phylogeny describes the deepest split
due to their usefulness in determining the populggithin the triatomines betwedthodniusandTri-
tion dynamics of triatomine bugs (Harry et al.gtomaas being ancient, occurring before the ar-
1998). ) o ) ) rival of bats and rodents into South America. Com-
Our investigation of the epidemiology of hined with the niche specialization of triatomines
Chagas disease from the perspective of vector evgypjfied picture of an ancient family emerges. The
lution has two approaches: firstly, as a study Qfyplecular clock has much broader implications for
macro-evolution, that is the molecular reconstructher insect groups, although our chief concern is
tion of the vector in relation to other insect veCihe apjlity to obtain robust dates for the species
tors, as well as estimating the evolutionary timegjyergences within the Triatominae. This would
scale involved, and secondly as a study of the mjycidate the time-scale for the evolution of the
cro-evolution of triatomine bug population dynam-iche specialization previously described, and

ics. Triatomine molecular approaches are topicglouid include the time for the evolution of bugs
largely because of the successful control of Chagasio domestic habitats.
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The evolutionary understanding of thethrough the recently formed ECLAT network. The
triatomines is furthered by our recent observatioresearch reviewed here is an integral component
of the monophyletic origin of anti-thrombin sali- of the ECLAT objectives.
vary proteins within the triatomine family and pro- ACKNOWLEDGEMENTS
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