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ABSTRACT A pbylogenetic reconstruction of the medically important tribe Hhcdniini
(Hemiptera: Reduviidae) based on multi locus isoenzyme electrophoresis is compared with phylo
genetic patterns derived from a traditional rnorphornetric analysis. Even with non-normality in the
morphometric data, and some inequalities in population vanances, discriminant analysis of size-free
variables provided broadly similar phylogenettc information to that derived from isoenzyrne analysis,
revealing 3 main species groups within the genus Rhodni1J$.
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TIIF TRIBE RHOONlINl Pinto comprises 2 genera, Psam
I!wlf'stes Bergroth and Bhodnius St~il, distinguished by
I he shape of the head and the width of femora. These
~('nera differ from others of the Triatominae
I Hemiptera, Reduviidae) by several morphological
lr.uts, particularly the apically inserted antennae and
tht' presence of distinct callosities behind the eyes
iLeut and Wygodzinsky 1979),

The genus Psammolestes contains 3 species distrib
(Ikd in South America east of the Andes from Vene
/uela to Argentina. They are invariably found in the
\\(l~ en stick nests of birds such as Phacellodomus sp.,
lIu iuJ!sifta monacha, Pseudoseisura lophotes, and oth
('rs.The 13 recognized species of Bhodnius are also of
prillhrrily arboreal habitats, often occupying ecotopes
ill palm tree crowns or epiphytic bromeliads. How
,,\ er, the genus includes some highly domesticated
species such as R. prolixus Still, the major vector of
Chugas disease in Venezuela, Colombia and parts of
Central America (Schofield 1994), R. pallesceas Bar
her, an important vector of Chagas disease in Panama
t Pipkin 1968) and in some parts of northern Colombia
(Cuhl 1996, Moreno and jararnillo 1996), and R ec
iuuloriensis Lent & Le6n in Ecuador (Aguilar and
Yepez 1996). Several other species can enter dwellings
,UH] peridomestic habitats, and are of some local ep
idf',niological importance, including R stali Lent et al.
('ited as R pictipes StaJ) in Bolivia (Tibayrenc and Le
1'0111 1984), R. neglectus Lent and R. nasutus Stal in
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Brazil (Carvalhciro and Barreto 1976; Silveira et al.
1983,1984; Carcia-Zapata et al. 1985; Alencar 1987), R
brethesi Malta is primarily associated with piassaba
palms (Leopoldina piassaba) but has been reported
attacking humans in the Amazon region of Brazil
(Coura et al. 1994). The remaining species (H. dales
sandroi Carcavallo & Barreto, R. doinesticus Netva &
Pinto, R. neivai Lent, R paraenris Sherlock et al. R.
pictipes Stal, and R. robustus Larcusse) seem to be
entirely silvatic, generally without epidemiological
importance.

For some groups of Bhodnius species, such as pro
lixus, robustus, neglectus and TUJS1/tllS, or pictiTJf'~ and
stali, there is no discrete morphological attribute that
is reliably diagnostic, although molecular techniques
can assist species determination (Dujardin et al. 1991,
Solano et al. 1996). We wanted to see if a morpho
metric analysis could also be useful. Here we present
a comparison of morphometries and isoenzymes as
methods for inferring phylogenetic relationships
within the genus,

Materials and Methods

Insects. Adult specimens representing various pop
ulations of Bhodnius species (n = 169) were obtained
from various sources (Table 1), In all cases, taxonomic
determination was made by the originating laboratory
using morphological characters following the keys of
Lent and Wvgodzinsky (1979) (Table 1). In our ma
terial, R prolixus, from either natural popu!ations or
laboratory strains, was of domestic origin, collected
inside dwellings (Table 1). One sample, supposed to
be R. prohxus, was of silvalic origin, collected from
palm trees in Colombia (Tolirna) (Table 1). Thus,
populations representing at least 8 spedes of Bhodnius
were analyzed by both isoenzyrnes and morphometry,
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Beard Cc lombi.. ,5 In sect urv
Pon ce Hondurus n N"tur.,1 1996
She ttino C h iapas , ~rexico 4 )••sec tury
Moreno Tolima. Col om b ia Nat u ral 1991
l urberg Pe-ru 6 Insect ury 19, 9
Mor eu o Ecuador 1 Ins ect ury 1900
Moren o Tolim a, Co lomb ia 8 Natural 1991
Jurbe 'l' Colombia II ln sect arv 1989
Burrett Bra zil ~ Nut lOTI" 199.,
[u rb e rg Para, Bralil la Insecturv HJIl9
Schofie id Ven ezuel a 8 In secturv
Noirea u Boli via 18 Na tu ral 'l99li
Oujcu-cl'lI Boli via 15 Natu ral 1996

I S(lecie~ iden nfic.ulo n bused 011 ex tema! lllorpho lo~y: Z A l. t ho ri t). .e.non sible for thi, mo rph oi oa ical ide ntifk al ioll : :l ~eo~raphic or-igin of
the str ai n: n. minim um number of spe cimens a na lyzed : -4 Natural or insecturv po pu latiou .

Tw o furt her spe cies, R. tlomesticus (n = 26) and R.
neicai (n :;;; 8), could be analyzed by morphometri es
alone,Three species we re unavailable for th is study: R.
dalessandroi , which is cons idered of doubt ful validity
by Lent and Wygodzin sky (1979), possibl y synony
rnous with R. brethesi (but see Martinez 1984), R.
paraensis , which has never been enco unte red again
since its original co llec tion in 1976 despite several
searches , and R. robustus Larrousse, 1927, which re
mains a co ntroversial speci es very close to and fre
qu ently confounded with R. prolixus.

Tuble 2 . Gene-lie and m et r-ic d ist an ces

For this analysis, live insects were di ssected for
isoe nzyme analysis of thoracic muscles, retaining the
heads and wings for morphornetric measurements.We
made a parallel examinat ion of a population of Psmn
molestes coreodes (n = 18) collect ed from furnariid
bird nests in the Department of Santa Cruz, Bolivia,
and a popul ation of domestic Triatoma injestans (n :=

15) also from Bolivia, which was used as th e outgroup,
Isoenzvrne Analysis. Twelve enzyme syste ms were

assayed as follows: AeON (acon itate h ydr atase or
aconitase , EC 4,2.1.3), FDP (fruc tose bisphosph atase,
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Be10,,' di ngo nal a rc th e Nei's d istunces (Dj ) :!: SD derived from e lec t rop ho re t ic da la , Sta ndard de' ialion s were c om pute d aft er I ( I-I) /
( I, ) / " ( L/ 2) wit h I = th e Nei 's sta nda rd ized iden l i t ~ · and r rhe number of loci ( F ) , Because the variance es t imurio u is disullowed wh e n I is
h igh e-r lh,m 0.6-5, th e sta nd ard d ev iation w a s not co mpu te d (see "ne "] for thr- R. Ill')!lcTIII .I 'R. 11((."'/11.1' pa ir. I\bo" e di ,,).:onalnre th e Mahulan ob is
di stance-s ( D In) comput ed From discriminant aU<l I) 'si$ On I O~.t n.tll S rorlllt'd m e asur em ents of hea d ,lIl et w in:!! ch uractvrs. Calculatio ns for metric
an:ll ~'s i s used th e J~IP sofewnr.. (SAS Instuut.. 199.; ) .
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F ig. 1. Head and win~ measurem ents. Measurem ents
"'·re ....ude On head and wings of e ach specimen (Figs. 1. :2 )
:" d, ·.<{·rib ecl for T. ill!".\/C/II s (D ujardin et al. 1997a. b ). Six
h"ad measurem ents: AO. ant eocular di stance , PO . postocular
di 'lance (excl udinz neck ) ; DE. external diameter ofeye : AT.
I"ngth of unte nnile rous tubercl e, AC. width of the ante
d \ I leUS and Rl. length of 2nd ro str al segment (F il-( I ) . Three
""·:L~urt'ment.s were p..rfonned on eac h for e win!! after
mounting the wing.< in Hover medium . The wing measure
nu -nt s were th .. linear distunce betwe e n the points indicated
iu Fig.:2: WA. distuuc ... bet w..en I and 2: WB. between 1 and
, : .md WC , between) and -toMean accurucv was :2 .9%. and
"'..a n precision was 0.2.5 graduation. ranging from 0.00 (W A )
to U.80 (R2) after re exumining IS individuals ( t:J head mea
-ure meuts and 30 wing measurements} .

re :1 1.:3.1 I ) , aCPD (alphu gl ycerophosphat e dehy
dr ogen ase. EC 1.1.t.8) , CPI (gluc ose phosphate
isOl lle ruse, EC .'5.3.1.00), IDH (Isocitrate deh ydroge
nase-. EC 1.1.1 ....2) . LAP (leuc ine amino pe ptidase . EC
:' . U I) . MDH (malate dehydrogenase , EC 1.1.1.:37).
~IE . (malic en zyme. EC 1.1.1. -10), MPI (mannose
phosphate isomerase. EC 5.3. 1.8) , 6PCD (phospho
dnconate dehvdrogenase. EC Ll.J.44 ) , PCM (phos
phozluco m un.se. EC :2.7..'5.1 ) . PEP-B (aminopeptidase
B. EC :3,·t! :3, substrute l-leu cyl -alauine ). The elec tro
phon-tio conditions 011 cellulose ace tate were accord
i n~ to Dujurdin and Tibavrenc ( 1985) and Richardson
d ill. (I DSC;) .

For analysis of evolutionary relationships based on
the isoenzyme patterns, allelic positions were polar
ized using Triatoma illf es(wl.\ (Klug ) as an outgroup. T
infesun». is a we ll-studi ed species of the rel ated tribe
Triutomiui . representing .\ convenient sister taxon
( Le nt and Wvgodztnsky 1979, Schofield 1988.
Sc:hofield and Dolling 199:3) . Only syna pomo rp hies
were used to construct the clad istic tree , following
Hennig (1981). Nei'sstundard genetic distances (Ne i
1987) ~vere also computed (Table 2, below diagonal )
for comparison with morphometric distances (T able
2. above diagonul): A Mantel test (Sokul and Rohlf
1995 ) was applied to , lSSt:'SS the si~nific.mce of corre
lution between these d istances.

l\Iorphometric Analysis. Using a dissection micro
scope with micromet er eyepiece, several measure
ments were tak en of the head and wing of the same
spec imens analyzed by lsoenzymes, following the sys
tem described for T. illfestan\' (Dujurdin e t al. 1997a,
b) . Equality of variances among groups untl normulity
of the distributions of lo~-transfomled measurements
were tested by Bartlett and Shapiro-Wilks te sts, re
spectively.

Because our anulvsis used both ad ult sexes in th e
species comparisons'. and b ecause of other factors th at
could ha ve influenced overall body size of the spec
imens, we wished to explore size-ind ependent trends
in morphological variation . The statistical procedure
for removing size effects used the 1st principal com
ponent (PC I ) as an indicato r uf global size ( Bookstein
1989 ). Thus. a discriminant anal ysis was performed on
the residuals of sep arate regressions of each variable
with PCt. Only nonredundant variables showing pos 
itive a nd significant relationships with PC] (9 mea
sureme nts. Table :3) w e re included in the analysis
(Fig. I) . The rationale for using discrimin ant analysis
as a phvlogenetic tool relied on its ab ilit y 10 focus upon
" unshured variation (Pimentel 1992). which may be
consid e red an aporuorphic va riation (Sore nse n 1992,
Sorensen and Foottit 1992 ) . The derived Muh alanobis
distances (Table 2, above diagonal) were then sub
mitted to parsimonious networking method using the
program FITCH from the PHYLlP 3.4 package
(Felsenst ein et aI199.5) . Statistical significance of th e
multivariat e analysis was estimated by the Wilks sta
tistics.

Results

Ixnenzyrne Electrophoresis. Nin e of the 12 enzy me
systems showed i\ single locus. ACON and ME showed
210ci, and PEP-B showed -l.giving a total of 17 loci for
the analysis . These loci showed 83 allelic po sitions ,
which were polarized using T. infestans as an outgroup,
Ten of the allelic positions were shared with those of
T. illji'stall.s· and were therefore classed us plesiornor
phies, Tile other 7:3 were considered derived allel es
(upornorphies ); and of th ese, 46 were un ique to a
single species (uutapomorphie s] . The 27 remaining
a lle les thus represented syuapornorphies suitable for
th e construction of" cladistt« tree. The tree allowing
a minimum oj homoplasy had l5 synapo morp h ies and
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Hennig (isoenzymes) Fitch (morphometry)
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Fig. 2. Cludistic tre e-s. Left tree: cludogrum based on isoen zyme allelic synupornomorp hies (indicated o n each branch) .
Righ t tree: dadogram based On Muhalauobis distan ces J(' li \'ed from size-Free canon ical variat e .mulysis. after the FITCH
al;!orithm (PHYUP packag e) . Bra nch le ngth s were not re produ ced . Both trees lIst'cl T. ill!esfollS us outgroup. R. tlorne.~tk"us

and R. III'; r <l; (right tree l we re auulyzed hy morphomet ry only

11. hornoplusies (Fi/-(. :2. left side ) . Excep ting th e o ut
Kroup . T. ill/ es!rrns. and P. coreodes, whi ch W'lS we ll
se pa ra ted from th E' Rhodni us species . th is most pursi
monious tree showed :3 clusters: the first on e fo rmed
b ~ R. Iwet lwsi . R. stuli, ~ LOd R pictipes. th e 2nd const i
tut ed by H. pa n 'sce/ls , R.e('uo tlvriensi.\' . and th e silva tic
fl. prolix lIS. and th e last on e f.:roupinf.: R. lIC/srrtIl S. R..
Jled ed/ls. an d the domest ic R. WU /iX ltS .

""orphometl'ic Ana lysis . Log-transformed data
co uld not rem ove the sig nifican t dep art u re from nor
ma lity observed for mos t o f the va ria b les , and the

variances be tweell l-(Toups re mained unequal fo r .3
measures afte r Bonferron i te st at P = 0.05 (PO. WA.
and WB . det ailed re sults no t shown) . All vari ables
we re si~n i fi cant ly co rre la ted w it h th e 1st p r incipal
com pon e nt (PC I) (P < 0.0001 after Bon ferro ni test ,
T abl e :3) so that PCI co uld be sat isfacto ri ly considered
a general variable representing size (dos Rei s e t al.
199 0 ) . A space ofshape measur ement s co uId th e refore
he co ns truc te d by exp lic it regre ssion of size (PC i) out
o f the measured data , vari abl e by variabl e . Th e re 
g ression resirluais were th e n use d as new va riab les on

-
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f rialcmtlf. l'wmmwh~... te..... Rluu/u;m' Psammolest, » HJuulrJ;rls R/r(ffJ,ri'is
\l nd. ,1

/I = 202. PCI (790/, ) u = IH~. PCI (1l6%) " ~ 169. PCI (8.5%)
T,..lil ~

1.0 CO LO CO LO CO AI.

10 O. ll) 0.9S OA8 0.99 OA~ 0.96 1.72
1'0 0 27 0.!)2 0.26 OJ):] 0.21 0.8.1 OAl
m: 01.5 0..57 0.11 0..51 0.26 0.82 0..59
IT 0 ,5, O.!it 0.62 0.99 0.51 0.96 2.:3:1
HII o.j~ 0.97 aA, 0.99 OA 0.98 U!;
11: o.u 0.,';9 0.10 0 .5:1 0.2.1 0.8.1 O.~7

11'.\ O ~ ') 0.;5 0.18 0.76 0.29 0.89 0.7.5
\\ '11 0.17 o.~ 0.12 0.62 0.25 O.1l7 0.56
wr : 0.12 0.79 0.18 0.79 0.28 0.91 0.7:3

1"'r"( '1I1 contribution of the l xt prln cipal compone nt (PC I) la the total variation (brackets) . after a covariance-rnatrix based principal
""UI"''''' 1I1amolysis ( PCA) performed on loz -transformed data . The results of PCA are shown for the stud y group (i.e. T. illf~st"'''·. P. coreodes
.•,,,1 W,.."", ..x tOl(e ther) . for P, COIl'U,{".' and Bhodniu.s, and for Rlwdn;u.,exclusive ly (la., t:1columns). Variabl es are listed with thr-lr coefficients
tc,,. PCI (columns LO ). all posinve and of'the sa me sign. and th eir correlation coefficients with PCI (colum ns CO ) . all posttive and significant
, /' ,., 11.0001 ufter Bonferroni test ). For RllUd"il/" . the correspondinl( sta tic allome tric coe fficients are sho wn (column s AL): note the highly
p,,,ili,,' AI. (:?:n ) for AT (nntennife ro us tubercle }, which correspo nds to the morphologicul crite rion for the genu, (upically inserted
,111!t' Hl l i lc.-) n. num ber of individual s.

Fig. :1. Ccnetic basis of morphometri c traits. Plotting of
\bl,alanobis (M, vertical axis) again st Nei 's (N . horizontal
.i vix ] dist anc es, showing the positi ve and significant relation
shiplll'tween them. The Mantel test between distances ma
Irie<:,s use-cl 10.000 runs ( P = 0.0:248 ). Th e curved line rep
rl'spnts the :2nd·ord erpolynomhd relationship (co efficient or
<!l'\('rminati on is 0041).

which a discriminunt or canonical variate analysis
I CVA) was performed to explore size-free differences
in form.This size-free CVA was highly significant (P <
<J .OO(1 ). The correlation between Nei 's standard ge
Iwtic distances derived from the isoeuz yme analysis,
'1I 111the Mahulanobis distances derived from the size
rn'p CVA was also significant (P = 0.0248 after 10.000
runs. Mantel test) , and is illustrated by their 2nd-order
polynomial relationship (Fig. 3). The tree derived
[roru Mahalanobis distances was similar to th e isoen
/. \ I I1t' tree, except for the position of domestic R.
/Willixus (Fig. 2) .
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Discussion

Except for the relative position of the domestic R.
prolints. the isoenzvme-based tree and the morpho
metric tree were very simila r to each other. A com
plementary illustration of th e genetic basis of rnor
phometric traits is provided by the significant
correlation (P < 0.001) between the Mahalanobis and
Nei 's distances (Nei 1987). How ever, both trees left
unresolved th e position of P.coreodes, either included
as an external species of the Bhodnius genus or as
another paraphyletic lineage (Fig. 2).

Although originally identified as 'R. prolixus'
(Lopez and Moreno 1995) , our silvatic sample of 'pro
Iixus' appeared to be genetically very different from
the domestic samples of R.prolixus (Os = 1.50 ::t 0.50)
but very near to R. ecuadoriensis (Os = 0.50 ::t 0.20) ,
which is thought to be absent from Colombia
(Schofield 1994). This was confirmed by morpheme
try (Fig. 2, right side) , supporting the possibility that
this sample may represent a distinct taxon. Inprevious
studies .ecuadorieasis had been grouped with th e more
broadly distributed R. pictipes on the basis of mor
phological characteristics such as antennal sensilla
patterns (Catala and Schofield 1994) or the mottling
011 legs and body that is also shown by R. pallescens
(Lent and Wygodzinsky 1979) .In this study, however,
the clustering of R. ecuadoriensis and R. pallescens with
the silvatic R. prolixus from Colombia is in accord with
their geographic distribution west of th e Andes along
th e Pacific Coast in Peru, Ecuador, Colombia, and
Panama. Pending furth er study, we consider th e 'sil
vatic prolixus' as the 'Tolima form of ecuadoriensis ' in
view of its place of first capture and its relative close
ness to R. ecuadoriensis.

Comparison of the isoenzyme and morphometric
tr ees shows that only the domestic samples of R. pro
lixus were differently represented- grouped with 1'10

Slltus and negiectus by the isoenzyme analysis, but
closer to pictipes by morphometry. R. prolixus is dis
tributed throughout Venezuela and Colombia, and
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also in parts of Ce n tra l Ameri ca; our sample included
spe cime ns from all th ese areas. Rec ent genetic studies
have suggest ed a South American origin for thi s irn
portant vec to r of Chagas disease, un d support th e idea
that its introduction to Central America has been
relati vely recent-possibly resulting from humun in
tervention (Dujard in et al. 1998) . Its origin is most
likely to be Venezuela , where both domestic and sil
vatic populations ha ve b een reported (e.g., Camboa
1962 ) . whereas silv ati c populati ons in Colombia- as
shown b y this study- have not been confirmed . By
isoen zyrn es, th e gro uping of R. prolixus with 2 Brazil
ian specie s (Jlasrltus and neglectrts) is in agreement
with an origin east of th e Andes. Th e seemingly e rra tic
position o f flrul iXIIs in th e morphometric tree may be
the res ult of un equal sample size s (there we re 6.5
speci me ns of domestic R. prolt xus, compared with
4 -260f each of the other species) having a mplified the
distorting effec t of heteroscedasti c ity (Pimente l
1992 ).

Th e Z species examined by morphometry alone, R.
domest icus and R. neil;ai, were also gro uped with the
nCl$utus-n egl £?ctus pair. Aguin , this ac cords with geo 
gra ph ical distribution because all of th ese species are
from areas east of the Andes. R clumeslicu.Y is found
only among epiphytic bromeliads in th e Atlantic forest
of southern Brazil, and is co nside re d by some to be a
derivative of R. neelectu« from th e ce n tral ce rrad o
re gion of Brazil (C.lS., unpublished data). However,
littl e is known about R. nejr;ai , which is distinguish ed
from all other Bhodnt uespeci es by its almost uniform
d ark ca lor. and apparent specializat ion to Cobiju
palms (Co penlicia tecton/m ) in th e Ilanos of northern
Colombia and Ven ezuela.

Both isoenzyrne and morphome tric an alyses sug 
gest a po ssible bas al group comprising R. picttpes, R.
stali, and R. brethesi , wh ich are all species of the
Aruazon -Orinoco forest region . R. pictine» and R. stali
we re expect ed to show a close relationship. because
th e latter had been included in pi ciipes until its recent
description by Lent e t al. ( 1993) . Both share charac
teri stic s of th e male ge nita lia, whi ch are found in other
Tri atommae but not in othe r Hhodniini (Jurberg
1996). How ev er. whereas both pictim» and stalt ar e
c onsidere d generalist species. occupying a wid e vari
ety of for est ecotopes and occasionally invading
houses (Le nt and W ygodzinsky 1979, Tibayrenc and
Le Pont 1984, Sch ofield 1994). hrethes! see ms to be
highly spe cial ized and is rec orded only from piassaba
palms in the Amazon fo rest.

In summary, the monophyly of the tribe Rhodniini
is neither confirmed nor rej ect ed . Three groups of
Bhodnius species call be re cognized, i\ putative basal
group including brethesi, victl/w.\'. and stali, and 2 fur 
ther groups se pa rated geog raphica lly by th e Andes: a
west ern or Pacific group re prese nted by 1I(Jl/t' SCfllS,

ecuadoriensis, and the Tollrna form of eClludoriensis.
a nd an easte rn or Atlantic gro up rep resented by do
mesti c1/.S . IwsrtttlS. tiegj ectus, neivai, and domestic sam
ples of prolixus. Both metric and pr oteic phylogen etic
approach es were able to detect a species wrongl y
att ributed to prol ixlls . and to relate it to 2 other species,

ecuadoriensisand pallescens, fro m th e same geographic
region.

Thus, even with non -normal data distribution and
so me het eroscedasticity, a traditional morphometric
study could accord with isoenzyrnes for th e majorit y
of th e Bhodnius member s. Acco rdi ng to Pim entel
( 1992), non-normalit y has little. if an y) influ en ce on
canonical variate anal ysis, where th e only critical as
su mption is equality of population dispersion matri ces
(homosc ed astic ity) . Violation of th is assumption
probably led to the different placin g of R. prolixus in
the rnorphornetric tree , but th e overall agreem ent
observed here betwe en isoenzyrnes and morphomet
rie s illustrates th e robustn ess ofca no nical vari ate anal
ysis, and suppo rts th e idea that it may represent a valid
ph ylogenetic appro ach (Soren sen and Foottit 1992).
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