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Abstract

The existence dRhodnius robustuas a species distinct froRhodnius prolixusas long been the main epidemiological question about
Chagas disease transmission in Venezuela and surrounding countries. These two taxa are morphologically and genetically very similar,
but only R. prolixusis assumed to colonize houses and transmit Chagas disease to hBmasistuds assumed to be an exclusively
sylvatic species, restricted to palm treesolfustusandprolixusare actually the same species, the theoretical possibility exists of sylvatic
specimens invading houses, even after insecticide application, and a control strategy similar to that of the successful Southern Cone Initiative
againstTriatoma infestansvould be difficult to consider. Since no valid alternative control strategy exists, the answer to this biological
question could be decisive about the future of vector control in this region. Although we believe genetic techniques are best suited to
define species boundaries, we present here an example of the relevance of modern morphometrics in dealing with such an issue. Using
both traditional and geometric morphometrics, we compared the wing size and shape in both sexes of these two taxa reared in the same
laboratory for one generatioR. robustuspecimens were collected from palm trees in the state of Mérida (Venezueld, amalixus
were collected from houses in the state of Cojedes (Venezuela). Our study provided no argument to question their specific status. Even
after one generation of living in the same laboratory conditions, the two lines showed clear size differences, divergent allometric trends,
and significant allometry-free differences in shape. These results suggeRt thhtistugMérida, Venezuela) anR. prolixus(Cojedes,
Venezuela) are distinct evolutionary units. Due to the epidemiological importance of this question, further studies in other geographic areas
of Venezuela are required to accurately define the relationshiRsrobustusandR. prolixus
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ences in the basal plate struts of the male genitakatand
Wygodzinsky, 1979
Rhodnius prolixustal (Hemiptera, Reduviidae, Triatom- Isoenzyme studies found no consistent differences be-

inae) is one of the main Chagas disease vectors in Latintween these two species, and no reproductive isolation was
America. It is recognized as a domestic and peridomestic apparent in laboratory crossesdrry et al., 1992a;tHarry,
species, and most laboratory isolates derive from collec- 1993; Barrett, 1996; Solano et al., 19960 that the
tions from houses and/or chicken coops. However, sylvatic specific status offobustusas a distinct taxon has been
populations mainly in palm tree crowns—have been reported questioned Klarry, 1993; Barrett, 1996 However, recent
in parts of Venezuela since the work Gfamboa (1962) mtDNA sequence data do indicate differences between in-
Palm tree crowns in these regions are also considered thelividuals from houses (defined psolixus) and individuals
main habitat of morphologically similadRhodnius robustus ~ from palm-trees (defined asbustu$ (Lyman et al., 1999;
Larousse, with the two species distinguished only by the Monteiro et al., 200)) and the domestic populations show
lighter colored tibia of the older nymphs and minor differ- different salivary protein profiles compared to morphologi-
cally similar populations from palm trees in northern Brazil
" Corresponding author. Tel:1-7704-884-939; (Soares et al., 1998 o o
fax: +1-7704-488-4258. The status of these two entities is of epidemiological im-
E-mail addressjdujardin@cdc.gov (J.P. Dujardin). portance because the domestic populatiori®.girolixusare
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a primary target for Chagas disease vector control interven-the technique combining the orthogonal projection method
tions, whereas the palm tree populations—with little contact (Burnaby, 196pand the common principal analysislgry,
with humans—may have little epidemiological relevance (but 1984; Airoldi and Flury, 1988; Klingenberg, 19906
seeFeliciangeli et al., 2002 However, if there is significant
gene flow between the two, then interventions against the
domestic vectors might be severely compromised by reinva- 2. Material and methods
sion from the sylvatic foci.

It has been suggested thptolixus may represent the  2.1. Insects
domestic derivative ofobustus(Schofield and Dujardin,

1997, subsequently dispersed in association with human R prolixus was collected intradomiciliary at the Mu-
population movements. Recalling the argumentsaloner  njcipio San Carlos (NW J.A. Brabo) (La Sierra, State of
(1981)that the first changes concerned in micro-evolution Cojedes, Venezuela)—forty kilometers north of San Carlos
are changes of metric characters, we reasoned that, even itjty R. robustusvas collected from palm treeé¢rocomia
recent, the separation betwegrlixusandrobustuswould  acyleataand Scheelea macrocarpaat the Municipio Zea
have already induced metric differences such that the two (|ocality Cario Tigre, State of Mérida, Venezuela). Both
forms could not be considered as merely allometric exten- samples were reared in the same insectarium for one gen-
sions of each other. We therefore examined this idea usingeration after capture, and then submitted to metric analysis.
both traditional and geometric morphometrics, both as a con- | total, 102 wings were examined: 38 Bf prolixus(18
tribution to resolving the taxonomic question and also as an female and 20 male wings) and 64 wingsRfrobustug48
introduction to the application of geometric morphometrics female and 16 male wingsJy#ble .
to the study of Triatominae.

We examined wing geometry in relation to six land- 5 5 Metric data Fig. 1)
marks using the thin-plate spline meth@bpkstein, 199§
which allows visualization of Shape variation and allometric Camera lucida drawings of the Wings were made on a
trends within and between taxa. Instead of measurementsmicroscope at a magnification that allowed maintenance of
of distances between landmarks, the geometric method
uses coordinates of landmarks. This has several advantages
(Rohlf and Marcus, 1993 providing a precise quantifi- :Aaabtfri; examined
cation of shape differences and allowing their visualiza-

tion through the classical deformation grids suggested by R. prolixus R. robustus
D’Arcy-Thompson. By constructing separate variables for Origin La Sierra (Cojedes) Cafio El Tigre (Merida)
general size and shape variation, it also allows allometry 9°5356'N, 68°3514'W 8°2630°N, 71°4618'W
to be visualized and teste@gokstein, 1991; Krzanowski, ~ Habitat  Houses Paim trees
1988; Rohlf, 1996; Baylac and Penin, 1998 necessar MAT 23 C aa°c

; ' » bay , _ Y. MRH®  0.70 0.75
overall shape changes may also be decomposed into a global ¢ 1200m 250m
“uniform” and multiple local “non-uniform” shape changes. N 38 (18K and 20M) 64 (48F and 16M)

Using the D’Arcy-Thompson grid metaphor, non-uniform aMAT: mean annual temperature.

shape changes are local deformations distorting parts of the  bMRH; mean (annual) relative humidity.
grid, while uniform changes are the set of transformations  ¢ALT: altitude.

which graphically preserve the parallelism of the grid lines.  °F: female wings.
€M: male wings.

Although purely mathematical, such decomposition may
point out some particular shape changes, and has proven to
be useful at different taxonomic levelBdylac and Penin,
1998 Swiderski, 1993Baylac and Daufresne, 19p6

For the hypothesis that one group is a larger or smaller
representative of the other, it was expected that allomet-
ric changes alone were responsible for possible differences
in shape. This would justify comparison of the allometric
trends and examination of the effect of removing them on
the metric differences observed. Allometries were compared
using thin-plate splines method, their removing used tradi- 1
tional techniques as good models have been developed for
this purpose based on distances measurements—for a revieV\'I:,ig' 1. Dorsal view of the left wing oRhodniussp. Circles and associated

Kli b 1996)T: th I tric infl numbers indicate the landmarks used, dashed lines between them the
seeklingen erg( ) 0 remove the allometric intfluence distance measurements taken. For instance, W15 means the distance

on shape changes, i.e. to evidence possible shape differpepween landmarks W1 and W5. These landmarks are located on the
ences unexplained by size variation (growth), we applied anterior (W1)-posterior (W5) axis of the wing.
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a consistent plane of focus to control distortion. On the visualization of the shape changes in relation to the speci-

membranous part of the hemelytra, we identified six land- fied variable. We used this approach to visualize the shape

marks: four of “type I”, denoted W1, W3, W4 and W6 (tis- variation along the canonical axes, as well as to model the

sue intersections), and two of “type II”, denoted W2 and allometric patterns. These patterns were compared statisti-

W5 (Bookstein, 199 The coordinates of landmarks were cally by a multivariate analysis of covariance (MANCOVA),

digitized using TPSdig (version 1.15; Rohlf, 1999). with total shape variables as dependent variables, taxa, cen-
We also measured seven, non-redundant features of tharoid size and their interaction as independent variables.

fore wing (hemelytra) denoted: W12, W23, W34, W45, W56

(all distances describing the outline of the wing), W26 (an 2.6. Allometry-free differences

estimation of wing length), and W15 (an estimation of wing

width). To remove a common allometric trend among a set of
measurements, we used the common principal components
2.3. Size variation model Flury, 1984; Airoldi and Flury, 1988 In this model,

a single component is taken to account for common allo-
For comparing overall wing size between both groups, we metric variation, provided the coefficients of the eigenvector
used the isometric estimator known as “centroid size” de- are large and positive, and the correlations between this
rived from coordinates data. It is defined as the square rootsingle component and each variable are positive and signif-
of the sum of the squared distances between the center of thecant (Klingenberg and Zimmermann, 1992n the space
configuration of landmarks and each individual landmark. of the log-transformed measurements, conspecific individu-
Since centroid size is an isometric size parameter, the re-als are expected to be found along the straight line defined
sulting superimposed shape coordinates did not necessarilypy this single component. Metric variation orthogonal to

remove any allometric change. this direction is allometry-free by construction, and de-
scribes allometry-free shape differences among individuals
2.4. Shape variation (Burnaby, 196%

Using the 7 measurements described above, or all the

Shape variables were obtained through a geometric ap-compinations of 6 of them, the total sample (including both
proach, as deformations (“partial warps”) from a consen- sexes, or considering the sexes separately) was not com-
sus configuration using the TPSrelw softwaR®llf, 1993,  patible with the hypothesis of a common allometric axis
1998h. (i.e. with the model of a common principal component).

The raw coordinates are first superimposed using a Generyye therefore explored the 21 possible combinations of
alized Procrustes analysis (GPA) superimposition algorithm, 5 measurements, and identified only two sets compatible
whereby the sum of squared distances between each obwith a common allometric axis model, either in males or in
ject and a reference configuration are iteratively minimized females: the first one included three measurements describ-
by translations and rigid rotation®¢hlf, 1990; Goodall,  jng the distal outline of the wing, its width and its length
1991, 199%. At each iteration the reference, which is taken estimations (W12, W23, W34, W26, W15), the second one
as the mean configuration of the whole superimposed sam-gescribed the distal and proximal parts of the wing as well
ple, is updated. Centroid size is eliminated from the su- s its length (W12, W23, W45, W56, W26). The influence
perimposed coordinates by ratios. The uniform component of within-group allometries was then removed by using
of shape changes is expressed by two separate parameesiduals of an orthogonal projection of the data onto the
ters: Ul and U2, which parameterize the dilatations and first common principa| ComponenB(lrnaby’ 19693_|e'
the shearing of the transformatior8opkstein, 1995 To- all the common principal components except the first one
gether with the non-uniform component, (“partial warps”, or (lingenberg, 1995 The resulting “allometry-free” vari-
“non-uniform parameters”), it recapitulates the overall shape gples were submitted to a canonical variate analysis (CVA),
changes which may be used in statistical analyses of shapeysing the two putative taxa as groups irrespective of sex.
The thin-plate spline interpolation function may be used to  sjnce the interaction between sexes and group differen-
apply the same changes to a squared grid providing a directjation was significantTable 2, sexes were also examined
and quantitative implementation of the D’Arcy-Thompson geparately. In the same way as above, within-group allome-
transformation gridsEookstein, 1991 tries were removed and the resulting allometry-free, shape

variables submitted to a discriminant analysis.
2.5. Allometries
2.7. Software

The relationships between the thin-plate splines parame-
ters and any variate (size, factorial axis, ecological variate  Procrustes superimposition, thin-plate splines parameters,
etc.) may be analyzed by multivariate regression analysis centroid sizes and graphical outputs were calculated and pro-
(Rohlf and Marcus, 1993; Krzanowski, 1988; Mardia and duced using the TPSRW and TPSREGR prograReh(f,
Dryden, 1989. Regression parameters allow prediction and 1998b,¢. Statistical analyses were done using SMBAS
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Table 2 -.55 CV total shape, males 43
MANOVA . orolt >
. prolixus R. robustu
Var dep () W12, W23, W34, W12, W23, W45, P X robustus
W26, W15 W56, W26

Var indep (X) Sp., Sex, sp.*sex Sp., Sex, sp.*sex
Wilk’s statistics: d

sp. P < 0.0001 P < 0.0001

sex P < 0.0001 P < 0.0001

Sp.*sex P =0.0075 P =0.0132

I
This multivariate analysis of variance (MANOVA) examines the possible L1 I [ T B 1 o |
interaction between sexes and group differentiation. Var dep (Y), depen- —— T 1
dent variable; Var indep (X), independent variables; sp, species; sp*sex, b e I
interaction between sex and species; W12, W23, W34, W45, W26, W56,
W15, metric characters of the wing, for instance W12 is the distance _ 35 CV total shape, females 31
measured between landmarks W1 and W2 @Siee 1).

A

R. prolixus R. robustus
Institute Inc., 1995 STATA® (Computing Resource Center,
1992 and NTSYS Rohlf, 19984. They included canoni-
cal variate analyses and MANOVA of the species and sex
belongings, MANCOVA of the species and their centroid
size. For traditional multivariate analyses, measurement data
were log-transformed prior to analyses. R e
L] [ N | I
[ ——
[ R NI ETT Il

3. Results
Fig. 3. Shape discrimination. Grid deformations corresponding to male

. - (top) and females (bottomiR. prolixus and R. robustusalong the dis-
3.1. Size variation criminant factor derived from total shape, i.e. non-uniform and uniform
parameters of shape changes. Males and females were analyzed sepa-

Non overlapping size differences between the wings rately, so that there was only one canonical factor (CV) by analysis: the
of each sex completely separatBd robustus with larger dispersion of corresponding canonical values is shown by quantile plots

inas. fromR. prolixus There was a significant interaction under the grid deformations. In both sexesRofprolixus the apex of the
wings, - prolixu W igni : : wing (which is landmark W2) is more distant from the end of median

between sexes and group differentiatiéiig( 2, Table 2. and cubital veins (landmarks W3 and W4). These differences are not free
of allometric influences (see text).

3.2. Shape variation
ysis gave satisfactory results for overall species comparison
Multiple regression of shape variables on isometric size (Table 3.
revealed a significant < 0.001) allometric content that
explained 36% of shape variation (detailed results not 3.3. Within-taxa allometric trends of the wing
shown). This shape separation of the taxa seemed to be
mainly of non-uniform kind, involving the distal and poste- The results of multivariate analysis of covariance
rior parts of the wingFig. 3). In each sex, discriminantanal- (Table 4 on total geometric shape (with taxa and size as

Female R. prolixus Female R. robustus
— ; T 1 1
NI l (R
Male R. prolixus Male R. robustus
e N B ey —T
mee ream [ T
Centroid size
| >
359 571

Fig. 2. Quantile plots showing in each sex the distribution of individuals along the isometric estimator of size (centroid size). Each box shows the gr
median separating the 25th and 75th quartiles, with the 10th and 90th quartiles shown as lines on the right and left sides of the box.
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Tables Centroid size (females)
Shape discrimination
Landmarks W1, W2, W3, W4, W5, W6 A
Shape variables x1, y1, x2, y2, x3, y3, ul, u2
prolixus robustus Total, predicted
Females I
prolixus 15 (83%) 9 24 [
robustus 3 39 (81%) 42 '
2. Total, observed 18 48 66 I ALY S
T 7 ot [
Males
prolixus 17 (85%) 0 17 2
robustus 3 16 (100%) 19
Total, observed 20 16 36 .
R. prolixus — R. robustus
Re-classification of individuals according to discriminant analyses. W1, Females

W2, W3, W4, W5, W6= landmarks (sed-ig. 1); x1, xyl, x2, y2, x3,
y3, variables depicting the non-uniform component of shape; uniX and
uniY, variables describing the uniform component of shape. In brackets, Centroid size (males)

percent of correct attributions.
4
2
%2

R. robustus

independent variables, and their interaction) indicated that
both taxa did not react the same way to size variation
(P = 0.0003), i.e. they showed different allometric trends.

Visually, differences in allometric patterns of shape were
apparent at both the non-uniform and uniform components

(Fig. 4).

3.4. Allometry-free differences

A common principal components model was verified for
two sets of five measurements: W12, W23, W34, W26,
W15, and W12, W23, W45, W56, W26. It was not re- Fig. 4. Allometries. A consistent uniform change (stretching of the whole
jected in femalesk = 0.17) and in malesg = 0.47), grid) is apparent in femal®. robustusanother one in mal&. prolixus,
as well in the total sampleX = 0.32). For .males,.fe— while no such change is visible in the corresponding sex of the other
males, and for the total sampl€i¢. 5, canonical variate  species. Non-uniform changes are also apparent, involving landmarks 2-5:
analyses were highly significant and produced a perfect larger R. robustustend to have these homologous points more or less
reclassification of individuals Table 5. This indi-  @igned, especially in females.
cates consistent differences betweRn robustusand R.
p_rollxus, which could not be explained by their size 4. Discussion
difference.

R. prolixusandR. robustushave been compared several
Table 4 times using different techniques and different samples. Their
MANCOVA status as distinct species has been questioned, leading to
the idea that they may represent a single species able to
freely alternate between sylvatic and domestic ecotopes. The
present data do not fit with this hypothesis.

Var dep (Y) x1, y1, X2, y2, x3, y3, uniX, uniY
Var indep (X) sp, ctr, sp*ctr

Wilk's statistics:

sp P < 0.0001 ] o

ctr P < 0.0001 4.1. Size variation

sp*ctr P = 0.0003
This multivariate analysis of covariance (MANCOVA) indicates differ- R. robustuswvings were significantly larger than those of
ent allometries forR. prolixus and for R. robustus Var dep (Y), de- R. prolixus and allow clear differentiation between the two

pendent variable; Var indep (X), independent variables; sp, species; ctr, taxa. For the hypothesis of a single species, this size varia-
centroid size; sp*ctr, interaction between species and centroid size; x1, tion accords with the observation that sylvatic specimens of
xyl, x2, y2, x3, y3, variables depicting the non-uniform component of Triatomi . Im t I h | .
shape; uniX and uniY, variables describing the uniform component of na Omlr_]ae (e.g. '_n palm trees) ge_ner"_i y show larger size
shape. than their domestic counterpart®yjardin et al., 1999
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R. prolixus Females R. robustus Table 5
Allometry-free discrimination
— T —L T 11—
[T T N | [N Initial variables W12, W23, W34, W26 and W15 or W12,
W23, W45, W26 and W56
Ccv Shape variables cpc2, cpe3, cped, cpes
19.76 21.44 prolixus robustus Total, predicted
Females
prolixus 18 (100%) 0 18
R. prolixus Males R. robustus robustus 0 48 (100%) 48
—L T — — T Total (observed) 18 48 66
(A I (A |
Males
cv prolixus 20 (100%) 0 20
robustus 0 16 (100%) 16
33.61 36.14 Total (observed) 20 16 36

Re-classification of individuals according to discriminant analyses on
- allometry-free variables. W12, W23, W34, W45, W26, W56, W15,
“initial” metric characters (for instance W12 is the distance measured be-
tween landmarks W1 and W2, sEg. 1); cpc2, cpc3, cpcd and cpch, the
five last common principal components used as allometry-free variables
FP (see text), which are derived from the “initial variables”. Initial variables
are two sets of 5 distance measurements (either W12, W23, W34, W26,
CV2 - W15 or W12, W23, W45, W26, W56) for which the model of a common
MP allometric axis could not be rejected (see text). In brackets, percent of
/ correct attributions.

1.62 4

o L 4.3. Divergent allometric trends

15.39 cvi 16.91 The within-taxa allometric trends of the wings were ex-

plored by geometric morphometrics, and showed consistent
Fig. 5. Allometry-free discrimination. Top and middle: quantile plots of — differences, as confirmed statistically by a multivariate anal-
female (top) and male (mid) specimens belongingRtoprolixusandR.  yisjs of covarianceTable 4, and illustrated by the thin-plate

robustusalong the discriminant factor (CV) derived from all the common . . .
principal components except the first one. Each box shows the group spllnes Flg' 4)' Such dlvergence’ althoth Commonly found

median separating the twentieth and seventy-fifth quartiles, with the tenth P€tween distinct species, might also develop within a single
and ninetieth quartiles shown as lines on the right and left sides of the Species occupying different habitats. It then would depend
box. Bottom: factorial map presenting the distributionRuf prolixus (P) upon some exogenous factor varying across habitats and in-
a;‘th-fmbUStus(R)' ma'ff("") a”(d fema'z Spec)imenls (F), in ”:9 p'a”eh ducing altered patterns of local regulation during growth, or
of the first two canonical factors (CV1 and CV2). Polygons enclose each . . — s
group. Male and femal®. robustusare double lined polygons, male and differences in the timing of Spe.CIfI(? developmental e,vems
femaleR. prolixusare single lined polygons. (heterochrony), or some combination of botBopkstein
et al., 1985. But whatever the original cause, the consistent
o . , - allometric differences after one generation in similar envi-
However, it disagreed with Bergmann’s rule predicting o _
ronmental conditions would seem to reflect stable genetic

larger Specimens at lower temperaturéaie 1)_—a rule that differences acquired after prolonged adaptation to different
has been applied to the taxonomy of other insects such 8%cotopes. This is hardly compatible with common exchanges
phlebotomine sand fliesViarcondes et al., 1998; Dujardin pes. y P 9

etal., 1999n of specimens between habitats.

4.2. Shape variation 4.4. Allometry-free differences

Shape variation, as described by geometric techniques, re- Neither the total set of variables nor the seven possible
vealed significant but incomplete differences between taxa subsets of six of them were compatible with the model of
(Fig. 3 Table 3. For the hypothesis of one group being a a single allometric axis common to bafh robustusandR.
larger or smaller representative of the other, it was expectedprolixus And out of the 21 possible subsets of five charac-
that allometric changes alone would be responsible for theseters, only two were compatible with a common axis. Using
differences. Multiple regression of shape on size revealed avariables describing the orthogonal variation to this axis—i.e.
significant allometric content (36%), justifying both a com- all the CPC except the first on&l{ngenberg, 199§ signif-
parison of the allometric trends and a tentative to remove icant differences were apparent with both sets of measure-
them from the observed variation. ments Fig. 5, Table 5.
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Such patterns of size-free variation indicate that our sam-  of Box (Buxus sempervirend.) and its midge. A geometrical
ples did not fit with the hypothesis of the two groups being ~ morphometric analysis. In: Marcus, L.F., Corti, M., Loy, A., Naylor,
the allometric extensions of each other. Between conspe- C-J-P- Slice, D. (Eds.jadvances in Morphometric$roceedings of

i |ati it | ted that h diff the 1993 NATO-ASI on Morphometrics, NATO ASlI, Series A, Plenum
CIc populations, 1t 1S expecte al any shape difierences Publication, New York, Life Sciences, pp. 285-301.

(allometry-free) would be moderate or insignificakibick Baylac, M., Penin, X., 1998. Wing static allometrydmosophila simulans
et al., 1990. Moreover, such differences between two sym-  males (Diptera, Drosophilidae) and its relationships with developmental

patric populations would be good evidence for reproductive ~ compartments. Acta Zool. 44 (1), 97-112.
isolation Claridge and Gillham, 1992Nevertheless, shape Bookstein F.L., 1990. Introduction to methods for landmark data.

diff | . if lati f In: FJ Rohlf, FL Bookstein, (Eds). Proceedings of the Michigan
irerences also arise among conspeciiic populations, for ex- Morphometrics Workshop, The University of Michigan Museum of

ample on both sides of a COﬂS'iStE'.nt ecological or geographi-  zoology, Special Publication No.2. Ann Arbor, Michigan. pp 216-225.
cal barrier Burnaby, 1966; Dujardin et al., 1999ar among Bookstein F.L., 1991. Morphometric Tools for Landmark Data: Geometry
relict populations from past geological evenBaglac and and Biology. Cambridge University Press, Cambridge, 435 pp.
Daufresne, 1996 Bookstein F.L., 1996. A standard formula for the uniform shape component

. .. . L . in landmark data. In: Marcus, L.F., Corti, M., Loy, A., Naylor, G.J.P.,
We believe that distinct sizes, dissimilar allometric trends Slice, D., (Eds.), Advances in Morphometrics, Proceedings of the 1993

and allometry-free shape divergence could resultfrom avari-  NATO-ASI on Morphometrics, NATO ASI, Series A, Life Sciences,
ety of sources, including adaptation to separate ecotéhpes—  Plenum Publication, New York, pp. 153-168.

robustusinhabits pa|m trees at Mérida, aml pro"xus in- Bookstein, F.L., Chernoff, B., Elder, R., Humphries, J., Smith, G., Strauss,
fests dwellings at Cojedes. Since these effects could not be R., 1985. Morphometrics in evolutionary biology: the geometry of size

L . and shape change, with examples from fishes. Acad. Nat. Sci. Phila.
removed after one generation in the same environmental con- Spec. Publ., p. 15

ditions, they are suggestive of true evolutionary divergence, gurnaby, T.P., 1966. Growth-invariant discriminant functions and gene-
and so they question any suspicion of a single species. ralized distances. Biometrics 22, 96-110.

This bi0|ogica| question is of Strategic importanCE, be- Claridge M.F., Gillham M.C., 1992. Variation .in population_s of_Ieaf—
cause in case of separate taxa, the sylvatic spdEiefleus- hoppers and planthopper8uchenorrhynchp biotypes and biological

. . . species, pp. 241-259. In: Foottit, R.G., Sorensen, J.T. (Eds.), Ordination
tus) is not expected to replace the domestic dRepffolixug in the study of morphology, evolution and systematics of insects:

after insecticide application on domestic structures. Since  appiications and quantitative genetic rationales. Elsevier, New York,
our data were not compatible with the hypothesis of free ex-  p. 418.

change between sylvatic and domestic habitats, they allowComputing Resource Center, 1992. Stata reference manual: release 3, 5th
to consideR. robustusandR. prolixusas separate targets for ~__ €d- Computing Resource Center, Santa Monica, CA.
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