Revista Brasil. Bot., V.32, n.1, p.11-21, jan.-mar. 2009

Morphometric analysis of the Brasiliorchis picta complex (Orchidaceae)
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ABSTRACT —(Morphometric analysis of the Brasiliorchis picta complex (Orchidaceae)). One of thelargest generaof Orchidaceae
inthe Neotropicswith about 450 species, Maxillaria presents several taxonomic uncertainties about its generic circumscription
and the delimitation of species groups, mainly due to the large variability of some species. The present study aims at verifying
the morphological variation and species delimitation in the Brasiliorchis picta complex, a recent new genus derived from
Maxillaria, using morphometric multivariate analysis. A total of 340 specimens belonging to six species (B. chrysantha (Barb.
Rodr.) R.B. Singer, S. Koehler & Carnevali, B. gracilis (Lodd.) R.B. Singer, S. Koehler & Carnevali, B. marginata (Lindl.)
R.B. Singer, S. Koehler & Carnevali, B. picta (Hook.) R. Singer, S. Koehler & Carnevali, B. porphyrostele (Rchb. f.) R.B. Singer,
S. Koehler & Carnevali and B. ubatubana (Hoehne) R.B. Singer, S. Koehler & Carnevali) were analyzed using multivariate
methods (PCA, CVA, DA, and Cluster Analysis with UPGMA). B. gracilis shows the largest morphological discontinuity, mainly
due to its smaller size. The other species tend to form distinct groups, but intermediate characteristics between pairs of species
induce overlaps among the individuals of different species and thus confuse the distinction of each one. Hybridization and
geographic distribution can be involved in the differentiation of the species and lineages in this complex. Because the species
classified apriori in thiswork cannot be recognized by the quantitative characters measured here, such other tools as geometric
morphometry and molecular data should be employed in future works to clarify species relationships in this complex.
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RESUM O — (Andlise morfométrica do complexo Brasiliorchis picta (Orchidaceae)). Maxillaria € um dos maiores géneros da
regido Neotropical com cerca de 450 espécies, apresentando diversas incertezas taxondmicas quanto a delimitacdo do género e
de diversas espécies, principal mente pela grande variagdo morfol 6gica que o grupo apresenta. Este trabalho tem por objetivo
andisar avariacdo morfol gicaeadelimitacdo de al gumas espéciesno complexo Brasiliorchispicta, um género criado recentemente
a partir de algumas espécies de Maxillaria, utilizando andlise multivariada morfométrica. Foram analisados 340 individuos,
distribuidos em seis espécies (B. chrysantha (Barb. Rodr.) R.B. Singer, S. Koehler & Carnevali, B. gracilis (Lodd.) R.B. Singer,
S. Koehler & Carnevali, B. marginata (Lindl.) R.B. Singer, S. Koehler & Carnevali, B. picta (Hook.) R. Singer, S. Koehler &
Carnevdli, B. porphyrostele (Rchb. f.) R.B. Singer, S. Koehler & Carnevali e B. ubatubana (Hoehne) R.B. Singer, S. Koehler
& Carnevali), empregando-se métodos de andlise multivariada (PCA, CVA, DA e UPGMA). Brasiliorchis gracilis exibiu as
mai ores descontinui dades morfol 6gi cas, rel aci onadas principalmente ao seu porte reduzido. Entre as demais espécies, € possivel
notar apenas tendéncias de agrupamento, nas quais um grande nimero de caracteres com valores intermediérios gera grande
sobreposi¢éo entre individuos de diferentes espécies, ndo permitindo uma clara separacdo entre as espécies. Os padroes de
distribuicdo geogréfica e eventos como hibridizagdo podem estar envolvidos na diferenciacdo de espécies e linhagens no
complexo. Como as espécies classificadasapriori neste trabalho ndo podem ser reconheci das através dos caracteres quantitativos
utilizados, outras técnicas como morfometria geométrica e dados moleculares devem ser empregados em trabalhos futuros
para esclarecer as relagdes de parentesco entre as espécies deste complexo.

Palavras-chave - andlise multivariada, complexo de espécies, morfometria, taxonomia

Introduction itsdelimitation hasbecomeacontroversia issue: Cogniaux
(1904-1906), Hoehne (1953) and Butzin & Senghas(1996)
consider Camaridium Lindl., Marsupiaria Hoehne,
Ornithidium Salish., and Pseudomaxillaria Hoehne as
valid genera, segregated from Maxillaria mainly dueto

the structural variation of their vegetative characters.

Maxillaria Ruiz & Pavénsil. belongstothe subfamily
Epidendroideae, tribe Maxillarieae, subtribe Maxillariinae
(Dresdler 1993). It is the largest genus of this subtribe,
with about 450 species(Atwood & Mora-de-Retana1999)

distributed only in the Neotropics. According to Pabst
& Dungs(1977), 94 species of the genusoccur in Brazil.
Because of thelarge morphological diversity of thisgenus,
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Conversaly, Dungterville & Garay (1961), Pabst & Dungs
(1977) and Atwood & Mora-de-Retana (1999) placethese
generawithin Maxillaria, possibly because they consider
that the large variability of their vegetative structuresis
dueto thewide geographic distribution of thegroup, which
can be found from Floridato Argentina, as epiphytes or
rupicolous (Holtzmeier et al. 1998).
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Anatomical data revealed that Maxillaria is
polyphyletic if Mormolyca Fenzl. is considered
(Holtzmeier et al. 1998). Dathe & Dietrich (2006) and
Whitten et al. (2007), whose sampling included different
speciesof Maxillaria and such closely related generaas
Camaridium Lindl., Ornithidium Saliob. ex R. Br.,
Trigonidium Lindl., Chrysocycnis Linden & Rchb.f.,
Cryptocentrum Benth., and Mormolyca, obtained a
phylogeny based on molecular dataand their results point
out that Maxillaria is paraphyletic if these genera are
maintained. Those studies supports a Maxillaria genus
with amorerestricted delimitation, and the recognition of
someallied genera, many of them recently created based
on phylogenetic results, such asBragliorchisR. Singer, S.
Koehler & Carnevali (Singer et al. 2007), Christensonella
Szlach., Mytnik, Gorniak & Smiszek (Szlachetko et al.
2006) and Sauvetrea Szlach. (Szlachetko & Smiszek 2007).
Taxonomic problems are common in the delimitation of
speciesin Maxillaria sl., as shown in theworks by Illg
(1977) on the section Heterotaxis, Onishi (1974) on the
Maxillaria madida complex and Carnevali et al. (2001)
on the Maxillaria rufescens complex.

The species of Maxillaria were divided in to 11
groupsin the taxonomic trestment of Butzin & Senghas
(1996). Group XI, which encompasses species with
pseudobulbs in “cushion” form, joined by a short
rhizome, was subdivided into three subgroups. One of
these subgroups, the so called Maxillaria picta complex,
in which most species have bifoliate pseudobulbs and
occur exclusively in Brazil, is known by its extensive
morphological variation, which entailsseveral problems
to delimit itsspecies. Anatomica (Holtzmeier et al. 1998)
and molecular (Dathe & Dietrich 2006, Whitten et al.
2007) data show a monophyletic group which includes
the speciesof thiscomplex, and occursonly in Brazilian
atlantic and seasonal deciduousforests. Thisgroup was
recently transferred for the genus Brasiliorchis (Singer
et al. 2007), and here we adopt this criterion.

Many specific names are associated to thiscomplex
and it is not possible to delimit the species objectively,
because of the high morphological variation (Hoehne
1953, Pabst & Dungs 1977). Inthisgroup, flowers have
many colour patterns, evenin asingle population, mainly
among the species with spotted sepals and petals, such
as B. picta (Hook.) R. Singer, S. Koehler & Carnevali
and B. ubatubana (Hoehne) R. Singer, S. Koehler &
Carnevali, which can exhibit severd pigmentation degrees
(Hoehne 1953). Flower morphology is also variable in
sizeand form, making speciesidentification quitedifficult.

Although Hoehne (1953) considered 15 speciesand
19 varietiesin the Brasiliorchis picta complex, he admits

that mistakes may exist in species delimitation because
of the large variations and that a large amount of
collections needs to be investigated. Most varieties
described by Hoehne (1952, 1953) illustrate specimens
that present continuous morphological characteristics
with no striking discontinuities. Pabst & Dungs (1977)
have accepted most of the classification proposed by
Hoehne (1953), but, based on vegetative characteristics,
they split these species in three “alliances’: “picta
aliance’, “marginata aliance” and “gracilis alliance’.
Butzin & Senghas (1956) join together the “picta’ and
“gracilis’ alliances of Pabst & Dungs (1977) and keep
the “marginata’ alliance as a different group.

This study aims at describing the morphological
variation present in the B. picta complex using quantitetive
charactersand multivariate analysismethodsto identify
patterns of variation, determining the charactersrelated
to these patterns, and explaining the speciesrelationships
within this complex.

Material and methods

A total of 340 living plants from 30 Brazilian localities
were studied (table 1). The specimens were grown for at least
20 years at the “Instituto de Boténica’ at S&o Paulo (Brazil),
so that the influence of habitat conditions was minimized.

Because species recognition is complex, a broad
delimitation was adopted, and the specimenswere previously
identified based on qualitative characters observed in living
plants (table 2). The names used herein have been commonly
employed in the taxonomic literature on this group (Hoehne
1953, Pabst & Dungs 1977, Butzin & Senghas 1996) and
have nomenclatural priority over recent names avoided here.
The specimenswere splitin six species(table 2). Linedrawings
of dissected flowers from representative specimens of these
Six species were made to show the morphological variation
among and within species (figure 1). Because Brasiliorchis
consanguinea (Klotzsch) R.B. Singer, S. Koehler & Carnevali,
B. heismanniana (Barb. Rodr.) R.B. Singer, S. Koehler &
Carnevali, B. kautskyi (Pabst) R.B. Singer, S. Koehler &
Carnevali, and B. schunkeana (Campacci & Kautsky) R.B.
Singer, S. Koehler & Carnevali are rare species whose
morphological characters differ considerably from those of
the individuals measured in this work and since no living
material was available, they were not included.

Twenty continuous morphological characters were
measured (table 3), four of which are vegetative and 16 floral
(figure 1). All measurements of any of the considered
character were taken at the point of maximum dimension.
Threeflowersfor each specimen are measured, and the mean
value among them was considered in the analysis. Figure 1
presentsdetailsof floral characters. Vouchersof representative
individuals of each speciesand each popul ation are deposited
at the herbarium SP (table 1).
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Table 1. Procedence, number of specimens analyzed and vouchers for each species. Vouchers were made from one specimen
per population and are deposited in Herbarium SP (Institute of Botany, S8o Paulo State, Brazil). (BA = Bahia; ES = Espirito
Santo; MG = Minas Gerais; PR = Parang; RJ = Rio de Janeiro; SC = Santa Catarina; SP = S&o Paulo states).

Species/Origin n Voucher
B. gracilis
Santana do Riacho — MG 27 H.D. Bicalho s.n. (SP373874)
B. chrysantha
Mucuri — BA 2 F. Pinheiro 407
Tedfilo Otoni — MG 7 F. Pinheiro 319
S8o Tomé das Letras— MG 3 F. Pinheiro 411
Linhares — ES 4 F. Pinheiro 372
Guaira— PR 5 F. Pinheiro 397
B. marginata
Sdo Paulo — SP 12 F. Pinheiro 277
Blumenau — SC 15 F. Pinheiro 419
Orleans — SC 6 F. Pinheiro 419
B. picta
Jacinto — MG 9 F. Pinheiro 415
Cddas - MG 23 F. Pinheiro 416
Parati — RJ 9 F. Pinheiro 305
Ubatuba— SP 27 F. Pinheiro 285
Atibaia— SP 14 F. Pinheiro 317
Salesopolis — SP 13 F. Pinheiro 417
Peruibe — SP 8 F. Pinheiro 293
Cananéia— SP 15 F. Pinheiro 279
Jacupiranga — SP 20 F. Pinheiro 332
Batatais — SP 13 F. Pinheiro 418
Jaguariaiva — PR 28 F. Pinheiro 386
B. porphyrostele
Teodoro Sampaio — SP 8 F. Pinheiro 345
Matos Costa— SC 15 F. Pinheiro 331
Lages— SC 8 F. Pinheiro 358
Bom Jardim da Serra— SC 5 F. Pinheiro 364
S80 Joaquim — SC 4 F. Pinheiro 367
B. ubatubana
Itagimirim — BA 10 F. Pinheiro 342
Camanducaia— MG 5 F. Pinheiro 343
Petropolis— RJ 3 F. Pinheiro 294
Campos do Jorddo — SP 10 F. Pinheiro 356
Apial — SP 8 F. Pinheiro 339

Thedescriptive analysis of the datawas performed with
SYSTAT 10.0 (Wilkinson 2000) software and presented
graphically asbox plots. Multivariate analysis methods were
carried out with the programs SY STAT 10 and Fitopac 1.6
(Shepherd 2006) softwares. Two types of ordination analysis
and one cluster method were used to avoid possibledistortions
produced by a specific method (Everitt 1978): principal
component analysis (PCA) on a correlation matrix was used
as an objective method to summarize variation when a priori
knowledge of population to which individuals belonged was

not considered; canonical variate analysis (CVA) was used
to ordinate population means considering variance and
covariance among characterswithin and among populations,
and a cluster analysis was performed using the unweighted
pair group method with arithmetic average (UPGMA), on
an Euclidean distance matrix, to verify morphological
discontinuities among species. Twenty plants of each species
were randomly chosen from the total sample and analysed
with the UPGMA method to improve the graphical
representation of the dendrogram. In PCA, the number of
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Table 2. Qualitative characters used to delimit the six species considered in this study. Species names considered synonyms

are between parentheses.

Species

Qualitative characters

Brasiliorchis chrysantha (Barb. Rodr.)
R.B. Singer, S. Koehler & Carnevali

Brasiliorchis gracilis (Lodd.)
R.B. Singer, S. Koehler & Carnevali

Brasiliorchis marginata (Lindl.)
R.B. Singer, S. Koehler & Carnevali
(Maxillaria murilliana Hoehne)
(M. crassipes Kraenzl.)

Brasiliorchis picta (Hook.)

R. Singer, S. Koehler & Carnevali
(Maxillaria rupestris Barb. Rodr.)
(M. phoenicanthera Barb. Rodr.)
(M. polyantha Barb. Rodr.)

(M. hoehnei Schltr.)

Brasiliorchis porphyrostele (Rchb. f.)
R.B. Singer, S. Koehler & Carnevali

Brasiliorchis ubatubana (Hoehne)
R.B. Singer, S. Koehler & Carnevali

Long rhizome, sepals and petal swith vinaceous margins, vinaceous column,
lip white with vinaceous spots.

Aggregated rhizomes, lip white with vinaceous spots, column pale yellow
with vinaceous dashes.

Long rhizome, lip pale yellow with central and lateral |obe apex dark purple,
column yellow with vinaceous dashes.

Aggregated rhizomes, sepalsand petal swith abaxial face paleyellow, adaxial
face yellow, white lip with vinaceous dots, column yellow with vinaceous
dashes, purple anther.

Aggregated rhizomes, sepals and petals yellowy green with vinaceous
margins, lip white with vinaceous dots, column vinaceous.

Aggregated rhizomes, pale yellow flowers with vinaceous dots, lip white
with vinaceous dots, column vinaceous.

Table 3. Morphological characters used in morphometric analyses of B. picta complex and results of principal component
analysis (PC1, PC2 and PC3), canonica variate analysis (CN1, CN2 and CN3) and discriminant analysis (F-to-remove).
PC1-PC2: correlations between the original variables with principal components one and two, respectively; CN1-CN2:
correlations between the original variables and canonical discriminant axes one and two, respectively; F-to-remove: relative
importance of the variables used in the model to discriminate groups in DA (see table 5).

Characters Code PC1 PC2 PC3 CN1 CN2 CN3 F-to-remove
1. Rhizome length RI L -0.203 0.347 0.704 0.217 0.455 0.422 32.57
2. Pseudobulb length PS L 0.408 0.690 0.078 -0.089 0.178 -0.086 4.49
3. Ledf length LE L 0.524 0.279 -0.510 0.297 -0.362 -0.180 9.22
4. Leaf width LE W 0.436 0.524 0.265 -0.033 0.237 0.040 12.6
5. Inflorescence length IN L 0.507 0.659 -0.107 0.034 0.270 0.122 1.93
6. Pedicel length PE L 0.237 0.623 0.278 -0.292 0.119 0.242 5.75
7. Column length CO L 0.796 -0.236 0.367 -0.387 -0.009 0.132 3.21
8. Column width CoO W 0.905 0.013 0.147 0.420 0.015 0.291 8.51
9. Dorsa sepal length DS L 0.877 0.085 -0.284 0.628 0.356 0.007 2.73

10. Dorsal sepa width DS W 0.891 0.019 -0.039 -0.012 0.097 -0.058 5.67

11. Lateral sepa length LS L 0.880 0.128 -0.300 -0.004 -0.296 -0.282 1.51

12. Lateral sepal width LS W 0.880 -0.021 0.021 -0.138 0.112 0.099 1.35

13. Petal length PT L 0.891 -0.002 -0.268 0.094 0.302 -0.566 3.43

14. Peta width PT W 0.848 0.123 -0.181 0.170 -0.023 -0.386 5.08

15. Lip length LI L 0.900 -0.225 0.124 0.088 -0.108 0.251 1.25

16. Lip width LI W 0.817 -0.329 0.282 0.397 -0.098 0.834 10.37

17. Lateral lobe of lip length LL L 0.877 -0.185 0.294 0.372 0.438 -0.113 3.16

18. Central lobe of lip length CL L 0.662 -0.195 -0.158 -0.667 -0.200 0.230 9.52

19. Central lobe of lip width CL W 0.741 -0.413 0.148 -0.406 -0.948 -0.185 17.91

20. Callus of lip length CA L 0.857 -0.129 0.168 0.226 -0.291 0.004 3.03
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Figure 1. Line drawings of dissected flowers showing the morphological variation among and within the six species from
Brasiliorchis picta complex. Vouchers of each flower are deposited at the herbarium SP. A. B. chrysantha (F. Pinheiro 294).
B. B. chrysantha (F. Pinheiro 288). C. B. ubatubana (F. Pinheiro 385). D. B. marginata (F. Pinheiro 9261). E. B. marginata
(F. Pinheiro 10438). F. B. porphyrostele (F. Pinheiro 328). G. B. picta (F. Pinheiro 320). H. B. picta (F. Pinheiro 341). |. B.
gracilis (H.D. Bicalho s.n. SP373874). Details of measurements can be seen in A.

axes to interpret was determined by comparing eigenvalues
to the random expectation in a broken-stick distribution
(Frontier 1976). The six species were the grouping variables
in CVA. Discriminant analysis (DA) was performed with
the same grouping variables used in CVA. Wilks' Lambda,
jackknife classification, which assigns unclassified specimens
to groups, and F-to remove statistics, which giveanindication
of therelativeimportance of each variable, are al so reported.

Results

The results of the descriptive analysis show that
most characters overlap among the species (figure 2).

Brasiliorchis gracilis (Lodd.) R.B. Singer, S. Koehler
& Carnevali is the species with lesser overlaping with
the others. Asterisks (outside values) and circles (far
outside values) are present in most box plots, showing
specimens with extreme valuesin all species.

In PCA, the first three axes explain about 74% of
the total variation (figure 3). The species show only a
tendency to differentiation in the analysis, since
individuals of different speciesare spread in many parts
of the scatter plot, making the delimitation of patterns
difficult. On the first axis, that explain 55.14% of the
total variation, individualsof B. gracilis, B. porphyrostele
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Figure 2. Box plots for the 20 quantitative characters. Rectangles define 25 and 75 percentiles; horizontal lines show
median; whiskersarefrom 10 to 90 percentiles; asterisksand circles are extreme values. Seetable 4 for characters abbreviation.
A. B. gracilis. B. B. marginata. C. B. porphyrostele. D. B. ubatubana. E. B. picta. F. B. chrysantha.

(Rchb. f.) R.B. Singer, S. Koehler & Carnevali and B.
ubatubana (Hoehne) R.B. Singer, S. Koehler &
Carnevali can be discriminated from the others. In the
axistwo, that explain 11.42% of the total variation, the
majority of the individuals from B. ubatubana can be
separated from B. porphyrostele. In this axis, B.
marginata show a tendency to separate from the other
species, but this pattern is best seen in axisthree, where
most of the individuals of this species are kept more
apart from the others. The scatter plot with axes one
and three show al so adifferentiation between specimens
of B. marginata (Lindl.) R.B. Singer, S. Koehler &
Carnevali and B. chrysantha (Barb. Rodr.) R.B. Singer,
S. Koehler & Carnevali. Specimensof B. pictaare spread
along the three axes, showing no tendenciesto split from

the other species (figure 3). Flower characters are
correlated with axis one, and vegetative characters are
more correlated with axestwo and three. CO_W, LI _L,
DS W, PT_L, and LS W are the five most important
characters correlated with the first axis. PS_L, IN_L,
PE L, LE W and RI_L are the five most important
characters correlated with the second. Otherwise, RI_L,
CO_ L, LL L, LI _W and PE_L are the five most
important characters correlated with the third axis (see
table 3 for abbreviations).

The first three axes in CVA explain about 86% of
thetotal variation (figure4). Thefirst axisexplain 39.1%
of the total variation, and clearly separates specimens
of B. gracilis from the other species. Specimens of
B. ubatubana appear together in the analysis, showing
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Figure 3. PCA of 340 specimens from the B. picta complex based on 20 characters (see table 3). A. Principal components 1
and 2. B. Principal components 1 and 3. Axes 1, 2 and 3 explain 55.14%, 11.42%, and 8.04% of the total variation,
respectively. (¢ = B. gracilis, m = B. marginata; o = B. porphyrostele; v = B. ubatubana; @ = B. picta; 0 = B. chrysantha).

also atendency to separate from the other species. The
second axis explains 26.7% of the total variation, and
allowsthediscrimination of specimensof B. porphyrostele
and B. marginata, both in the extremes of the scatter
plot with axes one and two (figure 4A). The third axis
explains 21.1% of thetotal variation and shows amore
clear separation of B. marginata and B. chrysantha.

Most of the specimens of B. picta show a tendency to
separate from the other species in the third axis,
nevertheless they show some overlap with individuals
of different species (figure 4B). CL-L, DS-L, CO-W,
CL-W and LI-W are thefive most important characters
related to the first axis. RI_L,LL L,DS L, PT L and
IN_L are the five most important characters related to
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Figure 4. CVA of 340 specimens from the B. picta complex based on 20 characters (see table 3). Grouping variables are the
six species considered in this study: B. chrysantha, B. gracilis, B. marginata, B. picta, B. porphyrostele, and B. ubatubana.
Axes 1, 2 and 3 explains 39.1%, 26.7% and 21.1% of the total variation, respectively. The ellipses are centered on the
sample means, and comprises 70% of the sample from each species. (0 = B. gracilis; X = B. marginata; + = B. porphyrostele;

A = B. ubatubana; v = B. picta; <« = B. chrysantha).

thesecondaxisandLI_W,RI_L,CO W, LI_L andPE_L
arethefive most important charactersrelated to the third
axis.

The jackknifed classification matrix produced by
DA shows85% of correct classification of theindividuals
into the previously assigned species (table 4).
Brasiliorchisgracilis showed the highest percentage of
correct classification (96%), with one individual being
misclassified asB. picta. Brasiliorchischrysantha showed
the lowest percentage of correct classification (67%),

sharing misclassified specimens with B. picta (4), B.
marginata (2) and B. porphyrostele (1). Brasiliorchis
marginata and B. picta, despite the high percentages of
correct classification (74% and 89% respectively), have
misclassified specimensinto five other different species.
Brasiliorchisporphyrosteleand B. ubatubana showed 80%
and 84% of correct classification, but have misclassified
specimens into two and three other different species,
respectively. A highlevel of morphological similarity can
be noted between B. ubatubana and B. porphyrostele.

Table 4. Results of jackknifed classification matrix with 340 individuals and six species. (Wilks Lambda = 0.011, P =

0.0000).

Grouning variables B. B. B. B. B. B. Percentage
Ping gracilis marginata porphyrostele  ubatubana picta  chrysantha correct (%)

B. gracilis 26 0 0 0 1 0 96

B. marginata 1 25 1 0 6 1 74

B. porphyrostele 0 0 33 4 3 1 80

B. ubatubana 0 0 2 31 4 0 84

B. picta 0 4 5 9 161 1 89

B. chrysantha 0 2 1 0 4 14 67

Total 27 31 42 44 179 17 85
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The patterns observed in the UPGMA dendrogram
based on Euclidean distance (data not show) agree with
the results of PCA (figure 3) and CVA (figure 4).
Specimens of B. gracilis grouped together and their
cluster are the farthest in relation to the other groups.
The remaining species (B. chrysantha, B. marginata,
B. picta, B. porphyrostele, and B. ubatubana) have
individuals in many regions of the dendrogram, but
tendenciesto group together can be seen for all species,
as most individuals of each species clustered together.
The cophenetic correlation was 0.72.

Discussion

Brasiliorchis gracilis has the most evident
delimitation among all the examined species, showing a
morphological differentiationin all the analyses. Hoehne
(1952, 1953) accepted six varieties for this species,
however there are no evident morphological
discontinuitiesamong them, and it isquiteimpossibleto
recognize most of them. The small size of most of the
charactersin B. gracilis can bethereason for thisstrong
differentiation.

Despite the high morphological similarity between
B. ubatubana and B. porphyrostele, qualitative
characters, like color of sepals and petals (white with
red dots in B. ubatubana, yellow greenish in B.
porphyrostele) allow aclear delimitation between them.
Moreover, according to Hoehne (1953), these two species
rarely happen sympatrically, and the geographical
distribution is therefore one of the possible causes of
the differentiation between them, as was also observed
in some orchid species of the genera Acianthera (Borba
et al. 2002) and Pseudorchis (Reinhammar 1998).

The long rhizome of B. marginata influenced the
morphological diversity found inthe performed analyses,
since it allows the plant to spread on the tree branches
or inflowerpots, when under cultivation: asame clump,
originated from a single individual, can have quite
different vegetative shapes. This phenotypic plasticity
persistsin the plantsunder cultivation, and it can hinder
theidentification of the species that exhibit individuals
overlapping with B. picta and B. chrysantha in the
analyses.

Brasiliorchis picta and B. chrysantha were the
species showing thelargest morphological variation, with
some of their specimens scattered on PCA and CVA
graphs, and individual s clustered with other species. Both
have a wide geographical distribution (Hoehne 1953,
figure 1) and grow in different habitats: they can be
rupicolous, epiphytes or grow on organic matter

accumulated over the soil (Hoehne 1953). Extensive
geographical distribution can be associated with extensive
morphological variationinsevera generaof Orchidacese,
like Dactylorhiza (Tyteca& Dufréne 1994), Acianthera
(Borba et al. 2002), Pseudorchis (Reinhammar 1998),
and Serapias (Pellegrino et al. 2005).

Although they exhibit larger morphologic
discontinuities, floral characters played amoreimportant
role in the analyses of PCA, CVA and DA than the
vegetative ones. Traditionally, floral charactersaremore
used in the taxonomy of the group (Hoehne 1953, Pabst
& Dungs 1977, Butzin & Senghas 1996); sterile plants
arequiteimpossibletoidentify. Papersusing morphometric
methods in the taxonomy of other Orchidaceae genera
also evidenced the floral characters as the most
informative ones (Reinhammar 1998, Borbaet al. 2002,
Bernardos et al. 2005).

As all these species grow in similar habitats,
sometimes sympatrically, the divergence among them
should be maintained by different mechanisms of
pollination and/or post-mating barriers that warrant the
isolation between species (Borbaet al. 2002, Cozzolino
et al. 2001, Mant et al. 2005). According to Singer &
Koehler (2004), the species of the B. picta complex and
alied generalike Trigonidium and Mormolyca (Singer
2002, Singer et al. 2004) do not offer resources for
pollinators and are probably pollinated by deceit. As
speciespollinated by deceit do not have ahigh specificity
with regard to pollinators, and since introgression and
hybridization among sympatric species seem to be a
common phenomenon (Soliva& Widmer 2003, Cozzolino
et al. 2006), gene flow may occur between speciesin the
B. pictacomplex, possibly givingriseto hybrid specimens,
which contributes to the morphological overlapping
among the species.

Since the use of morphometry may clarify the
delimitation of closerelated speciesand therelationships
of speciescomplexesin Orchidaceae (Reinhammar 1998,
Borba et al. 2002, Bernardos et al. 2005, Pellegrino et
al. 2005), itisacrucid tool for an objective quantification
of biodiversity (Henderson 2005). However, morphometry
also haslimitationsthat are evident in several groups of
species with probable recent origin, which present an
extensive overlapping of morphological characters
between species, likethe pattern observed inthe B. picta
complex. Inthese cases, the use of molecular data, mainly
from markers able to reveal a great amount of
polymorphisms, isfundamental to understand the species
relationships. Workson apopulationlevel, using molecular
markers like isozymes, AFLP or microsatellites, could
identify the evolutionary processes involved in the
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diversification of speciescomplexes, asalready evidenced
for Dactylorhiza (Pillon et al. 2006), Ophrys (Soliva &
Widmer 2003), Orchis (Cozzolino et al. 2006), and
Acianhera (Borba et al. 2002). In these groups, the
analysisof alarge amount of individuals per population
was fundamental to understand the diversification
mechanisms of speciesand lineages, atrend that should
be adopted in future works on the B. picta complex.
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