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Recognition and differentiation of species in the Passiflora
sidifolia complex

Carla Fernanda Nardin, Luis Carlos Bernacci, Rodrigo O. Plotze, Odemir M. Bruno,
and George J. Shepherd

Abstract: The variation in leaf morphology observed in Passifloraceae is one of the most extreme cases in the
Angiosperms, allowing some species within this family to be distinguished by their leaves. Nevertheless, other
species in this family are difficult to recognize based solely on leaf morphology, or by floral and molecular
characteristics. Aiming to verify the similarities and differences between the Passiflora species Passiflora actinia
Hook., Passiflora elegans Mast., Passiflora sidifolia M.Roem., and Passiflora watsoniana Mast., detailed analyses were
conducted regarding the morphological traits of the leaf blade, specifically shape and venation, and the flower.
The data were composed of continuous and qualitative values, using the Gower coefficient. A principal coordinates
analysis (PCoA) and cluster analysis were performed. Features that have not previously been used for the Passiflo-
raceae, such as leaf venation, were important for the distinction of P. watsoniana from the other species. The
analyses including only the species P. actinia, P. sidifolia, and P. elegans showed a clear differentiation between them.
Despite the wide variability observed in P. elegans, the analysis revealed that the different populations from
different regions had more similarities with each other than with any other species.
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Résumé : La variation de la morphologie foliaire observée chez les Passifloracées qui permet a certaines especes
a l'intérieur de cette famille de se distinguer par leurs feuilles constitue I'un des exemples les plus extrémes chez
les angiospermes. Néanmoins, d’autres espéces de cette famille sont difficiles a reconnaitre sur la seule base de la
morphologie de leur feuilles ou des caractéristiques florales et moléculaires. Afin de vérifier les similarités et les
différences entre les espéces de Passiflora Passiflora actinia Hook., Passiflora elegans Mast., Passiflora sidifolia M.Roem.
et Passiflora watsoniana Mast., des analyses détaillées ont été réalisées relativement aux traits morphologiques du
limbe foliaire, spécifiquement la forme et la nervation, ainsi qu’a la fleur. Les données étaient composées de
valeurs continues et qualitatives, a I’aide du coefficient de Gower. Une analyse en coordonnées principales (ACP)
et une analyse de grappes ont été réalisées. Les caractéristiques qui n’avaient pas encore été utilisées chez les
Passifloracées, comme la nervation des feuilles, étaient importantes pour distinguer P. watsoniana des autres
espéces. Les analyses incluant les seules especes P. actinia, P. sidifolia et P. elegans montraient une différenciation
claire entre elles. Malgré la grande variabilité observée chez P. elegans, I'analyse a révélé que les différentes
populations de différentes régions partageaient davantage de similarités entre elles qu’avec aucune autre espéce.
[Traduit par la Rédaction]

Mots-clés : « Leaf Architecture Working Group », morphologie, analyse multivariable, Passifloracées, taxonomie.

Introduction the family has a fundamental ecological importance, and
The Passifloraceae have economic importance in the the diversity of its species deserves attention.

medical and ornamental sector, and especially as a food The Passifloraceae distribution is essentially pantropi-

source (e.g., passion fruit). The areas of greatest diversity cal with a few temperate species in North and South

of Passifloraceae are found in the countries of Brazil and America, southern China, and New Zealand, and is rep-

Colombia (Killip 1938). In addition to economic interest, resented by 17 genera and 700-750 species (Feuillet and

Received 15 December 2014. Accepted 27 May 2015.

C.F. Nardin and L.C. Bernacci. Instituto Agrondémico de Campinas (IAC), Av. Bardo de Itapura, 1481 Campinas SP,

Brasil CEP 13020-902.

R.O. Plotze. Instituto de Ciéncias Matemadticas e de Computacdo, Universidade de Sdo Paulo (ICMC-USP), Av. do Trabalhador
Sdo-Carlense, 400 Centro. Cx. Postal 688, Sdo Carlos SP, Brasil CEP 13560-970.

O.M. Bruno. Instituto de Fisica, Universidade de Sdo Paulo, Cx. Postal 369, Sdo Carlos SP, Brasil CEP 13560-970.

G.J. Shepherd. (Prof. Retired) Departamento de Biologia Vegetal — Instituto de Biologia — Universidade Estadual de Campinas
(UNICAMP), Cidade Universitdria “Zeferino Vaz”, Distrito de Bardo Geraldo, Campinas, SP, Brasil CEP 13083-970.

Corresponding author: Carla Fernanda Nardin (e-mail: carlanardin@iac.sp.gov.br).

Botany 93: 809-824 (2015) dx.doi.org/10.1139/cjb-2014-0256 < Published at www.nrcresearchpress.com/cjb on 28 August 2015.


mailto:carlanardin@iac.sp.gov.br
http://dx.doi.org/10.1139/cjb-2014-0256
Gracielle
Highlight


Botany Downloaded from www.nrcresearchpress.com by SIBI/USP UNIVERSIDADE DE SAO PAULO on 03/30/17
For personal use only.

810

MacDougal 2007). According to current records, there
are about 500 species occurring in the Neotropics
(Feuillet and MacDougal 2007), with four genera and ap-
proximately 150 species found in Brazil (Bernacci et al.
2015). The genus Passiflora is the largest in the Passiflo-
raceae, with more than 560 species (Krosnick et al. 2013).

Knowledge of the taxonomy and distribution of the
Brazilian Passifloraceae species has greatly increased in
recent years due to new collecting programs. For example,
in the last two decades, the number of species recorded in
Sao Paulo State has increased by 33% (15 species) (Bernacci
et al. 2003, 2011) when compared with the previous re-
cords for the family in the state (Killip 1938; Cervi 1997).
This new information on the distributions of the species
in Sdo Paulo State indicated that four species (10% of the
species) are endangered (Environment Secretariat 2004),
and further studies are needed to facilitate the iden-
tification and recognition of other species (from the
Passiflora elegans group and from subgenus Astrophea;
Bernacci et al. 2003).

From the time when Linnaeus established the founda-
tions of taxonomy, around the year 1753, the identifica-
tion and reconstruction of relationships between plants
have largely been based on the characteristics of the re-
productive organs (Leaf Architecture Working Group
1999). For the identification of Passifloraceae species, the
analyses focus on floral morphology (Masters 1872; Killip
1938; Sacco 1980; Escobar 1988; Holm-Nielsen et al. 1988;
Cervi1997; Nunes and Queiroz 2001; Bernacci et al. 2003).
In addition to the reproductive morphology (especially
flowers and bracts), vegetative morphology (especially
leaf blade and stipules) has been described as the most
diverse of any of the families of Angiosperms (MacDougal
1994). In some cases, it is possible to distinguish species
by leaf morphology alone, as is the case of Passiflora
cirrhiflora Juss., a species from the Amazon region (Ribeiro
et al. 1999). However, for other species, the differences
between them, including molecular differences (Padua
2004), are not so pronounced, making the correct iden-
tification of these species more difficult.

The subjectivity and lack of precision in traditional
taxonomy has been cited as one of the difficulties in the
recognition of taxonomy as a science, but there is still a
need for more information and knowledge of plant bio-
diversity (Rapini 2004). However, more updated tech-
niques, such as the utilization of DNA information, are
not necessarily a more suitable option for the recogni-
tion of species (Rapini 2004). Since the first comprehen-
sive terminology for leaf architecture by Ettinghausen
(1861 in Spicer 1986), a number of new terminologies for
the different aspects of leaf morphology have been de-
veloped (Hickey 1973, 1979 in Spicer 1986). These termi-
nologies have been used, at least in part, by many
researchers (Spicer 1986). More detailed morphological
analyses, including descriptions of leaf shape and vena-
tion, have been used to distinguish species that are diffi-
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cult to recognize (Baumgratz and Ferreira 1980; Leaf
Architecture Working Group 1999; Cardoso and Sajo
2004, 2006). With the use of a new computational mor-
phometric method, leaf traits, such as leaf shape and
venation, have been used to enable the distinction of
Passifloraceae species (Plotze et al. 2005).

The delimitation and classification of the species
Passiflora actinia Hook., Passiflora elegans Mast., Passiflora
sidifolia M.Roem., and Passiflora watsoniana Mast. differ
between authors. Although P. actinia and P. sidifolia are
treated as distinct from each other (Killip 1938; Cervi
1997; Bernacci et al. 2003), their similarities have long
been noted (Killip 1938). However, the species that was
referred to as P. watsoniana, in Sdo Paulo State (Cervi
1997), was later questioned (Bernacci et al. 2003), and the
materials were identified as P. elegans. Recently, the use
of the species name P. elegans, instead of P. watsoniana,
has become more widely accepted in Sao Paulo (Bernacci
et al. 2011). Species recognized as currently belonging to
the P. sidifolia complex (P. actinia, P. elegans, and P. sidifolia)
were previously classified in different series. Formally,
P. actinia was classified in the series Simplicifoliae, while
P. elegans was classified in the series Lobatae, and P. sidifolia in
the series Imbricatae (Killip 1938; Cervi 1997). Recently,
these three species were all placed in the section
Granadillastrum (Feuillet and MacDougal 2003). Passiflora
watsoniana was classified in the series Kermesinae (Killip
1938; Cervi 1997), and more recently, in the section
Kermesinae (Feuillet and MacDougal 2003). However,
these were artificial series, because they were based on
few features. Macromolecular analysis reinforces the dis-
tinction of P. actinia and P. elegans, with only a single
hybrid specimen observed between them (Lorenz-Lemke
et al. 2005).

In the present study, we performed multivariate analy-
ses from detailed morphological surveys, especially leaf
shape and venation. Our objective was to identify and
separate the species in the P. sidifolia complex (P. actinia,
P. elegans, and P. sidifolia), and to distinguish these species
from P. watsoniana, thus contributing to a more profound
understanding of the taxonomy of these species in Sdo
Paulo and other Brazilian states.

We hypothesized that although reproductive struc-
tures are traditionally used to distinguish Passiflora spe-
cies in the P. sidifolia complex (P. actinia, P. elegans, and
P. sidifolia), vegetative characteristics, such as leaf vena-
tion patterns, which have yet not been used, may be
useful, especially with sterile material. Thus, our objec-
tive was to recognize which vegetative characteristics
are meaningful to distinguish the species of this group.

Materials and methods

Study species

The species P. actinia, P. elegans, and P. sidifolia were
studied; all three are recognized in this study as belong-
ing informally to the P. sidifolia complex, but the distinc-
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tion between them is controversial. For the initial
analyses, in addition to the above-mentioned species, the
species P. watsoniana was included, also belonging to the
subgenus Passiflora. The occurrence of this species was
recorded in the state of Sdo Paulo, but its identity was
later questioned.

Passiflora actinia always has entire leaves, whereas
P. sidifolia can have entire or lobed leaves. Passiflora
sidifolia is distinguished from the other species in this
study by its much smaller bract size. Passiflora watsoniana
is distinguishable from the other three species by its
non-verticillate bracts.

The distribution of P. actinia extends from the state of
Espirito Santo to Rio Grande do Sul; P. sidifolia occurs in
the states of Rio de Janeiro, Minas Gerais, and Sdo Paulo
(Bernacci et al. 2003); and P. elegans in the states of Santa
Catarina and Rio Grande do Sul, but is also found in
Argentina and Uruguay (Cervi 1997). The distribution of
P. elegans has recently been extended to the states of
Minas Gerais and Sdo Paulo, but some morphological
differences have been observed, which are potentially
related to this area of distribution. Because of these mor-
phological differences, the identification of P. elegans in
these new areas has been questioned (Bernacci et al.
2003). The distribution of P. watsoniana has long been
unclear. The type material mentions a general distribu-
tion in the southeastern or central-western regions of
Brazil. However, this material not only lacks the name of
the collector, but it came from a plant that was cultivated
in Kew (Royal Botanic Gardens), which makes the record
of origin questionable (Killip 1938; Cervi 1997). The occur-
rence of this species was later recorded in states of
Paraiba and Pernambuco, in the northeastern region of
Brazil, and also in the states of Minas Gerais and Sao
Paulo, southeastern regions of Brazil (Cervi 1997); how-
ever, the occurrence in Sdo Paulo (Bernacci et al. 2003)
was discarded and treated as misidentification (Bernacci
et al. 2003). Although not very abundant, herbarium re-
cords were used by Giovanni (2011) to create potential
distribution models. These indicate that P. watsoniana
would occur in a relatively extensive continuous area.
The models suggested a concentrated distribution in the
northeastern region of Brazil, extending from the state
of Rio Grande do Norte down to the state of Rio de
Janeiro, in the Southeast. The model also indicated
disjoint occurrences in Ceard (Northeast), Amazodnia
(North), central-western and southern regions of Brazil,
but did not indicate any potential occurrence in Sdo
Paulo State (Bernacci and Giovanni 2012).

Measurements of morphological characteristics
The analyses were based on herbarium material from

the IAC (Agronomic Institute of Campinas, Sdo Paulo,
Brazil) and other herbaria. We adopted a numerical scale
for each characteristic analyzed, corresponding to the
quantity of types observed, and followed Radford et al.
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(1974) for the morphological patterns for the shape of
the leaf blade.

The morphological traits of 51 P. elegans voucher spec-
imens were measured, six being from the South Coast of
Sdo Paulo, eight from the North Coast of Sao Paulo, and
37 from Rio Grande do Sul. Thirty-two vouchers of
P. sidifolia, 22 of P. actinia, and five of P. watsoniana were
also analyzed (Table A1). The goal was to sample the intra-
and inter-specific variability, especially with regard to the
leaf variability found in P. sidifolia, which usually has a
lobed blade, but may also have an entire blade. Three leaf
blades from a total of 110 herbarium specimens were ana-
lyzed, resulting in 324 sets of observations.

Clearing, staining, and description of leaf blade
Twenty-four leaf blades of P. elegans were cleared and

stained (adapted from Shobe and Lersten 1967), nine
were from materials originating from the South Coast of
Sdo Paulo (Guarujd and Juréia - SP), 10 from the North
Coast of Sdo Paulo (Ubatuba, Cunha, Caraguatatuba, and
Sdo Sebastido - SP), and five from Rio Grande do Sul. We
also analyzed 13 leaf blades from P. sidifolia, six from
P. actinia, and two from P. watsoniana, whose shape and
venation are described herein in detail (according to Leaf
Architecture Working Group 1999).

Data analysis
In total, 34 traits were initially analyzed, including

those of leaf venation, with 21 continuous (Table 1), five
multi-state, and eight binary (Table 2). Some traits were
excluded, because they did not differ between the spe-
cies. Therefore, 29 traits were selected for the analysis of
the P. sidifolia complex, with 21 continuous, four multi-
state, and four binary. For a final analysis, we used only
P. elegans specimens that had been collected from three
different regions. The qualitative variable “smaller
bract” was excluded from this analysis, because it is in-
variant for this species. Thus, a total of 28 characters
were analyzed.

Due to the heterogeneous data matrix with continu-
ous, binary and qualitative data, the Gower coefficient
was used for carrying out the principal coordinates analy-
sis (PCoA; Legendre and Legendre 2012) and the cluster
analysis (weighted pair group method with arithmetic
means-WPGMA) was adopted as the clustering method due
to differing of samples for each species), with the aid of the
FITOPAC program, version 2.1.2 (Shepherd 2010). The goal
was to verify the similarities and distinctions between spe-
cies, and in P. elegans investigate infraspecific variation
among regions. Electronic material with representations of
three-dimensional graphics is available as an additional re-
source (ParallelGraphics 1999). The PCoA was carried out in
three steps: (1) with all four species, (2) excluding P. watsoni-
ana, and (3) only P. elegans from different regions.
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Table 1. Minimum and maximum values of the continuous characteristics used in the morpho-

logical analysis of Passiflora species.

No. Characteristics Minimum Maximum Unit
1 Angle between the main veins of the leaf blade 14 65 degree
2 Diameter of the petiole 0.03 0.12 cm
3 Length of stipule 0.5 3 cm
4 Width of stipule 0 18 cm
5 Length of leaf blade 2 9.3 cm
6 Width of leaf blade 1.9 7.8 cm
7 Joined portion of the leaf blade 11 9.3 cm
8 Length of the lateral lobe of the leaf blade 0 1.8 cm
9 Width of the lateral lobe of the leaf blade 0 2.5 cm

10 Length of the central lobe of the leaf blade 0 31 cm

1 Width of the central lobe of the leaf blade 0 3.4 cm

12 Length of the petiole glands 0.02 0.15 cm

13 Width of the petiole glands 0.02 0.1 cm

14 Length of the petiole 0.5 4 cm

15 Branch diameter at 10 cm from the apex 0.06 0.33 cm

16 Length of smaller bract 1 5.2 cm

17 Width of smaller bract 0.4 3.5 cm

18 Length of the larger bract 1 5.5 cm

19 Width of the larger bract 0.4 4.4 cm

20 Length of the sepal 0.6 2.6 cm

21 Width of the sepal 0.2 1.6 cm

Comparison of the eigenvalues obtained with the val-
ues expected from the “Broken-Stick” model was used to
assess the significance of the first axes (Joliffe 2002;
Cangelosi and Goriely 2007).

Results

In all of the PCoAs, the variance explained was greater
than that predicted by the broken-stick model for at least
the first five axes. This criterion is rather conservative
because the model tends to produce higher variances in
the first axes than are usually observed in genuinely ran-
dom matrices (Cangelosi and Goriely 2007; G.J. Shep-
herd, unpublished data). However, we rarely used more
than two or three axes, because each axis represents a
particular gradient, and it is difficult to interpret a sys-
tem with more than three gradients (Gotelli and Ellison
2011).

In the first analysis, with the PCoA involving all four
species, axis 1 was responsible for 16.30%, axis 2 for
14.88%, and axis 3 for 8.48% of the variance explained,
giving a total of 39.66% of the variance observed in the
first three axes. By means of axes 1 and 2 of the PCoA, it
was possible to observe some separation of the species,
and also by means of axes 1 and 3 (Fig. 1). Axes 2 and 3
show a complete separation of P. watsoniana from the
other species, mainly due to axis 3. The characteristics
that had the highest correlation with the first axis were
shape of the leaf blade (0.86), the apex type of lateral
lobes (0.81), and the shape of the apex of the leaf blade
(0.75); the characteristics having the highest correlation
with the second axis were the width of the larger bracts
(0.71) and the bract shape (0.71), and the length of the

medial lobe of the leaf blade (0.70); and the characteris-
tics having the highest correlation with the third axis
were type of operculum (0.84), the type and position of
the bracts, fifth vein category, highest order and highest
excurrent of leaf blade (0.82).

In P. watsoniana, the fifth vein category has a dichoto-
mous pattern, as opposed to a regular polygonal reticu-
late pattern found in the other species, and also shows
a higher order and higher excurrent extension with
smaller values (5 and 4, respectively; Table 2; Fig. 2).

It was not possible to view a complete separation be-
tween the species of the P. sidifolia complex in the initial
analyses. This may be due to the addition of P. watsoniana
(clearly a separate and distinct taxon and thus an outlier
when compared with the remaining species), which may
have displaced the direction and the center of the axes in
relation to these species. The resulting axes may not be
ideal for showing the maximum variance of the remain-
ing species. Thus, to analyze the position of each species
within the Passiflora sidifolia complex, another analysis
was carried out exclusively with the species from this
complex (Fig. 3).

In the second analysis, which excluded P. watsoniana,
the first three axes of the PCoA represented 39.1% of the
total variation observed, in which axis 1 was responsible
for 22.51%, axis 2 for 9.38% and axis 3 for 7.21% of the total
variance explained. The characteristics that had the
highest correlation with the first axis were the shape of
the leaf blade (0.93), the apex type of lateral lobes (0.80),
and apex shape of the leaf blade (0.78); the characteristics
that had the highest correlation with the second axis

< Published by NRC Research Press
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Table 2. Values for multi-state and binary characteristics used in the morphological analysis of Passiflora species.

No. Characteristics 0 1 2 3 4 5 6
1 Shape of the leaf blade Elliptic? Ovate? Widely ovate? Very widely Circular Oblate Transversely
ovate elliptic
2 Type of apex of lateral Absent? Convex Rounded Retuse — —
lobe
3 Base shape Convex Rounded Truncate? — — — —
4 Apex shape Straight Convex? Rounded? — — —
5 Base angle Acute Obtuse — — — — —
6 Smaller bract? Absent Present? — — — — —
7 Bract shape Setaceous* Widely elliptic Ovate — — —
8 Bract position® Dispersed® Verticillate+? — — — —
9 Bract type® Setaceous® Foliaceous“? — — — —
10 Operculum Entirely membranous Membranous plicate ~ Membranous not — — — —
plicate on the base and plicate only on
filamentous in the basis and
the rest filamentous in
the rest
11 Number of basal veins® 7%b — — — — — —
12 First vein category® Actinodromous basal*? — — — — — —
13 Second vein category® Brochidodromous®? — — — — — —
14 Second vein angle¢ Smoothly decreasing — — — — — —
toward base®?
15 Second vein spacing® Increasing toward bases? — — — — — —
16 Third vein category® Alternate percurrent®? — — — — — —
17 Third vein course® Exmedially ramified*" — — — — — —
18 Third vein angle to first®  Acute®? — — — — — —
19 Fifth vein category Regular polygonal Dichotomizing! — — — — —
reticulate®?
20 Areolation® Moderately developed*? — — — — — —
21 Highest order® 5a 64 — — — — —
22 Highest excurrent® 44 5ab — — — — —
23 Number of sets of outer 2ab — — — — — —
corona®
24 Shape of the external Filiform®2 — — — — — —
corona“
25 Limen® Membranaceous®? — — — — — —

aCharacteristic not variable or absent in the group P. sidifolia (P. actinia, P. elegans, P. sidifolia) and, therefore, not considered in the analysis exclusive to this group. Characteristic observed
for the group in boldface type.
bCharacteristic not variable or absent only in Passiflora elegans and, therefore, not considered in the analysis exclusive to it. Characteristic observed for the group underlined.
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Fig. 1. Principal coordinates analysis (PCoA) using Gower coefficient and 46 variables showing the distinction between species
of the Passiflora sidifolia complex (1. # P. actinia; P. elegans: ® Rio Grande do Sul, & North Coast of Sdo Paulo, m South Coast of
Sdo Paulo; ¢ P. sidifolia) and # P. watsoniana (2). Numbers in parentheses on the axes correspond to percentage of variance. See

Table A1 for definitions of symbol labels.
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were the length of the medial lobe (0.80), the shape of
the bracts (0.78), and width of larger bracts (0.77); and the
characteristics having the highest correlation with the
third axis were the width of the leaf blade (0.75), length
of stipules (0.66), and presence of smaller bract (0.60).
The first two axes (Fig. 3) show a clear distinction be-
tween Passiflora actinia (1); Passiflora sidifolia (2), and
Passiflora elegans (3). There was also a clear distinction
between the different sample regions of P. elegans, but
there is a slight overlap between them. Axes 1 and 3
indicated some overlap between P. actinia and P. sidifolia,
and also between all material from the North Coast and
South Coast of Sdo Paulo. Axes 2 and 3 placed P. actinia
and P. sidifolia at the extremes of axis 2, but showed some
overlap between these two species and P. elegans. Axis 3

-0.05
Axis 1 (16.20%)

005 01 015 02 025 03 035

did not improve the distinction between species or spec-
imens of P. elegans from different regions.

The dendrogram showed a clear distinction between the
species of the Passiflora sidifolia complex (Fig. 4), with a co-
phenetic correlation of 0.83, indicating a good fit of the
dendrogram to the distance matrices. Group 1 was com-
posed of the species P. sidifolia, where the smaller bract was
the main variable that distinguished it from all other species.
Group 2 was composed only of materials from P. actinia.

Lastly, in the dendrogram (Fig. 4), Group 3 corresponds
to P. elegans. There is an obvious distinction between the
three different regions: Rio Grande do Sul (RS), the South
Coast, and North Coast of Sdo Paulo, but there were five
samples from the North Coast of Sdo Paulo that fell into
the group from Rio Grande do Sul.
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Fig. 2. Morphology and venation of leaf blade.

(A) Passiflora actinia; (B) P. sidifolia, (C-E) P. elegans. (C) Rio
Grande do Sul, (D) South Coast of Sdo Paulo state,

(E) North Coast of Sdo Paulo state. (F) P. watsoniana.

In the third PCoA, only with P. elegans, when consider-
ing axes 1and 2 (Fig. 5 and Supplementary Video S1!), the
sample material from the South Coast of Sdo Paulo (b in
Fig. 5) and Rio Grande do Sul (a in Fig. 5) appeared close to
each other, but there was an obvious separation of the
materials from the North Coast of Sdo Paulo (c in Fig. 5).
This suggests a possible gradual change in traits from
south to north. However, this gradation was only ob-
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served with axis 1 versus axis 2. When evaluating axes 1
and 3 (Fig. 6) or 2 and 3, the material from the South
Coast of Sdo Paulo (b in Fig. 6) appeared to be separated
from the material from both Rio Grande do Sul (a in
Fig. 6) and the North Coast of Sdo Paulo (c in Fig. 6), which
appeared closer together. For axes 2 and 3, the P. elegans
material from Rio Grande do Sul were found to be in an
intermediate position between the South Coast and
North Coast of Sao Paulo.

The variables most correlated with the P. elegans PCoA
for axis 1 were the length of the lateral lobe of the leaf
blade (0.90), width (0.81) and length (0.71) of the petiole
glands, and diameter of the petiole (0.71); the variables
most correlated with axis 2 were the apex type of lateral
lobe of the leaf blade (0.83), the length of stipules (0.78),
and the joined portion of the leaf blade (0.66); and the
most correlated variables for axis 3 were the shape of the
bracts and length of leaf blade (0.77) and length of
smaller bract (0.50) and width of the leaf blade (0.50).

Some characteristics were exclusive to material of
P. elegans from different regions. For example, the base of
the operculum found in specimens from the South Coast
of Sdo Paulo was membranous and plicate, but the rest of
the operculum was filamentous; the operculum found
in the other two regions were entirely membranous pli-
cate. The specimens from the North Coast of Sao Paulo
exhibited an exclusive characteristic in relation to leaf
shape, which was circular, while the remaining speci-
mens had leaf shapes that were very widely ovate, oblate
(exclusively in the material from Rio Grande do Sul) and
transversely elliptic (exclusively in the material from the
South Coast of Sdao Paulo). In general, for most traits
studied, the differences in material assigned to P. elegans
from different areas were less conspicuous and (or)
diffuse.

Based on the morphological characteristics analyzed,
it was possible to discern some important characteristics
that have not previously been used in the differentiation
of the study species. They have been incorporated into
the following dichotomous key.

Key to facilitate the distinction and recognition of species in the P. sidifolia complex, as well as in relation to

P. watsoniana.

1a. Bracts alternate and setaceous, fifth vein category dichotomous, highest order equals five and highest

excurrentequalsfour .............. .. ...l

.............................. P. watsoniana Mast.

1b. Bracts verticillate and foliaceous, fifth vein category regular polygonal reticulate, highest order equals six

and highest excurrent equals five . ... ... ... . e 2
2a. Bracts widely elliptic, with one much smaller than the othertwo.................... P. sidifolia M.Roem.
2b. Bracts usually ovate and all three of similarsize........ ... .. ... i i 3

3a. Leaves always entire (never lobed), elliptic or ovate, apex usually convex, rarely straight or round. ...

.................................... P. actinia Hook.

3b. Leaves always with three lobes, widely ovate to transversely elliptic, usually round, rarely convex. ...

.................................. P. elegans Mast.

1Supplementary data are available with the article through the journal Web site at http:/[nrcresearchpress.com/doi/suppl/10.1139/cjb-

2014-0256.
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Fig. 3. Principal coordinates analysis (PCoA) using Gower coefficient and 29 variables of Passiflora elegans. (3. a, ¥ Rio Grande do Sul; b, B South Coast of Sdo Paulo
state; ¢, & North Coast of Sdo Paulo state), and of the Passiflora sidifolia complex (1. & Passiflora actinia; 2. ¢ Passiflora sidifolia). Numbers in parentheses on the axes
correspond to percentage of variance. See Table A1 for definitions of symbol labels.
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Fig. 4. Dendrogram using the weighted pair group method with arithmetic means showing the clusters formed of the

Passiflora sidifolia complex (1. P. sidifolia; 2. P. actinia; 3. P. elegans).

0.52
0.53
0.54
0.5
0.56

Goveer
5
e

Passiflora sidifolia
o Passiflora actinia
Passiflora elegans
B Rio Grande do Sul
m north coast of Sdo Paulo
south coast of Sdo Paulo

Discussion

The complete separation of P. watsoniana from the
other species provides evidence to support the concept
that P. actinia, P. elegans, and P. sidifolia belong to a single
complex within the section Granadillastrum Triana &
Planch., and provide further evidence for the segregation
of P. watsoniana into the section Kermesinae (Cervi 1997),
as it is defined in the most current taxonomic proposal
(Feuillet and MacDougal 2003). Furthermore, our results
support the interpretations of Bernacci et al. (2003), which
states that the herbarium specimen Silva et al. 175 (herbar-
ium SP at Instituto de Botanica, Sdo Paulo, Brazil), origi-
nally identified as P. watsoniana, is most likely P. elegans, and
that P. watsoniana is not native to the state of Sdo Paulo. One
of the more distinctive traits found in the species from the
section Granadillastrum is the arrangement of bracts in a
verticillate pattern, as opposed to the alternating bracts
found in species from the section Kermesinae (Killip 1938;
Feuillet and MacDougal 2003).

Venation is a trait that has not been previously used in
the taxonomy of Passifloraceae. However, we found it
to be an important feature in the differentiation of
P. watsoniana from the other three species in this study
(Fig. 2). There is evidence that it is a promising trait in
terms of differentiating between species belonging to
different subgenera, and has been indicated as an addi-
tional feature contributing to recognition at this level

(C.F. Nardin, L.C. Bernacci, R.O. Plotze, O.M. Bruno, and
G.J. Shepherd, unpublished data).

Although they have been treated as belonging to dif-
ferent series, P. actinia in the series Simplicifoliae (Harms)
Killip, P. elegans in the series Lobatae (Harms) Killip, and
P. sidifolia in the series Imbricatae Killip ex Cervi (Killip
1938; Cervi 1997) all have the same leaf venation patterns
and very similar flowers, which have oblong petals and
sepals, a rounded apex that is white in color, and a co-
rona in two series, white striped with lilac blue at the
apex and vinaceous red at the base. Also, the branches of
these species are smooth and cylindrical, and have a pale
green color. The leaves also show similarities. They are
glabrous, pale green in color and, on average, range be-
tween 4 and 6 cm in length and between 4 and 5 cm in
width. Passiflora actinia has entire leaves, without lobes,
while the two other species have leaves that are normally
lobed, except in some cases where P. sidifolia is found to
have entire leaves. In P. elegans, the length/width ratio is
smaller than 1, and for the other two species the value is
greater than 1. While the species differ between them in
various characteristics, there is still interspecific overlap
in the characteristics of these species, which makes it
even more difficult to differentiate them, especially by
people who are not familiar with this species complex.

The intraspecific plasticity of leaf blades was limited
except for P. sidifolia. Therefore, leaf shape is not a good
feature to distinguish between P. sidifolia and P. actinia,
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Fig. 5. Axes 1 and 2 of the principal coordinates analysis (PCoA) using Gower coefficient and 28 variables showing infraspecific variation of Passiflora elegans
(a, m Rio Grande do Sul; b, & South Coast of Sdo Paulo state; c, # North Coast of Sdo Paulo state). Numbers in parentheses on the axes correspond to percentage of
variance. See Table A1 for definitions of symbol labels.
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because some individuals of P. sidifolia have either entire
and lobed leaves and (or) asymmetrically lobed leaves
(such as GF Arbocz 1425 - IAC 32344; A. Custédio Filho
376 - SP-168234; and R. Simdo-Bianchini 688 - IAC 33735).
Individuals of P. sidifolia with exclusively entire leaves
have been identified (A.O. Scariot 371 - IAC 34272, SPF
82174; J.G. Kuhlmann without number - RB 110640), but
the majority of individuals have lobed leaves. Passiflora
sidifolia has bracts of two different sizes; smaller bracts
and bracts that are widely elliptic and larger in size (2.5-
5.5 cm x 2-4.5 cm for the two larger bracts and 1.5-
4.2 cm x 1.5-3.2 cm for the smaller bract), while P. actinia
has bracts that are ovate and smaller (1.5-3 cm x 0.6-
2 cm).

In addition to always having a lobed leaf, the shape of
the leaf blade (widely ovate, very widely ovate, circular,
oblate or transversely elliptic), the leaf apex (usually
rounded, rarely convex) and blade size (2-7.9 cm x 2.3-
7.3 cm) found in P. elegans revealed themselves to be fea-
tures that distinguish it from P. actinia (blade 3-8.9 cm x
2.4-7.8 cm, elliptic or ovate, apex usually convex, rarely
straight or round).

The occurrence of P. elegans has recently been recorded
in the state of Sdo Paulo (Bernacci et al. 2003). In the past,
this species was thought to occur only in the state of Rio
Grande do Sul. A sample of this species collected in the
state of Santa Catarina was believed to have possibly
originated from cultivation (Cervi 1997). Although a hy-
brid between P. elegans and P. actinia has been observed in
Rio Grande do Sul, these two species would not be sym-
patric, because they occur in different environments
(Lorenz-LemKke et al. 2005). In Rio Grande do Sul, P. actinia
is found to occur in the Atlantic Forests, in the coastal
region, but P. elegans occurs only in riparian forests in the
inland region of the state. However, with periods of con-
traction and expansion of the Atlantic Forest that have
occurred in the last 20 000 years, the distribution of
these species may now be overlapping (Lorenz-Lemke
et al. 2005). The discovery of P. elegans in Sdo Paulo sug-
gests that its occurrence in Santa Catarina is natural, and
did not originate from cultivation. This is also an indica-
tion that the distribution of this species may be more
extensive than previously believed.

Despite the extensive variability observed in P. elegans,
the analyses indicated that the populations from differ-
ent regions still present more similarities with each
other than with any other species. Our results, which
show an association between the distribution and mor-
phological patterns in P. elegans, and the possibility of
hybrids with other species in the complex (P. actinia), as
indicated by Lorenz-Lemke et al. (2005) call for detailed
studies for the P. sidifolia complex.

The variability observed in P. elegans was found to be
similar within each group of materials from each area,
although the number of specimens sampled from each
regions was different. The North Coast (8) and South
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Coast (7) of Sdo Paulo had much smaller samples than Rio
Grande do Sul (37).

Our results provide evidence of the morphological dif-
ferences in the materials assigned to P. elegans, but a
more in-depth assessment of this variation with regard
to spatial distribution is required. Until recently, only a
small number of specimens assigned to P. elegans had
been available for analysis in the state of Sdo Paulo.
Passiflora elegans was believed to occur only in Rio Grande
do Sul, Uruguay and Argentina, with a single record for
Santa Catarina, near the city of Itajai (Cervi 1997). Subse-
quently, in addition to this sample from Itajai, another
was found in Ilha Campeche, Florianépolis, Santa
Catarina (A.C. Cervi, personal communication, 2012),
and there are records that are reported to be from Ilha
de Santa Catarina (SpeciesLink, http:/[www.splink.org.br/
index?lang=pt). However, there is currently no record in
the state of Parand, which lies between Santa Catarina
and Sao Paulo. This may be a result of lack of sampling or
evidence of disjunct distribution.

To resolve the status of the variants found in different
populations of P. elegans, an intensive collecting program
with emphasis on the states of Sdo Paulo, Parand, and
Santa Catarina is needed to verify the distribution of this
species and to obtain more representative samples in the
areas with only few specimens available. Additional analy-
ses using molecular, genetic, and palynological data,
among others, for material from these three different re-
gions may help discern subspecies or species among the
material presently assigned to P. elegans.

We believe that the analysis method and the use of
multivariate analyses, not only enabled a more appropri-
ate recognition of species, but also allowed us to observe
the relationships between traits. With regard to the anal-
ysis tools, our results reinforce the effectiveness of PCoA.
Similar results were observed in a study where research-
ers used 61 morphological characteristics of the family
Zygophyllaceae to perform PCoA, allowing the identifi-
cation of six main groups of species in this family (Khalik
2012).

In summary, we found within the subgenus Passiflora,
the species P. sidifolia, P. actinia, and P. elegans form a
complex and have strong similarities between them. We
also found P. watsoniana to be very distinct from these
other three taxa, and further evidence indicating that
this species does not occur as a native in the state of Sdo
Paulo. Despite the strong similarities among the species
of the P. sidifolia complex, we were able to identify possi-
ble distinctions between them. We also identified some
differential characteristics for P. elegans from different
regions, which may represent distinct taxonomic enti-
ties of this species.

We emphasize the importance of morphological char-
acteristics in the distinction between these species, and
between P. elegans from different regions where it occurs
in Brazil. We also discuss features that have not previ-
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ously been utilized for such distinctions, such as the
pattern of the fifth vein category, highest order, and
highest vein order showing excurrent branching (Leaf
Architecture Working Group 1999). In some cases, a
more in-depth and enhanced description of the struc-
tures, as in the case of the operculum in P. elegans, can
contribute to identification. Finally, we highlighted the
relevance of some traits that are already used, such as the
presence of a bract that is characteristically smaller in
P. sidifolia, and that other features, such as the length of
leaf junction, length and width of medial and lateral
lobes of the leaf were not suitable for the characteriza-
tion of this species.
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Table A1l. Herbarium specimen vouchers and codes used in the study.
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Species Vouchers Codes
Passiflora actinia Hook. F.C. Silva s.n. (FUEL 7796) Ad, Ae, Af
L.C. Bernacci 2204 (IAC 32469) Aj, Ak, Al
A. Gehrt s.n. (IAC 33733) Am, An, Ao
F.C. Hoehne s.n. (IAC 33736) As, At, Au
J-R. Mattos 9079 (IAC 33737) Av, Aw, Ax
A.M. Iseppon 102 (IAC 33738) Aaa, Ay, Az
L.C. Bernacci 2784 (IAC 38255) Aae, Aaf, Aag
L.C. Bernacci 2865 (IAC 40109) Aah, Aai, Aaj
L.C. Bernacci 3320 (IAC 42589) Aan, Aao, Aap
V.C. Souza 28980 (IAC 43032) Aaq, Aar, Aas
L.C. Bernacci 3830 (IAC 45102) Aat, Aau, Aav
M. Sobral 8920 (ICN 124111) Abf, Abg, Abh
B. Rambo 32087 (PACA 32087) Ag, Ah, Ai
A. Spies s.n. (PACA 37034) Aab, Aac, Aad
B. Rambo 42226 (PACA 42226) Aak, Aal, Aam
A. Sehnem 5116 (PACA 50990) Aaw, Aax, Aay
R. Reitz 1181 (PACA 58146) Aaz, Aba, Abb
F. Theissen s.n. (PACA 7276) Aa, Ab, Ac
L.O. Anderson 28 (RB 340775) Abi, Abj, Abk
J.C. Lindeman 3197 (RB 374543) Abl, Abm, Abn
M. Kuhlmann 3777 (SP 78817, IAC 33734) Abc, Abd, Abe, Ap, Aq, Ar
Passiflora elegans Mast. L.C. Bernacci 2811 (IAC 38736) Da, Cb, Dc
(north coast of Sdo Paulo) A.P. Bertoncini 709 (IAC 40227) Dd, De, Df
L.C. Bernacci 3148 (IAC 41499) Dg, Dh, Di
L.C. Bernacci 3280 (IAC 42096) Dj, Dk, D1
H. Lorenzi 2608 (IAC 42201) Dm, Dn Do
L.C. Bernacci 3829 (IAC 45101) Dp, Dq
L.C. Bernacci 3832 (IAC 45104) Dr, Ds
J- Mattos s.n. (SP 129763) Dt, Du, Dv
Passiflora elegans Mast. P. Brack 441 (ICN 106440) Bah, Bai, Baj
(Rio Grande do Sul) S. Venturi 17 (ICN 115068) Bak, Bal, Bam
A.M. Carneiro 717 (ICN 116328) Ban, Bao, Bap
A.P. Lorenz s.n. (ICN 125120) Baq, Bar, Bas
A.P. Lorenz s.n. (ICN 125124) Bat, Bau, Bav
A.P. Lorenz s.n. (ICN 125126) Baw, Bax, Bay
A.P. Lorenz s.n. (ICN 125131) Baz, Bba, Bbb
A.P. Lorenz s.n. (ICN 125136) Bbc, Bbd, Bbe
A.P. Lorenz s.n. (ICN 125137) Bbf, Bbg, Bbh
A.P. Lorenz s.n. (ICN 125472) Bbi, Bbj, Bbk
A.P. Lorenz s.n. (ICN 126104) Bbl, Bbm, Bbn
A.P. Lorenz s.n. (ICN 126109) Bbo, Bbp, Bbq
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Species Vouchers Codes
A.P. Lorenz s.n. (ICN 126141) Bbr, Bbs, Bbt
A.P. Lorenz s.n. (ICN 126142) Bbu, Bbv, Bbw
A.P. Lorenz s.n. (ICN 126143) Bbx, Bby, Bbz
A.P. Lorenz s.n. (ICN 127095) Bca, Beb, Bec
A.P. Lorenz s.n. (ICN 127097) Bcd, Bce, Bef
A.P. Lorenz s.n. (ICN 127098) Bcg, Bch, Bci
A.P. Lorenz s.n. (ICN 127100) Bcj, Bck, Bcl
A.P. Lorenz s.n. (ICN 127101) Bcm, Ben, Beo
A.P. Lorenz s.n. (ICN 127105) Bep, Bcq, Ber
A.P. Lorenz s.n. (ICN 127106) Bcs, Bct, Bcu
A.P. Lorenz s.n. (ICN 127108) Bcev, Bew, Bex
A.P. Lorenz s.n. (ICN 127113) Bcy, Bcz, Bda
K. Hagelund 13998 (ICN 127820) Bdb, Bdc, Bdd
B. Irgang s.n. (ICN 29766) Bj, Bk
Schultz s.n. (ICN 372) Ba, Bb, Bc
R. Zachia 248 (ICN 92168) Bac, Bad
L.O. Castro s.n. (ICN 94778) Bae, Baf, Bag
B. Rambo 29223 (PACA 29223) Bg, Bh, Bi
B. Rambo 30848 (PACA 30848) Bl, Bm
B. Rambo 4939 (PACA 4939) Bd, Be, Bf
R. Reitz 3792 (PACA 50701) Bn, Bo, Bp
J. Gomes s.n. (PACA 68810) Bt, Bu, Bv
A. Sehnem 13916 (PACA 70912) Bw, Bx, By
A. Sehnem 8290 (PACA 82015) Baa, Bab, Bz
B. Rambo 246 (SP 50756) Bq, Br, Bs
Passiflora elegans Mast. L.C. Bernacci 2810 (IAC 38735) Cd, Ce, Cf
(south coast of Sdo Paulo) L.C. Bernacci 2877 (IAC 40122) Cg, Ch, Ci
L.C. Bernacci 3246 (IAC 41794) Cj, Ck, C1
L.C. Bernacci 3258 (IAC 41806) Cm, Cn, Co
L.C. Bernacci 3596 (IAC 44016) Cp, Cq, Cr
SP 24789 Ca, Cb,Cc
Passiflora sidifolia M.Roem. F.M. Ferreira 434 (CES] 40228) Eaz, Eba, Ebb
A. Nunes s.n. (IAC 24424) Ej, Ek, El
C.M. Franco s.n. (IAC 2890) Ea, Eb, Ec
L.C. Bernacci 317 (IAC 28944) Em, En, Eo
L.C. Bernacci 337 (IAC 28961) Ep, Eq, Er
G.F. Arbocz 1425 (IAC 32344) Ev, Ew, Ex
R. Simdo-Bianchini 688 (IAC 33735) Eaa, Ey, Ez
M. Kuhlmann 314 (IAC 33838) Eab, Eac, Ead
A.O. Scariot 371 (SPF 82174, IAC 34272) Eae, Eaf, Eag, Eci, Ecj, Eck
L. Yamamoto s.n. (IAC 36158) Eah, Eai, Eaj
F.C. Hoehne s.n. (IAC 37658) Eak, Eal, Eam
S.L. Jung-Mendacolli 998 (IAC 37973) Ean, Eao, Eap
L.C. Bernacci 2785 (IAC 38348) Eaq, Ear, Eas
S.L. Jung-Mendacolli 1072 (IAC 39463) Eat, Eau, Eav
F.C. Hoehne s.n. (IAC 41262) Ebc, Ebd, Ebe
G.E. Valente 33 (IAC 44923) Ebi, Ebj, Ebk
J. Fontella-Pereira 461 (IAC 44940) Ebl, Ebm, Ebn
L.C. Bernacci s.n. (IAC 45535) Ebo, Ebp, Ebq
J.G. Kuhlmann s.n. (RB 110640) Ecl, Ecm, Ecn
F.C. Hoehne s.n. (SP 10629) Ed, Ee, Ef
A. Custodio Filho 376 (SP 168234) Eco, Ecp, Ecq
R. Doering 39681 (SP 39681) Eaw, Eax, Eay
E.P. Heringer s.n. (SP 51952) Ebr, Ebs
N. Taroda s.n. (UEC 12667) Eg, Eh, Ei
N. Taroda s.n. (UEC 43436) Ebf, Ebg, Ebh
E. Martins s.n. (UEC 53799) Ebt, Ebu, Ebv
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M.M.S. Castro s.n. (UEC 56133) Ebw, Ebx, Eby
E.V. Franceschinelli s.n. (UEC 57993) Ebz, Eca, Ecb
L.C. Bernacci s.n. (UEC 61224) Ecc, Ecd, Ece

S.L. Jung-Mendacolli 688 (UEC 72436,
IAC 29420)
Passiflora watsoniana Mast. H. Lorenzi 3096 (IAC 42200)
L.C. Bernacci 3957 (IAC 45864)
R.P. Lyra-Lemos 5268 (MAC 14049)
A. Sarmento 705 (MAC 2913)
M.N.R. Staviski 890 (MAC 3977)

Ecf, Ecg, Ech, Es, Et, Eu

Fj, Fk, F1
Fm, Fn, Fo
Fg, Fh, Fi
Fa, Fb, Fc
Fd, Fe, Ff

Note: s.n., collector number is not available.
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