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Abstract
Gloxiniinae comprises herbs and subshrubs usually growing on rocky outcrops, rocky fields or gallery forests. For Gesne-
riaceae in some cases variations in pollen morphology allow the differentiation of genera and species. We studied the pol-
len grains of ten Brazilian species of Gloxiniinae (Gesneriaceae), including the genera Chautemsia, Gloxinia, Goyazia, 
Mandirola and Seemannia with the purposes of describing the pollen morphology of these genera, and contributing to the 
taxonomic characterization of the group and a better delimitation of genera and species of Gesneriaceae. The pollen grains 
were acetolyzed, measured, photographed and described qualitatively. Quantitative data were analyzed through descriptive 
and multivariate statistics. Non-acetolyzed pollen grains were observed in SEM and TEM in order to provide more details of 
the ornamentation and the structure of the exine. The analyzed species differ as to the pollen amb, shape, length, width and 
ends of colpi, presence or absence of margo, type of endoaperture and exine ornamentation. We found circular, subcircular 
and subtriangular amb, oblate spheroidal and subprolate shape, long or very long colpi, narrow, wide or very wide, with or 
without margo, lalongate or lolongate endoaperture in microreticulate or reticulate pollen grains. The reticulate ornamenta-
tion appears in the Gloxinia species’ pollen grains, and lolongate endoapertures represent the pattern for the subtribe pollen 
grains except in Chautemsia. The pollen grain metrics examined by principal component analysis allow generic distinction. 
We conclude that qualitative and quantitative pollen data help to delimit the genera and species of Gloxiniinae.
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Introduction

Gesneriaceae Rich & Juss. ex DC. includes some 147–148 
genera and 3260–3435 species, with a wide distribution 
in the tropical regions and few representatives in the tem-
perate regions. The family centers of diversity are located 
in northwestern South America (Colombia to Ecuador) 
and also in southeastern Brazil (Chautems 1991; Souza 
and Lorenzi 2012; Weber 2004; Weber et al. 2013). All 
Neotropical species are included in the subfamily Gesne-
rioideae, where we find the tribe Gesnerieae and the sub-
tribes Gesneriinae, Gloxiniinae, Columneinae, Sphaeror-
rhizinae and Ligeriinae (Weber et al. 2013).

The Gloxiniinae is composed of 21 genera and 160 
species, comprising the genera previously treated in the 
traditional Gloxinieae tribe (sensu Roalson et al. 2005a, 
b; Wiehler 1983). In Brazil, Gloxiniinae is represented by 
15 species, distributed in eight genera, three of them are 
endemic to the country. These species are mostly found on 
rocky outcrops, rocky fields or gallery forests in the Cer-
rado biome, growing as perennial herbs or subshrubs, with 
scaly rhizomes, leaves opposite and thin, flowers mostly 
purple, sometimes white or red, and dry or fleshy capsule 
(Araujo 2007; Weber 2004; Weber et al. 2013).

Molecular studies such as that conducted by Smith (1996, 
2000), Smith et al. (1997), Citerne et al. (2000), Zimmer 
et al. (2002), Mayer et al. (2003), Perret et al. (2003), Roal-
son et al. (2005a, b) and Clark et al. (2006, 2012) discussed 
the monophyly of groups within Gesneriaceae and reconsid-
ered the placement of some species, genera or even tribes.

Roalson et al. (2005a) and Zimmer et al. (2002) based 
on phylogenetic analysis suggested that the genera in 
Gloxiniinae were not monophyletic, especially Gloxinia 
L’Hér, thus pointing to the need for reconsidering the 
taxonomy of the group (Araujo et al. 2012). So the gen-
era Gloxinia, Goyazia Taub., Mandirola Decne. and See-
mannia Regel were reviewed and reorganized by Roalson 
et al. (2005a). In addition, the studies of Boggan et al. 
(2008) and Araujo et al. (2010a, b) added new descriptions 
of genera and species, contributing to a clearer taxonomic 
characterization of the subtribe.

The pollen morphology of some Gloxiniinae species 
was analyzed by Howard (1975), Williams (1978), Fil-
ice et al. (1981), Xifreda (1996) and Gasparino (2008). 
Gasparino et al. (2010) summarized some palynological 
studies of Gesneriaceae, emphasizing the importance of 
pollen morphology for taxa circumscription. Besides the 
recently developed studies based on molecular characters, 
pollen morphology studies represent an additional tool for 
improving delimitation of genera and species in Gesne-
riaceae, as advocated by Fritze and Williams (1988) and 
Gasparino et al. (2011).

In this context, this study intends to characterize the pol-
len grains in Brazilian species of Gloxiniinae (Gesneriaceae) 
with the purpose of describing the pollen morphology of 
these genera, contributing to the taxonomic characterization 
of the group and a better delimitation of genera and species.

Materials and methods

We analyzed the pollen grains of ten Brazilian species 
of Gloxiniinae (Gesneriaceae): Chautemsia A.O.Araujo 
& V.C.Souza (Chautemsia calcicola A.O.Araujo & 
V.C.Souza), Gloxinia L’Hér. (Gloxinia alternif lora 
A.O.Araujo & Chautems; G. erinoides (DC.) Roalson & 
Boggan; G. perennis Fritsch), Goyazia Taub. (Goyazia pet-
raea (S.M.Phillips) Wiehler; G. rupicola Taub.), Mandirola 
Decne. (Mandirola hirsuta (DC.) A.O.Araujo & Chautems; 
M. multiflora (Gardner) Decne.; Mandirola rupestris (Gard-
ner) Roalson & Boggan) and Seemannia Regel (Seemannia 
sylvatica (Kunth) Hanst.) (Fig. 1). However, only the ten 
species mentioned above were studied in the present study, 
because for the other five species belonging to the Gloxi-
niinae subtribe: Diastema Benth. (Diastema racemiferum 
Benth.); Goyazia Taub. (Goyazia villosa (Gardner) R.A. 
Howard); Monopyle Moritz ex Benth. & Hook.f. (Mono-
pyle reflexa (Rusby) Roalson & Boggan); Phinaea Benth. 
(Phinaea albolineata (Hook.) Benth. ex Hemsl.); and See-
mannia Regel (Seemannia purpurascens Rusby) there were 
not available material. For the pollen morphology analysis, 
we used at least two flowers of each specimen, and for each 
studied species, a “standard” specimen was chosen for pres-
entation of the descriptions and illustrations. These standard 
specimens are indicated by asterisks in the description of 
the material used (Online Resource 1). The pollen material 
was obtained from flowers in anthesis from exsiccates or in 
alcohol 70% deposited in the herbaria ESA, G, HUFABC, 
SP and UEC (acronyms according to Thiers (2016), continu-
ously updated).

In light microscopy analysis, pollen grains were acetol-
yzed according to Erdtman (1960), with modifications pro-
posed by Melhem et al. (2003). We measured the diameters 
in polar and equatorial views (n = 25) and pollen aperture 
and exine thickness (n = 10) up to 7 days after their prepara-
tion (Melhem and Matos 1972; Salgado-Labouriau 1973), 
and the slides were deposited in the pollen reference collec-
tion of the Plant Morphology and Palynology Laboratory, 
Departamento de Biologia aplicada à Agropecuária, Uni-
versidade Estadual Paulista, Unesp, Jaboticabal, Brazil. For 
scanning electron microscopy analysis (SEM), non-acetol-
yzed pollen grains were prepared according to Melhem et al. 
(2003), and for transmission electron microscopy analysis 
(TEM), we followed the protocols of Haddad et al. (1998) 
and Sabatini et al. (1963).
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Means (x), standard deviation (sx), standard error (s), 
95% confidence intervals (CI), coefficient of variability 
(V) and range (R) were calculated based on pollen grains 
diameter measurements according to Vieira (2011) and Zar 
(1999). The mean values between each pollen diameter were 
compared through the analysis of the confidence interval, 
presenting the data in graphs, generated from the statistical 
package MINITAB 10.3 for Windows (2003). A Tukey’s test 
was run, and results were represented by horizontal lines at 
the top of confidence intervals graphs, joining values that 
were not significantly different.

To verify if the quantitative data of the pollen grains 
allowed species grouping, a principal component analysis 
(PCA) was performed using the programs Fitopac (Shepherd 
1996) and PC-ORD version 5 (McCune and Mefford 2011). 
For this analysis, we used the following metric variables: 
length of colpus (CLEN), width of colpus (CWID), equato-
rial diameter in equatorial view (EDEV), equatorial diameter 
in polar view (EDPV), polar diameter in equatorial view 
(PDEV), length of endoaperture (ELEN), width of endoap-
erture (EWID), polar area index (PAI), exine (EXIN), nexine 
(NEXI), sexine (SEXI), tectum (TECT) and shape (SHAP).

Fig. 1   Overview of the morphological diversity of Brazilian species 
of Gloxiniinae. a Chautemsia calcicola (Araujo et  al. 500). b Glox-
inia perennis (Araujo et al. 468). c Gloxinia erinoides (Araujo et al. 
501). d Goyazia petraea (Araujo et al. 1065-24). e Goyazia rupicola 

(Araujo et  al. 545). f Mandirola hirsuta (Araujo et  al. 1139). g–h 
Mandirola multiflora (Araujo et al. 1111; Araujo et al. 1128). i Man-
dirola rupestris (Araujo et  al. 1104). j Seemannia sylvatica (Araujo 
et al. 750)
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Photomicrographs were taken with a light microscope 
Bel Photonics for LM photos, a JEOL JSM 5410 and a 
PHILIPS Serie XL 20, S/W, ver. 5.21 scanning electron 
microscope for the SEM images, and a JEOL JEM 1010 
and a PHILIPS EM 208 transmission electron microscope 
for the TEM images. Pollen description and terminology 
follow Punt et al. (2007) glossary, and Faegri and Iversen 
(1966) for the polar area index, and Gasparino et al. (2013) 
for width index of colpi.

Results

General description

The pollen grains of Gloxiniinae studied species are mon-
ads, small to medium, isopolar, with circular, subcircular 
or subtriangular amb, suboblate, oblate spheroidal to sub-
prolate, 3-colporate, with long to very long colpi, narrow, 
wide or very wide, rounded or tapered at the polar ends, 
with or without margo, lalongate or lolongate endoaper-
ture, sometimes not evident. The exine is microreticulate 
or reticulate, homobrochate or heterobrochate; the sexine 
is thicker than the nexine (Figs. 2, 3, 4, Tables 1, 2, 3).

Pollen unit, size, amb and shape

All species have pollen grains in monads. Pollen grains 
are small or medium (Table 1), with size varying from 
17.02 µm in Mandirola hirsuta to 25.00 µm in Chautem-
sia calcicola (polar diameter in equatorial view) and 
from 18.50 µm in Mandirola rupestris to 27.83 µm in 
Chautemsia calcicola (equatorial diameter in equatorial 
view—Table 2).

The amb of pollen grains are in circular Chautemsia 
calcicola (Fig. 2a), Gloxinia erinoides (Fig. 2e), Goyazia 
petraea (Fig. 2i), G. rupicola (Fig. 2k), Mandirola hirsuta 
(Fig. 2m) and Seemannia sylvatica (Fig. 2s), subcircular 
in Gloxinia perennis (Fig. 2g) and Mandirola rupestris 
(Fig. 2q) and subtriangular in Gloxinia alterniflora (Fig. 2c) 
and Mandirola multiflora (Fig. 2o).

Regarding shape, the analyzed species present pollen 
grains suboblate in Gloxinia alterniflora (Fig. 2d) and G. 
erinoides (Fig. 2f), oblate spheroidal in Chautemsia calci-
cola (Fig. 2b), Gloxinia perennis (Fig. 2h), Goyazia petraea 
(Fig. 2j), G. rupicola (Fig. 2l), Mandirola hirsuta (Fig. 2n), 
M. multiflora (Fig. 2p) and Seemannia sylvatica (Fig. 2t) or 
subprolate in Mandirola rupestris (Fig. 2r). However, vari-
ations within the samples of each species were observed; 
for this reason we present the variation and the predominant 
type for the shape of the pollen grains (Table 1).

Aperture, exine ornamentation and structure

The pollen grains of all species are 3-colporate, with long 
colpi (Gloxinia alterniflora, Table 3) or very long colpi, 
narrow (in Chautemsia calcicola, Fig. 3a and Mandirola 
rupestris, Fig. 3q), wide (in Goyazia rupicola, Fig. 3k and 
Mandirola hirsuta, Fig. 3m) or very wide (the other species, 
Table 3), with margo or not (Chautemsia calcicola, Fig. 2a), 
rounded at the ends (in Gloxinia species, Mandirola hirsuta, 
M. rupestris and Seemannia sylvatica, Fig. 2c, e, g, m, q, s) 
or tapered at the ends (in Chautemsia calcicola, Goyazia 
petraea, G. rupicola and Mandirola multiflora Fig. 2a, i, k, 
o). The endoaperture is lalongate in Chautemsia calcicola 
(length = 1.8 µm and wide = 5.4 µm), while the other species 
have lolongate endoapertures in the pollen grains, sometimes 
with ornamentation in endoaperture (Fig. 3, Table 3).

The pollen grains present microreticulate exine in 
Chautemsia (Fig. 3b–b’), Goyazia (Figs. 3j–j’, l–l’, 4f–h), 
Mandirola (Fig.  3n–n’, p–p’, r–r’, 4i) and Seemannia 
(Fig. 3t–t’, 4j–k), and reticulate in Gloxinia (Figs. 3d–d’, 
f–f’, h–h’, 4a–d), sometimes with ornamentation in lumina. 
The exine thickness ranged from 1.27 to 2.36 µm, 0.99 to 
1.99 µm (sexine) and 0.29 to 0.37 (nexine—Table 3). Glox-
inia erinoides has pollen grains with homobrochate reticu-
lum (Fig. 3f-f’, Fig. 4a-b), while in G. alterniflora and G. 
perennis, the reticula of the pollen grains are heterobrochate 
(Figs. 3d–d’, h–h’, 4c–d).

The exine structure was analyzed in Gloxinia perennis 
and Seemannia sylvatica (Fig. 4e–l). The TEM observa-
tions show that the tectum is continuous and slightly wavy 
in G. perennis (Fig. 4e) and compact, discontinuous and as 
thick as the nexine in S. sylvatica (Fig. 4l). The infratectal 
layer presents long columellae with different diameters and 
close to each other; sometimes, the columellae are incom-
plete and generally thicker near the foot layer. We can see 
a clear distinction between the foot layer and the endexine 
in S. sylvatica (Fig. 4l). The foot layer is wavy in the region 
in contact with the columellae in S. sylvatica, while in G. 
perennis the foot layer is more linear. The endexine is thin 
and lamellate, and the intine is thick in both species.

Analysis of quantitative data

When we analyze the mean and confidence interval of 
pollen grains diameters among species (Fig. 5a–b), it was 
observed that Mandirola hirsuta, Goyazia petraea, Gloxinia 
erinoides, Goyazia rupicola, Mandirola multiflora and Glox-
inia alterniflora share the lowest values of polar diameter 
in equatorial view (PDEV) and present a continuous group. 
Gloxinia perennis and Seemannia sylvatica have intermedi-
ate sizes (Fig. 5a), and the highest values were observed in 
the pollen grains of Mandirola rupestris and Chautemsia 
calcicola (Fig. 5a).
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For the equatorial diameter in equatorial view (EDEV) 
(Fig. 5b), pollen grains of Mandirola rupestris, M. hirsuta, 
Goyazia petraea, Mandirola multiflora, Goyazia rupicola, 

Gloxinia perennis, G. erinoides and G. alterniflora form a 
large group sharing the smallest values for this dimension. 
Seemannia sylvatica presents intermediate values between 

Fig. 2   Photomicrographs of the pollen grains of Brazilian species of 
Gloxiniinae. a, b Chautemsia calcicola. c, d Gloxinia alterniflora. 
e–f Gloxinia erinoides. g, h Gloxinia perennis. i, j Goyazia petraea. 
k, l Goyazia rupicola. m–n Mandirola hirsuta. o, p Mandirola mul-

tiflora. q, r Mandirola rupestris. s, t Seemannia sylvatica. a, c, e, g, 
i, k, m, o, q and s—polar view with emphasis on the ambit; b, d, f, 
h, j, l, n, p, r and t—equatorial view with emphasis on the shape. 
Scales = 10 μm
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the analyzed species and, finally, Chautemsia calcicola 
was the species that presented the largest pollen grains, 
based on EDEV (Fig. 5b).

We can make some considerations regarding the meas-
urements of pollen grain diameters: (a) there is a varia-
tion in the diameter measurements between the Gloxinia 

Fig. 3   Photomicrographs of the pollen grains of Brazilian species of 
Gloxiniinae. a, b’ Chautemsia calcicola. c, d’ Gloxinia alterniflora. 
e, f’ Gloxinia erinoides. g, h’ Gloxinia perennis. i, j’ Goyazia pet-
raea. k, l’ Goyazia rupicola. m, n’ Mandirola hirsuta. o, p’ Mandi-

rola multiflora. q, r’ Mandirola rupestris. s, t’ Seemannia sylvatica. 
a, c, e, g, i, k, m, o, q and s—equatorial view with emphasis on the 
apertures (Scales = 10 µm); b-b’, d-d’, f-f’, h–h’, j-j’, l-l’, n–n’, p-p’, 
r-r’ and t-t’—ornamentation in high and low focus (Scales = 5 µm)
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species; in the polar diameter, G. erinoides and G. alterni-
flora are separated from G. perennis because this species 
has larger diameters (Fig. 5a); however, in the equatorial 
diameter Gloxinia species are in the same group (Fig. 5b). 
(b) Mandirola rupestris appears next to Chautemsia calci-
cola, with higher values of polar diameters, away from the 
other Mandirola species (Fig. 5a); for equatorial diameters 
these differences were not observed, and Mandirola spe-
cies share similar values (Fig. 5b).

Relationships among the Gloxiniinae studied species 
based on quantitative data were explored using PCA analy-
sis (Fig. 6). This analysis explained 85.46% of total data 
variance. The first axis of the principal component analysis 
was the most significant for the species ordination and 
explained 59.36% of the total variability of the analyzed 
data. On this axis, Chautemsia calcicola was placed on the 
negative side of the axis 1, distant from the other species 
mainly due to the high values of width of endoaperture and 
sexine thickness (Fig. 6; Table 4). Also on the negative 
side of the axis, we can notice the placement of Mandi-
rola rupestris and Seemannia sylvatica that were separated 
from the others by the aperture and PAI measurements 
(Fig. 6; Table 4).

The second component explained 26.10% of the variabil-
ity of the data, presenting the lowest values of the metric 
variables related to axis 2; the species Goyazia petraea, 
G. rupicola and Mandirola multiflora appear on the neg-
ative side of this axis. On the positive side of axis 2, we 
can observe that the species of Gloxinia (G. alterniflora, 
G. erinoides and G. perennis) and Mandirola hirsuta were 
grouped due to nearby values for width of colpi and width 
of endoaperture (Fig. 6).

Discussion

Pollen grains of Brazilian Gloxiniinae species were previ-
ously studied by Howard (1975), Williams (1978), Filice 
et al. (1981), Xifreda (1996) and Gasparino (2008). For 
the recently described Chautemsia calcicola A.O.Araujo 
& V.C.Souza and Gloxinia alterniflora A.O.Araujo & 
Chautems (Araujo et al. 2010a,b), the present study pro-
duced the first palynological data.

Araujo (2007), Perret et al. (2013) and Roalson et al. 
(2005a) established that Mandirola and Goyazia were 
closely related genera, based on morphological and molec-
ular data. According to Araujo (2007) and Araujo et al. 
(2010b), Mandirola is polyphyletic by the circumscription 
of Roalson et al. (2005a), and the species recognized in 
Goyazia should be included in Mandirola.

Howard (1975) observed prolate spheroidal to pro-
late pollen grains, tricolpate, long colpi with granulate 

membrane, and reticulate exine in Goyazia villosa (Gard-
ner) R.A. Howard. In our results, we found tricolporate and 
microreticulate pollen grains for Goyazia. The absence of 
endoaperture and reticulated ornamentation, as described 
by Howard (1975), are pollen characters that corroborate 
the inclusion of G. villosa in Phinaea as suggested by 
Boggan et al. (2008).

Gasparino (2008) described Mandirola multif lora 
(treated by the author as M. hirsuta), Goyazia petraea and 
G. rupicola (under Mandirola, following Araujo 2007), 
and he defined the pollen grains as prolate spheroidal to 
subprolate, tricolporate and microreticulate. Our data cor-
roborate the study of Gasparino (2008) regarding the pres-
ence of endoaperture and the microreticulate ornamenta-
tion, and diverge as to the pollen grains shape.

The Mandirola and Goyazia species analyzed in this 
study present variations regarding the amb, shape, width 
and ends of colpi. However, we observed that these varia-
tions also occur within the samples for each species stud-
ied, which turn their discrimination at the species level 
difficult. Thus, the close relationship between genera can 
be observed by the qualitative and the quantitative data of 
the pollen grains which confirms the literature data.

Williams (1978) analyzed the pollen morphology of 
some species of the Gloxiniinae, among them is Gloxinia 
perennis (L.) Fritsch, and described the pollen grains of 
the tribe as 3-colpate or 3-colporate, prolate spheroidal to 
prolate. Gloxinia erinoides treated within of Koellikeria 
was studied by Filice et al. (1981) that described small 
pollen grains, subprolate, tricolporate, with long colpi 
and microreticulate ornamentation. Gasparino (2008) pro-
duced data on Gloxina erinoides and G. perennis that show 
that the pollen grains are small, oblate spheroidal, 3-col-
porate, with long colpi, rounded at the ends and reticulate 
exine. For the species analyzed here, our data diverge from 
Williams (1978) as to shape, from Filice et al. (1981) as 
to shape and ornamentation, but are similar to the data 
described by Gasparino (2008).

The studied species of Gloxinia have details on the pollen 
grains that help in their identification, such as amb, shape 
and variations in ornamentation (homobrocate or heterobro-
cate reticulum); however, considering all the Gloxiniinae 
studied species the pollen grains of Gloxinia are distinct and 
can be discriminated from the other genera by the reticulate 
ornamentation (as observed in ancestral pollen morphology 
reconstruction). Therefore, the pollen ornamentation is an 
important character for the taxonomy of the genus.

Xifreda (1996) studied the pollen grains of Seemannia 
gymnostoma (Griseb.) Toursark. and S. nematanthodes 
(Kuntze) Schum., both treated by the author within Glox-
inia. Based on scanning electron microscopy (SEM) analy-
sis, pollen grains present reticulate-perforate ornamentation 
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Fig. 4   Electron photomicrographs of the pollen grains of Gloxinia, 
Goyazia, Mandirola and Seemannia. a, b Gloxinia erinoides. a Equa-
torial view (SEM). b Ornamentation (SEM). c–e Gloxinia perennis. c 
Polar view (SEM). d Ornamentation (SEM). e Section through pollen 
wall (TEM). f–h Goyazia rupicola. f Polar view (SEM). g Equato-

rial view (SEM). h Ornamentation (SEM). i Mandirola multiflora. i 
Equatorial view (SEM). j–l Seemannia sylvatica. j Polar view (SEM). 
k Ornamentation. l Section through pollen wall (TEM). (t tectum, 
c columella, n1 nexine 1, n2 nexine 2, i intine). Scales: e = 500  nm; 
l = 750 nm; b, d, h and k = 2 µm; c, f, g, i, and j = 5 µm; a = 10 µm
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Table 1   Morphological characterization of Brazilian Gloxiniinae pollen grains

S small, M medium, P/E ratio between polar and equatorial diameter, SO suboblate, OS oblate spheroidal, PS prolate spheroidal, P prolate, SP sub-
prolate, * predominant shape, PAI polar area index, WCI width colpus index, LA lalongate, LO lolongate

Species Size Amb P/E Shape (shape variation) PAI WCI Endoaperture Exine

Chautemsia calcicola S-M Circular 0.90 OS* (SO, SP, PS) 0.15 9.97 LA Microreticulate
Gloxinia alterniflora S Subtriangular 0.87 SO (OS*, SP) 0.31 4.11 LO Reticulate
Gloxinia erinoides S Circular 0.84 SO (OS*) 0.12 4.07 LO Reticulate
Gloxinia perennis S Subcircular 0.99 OS* (SO, PS, SP) 0.24 3.99 LO Reticulate
Goyazia petraea S Circular 0.88 OS* (SO, PS, SP) 0.13 4.00 LO Microreticulate
Goyazia rupicola S Circular 0.88 OS* (SO, PS) 0.13 6.52 LO Microreticulate
Mandirola hirsuta S Circular 0.89 OS* (SO, PS) 0.15 5.48 LO Microreticulate
Mandirola multiflora S Subtriangular 0.90 OS* (SO, PS) 0.12 4.51 LO Microreticulate
Mandirola rupestris S Subcircular 1.28 SP (P*, PS) 0.21 8.44 LO Microreticulate
Seemannia sylvatica S-M Circular 0.89 OS* (SO) 0.21 4.66 LO Microreticulate

Table 2   Quantitative data of 
Brazilian Gloxiniinae pollen 
grains

R range, x mean (µm), sx standard deviation (µm), s standard error (µm), CI confidential interval in 95% 
(µm), V coefficient of variability (%), * n ≤ 25

Species (R) x ± sx s CI V

Equatorial diameter in polar view
 Chautemsia calcicola (20.00–32.50) 27.50 ± 0.62 3.10 26.12–28.68 11.32
 Gloxinia alterniflora (17.95–23.08) 20.51 ± 0.15 0.74 20.21–20.82 3.61
 Gloxinia erinoides* (17.95–20.51) 20.19 ± 0.32 0.91 19.44–20.95 4.49
 Gloxinia perennis (17.95–23.08) 20.92 ± 0.29 1.29 20.30–21.54 6.15
 Goyazia petraea (17.95–20.51) 19.69 ± 0.24 1.22 19.19–20.19 6.20
 Goyazia rupicola (17.95–20.51) 19.38 ± 0.26 1.30 18.85–19.92 6.70
 Mandirola hirsuta (17.95–20.51) 18.77 ± 0.24 1.22 18.27–19.27 6.50
 Mandirola multiflora (17.95–20.51) 19.49 ± 0.26 1.28 18.96–20.01 6.58
 Mandirola rupestris* (17.50–20.00) 19.17 ± 0.83 1.44 15.58–22.75 7.53
 Seemannia sylvatica (23.08–25.64) 24.31 ± 0.26 1.31 23.77–24.85 5.38

Polar diameter in equatorial view
 Chautemsia calcicola (20.00–27.50) 25.00 ± 0.38 1.85 24.20–25.80 7.39
 Gloxinia alterniflora (15.38–20.51) 18.36 ± 0.24 1.21 17.86–18.86 6.60
 Gloxinia erinoides (15.38–23.08) 17.56 ± 0.43 1.91 16.67–18.46 10.88
 Gloxinia perennis (17.95–25.64) 20.35 ± 0.60 2.38 19.08–21.62 11.70
 Goyazia petraea (15.38–20.51) 17.23 ± 0.28 1.39 16.66–17.80 8.06
 Goyazia rupicola (15.38–17.95) 17.74 ± 0.14 0.71 17.45–18.04 4.00
 Mandirola hirsuta (15.38–17.95) 17.02 ± 0.25 1.26 16.51–17.54 7.38
 Mandirola multiflora (15.38–20.51) 17.74 ± 0.25 1.26 17.22–18.26 7.13
 Mandirola rupestris (20.00–25.00) 23.70 ± 0.36 1.79 22.96–24.44 7.53
 Seemannia sylvatica (20.51–23.08) 22.27 ± 0.28 1.22 21.68–22.86 5.50

Equatorial diameter in equatorial view
 Chautemsia calcicola (20.00–32.50) 27.83 ± 0.67 3.22 26.43–29.22 11.59
 Gloxinia alterniflora (17.95–23.08) 21.13 ± 0.27 1.34 20.58–21.68 6.34
 Gloxinia erinoides (17.95–25.64) 20.90 ± 0.34 1.51 20.19–21.60 7.20
 Gloxinia perennis (17.95–25.64) 20.51 ± 0.52 2.09 19.40–21.63 10.21
 Goyazia petraea (17.95–20.51) 19.49 ± 0.26 1.28 18.96–20.01 6.58
 Goyazia rupicola (17.95–20.51) 20.10 ± 0.19 0.96 19.71–20.50 4.77
 Mandirola hirsuta (17.95–20.51) 19.18 ± 0.26 1.31 18.64–19.72 6.82
 Mandirola multiflora (17.95–20.51) 19.69 ± 0.24 1.22 19.19–20.19 6.20
 Mandirola rupestris (15.00–22.50) 18.50 ± 0.35 1.77 17.77–19.23 9.56
 Seemannia sylvatica (23.08–25.64) 25.10 ± 0.25 1.07 24.58–25.62 4.28
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Table 3   Measures (µm) of 
Brazilian Gloxiniinae pollen 
grains, apertures and exine. 
n ≤ 10

Species Colpus Endoaperture Exine Sexine Nexine Tectum

Length Width Length Width

Chautemsia calcicola 19.59 2.79 1.81 5.40 2.36 1.99 0.37 0.37
Gloxinia alterniflora 13.90 3.50 5.32 3.70 1.82 1.53 0.29 0.22
Gloxinia erinoides 13.90 3.50 5.32 3.70 1.27 0.99 0.29 0.22
Gloxinia perennis 13.90 3.50 5.32 3.70 1.77 1.49 0.29 0.22
Goyazia petraea 12.79 3.32 4.43 2.78 1.38 1.10 0.29 0.22
Goyazia rupicola 12.79 2.10 4.61 2.22 1.38 1.10 0.29 0.22
Mandirola hirsuta 12.52 3.50 5.15 3.70 1.39 1.10 0.29 0.22
Mandirola multiflora 13.90 2.97 4.79 2.96 1.38 1.10 0.29 0.22
Mandirola rupestris 16.68 2.19 3.52 2.13 1.82 1.52 0.30 0.24
Seemannia sylvatica 15.02 3.67 5.67 3.70 1.77 1.49 0.29 0.22

Fig. 5   Representation of confi-
dence interval of mean in 95% 
of the pollen grains of Brazilian 
species of Gloxiniinae. a Polar 
diameter in equatorial view. b 
Equatorial diameter in equato-
rial view. The higher and lower 
boundaries show the confidence 
interval; the average circle 
shows the arithmetic mean. The 
horizontal lines at the top rep-
resent the result of the Tukey’s 
test. Ch. calc = Chautemsia 
calcicola, Gl. alte = Gloxinia 
alterniflora, Gl. erin = Gloxinia 
erinoides, Gl. pere = Gloxinia 
perennis, Go. petr = Goyazia 
petraea, Go. rupi = Goyazia 
rupicola, Ma. hirs = Mandirola 
hirsuta, Ma. mult = Mandirola 
multiflora, Ma. rupe = Mandi-
rola rupestris, Se. sylv = See-
mannia sylvatica 
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with angular lumina in S. gymnostoma or circular lumina 
in S. nematanthodes. Gasparino (2008) analyzed the pol-
len morphology of two other species of Seemannia Regel, 
S. purpurascens Rusby and S. sylvatica (Kunth) Hanst. He 
described small pollen grains, with circular amb, prolate 
spheroidal, 3-colporate, with rounded ends and microreticu-
late exine. In the present study, our pollen data are similar 
to what Gasparino (2008) observed, except for the shape 
that we describe here as oblate spheroidal. Our data differ 
from Xifreda (1996) regarding the ornamentation for the 
genus, since we observed microreticulate pollen grains for 
Seemannia.

Although the pollen morphology has a small variation 
in the Gloxiniinae analyzed species, as already reported by 
Williams (1978) for Gesnerieae, differences in amb, shape, 
length and width of colpi, presence or absence of margo and 
type of endoaperture were observed. The reticulate ornamen-
tation appears in the Gloxinia species, whereas Chautemsia, 
Goyazia, Mandirola and Seemannia have microreticulate 
pollen grains. Lolongate endoapertures represent the pat-
tern for the subtribe pollen grains except in Chautemsia with 
lalongate pollen grains; therefore, this is a pollen character-
istic for the genus. The ordering of species using quantitative 

data made by the PCA separated Chautemsia calcicola from 
the other species based mainly on the width of endoapertures 
and the thickness of sexine. For the species of Mandirola 
and Goyazia, there is a remarkable similarity of the quantita-
tive and qualitative data of the pollen grains.

Fig. 6   Principal component analysis performed with the pol-
len metrical variables from Brazilian species of Gloxiniinae. 
Ch. calc = Chautemsia calcicola, Gl. alte = Gloxinia alterniflora, 
Gl. erin = Gloxinia erinoides, Gl. pere = Gloxinia perennis, Go. 

petr = Goyazia petraea, Go. rupi = Goyazia rupicola, Ma. hirs = Man-
dirola hirsuta, Ma. mult = Mandirola multiflora, Ma. rupe = Mandi-
rola rupestris, Se. sylv = Seemannia sylvatica 

Table 4   Pearson and Kendall 
correlation coefficients for 
pollen grain metric variable of 
the first and the second axis of 
principal component analysis 
(PCA) ordination in Brazilian 
species of Gloxiniinae

Variables Principal compo-
nents

Axis 1 Axis 2

EDPV − 0.2668 0.1636
PDEV − 0.3038 − 0.0984
EDEV − 0.2578 0.2080
CLEN − 0.3205 − 0.0816
CWID 0.0642 0.5625
ELEN 0.5972 0.3917
EWID − 0.3434 0.6430
EXIN − 0.2915 0.0186
SEXI − 0.3027 0.0245
NEXI − 0.0506 − 0.0074
TECT − 0.0926 − 0.0110
SHAP − 0.0260 − 0.1630
PAI − 0.0154 0.0514
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