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ABSTRACT
This study presents the first palynological characterisation of the five endemic plant genera of the
Madeira archipelago: Chamaemeles Lindl, Melanoselinum Hoffm., Monizia Lowe, Musschia Dumort and
Sinapidendron Lowe. Pollen grain morphology of ten endemic species was studied using light and
scanning electron microscopy techniques. The size and shape of pollen grains, the polar axis, the
equatorial diameter, and the exine ornamentation were measured and described. We found that the
pollen grains of the five endemic genera are all medium-size monads. The close relative apiaceous
Melanoselinum and Monizia differ in polar (P) and equatorial (E) diameter size and exine ornamentation
while Sinapidendron species show differences in P, E, and P/E ratios. The pollen grains of the two
Musschia species are very similar to each other, but differ in morphology and ornamentation from the
Macaronesian endemic bellflowers Azorina vidalii and Canarina canariensis. This study unveiled differ-
ences between the endemic taxa and with their close related species, thus providing support to previ-
ous taxonomic findings.
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1. Introduction

The archipelago of Madeira, like other Macaronesian archipel-
agos, is included in one of the worldwide biodiversity hot-
spots mostly due to the uniqueness of its plant biodiversity
(M�edail and Qu�ezel 1999; Myers et al. 2000). In fact, over a
thousand plant taxa have been reported to this archipelago
and nearly two hundred of them are exclusive to Madeira or
Macaronesia (Press and Short 1994; Jardim and Francisco
2000; Jardim and Sequeira 2008). Amongst the Macaronesia
endemic taxa, we found paleoendemics with a subtropical
Tertiary Tethysian origin (e.g. trees of genera Apollonias Nees,
Clethra L., Heberdenia Banks ex A. DC., Ocotea Aubl., Persea
Mill., Picconia A. DC.) and neoendemics that have resulted
from radiation processes (e.g. shrubs included in genera
Argyranthemum Webb ex Sch. Bip., Helichrysum Mill.,
Sinapidendron Lowe, Sonchus L.) (Jardim and Sequeira 2008).
Five endemic plant genera have been reported to the
Madeira archipelago, namely Chamaemeles Lindl,
Melanoselinum Hoffm., Monizia Lowe, Musschia Dumort and
Sinapidendron Lowe (Press and Short 1994; Jardim and
Sequeira 2008). The former three are monotypic while three
species of Musschia and five of Sinapidendron are known
from the archipelago. Here, we still treat Melanoselinum and

Monizia as distinct genera, but recent studies provide evi-
dence that (altogether with the Canarian endemic
Cryptotaenia elegans Webb ex Bolle) they constitute a distinct
evolutionary lineage (the Macaronesian clade) within the
Daucus s.l. complex (Banasiak et al. 2016).

The study plants are diverse taxonomically (belonging to
four plant families), present different ecology (with specific
phenologies and habitat preferences) and differ morpho-
logically, ranging from perennial herbs to large woody
shrubs (Press and Short 1994; Jardim and Francisco 2000).
The three monotypic genera include:

� Chamaemeles coriacea Lindl. (Rosaceae), an evergreen
shrub with spoon-shaped coriaceous leaves and elongate
to pyramidal inflorescences that can be found at low alti-
tude (between 0–400 m) inhabiting coastal rocky cliffs
and inland ravines on Madeira, Porto Santo and Desertas
islands (Press and Short 1994; Jardim and Francisco 2000).

� Melanoselinum decipiens (Schrad. & J.C. Wendl.) Hoffm.
(Apiaceae), a tall monocarpic plant with a ridged smooth
stem and a large umbel which occurs on shady rocks and
banks in ravines in northern Madeira (Press and Short
1994; Jardim and Francisco 2000).
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� Monizia edulis Lowe (Apiaceae), a perennial plant with tri-
angular leaves and a paniculate inflorescence with white
petals. This plant is restricted to cliff areas in Madeira,
Porto Santo (Ilh�eu de Cima) and Deserta Grande (Press
and Short 1994; Jardim and Francisco 2000; Fernandes
and Carvalho 2014).

The genus Musschia Dumort (Campanulaceae) includes
two species very different from each other. Musschia aurea
(L.) Dumort is a small glabrous plant with bright yellow flow-
ers while M. wollastonii Lowe is a pubescent monocarpic
plant with reddish brown flowers. Both species are rare and
generally occur on rocky cliffs, but M. aurea inhabits coastal
and inland valleys while M. wollastonii is restricted to humid
shaded valleys in laurel forests (from 400 to 900m) (Press
and Short 1994; Jardim and Francisco 2000).

The genus Sinapidendron Lowe (Brassicaceae) contains five
species. They are perennial herbs or small shrubs, with
toothed or simple leaves and 7–10mm long yellow petals
with a claw, but differ in size, leaf morphology and habitat
(Press and Short 1994; Jardim and Francisco 2000).
Sinapidendron gymnocalyx Rustan is a perennial shrub that
occurs mostly on cliffs along the north coast of Madeira, but
can also be found on a few inland cliffs. The other four species
(S. angustifolium Lowe, S. frutescens Lowe, S. rupestre Lowe and
S. sempervivifolium Menezes) have narrow geographic distribu-
tions and are severely threatened of extinction, being classi-
fied as endangered or critically endangered by the IUCN Red
List (Carvalho 2011a, 2011b; Kell 2011a, 2011b).

Despite the ongoing research on Madeiran plants, includ-
ing the description of new taxa, very few palynological studies
targeted endemic species of this archipelago. To our know-
ledge, there are just two studies on Madeiran Asteraceae
(Pinheiro de Carvalho et al. 2001, 2003), a few other studies
included several endemic taxa (e.g. Le�on-Arencibia & Serna-
Ramos 1992), but no comprehensive palynological study is
available on the Madeiran flora. On the other hand, a consider-
able number of palynological studies were carried out in the
Canaries (e.g. La Serna-Ramos et al. 1994; La Serna-Ramos
1996; La Serna-Ramos & Padron-Mederos 2008; Padr�on-
Mederos and La Serna-Ramos 2011) and, more recently, sev-
eral investigations on pollen morphology were conducted in
Azores (Morgado et al. 2014, 2015), where a pollen inventory
of the endemic species was also performed (Morgado et al.
2017). In this study we aim to characterize and compare the
pollen morphological features of ten species from the
endemic plant genera of Madeira archipelago and contribute
to a better understanding of their taxonomy.

2. Materials and methods

The archipelago of Madeira lies in the northeastern Atlantic
Ocean at the southwest of the Iberian Peninsula, between lati-
tudes 33� 100 � 33� 200 N and longitudes 16� 100 � 17� 200 W
and is composed by three island groups (Madeira, Porto Santo
and Desertas). The islands present several habitat types,
including the emblematic Laurisilva, and have a valuable bio-
diversity, including 172 endemic plants (Jardim and Francisco

2000; Borges et al. 2008; Boieiro et al. 2015). Fieldwork took
place in Madeira proper and in Deserta Grande (Desertas
islands), where the target plant species are known to occur.
Sampling took place in 2018, 2019 and 2022, during the flow-
ering season of the different endemic species which lasted
between April and August (Jardim and Francisco 2000). Most
samples were collected in the field from natural populations,
but the Jardim Botânico da Madeira – Eng. Rui Vieira provided
additional plant material of M. edulis.

This study targeted the species included in the five
endemic plant genera of Madeira archipelago. Three genera –
Chamaemeles, Melanoselinum and Monizia – are monotypic
while the genus Sinapidendron has radiated in the archipelago
and five valid species are known, with one being restricted to
Desertas (Jardim and Sequeira 2008). The genus Musschia is
represented by two species in Madeira island, M. aurea occur-
ring predominatly in coastal areas and M. wollastoni restricted
to the laurel forest and, in Desertas, we can find M. aurea and
the rare M. isambertoi (Menezes de Sequeira et al. 2007). We
were not able to collect samples from Musschia isambertoi M.
Seq., R. Jardim, Magda Silva & L. Carvalho, a critically endan-
gered species known from a few localities of difficult accesss
in Deserta Grande, where it is severely threatened by invasive
species (Menezes de Sequeira et al. 2007, 2021).

Pollen grains from each species were studied using both
light microscopy (LM) and scanning electron microscopy
(SEM). For the LM study, pollen grains were prepared follow-
ing the acetolysis method (Erdtman 1952, 1966), and then
mounted on permanent slides to be used for observations
and morphological measurements under light microscopy
(Zeiss Primo Star with micrometric ocular) at the University
of the Azores. We randomly selected 25 undamaged pollen
grains from each study species to measure polar and equa-
torial diameters in equatorial view and calculate P/E ratios.
Additionally, we measured the apocolpium/apoporium (LA)
and the equatorial diameter in polar view (DEPV), the size of
the exine layers, and aperture width and length from a ran-
dom sample of pollen grains (Morgado et al. 2017).
Unfortunately, we were not able to obtain data on LA and
DEPV for M. decipiens. Acetolysed pollen grains were photo-
micrographed at 100X magnification under LM (Leica DM
2500 with digital camera DFC 495). The data on pollen grain
morphology were summarised using descriptive statistics,
namely the arithmetic mean, standard deviation of the
mean, range and coefficient of variation, and interspecific dif-
ferences in standard pollen morphological metrics were
assessed using Kruskal-Wallis tests.

Pollen samples also underwent SEM analysis at the
Microscopy Laboratory in the Faculty of Sciences of the
University of Lisbon. Without previous chemical treatment,
pollen grains were metalised with gold using an ion-putter
coater (JEOL JFC 1200) and then analysed by standard tech-
niques using a scanning electron microscope (JEOL –
JSM5200LV), which provides detailed information on pollen
morphology, particularly pollen ornamentation. Five undam-
aged pollen grains of each plant species were selected at
random to perform SEM photomicrographs, allowing us to
describe pollen grain shape and ornamentation. The detailed
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description of pollen grains includes information on pollen
unit, size, class, polarity, shape, polar view, equatorial view,
aperture number and exine ornamentation. The terminology
used to describe pollen grain morphology follows Punt
et al. (2007) and pollen grain size classes follow the classifi-
cation proposed by Erdtman (1952). The samples used in
this study were deposited in the herbarium of the
University of the Azores (AZU) (Angra do Hero�ısmo, Azores,
Portugal) (Table 1).

3. Results

Pollen grain morphology of ten endemic species of the
Madeira archipelago is described below. Pollen grain
description follows the sequence adopted in Morgado et al.
(2017), namely pollen grain size, polarity, shape, aperture
(number), and ornamentation. Standard morphological char-
acteristics of pollen grains are presented for all study species
(Tables 2–4). For the polytypic genera Sinapidendron and
Musschia, the differences in pollen morphological variables
supported by statistical analysis are highlighted in the
respective genus sections while for the monotypic
Melanoselinum and Monizia (both in Apiaceae) the results
from statistical analysis on interspecific comparisons are
shown in the Monizia section.

3.1. Melanoselinum decipiens (Schrad. & J.C. Wendl.)
Hoffm

The pollen grains are medium-sized (44.7 mm), monads, iso-
polar symmetric with a prolate shape (Plates 1 and 2, figures
1, 2). The pollen grain shows an elliptic equatorial outline
(boat-shaped) and an amb triangular polar view. The polar
axis ranges from 41.0 to 48.0mm while the equatorial axis
from 20.0 to 26.0mm (Table 2). The aperture is tricolporate
type with endoaperture lalongate (transversely elongated
endoaperture). The sexine ornamentation is rugulate-microre-
ticulate, with elongated ornamentation elements irregularly
arranged (Plate 2, figure 2).

3.2. Monizia edulis Lowe

The pollen grains of M. edulis are medium-sized (40.7 mm),
monads, radially symmetrical and isopolar (Plates 1 and 2,
figures 3). The pollen grain shows an elliptic equatorial out-
line and an amb (sub) triangular polar view (Plate 1, figure 4).
The shape is prolate with polar axis ranging from 35.0 to
45.4 lm and equatorial axis from 18.0 to 21.0 lm (Table 2).
Pollen grains are tricolporate with lalongate endoaperture
and surface rugulate-microreticulate (Plate 2, figure 4). We
found significant differences in polar and equatorial diameter
size (both p< 0.001) between M. decipiens and M. edulis
(Table 2). The two Apiaceae species have similar colpus
length, and nexine and sexine layers thickness (p> 0.05)
(Table 3), but sexine ornamentation is different, being long
rugulae in M. decipiens and shorter rugulae in M. edulis (Plate
2, figures 2, 4).

3.3. Sinapidendron Lowe

The pollen grains of the five Sinapidendron species are
monads, isopolar, and medium size (Plates 1 and 2, figures
5–14). The shape of all pollen grains is spheroidal, tricolpate
and the sexine reticulate with free-standing columellae (Plate
2, figure 8; Table 2). Sinapidendron pollen grains show a
spheroidal equatorial outline and an amb subcircular polar
view (Plate 1, figures 5, 7, 9, 11, 13; Table 4). We found

Table 2. Morphological features of pollen grains from endemic plant taxa of Madeira archipelago.

Taxa

P E

ShapeRange (mm) x ± SD (mm) CV (%) Range (mm) x ± SD (mm) CV (%)

Apiaceae
Melanoselinum decipiens 41.00–48.00 44.70 ± 1.84 0.04 20.00–26.00 23.30 ± 1.62 0.07 Prolate
Monizia edulis 35.00–45.40 40.72 ± 2.49 0.06 18.00–21.00 19.92 ± 0.39 0.02 Prolate
Brassicaceae
Sinapidendron angustifolium 21.00–25.20 23.67 ± 1.09 0.05 22.20–25.40 23.80 ± 0.99 0.04 Spheroidal
Sinapidendron frutescens 24.00–30.80 25.59 ± 1.40 0.05 22.80–26.00 24.99 ± 0.89 0.04 Spheroidal
Sinapidendron gymnocalyx 22.00–24.80 23.42 ± 0.78 0.03 22.00–24.40 22.81 ± 0.79 0.03 Spheroidal
Sinapidendron rupestre 22.60–25.04 23.87 ± 0.76 0.03 21.00–24.80 23.45 ± 0.83 0.04 Spheroidal
Sinapidendron sempervivifolium 22.00–26.00 23.63 ± 0.99 0.04 20.40–24.00 22.81 ± 1.02 0.04 Spheroidal
Campanulaceae
Musschia aurea 32.00–36.00 34.12 ± 1.21 0.03 30.00–35.00 32.76 ± 1.30 0.04 Spheroidal
Musschia wollastonii 32.00–38.00 34.42 ± 1.71 0.05 32.00–37.00 33.71 ± 1.49 0.04 Spheroidal
Rosaceae
Chamaemeles coriacea 24.00–32.00 28.22 ± 2.01 0.07 16.00–26.00 20.99 ± 2.99 0.14 Prolate

Polar (P) and equatorial (E) diameters in equatorial view are shown, jointly with pollen grain shape [given by the ratio P/E¼ polar diameter (P)/equatorial diam-
eter (E)]. Data are presented as arithmetic mean ± standard deviation of the mean (x ± SD), coefficient of variation (CV) and range.

Table 1. List of the endemic study species and the herbarium reference num-
ber of the samples examined.

Species Herbarium number

Apiaceae
Melanoselinum decipiens (Schrad. & J.C. Wendl.) Hoffm. AZU2712
Monizia edulis Lowe AZU2719
Brassicaceae
Sinapidendron angustifolium Lowe AZU2724
Sinapidendron frutescens Lowe AZU2725
Sinapidendron gymnocalyx Rustan AZU2783
Sinapidendron rupestre Lowe AZU2819
Sinapidendron sempervivifolium Menezes AZU2822
Campanulaceae
Musschia aurea (L.) Dumort. AZU2717
Musschia wollastonii Lowe AZU2722
Rosaceae
Chamaemeles coriacea Lindl. AZU2708
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significant differences in pollen grain size and shape measure-
ments (P, E, P/E, DEVP) between Sinapidendron species, but not
in colpus size and in the thickness of exine layers. The average
polar diameter varies from 23.4lm in S. gymnocalyx to 25.6lm
in S. frutescens, while the average equatorial diameter was larg-
est in S. frutescens (25.0lm) and lowest in both S. gymnocalyx
and S. sempervivifolium (22.8lm) (Plate 1; Table 2). The polar
diameter of S. frutescens is significantly larger compared to the
other congeners (all p< 0.05). Similarly, the equatorial diameter
(E) is significantly different between S. frutescens and the other
species (all p< 0.05), and S. gymnocalyx and S. sempervivifolium
have the lowest values and do not differ significantly from
each other (p> 0.05). The average colpus length ranged from
15.8lm in S. sempervivifolium to 17.1lm in S. rupestre. On
average, the colpus length was larger in S. rupestre and lower
in S. angustifolium and S. sempervivifolium, but no significant
differences were detected between species. Average thickness
values of sexine and nexine are similar between the
Sinapidendron species and no significant differences were
found in LA, despite the slight larger values recorded for S. fru-
tescens (Tables 3 and 4).

3.4. Musschia Dumort

The pollen grains of the two studied Musschia species are
monads and show a similar microechinate, rugulate-perforate

ornamentation. The pollen grains are isopolar, spheroidal in
shape, triporate and an amb circular polar view (Plates 1 and
2, figures 15, 17). In both species, pollen grains present porus
with operculum and annulus. In Musschia aurea, the length
of the polar axis ranges between 32.0 to 36.0lm and the
equatorial diameter from 30.0 to 35.0 lm (Table 2). Pollen
grains in M. aurea are furnished with microechinae (Plate 2,
figure 16). The average length of microechinae is 0.80 lm
and the width is 0.58 lm. The porus size is 5.5 lm and sexine
is thicker than nexine (Tables 3 and 4). The pollen grains of
M. wollastonii (Plates 1 and 2, figures 17, 18) show similar
ranges of polar and equatorial axis sizes as M. aurea
(Table 2). The average length of microechinae is 0.95lm and
the width is 0.64lm. Porus size is 5.9 lm and sexine is
thicker than nexine (Tables 3 and 4). No significant differen-
ces were found in most pollen grain size measurements (P,
DEVP, LA), and in pore and microechinae size (length and
width) between the two Musschia species (all p> 0.05)
(Tables 2–4). Only equatorial diameter is larger in M. wollas-
tonii than in M. aurea (p¼ 0.02).

3.5. Chamaemeles coriacea Lindl

Pollen grains are radially symmetrical monads, isopolar with
a medium size (28.2 mm). The length of the polar axis ranges
from 24.0 to 32.0lm and the equatorial diameter from 16.0
to 26.0 lm (Table 2). The pollen shape of C. coriacea is pro-
late (Plates 1 and 2, figure 19) showing an elliptic equatorial
outline and an amb subcircular polar view. The pollen grain
is tricolporate with long aperture. On average, the colpus is
21.4 lm in length and 4.1lm in width. Sexine is much
thicker than nexine (Table 3) and sexine ornamentation is
striate-perforate with the presence of granules in the area
around the ectocolpus, differing markedly from the other
areas of the sexine (Plate 2, figure 20).

4. Discussion

The comparative analysis of pollen morphology is key for
understanding evolutionary affinities between study plants.
Despite the ongoing study of the Madeiran flora, there is still
a considerable knowledge gap on using palynology to

Table 3. Measurements of ectoaperture (pore or colpus) and exine (sexine and nexine) from endemic plant taxa of Madeira archipelago.

Species

Aperture (mm) Exine (mm)

Pore Colpus width Colpus length Sexine Nexine

Apiaceae
Melanoselinum decipiens – 5.16 ± 1.04 31.82 ± 2.91 1.60 ± 0.27 0.90 ± 0.17
Monizia edulis – 4.14 ± 0.57 30.84 ± 1.96 1.38 ± 0.20 0.74 ± 0.10
Brassicaceae
Sinapidendron angustifolium – 3.18 ± 0.42 15.88 ± 1.71 1.40 ± 0.13 0.84 ± 0.23
Sinapidendron frutescens – 3.77 ± 1.09 16.35 ± 1.57 1.50 ± 0.19 0.78 ± 0.17
Sinapidendron gymnocalyx – 4.10 ± 0.67 16.46 ± 1.00 1.32 ± 0.14 0.77 ± 0.12
Sinapidendron rupestre – 3.68 ± 0.69 17.15 ± 1.13 1.43 ± 0.12 0.95 ± 0.15
Sinapidendron sempervivifolium – 3.50 ± 0.81 15.84 ± 1.44 1.38 ± 0.16 0.83 ± 0.15
Campanulaceae
Musschia aurea 5.46 ± 0.71 – – 1.44 ± 0.18 0.74 ± 0.23
Musschia wollastonii 5.92 ± 0.58 – – 1.32 ± 0.30 0.76 ± 0.21
Rosaceae
Chamaemeles coriacea – 4.14 ± 0.65 21.42 ± 2.44 1.22 ± 0.18 0.72 ± 0.23

Data are presented as arithmetic mean ± standard deviation of the mean (x ± SD).

Table 4. Measurements of pollen grains from endemic plant taxa of Madeira
archipelago in polar view (DEVP¼ equatorial diameter of polar view;
LA¼ apocolpium/apoporium side; PAI¼ polar area index).

Species DEVP (mm) LA (mm) PAI

Apiaceae
Monizia edulis 17.46 ± 1.28 7.90 ± 0.57 0.46 ± 0.05
Brassicaceae
Sinapidendron angustifolium 23.34 ± 1.13 6.08 ± 1.18 0.26 ± 0.04
Sinapidendron frutescens 24.68 ± 1.25 6.38 ± 1.09 0.26 ± 0.05
Sinapidendron gymnocalyx 23.16 ± 0.94 5.88 ± 0.90 0.25 ± 0.04
Sinapidendron rupestre 22.56 ± 0.87 5.64 ± 0.79 0.25 ± 0.03
Sinapidendron sempervivifolium 23.32 ± 0.90 6.00 ± 0.67 0.26 ± 0.03
Campanulaceae
Musschia aurea 34.84 ± 1.48 22.24 ± 1.13 0.64 ± 0.03
Musschia wollastonii 34.72 ± 1.99 22.18 ± 1.83 0.64 ± 0.04
Rosaceae
Chamaemeles coriacea 26.12 ± 0.65 6.36 ± 0.91 0.24 ± 0.03

Data are presented as arithmetic mean ± standard deviation of the
mean (x ± SD).
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support plant systematics. Here, we contribute to fill this gap
by describing and analysing the differences in pollen morph-
ology of ten species included in the Madeira endemic genera.

Pollen grains of Musschia are spheroidal in shape, a fea-
ture shared with other genera in Campanulaceae (Khansari
et al. 2012). The pollen grains of the two Musschia species

Plate 1. Optical microscopy photographs of pollen grains of Madeira endemic species. 1,2. Melanoselinum decipiens: 1. equatorial view, 2. endoaperture lalongate.
3,4. Monizia edulis: 3. equatorial view, 4. polar view; 5,6. Sinapidendron angustifolium. 5. equatorial view, 6. polar view; 7,8. Sinapidendron frutescens. 7. equatorial
view, 8. polar view. 9,10. Sinapidendron gymnocalyx. 9. equatorial view, 10. polar view. 11,12. Sinapidendron rupestre. 11. equatorial view, 12. polar view. 13,14.
Sinapidendron sempervivifolium. 13. equatorial view, 14. polar view. 15,16. Musschia aurea. 15. equatorial view, 16. polar view. 17,18. Musschia wollastonii. 17. equa-
torial view, 18. polar view. 19,20. Chamaemeles coriacea. 19. equatorial view, 20. polar view. Scale bars: 10 mm.
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do not show unique morphological features that could be
used for their segregation from Campanula L. Characters
such as pore number, size and shape of pollen grains are

usually not useful for species discrimination within
Campanula (sensu lato), but the size and density of spines on
exine surface, together with pore diameter, usually have

Plate 2. Scanning electron microscopy photographs of pollen grains of Madeira endemic species. 1,2. Melanoselinum decipiens: 1. equatorial view; 2. exine orna-
mentation. 3,4. Monizia edulis: 3. equatorial view, 4. exine ornamentation; 5,6. Sinapidendron angustifolium. 5. equatorial view, 6. exine ornamentation. 7,8.
Sinapidendron frutescens. 7. equatorial view, 8. exine ornamentation. 9,10. Sinapidendron gymnocalyx. 9. equatorial view, 10. exine ornamentation. 11,12.
Sinapidendron rupestre. 11. equatorial view, 12. exine ornamentation. 13,14. Sinapidendron sempervivifolium. 13. equatorial view, 14. exine ornamentation. 15,16.
Musschia aurea. 15. equatorial view, 16. exine ornamentation. 17,18. Musschia wollastonii. 17. equatorial view, 18. exine ornamentation. 19,20. Chamaemeles coria-
cea. 19. equatorial view, 20. exine ornamentation. Scale bars: 10 mm (1, 3, 5, 7, 9, 11, 13, 15, 17, 19), 1 mm (2, 4, 6, 8, 10, 12, 14, 16, 18, 20).
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taxonomic value, particularly at species level (Dunbar 1975a,
1975b; Perveen and Qaiser 1999; Khansari et al. 2012). The
pollen grains of the two Musschia species are similar, show-
ing no significant differences in overall size (P) and shape
(P/E), nor in echinae and pore size. However, they can be
easily separated from those of the two other Macaronesian
endemic bellflowers, Azorina vidalii (H.C. Watson) Feer and
Canarina canariensis (L.) Vatke (Menezes et al. 2018). The pol-
len grains of the Azorean A. vidalii are tetraporate with anu-
lus present and spiculate ornamentation while the Canarian
C. canariensis are tricolporate with microreticulate/microgem-
mate ornamentation (Halbritter 2016; Morgado et al. 2017).

The pollen grains of Chamaemeles coriacea show the typ-
ical features found in other genera of Maleae (Rosaceae), in
general, being tricolpate and tricolporate radially symmetrical
monads (Hebda and Chinnappa 1990, 1994). In this group,
the colpi occupies 75–80% of pollen grain length and exine
ornamentation is striate macroperforate (Hebda and
Chinnappa 1994). The phylogenetic affinities of Chamaemeles
were recently studied, highlighting its distinctiveness and
close relationship (supported by the combined analysis of
the nuclear regions nrITS and GBSSI-2B) with other genera of
Maleae, particularly with Malus and allied genera (Campbell
et al. 2007; Potter et al. 2007; Sun et al. 2018). Considering
the sculpturing pattern, the pollen grains of C. coriacea fit
the group Ia (Hebda and Chinnappa 1994) by presenting stri-
ate macroperforate pollen with ridges long and parallel to
the colpus, a feature shared with the phylogenetically related
Malus.

The pollen grains of the two Apiaceae genera endemic to
Madeira (Melanoselinum and Monizia) fit the pattern found in
the members of this stenopalynous plant family. In general,
pollen grains of Apiaceae are tricolporate, with shape varying
from prolate to perprolate, and the ornamentation is gener-
ally striate or reticulate, more rarely rugulate, perforate or
pertectate (Dogan Guner et al. 2011; Baczynski et al. 2021).
The two study species showed significant differences in pol-
len grain morphology (P and E) and ornamentation that
allows their discrimination. Also, the pollen grains of these
two Madeira endemic genera show differences to their
closed allies within Daucinae. Recent studies place Monizia
and Melanoselinum (jointly with the Canarian endemic
Cryptotaenia elegans Webb ex Bolle) as members of a
Macaronesian clade within Daucus s.l. species complex
(Spalik and Downie 2007; Banasiak et al. 2016). The pollen
grains of the two Madeira endemic genera differ from those
of the Azorean endemic Daucus carota subsp. azorica Franco
(a representative of clade I) which are perprolate, have striate
ornamentation and their size range between 37.5–45.0 mm
(Morgado et al. 2017).

Sinapidendron, the Madeira endemic genus with the larg-
est number of species, presents pollen grains prolate, tricol-
pate and with reticulate ornamentation, which are
characteristic of many other members of the stenopalynous
cabbage family (Brassicaceae) (El Ghazali 1993; Khalik et al.
2002). Pollen grain morphology is relatively homogeneous in
Sinapidendron and show affinities to the close allied genera
(e.g. Diplotaxis and Erucastrum) within Brassiceae (Warwick

and Black 1993; Warwick and Sauder 2005). We were able to
identify significant differences on the average values of pol-
len grain size standard measurements (P and E), although
range size values strongly overlap between the
Sinapidendron species (Table 2). In general, S. frutescens has
the largest pollen grains of this Madeira endemic genus, and
S. gymnocalyx the smallest ones, but non-significant differen-
ces in pollen grain size and shape were found in some spe-
cies pairs comparisons. The strong similarity between
Sinapidendron pollen grains may be due to the relatively
recent age of Madeira island, approximately 5MY (Fern�andez-
Palacios 2010). This period allowed the plant lineage to dif-
ferentiate from its ancestral taxa, but the diversification
process that followed, originating the five Madeiran
Sinapidendron species, was more recent and probably insuffi-
cient to be reflected in terms of pollen grain morphology.

Overall, our findings fill the knowledge gap on the pollen
morphology of Madeira endemic genera, contribute to the
ongoing taxonomic work on Madeira archipelago vascular
plants, and provide support to previous taxonomic findings
from other scientific areas (e.g. Takahata and Hinata 1986;
Banasiak et al. 2016; Sp�ınola and Castilho 2016; Menezes
et al. 2018; Frankiewicz et al. 2020).

5. Conclusions

In this work, we characterised for the first time the pollen
morphology of ten species from the five endemic genera of
the Madeira archipelago and identified differences in pollen
size and shape between congeners to allow species discrim-
ination. Also, we discussed the differences in pollen morph-
ology between the study species and their close allies. Our
results show the importance of palynological studies to dis-
criminate closely related endemic plant species that have
diversified in this oceanic archipelago in the last few million
years, reinforcing previous taxonomic findings from morpho-
logical, ecological, histochemical and molecular studies. This
contribution to the pollen inventory of Madeira follows previ-
ous studies characterising the endemic plants from the
Macaronesian islands, provides information of taxonomic
value and may support studies on the vegetation dynamics
in space and time in this oceanic archipelago.
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