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Palynotaxonomy of Centauropsis (Compositae, Vernonieae) an
endemic genus from Madagascar
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1 BENOIT LOEUILLE @ !, ISABEL LARRIDON ® !,
2 & ANA RITA GIRALDES SIMOES ®!

1Royal Botanic Gardens, Kew, Richmond, UK, >Botanical Research Institute of Texas, Fort Worth, Texas, USA

Abstract

Centauropsis is a genus of eight species in the family Compositae, all of which are endemic to Madagascar. There is almost no
information about the pollen of this genus, with only one species having its pollen described to date, which hinders systematic
studies involving this genus and closely related taxa. In this study, we comprehensively characterise the pollen of Centauropsis,
with details on morphology and ultrasculpture for six of the eight species of the genus. The pollen of Centauropsis is here
characterised as 3-colporate, with sublophate ornamentation and nanoreticulate sexine. The species differ from each
other mostly in length of the axis, morphology of the colporus endoaperture, and spine shape and size. The correlation
between palynological characters and their variation within and between species was explored using principal component
analyses (PCA) and cluster analyses (unweighted pair group method with arithmetic mean [UPGMA] and Euclidean
distance). Full palynological descriptions, measurements and scanning electron microscopy (SEM) and light microscopy

(LM) images are provided for all examined species.

Keywords: Africa, Asteraceae, paleotropics, palynology, pollen morphology, ultrasculpture

Centauropsis Bojer ex DC. is a genus belonging to the
tribe Vernonieae in the sunflower family, Composi-
tae (or Asteraceae), currently comprising eight
species that are all endemic to Madagascar (Robin-
son 2007; Keeley & Robinson 2009). The genus is
characterised by its shrubby habit; one or few capi-
tula, subsessile to long-pedunculate; appendiculate
phyllaries; paleaceous receptacles; anthers with
broad tails; style without node; glabrous cypselae
and pappus formed by numerous bristles (Humbert
1960; Robinson 2007).

The genus was validly published by Candolle
(1836), based on specimens collected by W. Bojer.
Candolle described two species: Centauropsis lanugi-
nosa Bojer ex DC. (= Oliganthes lanuginosa (Bojer
ex DC.) Humbert) and Centauropsis fruticosa Bojer
ex DC. Robinson (1999) revised the taxonomy of

paleotropical Vernonieae Cass., proposing three
new subtribes (Centrapalinae H.Rob., Erlangeinae
H.Rob., and Gymantheminae H.Rob.) and several
new genera, placing Centauropsis within subtribe
Gymnantheminae based on the shrubby habit and
sweeping hairs often blunt. Nonetheless, molecular
phylogenetic studies within Vernonieae have placed
Centauropsis in a clade with members of the polyphy-
letic Erlangeinae and Centrapalinae (Keeley et al.
2007, 2021), a clade here referred as ‘Erlangeinae/
Centrapalinae combined’ clade. In those studies,
the single species of Centauropsis that was sampled
is sister to a clade comprising Hilliardiella H.Rob.
(Centrapalinae), Crystallopollen Steetz, Parapolydora
H.Rob., Cyanthillium Blume (Erlangeinae) and Ver-
nonia subplumosa O.Hoffm. (unplaced) (Keeley
et al. 2007, 2021). According to Keeley and
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Robinson (2009), Centauropsis is actually placed in
Centrapalinae.

Pollen morphology has been informative for infer-
ring relationships at the family level in Compositae
and important characters include the pollen grain
shape in polar view (amb), class of endoapertures,
thickness of exine layers, and size of spines (Black-
more et al. 2009). Pollen has also been pivotal in
the new subtribal classification of paleotropical Ver-
nonieae proposed by Robinson (1999). Historically,
pollen characters have been studied in Vernonieae
by different authors in the last century and have
been of great importance for systematic study of the
tribe at the subtribal and generic level (e.g. Wode-
house 1928; Salgado-Labouriau 1973; Jones 1981;
Bolick 1991; Robinson 1999).

The pollen of Centauropsis has been poorly docu-
mented and inconsistently characterised (Kingham
1976; Wortley et al. 2007; Blackmore et al. 2009).
A single species of this genus (Centauropsis fruticosa
Bojer ex DC.) was included in prior palynological
studies (Kingham 1976) and its pollen was character-
ised as medium-sized (35.0 um), spherical, 3-colpo-
rate, subechinolophate/echinate  sexine  with
micropores, appearing to present a reticulation,
spines length 5.0 um, and exine thickness 4.0 pm.

Wortley et al. (2007) suggested that the pollen of
Centauropsis may be similar to that of the African
genera Cabobanthus, Cyanthillium and Crystallopollen,
and the South American Pacourina sharing the poro-
rate aperture pattern (sensu Blackmore et al. 2009; =
porate sensu Punt et al. 2007) and non-perforated
tectum; however, this suggestion was based only on
the sole specimen imaged by Kingham (1976) and
no other species of Centauropsis. In addition, there
is also inconsistency in the application of the descrip-
tive terminology in Centauropsis, leading to con-
fusion: the pollen grain is said to be ‘porate’ when
the ectoaperture is a pore and not a colpus (i.e. poro-
rate in Wortley et al. [2007] and Blackmore et al.
[2009]).

Blackmore et al. (2009), based on the phylogeny of
Keeley et al. (2007), suggested that pororate pollen
grains is a synapomorphy for the clade Erlangeinae/
Centrapalinae combined clade and, therefore, the tri-
colporate pollen of Centauropsis and Parapolydora
would be a reversion. However, Keeley et al.
(2021) have provided a different composition for
this clade, in which a tricolporate genus (Hilliardiella)
and the pororate Cabobanthus belong to another
clade (Centrapalinae II), thus not recovering a
porate clade. Further studies on pollen character
evolution, with implications for finding synapomor-
phies for the clades, are not yet possible due to a

lack of data. In this study, the pollen morphology of
Centauropsis is described in a comprehensive and
standardised way for the first time, as a means to
support future taxonomic, palynological, and evol-
utionary studies of Vernonieae.

Material and methods

Taxonomic sampling of the genus comprised six
(out of eight) currently recognised species of
Centauropsis: C. antanossi (Scott Elliot) Humbert,
C. cuspidata Humbert, C. decaryi Humbert,
C. fruticosa Bojer ex DC. var. fruticosa, C. perrieri
Humbert, C. rhaponticoides Drake, plus, one variety
C. fruticosa var. baronii Humbert. Unopened mature
flower buds were obtained from 13 specimens from
K and P herbaria (acronyms following Thiers, [con-
tinuously updated]); all specimens examined are
listed in the Specimens Investigated section. Samples
were labelled with an abbreviation of the specific
epithet plus the last two numbers of the herbarium
voucher or collection number (see Tables I, I, Speci-
men column).

Pollen grains were treated with acetolysis
(Erdtman 1960), as modified by Melhem et al.
(2003). Measurements and photomicrographs were
performed under a light microscope Leica LMD7
microdissection microscope, and photomicrographs
were taken with a video camera Leica DFC
7000 T, supported by LAS software. Permanent
slides for light microscopy (LM) were deposited in
the pollen reference collection of the Bioimaging
Laboratory, Royal Botanic Gardens, Kew, United
Kingdom. For scanning electron microscopy
(SEM), acetolysed pollen grains were washed and
placed on a metal stub with carbon cement and
sputter coated with platinum (10 nm) using a
quorum-Q150t es Series. Samples were imaged
under a Hitachi 8230 scanning electron microscope,
with a 5 kV electron beam, at the Bioimaging Lab-
oratory, Royal Botanic Gardens, Kew.

Measurements were taken under LM, using a
Leica LMD7 microdissection microscope, on 25 ran-
domly selected pollen grains from each specimen.
The polar and equatorial axes were measured in
equatorial view, and the equatorial axis in polar
view, excluding spines. Ten measurements of the
main pollen morphometric parameters were also
made: length and width of the colpus, length and
width of the endoaperture, the thickness of the
nexine and sexine layers (excluding spines,
Kingham 1976) and the spine length. Exine
measurements were made in the mesocolpium
region.



Palynotaxonomy of Centauropsis 3
Table I. Centauropsis dimensions (um) pollen grains in equatorial and polar view using light microscopy.
Equatorial axis (EV) Polar axis (EV) P/ Equatorial axis (PV)
E Form Size
|74 v x |4
Specimen  CI - (x * Sx) CI+ s % CI - (x* Sx) CI+ s % CI- (xxSx) CI+ s % CI
ant08 53.7 (54.5%0.4) 1.9 3.6 49.0 (50.1+£0.6) 2.8 5.7 09 OS 54.3 (55.1+0.4) 1.8 3.2 L
55.3 51.3 55.8
ant92 51.6 (52.3%£0.3) 1.7 3.3 46.6 (47.4+t04) 1.8 39 09 OS 52.5(53.310.4) 2.0 38 M*-
53.0 48.2 54.2 L
cus34 44.2 (45.1+*0.5) 24 5.2 40.1 (40.8 £0.3) 1.6 40 09 OS 41.7 (42.5+0.3) 1.7 4.0 M
46.1 41.1 43.2
cus60 43.0 (44.0%0.5) 0.5 5.6 41.0 (42.0%0.5) 24 57 1.0 oS 42.5 (43.5%0.5) 25 5.7 M
45.0 42.9 44.5
cus63 42.0 (42.810.4) 1.9 44 39.1 (39.710.3) 1.6 4.0 0.9 oS 41.7 (42.5%0.3) 1.7 4.0 M
43.5 40.4 43.2
dec86 45.6 (46.7+0.5) 2.6 5.6 41.3 (42.3+*0.5) 24 56 0.9 OS 44.4 (45.2+0.4) 1.9 4.3 M
47.8 43.2 46.0
dec87 48.2 (49.0+0.4) 1.9 3.9 41.9 (42.9%0.5) 25 5.8 09 oS 46.4 (47.310.4) 2.1 45 M
48.2 43.9 48.1
fru36 49.8 (50.9+t0.6) 2.9 5.6 45.3 (46.0+£0.3) 1.6 35 09 OS 49.0 (50.5+0.7) 36 7.2 M-L
52.1 46.7 52.0
fru54 46.9 (47.6+0.4) 1.9 3.9 42.3 (43.0+0.3) 1.6 36 09 OS 45.4 (46.3+04) 2.2 49 M
48.4 43.6 47.3
per62 46.8 (47.3+0.3) 1.3 27 41.1(41.8%¥03) 1.6 38 09 OS 45.1 (45.8%¥0.4) 1.8 40 M
47.8 42.4 46.6
rha07 554 (56.5%0.5) 2.6 4.7 52.5 (53.310.4) 19 35 09 OS 55.5 (56.5%0.5) 25 4.4 L
57.6 54.1 57.6
rhal0 58.6 (59.7+0.6) 2.8 4.7 55.0 (56.0 £0.5) 23 41 09 OS 58.0 (58.9+£0.4) 2.2 3.8 L
60.9 56.9 59.9
rhall 58.4 (59.21+0.4) 2.1 35 54.5 (55.210.3) 1.6 3.0 0.9 oS 57.6 (58.6*0.5) 25 4.3 L
60.1 55.8 59.7

Note. Specimens were identified by the abbreviation of the epithet and the last two numbers of the herbarium voucher (see Specimen
analysed). Equatorial view (EV), polar view (PV), confidence interval (CI) at 95% of probability of the lowest sample values (CI-) and

highest sample values (CI+), arithmetic mean (x), average standard deviation (Sx), sample standard deviation (s), coefficient of variability (V'

%), oblate spheroidal (OS), large (L), medium (M).

The measurements of the polar and equatorial axes
were statistically analysed for the arithmetic mean
(x), average standard deviation (Sx), sample standard
deviation (s), coefficient of variability (I’%), and 95%
confidence interval (CI) (Zar 2010; Vieira 2011). For
exine characters, the arithmetic mean and range were
calculated for each pollen grain size class and exine
(sexine + nexine). The CI and Sx are present in
descriptions in the following order: (EA x PA) X
PV).

A principal component analysis (PCA) was per-
formed to explore whether pollen grain characters
corroborate species and specimen grouping. Eleven
metric variables (polar axis [PA], equatorial axis
[EA], equatorial axis in polar view [PV], colpus
length [CL], colpus width [CW], endoaperture
length [EL], endoaperture width [EW], nexine thick-
ness [Ne], sexine thickness [Se = infratectum +
tectum], exine thickness [Ex =N+ S], spine length
[Sp]) and one classes/index (endoaperture class

[Ecl]) were analysed for ordination using
FITOPAC (Shepherd 1996) and PC-ORD version
7 (McCune & Mefford 2016). To understand how
Centauropsis specimens relate to each other, based
on pollen morphology, a cluster analysis (CA) was
performed using the software PC-ORD version 7
(McCune & Mefford 2016). We produced a simi-
larity dendrogram by calculating the unweighted
pair group method with arithmetic mean
(UPGMA) using the Euclidean distance based on
the same PCA metric variables and three classes/
indexes.

Pollen terminology follows Punt et al. (2007) and
Halbritter et al. (2018). Pollen shape classes and
amb types follow Erdtman (1952), colpus length cat-
egories follow Mark et al. (2012) and specific sculp-
turing and apertures type to Vernoniecae follow
Robinson et al. (2016). The endoaperture classes
and sexine/nexine thickness index follow Antonio-
Domingues et al. (2022a).
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Table II. Dimensions (um) pollen grains aperture, spine, reticulum and exine layers in equatorial view using light microscopy.

Colporus Endoaperture Exine

Specimen L-Ww W (WIL) L Spine S (S/N) N-E

ant08 33.8-8.4 10.3 (1.5) 6.7 3.5 5.9 (2.1) 2.8-8.7
ant92 32.1-9.7 12.5 (1.5) 8.6 3.5 5.3 (2.0) 2.6-7.9
cus34 26.9-5.3 10.9 (2.6) 4.3 3.5 4.3 (2.1) 2.0-6.3
cus60 31.1-6.4 11.1 (1.3) 8.8 2.5 3.6 (1.7) 2.1-5.7
cus63 24.9-4.0 10.0 (3.3) 3.1 4.2 4.3 (2.2) 2.0-6.3
dec86 28.6-5.6 10.7 (3.8) 2.9 5.0 4.3 (1.7) 2.5-6.8
dec87 30.2-7.1 14.8 (2.7) 5.5 5.0 4.3 (1.9) 2.3-6.6
fru3é 33.6-8.4 12.7 1.7) 1.7 4.1 4.4 (2.2) 2.0-6.4
fru54 29.9-6.3 10.3 (2.0) 5.1 4.3 4.5 (2.2) 2.0-6.5
per62 28.4-5.8 8.3 (1.7) 5.1 3.2 4.8 (2.6) 1.8-6.6
rha 07 36.4-9.7 14.1 (1.5) 9.8 5.0 4.7 (1.4) 3.2-8.0
rha 10 40.4-9.7 16.2 (1.6) 10.6 6.5 4.9 (1.5) 3.3-8.1
rha 11 42.0-9.5 13.0 (1.6) 8.2 4.8 4.0 (1.4) 2.7-6.7

Note. Specimens were identified by the abbreviation of the epithet and the last two numbers of the herbarium voucher (see Specimen
analysed). Length (L), width (W), width/length (W/L), muri (M), lumen (Lum), sexine (S), sexine/nexine (S/N), nexine (N), exine (E).

Results
General description

Centauropsis Bojer ex DC. — Pollen grains are
monads, medium to large-sized (43.0 [50.9 % 4.0]
58.9 X 38.3 [46.514.1] 54.6) X (41.5 [50.2+4.4]
58.8) (Table I), radially symmetrical, isopolar
(Figures 1A, D, G, ], 2A, D, G, 3A, D, G, ], 4A,
D, G), oblate spheroidal to prolate spheroidal
(Table I), amb circular or subtriangular, circular to
ellipsoidal in equatorial view (Figures 1A, D, G, ],
3A, D, G, ]), angulaperturate, polar area large to
small (Figures 1B, E, H, K, 3B, E, H). Apertures
3-zonocolporate, colporus narrow, long to short,
and non-constricted, (Figures 1A, D, G, ], 2D, G,
3A, D, G, 4A, D, G) apices acute or rounded
(Figures 1B, E, H, K, 2G, H, ], 3B, E, H, 4E, H,
Table IIT), margo prominent, membrane granulate,
protruding aperture absent; operculum not observed
(Figures 1A, D, G, ], 2D, G, 3A, D, G, 4A, D, G);
endoaperture lalongate to very lalongate, terminals
acute or rounded (Figures 1A, D, G, ], 3A, D, G,
Table III). Exine thick, 5.0—10.0 pym, sexine 1.1—
3.3 times thicker than nexine (Table II), sculpture
sublophate-echinolophate  (sublophate) (Figures
2A, D, E, G, H, ], K, 4A, B, D, F, G, H, Table
IIT); spine 1.3-8.3 um (Table II), base constricted
(Figure 2E, F) or non-constricted (Figures 2C, I,
K, 4B, C, E, F, H, I, ]-L, Table III), apices acute
(Figures 2C, E, F, I, 4B, C, J-L, Table III) or
obtuse (Figure 41, Table III); lopha (ridge) nanoreti-
culate (Figures 2E, F, K, 4F, H, I, Table III) or
nanoreticulate-microechinate (Figure 4B, C, ],
Table III), sublacuna nanoreticulate; muri perforate,
lumina rounded. Tectum tectate perforate (Figures

2C, I, 4C, J-L), infratectum with thick digitate colu-
mella supporting the spines in a concordant pattern
(Figures 2C, I, 4C, J-L) and thin simple columellae
supporting the pluricolumellate lophae (Figure 4C,
J-L).

A summary of the measurements is shown in
Tables I and II and additional observations and
descriptions are provided in Table III.

Centauropsis antanossi (Scorz  Ellior) Humbert
(Figures 1A—C, 2A—C). — Pollen grains are large-
sized, rarely medium (52.1 [53.3+0.6] 54.6 X 47.2
[48.8 £ 0.8] 50.3) x (53.0 [54.2 £0.6] 55.3), oblate
spheroidal (Table I), amb circular to subtriangular
(Figure 1A), ellipsoidal in equatorial view (Figures
1A, C, 2A), angulaperturate, polar area medium
(Figure 1B). Colporus medium, apices acute
(Figure 1B), membrane granulate (Figure 2B);
endoaperture lalongate terminals rounded (Figure
1A). Exine 6.8-10.0 um, sexine 1.6—2.9 times
thicker than nexine; spines 3.5 um (Table II), base
non-constricted, apices acute (Figure 2B, C);
lophae and sublacunae nanoreticulate.

Centauropsis cuspidata Humbert (Figures 1D—F, 2D—
F). — Pollen grains are medium-sized (42.5 [43.9
+0.6] 45.3x39.2 [40.2+0.4] 42.9) X (41.4 [42.4
+ 0.4] 43.4), oblate spheroidal to prolate spheroidal
(Table I), amb circular to subtriangular (Figure
1E), circular to ellipsoidal in equatorial view
(Figures 1D, F, 2D), angulaperturate, polar area
medium (Figure 1E). Colporus medium, apices
acute (Figures 1D, 2F), rarely rounded, membrane
granulate; endoaperture very lalongate, terminals
rounded (Figure 1D), lalongate only in *cus60.
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Figure 1. Light microscopy of Centauropsis Bojer ex DC. pollen grains. A—C. Centauropsis antanossi (Scott Elliot) Humbert. A. Detail of the
colporus, endoaperture and surface, equatorial view. B. Apertures 3-colporate, long and acute apices and apocolpium surface. C. Optical
section, equatorial view. D—F. Centauropsis cuspidata Humbert. D. Detail of the colporus, endoaperture and surface, equatorial view. E.
Apertures 3-colporate, long and acute apices and apocolpium surface. F. Optical section, equatorial view. G—H. Centauropsis decaryi
Humbert. G. Detail of the colporus, endoaperture and surface, equatorial view. H. Apertures 3-colporate, long and acute apices and apoc-
olpium surface. I. Optical section, equatorial view. J-L. Centauropsis fruticosa Bojer ex DC. J. Detail of the colporus, endoaperture and
surface, equatorial view. K. Apertures 3-colporate, long and acute apices and apocolpium surface. L. Optical section, equatorial view.
Scale bars — 10 um (A—C, G-L), 8 um (D-F).

Exine 5.0-7.7 um, sexine from 1.3-2.9 times thicker Centauropsis decaryi Humbert (Figure 1G—I, 2G—D).

than nexine; spines 3.5 uym (Table II), base con- — DPollen grains are medium-sized (46.3 [47.8
stricted, apices acute (Figures 1F, 2F); lophae and 0.7] 49.2x41.1 [42.5%0.7] 43.9) X (44.9 [46.2%
sublacunae nanoreticulate (Figure 2E-F). 0.6] 47.5), oblate spheroidal (Table I), amb
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Figure 2. Scanning electron microscopy of Cenrauropsis Bojer ex DC. pollen grains. A-C. Centauropsis antanossi (Scott Elliot) Humbert. A.
General view of the mesocolpium, equatorial view. B. Detail of apertural membrane of the colporus, margo, and mesocolpium. C. Fractured
pollen grain, structure of exine layers. D—F. Centauropsis cuspidata Humbert. D. General view of the apertural area and mesocolpium, equa-
torial view. E. Detail of apocolpium, polar view. F. Detail of the spines and lophae on mesocolpium, equatorial view. G-I. Centauropsis
decaryi Humbert. G. General view of the mesocolpium, equatorial view. H. General view of the apocolpium, polar view. I. Fractured
pollen grain, structure of exine layers. J-L. Centauropsis fruticosa Bojer ex DC. J. General view of the apertural area and mesocolpium, equa-
torial view. K. Detail of apocolpium, polar view L. Detail of apertural membrane of the colporus, margo, and mesocolpium. Scale bars —

10um (A, D, G, H,]), 1 um (B, G, E, F, I, K, L).

subtriangular to triangular (Figure 1H), ellipsoidal in
equatorial view (Figures 1G, I, 2G), angulaperturate,
polar area small (Figures 1H, 2H). Colporus long,
apices rounded (Figures 1H, 2H), membrane

granulate; endoaperture very lalongate, terminals
acute (Figures 1H, 2G, H). Exine 5.2-8.4 um,
sexine from 1.3-2.6 times thicker than nexine;
spines 5.0 um (Table I), base non-constricted,
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Figure 3. Light microscopy of Centauropsis Bojer ex DC. pollen grains. A—C. Centauropsis fruticosa var. baronii Humbert. A. Detail of the
colporus, endoaperture and surface, equatorial view. B. Apertures 3-colporate, long and acute apices and apocolpium surface. C. Optical
section, equatorial view. D—F. Centauropsis perrieri Humbert. D. Detail of the colporus, endoaperture and surface, equatorial view. E. Aper-
tures 3-colporate, long and acute apices and apocolpium surface. F. Optical section, equatorial view. G—I. Centauropsis rhaponticoides Drake.
G. Detail of the colporus, endoaperture and surface, equatorial view. H. Apertures 3-colporate, long and acute apices and apocolpium
surface. I. Optical section, equatorial view. Scale bars — 10 um (A-C), 8 um (D-I).

apices acute (Figure 2I); lophae and sublacunae
nanoreticulate (Figure 2H).

Centauropsis fruticosa Bojer ex DC. wvar. fruticosa
(Figure 17-L, 27-L). — Pollen grains are medium
to large-sized (49.8 [50.9+0.6] 52.1 X43.5 [46.0
+0.3] 45.3) X (49.0 [50.5 £ 0.7] 52.0), oblate spher-
oidal (Table I), amb subtriangular, circular in equa-
torial view (Figure 1]), angulaperturate, polar area
small (Figure 1K). Colporus long, apices rounded
(Figures 1K, 2], L), membrane granulate (Figure
2L); endoaperture very lalongate, terminals
rounded (Figure 1]). Exine 2.3-7.1 um, sexine
from 1.8-3.2 times thicker than nexine; spines
4.1 yum (Table 1), base non-constricted, apices
acute (Figure 2K, L); lophae and sublacunae nanor-
eticulate (Figure 2K).

Centauropsis fruticosa var. baronii Humberr (Figures
34-C, 44A-C, ¥, K). — Pollen grains are medium-
sized (46.9 [47.610.4] 48.4x42.3 [43.0%0.3]
43.6) X (45.4 [46.3+0.4] 47.3), oblate spheroidal
(Table I), amb subtriangular, ellipsoidal in equatorial
view (Figure 3A, C), angulaperturate, polar area small
(Figure 3B). Colporus long, apices rounded, rarely
acute (Figure 3B), membrane granulate (Figure 4A);
endoaperture very lalongate, terminals acute (Figure
3B). Exine 5.0—7.5 um, sexine from 1.8-3.1 times
thicker than nexine; spines 4.3 um (Table I), base
non-constricted, apices acute (Figure 4B, C); lophae
nanoreticulate-microechinate (Figure 4B, C) and sub-
lacunae nanoreticulate (Figure 4B).

Centauropsis perrieri Humbert (Figures 3D—F, 4D—F,
L). — Pollen grains are medium-sized (46.8 [47.3
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Figure 4. Scanning electron microscopy of Centauropsis Bojer ex DC. pollen grains. A—C. Centauropsis fruticosa var. baronii Humbert. A.
General view of the apertural area, mesocolpium, and apocolpium, inclined equatorial view. B. Detail of the spines, lophae and microspines
on mesocolpium, equatorial view. C. Fractured pollen grain, structure of exine layers. D—F. Centauropsis perrieri Humbert. D. General view
of the apertural area, mesocolpium, equatorial view. E. Detail of the apocolpium, polar view. F. Detail of apertural membrane of the col-
porus, margo, and mesocolpium. G—I. Centauropsis rhaponticoides Drake. G. General view of the apertural area, mesocolpium, equatorial
view. H. Detail of the apocolpium, polar view. I. Detail of the spines on mesocolpium, equatorial view. J, K. Fractured pollen grain, struc-
ture of exine layers of Centauropsis fruticosa var. baronii Humbert. L. Fractured pollen grain, structure of spine of Centauropsis perrieri

Humbert. Scale bars - 10 um (A, D, G), 1 um (B, C, E, F, H-L).

+0.3147.8x41.1[41.810.3]42.4) x (45.1 [45.8%
0.4] 46.6), oblate spheroidal (Table 1), amb sub-
triangular (Figure 2E), ellipsoidal in equatorial view
(Figure 3D, F), angulaperturate, polar area
medium (Figures 3E, 4E). Colporus medium,

apices rounded (Figures 3E, 4E) membrane
granulate (Figure 4D); endoaperture very lalongate,
terminals rounded (Figures 3D, 4E). Exine
5.4-7.8 ym, sexine from 1.8—3.3 times thicker
than nexine; spines 3.2um (Table I), base
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Table III. Morphology and ultrasculpture of Centauropsis pollen grains using light and scanning electron microscopy.

Endoaperture class, Spine base,

Specie Size Form Colporus terminals apices Lophae
Centauropsis L- Oblate spheroidal Medium, Lalongate, rounded Non- constricted, Nanoreticulate
antanossi M* pointed acute
Centauropsis M Oblate spheroidal to ~ Medium, Very lalongate or Constricted, Nanoreticulate
cuspidata prolate spheroidal pointed lalongate* rounded acute
Centauropsis decaryi M Oblate Long, Very lalongate, pointed Non- constricted, Nanoreticulate
rounded acute
Centauropsis fruticosa  M-L. Oblate spheroidal Long, Very lalongate, Non- constricted, Nanoreticulate
rounded rounded acute
Centauropsis fruticosa M Oblate spheroidal Long, Very lalongate, pointed Non- constricted, Nanoreticulate-
var. baronii rounded acute microechinate
Centauropsis perrieri M Oblate spheroidal Medium, Vary lalongate, Non- constricted, Nanoreticulate
rounded rounded acute
Centauropsis L Oblate spheroidal Long, Lalongate to very Non- constricted, Nanoreticulate
rhaponticoides rounded lalongate, rounded obtuse

Notes: Large (L), medium M).

non-constricted, apices acute (Figure 4E, F); lophae
and sublacunae nanoreticulate (Figure 4E).

Centauropsis rhaponticoides Drake (Figures 3G—I,
4G-I). — Pollen grains are large-sized (56.4 [58.4
+1.0] 60.4x53.2 [54.8+0.7] 56.3) x (56.1 [58.3
+0.9] 59.8), oblate spheroidal (Table I), amb tri-
angular (Figure 3H), circular to ellipsoidal in equa-
torial view (Figures 3G, I, 4G), angulaperturate,
polar area small (Figure 3H). Colporus long, apices
rounded (Figures 3H, 4H), membrane granulate;
endoaperture lalongate to very lalongate, terminals
rounded (Figure 3H). Exine 7.4-9.8 um, sexine
from 1.1-2.0 times thicker than nexine; spines
5.4 um (Table I), base non-constricted, apices
acute (Figure 4I); lophae and sublacunae nanoreticu-
late (Figure 4H).

Principal component analysis (PCA)

The PCA explored the correlation between a suite of
selected palynological characters, in a total of 11
metric variables and one class/index (Figure 5,
Table IV). Correlation coefficients are shown in
Table IV. The first two axes accounted for 88.76%
of the total variance of the quantitative data analysed.
The first axis explained 69.41% of the variance and
was mainly associated with EL, CW, CL, PV, PA,
EA and Se. The second axis summarised 19.35%
of the total variance, with Sp, Ecl, EW, Ne, and Ex
being the variables that contributed most to this axis.

Three individuals of Centauropsis rhaponticoides
(rah07, rah10, rahl1) represent the largest pollen
grains, and the highest values relative to colporus
and endoaperture dimensions were located on the

upper left side of the PCA associated with high
values of EA, PA, CL, CW, EL, EW. Centauropsis
antanosst (and08, ant92), C. fruticosa var. fruticosa
(fru36) and C. cuspidata (cus60) showed high Ex
and the lowest Ecl representing the lalongate endoa-
perture, were located on the bottom left side of the
PCA.

Due to their high Ecl values, Centauropsis decaryi
(dec86, dec87) and C. cuspidata (cus63) were
placed on the upper right side of the PCA with very
lalongate endoaperture. Specimens with the smallest
pollen grains and spines were located mainly on the
bottom right side of the graph. These specimens
also had the lowest EA, PA, PV, and Sp values:
C. fruticosa var. fruticosa (fru94), C. cuspidara
(cus34) and C. perrieri (per62).

Cluster analysis (UPGMA and Euclidean distance)

We identified two groups of specimens with 0% simi-
larity (Figure 6). One group had similarity greater
than 30% and comprised the species with the smal-
lest pollen grains, colporus and endoaperture dimen-
sions and the highest endoaperture class
(Centauropsis cuspidata [cus34, cus63] C. decaryi
[dec86, dec87], C. fruticosa var. fruticosa [fru94],
C. perrieri [per32]). The other group had similarity
greater than 45% and comprised the remaining
species with the largest pollen grains, colporus and
the endoaperture values and the smallest endoaper-
ture class (C. antanossi [ant08, ant92], C. fruticosa
[fru36], C. rhaponticoides [rah07, eah10, rahl11] and
C. cuspidata [cus60]). Two C. rhaponticoides speci-
mens [rah07, rah70] showed 100% similarity and
two C. antanossi almost 95% (ant08, ant92).
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Figure 5. Principal component analysis biplot of the pollen grain metric variables and classes/indices of Centauropsis specimens.

Discussion
Pollen morphology of Centauropsis

The pollen of Centauropsis is characterised by 3-col-
porate aperture pattern, sublophate ornamentation,
and nanoreticulate sexine. Our results also corrobo-
rate previous observations made for Centauropsis
fruticosa by Kingham (1976), with exception of the
spine length, which we have documented as slightly
shorter (4.1 pym in our study versus 5.5—6.5 um in
Kingham’s work). Pollen grain axis, colporus size,
shape and size of spines, shape, and terminal of the
endoaperture were useful characters to distinguish
the species of Centauropsis (Table III).

In Compositae (and notably, several other genera
in tribe Vernonieae), pollen grain size and mor-
phology of the apertures (colporus and endoaper-
ture), as well as of the spines, have been of

important systematic value, such as in the genera
Chresta Vell. ex DC., Eremanthus Less., Graphistylis
B. Nord. Paralychnophora Macleish, Piprolepis
Sch.Bip. and Verbesina L. (Loeuille et al. 2012;
Souza-Souza et al. 2015; Souza 2016; Siniscalchi
et al. 2017; Moreira et al. 2019; Souza-Souza et al.
2022). Beyond these characters, other pollen mor-
phological characters have been of importance for
recognising species and groups of species, such as
the shape of pollen grains (spheroidal, oblate spheroi-
dal, prolate spheroidal), aperture number and
position (3-colporate, 3-colpate, pantoporate),
sexine ornamentation and reticulation (echinolo-
phate, psilolophate, subechinolophate, echinate),
muri ornamentation (psilate, perforate, reticulate,
echinate), lacunae shape (hexagonal, pentagonal,
circular) and ridge of the lacunae (interrupted, non-
interrupted); these should be considered in future



Table IV. Pearson and Kendall coefficients of pollen grain metric
variables and classes/indices from the first two ordination axes of
the principal component analysis (PCA) of Centoropsis species.

Principal components

Variables Axis 1 Axis 2

EA -1778 0.1366
PA -0.1974 0.1288
PV -0.1994 0.1266
CL -0.2554 0.1070
CWwW -0.4272 0.1156
EL —-0.6406 -0.2711
EW -0.2153 0.3161
Se -0.0547 0.0323
Ne -0.1878 0.2537
Ex -0.1191 0.1284
Ecl 0.3509 0.4973
Sp 0.0982 0.6491

EA, equatorial axis; PA, polar axis; PV, equatorial axis in polar view;
CL, colpus length; CW, colpus width; EL, endoaperture length;
EW, endoaperture width; Se, sexine thickness (S = infratectum +
tectum); Ne, nexine thickness; Ex, exine thickness (Ex =N+ S);
Ecl, endoaperture class; Sp, spine length.

palynological and evolutionary studies in Vernonieae
(Keeley & Jones 1979; Stanski et al. 2013; Souza
et al. 2016; Siniscalchi et al. 2017; Souza-Souza
et al. 2022).

Centauropsis fruticosa var. baronii showed acute
endoaperture terminals (Figure 3A) (versus
rounded endoaperture terminals in C. fruticosa var.
fruticosa) (Figure 1]) and nanoreticulate-microechi-
nate lophae (Figure 4B, C, ]J) (versus nanoreticulate
lophae in C. fruticosa var. fruticosa) (Figure 2K)
(Table III). These varieties also discretely differ in
length of the pollen grain axes (i.e. they are different
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in shape), and in length of the colporus and endoa-
perture (Tables I, II). These morphometrical differ-
ences are confirmed by results from the PCA, in
which C. fruticosa var. baronii is positioned on the
bottom left corner of the plot (versus bottom right
in C. fruticosa var. fruticosa) (Figure 5), and each
specimen is represented in a different group, with
0% similarity (Figure 6). More studies are ongoing
to re-assess their delimitation, based on other
characters.

Palynotaxonomy

The 3-colporate pattern, presence of circular endoa-
pertures, and smooth to perforate ornamentation are
shared with the genera Cabobanthus, Crystallopollen,
and Cyanthillium, belonging in the subtribes Erlan-
geinae and Centrapalinae, as well as with the South
American genus Pacourina (subtribe Pacourininae)
(Wortley et al. 2007; Blackmore et al. 2009).
Phylogenetic analyses of the total nuclear internal
transcribed spacer (ITS) region, the chloroplast
gene ndhF, and the non-coding spacer region
trnL-F have placed Centauropsis in a combined Cen-
trapalinae/Erlangeinae clade (Keeley et al. 2021).
The palynological data available for this clade
showed variation in the type of aperture (3-colpo-
rate, 3-porate, pantoporate) and type of ornamenta-
tion (lophate, sublophate) (Wodehouse 1928;
Erdtman 1952; Jones 1981; Robinson 2007;
Bunwong & Chantaranothai 2008; Robinson et al.
2014; Robinson et al. 2016). Both these characters
have shown systematic value in different groups of
angiosperms, including Compositae (Walker 1974;
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per62
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Figure 6. Dendrogram built from cluster analysis (Euclidean distance) for Centauropsis specimens, information remaining (%).
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Feuer 1990; Banks 2003; Robinson et al. 2016; Oli-
veira et al. 2019). According to our observations and
information from the literature, the 3-colporate
pollen pattern (Parapolydora, Hilliardella, and Cen-
tauropsis) co-occurs with a sublophate exine
pattern. Thus, all the porate pollen patterns (3-
porate and pantoporate; Crystallopollen, Cyanthil-
lium, Pacourina and Cabobanthus) share a lophate
exine pattern.

However, palynological data from the remaining
genera and species in the Centrapalinae/Erlangei-
nae clade is still lacking that would allow us to
infer synapomorphic characters beyond Centaurop-
sis. Thus, to date, only 15 of the 32 species (<
50%) in the clade that is sister to Centauropsis
have had their pollen described (Wodehouse
1928; Erdtman 1952; Jones 1981; Robinson
2007; Bunwong & Chantaranothai 2008; Robinson
et al. 2014; Robinson et al. 2016). In addition to a
low number of species analysed, a complete, com-
prehensive, and standardised description of other
pollen characters (i.e. pollen grain axes, colporus
and endoaperture shape and size, spine shape and
size) are not provided at species level, which
would also help differentiate the species within
the genera or perform a more robust pollen evol-
ution analysis in future studies.

Previous studies have suggested the sublophate
3-colporate pattern, (‘Pollen Type A’ of Keeley and
Jones (1979), found mostly in Africa, south-eastern
Asia and some Neotropical taxa) is the ancestral con-
dition (Keeley & Jones 1979) in Vernonieae but not
all authors support this hypothesis (Robinson
1999). However, the model of pollen evolution in
Vernonieae has not been tested in a molecular phylo-
genetic context at the tribal level, in part due to insuf-
ficient sampling breadth in previous studies
especially for taxa from Africa and south-eastern
Asia. The sampling limitations of previous studies
are not surprising, as this is one of the most
species-rich groups in Compositae, with ¢. 1500
species and a wide distribution (Keeley et al. 2021;
Siniscalchi et al. 2017). Thanks to improved data
accessibility from collections, as well as increasing
scalability of molecular methods, these sampling
limitations can be alleviated during the next
decade, to help cast a broader picture of palynologi-
cal diversity and pollen evolution in Vernonieae. As
with the Centrapalinae-Erlangeinae combined
clade, more extensive sampling at the species level
(both molecular and palynological), and standardis-
ation of pollen terminology, will be key to developing
these resources in the future and more accurately test
these hypotheses.

Conclusions

Centauropsis is a stenopalynous genus, with the 3-col-
porate aperture being conserved in all representatives
of the genus studied to date. Further study that
includes more comprehensive sampling of species
in Vernonieae will be necessary to understand the
diversity and evolution of pollen within this tribe,
and to more confidently phylogenetically place
Centauropsis, in relation to other genera in this
tribe. Phylogenomic analyses are ongoing that will
help understand the classification of the species of
Centauropsis and elucidate the relationships within
the genera of Vernonieae, for which the integration
of these palynological data will be important.
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Specimens investigated

Centauropsis Bojer ex DC. [superscript letter a in herbarium
voucher represents a species affinis].

Centauropsis antanossi (Scott Elliot) Humbert. Madagascar:
Toamasina/Fivondronana. R. Rabevohitra et al. 5005, 18
February 2004 (K000662008). Madagascar, Toamasina/
Fivondronana. R. Rabevohitra et al. 4365, 1 February 2003
(K000614892).

Centauropsis  cuspidata Humbert. Madagascar: Diego-Suarez/
Antsiranana. L. Gautier, T. Rakotomamonjy, LG 3736, 02
June 2000 (K002069634%). Madagascar: Antsiranana,
J. Bosser 5641, 1 July 1953 (P0611963). Madagascar:
Antsiranana. C. Rakotovao, T. Jaovazaha 2574, 23 November
2005 (P00611960%).

Centauropsis decaryi Humbert. Madagascar: Antananarivo. J.L.
Zarucchietal. 7361, 8 May 1991 (K002069587). Madagascar:
Tamatave. D.J. Mabberley 817, 29-30 March 1971
(K002069586).

Centauropsis fruticosa Bojer ex DC. var. fruticosa Madagascar:
Fianarantsoa. R. Rakoto 133, 6 July 1992 (K000662036).



Centauropsis fruticosa var. baronii Humbert. Madagascar: Fianar-
antsoa/Vatovavy-Fitovinany region. R. Rakoto 133, 6 July
1992 (K002069594).

Centauropsis  perrieri Humbert. Madagascar: Mangindrano/
Androranga. R. Capuron 24902, 1951 (P00611962).

Centauropsis rhaponticoides Drake. Madagascar: Diego-Suarez/
Antsiranana. L. Gautier, S.D. Ramandimbimanana, LG
5128, 4 November 2007 (K002069610). Madagascar:
Manangotry. J.H. Mc Whirter 216, 12 September
1968 (K002069611). Madagascar: Antsiranana/SAVA
region. D. Randriambolomamonjy et al. 268, 7 November
2007 (K002069607).
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