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Pollen morphology and its relation with meiotic irregularities in ten
species of Campuloclinium (Eupatorieae, Asteraceae)

GABRIELA ELIZABETH FARCO! & MASSIMILIANO DEMATTEIS!>?

! Instituto de Boténica del Nordeste (UNNE-CONICET), Corrientes, Argentina, *Facultad de Ciencias Exactas vy Naturales y
Agrimensura (UNNE), Corrientes, Argentina

Abstract

Pollen grains of ten species of Campuloclinium (Eupatorieae, Asteraceae) are described and illustrated using light and
scanning electron microscopy. The species included in this study are C. burchelli, C. campulochnioides, C. chlorolepis, C.
hirsutum, C. irwinii, C. macrocephalum, C. megacephalum, C. parvulum, C. purpurascens and C. riedelli. Pollen grains of
Campuloclimium are typically radially symmetric, echinate, tectate, oblate-spheroidal to prolate-spheroidal (P/E ratio: 0.94—
1.10). Pollen is mostly triaperturate, but tetraaperturate or biaperturate pollen also occurs in some species. The pollen
diameter was highly variable ranging from 10.54 pm to 36.18 um. The significance of the variation in type and size of pollen
is discussed in relation to diverse meiotic abnormalities and possible reproductive apomictic processes within the polyploid

species.

Keywords: exine, 2-colporate, 3-colporate, 4-colporate, polyploidy

The genus Campuloclinium (Eupatorieae, Asteraceae)
is derived from the taxonomic reorganisation of
Eupatorium s.1. It comprises 15 species distributed
in North and South America (Robinson 2006).
Most of the species occur in various Brazilian
biomes, 11 of which are endemic (Nakajima et al.
2014). Campuloclinium macrocephalum has the widest
geographical distribution occurring in Mexico, Hon-
duras, Guatemala, Venezuela, Colombia, Brazil,
Paraguay, Uruguay and Argentina (King & Robin-
son 1987; McConnachie et al. 2011). In contrast, C.
parvulum is in danger of extinction and has been
included in the Red List of Brazilian plants (Naka-
jima et al. 2013). The importance of palynology as a
subsidy to the systematics of major groups of plants
is evident in the contributions of The Angiosperm
Phylogeny Group II, III and IV (APG II 2003; APG
III 2009; APG IV 2016). In the Asteraceae, the use
of pollen features is recognised due to its importance
for taxonomy hierarchical levels and, more recently,
to establish the phylogenetic position of genera, sub-
families and tribes (Funk et al. 2009).

Asteraceae show some of the most complex and
diverse pollen grains among the flowering plants
(Skvarla & Turner 1966). The pollen is typically
isopolar and radially symmetric, with compound
apertures (Stix 1960). Pollen ornamentation is psi-
late, echinate or lophate (Wodehouse 1926, 1929).
Three main patterns of exine stratification, anthe-
moid, helianthoid, and senecioid, were established
by Skvarla and Larson (1965) and Skvarla and
Turner (1966). Based on the exine structure, Stix
(1960) described several pollen types for the Aster-
aceae using light microscopy (LLM) and transmission
electron microscopy (TEM). Pollen grains of the
tribe Eupatorieae were described as the Eupatorium
type characterised by the presence of a large cavity
between two layers of the exine (Blackmore 1984).
Subsequently Skvarla et al. (1977) analysed pollen
grains of other species of the tribe Eupatorieae and
described these grains as the Helianthoid type. This
latter type is characterised by a caveate exine with
internal foramina. In recent years, studies on pollen
morphology in some species of the tribe Eupatorieae
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Figure 1. Pollen morphology in Campuloclinium (SEM micrographs). A. Campuloclinium chlorolepis, polar view, apocolpium. B, C.
Campuloclinium macrocephalum, detail of the spines with perforations of different sizes on the basis (B), equatorial view, colpus (C). D-F.
Campuloclinium megacephalum, polar view, spines covering the folded colpi (D), detail of colpore (E), equatorial view (F). G=I. Campulo-
clintum purpurascens, polar view, apocolpium (G), equatorial view, colporus (H), inner structure (I). Abbreviations: bc, basal region of
columellae; cv, cavea; ec, ectoaperture; ed, endoaperture; en, endexine. Scale bars — 2 um (A, C, D, F, G, H), 1 um (E), 500 nm (B, I).

were performed by Salgado Labouriau (1973), Men-
dong¢a and Gongalves- Esteves (2000), Esteves
(2001), Cancelli et al. (2005, 2010) and Cancelli
et al. (2007).

The evolution of the pollen grains in the Eupator-
ieae has been poorly studied and currently, evolu-
tionary trends are known only for five groups of the
Asteraceae: Cardueae, Arctotideae, Cichorieae, Ver-
nonieae and Inuleae (Funk et al. 2009). Studies of
pollen grains in this big group show that, in general,
the Eupatorieae pollen is the most elaborate in the
family. The Eupatorieae pollen is spheroidal with
acute colpus ends, foramina, uniform distribution
of columellae, caveate and ornamentation echinate
(Funk et al. 2005). The pollen morphology of several
tribes does not appear to have been studied at all in

recent years (Wortley et al. 2012). This lack of inter-
est perhaps reflects the relatively homogenous nature
of pollen morphology within the most derived sub-
families of Asteraceae (Wortley et al. 2009). For
pollen of Campuloclinium, there are only a few mor-
phological and ultrastructural studies and pollen wall
architecture was not previously investigated using
scanning electron microscopy (SEM).

Pollen features are often claimed as important in
elucidating taxonomic problems. In the Asteraceae
pollen morphology appears to be useful in taxonomic
discussions and has resulted in certain changes at the
generic and subgeneric level. In Campulochinium,
palynological data are only available for the species
C. macrocephalum (Ines et al. 1981; Cancelli et al.
2010). The aim of this work is, therefore, to contri-



bute to our knowledge of this genus by performing a
comparative study on pollen morphology including
most Campuloclinium species. Furthermore, the
study also investigates possible correlation between
pollen morphology and the meiotic irregularities of

polyploid cytotypes.

Material and methods

Pollen samples from 33 populations belonging to ten
species of Campuloclinium were obtained from herbar-
ium specimens of the Instituto de Botanica del Nor-
deste (CTES), Corrientes, Argentina, the New York
Botanical Garden (NY), New York, USA, the Univer-
sity of Uberlandia (HUFU), Uberlandia, Brazil and the
Botanical Garden of Rio de Janeiro (RB), Brazil. See
the ‘Specimens investigated’ list for details.

Pollen material was obtained from flowers at
anthesis and/or from preanthetic buds. The flower
buds were processed using the acetolysis method of
Erdtman (1960). Random measurements included
15-30 pollen grains for each sample. For LM, pollen
grains were mounted on glass slides using glycerin
jelly and were subsequently examined with an oil
immersion objective (100X) of a Zeiss Axioplan
light microscope. For SEM analyses, the acetolysed
pollen grains were first washed in alcohol 96% and
absolute alcohol, then coated with gold-palladium
and examined with a JEOL 5800 LV scanning elec-
tron microscope.

The following characters were considered: exine
structure (in cross-section), surface sculpture (orna-
mentation of the pollen surface), size, shape and
apertures (also known as ‘pollen classes’, Faegri
and Iversen, 1989). The characters were partitioned,
measurements and calculated: polar axis (P), equa-
torial diameter (E), P/E ratio, exine thickness and
cavus (EC), length of spine (S), length of colpus
(LC), width of colpus (WC) and distance between
spines (DS). Pollen size is measured across the dia-
meter, from base spine to opposite base spine. Small
pollen grains include those below 21 pm and large
pollen grains those above 28 um in diameter. Pollen
shape is described using the ratio of polar to equa-
torial diameters (P/E ratio; Erdtman 1952). The ter-
minology applied to describe pollen morphology is
that suggested by Punt et al. (2007) and Funk et al.
(2009).

Results
Shape

Pollen grains of the Campuloclinium species analysed
here are radially symmetric and isopolar, oblate-
spheroidal to prolate-spheroidal (Table I).
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Surface sculprure

Mean length of the spines ranges from 2.78 pm to
5.18 um (Table I). Spine perforations can be homo-
geneous or heterogeneous, circular, elliptical or
amorphous and these continue around the spine
base. The spines possess channels or projections
formed by the layers of columellae at their base,
with the width of the base of the spines being major
than the area between spines (Figure 1I). The per-
forations are wide in the lower half of the spine and
decrease in number around of it. In equatorial view,
a row with four to five pairs of spines can be seen
bordering the aperture. Campuloclinium megacepha-
lum is unique by having folded spines that cover the
aperture (Figure 1D).

Exine structure

The exine structure in Campuloclinium pollen grains
is caveate, tectate and columellate, with a mean
exine thickness from 2.56 um to 5.32 pm (including
cavea). The tectum is continuous, with numerous
microperforations (lesser than 1 pm) and usually
echinate microperforated in SEM. Perforations are
either elliptical or circular. The infratectum is sepa-
rated by a caveate region and supported by columel-
lae (Figure 1I).

Apertures

The pollen grains of the analysed species are zonoaper-
turate and with compound apertures. The aperture
type in ectoaperture is a colpus (mean length of colpi)
ranged from 10.2 um to 20.4 pm (Table I) and showed
acute apices (Figure 1C, E). The apertural membrane
is scabrous (Figure 1E, F) and the endoaperture is
distinctly lalongate with (Figure 2B) or without a med-
ian constriction (Figure 2F). The grains are typically
triaperturate (Figures 2A-F; 3B-C, E, F), less fre-
quently tetraaperturate or biaperturate. In some speci-
mens of Campuloclimium hirsutum, C. irwini, C.
parvulum, C. riedelli, C. macrocephalum, C. megacepha-
lum and C. purpurascens 2-, 3- and 4-colporate grains
were produced from the same plant (Tables II, III).

Size of pollen grains

The variation in size range is wide within the genus and
also within species. The mean polar axis ranges from
16.32 um to 29.92 um, and the equatorial axis from
16.00 pm to 29.92 um (Table I). From a total of ten
species analysed, eight presented small and/or large
pollen grains. These were: Campuloclinium chlorolepis,
C. hirsutum, C. trwinii, C. parvulum, C. macrocephalum,
C. megacephalum, C. purpurascens and C. riedelli. For
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example, in C. irwinu pollen grains range in diameter
from 10.88 um to 34.00 um (n = 28 326), in C. macro-
cephalum from 13.60 pm to 30.94 um (z = 3646) and in
C. parvulum from 13.05 um to 31.82 ym (n = 843)
(Figures 3D, 4B, Table II).

Discussion

Pollen morphology is often relatively constant within
a particular plant species (Bravo-Hollis & Sanchez-
Mejorada 1978; Pire et al. 2004). Our study shows
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Figure 2. Pollen grains of Campuloclinium
IM). A, B. Campulochinium burchellii
(12418), cross-section (A), equatorial
view (B). C, D. Campuloclinium chlorolepis
(49), polar view (C), cross-section, cavea
D). E, F. Campulochimium campuloch-
nioides (21871), polar view (E), equatorial
view (F). Scale bars — 5 pm.

that the pollen of Campuloclinium display typical
characters of the Asteraceae, which is typically tri-
zono-colporate with a columellate exine. However,
observations using LM and SEM also revealed fea-
tures such as size, shape, apertures, exine structure
and surface sculpture significant to understanding
the morphology of Eupatorieae.

All Campulochinium pollen studied here have caveate
exine. Further the Campuloclinium pollen have a colu-
mellate layer similar to other Eupatorieae such as Fleisch-
manmia carnata (Walter) R.M. King et H.Rob. and
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Carphephorus bellidifolius (Michx.) Torr. et A.Gray
(Blackmore et al. 2010). The spines are characterised
by a basal part with channels and a solid apical part.
Similar structures are observed in pollen of Graphistylis
(Senecioneae; Souza et al. 2016) and may correspond to
the helianthoid pollen type of Skvarla et al. (1977),
which is common throughout the Asteroideae including
the Astereae and Gnaphalieae. However, TEM studies
would be required to determine whether the exine of
Campulochmium has internal foramina as would be
expected of the helianthoid pollen type that is otherwise
common in Eupatorieae (Funk et al. 2009). This pollen
type is present in some species of tribe Astereae such as
Aster alpinus L., A. amellus L., A. tripolium L., Bellis
perennis L., Dintrichia graveolens (L.) Greuter, Solidago
graminifolia (LL.) Salibs., among other species (Punt &
Hoen 2009; Wortley et al. 2012).

However, pollen grains of Campuloclinium are
similar externally to many other Asteraceae subfami-
lies, such as Athroismeae, Cichorioideae, Barnade-
sioideae and Gnaphalieae (in genera studied such as

Figure 3. Pollen grains of Campuloclinium
@IM). A, B. Campulochinium hirsutum
(60), equatorial view of a tetracolporate
pollen grain (A), polar view of a small
tricolporate pollen grain. C, D. Campulo-
climium irwingi (8543), cross-section of a
tricolporate pollen grain (C), bicolporate
pollen grain (D). E. Campulochinium
macrocephalum (4127), polar view. F.
Campuloclinium — macrocephalum  (31),
cross-section, cavea. Scale bars — 5 um.

Castroviegjoa and Rherinocarpha; Funk et al. 2005;
Wortley et al. 2012).

Pollen size in Campuloclinium burchelli, C. campul-
oclinioides, C. chlorolepis, C. hirsutum, C. irwini,
C. macrocephalum, C. megacephalum, C. parvulum,
C. purpurascens and C. riedelii is heterogeneous. Spe-
cimens collected from different localities show varia-
tions in mean P, E, and minimal and maximal
measurements. The Eupatorieae has pollen grains
between 16 pm an 27 um in diameter (Torres
2000). However, King and Robinson (1987) described
pollen grains ranging from 21 um to 25 um in diameter
for Campuloclinium. In this study, the regular equatorial
diameter varied between 16.32 ym in C. campuloch-
mioides to 47.60 yum in C. megacephalum. Similar varia-
tions in pollen size were observed in several genera of
Asteraceae such as Eupatorium chinense var. sumplicifo-
lium (Makino) Kitam. (Watanabe et al. 1982), Scorzo-
nera (Turkmen et al. 2010), Stevia rebaudiana
(Bertoni) Bertoni (Oliveira et al. 2004), some species
of Achillea sect. Achillea (Akyalgin et al. 2011), Lessin-
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Table II. Presence and absence of small and large pollen grains and aperture number in Campuloclinium.

Small pollen grains

Large pollen grains

Species Populations Mean (um) Mean (um) Aperture numbers
C. burchellii 25 302 — — 3
12 418 — — 3
C. campuloclinioides 22 823 — — 3
374 — — 3
21 871 — — 3
C. chlorolepis 49 15.14 — 2,3
C. hirsutum 60 13.15 — 2,3,4
7227 16.77 — 3
69 15.64 34.45 3
C. irwinii 8543 13.15 31.11 2,3, 4
27 695 11.39 31.96 2,3
28 326 10.88 34.00 2,3, 4
C. macrocephalum 541 — — 3,4
4127 — — 2,3
31 — — 3,4
3646 13.60 30.94 3,4
C. megacephalum 194 16.32 — 3
59 955 — — 3
35 372 — — 3
C. parvulum 805 — — 3
810 — — 3
843 13.05 31.82 2,3, 4
3850 — — 3
3341 — — 3
1004 13.71 28.56 3,4
C. purpurascens 60 629 13.60 31.28 3
6559 14.05 32.25 2,3
36 478 — — 3
11 200 19.04 36.18 3
C. riedelii 10 574 — — 3
4562 — — 3
25 217 10.54 — 3,4
10 404 13.11 — 3,4

v

gianthus (Dematteis & Pire 2008; Angulo & Dematteis
2010). Also this was seen in other plant groups such as
Cactaceae (Pachycereus weberi (J.M. Coult.) Backeb.;
Aguilar-Garcia et al. 2012).

Campuloclimium macrocephalum is the first poly-
ploid species in the genus that was studied in detail
in mitosis, megagametogenesis and microsporogen-
esis (Dematteis et al. 2007; Farco et al. 2012). Also
it presents mixed populations in their natural state
and its polyploid individuals have cytomixis,
B-chromosomes, apomixis, meiotic irregularities
and low pollen fertility (Farco & Dematteis 2014).
In microsporogenesis, numerous micronuclei found
in polyploid individuals are a result of abnormal
microspores due to unbalanced chromosome segre-
gation (Farco et al. 2012) leading to subsequent
production of the heterogeneous pollen grains
observed here. Previous studies have shown abnor-
mal meiotic behaviour and its correlation with pol-
len grains; for example, in Inula cuspidata C.B.
Clarke (Asteraceae, Inuleae), an accession forms a

large number of malformed pollen grains (Kaur
et al. 2010). In other families such as Fabaceae
(e.g. Lathyrus) and Begoniaceae (e.g. Begonia), dif-
ferences in grain size are linked to irregularities
producing unbalanced gametes during meiosis
(Dewitte et al. 2009; Chalup et al. 2012). Also, in
a study carried out by Noyes and Allison (2005),
some mixed populations with unreduced grains in
low frequencies were found in two plants of Erigeron
strigosus Muhl. ex. Willd. (Asteraceae, Astereae)
that include polyploid apomicts. The triploid indi-
viduals of C. macrocephalum has asexual reproduc-
tion or apomixis (Farco et al. 2012), and this could
affect pollen morphology, such as in Taraxacum
(Asteraceae, Cichorieae) (Blackmore 1976) and
Hesperomannia (Asteraceae, Vernonieae; Marticor-
ena & Parra 1975). Based on all this antecedents,
we suggest that the small pollen grains observed in
this study could be the resulted of the meiotic irre-
gularities in polyploid individuals within genus
Campuloclinium.
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King and Robinson (1967) described multiple
pollen forms that probably reflect different cytologi-
cal races in two species of the genus Stevia (Aster-
aceae, Eupatorieae). Campulochinium was reported as
3-colporate in previous studies of the genus (King &
Robinson 1987) and we here report for the first time
2-colporate (micro-pollen grains) and 4-colporate
pollen grains. Similar aperture numbers have been
observed in other genera such as Eremothamnus,
Hoplophyllum (Asteraceae), Centaurium pulchellum
(Sw.) Druce (Gentianaceae), Matricaria matricar-
ioides (Less.) Porter ex Britton (Asteraceae) and
Tarchonanthus (Asteraceae), which has 3- and 4-col-
porate pollen grains (Wortley et al. 2007; Via do Pico
& Dematteis 2010; Ceter et al. 2013). However,
there is no information about 2-colporate pollen
grains (small pollen grain) for any of these species.
Studies on the aperture numbers in Nicoriana taba-
cum L. (Solanaceae) were attributed to the DNA
strands that were exchanged through communica-
tion channels within microspores in the tetrad form
(Ressayre et al. 2003). However, Robinson and

Figure 4. Pollen grains of Campuloch-
nmium (LM). A. Campuloclinium megace-
phalum (59.955), cross-section, cavea.
B. Campuloclimium parvulum (843),
polar view of tetracolporate pollen grain.
C, D. Campulochimium purpurascens
(6.559), cross-section of tricolporate pol-
len grain (C), equatorial view, colporo
D). E, F. Campulochinium riedelit
(10404), polar view of tricolporate pollen
grain (E), tetracolporate pollen grain (F).
Scale bars — 5 pm.

Skvarla (2014) found different number of apertures
in Oocephala and Polydora (Vernonieae) attributing
the position in the tetrads or mother cell.

Skvarla et al. (2003) observed small pollen grains
in different species of Eupatorium, but attributed
their presence to ‘incompatibilities’ in the develop-
ment of pollen grains. Viral infection might be a
possible factor for abnormal pollen grains in Agera-
tum houstomianum Mill. (Asteraceae, Eupatorieae).
This would cause the formation of 4-colporate
grains, collapsed grains, exine ruptures, irregular
colpus development, fused grains, and grains with
‘satellites’ (or small pollen grains). However, these
aberrations also could be caused by hybridisation,
polyploidy and/or meiotic irregularities (Morzenti
1962; Wells 1971; Chatuverdi et al. 1990; Brochman
1992; Via Do Pico & Dematteis 2010).

Some authors attributed the pollen heteromorphism
to variations in pollen size and aperture type (Nair &
Kaul 1965; Inceoglu 1973; Till-Bottraud et al. 1995).
In species of Viola (Violaceae) and Petunia hybrida E.
Vilm. (Solanaceae), the different pollen forms are not
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Table III. Pollen grains percentages of 2-, 3- and 4-colporate in three species of Campuloclinium with different apertures.

Species Population 2-Colporate 3-Colporate 4-Colporate
C. hirsutum 60 8.60 16.12 75.28
C. irwinii 8543 21.84 23.52 54.62
C. irwinit 28 326 9.16 39.69 51.14
C. parvulum 843 31.53 44.14 24.32
C. riedelli 25 217 0 25.50 74.50
C. riedelli 10 404 0 59.16 40.86

due to the production of reduced and unreduced pollen
grains (Dajoz et al. 1995). Later studies in Viola show
that the occurrence of pollen heteromorphism is corre-
lated with sporophytic polyploidy (Nadot et al. 2000).

Some authors suggested that an evolutionary
increase in aperture number in angiosperms since the
Mesozoic (Walker & Doyle 1975; Van Campo 1976),
indicates a possible correlation with pollen fitness.
There is even a developmental basis for the asymmetry
in the distribution of the pores, more obvious in Poly-
dora and less evident in the more specialised Oocephala.
Thus, until now, the distribution of the pores is influ-
enced by early stages in pollen development, beginning
with position in the tetrads or mother cell (Robinson &
Skvarla 2014).

Conclusion

In this work, we confirmed the presence of radially
symmetric, echinate, tectate, oblate-spheroidal to pro-
late-spheroidal pollen grains in ten Campuloclinium
species examined. However, TEM studies would be
required to determine whether the exine has internal
foramina to be included into the helianthoid pollen
type. Our study shows that Campuloclinium produces
small and large pollen grains and mostly triaperturate,
but tetraaperturate or biaperturate pollen also occurs
in some species. We demonstrated that all examined
Campuloclinium species showed considerable variation,
both at the interspecific and the intraspecific level.
Until now, meiotic irregularities could be related with
the development of pollen grains, similar as seen in
previous studies of C. macrocephalum. However, factors
such as hybridisation, meiotic irregularities, apomixis
or occurrence of B-chromosomes in the genus could
be related to the observed variations here, but cytoge-
netic studies are needed to confirm this hypothesis.
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Specimens investigated

Campuloclinium burchellii (Baker) R.M.King et H.Rob. (25 302):
Argentina. Corrientes. Depto. Santo Tomé. Loc. Route 40,
18 km northeast from Santo Tomé. 13-IV-1974. A. Krapo-
vickas et al. 25.302. (CTES).

Campuloclinium burchellii (12 418): Brasil. Sao Paulo. Prox. to
Interlagos. Bréjo. W. Hoehne 12.418. 18- IV-1949. (CTES).
Campuloclinium campuloclinioides (Baker) R.M.King et H.Rob. (22
823): Brasil. Minas Gerais. 7 km northeast from Diamantina.
H. S. Irwin, R. Ries dos Santos, R. Souza and S. F. da Fonseca

22823. 29-1-1969. (RB).

Campuloclinium campuloclinioides (374): Brasil. Minas Gerais. Par-
que Nacional Grande Sertao Veredas. 15° 13’ 01” S, 45° 50’ 15"
W. 01-V-1999. R. Rodriguez da Silva, T. S. Filgueiras and F.
C. A. Oliveira 374. (RB).

Campuloclinium campuloclinioides (21 871): Brasil. Minas Gerais.
Diamantina, 27 km from Diamantina around Gouveia. Height:
1300 m. 13-I-1969. H.S. Irwin, R. Ries dos Santos, R. Souza
and S. F. da Fonseca 21871. (RB).

Campuloclinium chlorolepis (Baker) R.M.King et H.Rob. (49): Bra-
sil. Goias. Goiania. Serra Dourada. Reserva Bioldgica Prof. José
Angelo Rizzo. 16° 03’ 59.9” S, 50° 10’ 47.4" W. Height: 987 m.
27-1-2012. G. E. Farco, et al. 49. (CTES).

Campulochinium hirsutum Gardner (60): Brasil. Minas Gerais.
Uberlandia. Reserva of Clube Caga e Pesca Itoror6é de Uberlan-
dia. 05-I1-2012. G. E. Farco, et al. 60. (CTES).

Campuloclinium hirsurum (60 629): Brasil. Rio Grande do Sul. Loc.
Rod. RS-110, proximate to Tainhas (mun. Sao Francisco de Paula).
17-IV-1994. G. Hatschbach and E. Barbosa 60.629. (CTES).

Campulochinium hirsutum (7227): Brasil. Alagoas. Quebrangulo,
Piedra Tallada, Reserva bioldgica (Agreement IBAMA-Associa-
cao Pedra Talhada) 9°15' S, 36° 25’ W. 22-X1-1994. G. Hatsch-
bach and E. Barbosa 7227. (CTES).

Campuloclinium irwinii (Baker) R.M.King et H. Rob. (8543): Bra-
sil. Minas Gerais. Sierra del Espinazo. 6 km north from Gou-
veina, on route to Diamantina. 1250 msnm. 10-IV-1973.
William R. Anderson 8543. (NY).
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Campuloclinium trwinii (27 695): Brasil. Minas Gerais. Sierra del
Espinazo. 18 km east of Diamantina. 900 msnm. 16-III-1970.
H. S. Irwin, S. F. Fonsecca, R. Souza, R. Reis dos Santos, J.
Ramos 27695. (NY).

Campuloclinium trwinii (28 326): Brasil. Minas Gerais. Sierra del
Espinazo. 2 km north from Sao Joao de Chapada. Height:
1200 m. 25-11I-1970. H. S. Irwin, S. F. Fonsecca, R. Souza,
R. Reis dos Santos, J. Ramos 28326. (NY).

Campuloclinium macrocephalum DC. (3646): Bolivia. Santa Cruz. Prov.
Andrés Ibanes, alrededores de Tierras Nuevas- El Palmar, 8 km
southeast of Santa Cruz de la Sierra 17° 12.5' S, 63° 10’ W. Height:
430 m. 13-XI-1994. Israel G. and Vargas C. 3646. (CTES).

Campuloclinium macrocephalum (541): Argentina. Corrientes.
Depto. Ber6on de Astrada. Loc. 44 km west from Ita Ibaté. 15-
1-1977. O. Ahumada. 541. (CTES).

Campuloclinium macrocephalum (4 127): Brasil. Estados de Goias.
Municipio de Pirendpolis. Serra dos Pierneus going to Parque
Cerrado. 15° 49'01" S 48° 53'38” W. Heigth: 1085 m. 18-I-
2005. J. Paula-Souza 4.127. (CTES).

Campuloclinium  macrocephalum (31): Argentina. Corrientes.
Depto. Berén de Astrada. 8.8 km north of Berén de Astrada
over route 12° 28’ 19” S, 57° 31’ 06” W. Height: 60 m. 06-XII-
2010. G. E. Farco 31. (CTES).

Campuloclinium macrocephalum (290): Paraguay. Depto Misiones.
Yacyreta, 27° 27" 11" S, 56° 47' 22" W. 20-11-2004. J. Egea et al.
290. (CTES).

Campuloclinium megacephalum (194): Brasil. UB Gama. Parque
Recreativo e Reserva Ecoldgica do Gama. Center-Western,
16° 03’ S, 48° 03’ W. Height: 850 m. 12-I-2001 B. M. Gomes
et al. 194. (CTES).

Campuloclinium megacephalum (59 955): Brasil. Goias. Route GO-
118, 6 km north from Sao Gabriel (mun. Planaltina) Goias. 07-
11-1994. G. Hatschbach 59955 and J. M. Silva. (CTES).

Campuloclinium megacephalum (35 372): Brasil. Minas Gerais.
Pozos de Caldas. Velos das Noivas. A. Krapovickas and C.
Cristobal 35.372. (CTES).

Campuloclinium parvulum (Glaz.) R.M.King et H.Rob. (805): Bra-
sil. Minas Gerais, S30 Roque de Minas. PARNA Serra da
Canastra, going to Sacramento. 18-1II-1995. J. N. Nakajima,
R. Romero, R. Cesar and E. Zanini 805. (HUFU).

Campuloclinium parvulum (810): Brasil. Minas Gerais. San Roque
de Minas. PARNA Serra da Canastra. 18-I11I-1995. J. N. Naka-
jima, R. Romero, R. Cesar and E. Zanini 810 (UB).

Campuloclinium parvulum (843): Brasil. Minas Gerais. Parque
Nacional de Serra da Canastra, San Roque de Minas.16-IV-
1994. Romero, R. et al. 843. (HUFU).

Campuloclinium parvulum (3850): Brasil. Minas Gerais. San Roque
de Minas. Parque Nacional de Serra da Canastra. 19-II-1997.
R. Romero, J. N. Nakajima, A Furlan and M. A. Farinacio
3850. (HUFU)

Campuloclinium parvulum (3341): Brasil. Minas Gerais. San Roque
de Minas. Road to Joao Domingos. 20-III-1996. R. Romero
and J. N. Nakajima, 3341. (HUFU).

Campuloclinium parvulum (1004): Brasil. Minas Gerais. Sao Roque
de Minas, PARNA Serra da Canastra, Estrada S. Roque-Sacra-
mento, 3km da sede administrativa. 10-V-1995]. N. Nakajima,
R. Romero, M. B. Alcantara and C. A. Prado Lima, 1004.
(HUFU).

Campuloclinium purpurascens (Sch.-Bip. ex Baker) R.M.King et H.
Rob. (60 629): Brasil. Rio Grande do Sul. Loc. Route RS-110,
proximate at Tainhas (mun. Sao Francisco de Paula). 17-IV-
1994. G. Hatschbach 60.629 and Barbosa. (CTES).

Campuloclimium  purpurascens (6559): Argentina. Corrientes.
Depto. Santo Tomé. Route 41. Galarza, 28° 05’ S, 56° 40’ W.
Provincial Nature Reserve Ibera, Laguna Galarza. 25-IV-1995.
M.M. Arbo et al. 6.559. (CTES).

Campuloclinium purpurascens (36 478): Argentina. Corrientes.
Depto. Mburucuya. National Park Mburucuya, Ex Estancia
Santa Teresa. 08-VI-2004. A. Schinini and E. Flaschland
36.478. (CTES).

Campuloclinium purpurascens (11 200): Argentina. Corrientes. Depto.
Ttuzaingd. Next stream Garapé (Parana River), 45 km east from
Ttuzaingd. 24-IV-1975. A. Schinini et al. 11.200. (CTES).

Campuloclinium riedelii (Baker) R.M.King et H.Rob. (10 574):
Brasil. Mato Grosso do Sul. Municipio Maracaju, Fazenda
Santo Antonio, Propietary Dr. Alfredo Neder. Height: 590 m.
29-XII-1973. D. Sucre, 10574. (RB).

Campuloclinium riedelii (4562): Brasil. Mato Grosso. Corumba.
Reserva Bioldgica. 18° 59' S, 56° 39’ W. A. Pott 4562. (RB).
Campuloclinium riedelii (25 217): Brasil. Mato Grosso. Mun. Rio

Brillante. 26-X-1970. G. Hatschbach 25217. (RB).

Campuloclinium riedelii (10 404): Brasil. Mato Grosso do Sul
(MS), Campo Grande. Proprietary Dr Alfredo Neder. Height:
550 m. 24-XII-1973. D. Sucre 10404. (RB).
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