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Plantago australis is considered to be obligately cleistogamous. Here we present evidence based on field work,
herbarium collections and literature to show that this species produces both chasmogamous and cleistogamous
flowers. We also hypothesise that the species is ambophilic.

Plantago australis Lam. belongs to Plantago L. subg. Plantago sect.
Virginica Decne. & Steinh. ex Barnéoud, and is one of the most widely
distributed and common species in the genus (Rahn, 1974; Hassemer,
2019; Hassemer et al., 2019). The species has a complex nomenclatural
and taxonomic history. Plantago australis was described by de Lamarck
(1792) but remained relatively obscure until Rahn (1964, 1974) lumped
under this name a number of species accepted up until then (e.g. Pilger,
1913, 1929, 1937). These species included P. accrescens Pilg.,
P. asplundii Pilg., P. bicallosa Decne., P. candollei Rapin, P. cumingiana
Fisch. & C.A.Mey., P. denudata Pilg., P. durvillei Delile ex Fisch. & C.A.
Mey., P. ecuadorensis Pilg., P. gigantea Decne., P. goudotiana Decne.,
P. hirtella Kunth, P. kurtzii Pilg., P. lasioneura Pilg., P. macropus Pilg.,
P. macrostachya Decne., P. oreades Decne., P. pflanzii Pilg., P. refracta
Pilg., P. sodiroana Pilg., P. stuckertii Pilg. and P. valida Pilg., as well as
many other less often used names. The abundance of taxonomic names
suggests that P. australis is a considerably variable species from a
morphological and ecological point of view. More recently, P. pretoana
(Rahn) Hassemer, a narrow endemic from Serra do Itatiaia in south-
eastern Brazil, and P. cumingiana, from central and southern Chile and
adjacent areas in Argentina, were removed from the circumscription of
P. australis (Hassemer et al., 2015, 2019, respectively). In the most
recent circumscription, P. australis is native to the Americas, occurring
from the southwestern United States of America (Arizona) to southern
Argentina. The species is also naturalized in Chile (Rahn, 1974), Hawaii
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(Wagner et al., 1990) and New Zealand (Sykes, 1988). All records of
P. australis from Africa were recently shown to be misidentified
P. tomentosa Lam. specimens (Hassemer, 2020).

In a recent study Abrahamczyk et al. (2020) studied the reproductive
biology of three Plantago species, including P. australis. They concluded
that P. australis is obligately cleistogamous, which had already been
indicated previously by Primack (1978). Cleistogamy refers to the pro-
duction of flowers that do not open and undergo self-fertilization,
whereas chasmogamy refers to the production of flowers that open to
expose the reproductive parts for pollination (Lord, 1981; Cheplick,
2007). In Plantago, cleistogamy is recorded for North and South Amer-
ican species (Kuiper and Bos, 1992). It should also be mentioned that
most Plantago species are cross-pollinated (Sharma et al., 1992),
although knowledge of pollination systems is still deficient for many
species, especially the rarer ones.

Here we present evidence that P. australis produces both chasmog-
amous and cleistogamous flowers. We base our claim on extensive field
work (in natura), cultivation experiments and also the study of herbar-
ium specimens from throughout the wide distribution of the species.

We have over 12 years of field experience with P. australis
(2008-2020), including field work conducted in Argentina, Brazil,
Chile, Ecuador, Peru and Uruguay. Photographs of P. australis specimens
in natura, clearly show a combination of chasmogamous and cleistoga-
mous flowers (Fig. 1). The occurrence of chasmogamous flowers does
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not follow a geographically or morphologically coherent pattern, and
chasmogamous and cleistogamous flowers are often present in the same
population. Furthermore, we observed regular visits to open flowers by a
number of species of flies and bees for pollen collecting (Fig. 1B).
Considering that Plantago species in general are well known for being
anemophilous (Rahn, 1974; Primack, 1978; Kuiper and Bos, 1992;
Tormo et al., 2001), our observations make us think that P. australis is
possibly ambophilic. Ambophily is recorded in a few other species in the
genus, e.g. P. media L. (Leereveld et al., 1976; Meeuse, 1984; Abra-
hameczyk et al., 2020) and P. lanceolata L. (Stelleman, 1978; Sharma

Flora 273 (2020) 151724

et al., 1993). Future studies could focus on the pollination mechanism of
P. australis and include a test of our hypothesis that the species is
ambophilic.

To assess the occurrence of chasmogamous flowers in the species
across its range, we also conducted an extensive review of specimens
from the following herbaria (herbarium codes according to Thiers,
2020): ASE, B, BHCB, BO, BRIT, C, CAS, CEN, CGMS, CIIDIR, COL,
CONC, DDMS, EAC, EFC, F, FI, FLOR, FT, FURB, GB, GH, HAS, HBR,
HRB, HTL, HUFSJ, HUH, HURB, IAC, IBSC, ICN, JBB, JEPS, K, KW, LE,
M, MA, MBM, MHA, MO, MVFA, MVJB, MVM, MW, NBG, NY, P, PE, PI,

Fig. 1. Plantago australis in natura, in its native range. A: Chasmogamous flowers, most of the flowers on the spike open simultaneously. B: Same as A, but with flies
visiting the flowers for pollen. C: Chasmogamous flowers, but only a few flowers open at a time. D: Same as C, overview of specimens. E: Cleistogamous flowers.
Photographs by L.A. Funez, all from Santa Catarina state, southern Brazil.
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PRE, RB, SAM, SGO, SP, SPF, TANG, TEPB, TI, TNS, TUB, UB, UC, UESC,
UFMT, UPCB, UPS, US and USM. Based on the study of herbarium ma-
terial, we conclude that specimens of this species can have both cleis-
togamous and chasmogamous flowers. High-resolution images of 732
specimens of P. australis kept at BR, CEN, CESJ, CRI, ECT, ESA, EVB, F,
FLOR, FURB, G, GBH, GH, HBG, HUCP, HUEFS, HUEM, HUFABC,
HURB, HUTO, INPA, K, L, MBM, MEXU, MO, NY, P, R, RB, RBR, SP, SPF,
UC, UEC, US, VIC, VIES and WAG (see the Supplementary Material)
were studied for the presence of open flowers with exserted stamens or
spikes with consistently open flowers. Such features are indicative of
chasmogamy in those specimens. We found 216 (29.51%) specimens
featuring chasmogamous flowers, from the following countries:
Argentina, Bolivia, Brazil, Colombia, Ecuador, Guatemala, Honduras,
Mexico, Panama, Peru, United States of America (Hawaii), Uruguay and
Venezuela. We should add that, while the presence of open flowers as
described above attests to the specimens in question being chasmog-
amous, the lack of open flowers does not attest that a specimen is
cleistogamous, because it is possible that the flowers of a specimen with
chasmogamous flowers had not yet opened or had already closed when
the plant was collected. Thus, the proportion of specimens with chas-
mogamous flowers is admittedly underestimated in this analysis.

Finally, we conducted a literature review aiming at highlighting
contributions that recognized that P. australis produces chasmogamous
flowers. Specifically, we searched for taxonomic studies that explicitly
indicated that P. australis (including all of its currently-recognized syn-
onyms, as well as all infraspecific taxa) has, or sometimes has, chas-
mogamous flowers, open flowers, an open corolla, patent corolla lobes,
or exserted stamens. This search included studies written in Danish,
English, French, German, Italian, Latin, Portuguese, Russian and Span-
ish. Our search confirmed the presence of chasmogamous flowers for all
countries where P. australis has been reported, including its native and
naturalised distribution (Table 1).

We observed that both chasmogamous and cleistogamous flowers
can be present on the same plant. However, it would appear that most
often a given plant will only produce flowers of either type. This was
likely the case for the lineage of P. australis that Abrahamczyk et al.
(2020) used for their study, and may explain their finding of obligate
cleistogamy in P. australis, as they only studied specimens from a single
lineage of the species (Abrahamczyk et al., 2020).

The production of both chasmogamous and cleistogamous flowers is
a relatively widespread condition among flowering plants, and most
species that produce cleistogamous flowers are also able to produce
open, potentially cross-pollinated chasmogamous flowers (Lord, 1981;
Culley, 2002; Cheplick, 2007). Showy chasmogamous flowers are
energetically more costly to produce and are often assumed to be out-
crossing, typically appearing when pollinators are present (Schemske,
1978; Waller, 1979; Culley, 2002). On the other hand, cleistogamous
flowers are comparatively reduced and require less energy to produce,
being structurally modified for self-pollination, and usually appear
when pollinators are absent or under limiting resource conditions
(Culley, 2002). The differential cost in production of the two types of
flowers is believed to lead to chasmogamous flowers being develop-
mentally favoured in optimal growth conditions, when a surplus of re-
sources is available (Jain, 1976; Waller, 1984; Sternberger et al., 2020).

In our opinion, the issue raised here illustrates the perils of system-
atic studies based on limited sampling, particularly if samples originate
from ex situ sources. In addition to sampling artefacts, several additional
problems can occur, such as misidentifications or ex situ hybridization or
mutations. We consider these issues to be underestimated and under-
appreciated in the literature, despite their considerable impact on
studies based on such specimens. This case also illustrates the impor-
tance taxonomic expertise for non-taxonomic biological studies (de
Carvalho et al., 2008; Sluys, 2013; Goulding and Dayrat, 2016; Ely et al.,
2017; Hassemer et al., 2020). Ex situ conservation techniques and efforts
have considerable potential to prevent the irreversible loss of biodi-
versity (Guerrant et al., 2004; Guerrant and Kaye, 2007; Abeli et al.,
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Table 1

Result of the literature survey of the taxonomic studies that indicated references
to chasmogamous flowers for Plantago australis (including all of its currently-
recognized synonyms, as well as infraspecific taxa), organised by country. For
each country, we include which species-rank synonyms of P. australis are re-
ported to produce chasmogamous flowers. An asterisk after a country name
indicates that P. australis is not native there.

Country Works Synonyms of P. australis

Argentina Pilger (1912, 1913, 1929, P. accrescens, P. denudata, P.
1937), Pontiroli (1965), Rahn hirtella, P. kurtzii, P. macropus, P.
(1974, 1979, 1999), Cabrera macrostachya, P. refracta, P.
(1993), Tolaba and Fabbroni stuckertii
(1998)

Bolivia Pilger (1912, 1913, 1937), P. hirtella, P. pflanzii

Rahn (1974)

Brazil Pilger (1913, 1937), Rahn
(1966, 1974), de Paula-Souza
and Souza (2002), Hefler
et al. (2011)

P. bicallosa, P. gigantea, P. hirtella,
P. macrostachya

Chile* Rahn (1974)

Colombia Pilger (1913, 1937), Rahn P. goudotiana, P. hirtella, P.
(1964, 1974) oreades

Costa Rica Pilger (1913, 1937), Rahn P. hirtella
(1974), Burger (1986)

Ecuador Pilger (1913, 1937), Rahn P. ecuadorensis, P. hirtella

(1974, 1975)

El Salvador Rahn (1974)

Guatemala Pilger (1913, 1937), Rahn P. hirtella
(1974)

Honduras Rahn (1974)

Mexico Pilger (1913, 1937), Rahn P. hirtella
(1964, 1974)

New Sykes (1988)

Zealand*

Nicaragua Rahn (2001)

Paraguay Pilger (1913, 1937), Rahn P. hirtella
(1974)

Peru Pilger (1913, 1937), Rahn P. hirtella, P. oreades, P. pflanzii

(1974), Gonzales (2012)

United States Pilger (1937), Rahn (1974), P. hirtella

of America Huisinga and Ayers (1999)
Uruguay Pilger (1913, 1937), Rahn P. hirtella, P. macrostachya
(1974)
Venezuela Pilger (1913, 1937), Rahn P. hirtella
(1974)

2019), but should always be associated with appropriate taxonomic
expertise, lest the conserved specimens lose their usefulness to both
science and biodiversity conservation.
Author statement

GH conceptualised this work and wrote the text with the help of APS,

ABS and LAF. GH and ABS did the literature review, LAF took the field
photographs, and all authors analysed herbarium specimens.

Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence

the work reported in this paper.

Acknowledgments

We are grateful to two anonymous reviewers and the editorial team
of Flora for contributing to improve our work.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.flora.2020.151724.


https://doi.org/10.1016/j.flora.2020.151724

G. Hassemer et al.
References

Abeli, T., Dalrymple, S., Godefroid, S., Mondoni, A., Miiller, J.V., Rossi, G., Orsenigo, S.,
2019. Ex situ collections and their potential for the restoration of extinct plants.
Conserv. Biol. 34, 303-313.

Abrahamczyk, S., Dannenberg, L.S., Weigend, M., 2020. Pollination modes and divergent
flower traits in three species of Plantago subgenus Plantago (Plantaginaceae). Flora
267, 151601.

Burger, W., 1986. Plantaginaceae. In: Burger, W. (Ed.), Flora Costaricensis. Fieldiana:
Botany, New Series, Vol. 18. Field Museum of Natural History, Chicago, pp. 87-90.

Cabrera, A.L., 1993. Plantaginaceae. In: Cabrera, A.L. (Ed.), Flora de la Provincia de
Jujuy, 9. Instituto Nacional de Tecnologia Agropecuaria, Buenos Aires, pp. 359-374.

de Carvalho, M.R., Bockmann, F.A., Amorim, D.S., Brandao, C.R.F., 2008. Systematics
must embrace comparative biology and evolution, not speed and automation. Evol.
Biol. 35, 150-157.

Cheplick, G.P., 2007. Plasticity of chasmogamous and cleistogamous reproductive
allocation in grasses. Aliso 23, 286-294.

Culley, T.M., 2002. Reproductive biology and delayed selfing in Viola pubescens
(Violaceae), an understory herb with chasmogamous and cleistogamous flowers. Int.
J. Plant Sci. 163, 113-122.

Ely, C.V., Bordignon, S.A.L., Trevisan, R., Boldrini, LI, 2017. Implications of poor
taxonomy in conservation. J. Nat. Conserv. 36, 10-13.

Guerrant Jr, E.O., Havens, K., Maunder, M., 2004. Ex Situ Plant Conservation-Supporting
Species Survival in the Wild. Island Press, Washington, p. 536.

Guerrant Jr, E.O., Kaye, T.N., 2007. Reintroduction of rare and endangered plants:
common factors, questions and approaches. Aust. J. Bot. 55, 362-370.

Gonzéles, R.M., 2012. Estudio taxonémico de las Plantaginaceas en los Andes Centrales
(Ancash, Lima, Huanuco, Pasco y Junin) del Pert. Unpublished thesis. Universidad
Nacional Mayor de San Marcos, Lima, p. 84.

Goulding, T.C., Dayrat, B., 2016. Integrative Taxonomy: Ten Years of Practice and
Looking into the Future. Archives of Zoological Museum of Lomonosov Moscow
State University 54, 116-133.

Hassemer, G., Trevisan, R., Meudt, H.M., Rgnsted, N.A.H., 2015. Taxonomic novelties in
Plantago section Virginica (Plantaginaceae) and an updated identification key.
Phytotaxa 221, 226-246.

Hassemer, G., 2019. Novelties and notes on Plantago sect. Virginica (Plantaginaceae),
including the description of a new species and a revised identification key. Webbia
74, 29-41.

Hassemer, G., Bruun-Lund, S., Shipunov, A.B., Briggs, B.G., Meudt, H.M., Rgnsted, N.A.
H., 2019. The application of high-throughput sequencing for taxonomy: the case of
Plantago subg. Plantago (Plantaginaceae). Mol. Phylogenet. Evol. 138, 156-173.

Hassemer, G., 2020. Plantago tomentosa (Plantaginaceae), not P. virginica naturalised in
South Africa: first records of this species outside South America. S. Afr. J. Bot. 131,
56-63.

Hassemer, G., Prado, J., Baldini, R.M., 2020. Diagnoses and descriptions in plant
taxonomy: are we making proper use of them? Taxon 69, 1-4.

Hefler, S.M., Rodrigues, W.A., Cervi, A.C., 2011. O genero Plantago L. (Plantaginaceae)
na regiao Sul do Brasil. Rev. Bras. Biocienc. 9, 297-321.

Huisinga, K.D., Ayers, T.J., 1999. Vascular plants of Arizona: Plantaginaceae. J. Ariz.-
Nev. Acad. Sci. 32, 62-76.

Jain, S.K., 1976. The evolution of inbreeding in plants. Annu. Rev. Ecol. Syst. 7,
469-495.

Kuiper, P.J.C., Bos, M., 1992. Plantago: A Multidisciplinary Study. Ecological Studies, 89.
Springer, Berlin, p. 368.

de Lamarck, J.-B.P.A.M., 1792. Tableau Encyclopédique et Méthodique des Trois Regnes
de la Nature: Botanique, vol. 1. Panckoucke, Paris, p. 496.

Leereveld, H., Meeuse, A.D.J., Stelleman, P., 1976. Anthecological relations between
reputedly anemophilous flowers and syrphid flies. II. Plantago media L. Acta Bot.
Neerl. 25, 205-211.

Lord, E.M., 1981. Cleistogamy: a tool for the study of floral morphogenesis, function and
evolution. Bot. Rev. 47, 421-449.

Meeuse, A.D.J., 1984. Rate of dependence of Plantago media L. on entomophilous
reproduction—preliminary report. Acta Bot. Neerl. 33, 129-130.

de Paula-Souza, J., Souza, V.C., 2002. Flora fanerogamica do Parque Nacional do
Caparad: Plantaginaceae. Pabstia 13 (2), 1-5.

Flora 273 (2020) 151724

Pilger, R.K.F., 1912. Neue Arten von Plantago, Sektion Cleiosantha und Novorbis Decne.
Notizblatt des Koniglichen botanischen Gartens und Museums zu Dahlem bei Steglitz
(Berlin) 5, 259-263.

Pilger, R.K.F., 1913. Biologie und Systematik von Plantago § Novorbis. Bot. Jahrb. Syst.
Pflanzengesch. Pflanzengeogr. 50, 171-287.

Pilger, R.K.F., 1929. Die Gattung Plantago in Zentral- und Stidamerika. Bot. Jahrb. Syst.
Pflanzengesch. Pflanzengeogr. 62, 1-112, 7 plates.

Pilger, R.K.F., 1937. Plantaginaceae. In: Engler, H.G.A., Diels, F.L.E. (Eds.), Das
Pflanzenreich, 102. W. Engelmann, Leipzig, pp. 1-466.

Pontiroli, A., 1965. Plantaginaceae. In: Cabrera, A.L. (Ed.), Flora de la Provincia de
Buenos Aires, 5. Instituto Nacional de Tecnologia Agropecuaria, Buenos Aires,
pp. 331-342.

Primack, R.B., 1978. Evolutionary aspects of wind pollination in the genus Plantago
(Plantaginaceae). New Phytol. 81, 449-458.

Rahn, K., 1964. Plantago sect. Novorbis: subspecies et combinationes novae. Bot. Tidsskr.
60, 47-57.

Rahn, K., 1966. Plantagindceas. In: Reitz, R. (Ed.), Flora Ilustrada Catarinense, Vol.
PLAN. Herbario Barbosa Rodrigues, Itajai, pp. 1-37.

Rahn, K., 1974. Plantago section Virginica: a taxonomic revision of a group of American
plantains using experimental, taximetric and classical methods. Dansk Bot. Ark. 30
(2), 1-180.

Rahn, K., 1975. Plantaginaceae. In: Harling, G., Sparre, B. (Eds.), Flora of Ecuador, 4.
Carl Bloms Boktryckeri, Lund, pp. 23-38.

Rahn, K., 1979. Plantaginaceae. In: Burkart, A. (Ed.), Flora Ilustrada de Entre Rios, 5.
Instituto Nacional de Tecnologia Agropecuaria, Buenos Aires, pp. 583-591.

Rahn, K., 1999. Plantaginaceae. In: Correa, M.N. (Ed.), Flora Patagénica, 6. Instituto
Nacional de Tecnologia Agropecuaria, Buenos Aires, pp. 403-422.

Rahn, K., 2001. Plantaginaceae. In: Stevens, W.D., Ulloa Ulloa, C., Pool, A., Montiel, O.M.
(Eds.), Flora de Nicaragua, Vol. 3. Monographs in Systematic Botany from the
Missouri Botanical Garden, 85. Missouri Botanical Garden Press, St. Louis,
pp. 1984-1985.

Schemske, D.W., 1978. Evolution of reproductive characteristics in Impatiens
(Balsaminaceae): the significance of cleistogamy and chasmogamy. Ecology 59,
596-613.

Sharma, N., Koul, P., Koul, A.K., 1992. Reproductive biology of Plantago: shift from cross-
to self-pollination. Ann. Bot. 69, 7-11.

Sharma, N., Koul, P., Koul, A.K., 1993. Pollination biology of some species of genus
Plantago L. Bot. J. Linn. Soc. 111, 129-138.

Sluys, R., 2013. The unappreciated, fundamentally analytical nature of taxonomy and
the implications for the inventory of biodiversity. Biodivers. Conserv. 22,
1095-1105.

Stelleman, P., 1978. The possible role of insect visits in pollination of reputedly
anemophilous plants, exemplified by Plantago lanceolata, and syrphid flies. In:
Richards, A.J. (Ed.), The Pollination of Flowers by Insects. Academic Press, London,
pp. 41-46.

Sternberger, A.L., Ruhil, A.V., Rosenthal, D.M., Ballard, H.E., Wyatt, S.E., 2020.
Environmental impact on the temporal production of chasmogamous and
cleistogamous flowers in the mixed breeding system of Viola pubescens. PLoS ONE
15, e0229726.

Sykes, W.R., 1988. Plantaginaceae. In: Webb, C.J., Sykes, W.R., Garnock-Jones, P.J.
(Eds.), Flora of New Zealand, 4. Botany Division, Department of Scientific and
Industrial Research, Christchurch, pp. 942-955.

Thiers, B., 2020. Index Herbariorum: a Global Directory of Public Herbaria and
Associated Staff. New York Botanical Garden’s Virtual Herbarium. Available from:
http://sweetgum.nybg.org/science/ih (accessed in July 2020).

Tolaba, J.A., Fabbroni, M., 1998. Flora del Valle de Lerma: Plantaginaceae Juss. Aportes
Bot. Salta, Ser. Flora 5 (5), 1-37.

Tormo, R., Silva, 1., Munoz, A.F., Tavira, J., Moreno, A., 2001. Environmental factors
affecting airborne pollen concentration in anemophilous species of Plantago. Ann.
Bot. 87, 1-8.

Wagner, W.L., Herbst, D.R., Sohmer, S.H., 1990. Manual of the Flowering Plants of
Hawai‘i, vol. 2. Bishop Museum Special Publication 83. University of Hawaii Press
and Bishop Museum Press, Honolulu, pp. 983-1854.

Waller, D.M., 1979. The relative costs of self- and cross-fertilized seeds in Impatiens
capensis (Balsaminaceae). Am. J. Bot. 66, 313-320.

Waller, D.M., 1984. Differences in fitness between seedlings derived from cleistogamous
and chasmogamous flowers in Impatiens capensis. Evolution 38, 427-440.


http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0001
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0001
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0001
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0002
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0002
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0002
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0003
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0003
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0004
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0004
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0005
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0005
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0005
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0006
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0006
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0007
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0007
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0007
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0008
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0008
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0009
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0009
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0010
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0010
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0011
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0011
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0011
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0012
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0012
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0012
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0013
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0013
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0013
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0014
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0014
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0014
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0015
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0015
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0015
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0016
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0016
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0016
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0017
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0017
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0018
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0018
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0019
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0019
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0020
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0020
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0021
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0021
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0022
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0022
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0023
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0023
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0023
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0024
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0024
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0025
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0025
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0026
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0026
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0027
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0027
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0027
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0028
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0028
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0029
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0029
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0030
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0030
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0031
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0031
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0031
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0032
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0032
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0033
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0033
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0034
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0034
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0035
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0035
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0035
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0036
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0036
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0037
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0037
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0038
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0038
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0039
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0039
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0039
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0039
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0040
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0040
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0040
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0041
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0041
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0042
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0042
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0043
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0043
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0043
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0044
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0044
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0044
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0044
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0045
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0045
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0045
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0045
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0046
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0046
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0046
http://sweetgum.nybg.org/science/ih
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0048
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0048
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0049
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0049
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0049
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0050
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0050
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0050
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0051
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0051
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0052
http://refhub.elsevier.com/S0367-2530(20)30223-1/sbref0052

	Plantago australis (Plantaginaceae) produces both chasmogamous and cleistogamous flowers: Field work, herbarium and literat ...
	Author statement
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


