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SUMMARY 
 

Blunt and Stearn (1994), in their seminal work on Botanical Art, suggested that 

photography had largely usurped the role of botanical illustration.  An alternative 

hypothesis is that botanical illustration and photography have complementary roles in 

science, and more importantly the process of botanical illustration has the ability to 

increase the practitioners’ powers of observation to discover new insights for science.  

This thesis sets out to examine these alternative ideas. 

 

A quantitative analysis of trends in the use of botanical illustrations and photography in 

modern journals, focusing on southern hemisphere systematic botany, established that 

although photographic illustrations have increased since 2000, botanical illustrations 

have not diminished.  The cause of these trends is likely to be due to several factors, 

including sourcing funding for production of botanical illustrations, author and/or 

editorial graphics preference, and moving to online publications with no additional 

charges for colour.  The meticulous attention to detail prevailing in good botanical 

illustration furnishes a rich source of morphological data of value in taxonomic 

research.  In a few cases it explicitly conveyed that novel characters were discovered by 

the taxonomist and the artist was directed to illustrate them, or that the artist made the 

discovery while illustrating plants and the taxonomist subsequently recognized the 

novel characters in formal descriptions. 

 

The practice of botanical illustration has attracted relatively little critical analysis.  A 

comprehensive review of the historical botanical illustrations of Haemodoraceae, a 

family of commelinid monocots, found that 109 of the 159 taxa have been illustrated 

since the earliest publication in 1678.  Comparison of these illustrations with formal 

taxonomic descriptions revealed that botanical artists have documented several novel 

characters that have not been described by the taxonomists.  These include: potential 

generic characters in Xiphidium and Pyrrorhiza; several new characters for species’ 

discriminations within flowers of Haemodorum and Tribonanthes; and leaf hair 

characters of value at species and subspecific levels in Conostylis.  This highlights areas 

in which future illustrations of Haemodoraceae could be profitably focused. 
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Novel discoveries herein are documented while illustrating 53 taxa in Haemodoraceae.  

These illustration studies were combined with the most recent molecular phylogeny of 

Haemodoraceae to provided further support for the formulation of two new genera – 

Cubanicula supported by fruit character differences between Xiphidium, Cubanicula 

and Pyrrorhiza, and Paradilatris supported by anther and stigma character differences 

between Paradilatris and Dilatris.  The elevation of Schiekia subspecies to species’ 

rank was supported by novel discoveries of floral characters, along with the previously 

identified differences in habit and leaf morphology.  Trait mapping of fruits, seeds, 

filament, style and stigma colour and perianth markings support various clades 

identified in the most recent molecular analysis of the Haemodoraceae.  Illustration 

studies also discovered unique placental characters in Barberetta and Phlebocarya and a 

variety of colours in the floral structures of Haemodorum species. 

 

Botanical illustration, especially of internal floral morphology, has revealed several 

previously unrecorded characters that help identify tiurndins (Tribonanthes, 

Haemodoraceae) in a new taxonomic revision.  The tiurndins comprise a small 

taxonomically challenging genus of geophytes, endemic to the Southwest Australian 

Floristic Region.  It is a genus where herbarium studies alone are insufficient to 

delineate taxa, and a knowledge of variation in wild living material has proved essential 

to resolve taxonomic difficulties.  The revision recognises and comprehensively 

illustrates living plants of 12 species, four of which are new (T.elongata, T.keigheryi, 

T.monantha T.porphryea), and reinstates T.variabilis and T.uniflora. 

 

A molecular phylogenetic analysis of Tribonanthes and Phlebocarya tests hypotheses 

on phylogenetic relationships generated in earlier studies.  Sequences from one nuclear 

and three plastid regions proved too conservative in their evolutionary rates to yield a 

fully resolved phylogeny, but strong support was obtained for the monophyly of 

Tribonanthes and Phlebocarya, of three monotypic subgenera, and two species groups 

in Tribonanthes subgenus Tribonanthes, and three species within Phlebocarya.  Non-

monophyly observed in some Tribonanthes species, may be due to ‘wrong’ taxonomy, 

hybridization, or because they are ancestral to recently evolved narrow-range endemic 

sister species.  Considerable incongruence occurred between phylogenies derived from 

nuclear DNA v/s plastid DNA, possibly attributable to natural hybridization.  Ten 

characters, discovered through illustration, were affirmed as pleisomorphic, while a 
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further ten were homoplastic, in Tribonanthes. Research using next generation markers 

is recommended. 

 

It is evident that botanical illustration is a useful tool in the discovery of novel trait of 

phylogenetic significance, and that photography has not usurped the place of botanical 

illustration in systematic botany. 
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Abstract. To examine claims that the role of botanical art in systematic botany is diminishing because of advances in
photography, this review considers relevant literature and includes a quantitative analysis of trends in modern journals,
monographs and floras. Our focus is on southern hemisphere systematic botany because, relative to the northern hemisphere,
this is poorly represented inmodern reviews of botanical art and photography. An analysis of all digitally available papers in
Nuytsia, the Journal of the Adelaide Botanic Garden,Muelleria, Telopea, Austrobaileya and Systematic Botany established
that, although photographic illustrations have increased since 2000, botanical illustrations have not always diminished. The
cause of these trends is unknown, but it is likely to be due to several factors, including sourcing funding for production of
botanical illustration, editorial preference for the use of illustrations or photographs, author preference for either illustrations
or photographs, and moving to online publication, with no charges for colour reproduction. Moreover, the inclusion of
botanical artists as co-authors in some scientific publications signals an ongoing and important role. Botanical illustration
brings sharp focus and meticulous attention to detail regarding form and structure of plants. Photography is useful at the
macro-scale for habitat and whole-plant traits, as well as at the micro-scale for anatomical textures and ultrastructure. These
complementary approaches can be important components of taxonomic discovery, with the potential for a new role in
modern trait analysis in molecular phylogenies.

Additional keywords: art, botanical journal, botanical monographs, composite illustration, drawing, golden age, image,
photographs, scientific illustration, trait.
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Introduction
The present review aims to assess the hypothesis that southern
hemisphere botanical illustration and photography are
complementary approaches to visual illustration in modern
systematics. The work was stimulated by claims that the role of
botanical art is diminishing in the light of advances in photography
(Blunt and Stearn 1994). If this were so, a quantitative examination
of the use of botanical art and photography in modern systematic
journals, monographs and floras should reveal a decline. We will
first define relevant terms, and summarise the use of botanical
illustration and photography in southern hemisphere systematics,
given that published reviews have in the main focused on northern
hemisphere contributions (see Bray 1989; Blunt and Stearn
1994; Rix 2012). We discuss the role of the botanical illustrator
in scientific discovery and how the discipline can continue to
contribute to plant systematics, given the contemporary focus on
molecular phylogenetics.

Definitions
Botanical illustration

Botanical illustration is the accurate pictorial depiction of
plants and plant traits for a scientific purpose (Rix 2012), as

opposed to flower painting, which has no further purpose than to
be admired. ‘The flower painter fails if the work lacks beauty,
the botanical artist fails if the work lacks accuracy’ (Stearn 1990,
p. 7). However, in the best botanical illustrations, beauty is not
sacrificed for truth of form (Blunt and Stearn 1994; Rix 2012;
Figs 1, 2).

Camera lucida

The camera lucida is a minute truncated, half-silvered prism
that allows the artist to see the superimposition of the object
they are drawing onto the drawing surface. This allows the
artist to draw the object in perspective, or copy or reduce
it, depending on the distance of the prism from the object
(Wollaston 1807). The camera lucida was invented by
William Hyde Wollaston (1766–1828), who, while on a
walking holiday in the Lakes District of England, was
disappointed with his attempts to draw the landscape
accurately; so, applying his knowledge of optics, he designed
the camera lucida as a drawing aid (Hammond and Austin
1987). Although it was not commercially available until 1807, it
is probable that the camera lucida was in use by botanical artists
before this (Lack 2002, 2016).
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Photography

Photography is the science, art and practice of creating durable
images by recording light or other electromagnetic radiation,
either electronically, bymeans of an image sensor, or chemically,

by means of a light-sensitive material such as photographic film
(Spencer 1973; Fig. 3). The etymologyof theword ‘photography’
is from Greek roots of ‘photo’ meaning ‘light’ and ‘graphe’
meaning ‘drawing’, together meaning ‘drawing with light’
(D. Harper, Online Etymology Dictionary, ‘photography (n.)’,

Fig. 1. Botanical illustration in graphite pencil of Chordifex abortivus (Nees) B.G. Briggs & L.A.S. Johnson by Ellen J. Hickman
in Australian Rushes (Meney and Pate 1999), showing the diagnostic character traits of male and female flowering culms, culm
sheath, rhizome, female and male spikelets.
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Fig. 2. Botanical illustration study in pencil and aquarelle by Ellen J. Hickman of the flower traits of Anigozanthos preissii Endl.:
inflorescence, flower, ovary and style, section through ovary, stigma detail, anther with glandular appendage and plumose hair.
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Fig. 3. Photographs of Anigozanthos preissii Endl. A. Habitat: recently burnt jarrah and sheoak woodland, Gull Rock Nature Reserve, Western Australia.
B. Whole plants. C. Inflorescence. D. Seeds. Photos: Ellen Hickman (A–C), Luke Sweedman (D).
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see http://www.etymonline.com/?term=photograph, accessed
24 May 2016). The birth of practical photography is generally
accepted as 1839 (Hirsch 2008). The development of the camera
has its roots in antiquity,with the discovery of the principles of the
camera obscura (Latin for dark room).

Trait

A trait is defined as ‘a distinguishing quality or characteristic’
and ‘a genetically determined characteristic’ (Farlex, The Free
Dictionary, see http://www.thefreedictionary.com/trait, accessed
18 May 2015). In biological terms, Henderson’s Dictionary of
Biology stated that a trait is ‘a distinct phenotypic character
which may be either heritable or environmentally determined
or both.’ (Henderson and Lawrence 2005, p. 667). A trait is the
expression of genes in an observable way. For example, eye
colour is a character, whereas the different expressions of that
colour such as blue, brown and hazel are traits. The etymology of
the word is from the Middle French appearing c. 1470–1480, in
the transition period between Old French and Modern French. It
comes from the Latin tractus, whichmeans drawing, as in pulling
a chariot (from trahere to drag), or as in drawing out of space
and time, or drawing a line, such as a track or a tract of country. In
French, trait came to have many meanings, one of which is ‘a
particular feature of mind or character’. This definition was
brought into usage in English. Pertinent to the artistic aspect of
thepresent review, anearlymeaning from theFrench is ‘the stroke
of a pen or pencil in a picture’ (Farlex, see http://www.
thefreedictionary.com/trait).

Historical use of botanical illustration in southern
hemisphere systematics
Illustrations of plants have been a medium for identification,
analysis and classification for centuries, serving physicians,
pharmacists, botanical scientists, taxonomists, plant collectors,
gardeners, designers and amateur enthusiasts of natural history
(Saunders 2009). Prior to photography, the botanical illustration
was the only way of recording visually what a plant looked like.
Botanical illustration became increasingly important during the
Enlightenment and the subsequent age of botanical exploration
when colonial powers and entrepreneurs funded voyages of
discovery and scientists needed artists who could faithfully
record the character and traits of species’ collections while
they were fresh.

The history of botanical illustration has been well
documented elsewhere (Blunt and Stearn 1994; Rix 2012).
These treatments suggest that botanical illustration has mostly
developed in parallel with artistic trends of the time, as well as
maintaining pace with the advances in the technology of both
printing and photography (Simpson and Barnes 2008). The style
of the illustrations started with realistic depictions of the plants
portrayed in the first century when their importance was to
illustrate monastic herbals. For the next 1000 years, the
illustrations of these herbals degenerated through repeated
copying, with little reference to live plant material. This led to
stylisation to the point that the illustrations became nothing
more than decorative embellishment to the text (Blunt and
Stearn 1994). Examples illustrating this were the Pseudo-
Apuleius Herbarius by the fourth century author Pseudo

Apuleius (Paul K, ‘Peacay’, see http://bibliodyssey.blogspot.com.
au/2007/01/pseudo-apuleius-herbarium.html, accessed 24 July
2017; JeremyNorman&Co., seehttp://www.historyofinformation.
com/expanded.php?id=2580, accessed 24 July 2017), illustrations
in the 13th century Codex Vindobonensis 93 (Wikipedia, Pseudo
Apuleius, see https://en.wikipedia.org/wiki/Pseudo-Apuleius,
accessed 24 July 2017), the woodcut illustrations of the copy of
Pseudo-Apuleuis printed in Rome in c. 1480 (Ivins 1944), and the
woodcut illustrations of one of the earliest English herbals, Grete
Herball (Treveris 1526; Sims 2013).

The Renaissance brought the rebirth of Naturalism back to
botanical illustration, with significant artists of the time such
as Leonardo da Vinci (1452–1519) and Albrecht Dürer (1471–
1528) making important contributions. These Renaissance
illustrations were forerunners to the golden age of botanical
illustration, in the hundred or so years from 1750 to 1850,
prompted by Linnaeus’s contribution to systematic science
(Linnaeus 1737). The Bauer brothers were prime examples of
practitioners at this time. Franz (1758–1840) and Ferdinand
(1760–1826) Bauer were, in the opinion of many, the greatest
botanical artists of all time (Green 1977; Mabberley 1999, Lack
2016). From the end of the 18th century and into the 19th century,
this legacy continued with adventurous Victorian-era artists,
such as Marianne North (1830–1890) from England, visiting
the new colonies of the expanding Empire, discovering new
species, bringing home specimens and making detailed
drawings. This time also saw the publication of illustrated
botanical journals such as Curtis’s Botanical Magazine (Royal
Botanic Gardens Kew, see http://www.kew.org/science-conser
vation/research-data/publications/curtiss-botanical-magazine,
accessed 24 May 2016), as a result, in part, of the flood of new
plants coming in from abroad and voracious appetites for
novelties in horticulture.

Below is a brief summary of the history of botanical
illustration in the southern hemisphere, with examples from
South Africa, Australia and South America.

South Africa

Botanical art in South Africa is well illustrated in several
botanical books (Rix 1980; Arnold 2001). Images produced of
southern African flora, during the 143 years following settlement
by the Dutch in 1652, often failed to acknowledge the artists
(Rourke 2001). In the 1800s, when the British colonised South
Africa, women began to emerge as competent artists. Many, on
brief stays in South Africa, were captivated by its flora. Husband
and wife, John (1792–1871) and Margaret (1810–1884)
Herschel, teamed-up during their 4 years at the Cape
(1834–1838) to produce accurate renditions of native flora.
John Herschel used a camera lucida to produce the outlines
and Margaret painted in the details (Rourke 2001).

South Africa has a large diversity of succulents, which do not
preservewell as dry specimens, and, as a consequence, have been
poorly represented in herbaria. To provide essential taxonomic
information about these succulent species, dried specimens
need to be complemented by illustrations, particularly of stone
plants (Lithops N.E.Br spp.), bokbaaivygies (Dorotheanthus
bellidiformis (Burm.f.) N.E.Br.) and sour figs (Carpobrotus
edulis (L.) N.E.Br; Arnold 2001). Francis Masson
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(1741–1805), Scottish botanist and the first plant hunter of Kew,
produced a significant collection and body of illustrations of
South African succulents during his expedition to South Africa
from 1772 to 1775 (Masson 1776).

The first solely South African-produced botanical publication
was Natal Plants (Wood and Evans 1898), published from 1898
to 1912. Then RudolfMarloth’sFlora of South Africawas issued
in four volumes from 1913 to 1932 (Marloth 1932). The major
publication of South African botanical illustrations was (The)
Flowering Plants of (South) Africa (1921–2015; SANBI, see
http://biodiversityadvisor.sanbi.org/literature/4327-2/flowering-
plants-of-africa/, accessed 23 July 2016). It was modelled on
Curtis’s Botanical Magazine, but was unique in its geographical
focus on Africa and primarily southern African plants. In each
volume (The) Flowering Plants of (South) Africa described 40
species, each with a full colour plate. In initial volumes, the
illustrations were hand-coloured lithographs (Pole Evans 1921).
Modern volumes combine full-colour illustrations, line drawings
of dissections and colour photographs (Grobler 2015).

After the Second World War, with advances in colour
printing, many publications feature works of botanical artists,
including Mary Page (1867–1925), Cythna Letty (1895–1985)
and Auriol Batten (1918–2015), whose works appeared in
Flowers of Southern Africa (Batten 1988) and Dierama, the
Hairbells of Africa (Hilliard and Burtt 1991). Ellaphie Ward-
Hilhorst (1920–1994) illustrated the Revision of the Genus
Haemanthus (Snijman 1984). Fay Anderson (1931–present)
contributed artwork to the Proteas of Southern Africa (Rourke
1980), TheMoraeas of Southern Africa (Goldblatt 1986) and The
Genus Watsonia (Goldblatt 1989).

The wealth of well-illustrated botanical publications to
emerge from South Africa was attributed by Rix (1980) to its
uniquely rich native flora and the wealth produced from the
mining of its natural resources of gold and diamonds. Rourke
(2001) agreed that these were valid reasons, but suggested that
this wealth of well-illustrated botanical publications was also
underpinned by a strong scientific-investigative ethos. There
were not many countries where these three things converged;
South Africa was one, and Australia was another.

Australia

Illustration of the diverse and rich Australian flora was well
reviewed by Hewson (1999). William Dampier (1651–1715)
was not a botanical illustrator, but botanical drawings,
believed to be made by his clerk, James Brand, were published
in Dampier’s A Voyage to New Holland in 1703, the account of
the HMS Roebuck’s expedition to Australia in 1699. These
were the first known illustrations of Australian plant species
(Hewson 1999). One of the best plates for contemporary
identifications includes illustrations of Conostylis stylidioides
F.Muell., Sida calyxhymenia DC., Diplolaena grandiflora
Desf. and Beaufortia sprengelioides (DC.) Craven.

Sydney Parkinson (1745–1771) was accompanying natural-
history artist on Captain (then Lieutenant) James Cook’s
(1728–1779) first voyage to circumnavigate the world in the
Endeavour. A total of 412 of Parkinson’s illustrations, both
botanical and zoological, were of Australian species. Because
of the pressure to record as much as possible, Parkinson

produced only three finished watercolours during the voyage.
The remainder of his illustrations were unfinished pencil
drawings, with or without parts coloured, or annotation about
colour (Lack 2002). Botanist Joseph Banks (1743–1820) wrote
in his diary that, in a 14-day period, Parkinson produced 94
drawings, and the crew noted that Parkinson ‘frequently sat up all
night drawing’ (Blunt 1983).

Probably the earliest most recognisable illustrator of Australian
plants was Ferdinand Bauer (1790–1826). Numerous books and
articles have been published on his life and working practice
(Lhotsky 1839, 1843; Stearn 1960; Lack 1997, 2016; Watts et al.
1997; Mabberley 1999). He was appointed the natural-history
illustrator on Matthew Flinders’ (1774–1814) Investigator
expedition in 1801 to circumnavigate Australia. Bauer overcame
the challenge of the damp conditions on the ship, which resulted in
his paper going mouldy and being unable to accept watercolour
pigment, by executing pencil sketches of the specimens collected,
and using a number coding system to record the various colours.
He used this technique as a guide for painting thefinal watercolours
at a later stage.

Bauer was most renowned for his attention to detail,
particularly the exquisite dissections of various aspects of the
flowers and fruits of the species he illustrated. He was also held
in high esteem because of the amount of work he was able to
execute during the expedition. In all, Bauer executed 1542
Australian plant sketches, 180 Norfolk Island plant sketches
and over 300 animal sketches. Bauer published some of his
artwork in Illustrationes Florae Novae Hollandiae (Bauer
1813). This publication was not a financial success for Bauer,
largely because of his perfectionism. He could not find anyone
capable of either engraving or colouring the plates to his
satisfaction, so he was obliged to execute every part of these
works in his own hand, occupying considerable time.

Lack (2002) proposed that as far back as the early 1800s, a
camera lucida was used by Ferdinand Bauer to achieve the
exceptional number and quality of illustrations that he
produced on the Investigator expedition. Lack (1998)
suggested that this was probable for several reasons, including
the following: (1) Wollaston, the inventor of the camera lucida,
knew Sir Joseph Banks; (2) Banks employed Bauer as natural-
history draughtsman for the Investigator expedition; (3) the
Investigator expedition was supplied with all the latest
instruments; (4) Bauer’s pencil drawings were highly accurate
and in a very firm continuous line; (5) the camera lucida can be
easily combined with a magnifying lens or microscope to
produce the detailed dissections Bauer was renowned for; and
(6) Bauer achieved a significant quantity of pencil drawings
during the arduous expedition. In addition, Nicephore Niepce
(1765–1833), the inventor of the first photograph from nature,
was in contact with Ferdinand’s brother Franz, and gave Franz
this photograph. This, along with numerous optical instruments
auctioned after Franz’s death, demonstrates that the Bauers were
interested in the latest development in optics, which led to the
universal praise for their accuracy (Lack 2002).

In the 1820s, Allan Cunningham (1791–1839) continued the
Banksian tradition as an overseas collector for Kew Gardens,
sending back seeds and herbarium specimens from Australia
(as well as Brazil and New Zealand; Mabberley 2000). William
Townsend Aiton (1766–1849), then curator of the gardens, had
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Allan’s brother, Richard Cunningham (1793–1835), prepare
manuscripts for the Hortus Kewensis (five volumes 1810–
1813) and employed two artistically talented gardeners,
Thomas Duncanson (fl. 1820s) and George Bond (1806–
1892), to make watercolour drawings of the plants newly
raised from this seed. Between them, they prepared ~2000
watercolours, which were kept in folios, indexed by Richard
Cunningham. None of the watercolours was published. Some
illustrations were sent to William Jackson Hooker (1785–1865),
then Professor of Botany at Glasgow University, to be published
in the Botanical Magazine. Hooker redrew these illustrations, so
none of them bears the original artist’s name. The folios have
since been cut up, and the watercolours inserted in the systematic
drawings collection housed in cupboards of the Herbarium at
Kew (Mabberley 2000).

Marianne North (1830–90) was a remarkable Victorian
painter and traveller, who visited Australia at the behest of
Charles Darwin (1809–82), and was captivated by its plants
and landscapes. She initially accompanied her father and then,
following his death, went on her own, at a time when fewwomen
travelled alone, to scour the world for spectacular plants to paint
in oils (Ponsonby 1996). A feature of North’s work was that the
subjects were painted within their natural environment. The
inclusion of landscape in the works communicates more about
the distant and exotic parts of the world than if only the plant was
depicted (Hewson 1999), and puts the subjects in context with
place. Scientists consider North primarily an artist, although she
discovered and portrayed species new to science (Nepenthes
northiana Hook f., Kniphofia northiae Baker and Northia
seychellana Hook f.; Blunt and Stearn 1994). She presented
her life’s work to the UK and purpose-built a museum and
gallery at Kew Gardens to house it. The museum opened to
the public in 1882, with 832 paintings covering its walls from
floor to ceiling (Ponsonby 1996).

One of the first resident, published, botanical illustrators
of Australia was Thomas Watling (1762–1814), a convict
and artist who had been transported to the penal colony for
forgery (Hewson 1999). Watling’s paintings were used by
James Sowerby and James Smith in the publication of
Australian’s first flora, A Specimen of the Botany of New
Holland (Smith 1793).

Another prominent resident, who now has an annually
presented international award (the Margaret Flockton Award)
in her honour, was Margaret Lilian Flockton (1861–1953). She
was employed as a botanical illustrator at the Royal Botanic
Gardens, Sydney, for 27 years (1901–27), and in collaboration
with the then director, Joseph Henry Maiden (1859–1925),
produced thousands of high-quality botanical illustrations,
which are represented in publications such as The Forest Flora
of New South Wales (Maiden 1904, 1907, 1908a, 1908b, 1913,
1917a, 1922a, 1923) and A Critical Revision of the Genus
Eucalyptus (Maiden 1909, 1914, 1917b, 1920, 1922b, 1924,
1929, 1933).

Professional training for botanical illustrators in Australia
was generally unavailable until the latter decades of the 20th
century, when there was an explosion in the number of botanical
artists practising in Australia (Hewson 1999). These artists were
either trained through art colleges, self-taught, or were scientists
putting their own artistic skill into practice. Several important

botanical artists from the State of Victoria, including Celia
Rosser (1930–present), Terrence Nolan (1934–present) and
Anita Barley (1955–present), owe their apprenticeship to
training at the Royal Melbourne Institute of Technology.
Queensland artist Margaret Saul (1951–present) trained at the
Brisbane School of Art. The South Australian Herbarium
botanical illustrator, Ludwik Dutkiewicz (1921–2008), trained
at the Lwow School of Art in Poland before emigrating to
Australia. In 1978, the University of Newcastle began a course
in wildlife illustration, which included training in botanical
illustration; Nicola Oram (1966–present) was one of its
graduates. However, the majority of their graduates found
careers outside the science sphere. Private training schools and
master classes also developed in some of the capital cities. These
were usually run by practicing botanical artists, such as the
Botanical Art School of Melbourne run by Jennifer Phillips
(1949–present). This enterprise provided an extra form of
income to the teaching artist, in a vocation that is difficult to
make a full-time living, and had a positive influence on the
standard and quality of work produced in that State (Hewson
1999).

Self-taught artists who have made considerable contributions
to plant systematic science include Stanley Kelly, Rica Erickson
and Margaret Menadue. Stan Kelly (1911–2001) was an engine-
driver from Victoria, who devoted 41 years to painting the books
titled Eucalyptus, with the 1st edition (Kelly 1969) containing
250 colour illustrations and the 2nd edition (Kelly et al. 1977)
53 more. Rica Erickson (1908–2009) was a teacher, historian,
amateur botanist and artist whose descriptive work, recognised
and used by scientists, includes Orchids of the West (Erickson
1951), Triggerplants (Erickson 1958), Plants of Prey (Erickson
1968) and historical works such as The Drummonds of
Hawthornden (Erickson 1969). Margaret Menadue (1942–
present) illustrated the Flora of the Perth Region (Marchant
et al. 1987) and contributed to the Flora of Australia
(Wilson 1984).

Scientists illustrating their own work often did this by
default because of lack of funds. Winifred Curtis (1905–2005)
illustrated The Students’ Flora of Tasmania (Curtis 1963).
Nancy Burbidge (1912–1977) illustrated the Flora of the
Australian Capital Territory (Burbidge and Gray 1970). Helen
Aston (1956–1991), botanist at the National Herbarium of
Victoria, illustrated her work Aquatic Plants of Australia
(Aston 1973). Bruce Maslin (1946–present), botanist at the
Western Australian Herbarium, illustrated Acacia in volumes
of Nuytsia (Maslin 1983).

Australian botanical artists have also united in some States
to form societies. The Botanical Artist Group of Western
Australia, more affectionately referred to by the acronym
BAGs, was formed in 1991 for mutual support, but it also
raised awareness of the subjects and the working methods of
members through exhibitions and publications. Rica Erickson
was a founding member of the group, following the exhibition
Wildflowers in Art at the Art Gallery of Western Australia
(Gooding 1991). Current members include Patricia Dundas
(1952–present), Ellen Hickman (1968–present), Penelope
Leech (1947–present), Philippa Nikulinsky (1942–present),
Margaret Pieroni (1936–present) and Katrina Syme (1947–
present). Their work in plant systematics has been as
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individuals, rather than as a group, with each member having a
particular passion, viz. Patricia Dundas, orchids (Brown et al.
2008) and eucalypts (S.D.Hopper, unpubl. data);EllenHickman,
Restionaceae (Meney and Pate 1999; Fig. 1) andHaemodoraceae
(Hopper 2003; Fig. 2); Penelope Leech, eucalypts (S. D. Hopper,
unpubl. data); Margaret Pieroni, dryandras (Cavanagh and
Pieroni 2006) and Verticordia DC. (George and Pieroni 2002);
Philippa Nikulinsky, Lechenaultia R.Br. and desert plants
(Nikulinsky and Hopper 2005); and Katrina Syme, fungi
(Bougher and Syme 1998). As a group, the BAGs exhibited
annually at the Western Australian Wildflower Festival at Kings
Park from 1992 to 2003. They also combined their talents to
produce illustrations of each State and Territory’s floral emblem
for commemorative coins produced by the Perth Mint. The
artwork of the BAGs was celebrated in the book Brush with
Gondwana (Gooding 2008), which documents the diversity of
styles and activities of each member in investigating and
celebrating the globally renowned flora of Western Australia.

South America

During the 17th and 18th centuries, South America was the
dominion of the Spanish and Portuguese, who overwhelmingly
had little interest in its natural history and actively
discouraged exploration by foreigners (Rix 2012). The French
priest, LouisFeuillée (1660–1732), visitedChile andPeru in1707
and published his observations, including 100 of his own
drawings of the plants in Journal des Observations Physiques,
Mathématiques etBotaniques (Rix2012). In the late18th century,
several expeditions initiated by King Carlos III of Spain were
conducted to study the flora of South America. The following
four famous botanists dominated this period: Jose Celestino
Mutis (1732–1808), Don Hipolito Ruiz Lopez (1754–1816),
Don Jose Pavon Jimenez (1754–1840) and Joseph Dombey
(1742–1794).

Pilar de San Pío Aladrén and Mostazo Fernández gave an
account of Mutis in the catalogue for an exhibition of old and
new South American Botanical art held in 2009 (Pilar de San Pío
Aladrén and Sherwood 2010).Mutiswasmedically trained butwas
also interested in natural history. Mutis sent several unsuccessful
petitions to the King in Madrid to obtain permission to set up a
botanical institute and fund an expedition to collect material for it.
However, in 1783, with the help of the new Archbishop-
viceroy, an expedition was organised to explore New Granada
(now Colombia) and record the plants pictorially, noting their
medicinal, horticultural and agricultural value. Mutis believed
that drawing was a crucial part of the naturalist’s work, so he
established schools for illustrators, in Mariquita and in Santa Fe de
Bogotá, where plants from the expedition were recorded. The
artists were local men with no formal training. The institute
operated until 1816 and trained 40 botanical artists. The artworks
have a particular formal style, somewhat flat as if the specimens
are laid out for pressing (e.g. Mutisia clematis L.f., named in
honour of Mutis; Rix 2012). The expedition collected ~2700
species, which constitute only a small proportion of Colombia’s
rich flora.

The technique used to produce the artworks was painting in
tempera on paper. Mutis prepared the colours himself, using
pigments extracted from local plants and minerals, which he

mixed with oils, gum, ammonia and other solvents. Usually,
three drawings were made of each specimen, including two in
ink (black and sepia), which were used as models for the
engravings, and a third was made in tempera, which was the
definitive study. The collection of 5607 plates (3086 in tempera,
1325 in sepia, 1139 in black ink and 30 pencil drawings) are
now housed in the Real Jardín Botánico, Madrid. These artworks
have preserved to this day because of Mutis’ insistence on using
high-quality paper. There are also 500 descriptions of plants, far
fewer than the number of plates, because Mutis gave priority to
the drawings over the written word, considering the former
provided sufficient explanation. Publication of the works did
not occur until over a century later. Since 1954, the artworks
have been successively reproduced in a collection of volumes
entitledFlora de laReal ExpediciónBotánica delNuevoReino de
Granada (Flora of the Royal Botanical Expedition to the New
Kingdom of Granada; Pérez Arbeláez and Mutis 1954).

Ruiz, Pavón and Dombey, with accompanying artist Isidor
Galvez, explored Peru, Chile and parts of Ecuador, Bolivia and
Colombia from 1777 to 1788. The results were first published in
Prodromus in 1794, with 37 engraving after Galvez’s drawings,
and later in Flora Peruviana, et Chilensis, with 365 engravings
(Ruiz and Pavón 1794).

Another important contributor at this time was the polymath
Prussian, Friedrich Wilhelm Heinrich Alexander Freiherr von
Humbolt (1769–1859), who made a thorough study of tropical
South and central America from 1799 to 1804, in the
company of French botanist Aimée Bonpland (1773–1858).
Their extraordinary expedition took them from the Orinoco
and Rio Negro, to visit Mutis and climb Mount Chimborazo in
Ecuador, down the coast of Peru and back to France through
Mexico and North America. The results of the expedition were
written up in Le Voyage aux Regions Equinocxiales du Nouveau
Continent. Part 6 contains the plants in 15 volumes. The
illustrations by Poiteau and Turpin were drawn from dried
specimens, making them scientifically accurate but rather
sterile (Rix 2012).

From 1817 to 1821, Carl Friedrich Philipp von Martius
(1794–1868) travelled across Brazil, accompanied by zoologist
Johann Baptist von Spix (1721–1826), and collected several
thousand plant specimens. On his return to Munich, he
published two substantial works, namely, Historia Naturalis
Palmarum with 240 chromolithographs based on his own
drawings, and Flora Brasiliensis with 4000 lithographs and
some nature prints of the plants he collected (Rix 2012).

The most important driving force in botanical art in South
America in the 20th century was Margaret Mee (nee Brown
1909–1988; Pilar de San Pío Aladrén and Sherwood 2010).
Starting in her mid-40s, she devoted years to painting the
plants of the vanishing Amazonian rainforest in a living state.
She portrayed orchids and bromeliads, which have characters
that are often difficult to preserve in dry herbarium specimens.
Her published works include Flowers of the Brazilian Forests
(Mee 1968), Flores do Amazonas Flowers of the Amazon (Mee
1980) and In Search of the Flowers of the Amazon Forests (Mee
1988). Her work contributed to global awareness of what was
being lost in the Amazon through mining and logging. On her
death, a group of scientists and friends created the Margaret
Mee Foundation (MMF) to help send a promising Brazilian
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botanical artist to the Royal Botanic Gardens, Kew, to work with
the resident Kew artist, Christabel King, and then return to Brazil
to inspire others.

Since 1989, the MMF has supported an artist each year
(except 2008 and 2010–2014), making a total of 21 artists that
have returned to Brazil to continue Mee’s work (K. Terrell,
Botanical Art & Artists – Contemporary Botanical Artists in
Middle and South America, see http://www.botanicalartandar
tists.com/botanical-artists-in-south-america.html, accessed 21
May 2016). But the MMF is not the only source of
contemporary botanical artists in South America. The
Demonte family, made up of the late Étienne (1931–2004), his
two sisters Rosalia (1932–2009) andYvonne (1932–present) and
his two sons André (1957–present) and Rodrigo (1961–present),
and Rosalia’s daughter Ludmyla, are producing a dynasty of
Brazilian botanical artists that seek to inspire conservation
through their artistic output (Pilar de San Pío Aladrén and
Sherwood 2010). Patricia Villela (1952–present), initially
trained at the School of Visual Arts in Rio in the 1970s, began
her botanical art career in the 1990s. She concentrates on
bromeliads and heliconias, liaising with the Rio de Janeiro
Botanical Gardens (see http://www.botanicalartandartists.com/
botanical-artists-in-south-america.html, accessed 21May 2016).
Alvaró Evando Xavier Nunes (1945–present) initially qualified
and worked as an architect. He started to study botany in 1989,
particularly in the Brazilian savanna, and has paintedmany of the
fruits of native trees from Amazonia and the Pantanal. He spends
long periods working in remote areas that have received little
botanical attention. His drawings have been published in several
books, including Fruiteras da Amazonia (Fruit Trees from the
Amazon), and a series of books published by Embrapa, the
Brazilian Institute for Rural Research (Sherwood 2001).

Use of photography
As the focus of this review is on botanical illustration, and
modern systematic botanists are familiar with the common
use of photographs in their published work, we address
photography here only to the extent of general techniques and
contemporary use.

Photographic techniques have been used to create botanical
illustrations, as well as for visual aids of botanical artists,
since the early 1800s (Simpson and Barnes 2008). The first
book produced entirely by photographic means, which predates
the camera, was a botanical work of cyanotypes (blue prints)
depicting seaweeds (Atkins 1843). Although these images lacked
three-dimensional form and colour, the technique produced
clear outlines of the object shape and details of structures
such as veins.

Camera technology has developed from the camera obscura,
to Daguerreotypes, single-lens reflex (SLR) cameras, to the
introduction of modern digital cameras in the 1990s, and
photographs have developed from monochrome images that
require hand-colouring to full-colour reproductions (Simpson
and Barnes 2008).

Contemporary digital imaging has broadened the possibilities
of visually representing botanical specimens. A very quick method
was scanning an arrangement of plant parts on a flatbed scanner
(Metzing 2004; Koltnow2005; Dorrat-Haaksma andLinder 2012),

but this was limited by the flatbed scanner dimensions. The arrival
of high-quality SLR cameras allowed for greater versatility in
the production of photographic images of both large and small
aspects of plant morphology (Lüth and Frahm 2011; Barrett and
Wilson 2012).

Photographic images of plants have often been of limited
use for illustrating plant components because of the lack of the focal
depth of the photograph, particularly those taken through the light
microscope. However, in recent years, image-stacking software,
that can blend a series of digital images (McCormack 2006), allows
the photographer to emulate the infinite depth of focus achieved by
the botanical artist (e.g. Breeden and Breeden 2010).

Many botanical works, particularly field guides, were
illustrated solely or mainly by photographs. Examples of
Australian publications include the following: Field Guide to
the Eucalypts (Brooker and Kleinig 1990); A Field Guide to the
Eremophilas of Western Australia (Brown and Buirchell 2011);
and Identification and Ecology of South-west Australian
Orchids (Brundrett 2016). Examples of New Zealand
publications include New Zealand Ferns and Allied Plants
(Brownsey and Smith-Dodsworth 2000), An Illustrated Guide
to New Zealand Hebes (Bayly and Kellow 2006) and New
Zealand’s Native Trees (Dawson and Lucas 2011). Examples
of South African publications include A Field Guide to
Wildflowers Kwazulu–Natal and the Eastern Region (Pooley
1998), Field Guide to Fynbos (Manning 2007) and Restios
of the Fynbos (Dorrat-Haaksma and Linder 2012). Examples
of publications for the South American flora include Seeds of
Amazonian Plants (Princeton Field Guides; Cornejo and
Janovec 2010) and A Field Guide to the Families and Genera
of Woody Plants of North-west South America (Colombia,
Ecuador, Peru) with Supplementary Notes on Herbaceous
Taxa (Gentry 1996).

Microscopy produced magnified visual or photographic
images of objects too small to be seen with the naked eye.
Two well known branches of microscopy used in botanical
science are optical and electron microscopy, and their use
depends on the resolution required.

Optical or light microscopy involves passing visible light
transmitted through or reflected from the sample through a single
or multiple lenses, to allow a magnified view of the sample. The
resulting image can be detected directly by the eye, imaged on
a photographic plate or captured digitally. The most recent
development was the digital microscope, which used a charge-
coupled device (CCD) camera to focus on the specimen of interest,
and showed the resulting image on a computer screen.

Until the invention of subdiffraction microscopy, the
wavelength of the light limited the resolution of traditional
microscopy to ~0.2 mm. So as to gain higher resolution, an
electron beam with a far smaller wavelength was used in
electron microscopes. Transmission electron microscopy (TEM)
was similar to the compound light microscope by sending an
electron beam through a very thin slice of the specimen. The
resolution limit was ~0.05 nm. Scanning electron microscopy
(SEM) visualised details on the surfaces of specimens and gave
a three-dimensional view. It gave a resolution of ~0.4 nm.
Microscopy has allowed the visualisation of micro- and ultra-
structures such as cell structure, anatomical sections and surface
textures.
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Prior to photography, botanical illustrations were the only
way of recording visually what a plant looks like. The senior
author of the present paper is often asked why bother drawing
a plant when you can just take a photograph of it? Although
photographs may seem an alternative form of illustration, there
are some problems with using photographs to depict plant
structures. Photographs are not good at providing clear depth
cues, and artists can eliminate or underplay extraneous traits,
while clearly portraying the essential ones. Furthermore,
research has revealed that human vision and cameras work
very differently. Cameras treat each piece of information the
same, whereas illustrators emphasise boundaries and the outline
of objects. Simplifying the detail to show just the essential
elements of the subject being described creates a satisfying
and understandable image for the human eye (Flannery 2013).

The camera has become a useful addition to the artist’s tool
kit (Blunt and Stearn 1994). Cameras are used to record a quick
reference image for colour, but serve as a guide only, because the
resulting photographic images are rarely true. Photographs are
more often used to visually describe the habitat (Fig. 3A), or
micrographs of the surfaces of structures such as seeds or
pollen (Fig. 3D). Simpson and Barnes (2008) discussed the
compilation of a composite illustration of photographic images
and suggested that this could be used more readily than it has
been in the past. However, the method required to compose a
composite illustration of photographic images requires as much
time and expertise as the compilation of a composite illustration
composed of hand-drawn and painted botanical illustrations.

Challenge of colour
Any discussion of the role of botanical illustration and
photography in plant systematics must consider colour and the
capacity of each image type to accurately portray traits and
characters. Colour illustrations of plants are icons of natural-
history illustration (Nickelsen 2006). Botanical illustrations
have always been expensive to produce (Flannery 2013).
Contemporary botanical illustrations are most often made in
black and white with pen and ink. Half-tone drawings are used
to givemore indication ofmass, but colour is rarely used, because
of the economics of time and the cost of production, as well as
the challenge of being able to reproduce those colours
accurately before the specimen deteriorates.

Carl Linnaeus (1707–1778) wrote in Philosophia Botanica,
his 1751 theoretical treatise on the taxonomy of plants that
‘colour is remarkably changeable, and so is of no value in
definitions’ (Nickelsen 2006, p. 3). Linnaeus explicitly
excluded colours from the qualities that he considered eligible
for characterising species, not just because the colours of plants
may vary depending on the plant location, but also because it
was impossible to guarantee consistent definition of colour, not
even in illustrations.

At least three strategies to record the colour of plant
specimens being illustrated in the 18th century seem to have
been employed, including (1) describing the colours in technical
terms, i.e. words, (2) colouring small portions of the sketches of
various parts, i.e. reference sketches and (3) describing colour in
abbreviated code, such as numbers and sometimes letters that
refer to a colour chart (Lack and Ibáñez 1997).

The use of a code was practiced as far back as Albrecht
Dürer’s day (Koreny 1989). The most proficient proponents of
a colour chart were the Bauer brothers. They started using
a colour chart under the tutelage of Dr Norbert Boccius
(1729–1806) and Nikolaus Joseph von Jacquin (1727–1817).
It was unclear whether the brothers used a standard technique
employed by illustrators in Vienna at the time or whether they
invented their own (Lack and Ibáñez 1997). Their initial colour
chart consisted of 140 numbered colours. This colour chart is
preserved today in the Real Jardin Botanico inMadrid. Ferdinand
Bauer went on to develop a colour chart of 250 shades used
for drawings in John Sibthorp’s (1758–1796) Flora Graeca
(Sibthorp and Smith 1806, 1813, 1819, 1823, 1825, 1828,
1830; Sibthorp and Lindley 1833, 1837, 1840). Then, for his
Pacific work, Bauer devised a system of almost a thousand
shades of colour, with associated letters and cryptic abbreviated
German and English words to designate texture and shininess
(Mabberley et al. 2007).

Most botanical illustrations from the mid-eighteenth century
to early nineteenth century were published as hand-coloured
engravings. This confronted botanists, and their employees,
with considerable practical and methodological challenges.
Employing enough colourists, with experience and skill, added
considerably to the cost of production and required supervision
to maintain consistency. Ready-made colours were impossible to
find, so the colours had to be hand-mixed from toxic pigments,
which required careful guidance or years of experience, and
there was a lack of standardisation in colour recipes, colour
names and in the way they were used and referred to. There
were examples of published colour recipes, but they often
lacked detail, so probably most workshops found their own
solutions to these technical problems, leading to different
names being used for the same pigments and colour mixes
(Nickelsen 2006).

Contemporary coloured botanical illustrations are rendered
in either oil paints or watercolour paints, and, more rarely,
coloured pencil. Both paint media have pigment suspended in
a binding medium. For oil paints, the binder is usually linseed
oil. For watercolour paints, the binder is usually gum arabic. Oil
paints are usually thicker and contain more pigment than do
watercolour paints; however, this depends on the quality of
paints in question. The techniques and properties of these two
forms of painting are quite different. When painting in oils, the
darkest layer is applied first, then lighter layers, through to the
lightest layer. When painting in watercolours, the lightest layer
is applied first, then darker layers, through to the darkest layer.
Oil paints require longer to dry than do watercolour paints. The
oil paintings have a glossy finish compared with the matte finish
of watercolour paintings. Oil paintings age well and have less
discolouration over time. Watercolour paintings will fade and
discolour over time if not stored well.

The advent of colour photography provided a quick means of
recording plant colour. However, producing a true record of
colour even with photography was challenging. The resulting
colour image generated by the camera was device-dependent
because of the spectral sensitivity of the sensors differing among
digital cameras (Hong et al. 2001). Also, there was a discrepancy
between recorded colour images and direct observation (Jobson
et al. 1997). Human perception excels at constructing a visual
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representation in vivid colour across a wide range of photometric
levels. The recorded images of film and electronic cameras
suffer from a loss of clarity and colour as light levels drop
within shadows. Although the recorded images are not always
true to colour, the ability of the digital camera to obtain objective
colourmeasurements among specimensmakes the digital camera
a powerful tool in addressing systematic problems of colour
variation (McKay 2013).

Important tools in the horticultural industry are colour charts,
such as that produced by the Royal Horticultural Society (RHS;
Grayer 2009) and theMunsell Book of Colour (MBC; Griesbach
and Austin 2005), but it was not just gardeners who value the
charts. When consulting herbarium specimens, colour is
invariably lost, and language was not sufficient to definitively
describe and identify colour. Colour charts can play an important
role in the descriptive label that accompanies the dried pressed
specimen (Grayer 2009).

Colours of plants, particularly flower colour and pattern, are
important in reproductive biology especially as an isolating
mechanism in pollination (Weiss 1995). A plant needs to
invest energy into its colour as much as into other traits. If
other traits are important in distinguishing species, then colour
should not be negated as readily as Linnaeus sought to do.

Botanical illustrations or photographs? Comparative
use in six contemporary journals
Blunt and Stearn (1994) suggested that in the 20th century, the
photographer had largely usurped the place of the botanical artist.
To ascertain whether botanical illustrations are still relevant in
publications, a selection of journals, floras and monographs was
examined to identify the trends in their use of both botanical
illustrations and photographs.

Botanical journals

We undertook an analysis by reviewing the use of botanical
illustrations and photographs in the following six peer reviewed
journals: Nuytsia (Department of Parks and Wildlife, see https://
florabase.dpaw.wa.gov.au/nuytsia/, accessed 16 June 2015), the
in-house journal of the Western Australian Herbarium, first
published in 1970; Journal of the Adelaide Botanic Gardens
(Government of South Australia, Department of Environment,
Water andNatural Resources, see http://www.environment.sa.gov.
au/Science/Science_research/State_Herbarium/Resources/Publica
tions/Journal_of_the_Adelaide_Botanic_Gardens, accessed 16
June 2015), the in-house journal of the South Australian
Herbarium, first published in 1976 (renamed Swainsonia in
2017); Muelleria (Royal Botanic Gardens Victoria, see https://
www.rbg.vic.gov.au/science/publications/muelleria/muelleria-on
line, accesed 24 April 2017), the in-house journal of the Royal
Botanic Gardens Victoria, first published in 1955, Telopea
(National Herbarium of New South Wales, see http://plantnet.rbg
syd.nsw.gov.au/Telopea/index.php, accessed 3 October 2017),
the in-house journal of the National Herbarium of New South
Wales first published in 1975; Austrobaileya (Queensland
Government, see https://www.qld.gov.au/environment/plants-ani
mals/plants/herbarium/austrobaileya/, accessed 4 May 2017), the
in-house journal of the Queensland Herbarium, first published
in 1977; and Systematic Botany (American Society of Plant

Taxonomists, see https://aspt.net/sysbot/#.WROl4lOGORs,
accessed 16 June 2015), the journal of the American Society
of Plant Taxonomists, first published in 1976.

Some of these institutions employed in-house illustrators
who may be employed on a full-time or part-time salary, or on
a contractual basis. The services of these illustrators were often
available only to the staff botanists, not to all contributors to the
institutional journals, and staff botanists were not obliged to
publish their papers in the in-house journal of their institution.
The in-house illustrators may have their primary focus on other
projects, such as floras or particular revisions, and not necessarily
be directly associated with production of illustrations for journal
articles. They may work particularly closely with some staff in
the institution and not others as an artefact of history,
personalities or funding arrangements.

The Western Australia Herbarium has not employed in-
house illustrators. Instead, Nuytsia relied on freelance artists
including Margaret Menadue, Margaret Pieroni, Lorraine Cobb
and one of the authors of the present paper, Ellen Hickman. The
Adelaide Botanic Gardens appointed Ludwik Dutkiewicz as
botanical illustrator to its permanent staff in 1953. He was
succeeded briefly by Beth Chandler in 1981, and then, in
1983, by Gilbert Dashorst, who left in 2012 (Hewson 1999).
Anita Barley (nee Podwyszynski) was appointed as staff
illustrator of the National Herbarium of Victoria in 1977, and
remained on staff until 1992 (Twigg 1996). She was succeeded
by Mali Moir (1992–1998), Su Pearson (1993–2003) and Enid
Mayfield (1995–1998) in part-time positions (S. Stewart,
librarian at the National Herbarium Victoria, pers. comm., 25
May 2017). This changed to contract positions in 2008 (M.Moir,
pers. comm., 15 May 2017). The National Herbarium of
New South Wales also employed in-house illustrators, namely
Christine Payne and Robyn Griffiths, who were appointed to
the staff of the herbarium in 1974 (Hewson 1999). They were
succeeded by David Mackay (1979–1995, intermittently) and
Nicola Oram (1989–1995), who were employed full-time
concurrently, to cover the work involved in illustrating the
Flora of New South Wales. Bob Roden was also employed for
~4 years during the 1980s and Marion Westmacott for ~8 years
during the 1990s (D. Mackay, pers. comm., 15 May 2017).
The National Herbarium of New South Wales now has one
full-time illustrator position, which is job shared by Lesley
Elkan (1995–present) and Catherine Wardrop (1999–present)
(L. Elkan, pers. comm., 12 May 2017). Margaret Saul was the
inaugural Botanical Illustrator for the Queensland Herbarium,
working there from 1975 to 1980. She was succeeded by Gillian
Rankin (1980–1985), and then William Smith (1985–present),
who is still currently employed as a staff illustrator (W. Smith,
pers. comm., 16 May 2017). So, effectively botanical staff
in these institutions and, therefore, the institutional journals,
namely Journal of the Adelaide Botanic Gardens, Telopea,
Muelleria and Austrobaileya, have had continuous access to
in-house illustrators currently or until recently.

The American Society of Plant Taxonomists was formed
in 1935 ‘to foster, encourage and promote education and
research in the field of plant taxonomy’ (American Society of
Plant Taxonomists 2013) and is based at the University of
Wyoming. The instructions to authors, for Systematic Botany,
state that ‘papers need to include an illustration clearly showing
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diagnostic characters, but a line drawing is not required.’ Illustrators
for Systematic Botany papers are employed on a commission
basis by the authors of the papers, or their institutions, and are
not employed by the American Society of Plant Taxonomists
(see https://aspt.net/sysbot/#.WROl4lOGORs). Systematic Botany
publishes mainly on broad taxonomic themes, and will publish
new taxa within this context. Systematic Botany was chosen as
a journal for our analysis because it publishes papers on South
American taxa.

Only papers that described new species, or were revisions of
particular taxa, were included in the analysis. The taxa described
included vascular plants as well as fungi, lichens, mosses and
algae. Papers were scored on the presence or absence of each
image type, namely illustrations (including simple diagrammatic
line drawings to full composite plates of plant habit and
vegetative and floral traits), photographs (including SEM
images, black and white and colour photography) or no visual
depiction of species characteristics. The portion of papers with
each image type was determined for each year of publication
(Fig. 4). The year of publication was included in the analysis
if at least eight papers in a particular year were describing new
species or were revisions of particular taxa. At least eight papers
per year were used as the cut-off to allow a balance between
maintaining a sufficient number of years per journal versus a low
number of papers published in any one year having a large
influence on the results. We investigated temporal trends in the
use of illustrations and photographs in papers with linear
regression for three time periods (all years, years pre-2000
and years 2000 and after; Table 1). We chose to investigate
trends before and after 2000, assuming that this marks a point
in time when digital photography became more accessible to
botanists. We accepted trends as statistically significant when
P < 0.05 (Table 1, Fig. 5). All analyses were performed using
StatPlus ver. 6 (AnalystSoft Inc., see http://www.analystsoft.
com/en/, accessed 2 October 2016).

For Nuytsia, there was a significant decline in the use of
illustrations for the periods 1970–2016 and 2000–2016 (Fig. 5A,
Table 1). Nuytsia papers showed a significant decline in the use of
photographs before 2000 and a significant increase in the use of
photographs after 2000 (Fig. 5B, Table 1).

The Journal of the Adelaide Botanic Gardens showed
a significant increase in the use of illustrations in papers for
the period 2000–2016, but not for the other two periods (Fig. 5C,
Table 1). There was also a significant increase in the use of
photographs in papers for the periods 1976–2016 and 2000–
2016, but not for years before 2000 (Fig. 5D, Table 1).

Muelleria displayed a significant decline in the use of
illustrations in papers for the period 1983–2016 and
a significant increase in the use of photographs for the same
period (Fig. 5E, F, Table 1), whereas there were no significant
trends in the use of either medium before or after 2000. Despite
this journal being in publication since 1955, there were
insufficient papers for the years of publication from 1955 to
1982, to use these years in the analysis. Hence, the resulting
graph starts in the 1980s.

Telopea had a significant increase in the use of illustrations
in papers for the period 1975–1999 and a significant decrease
for the period 2000- 2017 (Fig. 5G, Table 1). For the period
after 2000 and for the whole period 1975–2017, there was

a significant increase in the use of photographs (Fig. 5H,
Table 1).

Austrobaileya, in contrast, showed no trend in the use of
illustrations in papers for the overall period (1977–2016) or for
the periods before or after 2000. The only trend observed was
a significant increase in the use of photographs in papers after
2000 (Fig. 5I, J, Table 1).

There was a significant increase in the use of illustrations in
Systematic Botany, in papers for the overall period (1977–2016)
but not for the periods before or after 2000. There was also
a significant increase in the use of photographs in papers for
the overall period, and before and after 2000 (Fig. 5K, L,
Table 1).

To summarise, if photographs were replacing botanical
illustrations as the preferred visual tool then we would expect the
proportion of photographs to increase and the proportion of
botanical illustrations to decrease over time, to a point where
there are no botanical illustrations used in these publications.
Our analysis showed that in five of the six journals, the use of
photography in papers from 2000 onward has increased strongly,
and for four journals this trend has been occurring since
each journal was established. In contrast, in three of the six
journals, the use of illustrations has declined strongly, and in
two journals it has increased slightly or stayed much the same.
In one journal, there was an increase in the use of illustrations
after 2000, but there was no trend when all years were considered.
Interestingly, there is a significant decline in the use of photographs
in Nuytsia papers from when it was first published in 1970–2000.
In some journals, botanical illustrations are being superseded
by photographs, but botanical illustrations have not disappeared
altogether. The cause of these trends is unknown; however, they are
likely to be due to several factors, including sourcing funding
for production of botanical illustrations, editorial preference for
the use of illustrations or photographs, author preference for either
illustrations or photographs, and moving to online publication,
with no charges for colour.

Botanical monographs and floras

Botanical monographs and floras are usually published in
book format, allowing the compilers more space than does
the journal format, for illustrations, as either drawings or
photographs.

We reviewed the use of botanical illustrations and
photographs in 165 readily accessible monographs and floras
on southern hemisphere regions and plant families. Only
publications produced since 1950 were used. The aim was to
review sufficient examples to establish quantitative trends, not
to be comprehensive. Publications were scored on the presence
or absence of each image type, including illustrations (including
simple diagrammatic line drawings to full composite plates
of plant habit and vegetative and floral traits), photographs
(including SEM images, black and white and colour
photography) or no visual depiction of species characteristics
(Table 2). This approach has limitations, such as that a particular
monograph could have many illustrations and just a single
photo (or vice versa) and both would be equally weighted
here. The trends discovered should, therefore, be regarded as
indicative rather than definitive. The portion of publications

302 Australian Systematic Botany E. J. Hickman et al.



Chapter 1: Botanical Illustration and Photography 

 15 

 

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0

19
72

19
76

19
83

19
86

19
87

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
01

20
03

20
04

20
05

20
06

20
08

20
09

20
10

20
11

20
15

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
87

19
88

19
89

19
90

19
91

19
93

19
95

19
96

19
98

20
00

20
07

20
08

20
10

20
12

20
13

20
14

19
74

19
78

19
80

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

N
uy

ts
ia

P
ro

po
rt

io
n 

of
 p

ap
er

s 
(%

)
Jo

ur
na

l o
f t

he
 A

de
la

id
e 

B
ot

an
ic

 G
ar

de
ns

P
ro

po
rt

io
n 

of
 p

ap
er

s 
(%

)
M

ue
lle

ria
P

ro
po

rt
io

n 
of

 p
ap

er
s 

(%
)

Year of publication

A

B

C

No image Photo only Illust & photoIllust only

Fig. 4. The proportion of papers with illustrations, photographs or no visual depiction of species
characteristics for particular years of publication of six taxonomic and plant systematic journals.
A. Nuytsia. B. Journal of Adelaide Botanic Gardens. C. Muelleria. D. Telopea. E. Austrobaileya.
F. Systematic Botany. Only papers that are formally describing taxa were used. Each year of publication
needed to have at least eight papers before that year of publication was included in the analysis.
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with each image type was determined for each decade of
publication for each of three continents, namely Australia,
South Africa and South America (Fig. 6A–C).

We investigated temporal trends in the use of illustrations
and photographs in Australian and South African monographs
and floras using linear regression. For the South African analysis,
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the decade 2000s was omitted, because it contained only
a single publication. The South American monograph and
flora data had only a single publication cited for the 1950s and
no publications cited for the decades 1960s, 1970s and 1980s,
so there were insufficient data to undertake a trend analysis.
This lack of publications may be due to the South American
flora only recently receiving significant attention, especially
compared with the Australian and South African floras, as
discussed above in the historical use of botanical illustration.
With the caveat of sampling bias discussed above, we accepted
trends as statistically significant when P < 0.05 (Table 3,
Fig. 6D–F).All analyses were performed using StatPlus, ver. 6
(AnalystSoft Inc.).

The use of illustrations in Australian and South African
monographs did not change significantly for the decades

between 1950 and 2010, but there were accompanying
significant increases in the use of photography (Fig. 6D, E,
Table 3).

In these monographs and floras, photographs have usually
been used to show plants in their environment, or micrographs
have been used to show structures such as seeds, seed coats,
pollen and pollen surfaces (Fig. 3). The botanical illustrations
provide details of the plant habit, structures and traits of
flowers and fruits, often with the background being removed
for more clarity (Figs 1, 2). Botanical illustrations also have the
ability to include details from several different specimens
combined, so as to show all relevant information in one image.
This might not be possible in a photograph because any single
specimen may not have all details visible or may have damaged
structures. The results from the present review suggest that

Table 1. Linear regression analysis of the use of images in six scientific journals as a proportion of the type of image used over time
Only papers that are formally describing taxa were used. Analysis looked at all years of publication, years before 2000 and years 2000 and after. Each year of

publication needed to have at least eight papers before that year of publication was included in the analysis. Significant P-values are italicised

Journal Image type Time period Number of
years used
in analysis

Number of
papers used
in analysis

F d.f. P-value r2 Equation

Nuytsia Illustrations 1970–2016 37 723 11.382 35 0.002 0.251 Y = 11780.457 – 0.866x
Illustrations 1970–1999 21 307 0.143 19 0.71 0.008 Y = – 417.263 + 0.239x
Illustrations 2000–2016 16 416 44.83 14 0.00001 0.775 Y = 6674.063 – 3.303x
Photographs 1970–2016 37 723 3.872 35 0.057 0.102 Y = – 1269.117 + 0.655x
Photographs 1970–1999 21 307 19.401 19 0.0003 0.519 Y = 4361.254 – 2.179x
Photographs 2000–2016 16 416 24.71 14 0.0003 0.655 Y = – 7419.740 + 3.720x

JABG Illustrations 1976–2016 26 331 0.543 24 0.469 0.023 Y = 439.091 – 0.195x
Illustrations 1976–1999 19 251 0.131 17 0.723 0.008 Y = –363.962 + 0.210x
Illustrations 2000–2016 7 80 9.826 5 0.035 0.711 Y = –9699.851 + 4.847x
Photographs 1976–2016 26 331 11.366 24 0.003 0.331 Y = –2471.351 + 1.254x
Photographs 1976–1999 19 251 2.13 17 0.164 0.117 Y = 1547.404 – 0.770x
Photographs 2000–2016 7 80 15.38 5 0.017 0.794 Y = –16739.436 + 8.356x

Muelleria Illustrations 1955–2016 24 273 9.165 22 0.006 0.304 Y = 2264.339 – 1.100x
Illustrations 1955–1999 14 167 2.27 12 0.16 0.171 Y = –2384.516 + 1.234x
Illustrations 2000–2016 10 106 2.07 8 0.193 0.228 Y = 3820.701 – 1.877x
Photographs 1955–2016 24 273 36.948 22 <0.0001 0.638 Y = –4636.795 + 2.339x
Photographs 1955–1999 14 167 0.945 12 0.352 0.079 Y = –1919.375 + 0.974x
Photographs 2000–2016 10 106 3.346 8 0.11 0.323 Y = –4930.997 + 2.486x

Telopea Illustrations 1975–2017 24 371 4.138 22 0.055 0.165 Y = 1758.823 – 0.848x
Illustrations 1975–1999 11 162 6.853 9 0.031 0.461 Y = –3512.580 + 1.797x
Illustrations 2000–2017 13 209 25.186 11 0.0005 0.716 Y = 6841.437 – 3.378x
Photographs 1975–2017 24 371 42.555 22 <0.0001 0.67 Y = –4864.967 + 2.448x
Photographs 1975–1999 11 162 0.208 9 0.661 0.025 Y = 428.970 – 0.209x
Photographs 2000–2017 13 209 61.281 11 <0.0001 0.86 Y = –10500.304 + 5.252x

Austrobaileya Illustrations 1977–2016 27 369 0.121 25 0.731 0.005 Y = –46.291 + 0.066x
Illustrations 1977–1999 13 211 2.852 11 0.122 0.222 Y = –2098.958 + 1.096x
Illustrations 2000–2016 14 158 0.021 12 0.887 0.002 Y = – 64.735 + 0.074x
Photographs 1977–2016 27 369 4.258 25 0.05 0.151 Y = –1621.977 + 0.825x
Photographs 1977–1999 13 211 1.424 10 0.263 0.137 Y = 1672.314 – 0.828x
Photographs 2000–2016 14 158 5.755 12 0.035 0.343 Y = –6463.022 + 3.236x

Systematic Botany Illustrations 1976–2016 32 800 6.702 30 0.015 0.188 Y = –773.252 + 0.429x
Illustrations 1976–1999 16 266 1.132 14 0.307 0.08 Y = –1407.011 + 0.748x
Illustrations 2000–2016 16 534 0.089 14 0.77 0.007 Y = –149.106 + 0.118x
Photographs 1976–2016 32 800 40.085 30 <0.0001 0.58 Y = –2742.950 + 1.397x
Photographs 1976–1999 16 266 16.11 14 0.001 0.553 Y = –5083.073 + 2.575x
Photographs 2000–2016 6 534 7.703 14 0.016 0.372 Y = –4556.566 + 2.298x
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botanical illustrations and photographs play a complementary
role in monographs and floras on southern hemisphere plants,
so photographs may not be usurping the place of botanical
illustrations.

Roles of botanical artists in scientific discovery: who
discovered what?
Our review showed that despite an increase in the use of
photography, botanical illustration continues to play an
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Fig. 5. Linear regression analysis of the use of images in six scientific journals as a proportion of the type of image used over time was undertaken for three
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important role in southern hemisphere plant systematics. If the
photograph has not replaced the botanical illustration as was
hypothesised, then is it the skill of the practitioner that is of
more importance than the type of image utilised?

There is a long history of scientists and botanical illustrators
working together (Flannery 2013), but the precise role artists
have played in scientific discovery is not always clear. When the
botanist and artist are one and the same person, the question of
who discovered what is irrelevant, but when the botanist and
artist are different individuals, then the following question

arises: did the scientist make a new discovery and direct the
artist to illustrate it, or did the artist illustrate a new discovery
that was noticed by the scientist or was pointed out by the artist
to the scientist?

Discovery through illustration when a botanist
was also an artist

There have been several botanists who were also botanical
artists, both historically and at present day. Historically, before
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Table 2. A selection of monographs and floras on southern hemisphere plants, published since 1950, by continent, in chronological order, showing
the presence (1) and absence (0) of the type of images used: illustrations (illust), photographs (photo) or no image (none)

Country Date of
publication

Title Author Genus and FAMILY Reference Present (1)
or absent (0)

Illust Photo None

Australia 1951 Orchids of the West Erickson R ORCHIDACEAE Erickson 1951 1 0 0
Australia 1952 Flora of Western Australia Gardner CA POACEAE Gardner 1952 1 0 0
Australia 1957 Flora of South Australia Black J Various Black 1957 1 0 0
Australia 1958 Triggerplants Erickson R STYLIDIACEAE Erickson 1958 1 0 0
Australia 1963 The Student’s Flora of Tasmania Curtis WM Various Curtis 1963 1 0 0
Australia 1968 Eucalyptus Buds and Fruits Chippendale GM Eucalyptus, MYRTACEAE Chippendale 1968 1 0 0
Australia 1968 Plants of Prey Erickson R Various Erickson 1968 1 0 0
Australia 1970 Flora of the Australian Capital

Territory
Burbidge NT and Gray M Various Burbidge and Gray 1970 1 0 0

Australia 1973 Aquatic Plants of Australia Ashton HI Various Aston 1973 1 0 0
Australia 1974 Wildflowers of South Eastern

Australia
Garnet JR Various Conabere and Garnet

1975
1 0 0

Australia 1976 The Mosses of Southern Australia Scott GAM, Stone IG Mosses Scott and Stone 1976 1 0 0
Australia 1977 Eucalypts Kelly S Eucalyptus, MYRTACEAE Kelly et al. 1977 1 0 0
Australia 1978 How to Know Western Australian

Wildflowers
Blackall WE and Grieve BJ Various Blackall and Grieve 1978 1 0 0

Australia 1978 The Endemic Flora of Tasmania Curtis WM Various Curtis 1978 1 0 0
Australia 1979 Lichens of South Australia Filson RB and Rogers RW Lichens Filson and Rogers 1979 1 1 0
Australia 1979 Flora of Tasmania part 4a

Angiospermae: Orchidaceae
Curtis W ORCHIDACEAE Curtis 1979 1 0 0

Australia 1980 The Mosses of South Australia Catcheside DG Mosses Catcheside 1980 1 0 0
Australia 1981 Banksia (vols 1, 2 and 3) George AS Banksia, PROTEACEAE Rosser and George 1981 1 0 0
Australia 1986 Flora of South Australia Jessop JP and Toelken HR

(Eds)
Various Jessop et al. 1986 1 0 0

Australia 1987 Flora of the Perth Region
(vols 1 and 2)

Marchant NG Wheeler JR,
Rye BL, Bennett EM,
Lander NS, Macfarlane
TD

Various Marchant et al. 1987 1 0 0

Australia 1989 Flora of South-Eastern
Queensland (vols 1, 2 and 3)

Stanley TD and Ross EM Various Stanley and Ross 1989 1 0 0

Australia 1990 Flora of New South Wales Harden GJ (Ed.) Various Harden 1990 1 1 0
Australia 1992 Flora of the Kimberley Region Wheeler JR (Ed.) Various Wheeler et al. 1992 1 0 0
Australia 1993 Flora of Victoria Foreman DB, Walsh NG,

Entwisle TJ (Eds)
Various Foreman and Walsh 1993 1 0 0

Australia 1994 TheGrevilleaBook (vols 1, 2and3) Olde PM and Marriot NL Grevillea, PROTEACEAE Olde and Marriott 1994 0 1 0
Australia 1995 Flora of the Darwin Region Dunlop CR, Leach GJ,

Cowie ID (Eds)
Various Dunlop et al. 1995 1 0 0

Australia 1997 Larger Fungi of South Australia Grgurinovic CA Fungi Grgurinovic 1997 1 1 0
Australia 1998 Fungi of Southern Australia Bougher NL and Syme K Fungi Bougher and Syme 1998 1 0 0
Australia 1999 Australian Rushes: Biology,

Identification and Conservation
of Restionaceae and Allied
Families

MeneyKAandPate JS (Eds) RESTIONACEAE Meney and Pate 1999 1 1 0

Australia 2002 Flora of the South West: Bunbury
Augusta Denmark

Wheeler J, Marchant N,
Lewinton M

Various Wheeler et al. 2002 1 0 0

Australia 2002 Verticordia: the Turner of Hearts George E Verticordia, MYRTACEAE George and Pieroni 2002 1 0 0
Australia 2002 Flora of New South Wales Harden GJ (Ed.) Various Harden 2002 1 1 0
Australia 2003 Marine Benthic Flora of Southern

Australia
Womersley HBS Algae Womersley 2003 1 1 0

Australia 2006 Plants of the Adelaide Plains and
Hills (3rd edn)

Dashorst GRM and Jessop
JP

Various Dashorst and Jessop 2006 1 0 0

Australia 2006 Grasses of South Australia Jessop JP, Dashorst GRM
and James FM

Grasses Jessop et al. 2006 1 1 0

Australia 2006 Flora of Australia vol. 51Mosses 1 McCarthy PM Mosses McCarthy 2006 1 1 0
Australia 2007 Eremophila and Allied Genera Chinnock RJ Eremophila MYOPORACEAE Chinnock 2007 1 1 0
Australia 2008 Orchids of Western Australia Brown A, Dundas P, Dixon

K and Hopper S
ORCHIDACEAE Brown et al. 2008 1 0 0

Australia 2009 Flora of Australia vol. 44 A
Poaceae 2

Wilson A (Ed.) POACEAE Wilson 2009 1 1 0

Australia 2009 Flora of Australia vol. 57
Lichens 5

McCarthy PM and
Kuchlmayr B (Ed.)

Lichens McCarthy andKuchlmayr
2009

1 1 0

Australia 2011 Flora of Australia vol. 39
Alismatales to Arales

Wilson A (Ed.) Alismatales to Arales Wilson 2011 1 1 0

(continued next page)
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Table 2. (continued )

Country Date of
publication

Title Author Genus and FAMILY Reference Present (1)
or absent (0)

Illust Photo None

Australia 2013 Flora of Australia vol. 26
Meliaceae, Rutaceae and
Zygophyllaceae

Wilson A (Ed.) MELIACEAE, RUTACEAE,
ZYGOPHYLLACEAE

Wilson 2013 1 1 0

Australia 2015 Flora of Australia vol. 37
Asteraceae 1

Wilson A (Ed.) ASTERACEAE Wilson 2015 1 1 0

Australia 2016 Flora of South Australia
(5th edn)

Kellerman J (Ed.) Various Kellerman 2016 1 1 0

South Africa 1950 Wildflowers of the Cape
of Good Hope

Compton RH and
Garrett Rice E

Various Rice and Compton 1950 1 0 0

South Africa 1952 Stapelieae of Southern Africa Lückhoff CA ASCLEPIADACEAE Lückhoff 1952 0 1 0
South Africa 1954 Wild Flowers of Natal Hulme MM Various Hulme 1954 1 0 0
South Africa 1955 Common Succulents Hall H Various Hall 1955 1 0 0
South Africa 1959 The Genus Babiana Lewis GJ Babiana, IRIDACEAE Lewis 1959 1 1 0
South Africa 1962 Wild Flowers of the Transvaal Letty C and Dyer RA Various Letty and Dyer 1962 1 0 0
South Africa 1966 Wildflowers of the Eastern

Cape
Batten AU, Bokelmann HL Various Batten and Bokelmann

1966
1 0 0

South Africa 1967 Ericas of Southern Africa Baker HA and Oliver
EGH

ERICACEAE Baker and Oliver 1967 1 0 0

South Africa 1967 The Flowering Plants of the
Tsitskama Forest & Coastal
Park

Couryenay-Latimer M
and Smith GG

Various Courtenay-Latimer and
Smith 1967

1 0 0

South Africa 1969 South African Aloes Jeppe BJ Various Jeppe 1969 1 0 0
South Africa 1971 The Genera of

Mesembryanthemaceae
Herre H MESEMBRYANTHEMACEAE Herre 1971 1 0 0

South Africa 1971 Wild Flowers of the
Witwatersrand

Lucas A Various Lucas 1971 1 0 0

South Africa 1972 The Genus Romulea in South
Africa

De Vos MP Romulea, IRIDACEAE De Vos 1972 1 1 0

South Africa 1972 A Revision of the South African
Species of Gladiolus

Lewis GJ, Obermeyer
AA and Barnard TT

Gladiolus, IRIDACEAE Lewis et al. 1972 1 0 0

South Africa 1972 South African Erythrinas Hennessy EF Erythrinas Hennessy 1972 1 0 0
South Africa 1973 Ferns of the Witwatersrand Hancock FD and

Lucas A
Various Hancock and Lucas 1973 1 0 0

South Africa 1974 Aloes Jeppe BJ Various Jeppe 1974 1 1 0
South Africa 1974 Cycads of South Africa Giddy C Various Giddy 1974 1 1 0
South Africa 1975 Natal Wild Flowers Jeppe BJ Various Jeppe 1975 1 0 0
South Africa 1975 Wild Flowers of Malawi Moriarty A Various Moriarty 1975 1 0 0
South Africa 1975 Wild Flowers of Natal: Coastal

Region
Gibson JM Various Gibson 1975 1 0 0

South Africa 1976 The South African Acacias Carr D Acacia, FABACEAE Carr 1976 1 1 0
South Africa 1977 A Field Guide to the Trees of

Southern Africa
Palmer E Various Palmer 1977 1 0 0

South Africa 1977 Compositae in Natal Hilliard OM ASTERACEAE Hilliard 1977 1 0 0
South Africa 1978 Wild Flowers of Natal: Inland

Region
Gibson JM Various Gibson 1978 1 0 0

South Africa 1978 Southern African Epiphytic
Orchids

Ball JS, Browning J
and Ashton P

ORCHIDACEAE Ball et al. 1978 1 0 0

South Africa 1979 Cape Peninsula Ferns Roux JP Various Roux 1979 1 0 0
South Africa 1980 The Proteas of South Africa Rourke JP Protea, PROTEACEAE Rourke 1980 1 1 0
South Africa 1981 Orchids of Africa Hennessy EF and

Stewart J
ORCHIDACEAE Hennessy 1981 1 0 0

South Africa 1981 Flora of Southern Africa,
Bryophyta part 1

Magill R Bryophyta Magill 1981 1 0 0

South Africa 1982 Mimetes Rourke JP and
Lincoln T

Mimetes, PROTEACEAE Rourke and Lincoln 1982 1 0 0

South Africa 1982 Transvaal Wild Flowers Fabian A and
Germishuizen G

Various Fabian and Germishuizen
1982

1 0 0

South Africa 1982 The Fern Genus Elaphoglossum
Schott (Filicales) in South
Africa in Journal of South
African Botany 48

Roux JP Elaphoglossum Roux 1982 1 1 0

South Africa 1984 Revision of the Genus
Haemanthus

Snijman DA Haemanthus,
AMARYLLIDACEAE

Snijman 1984 1 0 0

South Africa 1984 Studies on African
Asclepiadaceae

Kupicha FK ASCLEPIADACEAE Kupicha 1984 1 1 0

(continued next page)
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Table 2. (continued )

Country Date of
publication

Title Author Genus and FAMILY Reference Present (1)
or absent (0)

Illust Photo None

South Africa 1985 Trees & Shrubs of the
Natal Drakensburg

Hilliard OM Various Hilliard 1985 1 0 0

South Africa 1986 The Moraeas of South Africa:
a Systematic Monograph
of the Genus in South
Africa, Lesotho, Swaziland,
Transkei, Botswana,
Namibia and Zimbabwe

Goldblatt P Moraea IRIDACEAE Goldblatt 1986 1 0 0

South Africa 1986 Pteridophyta Schelpe EA and
Anthony NC

Various Schelpe and Anthony
1986

1 1 0

South Africa 1986 Flowering Plants of the
Southern Cape

Pauline Bohnen Various Bohnen 1986 1 0 0

South Africa 1986 Namib Flora Craven P Various Craven and Marais 1986 1 0 0
South Africa 1987 Grasses, Sedges, Restiads &

Rushes of the Natal
Drakensburg

Hilliard OM Various Hilliard 1987 1 1 0

South Africa 1987 Flora of Southern Africa,
Bryophyta part 2

Magill R Bryophyta Magill 1987 1 0 0

South Africa 1988 Pelargoniums of Southern
Africa vol 3

Van der Walt JJA and
Vorster PJ

Pelargonium GERANIACEAE Van der Walt and Vorster
1988

1 0 0

South Africa 1988 Combretaceae in Southern
Africa

Carr D COMBRETACEAE Carr 1988 1 1 0

South Africa 1989 Bulbous Plants of South
Africa

du Plessis N and
Duncan G

Various Du Plessis and Duncan
1989

1 0 0

South Africa 1989 Cycads of Africa Douglas Goode Goode 1989 1 0 0
South Africa 1989 The Slipper Orchids Hennessy EF and

Hedge TA
ORCHIDACEAE Hennessy and Hedge

1989
1 0 0

South Africa 1989 Waterberg Flora Craven P Various Craven and Marais 1989 1 0 0
South Africa 1990 Grasses of South Africa Gibbs Russell GE,

Watson L, Koeekemoer
M, Smook L, Barker NP,
Anderson HM, and
Dallwitz MJ

POACEAE Gibbs Russell et al. 1990 1 1 0

South Africa 1990 Southern African Ferns &
Fern Allies

Burrows JE Ferns Burrows 1990 1 1 0

South Africa 1991 Dierama Hilliard OM and
Burtt BL

Dierama IRIDACEAE Hilliard and Burtt 1991 1 0 0

South Africa 1992 Succulents of the Transvaal Hardy D Various Hardy 1992 1 0 0
South Africa 1992 The Marine Red Algae of Natal Norris RE Norris 1992 1 0 0
South Africa 1992 Damaraland Flora Craven P Various Craven and Marais 1992 1 0 0
South Africa 1993 The Complete Field Guide to

Trees of Natal, Zululand &
Transkei

Pooley E Various Pooley 1993 1 1 0

South Africa 1993 The Woody Iridaceae:
Systematics, Biology and
Evolution of Nivenia, Klattia
and Witsenia.

Goldblatt P IRIDACEAE Goldblatt 1993 1 0 0

South Africa 1994 Gasterias of South Africa Van Jaarsveld EJ
Ward-Hilhorst E

Gasteria ASPHODELACEAE Van Jaarsveld and Ward-
Hilhorst 1994

1 0 0

South Africa 1995 The Proteas of Tropical Africa Beard JS Protea PROTEACEAE Beard 1995 1 1 0
South Africa 1995 Cyperaceae in Natal Gordon-Gray KD CYPERACEAE Gordon-Gray 1995 1 1 0
South Africa 1996 Wild Flowers of Kwazulu –

Natal
Walker J Various Walker 1996 1 0 0

South Africa 1997 Wildflowers of Northern South
Africa

Fabian A and
Germishuizen G

Various Fabian and Germishuizen
1997

1 0 0

South Africa 1997 Plants of the Okavango Delta: a
Field Guide

Ellery K and Ellery W Various Ellery and Ellery 1997 1 0 0

South Africa 1998 Gladiolus in Southern Africa Goldblatt P and
Manning J

Gladiolus IRIDACEAE Goldblatt and Manning
1998

1 0 0

South Africa 1998 A Field Guide to the Wildflowers:
Kwazulu-Natal & the Eastern
Region

Pooley B Various Pooley 1998 1 1 0

South Africa 1998 Flora Hercsheliana Warner B and Rourke J Various Warner and Rourke 1999 1 0 0
South Africa 1999 Orchids of Southern Africa Linder HP and Kurweil H ORCHIDACEAE Linder and Kurzweil 1999 1 1 0
South Africa 1999 Irises Jeppe BJ IRIDACEAE Jeppe 1999 1 0 0

(continued next page)
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Table 2. (continued )

Country Date of
publication

Title Author Genus and FAMILY Reference Present (1)
or absent (0)

Illust Photo None

South Africa 1999 Bulbinella in South Africa in
Strelitzia 8

Perry PL Bulbinella ASPHODELACEAE Perry 1999 1 1 0

South Africa 2001 Geophytic Pelargoniums Craib C Pelargonium GERANIACEAE Craib 2001 1 0 0
South Africa 2012 Restios of the Fynbos Dorrat-Haaksma E

and Linder HP
RESTIONACEAE Dorrat-Haaksma and

Linder 2012
0 1 0

South Africa 2013 Plants of the Greater Cape
Floristic Region 2: the Extra
Cape Flora in Strelitzia 30

Snijman DA Various Snijman 2013 0 0 1

South Africa 2015 Wildflowers of Namaqualand Roux A Various Roux 2015 0 1 0
South America 1959 Venezuelan Orchids Illustrated

vol. I
Dunsterville, GCK

and Garay LA
ORCHIDACEAE Dunsterville and Garay

1959
1 1 0

South America 1993 Haeomodraceae (Flora
Neotropica Monograph 61)

Maas PJM and Maas-
van de Kramer H

HAEMODORACEAE Maas and Maas-van de
Kramer 1993

1 1 0

South America 1994 Flora De San Juan, Republica
Argentina: vol. 1

Kiesling R Various Kiesling 1994 1 1 0

South America 1995 Flora of Venezuela Guyana vol. 2
PTERIDOPHYTES,
SPERMATOPHYTES,
ACANTHACEAE – ARACEAE

Steyermark JA, Berry PE,
Holst BK

PTERIDOPHYTES,
SPERMATOPHYTES,
ACANTHACEAE–
ARACEAE

Steyermark et al. 1995 1 0 0

South America 1997 Flora of Venezuela Guyana vol. 3
ARALIACEAE– CACTACEAE

Steyermark JA, Berry PE,
Holst BK

ARALIACEAE – CACTACEAE Steyermark et al. 1997 1 0 0

South America 1998 Flora of Venezuela Guyana vol. 4
CAESALPINACEAE –

ERICACEAE

Steyermark JA, Berry PE,
Holst BK

CAESALPINACEAE –

ERICACEAE
Steyermark et al. 1998 1 0 0

South America 1998 FamiliasDePlantasNeotropicales Maas PJM, Westra LYTh Various Maas & Westra 1998 1 0 0
South America 1999 Flora of Venezuela Guyana vol. 5

ERIOCAULACEAE –

LENTIBULARIACEAE

Steyermark JA, Berry PE,
Yatskievych K,
Holst BK

ERIOCAULACEAE –

LENTIBULARIACEAE
Steyermark et al. 1999 1 0 0

South America 2000 Cladoniaceae (Flora Neotropica
Monograph 78)

Ahti T CLADONIACEAE Ahti 2000 1 1 0

South America 2000 Buddlejaceae (Flora Neotropica
Monograph 81)

Norman E BUDDLEJACEAE Norman 2000 1 1 0

South America 2000 Vitaceae: Generos Ampelocissus,
Ampelopsis E Cissus (Flora
Neotropica Monograph 80)

Lombardi JA VITACEAE Lombardi 2000 1 1 0

South America 2000 Opiliaceae (Flora Neoptropica
Monograph 82)

Hiepko P OPILIACEAE Hiepko 2000 1 1 0

South America 2001 Flora of Venezuela Guyana vol. 6
LILIACEAE – MYRSINACEAE

Steyermark JA, Berry PE,
Yatskievych K,
Holst BK

LILIACEAE-MYRSINACEAE Steyermark et al. 2001 1 0 0

South America 2002 Brazilian Trees: a Guide to the
Cultivation and Identification of
Brazilian Trees

Lorenzi H Various Lorenzi 2002 0 1 0

South America 2002 Solanum Section Geminata
(Solanaceae) (FloraNeotropica
Monogaph 84)

Knapp S SOLANACEAE Knapp 2002 1 1 0

South America 2003 Flora De San Juan, Republica
Argentina: vol. 2

Roberto Kiesling Various Kiesling 2003 1 1 0

South America 2003 Potamogetonaceae (Flora
Neotropica Monograph 85)

Haynes RR, Holm-nielsen
LB

POTAMOGETONACEAE Haynes and Holm-
Nielsen 2003

1 0 0

South America 2003 Melicocceae (Sapindaceae)
Melicoccus and Talisia (Flora
Neotropica Monograph 87)

Acevedo-Rodriguez P SAPINDACEAE Acevedo-Rodriguez 2003 1 1 0

South America 2003 Duguetia (Annonaceae) (Flora
Neotropica Monograph 88)

Maas PJM, Westra LYTh,
Chatrou LW

ANNONACEAE Maas et al. 2003 1 1 0

South America 2003 Ceratolejeunea (Flora Neotropica
Monograph 90)

Dauphin G Dauphin 2003 1 1 0

South America 2004 Florula del Parque Nacional
Natural Amacayacu Amazonas,
Colombia (Msb 99)

Rudas Lleras, Agustín;
Prieto Cruz, Adriana

Various Rudas Lleras and Prieto
Cruz 2004

1 0 0

South America 2004 Lauraceae: Endlicheria (Flora
Neotropica Monograph 91)

Chanderbali AS LAURACEAE Chanderbali 2004 1 1 0

South America 2004 Lauraceae: Rhodostemonodaphne
(Flora Neotropica Monograph
92)

Madrinan S LAURACEAE Madrinan 2004 1 1 0

(continued next page)
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Table 2. (continued )

Country Date of
publication

Title Author Genus and FAMILY Reference Present (1)
or absent (0)

Illust Photo None

South America 2005 Flora of Venezuela Guyana
vol. 9 Rutaceae –
Zygophyllaceae

Steyermark JA, Berry PE,
Yatskievych K,
Holst BK

RUTACEAE –

ZYGOPHYLLACEAE
Steyermark et al. 2005 1 0 0

South America 2005 Cecropia (Flora Neotropica
Monograph 94)

Berg CC, Rosselli PF CECROPIACEAE Berg and Rosselli 2005 1 0 0

South America 2005 Siparunaceae (Flora Neotropica
Monograph 95)

Renner SS, Hausner G SIPARUNACEAE Renner and Hausner 2005 1 1 0

South America 2005 Drosera (Droseraceae) (Flora
Neotropica Monograph 96)

Correa MD, Silva TRS DROSERACEAE Correa and Silva 2005 1 1 0

South America 2005 Tococa (Melastomataceae) (Flora
Neotropica Monograph 98)

Michelangeli FA MELASTOMATACEAE Michelangeli 2005 1 1 0

South America 2007 Piptocarpha (Compositae:
Vernonieae) (Flora Neotropica
Monograph 99)

Smith GL, Coile NC ASTERACEAE Smith and Coile 2007 1 1 0

South America 2007 Proteaceae (Flora Neotropica
Monograph 100)

Prance GT, Plana V,
Edwards KS,
Pennington RT

PROTEACEAE Prance et al. 2007 1 1 0

South America 2007 Fissidentaceae (Flora Neotropica
Monograph 101)

Pursell RA FISSIDENTACEAE Pursell 2007 1 0 0

South America 2008 Metzgeriaceae (Hepaticae) (Flora
Neotropica Monograph 102)

Pinheiro da Costa D METZGERIACEAE Pinheiro da Costa 2008 1 0 0

South America 2009 Flora de San Juan, Republica
Argentina: vol. Iv

Kiesling R Various Kiesling 2009 1 1 0

South America 2010 Brazilian Flora: ’Arecaceae’
(Palms)

Lorenzi H ARECACEAE Lorenzi 2010 0 1 0

South America 2010 Flora Del Rio Cenepa, Amazonas,
Peru (Msb 114)

Martínez RV, Gonzáles
RR, Van der
Werff H

Various Martínez et al. 2010 0 1 0

South America 2010 Theophrastaceae (Flora
Neotropica Monograp 105)

Stahl B THEOPHRASTACEAE Stahl 2010 1 1 0

South America 2010 Combretaceae (Flora Neotropica
Monograph 107)

Stace C COMBRETACEAE Stace 2010 1 1 0

South America 2010 Disterigma (Ericaceae:
Vaccinieae) (Flora Neotropica
Monograph 108)

Pedraza-Peñalosa P ERICACEAE Pedraza-Penalosa 2010 1 1 0

South America 2011 Gunneraceae (Flora Neotropica
Monograph 109)

Mora-Osejo LE, Pabon-
Mora N, Gonzalez F

GUNNERACEAE Mora-Osejo et al. 2011 1 1 0

South America 2012 Jatropha (Euphorbiaceae) (Flora
Neotropica Monograph 110)

Dehgan B EUPHORBIACEAE Dehgan 2012 1 0 0

South America 2014 Catálogo de Las Plantas
Vasculares de Bolivia (Msb
127)

Jørgensen PM, Nee MH,
Beck SG

Various Jørgensen et al. 2014 0 0 1

South America 2014 Flora de La República de Cuba,
series A: Plantas Vasculares,
Fascículo 19: Buxaceae,
Lauraceae, Theophrastaceae

Köhler E, Rohwer JG,
Lepper L, Gutierrez
Amaro JE

BUXACEAE, LAURACEAE,
THEOPHRASTACEAE

Köhler et al. 2014 0 1 0

South America 2014 Flora of Guaramacal Venezuela):
Monocotyledons

Dorr LJ Various Dorr 2014 1 1 0

South America 2014 Celastraceae (Hippocrateoideae E
Sallacioideae) (Flora
Neotropica Monograph 114)

Lombardi JA CELASRACEAE Lombardi 2014 1 1 0

South America 2015 Flora de La República de Cuba,
series A: Plantas Vasculares,
Fascículo 21 (2-volume set):
Poaceae II: Pharoideae A
Chloridoideae.

Catasús Guerra L (author),
GreuterWandRodriguez
RR (Eds)

POACEAE Catasús Guerra et al. 2015 0 1 0

South America 2016 Quiinaceae (Flora Neotropica
Monograph 115)

Schneider JV, Zizka G QUIINACEAE Schneider and Zizka 2016 1 0 0

South America 2016 Prionolejeunea: Lejeuneaceae,
Jungermanniopsida (Flora
Neotropica Monograph 116)

Ilkiu-Borges AL LEJEUNEACEAE Ilkiu-Borges 2016 1 0 0

South America 2016 Anemia (Anemiaceae) (Flora
Neotropica Monograph 118)

Mickel JT ANEMIACEAE Mickel 2016 1 0 0

South America 2017 Orchids of the Guianas (Guyana,
Suriname, French Guiana),
vol. 1

Szalechetko DL, Nowak S,
Baranov P,
Kolanowska M

ORCHIDACEAE Szalechetko et al. 2017 1 1 0
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the advent of the camera, being able to make sketches of
findings was very important, particularly if the collections did
not survive the rigours of climate and transportation, as was the
case with Nikolaus Joseph Jacquin’s (1727–1817) Caribbean

collections. In the absence of his specimens, his sketches became
the basis of one of Jacquin’s most celebrated works, Selectarum
Stirpium Americanarum Historia (c. 1780; Sherwood et al.
2005). In some cases, the workload of being both scientist and

n = 5

n = 4

n = 5

100

90

80

70

60

50

40

30

20

10

0
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010 2020

100

90

80

70

60

50

40

30

20

10

0
1950 1960 1970 1980 1990 2000 2010

100

90

80

70

60

50

40

30

20

10

0
1950 1960 1970 1980 1990 2000 2010

A
us

tra
lia

n 
m

on
og

ra
ph

s 
an

d 
flo

ra
s

P
ro

po
rt

io
n 

of
 im

ag
e 

ty
pe

 (
%

)
S

ou
th

 A
fr

ic
an

 m
on

og
ra

ph
s 

an
d 

flo
ra

s
P

ro
po

rt
io

n 
of

 im
ag

e 
ty

pe
 (

%
)

S
ou

th
 A

m
er

ic
an

 m
on

og
ra

ph
s 

an
d 

flo
ra

s
P

ro
po

rt
io

n 
of

 im
ag

e 
ty

pe
 (

%
)

100

A D

E

F

B

C

90

80

70

60

50

40

30

20

10

1950 1960 1970 1980 1990 2000 2010 2020

100

90

80

70

60

50

40

30

20

10

0

1950 1960

Decade of publication

1970 1980 1990 2000 2010 2020

100

90

80

70

60

50

40

30

20

10

0

0

Illustrations PhotographsPhotographsNo image Photo only Illust & photo Illust only

n = 17 n = 21 n = 20 n = 1 n = 3

n = 3 n = 9 n = 5 n = 8 n = 11 n = 4

n = 1 n = 0 n = 0 n = 0 n = 7 n = 25 n = 16

Fig. 6. The proportion of image type used in a selection of monographs and floras on southern hemisphere plants. A–C. The proportion of papers with
illustrations (Illust), photographs (Photo) or no visual depiction of species characteristics in publication for a particular decade since 1950 (n = number of
publications scored for each decade). A. Australia. B. South Africa. C. South America. D–F. Linear regression analysis of the use of image type over time;
fitted lines are presented when the trend was significant (P < 0.05). D. Australia. E. South Africa. F. South America.
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artist was too much and the individual had to make a choice
between concentrating on the art or the science. William Jackson
Hooker encountered this dilemma when illustrating for Curtis’s
Botanical Magazine. In 1834, Walter Hood Fitch (1817–1892)
began to relieve Hooker of the burden of illustration (Blunt
and Stearn 1994). In most cases, these botanists and artists
have demonstrated their discoveries of new taxa and characters
through the publication of their findings, accompanied by
their illustrations. Examples include William Henry Harvey’s
(1811–1866) five-volume work, Phycologia Australica (Harvey
1858, 1859, 1860, 1862, 1863), Frederica (Rica) LucyErickson’s
Orchids of the West (Erickson 1951), Triggerplants (Erickson
1958) and Plants of Prey (Erickson 1958), and Allen Lowrie’s
(1948–present)Carnivorous Plants of Australia in three volumes
(Lowrie 1987, 1989, 1998, Lowrie and Robinson 2013), with
a fourth being currently in the making.

Probably two of the best-known botanical illustrators
who were not honoured with the title botanist, were the Bauer
brothers. Both collected and illustrated their botanical discoveries
in Illustrations of Orchidaceous Plants (Bauer and Lindley
1838) by Francis Bauer and Illustrationes Florae Novae
Hollandiae (Bauer 1813) by Ferdinand Bauer. Table 4 lists
these along with a selection of other botanists who were also
botanical illustrators, with their areas of study and the
publications in which they demonstrated their scientific and
illustrated discoveries.

Discovery through illustration when botanist and artist
were separate individuals

We could assume that when a taxonomist names a plant in the
honour of an artist that this is recognition of the latter’s
contribution. Artists, through their interest in the subject and
eye for detail, were able to recognise new species and illustrate
their distinguishing traits. Ferdinand von Mueller (1825–1896),
first Government Botanist of Victoria, Australia, often named
plants in honour of ‘his illustrating and collecting ladies’ (Olsen
2013); that is the women who both collected specimens and
provided the illustrations to support his scientific work. He
named a Tasmanian cushion daisy, Antennaria meredithae
(now Ewartia meredithae (F.Muell.) Beauverd), for Louisa
Anne Meredith (1812–1895), and wrote:

I avail myself of this opportunity of attaching to
this everlasting the name of a lady, who by her

artistic skill, her fondness for flowers, and her
literary accomplishments, has much contributed to
raise a taste for the local study of the lovely
Tasmanian vegetation [Olsen 2013, p. 5].

Joseph Henry Maiden, Government Botanist and Director of the
Royal Botanic Garden, Sydney, considered Margaret Flockton
‘the most accomplished botanical artist in New South Wales’
(Wilson 2016, p. 171). In recognition of her contributions to
botanical art, and referring to her as the joint author of his works,
Maiden named several species for her, including Eucalyptus
flocktoniae Maiden, Acacia flocktoniae Maiden and Olearia
flocktoniae Maiden & Betche (Wilson 2016).

The monospecific orchid genus Ericksonella Hopper
& A.P.Br. was named for Dr Rica Erickson, author, historian,
wildflower artist and botanist, who wrote Orchids of the West
(Erickson 1951), and continued to paint orchids and write
about them into her 90s (Hopper and Brown 2004). Cyanicula
nikulinskyae Hopper & A.P.Br. was ‘named for Philippa
Nikulinsky, an internationally renowned wildflower artist,
whose fine contribution in celebrating the Western Australian
flora have heightened appreciation and conservation of this
rich natural heritage’ (Hopper and Brown 2000, p. 124).
Caladenia dundasiae Hopper & A.P.Br. was named ‘after
Patricia Dundas, botanical artist and keen orchid enthusiast,
who first drew the species to our attention.’ (Hopper and
Brown 2001, p. 219).

There are publications where the botanical illustrator is
listed as an author. From this, we can infer a clear
acknowledgement of the botanical illustrator’s contribution to
the content of the publication. However, it is unclear whether or
not the acknowledgement encompasses scientific discoveries
through their artwork. Examples of this include Fungi of
Southern Australia (Bougher and Syme, 1998), Verticordia:
the Turner of Hearts (George and Pieroni 2002), Orchids of
Western Australia (Brown et al. 2008) and Haemodoraceae in
the Flora of Australia, Vol. 45: Hydatellaceae to Liliaceae
(Macfarlane et al. 1987). Recent changes by some scientific
journals, to clarify the role and contributions of co-authors,
may in the future allow better understanding of who made
these discoveries.

There are also publications where the botanical illustrator is
the lead author or sole author. This is even more demonstrative
of the artist’s contribution, but, again, it is unclear whether this
encompasses scientific discoveries, or is just the documentation

Table 3. Linear regression analysis of the use of images in monographs and floras on southern hemisphere regions and plant families by decade
as a proportion of the type of image used over time

Significant P-values are italicised

Country Image type Time period Number of
decades used
in analysis

Number of
publications

used in analysis

F d.f. P-value r2 Equation

Australia Illustrations 1950–2017 7 44 0.07 5 0.805 0.017 Y = 168.810 – 0.036x
Australia Photographs 1950–2017 7 44 28.482 5 0.006 0.877 Y = –4165.794 + 2.117x
South Africa Illustrations 1950–2017 6 72 5.880 4 0.094 0.662 Y = 3829.730 – 1.892x
South Africa Photographs 1950–2017 6 72 103.196 4 0.002 0.972 Y = –2443.597 + 1.249x
South America Illustrations 1950–2017 – – – – – – –

South America Photographs 1950–2017 – – – – – – –
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Table 4. A selected list of botanists and botanical artists with their areas of study and significant publications in which they demonstrated their
scientific and illustrated discoveries, in a chronological order

Person Date Skills Area of study and significant publications Reference

Hendrik Bernhard
Oldenland

1663–1697 Botanist, botanical
illustrator

Index Alter Plantarum (1720) Arnold 2001

Mark Catesby 1682–1749 Botanist, botanical
illustrator

American flora; The Natural History of
Carolina, Florida, and the Bahama
Islands (1731–1747)

Rix 2012

Nikolaus Joseph Jacquin 1727–1817 Botanist, chemist,
physician, botanical
illustrator

Caribbean flora, Greek flora; Selectarum
Stirpium Americanarum Historia
(c.1780)

Sherwood et al. 2005

Franz Andreas Bauer 1758–1840 Botanical illustrator,
microscopist

Artist for Royal Botanic Garden Kew;
Illustrations of Orchidaceous Plants by
Francis Bauer (1830–1838)

Watts et al. 1997; CHAH
2014a

Ferdinand Lukas Bauer 1760–1826 Botanical illustrator Flora Graeca (1806–1840); Illustrationes
Florae Novae Hollandiae (1806–1813)

George 2009; CHAH 2014b

William Jackson Hooker 1785–1865 Botanist, botanical
illustrator,

Director Royal Botanic Gardens Kew;
Curtis’s Botanical Magazine (38
volumes, 1827–1865)

Blunt and Stearn 1994;
Orchard 1999; CHAH 2016

Joseph Dalton Hooker 1785–1865 Botanist, botanical
illustrator

Director Royal Botanic Gardens, Kew;
Flora Antarctica: the botany of the
Antarctic voyage (1844–1859)

Orchard 1999; CHAH 2015a

Henry Charles Andrews 1794–1830 Botanist, botanical
illustrator, engraver

Botanist’s Repository (1779–1812) Hemsley 1906; CHAH 2007

Robert Kaye Greville 1794–1866 Botanist, botanical
illustrator

Icones Filicum (1827–1832); Scottish
Cryptogamic Flora (1822–1826

CHAH 2012

William Henry Harvey 1811–1866 Botanist, algologist,
botanical illustrator,
lithographer

Phycologia Australica (1858–1863) CHAH 2014c; F. Leliaert and
O. De Clerck, see http://
www.phycology.ugent.be/
harvey/, accessed 16 June
2015

William H. Archer 1820–1874 Architect, botanist,
botanical illustrator
natural-history artist

Flora Tasmaniae (1859); South Australia
Illustrated (1843)

George 2009; CHAH 2015b

Angas, George French 1822–1886 Naturalist The New Zealanders Illustrated (1843) Morgan 1966
Albert Spear Hitchcock 1865–1935 Botanist, botanical

illustrator
A Text-book on Grasses (1917);
Monographs of Agrostis (1905)
Leptochloa (1903),Panicum (1910) and
Aristida (1924)

Hunt Institute, see http://
huntbotanical.org/art/show.
php?5, accessed 16 June
2015

Harry Ardell Allard 1880–1963 Botanist, botanical
illustrator

Hunt Institute, see http://
huntbotanical.org/art/show.
php?1, accessed 16 June
2015

Gilbert Morgan Smith 1885–1959 Botanist, botanical
illustrator

The Fresh-Water Algae of the United
States (1933); Cryptogamic Botany:
Volume I, Algae and Fungi (1938);
Cryptogamic Botany: Volume II,
Bryophytes and Pteridophytes (1955)

Hunt Institute, see http://
huntbotanical.org/art/show.
php?7, accessed 16 June
2015

Charles Austin Gardner 1896–1970 Botanist, botanical
illustrator

Flora of Western Australia, Gramineae;
Botanical Notes, Kimberley Division of
Western Australia (1923); Enumeratio
Plantarum Australiae Occidentalis
(1930) Flora of Western Australia Vol.
1, part 1, Gramineae (1952).; The toxic
plants of Western Australia (1956); The
vegetation of Western Australia (1959)

Orchard 1999; Hussey et al.
1997; CHAH 2015c

Jan Jozua Van Nouhuys 1903–1940 Botanist, botanical
illustrator

Flowering Plants of Africa Arnold 2001

Winsome Fanny
(‘Buddy’) Barker

1907–1994 Botanist, botanical
illustrator

Flowering Plants of Africa (1930-38);
Agapathus (1965); Ericas in Southern
Africa (1967)

Arnold 2001

(continued next page)
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Table 4. (continued )

Person Date Skills Area of study and significant publications Reference

Frederica (Rica) Lucy
Erickson

1908–2009 Amateur botanist,
author, historian,
botanical illustrator

Orchids of the West (1951); Triggerplants
(1958); Plants of Prey (1958)

Gooding 1991; Hewson
1999

John Phillip Harrison
Acocks (also Acock)

1911–1979 Botanist, botanical
illustrator

Veld Types of Soth Africa (1953);Grasses
& Pastures of South Africa (1954)

Arnold 2001

Phoebe Miriam De Vos 1912–present Botanist, botanical
illustrator

TheGenusRomulea inSouthAfrica (1972) Arnold 2001

Eily Edith Agnes Gledhill 1914–present Botanist, botanical
illustrator

Flowering Plants of Africa (1981);
Eastern Cape Veld Flowers (1981)

Arnold 2001

Marion Meason (‘Maisie’) 1914–present Botanist, botanical
illustrator

Flowering Plants of Africa, the Genera
Mesembryanthemaceae (1971)

Arnold 2001

Jonh Denzil Carr 1916–1997 Botanist, botanical
illustrator

The South African Acacias (1976);
Combretaceae in Southern Africa (1987)

Arnold 2001

Brenda Clarke 1917–present Botanist, botanical
illustrator

The South African Herbal (1985) Arnold 2001

Auriol Batten 1918–present Botanist, botanical
illustrator

Wild Flowers of the Eastern Cape
Province (1966); Flowers of Southern
Africa (1986); Dierama (1991);
Gladiolus of Southern Africa (1999)

Arnold 2001

Pauline Bohnen 1918–present Botanist, botanical
illustrator

Flowering Plants of the Southern Cape
(1986)

Arnold 2001

Bothalia (1951)
Milicent Louie Frean 1927–present Botanist, botanical

illustrator
Senior lecturer in botany at University of
the Witwatersrand, Johannesburg

Arnold 2001

Stanley Charles Seagrief 1927–1994 Botanist, botanical
illustrator

The Seaweeds of the Tsitsikama Coastal
National Park (1967)

Arnold 2001

Jane Beatrice Mary
Browning

1932–present Botanist, botanical
illustrator

Southern African Epiphytic Orchids
(1978)’ The Complete Field Guide to
Trees of Natal, Zululand & Transkei
(1993)’ Cyperaceae in Natal (1995)’
Plants of the Okavango Delta: a Field
Guide (1997)

Arnold 2001

Graham Williamson 1932–present Botanist, botanical
illustrator

The Orchids of South Central Africa
(1977); Swartkop Nature Reserve
(1993), Richtersveld National Park
(1995)

Arnold 2001

Frances Esme Hennessy 1933–present Botanist, botanical
illustrator

South African Erythrinas (1972); Orchids
of Africa (1981); The Slipper Orchid
(1989)

Arnold 2001

Rosalie Barbara Pike 1933–present Botanist, botanical
illustrator

Wild Flowers of theWitwatersrand (1971) Arnold 2001

Edward George Hudson
Oliver

1938–present Botanist, botanical
illustrator

Erica of Southern Africa (1967) Arnold 2001

Helen Hewson 1938–2007 Botanist, author,
botanical illustrator

Liverwort family Aneuraceae; Flora of
Australia

CHAH 2014d

Elise Buitendag 1941–present Botanist, botanical
illustrator

Combretaceae in Southern Africa (1988)’
The Proteas of Southern Africa (1982)

Arnold 2001

David Lloyd Jones 1944–present Nurseryman,
orchidologist,
author, botanical
illustrator

Orchidaceae; Orchids of Australia (1969) CHAH 2002

Margo Lundie Branch 1944–present Botanist, botanical
illustrator

Trees of Southern Africa (1977) Arnold 2001

The Moraeas of Southern Africa (1986)
Anthony (Tony)

E. Orchard
1946–present Botanist, botanical

illustrator
Rosaceae, Haloragaceae, Asteraceae,
Rubiaceae

CHAH 2015d

Flora of Australia
Inge Magdelene Oliver 1947–present Botanist, botanical

illustrator
Flowering Plants of Africa Arnold 2001

(continued next page)
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of knowledge acquired by others. Examples of such publications
are Banksias (Rosser and George 1981, 1988, 2000), Plants of
the Adelaide Plains and Hills (Dashorst and Jessop 1990) and
The genus Zantedeschia (Letty 1973). It is worth expanding
briefly on the relative roles of the artists and botanists in these
publications.

Celia Rosser (1930–present), Monash University Botanical
Artist, began the project of painting every Banksia L.f. species,
as the genus was then understood by Alex George and before
the incorporation of Dryandra R.Br. (Mast and Thiele 2007).
The project took over 25 years to complete, and resulted in the
publication of a three-volume monograph entitled The Banksias
(Rosser and George 1981, 1988, 2000), with accompanying
text by Alex George (Blunt and Stearn 1994; Celia Rosser
Gallery, The Banksias, see http://www.celiarossergallery.com.
au/celia-rosser-the-banksia-s.html, accesed 16 June 2015). Celia
Rosser was the lead author of these volumes because the main
purpose of the work was to publish the paintings.

Gilbert Dashorst (1956–present), an illustrator at the Adelaide
Herbarium, led the publication of Plants of the Adelaide Plains
and Hills (Dashorst and Jessop 1990). It contains colour
illustrations by Dashorst of ~1200 species from a range of
plant groups, including marine algae, mushrooms, ferns, herbs,
sedges and grasses, flowering shrubs and trees. The book has an
emphasis on illustrations, with a minimum of technical text by
John Jessop (1939–present).

Cythna Letty, one of the most prolific artists of The
Flowering Plants of Africa, took up the position of botanical
artist for theNational Herbarium of SouthAfrica in 1927 (Arnold
2001). She taught herself how to use the binocular microscope,
to prepare dissections of flowers, and to identify the plant
specimens she was illustrating. In this way, she acquired
sufficient botanical knowledge to study a plant group of her
own choice, which culminated in the illustrated revision of the
genus Zantedeschia Spreng. published in the journal Bothalia
(Letty 1973).

In most cases, when the botanist and artist are separate
individuals, the botanist instructs the artist in regard to which
character traits should be drawn. However, there are examples,
documented in the literature, where an artist has observed

a character trait before the botanist, or one that the botanist
has missed.

An example of an illustrator as an observer and recorder of
traits was Franz Bauer, who was highly gifted at using the
microscope to record, by illustrations, his observations. In
1802, 120 years after the discovery of the nucleus in animal
cells, Bauer did a pencil drawing of the stigma and stigmatic
surface of the orchid Phaius tankervilleae (L’Her.) Blume,
where he observed what were later called ‘granular, more
opaque greenish yellow specks’ (Lack 2016, p. 378), now
known to be the nuclei of plant cells. Bauer was obviously
unaware of the significance of his discovery. Although this
illustration, redrawn by John Lindley (1799–1865), was
published in Illustrations of Orchidaceous Plants in 1830
(Bauer and Lindley 1838), it was not until Robert Brown’s
(1773–1858) 1831 paper ‘Observations on the organs and
mode of fecundation in Orchideae and Asclepiadeae’ was read
at a meeting of the Linnean Society that the ‘specks’were termed
by Brown as ‘nuclei’ (Brown 1831). Brown’s paper refers to
Bauer’s drawing, but does not publish it or acknowledge the
discovery. Brown’s name is now inseparably connected to the
term nucleus, not Bauer’s name. This is perfectly acceptable
under scientific ethics of ‘publish or perish’ as it is text that
counts, but it may seem a little unfair to the non-scientist
(Lack 2016).

In contrast to the above example, the publication of the
discovery of a new species from the remote Kimberley region
of Western Australia acknowledges the discovery of a unique
character trait by the illustrator. During the preparation of the
illustrations of Grevillea donaldiana Kenneally, Margaret
Menadue (1942–present) noticed that the flowers had three
tepals, instead of the usual four (Kenneally 1988); Kenneally
recorded Menadue’s discovery in the paper describing the new
species:

It was during the preparation of the drawings she
[Menadue] noted that the flowers were all trimerous
[Kenneally 1988, p. 111].

Specimens of the new Grevillea were forwarded to Mr
D. J. McGillivray (1935–2012) and Mr R. Makinson (1956–

Table 4. (continued )

Person Date Skills Area of study and significant publications Reference

Allen Lowrie 1948–present Botanist, botanical
illustrator

Stylidiaceae, Droseraceae,
carnivorous plants of Australia

CHAH 2013

Jacobus Petrus (‘Roos’)
Roux

1954–present Botanist, botanical
illustrator

Cape Peninsula Ferns (1979) Arnold 2001

Peter Vincent Bruyns 1957–present Botanist, botanical
illustrator

A Revision of Microloma (1991);
A Revision of Hoodia & Lavarania (1993)

Arnold 2001

Pascale Chesselet 1959–present Botanist, botanical
illustrator

Illustrates own research papers on
Mesembryanthemaceae

Arnold 2001

John Manning 1962–present Botanist, botanical
illustrator

Flowering Plants of Africa (1992);
Gladiolus of Southern Africa (1999)

Arnold 2001

Nikki Phillips 1965–present Botanist, botanical
illustrator

South African flora Arnold 2001

Ellen Hickman 1968–present Botanist, botanical
illustrator

Australian Rushes (1999) Gooding 2008

Anne Maclean 1969–present Botanist, botanical
illustrator

South African flora Arnold 2001
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present) of the NSW Herbarium, who were revising Grevillea
at the time:

The specific epithet honours Donald J. Gillivray
for his contribution to Australian botany and
particularly his study of Grevillea [Kenneally
1988, p. 117].

Botanical art: a modern role
Given the contemporary focus on molecular phylogenetics
in plant systematics, will the important roles of botanical art
continue? We argue the affirmative case for complementarity
of these disciplines here.

Dictionaries of western European art do not make reference
to botanical art or botanical artists, not even some of the greatest,
such as Pierre Joseph Redouté (1759–1840; Arnold 2001). The
omission is attributed, in part, to botanical art being a hybrid
genre of botany as science (function) and botany as visual art
(aesthetics). Until the late 1500s, a major function of botanical
art was to provide aids for identification of medicinal plants. In
the 1600s, an aesthetic revolution saw the flower come into its
own, directly as a result of the evolution of the flower garden, to
flaunt wealth, display rare plants and the subsequent production
of illustrated florilegia to record collections. Such florilegia
were early forms of scientific botanical illustration. In contrast
to the family portraits of the time that were displayed as
an essential part of interior decoration, the portraits of plants in
florilegia had limited access, because they were archived in
museums and private collections. So, botanical art became
confined to the world of science and ‘under-researched by
art historians, undervalued by art theorists and critics, under-
collected by art institutions, and seldom exhibited in art galleries’
(Arnold 2001, p. 148).

Today, botanical illustration still sits between the
fundamental disciplines of art and science, because science
neglects to claim it and art tends to scorn it. Awareness of
botanical illustration has been led, in part, by collectors such
as Dr Shirley Sherwood (1933–present) and the Hunt Institute,
who both collect and exhibit globally. Sherwood, in her book
A Passion for Plants (Sherwood 2001), comments that despite
the popular appeal of botanical illustrations, there have always
been those who dismiss such artwork as ‘mere illustration’. She
goes on to comment that some botanists held the artists in ‘low
regard’, confining them to the back of the herbarium and rarely
naming them on papers containing their illustrations. However,
in the 21st century, Sherwood noted that there are more galleries
showing botanical art, more institutions encouraging artists by
buying their work, more classes and more collectors, and it is
considered the ‘new golden age’ of botanical art (Sherwood
et al. 2005).

Our review has shown that botanical illustration and botanical
artists have made an important contribution to botanical science,
by helping define taxa, raising awareness of these taxa, reaching a
broader audience than just the scientific community, to captivate
the viewers’ imagination and even alter the viewers’ values;
however, it has not been specifically determined whether the
practice of illustration makes new discoveries.

To examine more critically the contribution of ‘discovery
through illustration’ made by artists it would also be instructive

to compare insights found through botanical illustration with
knowledge gained through modern scientific techniques, such
as molecular genetic analysis. The process of drawing used by
botanical illustrators increases the powers of observation and
may lead to the discovery of new and possibly neglected traits
overlooked by traditional taxonomic techniques. The increased
number of characters available to molecular analysis allows
for better resolution of taxon delineation, and the hereditability
of DNA leads to a better understanding of taxon relationships.
Combining the two processes by overlaying traits, identified
through the process of illustration, onto well resolved
molecular phylogenetic trees, produced by molecular analysis,
could identify the morphological traits that the related species
have in common, and provide insight into how these traits have
evolved through time and as a result of changes in environmental
conditions. This is particularly important to conservation
biology, where rare and common species may look similar in
their ‘old’ identifying traits. Often these cases are referred to as
cryptic species. However, these species may be dissimilar in
important but neglected or undetected traits. Better definition
of taxa, by keen observations and identification of patterns
of morphological change over time, especially in light of
climate change, allows for more informed planning of global
biodiversity-conservation priorities.

Future research could use a plant family that has a well
resolved phylogeny (Hopper et al. 2009) and a body of
illustrations, such as Haemodoraceae, to explore and hopefully
document this concept. The Haemodoraceae is the subject of
ongoing study in this respect by the authors.

Conclusions
The present review of botanical illustration and photography
has looked at historical context and the contemporary challenges,
so as to determine what the role of botanical illustration is in
science today, and particularly whether the botanical artist finds
new insights for science through the practice of illustration.
Cited literature suggested that some botanical artists through
history have played an important role in the discovery and
description of plant diversity. The artists’ contributions are
not always explicitly described, but are inferred by artistic
participation, and in the publication of artwork. Artists have
been essential members of voyages of botanical exploration,
where they have accurately recorded morphological character
traits critical for recognising and identifying species. Their
artwork has been published widely. The contribution of artists
varies. Some have been both scientists and artists, whereas
others have been solely artists working collaboratively with
scientists. The nature of this relationship affects the degree
of recognition the artists receive. It is possible that where
the contribution of an artist has been insightful, they may
have been recognised by the scientists naming species in
their honour.

This review has shown that, in many instances, photographs
are increasingly being used in preference to illustrations in the
scientific literature. The reasons for this are not clear, but they
could be a combination of cost, editorial preference, author
preference or the relative advantages of one image type over
another in depicting particular traits, or modern costs for
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publishing colour work. Despite the expanded role of
photographs, they have not usurped the place of botanical
illustrations in the scientific literature, instead the two image
types are often used in combination, playing complementary
roles. The camera has also become an important tool in
the contemporary botanical artist’s kit. Whether botanical
illustration has a purpose, other than depiction of particular
plant traits, such as the increased powers of observation gained
through the process of illustration, and whether this leads to
new discoveries regarding plant traits, has not been resolved
and requires further research.
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ABSTRACT.  Botanical illustration as a discipline has attracted relatively little critical 

analysis, particularly for the Southern Hemisphere.  Here we focus on morphological 

discoveries made by botanical artists in the Haemodoraceae, a family of commelinid 

monocots named by Robert Brown and illustrated by artists of the calibre of Ferdinand 

Bauer.  Brown and Bauer are two key historical figures featured in books by David 

Mabberley.  A comprehensive review of historical botanical illustrations of 

Haemodoraceae found that 110 of 159 taxa have been illustrated since the earliest 

publication in 1678.  These botanical illustrations are compared with available formal 

taxonomic descriptions to determine if the botanical illustrations provide novel 

information not previously published by taxonomists.  Botanical illustrators have 

discovered potential generic characters in neotropical Xiphidium Aubl. (Haemodoraceae) 

and Pyrrorhiza Maguire & Wurdack (Haemodoraceae), several new characters for 

species’ discrimination within flowers of Australian Haemodorum Sm. (Haemodoraceae) 

and Tribonanthes Endl. (Haemodoraceae), and leaf hair characters of value at specific 

and subspecific levels in Australian Conostylis R.Br. (Haemodoraceae).  Errors and 

omissions in some botanical illustrations of Haemodoraceae are also evident when 

compared with taxonomic descriptions.  The study highlights new areas in which future 

illustrations of Haemodoraceae would be profitably focused. 

 

Keywords.  Botanical illustration, Conostylis, Ferdinand Bauer, Haemodorum, 

Pyrrorhiza, Robert Brown, Tribonanthes, Xiphidium. 
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INTRODUCTION 

 

Plant science has a long history of using illustrations, from its beginnings in Chinese 

herbals some 4500 years ago, to the catalogue of works produced as part of explorations 

of new lands, to the contemporary illustrations used in treatments of taxa in systematic 

journals and monographs (Blunt, 1994; Rix, 2012).  Botanical illustrations have followed 

trends in art styles from realistic depictions of morphological characters seen, through 

stylisation to the point of little recognition of the subject being illustrated, and back to 

naturalistic depictions of plant features observed (Rix, 2012).  The reproduction of images 

has also kept pace with the advances in technology, from hand copies, to woodcuts, to 

engravings, to lithographs and more recently, digital reproduction (Rix, 2012).  The 

methods used have often been constrained by the funding available, for the employment 

of artists, to create the illustrations, and the costs of reproduction of these illustrations 

(Hickman et al. 2017). 

 

As a discipline, the practice of botanical illustration has attracted relatively little critical 

analysis, particularly for Southern Hemisphere works.  This has been problematic due to 

the close working relationship between artists and taxonomists, where relative 

contributions towards new discoveries of characters have rarely been stated explicitly 

(Hickman et al.  2017).  The meticulous attention to detail prevailing in good botanical 

illustration furnishes a rich source of morphological data of value in taxonomic research.  

Yet in few cases is it explicitly conveyed that novel characters were discovered by the 

taxonomist and the artist was directed to illustrate them, or that the artist made the 

discovery while illustrating plants and the taxonomist subsequently recognized the novel 

characters in formal descriptions. 

 

To further explore this theme in the context of the present journal issue, here we focus on 

morphological discoveries made by botanical artists in the Haemodoraceae, a family of 

commelinid monocots named by Robert Brown and illustrated beautifully by artists of 

the calibre of Ferdinand Bauer, two key historical figures featured in books by David 

Mabberley (Mabberley, 1985; Mabberley, 1999).  We review comprehensively historical 

illustrations and taxonomic treatments of Haemodoraceae to identify characters that have 

been illustrated but not described by taxonomists, and the converse case (characters 
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described but not illustrated).  This review is used as a guide to new areas in which future 

illustrations of Haemodoraceae would be most profitably focused. 

 

Haemodoraceae 

 

The Haemodoraceae, sometimes called the bloodwort family (including the bloodroots, 

kangaroo paws and cottonheads) are an old, predominantly southern hemisphere family 

presently including 159 (142 described + 17 undescribed) species or intraspecific taxa in 

16 genera (14 described + 2 undescribed) here recognised (Fig. 1; Appendix 1).  The 

Haemodoraceae are accepted as a monophyletic family, placed in Commelinales with 

Commelinaceae, Hanguanaceae, Philydraceae and Pontederiaceae, and there is 

significant morphological and molecular support for division into two subfamilies, 

Haemodoroideae and Conostylidoideae (Hutchinson, 1959; Geerinck, 1968; Macfarlane 

et al., 1987; Macfarlane and Hopper, 1987 (Appendix); Simpson, 1990; Simpson, 1998; 

Maas & Maas-Van der Kramer, 1993; Hopper et al., 1999; Hopper et al., 2006; Hopper 

et al., 2009; Smith et al., 2011; Hopper et al. , (in prep.); Pellegrini et al. (in prep.)).  

Haemodoroideae is globally widespread, with ten genera, eight described (Barberetta 

Harv. (Haemodoraceae), Dilatris P.J.Bergius (Haemodoraceae), Haemodorum Sm. 

(Haemodoraceae), Lachnanthes Ell. (Haemodoraceae), Pyrrorhiza Maguire & Wurdack 

(Haemodoraceae), Schiekia Meisner (Haemodoraceae), Wachendorfia Burm. 

(Haemodoraceae), Xiphidium Aubl. (Haemodoraceae)) and two in preparation 

(Cubanicula (C.Wright ex Griseb.) Hopper, J.E.Gut, E.Hickman, M.Pell. & Rhian J.Sm.), 

Paradilatris ((L.f.) Hopper, Rhian J.Sm. & E.Hickman) (Hopper et al. (in prep.)).  These 

ten genera comprise approximately 51 species (45 described + 6 undescribed) in South 

Africa, the Americas, and Australia-New Guinea.  Conostylidoideae is endemic to 

Southwestern Australia and has six genera (Anigozanthos Labill. (Haemodoraceae), 

Blancoa Lindl. (Haemodoraceae), Conostylis R.Br. (Haemodoraceae), Macropidia 

J.Drumm. ex Harv. (Haemodoraceae), Phlebocarya R.Br. (Haemodoraceae), 

Tribonanthes Endl. (Haemodoraceae)) with approximately 108 species (95 described + 2 

reinstated +11 undescribed) (Hopper et al. (in prep.), Hickman & Hopper (in prep.)).  

Presently, tribal relationships within subfamilies require further work for full resolution, 

but most clades are supported by molecular analysis (Hopper et al., 2009; (in prep.)). 
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The Haemodoraceae have had a tortuous taxonomic history in terms of both 

circumscription and broader relationships within the monocotyledons (Hopper et al., 

1999).  Robert Brown (1810) first described Haemodoraceae as a family with four 

Australian genera (Haemodorum, Anigozanthos, Conostylis and Phlebocarya) and three 

South African genera (Wachendorfia, Dilatris and Lanaria Aiton (now placed in 

Lanariaceae)) (Simpson, 1990).  Subsequent authors have enlarged the family up to 26 

genera and reduced it to as little as nine genera, as well as suggesting affinities with more 

than a dozen families over the last two centuries (Hopper et al., 1999). 

 

Major contemporary systematic treatments of this family are almost all regionally based 

for Australian members (Macfarlane et al., 1987; Hopper, 1993), South African members 

(Barker, 1940; Hilliard & Burtt, 1973; Helme & Linder, 1992; Manning & Goldblatt, 

2017) and American members (Robertson, 1976; Maas & Maas-Van der Kramer, 1993).  

Only Simpson (1998) and more briefly Mabberley (2008) provide a recent global 

descriptive overview of the family, at generic level. 

 

Prior to molecular phylogenetic studies, Macfarlane et al. (1987), described 

Haemodoraceae as a family of 14 genera and c. 100 species placed in two subfamilies; 

Conostylidoideae and Haemodoroideae.  Conostylidoideae were further divided into 

three tribes –  Conostylideae, Phlebocaryeae and Tribonantheae.  Conostylidoideae were 

distinguished by having rootstock not red internally, branched hairs of several rows of 

cells, starch grains compounded in vegetative parts and simple in endosperm, perianth 

segments not over-lapping and almost free or more often connate, six stamens, and pollen 

with 2-8 rounded apertures.  Haemodoroideae were circumscribed by sometimes red 

rootstocks internally, hairs absent or unbranched and either unicellular or in one row of 

cells, starch grains simple in vegetative parts and endosperm, three sepals free or almost, 

three free overlapping petals, three stamens opposite petals, and monosulcate pollen. 

 

Macfarlane et al. (1987) described the tribe Conostylideae as having pubescent flowers 

and rhizomatous rootstock, Phlebocaryeae as having glabrous flowers and rhizomatous 

rootstock, while Tribonantheae have pubescent flowers or flowers with ciliate lobes and 

tuberous rootstocks. 
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At specific and subspecific rank, the Flora of Australia treatment described 113 taxa in 

the Haemodoraceae. Haemodorum, with 20 species (Macfarlane 1987c), is the only 

Australian genus in subfamily Haemodoroideae and occurs in all States except Victoria 

and South Australia.  Subfamily Conostylidoideae is confined to the Southwest 

Australian Floristic Region (SWAFR sensu. Gioia & Hopper, 2017), and consists of six 

genera; Anigozanthos, Blancoa, Conostylis, Macropidia, Phlebocarya and Tribonanthes.  

Hopper (1987b & d) described 16 taxa of Anigozanthos in 11 species, Hopper (1987a) 

describes one species of Blancoa, Hopper et al. (1987) and Hopper (1987e) describes 66 

taxa of Conostylis in 45 species, Hopper (1987c) describes one species of Macropidia, 

Macfarlane (1987a & e) describes four taxa of Phlebocarya in three species, and 

Macfarlane (1987b & f) describes five species of Tribonanthes.  The present authors and 

other co-authors consider that there are several undescribed taxa known today in each of 

Haemodorum, Anigozanthos, Conostylis and Tribonanthes (Hopper et al. (in prep.), 

Hickman & Hopper (in prep.)) and for the purpose of this study recognise 141 taxa in 

Australia with Haemodorum consisting of 33 species, 13 species of Anigozanthos with 

21 taxa in total including subspecies, one species of Blancoa, 47 species of Conostylis 

with 69 taxa in total, one species of Macropidia, three species of Phlebocarya with four 

taxa in total, and 12 species of Tribonanthes. 

 

The South African members of the Haemodoraceae are described in separate generic 

treatments; Barberetta (Hilliard & Burtt 1971), Dilatris (Barker, 1940; Manning & 

Goldblatt, 2017) and Wachendorfia (Helme & Linder, 1992).  Hilliard & Burtt (1971) 

recognised Barbaretta as monotypic.  Barker’s (1940) treatment revised the previously 

confused taxonomy of Dilatris (Bergius, 1767; Linnaeus, 1767; Linnaeus, 1771; 

Linnaeus, 1781; Lamarck, 1786; Thunberg, 1794; Willdenow, 1798; Persoon, 1805; 

Vahl, 1806; Baker, 1896) into four species (also supported by Manning & Goldblatt’s 

(2017) circumscriptions), three lilac-flowered (Dilatris corymbosa P.J.Bergius 

(Haemodoraceae), D. ixioides Lam. (Haemodoraceae), D. pillansii W.F.Barker 

(Haemodoraceae) and one orange-flowered species (Dilatris viscosa L.f. 

(Haemodoraceae)), all endemic to the sandstone mountain ranges of the South Western 

Cape.  The present authors regard Dilatris viscosa as an undescribed Paradilatris ms 

(Hopper et al. (in prep.)).  Helme & Linder (1992) similarly resolved a difficult and 

complex taxonomy of Wachendorfia (Plukenet, 1700; Breyne, 1739; Burman, 1757; 

Linnaeus, 1781; Thunberg, 1794; Thunberg, 1811; Baker, 1896; Barker, 1949) into the 
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currently accepted circumscription of four species (W. brachyandra W.F.Barker 

(Haemodoraceae), W. paniculata Burm. (Haemodoraceae), W. parviflora W.F.Barker 

(Haemodoraceae), W. thyrsiflora  Burm. (Haemodoraceae)) endemic to the Greater Cape 

Floristic Region.  Barker (1949) distinguished a fifth species in manuscript, a view the 

present authors support and is to be effected formally (Hopper et al. (in prep.)). 

 

Robertson (1976) revised the genera of Haemodoraceae in the south-eastern United 

States.  His concept at that time of Haemodoraceae comprised two tribes (Haemodoreae 

and Conostylideae), 13 genera and c. 76 species.  Robertson (1976) described two small 

genera - Lachnanthes (monotypic) and Lophiola Ker Gawl. (now placed in 

Nartheciaceae) (one or two species).  Previous and subsequent morphological and 

anatomical studies suggested that Lophiola was more appropriately placed in the 

Melanthiaceae (Huber, 1969; Geerinck, 1969; Simpson, 1983), whereas molecular data 

now unequivocally places the genus in Nartheciaceae (Dioscoreales – Merckx et al., 

2008; Fuse et al., 2012). 

 

Maas & Maas-Van der Kramer (1993) reviewed neotropical Haemodoraceae, and 

described the family as comprising 14 genera and about 80 species, placed in two tribes 

Haemodoreae and Constylideae.  These tribes are now equivalent to the subfamilies 

Haemodoroideae and Conostylidoideae of Macfarlane et al., 1987.  Maas & Maas-Van 

der Kramer (1993) did not mention the rootstock colouration or starch grains as diagnostic 

features of the two tribes, but did add that the Haemodoreae have one, three or six stamens 

(sometimes with additional staminodes) and a superior to inferior ovary, while 

Conostylideae always have 6 stamens and a (sub)inferior ovary.  Their treatment 

encompasses four neotropical genera, including 5 species (one with two subspecies), 

namely Lachnanthes caroliniana (Lam.) Dandy, Pyrrorhiza neblinae Maguire & 

Wurdack, Schiekia orinocensis (Kunth) Meisner subsp. orinocensis, S. orinocensis 

(Kunth) Meisner subsp. silvestris Maas & Stoel, Xiphidium caeruleum Aubl. and X. 

xanthorrhizon C.Wright ex Griseb..  Recent taxonomic revision has identified new 

species in Schiekia and Xiphidium but these are yet to be published and for the purpose 

of this study the present authors and co-authors recognise eight taxa in the Americas, with 

three monospecific genera; Cubanicula ms, Lachnanthes and Pyrrorhiza, three species 

of Schiekia and two species of Xiphidium (Pelligrini et al. (in prep.)). 
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MATERIALS AND METHODS 

 

Collating botanical illustrations 

 

The illustrations of Haemodoraceae were collated using the references to Haemodoraceae 

in the publication Index Londinensis (Stapf, 1929-1931).  This is an amended and 

enlarged edition of Pritzel’s Iconum Botanicarum Index Locupletissimus (Pritzel, 1855), 

which is an index to the illustrations of flowering plants, ferns and fern allies, compiled 

from botanical and horticultural publications of the eighteenth and nineteenth centuries, 

and continued up to the end of the year 1920.  Many of these publications are only 

available in a few select libraries but are made accessible in digital form from digital 

libraries.  The Biodiversity Heritage Library (https://www.biodiversitylibrary.org/), 

Internet Archive (https://archive.org/) and Hathi Trust Digital Library 

(https://catalog.hathitrust.org/) were used to access the publications and view the 

botanical illustrations.  Publications since 1920 were collated from searches on Google 

Scholar and through JSTOR and from the authors’ personal libraries.  We also viewed 

the collections of botanical illustrations of Haemodoraceae in the libraries of the Royal 

Botanic Gardens, Kew, England: the Natural History Museum, London, England; the 

Compton Herbarium at Kirstenbosch Botanical Garden, Cape Town, South Africa; the 

Western Australian Herbarium and State Library, Perth, Australia.  The website 

www.plantillustrations.org was another valuable source of historical botanical illustration 

(Antheunisse, 2017). 

 

The illustrations were tabulated (Appendix 2) under the following categories: the 

species/subspecies illustrated; the date of publication of the illustration reproduction; the 

reference to the publication in which the illustration appears; the page number (p.), figure 

number (Fig.), or plate number (Pl. or T. or Cl.) of the illustration in the publication; the 

name of the illustrator if known or “?” if not known; the type of illustration, either black 

and white line drawing (B&W line), black and white tonal drawing (B&W tone), 

uncoloured engraving, coloured engraving, watercolour, lithograph or chromolithograph; 

and the components of the plant illustrated.  Appendix 2 was organised alphabetically by 

species/ subspecies and then chronologically, by publication date, within each species.  

Appendix 2 included all the known species of the Haemodoraceae as well as undescribed 

species that we and co-authors recognise.  If no illustration was found for a particular 
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species/subspecies this was recorded as “no illustration found”.  If the species/subspecies 

is undescribed and has no formal description or formal illustration, these species were 

recorded as “new sp./ new ssp.” (Appendix 2). 

 

Collating taxonomic descriptions 

 

Taxonomic descriptions were investigated from recent treatments (Barker, 1940; Hilliard 

& Burtt, 1971; Robertson, 1976; Macfarlane et al., 1987; Macfarlane 1987 a-f; Hopper 

1987a-e; Simpson, 1990; Simpson, 1998; Helme & Linder, 1992; Maas & Maas-Van der 

Kramer, 1993; Mabberley, 2008; Manning & Goldblatt, 2017, Pelligrini et al. (in prep.)).   

 

Discovery through illustration 

 

Botanical illustrations were carefully compared with available formal taxonomic 

descriptions to determine if the botanical illustrations provide novel information not 

published by taxonomists.  Conversely, we searched for characters described by modern 

taxonomists that illustrators had overlooked or drawn incorrectly. 

 

RESULTS 

 

Botanical illustrations of the Haemodoraceae 

 

The earliest known illustration of a member of the Haemodoraceae, is Wachendorfia 

paniculata, subfamily Haemodoriodeae, (Fig. 2; Appendix 2) published under the 

polynomial name Sisyrinchium ramosum aethiopium, foliis plicatus nervosis et incanis, 

radice tuberosa phoenicea (Breyne, 1678).  This illustration has the features slightly 

stylised, and is part of a collection of plants and illustrations compiled by Jacob Breyne 

from correspondents who sent plant material and sketches from localities such as the Cape 

in South Africa, and from rare and exotic specimens collected from the gardens of 

prominent Dutch residents (Gunn & Codd, 1981). 

 

The earliest known illustration of a member from subfamily Conostylioideae, is 

Conostylis stylidioides F.Muell. (Fig. 3; Appendix 2).  This illustration is a black and 

white engraving depicting a flowering branch of the plant in a more naturalistic style of 
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illustration.  It is part of a catalogue of illustrations produced from specimens collected 

around Shark Bay, on the north-west coast of Australia, when Captain William Dampier 

anchored the Roebuck there, on the 6th August 1699 (Dampier, 1703).  The illustrator is 

not known, but he is believed to be James Brand, who was one of Captain William 

Dampier’s clerks (State Library NSW, 2009). 

 

Sydney Parkinson on Lieutenant James Cook’s Endeavour voyage to New Holland from 

1768 to 1771 produced 412 illustrations of Australian species, both botanical and 

zoological.  Only three of these were finished watercolours.  One partly coloured sketch 

was of the red-flowered Haemodorum coccineum R.Br., collected by Joseph Banks and 

Daniel Carlsson Solander at Endeavour River between the 17th June to the 4th August 

1770 (National Museum of Australia, 2007).  The sketch shows the habit of the plant, a 

single flower, a flower with the perianth removed, a fruit and the placenta with ovules 

attached from one of the fruit’s three carpels.  The only coloured sections are on the habit 

sketch and include two young flowers, an older flower, part of the inflorescence stem and 

a single leaf.  Joseph Banks planned to publish the botanical results of this voyage in a 14 

volume folio work.  He hired five artists and eight engravers to complete Sydney 

Parkinson’s drawings.  John F. Miller completed the illustration of Haemodorum 

coccineum in 1773 (National Museum of Australia, 2007) (Fig. 4; Appendix 2).  The first 

full colour edition of the Florilegium was published between 1980 and 1990 in 34 parts 

by Alecto Historical Editions and the Natural History Museum, with only 100 sets made 

available for sale. 

 

In 1800 Matthew Flinders proposed to Joseph Banks that he (Flinders) lead an expedition 

to fully explore and chart the New Holland coastline.  Banks commissioned Robert Brown 

as natural historian and Ferdinand Bauer as the accompanying natural history illustrator 

for the voyage of the Investigator, which set sail in 1801.  During the five-year long 

expedition Bauer produced 1542 sketches of Australian plants.  The conditions on board 

the Investigator were so damp that Bauer’s paper went mouldy, rendering it useless for 

accepting watercolour pigments.  To overcome this dilemma Bauer used a coding system 

of numbers to annotate the different colours on his pencil sketches (Mabberley et al., 

2007). He could then use a colour chart to produce the final watercolour at a later stage.  

Bauer appears to have produced only  
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Figure 2.  Illustration of Wachendorfia paniculata by an unknown artist printed in Jacob Breyne’s 
Exoticarum aliiarumque minus cognitarum Plantarum centuria prima (1678) under the polynomial name 
Sisyrinchium ramosum aethiopicum, foliis plicatis nervosis et incanis radice tuberosa phoenicea. (Image 
reproduced from the Digital Biblioteca del Real Jardín Botánico, CSIC, Madrid.  
http://bibdigital.rjb.csic.es/ing/Libro.php?Libro=1510 [accessed 15 Jan. 2018]). 
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Figure 3.  An illustration plate (T.3) from William Dampier’s A Voyage to New Holland (1703) with a 
black and white engraving (F.1) of a flowering branch of Conostylis stylidioides collected by Dampier 
while the Roebuck anchored near Shark Bay on the 6th August 1699, from an original drawing believed to 
be done by James Brand, William Dampier’s clerk. (Image from the Biodiversity Heritage Library. 
Digitized by State Botanical Collections, Royal Botanic Gardens Victoria.  
https://www.biodiversitylibrary.org/item/203199#page/217/mode/1up [accessed 10 Nov. 2017]). 
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Figure 4.  A watercolour illustration of Haemodrum coccineum produced by John F. Miller in 1773, from 
a sketch done by Sydney Parkinson in 1770 while employed as natural history illustrator on board 
Lieutenant James Cook’s Endeavour voyage to New Holland from 1768 to 1771, from a specimen collected 
by Joseph Banks and Daniel Carlsson Solander at Endeavour River between 17th June and 4th August 1770, 
showing the habit of the plant, a single flower, a flower with the perianth removed, a fruit and the placenta 
with ovules attached. (© The Trustees of the Natural History Museum, London). 
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two subsequent watercolours of members of the Haemodoraceae, neither of which were 

published during his lifetime: Haemodorum planifolium R.Br. (and Conostylis aculeata 

R.Br..  However, both illustrations were reproduced as black and white tonal images in a 

catalogue of the Australian botanical drawings by Ferdinand Bauer held by the Natural 

History Museum, London (Mabberley, 1999).  A colour reproduction of the H. 

planifolium illustrations was published in Mabberley’s (1999) book Ferdinand Bauer – 

The Nature of Discovery (Fig. 5; Appendix 2), and a colour reproduction of the illustration 

of C. aculeata was reproduced in a paper about the artist, presented at a conference to 

commemorate 200 years since the Investigator expedition (Gathe & Hickman, 2003: 

p.70) (Fig. 6; Appendix 2). 

 

Thirteen illustrations published in Curtis’s Botanical Magazine from 1803 to 1858 

represent species of the Haemodoraceae; Wachendorfia paniculata (Sims, 1803b: Pl.616; 

Sims, 1826: Pl.2610), Wachendorfia hirsuta L. [syn. paniculata] (Sims, 1803a: Pl.614), 

Wachendorfia brevifolia Sol ex Ker Gawl. [syn. paniculata] (Sims, 1809a: Pl.1166), 

Wachendorfia thyrsiflora (Sims, 1808: Pl.1060), Anigozanthos flavidus DC (Sims 1809b: 

Pl.1151) (Fig. 7; Appendix 2), Haemodorum planifolium (Sims, 1814: Pl.1610), 

Conostylis aculeata (Curtis & Hooker, 1830: Pl.2989), Anigozanthos manglesii D.Don 

(Curtis and Hooker 1841: Pl.3875), Anigozanthos pulcherrimus Hook. (Hooker, 1845: 

Pl.4180), Anigozanthos fuliginosa Hook. [syn. Macropidia fuliginosa (Hook.) Druce 

(Hooker, 1847: Pl.4291), Anigozanthos tyrianthina [syn. Anigozanthos rufus Labill.] 

(Hooker, 1850: Pl.4567), Xiphidium caeruleum (Hooker, 1858: Pl. 5055) (Fig.8; 

Appendix 2).  Illustrators of these plates include Sydenham Teak Edwards, William 

Herbert, Miss Wray and Walter Fitch. The illustrations are hand-coloured copperplate 

engravings or lithographs.  The reproduction and colouring was a laboriously and costly 

process.  The illustrations depict the plants’ inflorescence and a leaf, and some have added 

details of the flowers and fruit. 

 

A member of the Haemodoraceae is not represented again in Curtis’s Botanical Magazine 

until 2003, with an article on Anigozanthos rufus written and illustrated by the present 

authors.  This article is supported by two illustration plates, one a colour study in pencil 

and aquarelle of part of a flowering branch and a cauline leaf attached to the flowering 

stem.  The second plate includes black and white illustrations of part of the inflorescence, 

and various floral features (Hopper, 2003) (Fig. 9&10; Appendix 2). 
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Figure 5.  A watercolour illustration of Haemodorum planifolium by Ferdinand Bauer from sketches 
produced while employed as the natural history illustrator on board Matthew Flinder’s Investiagtor 
expedition to circumnavigate Australia from 1801 to 1805.  The illustration shows the leaves and 
inflorescence, flower, fruit and seed details (Mabberley, 1999). (© The Trustees of the Natural History 
Museum, London). 
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Figure 6.  A watercolour illustration of Conostylis aculeata by Ferdinand Bauer from sketches produced 
while employed as the natural history illustrator on board Matthew Flinder’s Investiagtor expedition to 
circumnavigate Australia from 1801 to 1805.  The illustration, of a plant from Bald Head, King George 
Sound, shows a flowering branch with flower, fruit and seed details (Gathe & Hickman, 2005). (© The 
Trustees of the Natural History Museum, London). 
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Figure 7.  Coloured engraving of Anigozanthos flavidus from drawing by Sydenham Teak Edwards 
published in Curtis’s Botanical Magazine.  The illustration shows part of the inflorescence and part of a 
leaf.  (Sims, 1809a) (Image from the Biodiversity Heritage Library. Digitized by Missouri Botanical 
Garden, Peter H. Raven Library.  
https://www.biodiversitylibrary.org/item/14317#page/11/mode/1up  [accessed 17 May 2017]). 
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Figure 8.  Partly coloured engraving of Xiphidium caeruleum from drawing by Walter Fitch published in 
Curtis’s Botanical Magazine.  Illustration shows a coloured inflorescence and flower (1.), overlying part 
of the flowering stem with a leaf and young shoot, as well as the ovary and style (2.) (Hooker, 1858) (Image 
from the Biodiversity Heritage Library. Digitized by Missouri Botanical Garden, Peter H. Raven Library.  
https://www.biodiversitylibrary.org/item/14224#page/99/mode/1up  [accessed 8 Nov. 2017]). 
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Figure 9. An illustration of Anigozanthos rufus in pencil and aquarelle by Ellen J. Hickman published in 
Curtis’s Botanical Magazine.  The illustration shows part of the flowering stem with inflorescences and 
part of the flowering stem with a cauline leaf (Hopper, 2003). 
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Figure 10.  Original black and white line illustrations of features of Anigozanthos rufus, by Ellen J. 
Hickman, published in Curtis’s Botanical Magazine.  The illustration shows A, infloresecence; B, flower 
from front; C, flower from the side; D, perianthwith the tube slit and opened out; E, stigma; F, anther; G, 
anther from the side; H, longitudinal section of ovary and base of perianth showing perianth hairs, callosities 
(possibly for retaining nectar at the perianth base), and ovules borne on a peltate placenta (Hopper, 2003). 
 

During the golden age of botanical illustration (mid-eighteenth to mid-nineteenth 

centuries) 82 illustrations were published covering only 22 species of Haemodoraceae.  

These include 17 illustrations of Wachendorfia paniculata, 15 of Anigozanthos flavidus 

and 13 of Wachendorfia thyrsiflora.  The remaining species had only a few illustrations 

each over that hundred-year period.  The majority are hand-coloured engravings.  

Huegel’s specimen for Tribonanthes australis Endl. which was the type for this species 

was lost in fires as a result of the bombing of Vienna during WWII.  As a result, 

Butterlick’s uncoloured engraving, based on Huegel’s specimen of Tribonanthes 

australis (Endlicher, 1838: Pl.109) (Fig. 11; Appendix 2) published in Iconographia 
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Generum Plantarum is intended to be used as the type specimen for this species (Chapter 

4). 

 

In the twentieth century the majority of botanical illustrations are black and white line 

drawings.  This is a less time-consuming process for the artist and the reproductions of 

black and white illustrations, compared with colour illustrations, are more cost effective 

for the publisher, thus allowing for more species to be illustrated per article.  However, 

colour rendered illustrations still make an appearance. 

 

Some 94 (67%) of presently known Australian Haemodoraceae taxa have been illustrated 

to date (Appendix 2).  This includes 16 of 21 Anigozanthos.  Blancoa canescens Lindl. 

has been illustrated in eleven separate publications.  Fifty of 69 known taxa of Conostylis 

have been illustrated.  Of 33 presently known taxa in Haemodorum 15 have been 

illustrated.  Macropidia fulginosa has been illustrated twelve times, the black kangaroo 

paw being so distinctive and unusually coloured.  All but one of Phlebocarya’s four taxa, 

have been illustrated (Fig. 12; Appendix 2).  Tribonanthes with 12 species, has eight 

illustrated.  The most recently described members of the Haemodoraceae are seven 

Haemodorum species, all illustrated with photographs rather than botanical illustrations 

(Barrett et al., 2015). 

 

The South African Haemodoraceae were well illustrated during the twentieth century, 

with black and white line drawings of Dilatris (Barker, 1940) (Fig. 13; Appendix 2).  

Wendy Hitchcock illustrated four of the five Wachendorfia species (Helme & Linder, 

1992) we recognise and Barberetta was illustrated by Rosemary Margaret Smith (Hilliard 

& Burtt, 1971; pers. comm. G. Hardy Librarian, Royal Botanic Garden Edinburgh 6th 

March 2018) (Fig. 14; Appendix 2).  Auriol Batten also produced illustrations of Dilatris 

ixiodes and Wachendorfia thyrsiflora for her book Flowers of southern Africa (Batten, 

1986).  These are watercolours of the plant’s inflorescence and leaf superimposed on a 

pencil renderings of the habitat of this, the tallest species in the genus (Fig. 15; Appendix 

2). 
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Figure 11.  Uncoloured engraving of Tribonanthes australis from a drawing of Huegel’s King George 
Sound collection of this species by Butterlick, published by Endlicher in Iconographia Generum 
Plantarum.  The illustration shows a whole plant, bud, flower and fruit details as well as a floral diagram 
(Endlicher, 1838) (Image from the Biodiversity Heritage Library. Digitized by Field Museum Natural 
History Library.  
https://www.biodiversitylibrary.org/item/130502#page/235/mode/1up [accessed 5 may 2016]). 
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Figure 12.  Reproduction of the illustration of Phlebocarya species by Sandra Bird published in Flora of 
Australia Volume 45 p130.  This illustration shows A-C, P. ciliata R.Br. (Haemodoraceae). A, plant habit; 
B, flower group with one flower open showing stamens and style; C, stamen. D-E P. pilosissima (F.Muell.) 
subsp. pilosissima (Haemodoraceae). D, flower group with one flower partly open showing style with 
tripartite stigma; E, anther. F-G, P. filifolia (F.Muell.) Benth. F, flower group with one flower open showing 
stamen and style; G, anther (Macfarlane, 1987a). (Image Reproduced with permission of Australian 
Biological Resource Study (ABRS)). 
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Figure 13.  Reproduction of the black and line line illustrations of features of Dilatris corymbosa by W. F. 
Barker from the revision of the genus in the Journal of South African Botany.  The illustration shows flower, 
fruit and seed details (Barker, 1940). (Image reproduce by permission from the present editor of Elsevier 
Publishers - South African Journal of Botany). 
 

 
Figure 14.  Black and white line illustration of features of Barberettta aurea by Rosemary M. Smith 
published in Notes from the Royal Botanic Garden Edinburgh.  The illustration shows flower, fruit and 
seed details (Hilliard & Burttt, 1971). (© Crown copyright 1971.  This information is licensed under the 
Open Government Licence v3.0). 
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Figure 15.  Watercolour and pencil illustration of Wachendorfia thyrsiflora by Auriol Batten published in 
Flowers of southern Africa.  The illustration shows a flowering inflorescence and a leaf overlaying the 
habitat in which the species is found (Batten, 1986). (Image provided by the South African National 
Biodiversity Institute, with permission from Chris and Tom Batten). 
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For American Haemodoraceae, Lachnanthes caroliniana has been illustrated twelve 

times. The earliest is under the species name Heritiera tinctorium Walter ex J.F.Gmel. by 

an unknown artist (Bosc, 1798) (Fig. 16; Appendix 2). The most recent rendering contains 

black and white line drawings, by Aljos Farjon, for the monograph of the Haemodoraceae 

in Flora Neotropica (Maas & Maas-Van der Kramer, 1993).  Alexis Khoury is the 

illustrator who produced a black and white line drawing of the newly discovered 

Pyrrorhiza neblinae, collected by Basset Maguire, John J. Wurdack and George S. 

Bunting, from Cerro Neblina, Territorio Amazonas, Venezuela, during their expedition 

in January 1954 (Maguire & Wurdack, 1957) (Fig. 17; Appendix 2).  Schiekia species 

have been illustrated only five times.  The earliest rendering is under the name 

Wachendorfia orinocensis Kunth by Pierre Jean Francois Turpin, from a specimen 

collected during Friedrich Wilhelm Heinrich Alexander Freiherr von Humboldt and 

Aimee Bonpland’s expedition to tropical south and central America from 1799 to 1804 

(Humboldt et al., 1825) (Fig. 18; Appendix 2).  The one illustration discovered for 

Schiekia silvestris illuminates the type description for this species (Maas & Maas-Van 

der Kramer 1993), which was then only considered a subspecies of S. orinocensis, but is 

to be elevated to species rank by Pelligrini et al. (in prep.) (Appendix 2).  Also the 

illustration of S. orinocensis subsp. orinocensis in Maas & Maas-Van der Kramer’s 

(1993) treatment is now classified as S. timida ms (Pelligrini et al. (in prep.)), so all 

Schiekia species have been illustrated.  There is one illustration of Cubanicula 

xanthorrhizon, under the earlier name Xiphidium xanthorrhizon and there are 17 

illustrations of Xiphidium caeruleum, the most widespread species of Haemodoraceae 

known.  The majority of the illustrations of American species show a habit drawing and 

diagnostic drawings of flower, fruit and seed character traits to illuminate the 

accompanying text. 

 

There are a number of illustrations of the Haemodoraceae that were not included in this 

study because, although they are accurate and beautiful renderings of the plants, they were 

not necessarily drawn for a scientific purpose, but are noted here for interest.  Examples 

include three of Marianne North’s paintings, one of Anigozanthos flavidus with 

Callistemon glaucus (DC) Sweet (Myrtaceae) at Albany, another a compilation of 

Western Australian kangaroo paws featuring A. humilis Lindl., A. manglesii, and 

Macropidia fuliginosa and the third of Conostylis aculeata with the Albany pitcher plant 

Cephalotus folicullaris Labill. (Cephalotaceae).  These paintings are on display at the 
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Marianne North Gallery, Royal Botanic Gardens Kew, England (Marianne North Gallery, 

Royal Botanic Gardens Kew, see https://www.kew.org/kew-

gardens/attractions/marianne-north-gallery, accessed 20th January 2018).  Ellis Rowan 

also painted kangaroo paws including Anigzanthos manglesii and A. bicolor Endl., the 

illustrations, some of which are housed in the National Library of Australia collections 

(Rowan Collection, National Library of Australia, see https://www.nla.gov.au/selected-

library-collections/rowan-collection, accessed 20th January 2018).  Emily Pelloe’s 

Anigozanthos bicolor, A. humilis, A. manglesii, A. pulcherrimus, A. rufus, A. viridis Endl. 

and Macropidia fuliginosa paintings along with 400 other wildflower paintings were 

presented to the University of Western Australia and are now housed at St Catherine’s 

College, Perth, Western Australia (Stewart, 1988).  Mrs A.V. Fuller also painted Western 

Australian species Anigozanthos flavidus, A. manglesii and Blancoa canescens which are 

housed in the Kew Library collection, London, England, where a painting of 

Anigozanthos manglesii by Beverly Graham is also housed.  A print of an illustration of 

Wachendorfia paniculata at Kew is by Elise Bodley (Illustrations, Library Art & Archive, 

The Royal Botanic Garden Kew, see https://www.kew.org/explore-our-

collections/library-art-archives/using-the-illustrations-collection, accessed 20th January 

2018).  A series of paintings by Constance Louise Lochee Wright including a couple of 

colour morphs of Anigozanthos flavidus, A. pulcherrimus, Blancoa canescens and 

Macropidia fuliginosa all housed in the State Library of Western Australia collections 

(Collection of paintings Wright, Constance L. L., see 

http://encore.slwa.wa.gov.au/iii/encore/record/C__Rb2188603__SConstance 

Wright__P0,2__Orightresult__U__X2?lang=eng&suite=def, accessed 20th Januray 

2018) . Several paintings of Western Australian species by Albert John Hall are now in 

the State Library of Western Australia collection, including; Anigozanthos bicolor, A. 

humilis ssp. humilis, A. humilis ssp. chrysanthus Hopper, A. flavidus, A. flavidus (red and 

green morph), A. manglesii, A. pulcherrimus, A rufus, A. viridis, A. sp?, Conostylis aurea 

Lindl., C. candicans Endl., C. juncea Endl., C. seorsiflora F.Muell., C. setigera R.Br., C. 

setosa Lindl., Haemodorum spicatum R.Br., Phlebocarya ciliata R.Br., Tribonanthes 

brachypetala Lindl., T. longipetala Lindl., T. uniflora Lindl. (probably now the new 

species T. keighery - Hickman & Hopper (submitted)) and T. variabilisLindl. (Albert John 

Hall collection of wildflower paintings 1908-1930, see 

http://encore.slwa.wa.gov.au/iii/encore/record/C__Rb3095983__SAlbert John Hall 

__Orightresult__U__X6?lang=eng&suite=def,accessed 20th January 2018). 
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Figure 16.  An uncoloured engraving of Lachnanthes caroliniana from a drawing by an unknown artist, 
published in Bulletin des Sciences par la Societe Philomathique under an old name Heritiera tinctorium.  
The illustration shows leaves, an inflorescence and details of flower, fruit and seed (Bosc, 1798). (Image 
from the Biodiversity Heritage Library. Digitized by Harvard University, Museum of Comparative 
Zoology, Ernst Mayr Library.  
https://www.biodiversitylibrary.org/item/28082#page/316/mode/1up [accessed 15 Jan. 2018]). 
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Figure 17.  A black and white line drawing of Pyrrorhiza neblinae, by Alexis Khoury, from a specimen 
collected by Basset Maguire, John J. Wurdack and George S. Bunting, on Cerro Neblina, Territorio 
Amazonas, Venezuela, during their expedition in January 1954 and published in the Memoirs of the New 
York Botanical Garden. The illustration shows the whole plant probably drawn from a pressed specimen, 
flower details, a floral diagram and an immature seed (illustrations h-o are of Schiekia orinocensis) 
(Maguire & Wurdack, 1957). (Image from the Biodiversity Heritage Library. Digitized by New York 
Botanical Garden, LuEsther T. Mertz Library.  
https://www.biodiversitylibrary.org/item/150965#page/333/mode/1up [accessed 14 May 2017]). 
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Figure 18.  Partly coloured engraving of Schiekia orinocensis, by Pierre Jean Francois Turpin, from a 
specimen collected during Friedrich Wilhelm Heinrich Alexander Freiherr von Humboldt and Aimee 
Bonpland’s expedition to tropical south and central America from 1799 to 1804, published in Nova Genera 
et Species Plantarum, Tomus Septimus (Volume 7) under an old name Wachendorfia orinocensis.  The 
illustration shows the whole plant which was drawn from the pressed specimen, hence the bent composition, 
a fruiting inflorescence, and detail of flowers and fruit (Humboldt et al., 1825).  Image from the Biodiversity 
Heritage Library. Digitized by Missouri Botanical Garden, Peter H. Raven Library.  
https://www.biodiversitylibrary.org/item/11239#page/666/mode/1up [accessed 16 Nov. 2017]. 
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Discovery through illustration 

 

Botanical illustrators have discovered potential generic characters in neotropical 

Xiphidium and Pyrrorhiza, several new characters for species’ discrimination within 

flowers of Australian Haemodorum and Tribonanthes, and leaf hair characters of value 

at specific and subspecific of levels in Australian Conostylis (Table 1).  Errors and 

omissions in some botanical illustrations of Haemodoraceae are also evident when 

compared with taxonomic descriptions (Table 2). 

 

Characters illustrated but not described 

 

Table 1 shows 40 examples of characters illustrated by artists and overlooked or ignored 

by taxonomists.  Of these, the most significant at a generic level include the fruit and seed 

characters of Xiphidium and Pyrrorhiza (Fig. 19). 

 

The illustration of Xiphidium caeruleum in Flora Neotropica, Volume 61 (Maas & Maas-

Van der Kramer, 1993: Fig.13H), and reproduced again in the Flora of Ecuador, Volume 

71 (Maas & Maas-Van der Kramer, 2003: Fig.34H), shows the fruit as an indehiscent 

drupe (Fig. 19B(5)).  However, the fruit is described as a capsule in the species description 

and a 3-locular loculicidal capsule in the generic description, suggesting it has dehiscent 

fruits.  Hooker (1858) stated in the complementary text to Fitch’s illustration of X. 

caeruleum, that in both cultivated and herbarium specimens the ovary falls off without 

coming to maturity.  He suggested that the plant appears to increase by lateral buds from 

the stem.  Hooker also described the rhizome sending out offsets.  Neither the fruits, 

offsets nor lateral buds are illustrated by Fitch (Hooker, 1858: Pl.5055).  The illustration 

of X. caeruleum by Bobbi Angell reproduced in both the Flora of Central French Guiana 

(Mori et al., 1977: Fig 125F&G) and the Flowering Plants of the Neotropics (Lentz, 2002: 

Fig. 231F&G) (Fig. 19B(3)) and the illustration by R. Natadipoera of Xiphidium 

floribundum Aubl. (unpublished) (Fig. 19B(6)), a synonym of X. caeruleum (Maas & 

Maas-Van der Kramer, 1993), also shows an indehiscent drupe. 

 

The illustrations of the young ovary of X. caeruleum by Bobbi Angell (Fig. 19B(1)) shows 

it to be covered in hairs, while the illustration of the young ovary by R. Natadipoera (Fig. 

19B(2)) shows three distinct tuffs of hairs on the ovary surface, which become confined  
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Figure 19.  (previous page) Illustrations of fruit and seed characters of Xiphidium and Pyrrorhiza, from 
previous publications, that may be of use in generic divisions within the Haemodoraceae. A Cubanicula 
(Xiphidium) xanthorrhizon; (A1) flower with tepals removed to show three stamens, style and mass of hairs 
obscuring ovary (Maas & Maas-Van der Kramer, 1993), (A2) young fruit (Maas & Maas-Van der Kramer, 
1993), (A3) cross-section of young fruit (Maas & Maas-Van der Kramer, 1993), (A4) seed from adaxial 
side (Maas & Maas-Van der Kramer, 1993), (A5) seed from abaxial side (Maas & Maas-Van der Kramer, 
1993).  B Xiphidium caeruleum; (B1) lateral view of flower with three tepals removed showing hairy ovary 
(Mori et al., 1997; Lentz, 2002), (B2) young ovary with three distinct tufts of hairs on the surface 
(Natadipoera, unpubl.), (B3) fruits (Mori et al., 1997; Lentz, 2004), (B4) fruit (Standley & Steyermark, 
1952), (B5) fruit (Maas & Maas-Van der Kramer, 2003), (B6) fruit with strips of fine hairs between carpels 
(Natadipoera unpub.), (B7) cross-section of fruit (Mori et al., 1997; Lentz, 2004), (B8) seed (Maas & Maas-
Van der Kramer, 2003), (B9) seed (Mori et al., 1997; Lentz, 2004), (B10) seed (Simpson, 1990). C 
Pyrrorhiza neblinae; (C1) fruit (Maas & Maas-Van der Kramer, 1993), (C2) face side of placenta with two 
attached seeds (Simpson, 1990), (C3) proximal side of seed (Simpson, 1990), (C4) immature seed (Maquire 
& Wurdack, 1957), (C5) seed (Maas & Maas-Van der Kramer, 1993). (A1, A2, A3, B1, B2, B3, B4, B5, 
B6, B7, C1 scale bar = 5mm; A4, A5, B8, B9, B10, C2, C3, C4, C5 scale bar = 2mm). (A1, A2, A3, A4, 
A5, B3, B5, C1, C5 by Aljos Farjon 1990; B1, B3, B7, B9 by Bobbi Angell; B2, B3 by R. Natadipoera; 
B10, C2, C3 by Michael G Simpson; C4 by Alexis Khoury; B4, by unknown illustrators). 
 

to strips of hairs between the carpels when the ovary matures (Fig. 19B(6)).  None of the 

associated descriptions mention the indumentum on the ovary or the fruit, except to say 

that the “capsule green when young, maturing shiny orange, red and finally black” (Maas 

& Maas-Van der Kramer, 1993: 27). 

 

The illustration of Cubanicula (Xiphidium) xanthorrhizon in Maas and Maas-Van der 

Kramer (1993) shows a young fruit, too early in the stage of development to determine 

the mode of dehiscence (Maas & Maas-Van der Kramer, 1993: Fig.14E) (Fig. 19A(2)).  

In the generic description the fruits are described as 3-locular loculicidal capsule, 

suggesting that they are dehiscent.  The illustration of the immature ovary show it 

completely obscured by hairs (Maas & Maas-Van der Kramer, 1993: Fig.14C) (Fig. 

19A(1)).  This is acknowledged in the associated description and it goes on to say the 

“margins of the valves of fruit slightly to densely hairy” (Maas & Maas-Van der Kramer, 

1993:31).  This feature is not shown in the fruit illustrations (Maas & Maas-Van der 

Kramer, 1993: Fig14E&F) (Fig. 19A(2&3)). 

 

The illustration of Cubanicula xanthorrhizon seeds shows the centre of the adaxial 

surface of the seed is devoid of the finger-like hairs (Maas & Maas-Van der Kramer, 

1993: Fig.14G), there is no mention of this character in the accompanying description, 

rather all descriptions of the seeds suggest they are covered in unicellular finger-like hairs 

(Maas & Maas-Van der Kramer, 1993: p.31; Urquiola, 1997: p.160). 
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The seeds of Pyrrorhiza neblinae are described as "discoid . . . densely covered with 

multiseriate red trichomes", but the generic description states "seeds discoid with hairy 

margin" (Maas & Maas-Van der Kramer, 1993: p.15).  The illustration appears to show 

hairs all over the surface of the seed, but the long hairs could be obscuring the hairless 

centre of the discoid seed (Maas & Maas-Van der Kramer, 1993: Fig.8E) (Fig. 19C(5)).  

Other illustrations of the seed of P. neblinae clearly show the hairless centre of the discoid 

seed (Maguire & Wurdack, 1957: Fig.65b; Simpson, 1990 Fig.149,150) (Fig. 

19C(2,3,4)). 

 

The important discoveries at a specific and subspecific level include the colouration in 

flowers of the Haemodorum, the stigma vestiture of Tribonanthes and the characteristic 

of the hairs on the leaf margins of the Conostylis (Fig. 20). 

 

The flowers of Haemodorum species are described by Macfarlane (1987a) as black, 

brownish black, brown or greenish brown and illustrated as such for H. laxum R.Br., H. 

spicatum (Scott & Negus, 2002: p.47 Fig.1)), and H. planifolium (Mabberley, 1999: p.80, 

Pl.43), or red, reddish brown or pale brown as illustrated by John F. Miller for H. 

coccineum, but not shown in the black and white renderings by Glenn A. Rodrigues of H. 

ensifolium F.Muell. and H. gracile T. Macfarlane (Wheeler, 1992: p.1013, Fig304).  The 

exceptions are H. distichophyllum Hook. where the outer perianth segments are red and 

black apical and the inner perianth segments are green (Stones & Curtis, 1975; 

Macfarlane, 1987c) and H. simulans F.Muell. which are yellowish green basally and 

reddish or brownish black apically and H. tenuifolium A.Cunn. ex Benth. which have 

brown to grey and glaucous outside perianth segments and red inside perianth segments.  

No illustrations of the last two species were observed.  However, while the descriptions 

mention the colour of the perianth they do not mention the range of colours of the other 

floral elements, such as the orange to red anthers and red grading to yellowish green 

filaments of H. planifolium (Fig. 20A(5-7)) as shown in Bauer’s illustration of this 

species, or the red orange anthers on purple filaments as shown in Patricia Negus’ 

illustrations of H. laxum (Fig. 20B(1)) and H. spicatum (Fig. 20C(1)).  Even in the black 

and white rendering of the longitudinal section of the flower of H. spicatum (Fig. 20D(1)) 

by Sandra Bird, the filaments are shown to be tonal in colour but this is not described in 

the text. 
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Figure 20.  (previous page) Anomalies discovered in previously published illustrations that may be of use 
in discriminating species. A Haemodorum planifolium (A1) flower bud, (A2) mature flower, (A3) flower 
with half perianth removed to show ovary, stamen and style, (A4) perianth segment with stamen attached, 
(A5) anther, (A6) stamen front view, (A7) stamen rear view (Mabberley, 1999); B Haemodorum laxum 
(B1) flower with half perianth removed to show ovary, stamen and style (Scott & Negus, 2002); C 
Haemodorum spicatum (C1) - flower with half perianth removed to show ovary, stamen and style  (Scott 
& Negus, 2002); D Haemodorum spicatum (D1) longitudinal section of flower showing two tone stamens 
(Macfarlane, 1987c); E Haemodorum coccineum (E1) part of inflorescence (Miller, 1773); F Haemodorum 
distichophyllum (F1) inflorescence, (F2) flower, (F3) outer perianth segment, (F4) inner perianth segment 
with stamen attached, (F5) stamen (Stones & Curtis, 1975), (F6) flower, (F7) outer perianth segment, (F8) 
inner perianth segment with stamen attached (Morley & Toelken, 1983); G Conostylis aurea variations leaf 
margin hairs (G1) simple appressed hairs, (G2) appressed hairs with fluffy bases, (G3) simple hairs of 
varying lengths appressed and spreading; H Conostylis breviscapa (H1) leaf surface, (H2) detail of 
appressed spiny leaf margin hair; I Conostylis caricina subsp. caricina (I1) leaf surface, (I2)  detail of 
plumose leaf margin hair; J Conostylis dielsii subsp. teres Hopper (J1) terete leaf surface with stripe of fine 
sparsely plumose hairs; K Conostylis juncea (K1) leaf surface of fine leaf form, (K2) detail of short spine 
on leaf margin, (K3) leaf surface of broad leaf form, (K4) detail of long plumose hair on leaf margin; L 
Conostylis lepidospermoides (L1) leaf surface, (L2) detail of segmented spiny leaf margin hair; M 
Conostylis misera (M1) detail of segmented hairy marginal leaf hair; N Conostylis prolifera (N1) leaf 
surface (N2) detail of spiny leaf margin spine; O Conostylis seorsiflora subsp. trichophylla (O1) detail of 
hairy leaf hair; P Conostylis dasys (P1) leaf surface covered in long spreading finely plumose hairs; Q 
Conostylis setosa (Q1) leaf surface showing long margin hairs clasping the surface, (Q2) detail of fine 
plumose margin hairs showing short appressed hairs and long clasping hairs (Hopper et al., 1987); R 
Tribonanthes australis  (R1) flower with perianth tube slit and splade out showing the glabrous spindle 
shaped stigma that is shortly three toothed (Endlicher, 1838); S Tribonanthes longipetala (S1) longitudinal 
section of the flower showing the stigma topped with a tuft of hairs (Macfarlane, 1987b). (not to scale) 
(Illustrators - A1-7 by Ferdinand Bauer; B1, C1 by Patricia Negus; D1 & S1 by Sandra Bird; E1 by John 
Miller; F1-5 by Margaret Stones; F6-8 by June Morley; G-O by Susan Patrick; R1 by Butterlick). 
 

In Sandra Bird’s illustrations of several taxa of Tribonanthes the illustration of the 

longitudinal section of the flower of T. longipetala shows a tuft of hairs on the apex of 

the stigma (Macfarlane, 1987b: Fig.52B) (Fig. 20S(1)).  The accompanying description 

of this species does not mention this feature.  Rather it states that all Tribonanthes’ 

stigmas are “subterminal or terminal” (Macfarlane, 1987b: p.132) but makes no mention 

of stigma vestiture.  The earlier illustration by Butterlick? for Endlicher’s Iconographia 

Generum Plantarum of T. australis shows the stigma without any vestiture but being 

slightly three lobed (Endlicher, 1838: Pl.109) (Fig. 20R(1)).  In the accompanying 

description of this species Endlicher describes the stigma as spindle-shaped, glabrous, 

with the apex very shortly three toothed “Stigma dimidia linea paullo brevius, fusiforme, 

glabrum, apice brevissime tridentatum.” (Endlicher & Fenzl, 1839: p.28).  Of the 15 

illustrations we analysed, covering eight of the 12 species of Tribonanthes, only these 

two illustrations have longitudinal sections of the flower to be able to see the stigma 

detail. 

 

Illustrations of Conostylis species. show details of the leaves that are not described in the 

accompanying text (Appendix 3).  Susan J. Patrick has shown that the marginal hairs on 
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the leaves of C. aurea are sometimes plumose (Hopper et al., 1987: Fig.44F) (Fig. 

20G(2)), are plumose for C. caricina Lindl. subsp. caricina (Hopper et al., 1987: 

Fig.41H&I) (Fig. 20I(1-2)) while the plumose hair on the margins of the leaves of C. 

breviscapa R.Br. are appressed (Hopper et al., 1987: Fig.32D) (Fig. 20H(1-2)).  For C. 

juncea the marginal hairs can be long plumose or short spines (Hopper et al., 1987: 

Fig.36E,F,H&I) (Fig. 20K(1-4)), for C. lepidospermoides Hopper and C. prolifera Benth. 

the leaf margin hairs are spiny (Hopper et al., 1987: Fig.36B&C & Fig.35B&C) (Fig. 

20L(1-2) & 20N(1-2)) and for C. misera Endl. the marginal hairs are segmented (Hopper 

et al., 1987: Fig.38E) (Fig. 20M(1)).  Conostylis setosa has the shortly branched leaf hairs 

enclasping the leaf lamina (Hopper et al., 1987: Fig.43B&C) (Fig. 20Q(1-2)). Conostylis 

seorsiflora subsp. trichophylla Hopper and C. dasys Hopper have hairy hairs all over the 

leaf surface (Hopper et al., 1987: Fig.38H & Fig.39B) (Fig. 20O(1) & P(1)). 

 

Illustrations of Conostylis species also show details of the perianth that are not described 

in the accompanying text.  The perianth of C. albescens Hopper is hairy inside and 

outside, although it is sparser on the inside of the perianth tube (Hopper et al., 1987: 

Fig.33B).  The perianth tube of C. androstemma F.Muell. has longitudinal grooves 

(Green, 1960: Fig.67&68).  Conostylis angustifolia Hopper, C. aurea and C. resinosa 

Hopper have a darker coloured strip of hairs on the inside of the perianth lobe, from the 

tip of the lobe to the base of the stamen attachment (Hopper et al., 1987: Fig.46I; Hopper 

et al., 1987: Fig.46A; Hopper et al., 1987: Fig.45D).  The inside of the perianth of C. 

candicans Endl. subsp. candicans (is glabrous on the lobes but hairy in the tube (Hopper 

et al., 1987: Fig.34F).  The perianth lobes and tube of C. drummondii Benth. are hairy 

inside and outside with simple hairs inside and plumose hairs outside (Hopper et al., 1987: 

Fig.39I).  The perianth tube of C. juncea has simple hairs on the inside (Hopper et al., 

1987: Fig.36G).  Hairs along the margins of the perianth lobes of C. serrulata R.Br. are 

denser or darker (Hopper et al., 1987: Fig.37C). 

 

Conostylis drummondii has the stamens in two series, with the upper series illustrated by 

Susan J. Patrick as having hairs on the filaments (Hopper et al., 1987: Fig.39I).  This does 

not appear to be a feature illustrated for any other Conostylis species. 

 

Indumentum feature of some species of Conostylis listed here are from a single 

illustration in the cited paper. Given the possibility for such features to be variable within 
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species, illustrations although useful, are no substitute for examination of all the 

herbarium material for a given species to more clearly establish the nature and extent of 

variation a species might display. 

 

Characters described but not illustrated 

 

Botanical illustrations associated with descriptive text do not always illustrate all the 

character traits described in the text.  Table 2, of characters described but not illustrated, 

does not document this.  However, it does document 17 characters that have been 

described in one way but illustrated in a different way or where the illustration is not clear 

enough to determine if it is illustrating the character trait in the way it has been described 

in the text. 

 

The most significant of these is Ferdinand Bauer’s illustration of Haemodorum spicatum, 

reproduced as an uncoloured engraving in Endlicher’s Iconographia Generum 

Plantarum.  The illustration shows the stamens as unequal, with two longer and one 

slightly shorter in the illustration of the expanded flower, and the illustration of the three 

stamens surrounding the style (Endlicher, 1838: Pl.98).  The illustration also shows three 

ovules per locule in the depiction of the transverse section of the ovary.  This publication 

does not have accompanying descriptions, but Endlicher refers the reader to Robert 

Brown’s description of this species (Brown, 1810: p.300).  However, Brown does not 

detail stamen polymorphism or the number of ovules per locule.  Later descriptions 

specifically mention that H. spicatum has polymorphic stamens along with two other 

species; H. brevisepalum Benth. and H. simplex Lindl. (Macfarlane, 1987c).  

Haemodorum spicatum is described as having one stamen longer than the other two and 

the accompanying illustration by Sandra Bird shows this clearly (Macfarlane, 1987c: 

Fig.54C).  The genus Haemodorum is also described as having two ovules per locule 

(Macfarlane, 1987c: p.136).  The illustration of the transverse section of the ovary 

showing three ovules per locule is reproduced again by Lindley 1846 and Engler and 

Prantl 1888.  It is not until Simpson 1990 and 1998 that illustrations of the locules are 

shown with only two ovules each (Simpson, 1990: Fig.124; Simpson, 1998: Fig.53b). 

With Bauer’s reputation for meticulous accuracy, it is surprising that the first published 

illustration of this species appears so incorrect.  However, original illustrations of species 

were interpreted by engravers and reused by multiple authors, such as this illustration of  
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H. spicatum first used by Endlicher (1838), then by Lindley (1846) and later by Engler & 

Prantl (1888).  So the features of the original illustration may have been lost in translation, 

leading to the inaccuracies described above.  As well as this, Ferdinand Bauer died in 

1826, twelve years before this illustration was first published, so was unavailable to 

question its accuracy. 

 

Also of interest are the illustrations of Xiphidium caeruleum.  The species is described as 

having polymorphic stamens with one longer and two shorter ones.  In the illustrations of 

X. caeruleum in Aublet (1775), Swartz (1797), Lamarck (1823), Hooker (1858) and 

Engler & Prantl (1888) all stamens are shown as equal.  However, this is rectified in 

Simpson (1998), Maas & Maas-Van der Kramer (1993 and 2003), but not apparent in 

Mori et al. (1997) or Lentz (2004).  The margins of the valves of the fruit of Cubanicula 

(Xiphidium) xanthorrhizon are described by Maas & Maas-Van der Kramer (1993) as 

“slightly to densely hairy” (Maas & Maas-Van der Kramer, 1993: p.31). As mentioned 

above, the illustration does show a flower with the tepals removed to show the hairy ovary 

(Maas & Maas-Van der Kramer, 1993: Fig.14C) but the description of hairy margins 

along valves of the fruit is not apparent from the fruit illustrations (Maas & Maas-Van 

der Kramer, 1993: Fig.14 E & F) (Fig. 19A(2&3)). 

 

DISCUSSION 

 

In Haemodoraceae, botanical illustrators have discovered potential generic characters in 

neotropical Xiphidium and Pyrrorhiza, several new characters for species’ discrimination 

within flowers of Australian Haemodorum and Tribonanthes, and leaf hair characters of 

value at specific and subspecific levels in Australian Conostylis.  Errors and omissions in 

some botanical illustrations of Haemodoraceae are also evident when compared with 

taxonomic descriptions. 

 

The anomalies discovered from our analysis of the historical botanical illustrations of 

Pyrrorhiza and Xiphidium suggest that some of the fruit and seed characters may be 

diagnostic at a generic level.  Whether the fruits are a capsule or an indehiscent drupe is 

unclear from the present illustrations and needs further observation to clarify.  Also the 

seed shape and vestiture are quite different between the Xiphidium caeruleum and 

Cubanicula xanthorrhizon has some characters more similar to Pyrrorhiza than its sister 
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species X. caeruleum.  Molecular analysis suggests that Cubanicula xanthorrhizon is 

sister to Pyrrorhiza and X. caeruleum (Hopper et al., (in prep.)).  Further studies of the 

fruit and seed characteristics of these three species is required to determine if they are in 

fact three rather than two genera. 

 

From the few Haemodorum species illustrated, this genus appears to have a variety of 

colours within their flower structures that may be of use in distinguishing taxa at the 

species level.  Although colour botanical illustrations are icons of the form (Nickelsen, 

2006) they are rarely used in scientific publications because of the economics of time and 

the cost of production.  However, flower colour is important in reproductive biology, 

especially as an isolating mechanism for pollination (Weiss, 1995), so it should not be 

negated as a useful diagnostic character.  Only a few of the historical botanical 

illustrations show the flowers in colour.  More detailed studies of colour in Haemodorum 

species may provide greater insight into the relevance of colour to these taxa and the 

interpretation of relationships discovered through molecular analysis (Hopper et al., (in 

prep.)). 

 

For Conostylis it is the leaf vestiture characters that have proven diagnostically useful.  

Only 34 of the 69 taxa have illustrations of their leaf vestiture (Appendix 3).  Of these, 

11 do not match the description by the taxonomists (Hopper et al., 1987), particularly leaf 

margin vestiture (Fig. 20G-Q) but also for features of the perianth and in at least one case 

for hairs on the filaments.  In many cases the leaf margin vestiture is more complex than 

described, being plumose hairs, hairs with fluffy bases, segmented hairs, or being spines 

covered with smaller spines or short hairs.  Examination of this character may provide 

some insight into the species relationships in this genus, and be helpful in interpreting the 

relationships seen in the recent molecular analyses (Hopper et al., 2006; Hopper et al., 

(in prep.)). 

 

Stigmatic hairs may prove to be an important character for delineating species within 

Tribonanthes.  Of the 12 species of Tribonanthes, eight have been illustrated before the 

present work (Chapter 4), but only two species have previous illustrations that show the 

stigma.  In the previous illustrations Tribonanthes australis has a glabrous stigma which 

is minutely three toothed (Endlicher, 1838), and T. longipetala has a tuft of hairs on the 

apex of the stigma (Macfarlane, 1987b).  The character of stigma vestiture is not eluded 
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to in the species descriptions (Macfarlane, 1987b).  The genus Tribonanthes has had a 

tortuous taxonomy because they appear to be very variable species with few characters 

that are useful to delineate species.  The type and presence of stigmatic hairs  is shown to 

help delineate species within Tribonanthes (Chapter 4) and this character proves to be 

phylogenetically significant within Tribonanthes (Chapter 5). 

 

CONCLUSION 

 

Careful review of historical illustrations of Haemodoraceae has revealed clear examples 

of potentially significant taxonomic characters illustrated by artists but not described by 

taxonomists.  These indicate genuine discoveries through illustration.  Conversely, there 

are several taxonomically informative characters not yet illustrated for the family that 

taxonomic text highlights, and many taxa yet to be illustrated by botanical artists.  

Moreover, errors and omissions in some botanical illustrations of Haemodoraceae are 

also evident when compared with taxonomic descriptions.  It is clear that further botanical 

illustration, building on the historical record, merits attention in this family, with special 

focus on the internal structures and colours of flowers and buds, and the structure of 

diverse hair types, seeds and underground parts. 
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ABSTRACT.   Haemodoraceae are a small family of commelinid monocots distributed 

in Australia, Papua New Guinea, South Africa and the Americas.  The Haemodoraceae 

exhibit extraordinary floral diversity associated with pollination by insects, birds, and 

mammals, with some specialized mating systems involving enantiostyly.  This paper aims 

explicitly to test if new botanical illustrations in colour of Haemodoraceae add 

significantly to morphological and anatomical knowledge of the family, and explores the 

evolution of new characters discovered through modern illustration.  Artworks of 53 of 

the 159 (142 described + 17 undescribed) taxa of the Haemodoraceae were completed, 

revealing novel discoveries including, at generic level: the strip of hairs along the carpel 

ridges and significant internal fruit characters of Cubanicula ms compared with sister 

genera Pyrrorhiza and Xiphidium; variation of anther size, filament colour, style colour 

and stigma surface between Paradilatris ms and its sister Dilatris; presence of a red 

“blanket-like” placenta surrounding the single ovule in the fruits of Barberetta; and the 

nectar separators at the base of the floral tubes of Blancoa flowers.  At species level, 

important discoveries included: the presence of a placenta consisting of three “ribbon-

like” structures arising from the base of the carpel, around the single ovule of the fruits 

of Phlebocarya which are white in P. ciliata and P. filifolia and red in the two P. 

pilosissima subspecies; a variety of diagnostic colours within the cleistogamous flowers 

of Haemodorum species, especially between the sister species Haemodorum 

brevicaule/H. clarksonii ms and H. spicatum/H. sandifordiae ms; and the difference in 

perianth colour, stamen and style torsion and presence of nectar guides between Schiekia 

orinocensis, S. silvestris ms, and S. timida ms.  These illustration studies, combined with 
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the most recent molecular phylogeny of the family, revealed through ancestral character 

state reconstructions novel insights on the evolution of floral colour markings, and 

placental, stamen and stigmatic anatomy and colour.  New botanical illustrations of 

freshly collected material unquestionably have revealed morphological traits new to 

science in Haemodoraceae and helped elucidate phylogenetic trends in the family. 

 

Keywords: Botanical illustration, Haemodoraceae, Barberetta, Cubanicula, 

Paradilatris, Haemodorum, Schiekia, character trait, placenta, colour. 

 

 
INTRODUCTION 

 

Botanical illustration plays an important role in documenting plants traits, but it is 

difficult to disentangle the role of botanical illustration in the discovery of traits in 

taxonomic publications (Chapter 1, Hickman et al. 2017).  A recent review of historical 

botanical illustrations of the commelinid family Haemodoraceae identified traits that had 

been illustrated by botanical artists but not utilized by taxonomists in descriptions of 

species (Chapter 2, Hickman and Hopper (in prep.)).  Previous botanical illustrators have 

discovered potential generic characters in neotropical Xiphidium, Cubanicula ms and 

Pyrrorhiza, several new characters for species’ discrimination within flowers of 

Australian Haemodorum and Tribonanthes, and leaf hair characters of value at specific 

and subspecific levels in Australian Conostylis.  The previous chapter highlighted new 

areas in which future illustrations of Haemodoraceae would be profitably focused, 

especially given that Haemodoraceae exhibit extraordinary floral diversity associated 

with pollination by insects, birds, and mammals, with some specialized mating systems 

involving enantiostyly. 

 

The present chapter aims explicitly to test if new botanical illustrations in colour of 

Haemodoraceae, using largely fresh material, add significantly to published 

morphological and anatomical knowledge of the family (Barker 1940; Hilliard and Burtt 

1971; Macfarlane et al. 1987; Simpson 1990, 1998; Helme and Linder 1992; Maas and 

Maas-Van der Kramer 1993; Goldblatt and Manning 2000; Urquiola 2000; Hopper et al. 

1999, 2006, 2009; Lyons and Keighery 2006; Smith et al. 2011; Barrett et al. 2015; 

Aerne-Haines and Simpson 2017; Manning and Goldblatt 2017).  We also explore the 
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phylogenetic history of new characters discovered through modern illustration.  New 

traits are examined in the context of a well-resolved molecular phylogeny of the family 

(Hopper et al. (in prep.)), to better understand the classification of this family and tease 

out the evolution of particular traits, building on earlier work in this field by Simpson 

(1990) and Smith et al. (2011). 

 

Phylogenetic trait mapping 

 

The comparison of phenotypic traits with molecular phylogenies provides exciting 

opportunities to better understand the evolution of traits through phylogenetic trait 

mapping – the integration of molecular phylogenies with scientifically accurate 

identification of traits that characterize taxa (Bollback 2006, Revell 2013).  Examples 

include mapping of chemical defence traits in Leguminosae onto a molecular phylogeny 

providing new insight into life strategies and taxonomic relationships for this group of 

plants (Wink and Mohamed 2003).  Mapping of characters onto the molecular phylogeny 

of social amoebas (Dictyostelia) found the traditional classification based on fruiting 

body morphology required total revision (Schaap et al. 2006).  In contrast mapping of 

cupules and fruit morphology on a molecular phylogeny of the Fagaceae showed 

agreement with traditional morphocladistics (Manos et al. 2001).  Phylogenetic mapping 

can also be applied to physiological traits such as endothermy in fish (suborder 

Scombroidei) showing it arose independently in three lineages, associated with 

movement into cold water, suggesting its evolution was selected to permit thermal niche 

expansion rather than increased aerobic activity (Block et al. 1993).  Comparative 

phylogenetic approaches can also be used on ecological traits such as those used to show 

the predominant influences of pollinator shifts over substrate type on the speciation 

process of painted petal irises Lapeirousia (Forest et al., 2014), or a combination of 

morphological, physiological and ecological traits as in a study of diversification in 

Bromeliaceae (Givnish et al. 2014). 

 

Mapping known traits onto well-resolved phylogenies can identify the characteristics 

related species have in common (synapomorphies), and these could be used to write better 

keys, and thus to better identify organisms in the field.  Identifying synapomorphies is 

particularly important in conservation biology to distinguish a rare taxon from a common 

related species. 
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Haemodoraceae 

 

The Haemodoraceae, commonly called the bloodwort family (including the bloodroots, 

kangaroo paws and cottonheads) is a relatively old (arising ca. 78 million years ago, sensu 

Bremer 2000), predominantly southern hemisphere family presently including 

approximately 159 (140 described + 2 reinstated + 17 undescribed) taxa in 16 (14 

described + 2 undescribed) genera (Appendix 1). 

Simpson’s 1990 phylogenetic study of morphological and anatomical attributes of the 

family Haemodoraceae found that: 

1. Haemodoraceae is a monophyletic family, based on presence of phenalenones, at the 

time understood to be unique chemicals, but subsequently found in other families 

such as Musaceae, Pontederiaceae, and Strelitziaceae. 

2. Closest related families to Haemodoraceae were hypothesized to be Philydraceae and 

Pontederiaceae based on synamorphies including: unifacial leaves (Philydraceae) 

and verrucate pollen wall structuring and non-tectate-columellate exine structures 

(Pontederiaceae). 

3. Haemodoraceae has two monophyletic tribes; Haemodoreae and Constylideae (now 

recognized as subfamilies: Haemodoroideae and Conostylidoideae (Appendix 1)). 

4. Macropidia (Australia), Blancoa (Australia), Barberetta (South Africa) and 

Lachnanthes (Americas) were hypothesized to be monophyletic genera within the 

family, by virtue of being monotypic. 

5. Dilatris was proposed to be monophyletic due to presence of dotted glands on distal 

regions of the tepals. 

6. Tribonanthes was hypothesized to be monophyletic due to the presence of distinctive 

appendages arising from the connective of the anthers. 

7. Phlebocarya species have a unilocular ovary and epitropous ovules, unique within 

Haemodoraceae and believed to be synapomorphic for the genus, evidence of the 

monophyly of Phlebocarya. 

8. Monophylesis of Anigozanthos, Conostylis, Haemodorum, Wachendorfia and 

Xiphidium could not be determined. 

9. Haemodoraceae had a Gondwana origin with one major vicariance event occurring 

due to the continental separation of Antarctica and South America-Africa. 
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10. Merging Blancoa with Conostylis and Macropidia with Anigozanthos may be 

warranted in a strict phylogenetic classification if monotypic genera are deemed 

unacceptable. 

 

Haemodoraceae were hypothesized to be monophyletic because it was then understood 

that they were chemically unique, in being the only family of vascular plants to possess 

phenalenones (specifically arylphenalenones, derivatives of 9-phenyl-1H-phenalen-1-

one; Cooke and Edwards 1981) (Simpson 1990), one of which is called haemocorin, 

which often causes the red colouration in the root and stem structures of many species 

(Hopper 1993).  However, these phenalenones are now known to also occur in the closely 

related families Musaceae, Pontederiaceae and Strelitziaceae (Hölscher and Schneider, 

1998, 2000, 2005), so no chemical synapomorphy is known.  The monophyly of 

Haemodoraceae has been supported by molecular phylogenetics based on plastid DNA 

sequences (Hopper et al. 1999, 2009, (in prep.)).  Whether or not Haemodoraceae are 

monophyletic will not be explored in this chapter. 

 

Dilatris were considered to be monophyletic on the basis of the presence of dotted glands 

on distal regions of the tepals.  However, Barker (1940), when describing Dilatris viscosa, 

did not note these glands as present.  Instead she recorded that the outside of the perianth 

is glandular-pubescent.  Barker suggested that D. viscosa differs to such a marked degree 

from the other species of Dilatris that it might be considered worthy of generic rank, but 

she could not separate them because of a then little known possibly intermediate species, 

D. paniculata.  If D. viscosa remains in the genus Dilatris then the presence of dotted 

glands on the distal regions of the tepals as evidence of monophyly of Dilatris is 

questionable.  This paper will further examine the generic status of the members of 

Dilatris. 

 

Tribonanthes were suggested to be monophyletic due to the presence of distinctive 

appendages arising from the connective of the anthers.  However, Green (1960) and 

Hopper et al. (1987) identified horn-like appendages arising from the connective of the 

anthers of six species of Conostylis in the section Appendicula (C. aurea, C. seminuda, 

C. resinosa, C. hiemalis, C. tomentosa, C. angustifolia), so the morphological evidence 

for monophyly of Tribonanthes is questionable if its anther appendages are homologus 

with those in Conostylis.  The monophyly of Tribonanthes has been supported by 
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molecular phylogenetic work (Hopper et al. (2009, in prep.).  Further work is required to 

determine whether synapomorphies distinguish this genus as monophyletic. 

 

Hopper et al. (1999, 2009, in prep.) obtained a well-resolved phylogeny to genus level 

for Haemodoraceae.  These studies supported the division of the family into two clades, 

the subfamilies, Haemodoroideae and Conostylidoideae.  Haemodoroideae is globally 

widespread, with ten (+ two undescribed) small genera (Barberetta, Dilatris, 

Haemodorum, Lachnanthes, Pyrrorhiza, Schiekia, Wachendorfia, Xiphidium 

(Cubanicula ms & Paradilatris ms Hopper et al. (in prep.)) in South Africa, the Americas, 

and Australia-New Guinea.  Conostylidoideae is endemic to southwestern Australia and 

has six genera (Anigozanthos, Blancoa, Conostylis, Macropidia, Phlebocarya, 

Tribonanthes).  Hopper et al. (1999, 2009, in prep.) favoured the ongoing recognition of 

of Blancoa and Macropidia at generic rank. 

 

Aerne-Haine and Simpson’s (2017) study of vegetative anatomy of the Haemodoraceae 

provided additional support for some of the phylogenetic relationships identified by 

Simpson (1990) and Hopper et al. (1999, 2009, in prep.): 

1. The sister relationship of Barberetta and Wachendorfia was supported by the presence 

of bulliform cells in their leaves, correlating with their plicate leaf form. 

2. The presence of tannin cells, silica bodies and marginal fibres of the leaf are apparent 

synapomorphies for the subfamily Conostylidoideae, although these characters were 

not detected in all members of this subfamily. 

3. Mucilage cells were found in the leaves of the four Dilatris species although Aerne-

Haine and Simpson’s (2017) did not observe them in D. pillansii.  However, they were 

detected by Helme and Linder (1992). 

4. The sister relationship of Blancoa and Conostylis was supported by their epidermal 

wall area being greater than 50%, while all other taxa in Haemodoraceae have less 

than 50%. 

5. Leaf aerenchyma has developed on two separate occasions in the family, in 

Tribonanthes and Lachnanthes. 

6. Relative epidermal wall uniformity shows no phylogenetic trends in Haemodoraceae. 

7. Epidermal cell layer number is ancestrally uniseriate for Haemodoraceae but has 

evolved to be two or more in some members of the Conostylis. 
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8. The monophyly of the Haemodoraceae was supported by the presence of fibres that at 

least partially envelope the vascular bundles, although they are absent in Barberetta 

and Tribonanthes. 

 

METHODS 

 

Collection and illustration of specimens 

 

The collection of Haemodoraceae specimens for illustration, often from living material, 

occurred over a sixteen-year period and traversed three continents, resulting in 53 species 

being collected and illustrated, at least in part.  Figure 1 shows the global distribution of 

species collected.  Appendix 4 gives details of each location from which a species was 

collected.  The numbers on the map in Figure 1 correspond to the location information 

presented in Appendix 4. 

 

Pre-field 

 

In order to identify the species to target, we determined what is already known about 

significant taxonomic traits in Haemodoraceae based on our ongoing revisionary 

research.  Once the target species were identified, relevant literature was reviewed 

(Barker 1940; Hilliard and Burtt 1971; Macfarlane et al. 1987; Simpson 1990, 1998; 

Helme and Linder 1992; Maas and Maas-Van der Kramer 1993; Goldblatt and Manning 

2000; Urquiola 2000; Hopper et al. 1999, 2006, 2009; Lyons and Keighery 2006; Smith 

et al. 2011; Manning and Goldblatt 2017).  Databases of herbarium specimens were 

consulted, including: Florabase (Western Australian Herbarium 1998-), NatureMap 

(Department of Parks and Wildlife 2007-), Atlas of Living Australia (National Research 

Infrastructure for Australia 2010-), Kew Herbarium Catalogue (Royal Botanic Gardens 

Kew 2006-).  Herbaria were then visited as follows: Australia: Western Australian 

Herbarium – Perth, Albany Regional Herbarium – Albany, Queensland Herbarium – 

Brisbane, Australian Tropical Herbarium - Cairns, Tasmanian Herbarium – Hobart; South 

Africa: Compton Herbarium – Cape Town, Bews Herbarium - Pietermaritzburg; South 

America: Johannes Bisse Herbário – Havana, Herbário INPA – Manaus; UK: Kew 

Herbarium – London, Cambridge University Herbarium – Cambridge. 
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Photographs of target species were collated from S.D. Hopper’s personal collection and 

from the publicly available images on Florabase (Western Australian Herbarium 1998- 

).  The study of herbarium collection data revealed the most accessible locations, if not 

the type locations, for each target species.  For those jurisdictions outside Western 

Australia, consultation with local experts (Appendix 4) was also sought to determine the 

accessibility of locations identified.  Collecting permits were obtained in Australia, or 

arrangements for the expert host (Appendix 4) to have the relevant documentation to be 

able to collect plants from the wild, were made for the other jurisdictions visited. 

 

Field Collection 

 

In the target area for each species collected (Appendix 4) observations of multiple plants 

in situ were undertaken.  Photographs of the plants in situ including; habitat, whole plant 

from various angles and macro images of buds, flowers, fruits, etc. were obtained.  At 

least three plants were selected as drawing specimens, with an eye to the most typical but 

also specimens that are aesthetically pleasing.  The plant specimens were removed to 

include sufficient underground parts with the substrate intact, and then placed in 

recyclable plastic containers.  The recyclable plastic container was placed in a plastic bag 

and covered with a second plastic bag or sealed to reduce moisture loss.  If the specimen 

was particularly dry, then a little moisture was added to the substrate, or a damp paper 

towel was placed in the bag with the specimen to create a moist environment.  Additional 

flowers and/or fruit were collected in zip-lock bags into which a wet paper towel was 

placed to retain moisture.  The specimens were then kept as cool as possible until they 

could be placed in refrigeration.  GPS coordinates of collection site were recorded.  

 

Illustrating specimens collected 

 

With each collection, no plant material was taken out of the country of origin.  An initial 

line sketch of the above-ground whole plant, followed by line and subsequent colour 

sketches of all relevant above-ground and below ground parts (see list below) were 

completed in situ.  The final rendering of the full-colour whole plant illustration was 

completed ex situ and usually without fresh material because enough information was 

gleaned through the in situ studies and photographic references obtained at the time of 

the species collection.  Appendix 5 lists the known species of Haemodoraceae and new 
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species collected during the project, with the illustration components completed either as 

line drawings or colour studies. 

 

Parts of the plant drawn include: above-ground whole plant; inflorescence or portion of 

inflorescence; whole flower viewed at various angles (side, above, back); transverse 

section of flower or flower with part of perianth removed to show internal structures and 

their layout; stamens at various angles (front, side, back); stigma; hairs; whole fruit; fruit 

sectioned to show placentation (cross and transverse sections); dehisced fruit; seeds; 

section of seed to show seed volume; leaf; leaf tip; leaf base; section of leaf at various 

heights to show leaf volume; underground stem; section of underground stem to show 

coloration; roots; and section of roots to show presence of root sheath and/or root hairs. 

 

Drawing materials used included: Layout paper (A2 block for drafts of whole plant 

sketch), Archers Aquarelle Hot Press (Smooth) 300gsm Watercolour paper (A3 block for 

detailed colour studies), tracing paper (A2 block for transfer of line drawings), HB 0.5mm 

retractable graphite pencil (for line sketches), additional leads, plastic eraser, kneadable 

eraser, watercolour pencils of various colours in Faber Castell (Albrecht Durer), Staedtler 

(Karat aquarelle), and Caran d’ache (Supracolour soft), single sided blades, tweezers, 

scalpel, ruler, petri dishes, paper towel, water glass and 1ml disposal pipette, bluetac, 

burnisher, drawing table, microscope with micrometer, microscope light. 

 

Drawing methods used are outlined below;  

1. Line drawing – Contour drawings in pencil of parts listed above were done on 

Archers Aquarelle paper.  Careful note of positive and negative space was taken so 

that proportions were accurate.  A microscope was used for the detailed structures 

and dissections.  The completed sketch was measured for scale, the magnification 

was calculated using the microscope micrometer and an appropriate scale bar 

recorded next to each image. 

2. Making a copy – Each line drawing was traced onto tracing paper, the tracing 

reversed and redrawn on reverse side to make a mirror image.  This reverse tracing 

was used as a transfer, and burnished onto the same paper next to the line drawing.  

A kneadable eraser was used to remove any excess lead from the transfer to minimise 

contamination of colour pencils with the carbon from the lead pencil. 
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3. Colour studies – Using watercolour pencils pigment was added to the transferred 

drawing, starting with the palest colours, and gradually working toward the darkest 

colours, until the colour matched the live subject.  A blade was used to sharpen 

pencils to a fine point, as blades make finer points than pencil sharpeners and there 

is less breakage.  The white pencil was used to blend colours on the page.  The black 

pencil was reserved for things that are actually black; the most useful colour used for 

shading was indigo. 

4. Full-colour whole plant illustration – Scans of the line drawings of the above-ground 

whole plant and below-ground plant parts were imported into Photoshop (Adobe 

Photoshop CC 2015.1.2 release, Adobe Systems Incorporated 1990-2015), to 

compile a final whole plant composition to represent the species as close to life size 

as possible.  Scaling was required so that all parts were in proportion.  This image 

was reversed in Photoshop, to provide a mirror image, and printed out at the size to 

be finally rendered in colour.  Reversing the image in Photoshop means the image 

only has to be traced once to make the transfer.  Tracing paper was then used to make 

a transfer as above.  The colour studies of flowers, fruit and leaf/rhizome/roots, and 

photographs taken in the field were used as reference to colour-render the whole plant 

illustration. 

5. Archiving – All illustrations were scanned at 300 dpi of original size and copies 

printed out on archival matte paper, as well as the digital files being archived on a 

back-up storage device.  The original illustrations were sprayed with archival quality 

fixative and stored flat, away for direct exposure to sunlight. 

 

Phylogenetic trait mapping 

 

The species with the most complete set of illustrations of all parts of the plant for each 

genus were compiled into a visual trait matrix.  This trait matrix allowed easy comparison 

of character traits at the generic level.  For the larger genera, Conostylis and 

Haemodorum, a couple of representatives were chosen to cover the clades identified by 

previous molecular phylogenetic studies (Conostylis see Hopper et al. 2006, 

Haemodorum see Hopper et al. (in prep)). 

 

Sixteen character traits discovered through illustration were coded (Table 1).  The traits 

were treated as multistate and unordered. 
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The distribution of character traits was then mapped onto the cladograms modified to 

include the species from the visual trait matrix.  Parsimony and maximum likelihood 

ancestral state reconstructions were performed in Mesquite version 3.11 (Maddison and 

Maddison 2015) using the Bayesian tree from Hopper et al. (in prep.). This molecular 

phylogeny used four plastid regions; matK, rbcL, trnL and trnL-F intergenic spacer and 

employed the general time-reversible model corrected for invariable sites and among-site 

rate variation using a discrete gamma distribution (GTR+Gamma+I) for trnL-F, and a 

general time-reversible model with gamma distribution (GTR + Gamma) for matK and 

rbcL.  See Hopper et al. (in prep.) for specific details of the methods used for DNA 

extraction, sequence alignment and molecular phylogenetic tree production.  The trees 

used for mapping characters were rooted using the outgroup species Helmholtzia 

glaberrima (Hook.f.) Caruel, Philydrella pygmaea (R.Br.) Caruel and Pontederia 

cordata L. 

 

RESULTS 

 

The illustration process is outlined using examples of illustrations completed for 

Cubanicula ms in Figures 2 to 6.  Figure 2 shows line drawings of the immature flowering 

inflorescence (Fig 2(a)), mature flowering inflorescence (Fig 2(b)), fruiting inflorescence 

(Fig 2(c)) and the fan of leaves at the base of the inflorescence stem (Fig2(d)).  Figure 3 

is the colour study page for the flowers of C. xanthorrhizon ms including: a branch of the 

inflorescence showing the sequence of flower development, the persistent pedicels when 

the flowers drop and a mature fruit; a bud; front and side views of the flower showing the 

six white perianth segments, 3 adaxial segments with red spots on a yellow background, 

the two smaller stamens and one larger stamen, the ovary obscured by dense villose white 

hairs, and the torsion of the style; the perianth segments removed from the flower to show 

the markings more clearly; an enlargement of the ovary, stamens and style; the smaller 

stamens with their unequal thecae; the larger stamen with equal thecae; an enlargement 

of the stigma and an enlargement of hairs from the immature ovary.  Figure 4 is the colour 

study page of the fruit of C. xanthorrhizon ms including: an immature and a mature fruit 

with the dense strip of white hair along the three carpel ridges; cross and transverse 

sections of the fruit showing several white spikey immature seeds developing on their 

individual red “cushion-like” placentae; a dehisced fruit; and seeds from adaxial and  
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Figure 2.  Line drawings of Cubanicula xanthorrhizon ms (drawn as Xiphidium xanthorrhizon). (a) an 
immature flowering inflorescence; (b) a mature flowering inflorescence; (c) a fruiting inflorescence; (d) 
above ground vegetative parts. 
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Figure 3.  Flower study page of Cubanicula xanthorrhizon ms (drawn as Xiphidium xanthorrhizon) with 
colour details. 
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Figure 4.  Fruit study page of Cubanicula xanthorrhizon ms (drawn as Xiphidium xanthorrhizon) with 
colour details. 
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Figure 5.  Line drawing of below ground vegetative parts and leaf/rhizome/root study page of Cubanicula 
xanthorrhizon ms (drawn as Xiphidium xanthorrhizon) with colour details. 
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Figure 6.  Full-colour, whole plant illustration of Cubanicula xanthorrhizon ms. [Scale bar = 1 cm] 
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abaxial views showing the covering of finger-like hairs and in cross-section showing the 

seeds are depressed-globose.  Figure 5 is the colour study page of the vegetative parts of 

C. xanthorrhizon ms including: the line drawing of the below-ground parts of C. 

xanthorrhizon ms; a section through the rhizome to show the internal orange colouring; 

a leaf showing the characteristic folded-welded structure; and the orange roots with their 

sand-binding sheath.  Figure 6 is the final full-colour whole plant illustration of C. 

xanthorrhizon ms.  Figures 2 to 5 were completed during a two week visit to Cuba in 

April 2010.  The original artwork of Figure 6 is at 80% of life size instead of life size, to 

accommodate the paper size available.  It was completed over a three-month period from 

June to August 2014.  Discoveries made during the illustration process of C. 

xanthorrhizon ms will be discussed later under ‘Two New Genera’ in this section. 

 

Novel discoveries through Illustration 

 

Whole family 

 

The visual trait matrix compiled to compare character traits between the different genera 

within the Haemodoraceae is presented in Figure 7. 

 

The illustrations were used to code each species for the character traits discovered through 

illustrations.  These are presented in Table 2 and used in trait mapping sixteen 

cladograms.  Illustrations from this matrix were then plotted on the cladograms for each 

character trait identified during the illustration process (Figures 8 – 23). 

 

Fruit morphology 

 

The three cladograms for fruit morphology – fruit type (Figure 8), fruit dehiscence (Figure 

9), fruit indumentum and coverage (Figure 10) – show at least one species from each 

genus, with a representation of a fruit pre dehiscence and a fruit post dehiscence.  The 

cladogram for fruit type (Figure 8) shows that a three locular, dehiscent capsule in which 

the carpel wall does not detach is the typical fruit type for Haemodoraceae.  This is 

supported by the literature: Anigozanthos (Hopper 1987b), Blancoa (Hopper 1987a), 

Conostylis (Hopper et al. 1987), Haemodorum (Macfarlane 1987c), Macropidia (Hopper  
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Figure 7.  Matrix of colour illustrations of parts of the Haemodoraceae species. [Illustrations not to scale] 
 

1987c), Tribonanthes (Macfarlane 1987b), Lachnanthes, Pyrrorhiza, Schiekia, 

Xiphidium (Maas and Maas-Van der Kramer 1993), Dilatris (Barker 1940) and 

Wachendorfia (Helme and Linder 1992).  The exceptions are Barberetta which becomes 

a unilocular, half-ellipsoidal, indehiscent capsule as noted in the protologue (Hilliard and 

Burtt 1971: 29) and Phlebocarya which is a nutlet (Macfarlane 1987a: 128).  Of interest 

are the fruits of Xiphidium caeruleum which form indehiscent capsules, while Cubanicula 

xanthorrhizon ms forms a capsule, which is dehiscent.  Examination of herbarium 

specimens (Kew Herbarium – London) revealed that there were distinct differences in 
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fruit character traits between these two species (S.D. Hopper 2009 unpubl.).  This 

difference in fruit dehiscence between the species was not noted by Maas and Maas in 

their descriptions of the tropical members of Haemodoraceae (Maas and Maas-Van der 

Kramer 1993) nor in subsequent treatments of Xiphidium (Mori et al. 1997, Simpson 

1998, Maas & Maas-Van der Kramer 2003, Lentz 2004), despite the feature being 

illustrated on a number of previous occasions (Hickman and Hopper (in prep.)).  In these 

texts the two taxa were considered sister species in Xiphidium.  So, indehiscent fruits 

(indehiscent capsules or nutlets) appear to have arisen on three separate occasions in the 

phylogeny of Haemodoraceae. 

 

Haemodoraceae typically have fruits that are dehiscent capsules, which are loculicidal, 

either splitting from the top, down the carpel ridge, or from the side, along the carpel 

ridge (Figure 9).  The loculicidal feature of dehiscence has been noted in the literature, 

for Anigozanthos (Hopper 1987b), Conostylis (Hopper et al. 1987), Haemodorum 

(Macfarlane 1987c), Tribonanthes (Macfarlane 1987b), Lachnanthes, Schiekia, 

Pyrrorhiza, Xiphidium (Maas and Maas-Van der Kramer 1993), Wachendorfia (Helme 

and Linder 1992) and Paradilatris viscosa ms (Barker 1940), but the origin of the splitting 

from the top or the side of the carpel ridge has not been described previously.  The 

exceptions to loculicidal splitting are Macropidia (Hopper 1987c) and the broad perianth-

segmented Dilatris spp. (Barker 1940) which have septifragal dehiscence and Barberetta 

(Hilliard and Burtt 1973) and Phlebocarya (Macfarlane 1987a) which have indehiscent 

fruits (indehiscent capsule and nutlet respectively).  Side splitting loculicidal fruits and 

septifragal dehiscence appear to be derived characters that have each arisen on two 

separate occasions in the phylogeny of Haemodoraceae (Figure 9). 

 

A novel discovery made during the illustration process of fruits of Haemodoraceae is the 

presence of a dense strip of white hairs along each of the carpel ridges of the fruits of 

Cubanicula xanthorrhizon ms.  Xiphidium caeruleum has a glabrous fruit.  Its closest 

sister genus, supported by molecular analysis, is Pyrrorhiza, which also has a glabrous 

fruit.  The cladogram of fruit indumentum and coverage (Figure 10) suggests that hairy 

fruits are the ancestral type, often as a consequence of adnation or persistence of the 

perianth.  Glabrous or partially glabrous fruit arose later in the family’s evolution.  Genera 

with glabrous fruits include Haemodorum, Barberetta, Pyrrorhiza, Schiekia and 
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Phlebocarya.  Cubanicula xanthorrhizon ms appears to be unique in the family, having a 

dense strip of white hairs along each carpel ridge of the fruits. 

 

From the cladograms of fruit morphology, it appears that the abortion of carpels (not 

illustrated) and indehiscent fruits (occurring in members with indehiscent capsules or 

nutlets) arose on three separate occasions, and septifragal dehiscence arose twice in the 

evolution of Haemodoraceae.  In each case the mode of abortion, indehiscence and 

septifragal dehiscence is slightly different. 

 

 
Figure 8.  Cladogram of Haemodoraceae fruit type. The character traits for fruit type are as per Table 1 
and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram (Hcoc – 
Haemodorum cocineum, Hcla – Haemodorum clarksonii ms, Haus – Haemodorum austroqueenslandicum, 
Hdis – Haemodorum distichophyllum, Hten – Haemodorum tenuifolium, Hspi – Haemodorum spicatum, 
Dixi – Dilatris ixioides, Pvis – Paradilatris viscosa ms, Xcae – Xiphidium caeruleum, Pneb – Pyrrorhiza 
neblinae, Cxan – Cubanicula xanthorrhizon ms, Wmul – Wachendorfia multiflora, Wpan – Wachendorfia 
paniculata, Baur – Barberetta aurea, Sori – Schiekia orinocensis, Ssil – Schiekia silvestris ms, Cacu – 
Conostylis aculeata, Cbea – Conostylis bealiana, Cseto – Conostylis setosa, Cseti – Conostylis setigera, 
Caur – Conostylis aurea, Bcan – Blancoa canescens, Pcil – Phlebocarya ciliata, Pfil – Phlebocarya filifolia, 
Pter – Phlebocarya pilosissima subsp. teretifolia, Ppil – Phlebocarya pilosissima subsp. pilosissima, Apre 
– Anigozanthos preissii, Akal – Anigozanthos kalbarriensis, Aruf – Anigozanthos rufus, Afla – 
Anigozanthos flavidus, Mful – Macropidia fuliginosa, Tmin – Tribonanthes minor, Tbra – Tribonanthes 
brachypetala, Tvio – Tribonanthes violacea, Taus – Tribonanthes australis, Tvar – Tribonanthes variabilis, 
Telo – Tribonanthes elongata ms, Tlon – Tribonanthes longipetala. Parsimony and maximum likelihood 
ancestral state reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) 
using the Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Figure 9.  Cladogram of Haemodoraceae fruit dehiscence. The character traits for fruit dehiscence are as 
per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 

 
Figure 10.  Cladoogram of Haemodoraceae fruit indumentum and coverage. The character traits for fruit 
indumentum and coverage are as per Table 1 and the scoring used is as per Table 2. Thirty-nine species 
were used in the cladogram (abbreviations for species as in Figure 8). Parsimony and maximum likelihood 
ancestral state reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) 
using the Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Among the outgroup taxa abortive carpels are absent in Philydraceae, but are present in 

Pontederia and Reussia of the Pontederiaceae (Simpson 1990).  Within the outgroup taxa 

Philydraceae have fruits that form a loculicidal capsule or are indehiscent (Adams 1987) 

while Pontederiaceae have a non-fleshy, dehiscent or indehiscent capsule, or a nut (e.g. 

Pontederia cordata) (Aston 1987).  There is no mention of septifragal dehiscence 

associated with taxa in the Philydraceae or the Pontederiaceae families. 

 

Seed morphology 

 

The two cladograms for seed morphology – seed shape (Figure 11) and seed surface 

(Figure 12) – show at least one species from each genus with a representation of its seed 

from the dorsal and ventral views, and a cross section through the seed to show seed 

volume. 

 

The illustration studies identified six distinct seed shapes.  The cladogram for seed shape 

(Figure 11) was equivocal about the ancestral type.  The clade with Haemodorum, 

Lachnanthes and Dilatris have a common ancestor that was discoid.  The remaining 

genera of subfamily Haemodoroideae have ovoid-globose or depressed-globose seeds.  

The majority of Conostylioideae genera have oblong seeds with the exception of 

Macropidia, which has orbicular seeds with an interseptal ridge, and Tribonanthes which 

arose from a common ancestral species that had angular seeds. 

 

The illustration studies of seed surface identified five types.  Again the cladogram for 

seed surface (Figure 12) was equivocal about the ancestral type.  The Conostylidoideae 

are consistently glabrous or furrowed or pitted.  Macropidia seeds appear pubescent but 

this is due to the persistent perianth and carpel wall attached to the seed.  The seed itself 

is glabrous, although it has fine longitudinal ridges on the outer surface and a prominent 

interseptal ridge on the inner surface (as illustrated).  In the Haemodoroideae, the clade 

with Haemodorum, Lachnanthes and Dilatris, has discoid seeds with marginal wings of 

varying widths (Barker 1940, Macfarlane 1987c, Simpson 1990, present study).  The 

remaining genera of the Haemodoroideae are a mixture of glabrous, tuberculate, and 

pubescent seeds. 

 



Chapter 3: Phylogenetic context for Haemodoraceae Illustrations 
	

	128 

Previous studies describe Pyrrorhiza seeds as discoid with a dense tomentum of mostly 

marginal red trichomes (Maguire and Wurdack 1957, Simpson 1990, Maas and Maas-

Van der Kramer 1993).  Our study suggests that Pyrrorhiza seeds are strongly depressed-

globose rather than discoid, with marginal trichomes.  Previous studies describe 

Barberetta, Phlebocarya, Tribonanthes and Wachendorfia having ovoid to globose seeds, 

which are glabrous except for Wachendorfia, which are pubescent to tomentose 

throughout (Simpson 1990).  In addition, Wachendorfia thrysiflora seeds are described 

as oval or kidney-shaped, and densely covered with microscopic blisters, whereas W. 

paniculata, W. brachyandra and W. multiflora seeds are spherical and covered with 

coarse hairs (Helme and Linder 1992).  Our study found that Barberetta, Phlebocarya 

and Wachendorfia have ovoid-globose seeds.  Tribonanthes has angular seeds, which 

agrees with Macfarlane’s (1987b) description.  Simpson (1990) described Anigozanthos, 

Blancoa, Conostylis and Macropidia as having ellipsoid seeds with longitudinal ridging, 

which is shallower in Macropidia.  Hopper (1987b, 1987c) descriptions were different to 

Simpson (1990). They were based on an earlier study and published photographs (Hopper 

and Campbell 1977: 532), indicating that Anigozanthos seeds are pyramidal or oblong-

spherical, pitted or furrowed, and Macropidia seeds are orbicular, hairy on the outside 

(referring to the persistent perianth of the carpel wall) and glabrous inside with a 

prominent interseptal ridge.  Our study synonymized ellipsoid with oblong and agreed 

with Hopper and Campbell’s (1977) description of Macropidia seeds as orbicular with a 

prominent interseptal ridge.  Previous studies described Schiekia and Xiphidium having 

isodiametric to subglobose seeds often tetrahedral, with concave sides (Maas and Maas-

Van der Kramer1993: 6).  Seeds of S. orinocensis are further described as depressed 

globose and tuberculate (Maas and Maas-Van der Kramer1993: 7).  Xiphidium caeruleum 

seeds are subglobose to isodiametric, tuberculate with ‘cornflake-like’ protuberances 

surrounding the micropyle (Maas and Maas-Van der Kramer1993: 7).  Cubanicula 

xanthorrhizon ms has isodiametric seeds densely covered on all sides with long finger-

like hairs (Maas and Maas-Van der Kramer1993: 7).  Our studies synonymize 

isodiametric, subglobose, tetrahedral and depressed globose into depressed-globose. 

 

The novel discovery through the illustration process of seeds of Haemodoraceae is that 

the seeds of Pyrrorhiza are depressed-globose like Xiphidium, rather than discoid.  The 

flattening is greater in Pyrrorhiza and Cubanicula than in Xiphidium caeruleum.  Also, 

Cubanicula have hairs covering the dorsal surface, but they are sparser towards the centre 
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and only around margins on the ventral surface.  They more closely resemble the seeds 

of Pyrrorhiza, which has finger-like hairs concentrated around the margins of the seed, 

than the seeds of X. caeruleum, which has a covering of tuberculate protuberances over 

the whole seed surface.  

 

Simpson’s (1990) morphological cladistic analysis of seed evolution in Haemodoraceae 

hypothesized that globose, glabrous seed is ancestral for the family, with the discoid, 

marginally winged seed morphology synapomorphic for subfamily Haemodoroideae, and 

a globose-ovoid seed morphology is synapomorphic for subfamily Conostylidoideae.  

Simpson (1990) hypothesized that, within Haemodoroideae, the presence of a seed coat 

is synapomorphic for the Wachendorfia-Barberetta-Xiphidium-Pyrrorhiza-Schiekia 

clade, while the flattened seeds of Pyrrorhiza arose de novo. 

 

Within Conostylidoideae an ellipsoid, longitudinally ridged seed is synapomorphic for 

the Conostylis-Blancoa-Anigozanthos-Macropidia clade, while Phlebocarya and 

Tribonanthes retain the ancestral condition.  However, the illustration studies in 

combination with the well-resolved molecular phylogeny for the family were 

inconclusive about ancestral seed morphology.  Within Haemodoroideae the discoid, 

marginally winged seed morphology is only synamorphic for the clade with 

Haemodorum-Lachnanthes-Dilatris.  A depressed-globose pubescent seed morphology 

is synapomorphic for the clade with Xiphidium-Pyrrorhiza-Cubanicula, with Xiphidium 

caeruleum becoming tuberculate.  An ovoid-globose, pubescent seed morphology is 

synapomorphic for the clade with Wachendorfia-Barberetta-Schiekia, where Schiekia has 

become depressed-globose such that the seeds have a distinct dorsal ridge, and Barberetta 

has become glabrous.  The illustration studies also support the proposal that the oblong 

seed morphology is synapomorphic for the Conostylis-Blancoa-Phlebocarya-

Anigozanthos-Macropidia clade, where Macropidia becomes orbicular and Phlebocarya 

reverts to ovoid-globose.  Tribonanthes is unique in having angular seeds. 

The seeds of the outgroup taxa are quite variable.  Philydraceae seeds are small and 

numerous, ellipsoidal to ovoid or angular-ovoid or linear-cylindrical.  The surface is 

either striate-tuberculate, reticulate-rugose, or silky striate (Adams 1987).  

Pontederiaceae have obloid or reniform seeds with prominent longitudinal ridges (Aston 

1987). 
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Figure 11.  Cladogram of Haemodoraceae seed shape. The character traits for seed shape are as per Table 
1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram (abbreviations for 
species as in Figure 8). Parsimony and maximum likelihood ancestral state reconstructions were performed 
in Mesquite version 3.11 (Maddison and Maddison 2015) using the Bayesian tree from Hopper et al. (in 
prep.). [Illustrations not to scale] 
 

 
Figure 12.  Cladogram of Haemodoraceae seed surface. The character traits for seed surface are as per 
Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Placenta morphology and colour 

 

The illustration studies identified eight different placenta types (Figure 13).  These are 

are identified as: (1) a large mass with multiple ovules attached (Figure 13(a-c)); (2) a 

large “cushion-like” placenta with a single ovule attached (Figure 13(d-e)); (3) one or a 

number of small “cushion-like” placentae with single ovules attached to each (Figure 

13(f-h)); (4) a peltiform stalk projecting into the carpel cavity with multiple ovules 

attached (Figure 13(i-j)); (5) three “ribbon-like” placentae which appear to arise from the 

base of the carpel and project up the side of the carpel cavity wall to the base of the style 

so they surround the ovule at equidistant intervals around the cavity space (Figure 13(k-

m)); (6) a “blanket-like” placenta which appears to arise from the base of the carpel 

cavity, to envelope the margins of the single ovule with a layer of lobed tissue (Figure 

13(n-o)); (7) small mass with multiple ovules attached (Figure 13(p-q)); and (8) one or 

numerous small reniform stalks arising from the cavity wall, with single ovules attached 

(Figure 13(r-t)).  All placenta types are axile, with the exception of the ‘ribbon-like’ 

placentae (5) and the ‘blanket-like’ placenta (6), which are basal. 

The cladograms for placenta morphology (Figure 14) and placenta colour (Figure 15) 

show at least one species of each genus with a representation of the cross section and 

transverse section through the developing fruit or carpel wall removed to show the 

placenta and developing seeds.  An exception is Pyrrorhiza where fresh material was 

unable to be collected, and extremely limited herbarium material did not prove adequate. 

 

The cladogram of placenta morphology was inconclusive for the ancestral placental 

morphology (Figure 14). 

 

Simpson (1990) noted that Lachnanthes, Haemodorum, Pyrrorhiza and Schiekia have a 

peltiform placenta, and this is enlarged in Lachnanthes, Haemodorum and Pyrrorhiza.  In 

contrast, Barbaeretta, Dilatris and Wachendorfia have a placenta that is an enlarged ring-

like mass surrounding the base of the ovule.  The placentae of the remaining genera were 

described as a swollen inner ovary wall surrounding the ovules, somewhat expanded in 

certain species of Conostylis.  Maas and Maas-Van der Kramer (1993) recorded that 

Lachnanthes and Schiekia have a peltate placenta but make no comment on the placentae 

of Pyrrorhiza and Xiphidium  Helme and Linder (1992) do not comment on placenta 

morphology for Wachendorfia. Similarly, Barker (1940), and Hilliard and Burtt (1973)  
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Figure 13.   Illustrations of the eight different placenta types found in members of the Haemodoraceae. (a) 
Lachnanthes caroliniana fruit with side wall of carpel removed to show the large red mass placenta with 
white discoid ovules attached. (b) Lachnanthes caroliniana front view of large mass placenta with discoid 
ovules attached. (c) Lachnanthes caroliniana side view of large mass placenta with discoid ovules attached. 
(d) Paradilatris viscosa ms fruit in longitudinal section showing single ovule embedded in a large “cushion-
like” placenta. (e) Paradilatris viscosa ms fruit with carpel wall removed to show large, cream,“cushion-
like” placenta with a single cream ovule embed in it. (f) Wachendorfia paniculata fruit with carpel wall 
removed to show single small, cream, “cushion-like” placenta with a single white ovule attached. (g) 
Cubanicula xanthorrhizon ms fruit with carpel wall removed to show numerous small red “cushion-like” 
placentae each with a single white ovule attached. (h) Detail of Wachendorfia paniculata’s small “cushion-
like” placenta and attached ovule. (i) Schiekia silvestris ms fruit with carpel wall removed to show four 
cream ovules attached to an orange peltiform stalk placenta. (j) Schiekia silvestris ms side view through the 
carpel wall of the peltiform stalk placenta with four ovules attached. (k) Phlebocarya filfolia fruit with 
carpel wall removed to show white “ribbon-like” placentae surrounding single white ovule. (l) Phlebocarya 
pilosissima subsp. teretifolia fruit with carpel wall removed to show red “ribbon-like” placenta glimpsed 
at the top of the single white ovule. (m) Phlebocarya filifolia ovule with “ribbon-like” placentae attached. 
(n) Barberetta aurea longitudinal section of fruit showing red “blanket-like” placenta around base of single 
white ovule. (o) Barberetta aurea ovule wrapped in red “blanket-like” placenta. (p) Tribonanthes minor 
longitudinal section of fruit to show small cream mass placenta with multiple white ovules attached. (q) 
Tribonanthes minor cross-section of fruit to show small mass placenta with multiple ovules attached. (r) 
Anigozanthos flavidus longitudinal section of fruit to show numerous green reniform stalk placentae with 
single green ovules maturing to purplish-black seeds. (s) Macropidia fuliginosa longitudinal section 
through fruit to show single green reniform stalk placenta with single white ovule attached. (t) Anigozanthos 
rufus longitudinal section of fruit to show detail of small reniform stalk placenta with single ovule attached. 
[Scale bar: (a),(i),(k),(l),(p),(r),(s) = 2mm; (b),(c),(d),(h),(m),(n),(q) = 1mm; (e),(j),(o),(t) = 0.625mm; 
(f),(g) = 2.5mm]. 
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don’t specific placenta morphology for Dilatris and Barberetta respectively.  The only 

information recorded about placenta morphology for Conostylidoideae is the short 

vertically elongated non-dilated placenta of Blancoa Hopper (1987a). 

 

The novel discoveries made through the illustration process of Haemodoraceae placental 

morphology include: the “blanket-like” placenta of Barberetta aurea, that wraps around 

the ovule from the base of the carpel; the three “ribbon-like” placentae of Phlebocarya, 

that wrap around the ovule from the base of the carpel cavity, up the cavity wall, to the 

base of the style; and the small individual “cushion-like” placentae for each ovule 

attached to a peltiform stem of Cubanicula xanthorrhizon ms.  It was also noted that the 

ovules of Anigozanthos, Blancoa, Conostylis, Macropidia and Xiphidium caeruleum are 

attached to their placentae by small reniform stalks that protrude from the swollen area 

of the cavity wall.  These stalks can be elongated in the case of Anigozanthos rufus, dilated 

towards the base of the ovule as in the case of Xiphidium caeruleum, or, more often short 

and almost obscured by the ovules. 

 

The illustration process revealed Haemodoraceae placenta tissue can be one of five 

colours (Figure 15).  It should also be noted that Cubanicula ms has red “cushion-like” 

attached to a green peltiform stem, so the placenta is essentially two-toned.  None of the 

previous authors make comments on the placenta colour. 

 

Simpson (1990) concluded that the evolutionary path of placentation traits in 

Haemodoraceae is complex.  He hypothesised that the swollen inner ovary wall placenta 

with multiple ovules per carpel gave rise to the peltiform placenta with two ovules per 

carpel or vice versa, and that 4-7 ovules per carpel on a peltiform placenta could be a 

derived state or an intermediary state between these two.  The ring-like mass placenta 

with a solitary ovule per carpel is derived from the peltiform placenta with two ovules 

per carpel or vice versa, and the position of Phlebocarya with epitropous ovules is 

questionable (see Figure 145 in Simpson 1990). 

 

The cladograms of placenta morphology and colour do not help clarify this complexity.  

However, the red colouration of the placenta appears to have arisen on four separate 

occasions and each time this colour appears the placenta morphology is quite different. 
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Figure 14.  Cladogram of Haemodoraceae placenta morphology. The character traits for placenta 
morphology are as per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the 
cladogram (abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
 

 
Figure 15.  Cladogram of Haemodoraceae placenta colour. The character traits for placenta colour are as 
per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Among the outgroup taxa Philydraceae are unilocular with intrusive parietal placentation 

or trilocular with axile placentation for their numerous ovules (Adams 1987) and 

Pontederiaceae are unilocular with one pendulous ovule or trilocular with many ovules 

and axile placentation (Aston 1987).  The morphology of the placenta is not defined as 

peltiform or as a swollen inner ovary wall, and the colours of the placentae in the outgroup 

taxa are unknown. 

 

Filament and anther colour 

 

The cladograms for filament colour (Figure 16) and anther colour (Figure 17) show at 

least one species of each genus with a representation of filaments and anthers from the 

front and back views and in some cases side view and staminodes. 

The illustration studies discovered that Haemodoraceae filaments are of five main colours 

(Figure 16).  Subfamily Haemodoroideae tend to have white to cream or red filaments, 

while subfamily Conostylidoideae tend to have yellow or green filaments.  The 

exceptions are: Haemodorum spicatum which has dimorphic stamens with white and 

purple filaments; Paradilatris viscosa ms which also has dimorphic stamens with two red 

and one yellow filament; and Anigozanthos flavidus which has green filaments, but the 

anther connective is orange to red. 

 

The cladogram of anther colour showed eight different colours, but no discernable pattern 

in the evolution of anther colour (Figure 17).  The ancestor of the Haemodoraceae 

probably had yellow anthers which diverged to produce many colour morphs, particularly 

in the Haemodorum, with red, orange, purple and yellow anthers, Dilatris with staminal 

dimorphism giving rise to red and yellow anthers, the purple and maroon anthers in 

Phlebocarya and the distinctly black anthers of the monospecific Pyrrorhiza. 

 

Maas and Maas-Van der Kramer (1993) described stamens and staminodes of neotropic 

genera of Haemodoraceae.  Lachnanthes has three stamens of equal length with whitish 

filaments and yellow anthers.  Pyrrorhiza has one stamen and two staminodes, the 

filament is red, the anther is black and the staminodes are red with a white apex.  Schiekia 

has three stamens, the two adaxial ones are smaller than the abaxial one and two abaxial 

staminodes but no adaxial staminode.  Their filaments are creamy white and anthers 

yellow.  Xiphidium has three stamens with the abaxial stamen longer than the two adaxial 
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ones.  Their filaments are white to pale green and the anthers bright yellow to orange.  In 

Cubanicula ms the abaxial stamen has equal thecae but the two adaxial stamen have 

unequal thecae. 

 

From Hilliard and Burtt (1973) Barberetta has three stamens, the filaments are yellow 

and the anthers are orange.  From Barker (1940) Dilatris has three stamens, one shorter 

with a larger anther differing in colour.  The large anther differs in proportion to the 

smaller anthers for each species.  For D. corymbosa it is twice the size, for D. pillansii it 

is 1.5 times, and for D. ixiodes it is more than twice the size of the smaller anthers.  In 

some photographs (pers. comm. SD Hopper) it is possible to see purple filaments, with a 

large pale yellow anther and two smaller red anthers, and Auriol Batten’s illustration of 

Dilatris (Batten 1986) also shows this.  For Paradilatris no comments are given on 

filament and anther colour, or on proportion of anthers.  From Helme and Linder (1992) 

Wachendorfia has three stamens of equal size, no colour characteristic are given.  In 

photographs (pers. comm. SD Hopper) and illustrations (Redoute 1805, Sims 1803a&b, 

1809; Batten 1986) of Wachendorfia, filaments appear to be pale yellow and anthers 

yellow tinged maroon in some species (W. paniculata). 

 

In the Flora of Australia treatment comments on stamens include: Anigozanthos has a 

green anther connective, except A. flavidus which has an orange anther connective, and 

A. flavidus and A. preissii have a glandular appendage on the anther tip (Hopper 1987b); 

Conostylis has white, cream, pale yellow or yellow anthers (Hopper et al. 1987); 

Tribonanthes has an expanded fleshy filament forming an appendage, with T. 

brachypetala has yellow appendages, but no other species have colours of filaments, 

anthers, or appendages recorded (Macfarlane 1987b); Haemodorum has three equal 

stamens, except H. brevisepalum, H. simplex and H. spicatum which have one stamen 

longer than the other two (Macfarlane 1987c). 

Despite some variation in lighting it is possible to see, from photographs in Hopper 

(1993), that Anigozanthos and Macropidia have green filaments and yellows anthers, with 

the exception of A. flavidus with its orange-red anther connective. 

 

Barrett et al. (2015) make no comment on filament colour but note that Haemodorum 

basalticum, H. macfarlanei and H. thedae have anthers that are yellow-orange changing 
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to almost white at anthesis, while H. capitatum has anthers that change from pale yellow 

to orange-yellow at anthesis.  For H. griseofuscum anthers are yellow-orange at anthesis. 

 

The illustration studies of filaments made the following novel discoveries: Dilatris has 

cream filaments tinted pale orange; the longer stamens of Paradilatris ms have red 

filaments and the shorter stamen has a yellow filament; Wachendorfia has white to cream 

filaments; Blancoa has yellow filaments; Conostylis filaments are usually yellow or white 

to cream; Phlebocarya filaments are green, except for P. filifolia which are white; 

Tribonanthes has either yellow or white to cream filaments and matching staminal 

appendages; Haemodorum has a variety of filament colours depending on the species (H. 

austroqueenslandicum and H. clarksonii ms, have white to cream filaments, H. 

coccineum and H. tenuifolium have red filaments, and H. spicatum has two-tone filaments 

being white below and purple above).  With regard to anther illustrations the novel 

discoveries are: Blancoa has yellow anthers tending to maroon with age; Phlebocarya 

have maroon or purple anthers; Tribonanthes have yellow anther with the exception of T. 

minor which has cream anthers; Cubanicula ms has two yellow anthers with unequal 

thecae and one white anther with equal thecae; Schiekia have white anthers and two white 

staminodes; and anthers of Haemodorum come in a variety of colours, red (H. 

distichophyllum), orange (H. coccineum, H. tenuifolium, H. sandifordiae ms), yellow (H. 

austroqueenslandicum) or purple (H. clarksonii ms, H. spicatum).  It was also found that 

the glandular appendage at the apex of anthers of Anigozanthos preissii is orange. 

 

Descriptions of the outgroup taxa do not tend to mention filament or anther colour, except 

Pontederia cordata having blue filaments (Aston 1987).  Photographs show that the 

outgroup taxa have yellow anthers, and the filament colour varies (Helmholtzia 

glaberrima – white, Philydrella pygmaea – yellow, Pondederia cordata – blue). 
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Figure 16.  Cladogram of Haemodoraceae filament colour. The character traits for filament colour are as 
per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
 

 
Figure 17.  Cladogram of Haemodoraceae anther colour. The character traits for anther colour are as per 
Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Style colour and stigma morphology, surface and colour 

 

The cladograms for style colour (Figure 18), stigma morphology (Figure 19), stigma 

surface (Figure 20) and stigma colour (Figure 21) show at least one species of each genus 

with a representation of their style and stigma. 

 

The illustration studies discovered that the Haemodoraceae styles are of five main colours 

 (Figure 18).  The cladogram shows that the Haemodoroideae subfamily taxa tend to have 

white to cream, orange or red styles, while the Conostylidoideae subfamily taxa tend to 

have green or purple styles.  The exceptions are a few Conostylis species which have 

white to cream styles. 

 

The cladogram of stigma morphology suggests that the common ancestor of 

Haemodoraceae had a simple stigma (Figure 19).  In the Conostylidoideaea, the clade 

with Conostylis, Blancoa and Phlebocarya developed a trifid stigma with possible 

subsequent reversal to a simple stigma in P. ciliata and P. filifolia.  In the 

Haemodoroideae branched stigmas were observed in Wachendorfia species and the 

stigmas of some Haemodorum species can be three-lobed.  These traits appear to have 

arisen independently. 

 

The cladogram of stigma surface suggests the present members of the Haemodoraceae 

arose from an ancestor with a papillate stigma (Figure 20).  Some members of the 

Conostylidoideae subfamily have subsequently developed glabrous stigmas, while a few 

taxa in the Tribonanthes have also developed tufts of silky white hairs on the apex of the 

stigma.  The only species diverging from the papillate stigma in the Haemodoroideae 

subfamily is Paradilatris viscosa ms, which was observed to have a glabrous stigma. 

 

The illustration studies discovered that the Haemodoraceae stigmas are of six main 

colours (Figure 21).  The cladlogram shows that the Haemodoroideae subfamily taxa tend 

to have white, or red stigmas, while the Conostylidoideae subfamily taxa tend to have 

white, green or yellow stigmas.  The exceptions are Haemodorum coccineum with a black 

stigma and Wachendorfia paniculata with an orange stigma.  
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Previously documented descriptions of styles and stigmas of Haemodoracea: (Maas and 

Maas-Van der Kramer (1993) styles of Haemodoraceae are filiform, persistent, with a 

small, simple to slightly 3-lobulate stigma; Lachnanthes has a white style with a slightly 

3-lobulate, papillate stigma.  Pyrrorhiza has a red style, with an undivided to slightly 3-

lobulate stigma.  Schiekia has an orange style, with an undivided, papillate stigma.  

Xiphidium has a white to pale green style, with long-papillate stigma.  From Hilliard and 

Burtt (1973) Barberetta has a yellow style, strongly bent sideways, with an orange, 

minute stigma.  From Barker (1940) Dilatris has a slender filiform style with a minute 

stigma, but there is no comment on coloration.  In some photographs (pers. comm. SD 

Hopper) it is possible to see the purple style of the lilac-flowered species of Dilatris and 

Auriol Batten’s illustration of Dilatris (Batten 1986) shows Dilatris has a style that is 

white at the base and grading to a purple stigma.  In Helme and Linder (1992) 

Wachendorfia has a filiform style, bent sideways, with a minute, capitate stigma, but there 

is no comment on coloration.  Photographs (pers. comm. SD Hopper) and illustrations 

(Redoute 1805, Sims 1803a&b, 1809; Batten 1986) of Wachendorfia have a yellow style 

but stigma features are not discernable.  From the Flora of Australia treatment: Conostylis 

has a straight style with a minutely 3-lobulate stigma (Hopper et al. 1987); Blancoa has 

a style that is connate at the base and filiform above with a minutely 3-lobulate stigma 

(Hopper 1987a); Anigozanthos has a style that is filiform, straight at the base then curved 

with an entire stigma (Hopper 1987b); Macropidia has a filiform style that is straight at 

the base then falcate with an entire stigma (Hopper 1987c); Phlebocarya has a simple 

style with a single terminal minute stigma (P. ciliata, P. filifolia) or trifid near the tip with 

3 stigmas (P. pilosissima) (Macfarlane (1987a); for Tribonanthes there is no comment on 

the style, only that the stigma is sub-terminal or terminal (Macfarlane 1987b); 

Haemodorum has a filiform style with an entire or minutely 3-lobulate stigma, but does 

not specify which species have the 3-lobulate stigma type is not defined and there is no 

comment on coloration (Macfarlane 1987c).  Hooker (1852) describes H. distichophyllum 

as having an entire stigma.  From photographs in Hopper (1993) it appears that 

Anigozanthos and Macropidia have green styles but the images lack resolution to 

accurately determine the stigma colour, morphology and surface.  From Barrett et al. 

(2015) Haemodorum basalticum and H. macfarlanei have a pale style with a darker apex, 

H. capitatum has a red style with an entire or shortly bifid maroon apex, H. griseofuscum 

has a red style, and H. thedae has a pale style with a maroon apex. 
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The illustration studies of style colour of Anigozanthos, Barberetta, Lachnanthes, 

Macropidia, Pyrrorhiza, Wachendorfia and Xiphidium concur with the descriptions 

above.  Novel discoveries made through the process of illustration are: Dilatris have 

cream styles with a tint of orange, becoming purple with age; Paradilatris ms has a bright 

red style; Schiekia have white rather than orange styles; Conostylis have white or green 

styles with the exception of C. argentea where the style is white at the base and deep 

purple towards the apex, with a white stigma; Blancoa and Phlebocarya have green 

styles, while Tribonanthes has green styles or, longitudinally striped green and purple 

styles; Haemodorum species can have styles that are white (H. austroqueenslandicum, H. 

clarksonii ms, H. spicatum), orange-brown (H. distichophyllum, H. tenuifolium), or red 

(H. coccineum) (Figure 18). 

 

The illustration studies of stigma morphology of Conostylis, Blancoa and some 

Phlebocarya concur with the previous descriptions that their stigmas are 3-lobed. 

However, the 3-lobulate stigmas were not observed in illustration studies of Lachnanthes 

and Pyrrorhiza as per previous descriptions.  The novel discoveries made through the 

process of illustration studies of stigma morphology are: Haemodorum sandifordiae ms 

and Wachendorfia multiflora have distinctly three-lobed stigmas, while the stigma of 

Dilatris pillansii and H. austroqueenslandicum are three-lobed to a lesser extent.  All 

other taxa illustrated have entire stigmas (Figure 19). 

 

The illustration studies of stigma surface of the Haemodoraceae family members suggests 

the stigma is usually covered in papillae.  These papillae extend as long unicellular hairs 

in the case of Haemodorum sandifordiae ms, otherwise they are short nipple-like 

projections.  The exception to this is Paradilatris ms which has a glabrous stigma.  A 

novel discovery from the illustration process is the tuft of white, silky hairs observed on 

the apex of the stigmas of a few Tribonanthes species (T. elongata ms, T. longipetala, T. 

porphyrea ms, T. variabilis) (Figure 20). 

 

The only mention of stigma colour found in the literature is the orange stigma of 

Barberetta (Hilliard and Burtt 1973), which appears more red in our illustration studies, 

and Haemodorum spp. with darker or maroon style apices (Barrett et al. 2015).  From the 

illustration studies it was observed that some stigmas are the same colour as the style; 
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white for Lachnanthes, Schiekia and Xiphidium, red for Pyrrorhiza and green for 

Anigozanthos and Macropidia, so may not have prompted a separate colour definition. 

 

However, other stigmas have a distinctly different colour to their style, such as the red 

stigmas of Dilatris ixioides and Wachendorfia multiflora, on cream and yellow styles 

respectively, and the white stigmas that starkly contrast to the deep purple style tip of 

Conostylis argentea (not shown).  Haemodorum species may have both style and stigma 

the same colour, as in the case of the white style and stigma of H. austroqueenslandicum, 

and the red style and stigma of H. sandifordiae ms, or two toned colouring as in the red 

style and black stigma of H. coccineum, and the cream style and orange-red stigma of H. 

spicatum and H. clarksonii ms. 

 
Figure 18.  Cladogram of Haemodoraceae style colour. The character traits for style colour are as per Table 
1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram (abbreviations for 
species as in Figure 8). Parsimony and maximum likelihood ancestral state reconstructions were performed 
in Mesquite version 3.11 (Maddison and Maddison 2015) using the Bayesian tree from Hopper et al. (in 
prep.). [Illustrations not to scale] 
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Figure 19.  Cladogram of Haemodoraceae stigma morphology. The character traits for stigma morphology 
are as per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 

 
Figure 20.  Cladogram of Haemodoraceae stigma surface. The character traits for stigma surface are as per 
Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Figure 21.  Cladogram of Haemodoraceae stigma colour. The character traits for stigma colour are as per 
Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the cladogram 
(abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
 

In the sister families the styles and stigmas are white (Helmholtzia glaberrima), yellow 

(Philydrella pygmaea) or tinted purple (Pontederia cordata).  Therefore, the red 

colouring in Haemodoroideae is probably a derived character, either evolving on several 

separate occasions or subsequently lost on several separate occasions (Figure 18 & 21).  

The purple colouring in the styles of Conostylis argentea and Tribonanthes spp. is more 

likely to be a derived character, from a green style of the common ancestor to the 

Conostylidoideae subfamily (Figure 18).  Pontederiaceae have trilobed stigmas and 

Philydraceae have capitate or bluntly trilobed stigma.  This suggests that the trifid stigma 

is possibly the ancestral condition for Haemodoraceae, and the stigma subsequently 

evolved to a simpler morphology (Figure 19).  Philydraceae have glabrous stigmas, but 

Pontederiaceae have stigmas with papillae.  The cladogram for stigma surface shows the 

ancestral condition is clearly papillate, so glabrous and hairy stigmas are probably derived 

states (Figure 20). 
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Nectar guide presence and colour 

 

The cladograms for inner and outer whorls of perianth (termed here petals and sepals) 

being the same or different colours (Figure 22), presence of perianth markings (Figure 

23) and colour of perianth markings (Figure 24) show at least one species for each genus 

with a representation of perianth, or parts of the perianth. 

 

The illustration studies found that several members of Haemodorum (H. distichophyllum, 

H. tenuifolium, H. clarksonii ms) have distinctly different coloured inner perianth and 

outer perianth whorls (termed petal and sepal in Figure 21).  This is less apparent in other 

members of Haemodorum (H. coccineum, H. spicatum, H. sandifordae ms) where just 

part of the perianth differs in colour.  Lachnanthes and Xiphidium caeruleum also have 

differing inner and outer perianth whorls.  For Lachnanthes the inner whorl segments are 

larger, broader and bright yellow on the inner surface.  For Xiphidium caeruleum the inner 

whorl segments are larger with a slightly bluish tint, hence the epithet of the species 

caeruleum.  From the cladogram of this trait (Figure 22) this feature is distinctive for the 

clade with Haemodorum and Lachnanthes and appears to have arisen separately for 

Xiphidium caeruleum. 

 

The cladogram for the presence of perianth markings (Figure 23) shows that this trait is 

strongly associated with the clade containing Schiekia, Barberetta and Wachendorfia.  

This trait also occurs in Cubanicula ms and Xiphidium, where it was observed and 

illustrated in C. xanthorrhizon ms but not observed or illustrated in X. caeruleum.  The 

material for Pyrrorhiza was limited, so definitive observations of colour markings for this 

genus were not possible.  The only evidence of perianth markings were from photographs 

taken of the fresh material by A. Weitzman and Julian Steyermark, which showed the 

base of the perianth was tinged brownish red.  This feature was also observed for 

Paradilatris, while the members of Dilatris have distinct blackish purple glands at the 

apex of the perianth segments.  The only other member of the Haemodoraceae to have 

perianth markings is Macropidia fuliginosa with the shoulders of the reflexed perianth 

lobes sometimes being shiny black. 

 

The cladogram for the colour of the perianth markings, where present (Figure 24), does 

not show any discernible pattern to the evolution of the variation of colours and designs 
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seen.  The main colours are yellow, orange and red spots or blotches on a white or yellow 

background. 

 

From Maas and Maas-Van der Kramer (1993) Lachnanthes has six free tepals, that are 

white, hairy outside and yellow inside; Pyrrorhiza has six free tepals, that are cream and 

often basally and/or apically orange-red; Schiekia has six orange and/or yellowish white 

tepals, the three abaxial and three adaxial are basally connate, creating a more or less 

bilabiate appearance.  Colour distribution on the tepals varies between the species.  The 

extreme savanna form is basally white with orange stripes, and the extreme woodland 

form is orange throughout (Maguire and Wurdack 1957); Xiphidium has six tepals, the 

three adaxial ones are basally connate, white to yellowish white, bluish inside, sometimes 

with a yellow nectar guide on the three adaxial tepals; Cubanicula ms has white flowers 

with yellow, orange or sometimes purple nectar guides on three adaxial tepals.  These 

adaxial tepals are connate for half their length.  From Hilliard and Burtt (1973) Barberetta 

has six free yellow tepals with an orange spot at the base of the three adaxial tepals.  From 

Barker (1940) the perianth of Dilatris has six segments, free to where they join the ovary, 

mauve with few to several dark glands near the apex, and Paradilatris ms (D. viscosa) 

are dull orange and glandular pubescent on the outer surface.  From Helme and Linder 

(1992) Wachendorfia has six yellow to pale apricot tepals, the three adaxial tepals are 

united at the base, where pale markings surrounded by dark rings occur. Conostylis has a 

connate perianth which is hairy outside, occasionally hairy inside (Hopper et al. 1987).  

Colours inside the floral tube range from cream, pale yellow, greenish yellow, golden 

yellow, or deep yellow, and lobe colour may differ from the tube.  Outer surfaces are 

sometimes suffused with purple hairs, especially at the lobe apices.  Flower age to green, 

golden brown or suffuse red.  Hopper (1987a) describes Blancoa having red lobed, 

tubular flowers.  Anigozanthos have lobed tubular flowers that are red, red-purple, green, 

yellowish-green, cream, yellow, orange, or a combination of these, often two-toned 

(Hopper 1987b).  Macropidia has tubular flowers that are deeply lobed, recurved against 

the tube, inner surface green, outer surface covered in black plumose hairs (Hopper 

1987c).  Phlebocarya has three free sepals and three free petals, which are glabrous, and 

white to cream (Macfarlane 1987a).  Tribonanthes has white, hairy, lobed tubular flowers, 

which are sometimes with a purple tinge (Macfarlane 1987b).  The exception is T. 

pururea which has pinkish purple, minutely ciliate, otherwise glabrous flowers.  

Haemodorum flowers have three free sepals, and three free petals, which are black to 
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blackish brown, red, orange, greenish or yellowish brown (Macfarlane 1987c).  The 

sepals and petals may differ in colour. 

 

The novel discoveries for perianth traits include: the three adaxial tepals of Barberetta 

are united at the base, rather than free, so all members of the clade with Barberetta, 

Schiekia and Wachendorfia have perianth fusion; Schiekia silvestris ms has nectar guides 

present on the adaxial tepals being red-orange blotches on white, tending to orange 

perianth; nectar guides are absent in S. timida ms and the perianth is orange at the base 

tending to white or tinged green at the tips; new colour combinations within Haemodorum 

such as H. clarksonii ms with white outer perianth segments and lilac inner perianth 

segments and H. sandifordiae ms which has two tone perianth segments being purple-

black at the top and red-orange at the base, this is only visible on the inner surface of the 

outer perianth segments but is seen on both inner and outer surfaces of the inner perianth 

segments; the perianth of Tribonanthes species is generally greenish or purple but covered 

in dense white hairs giving the flowers an overall white appearance although when the 

underlying colour is purple they can appear to be tinted violet, the exception as stated  

above is T. purpurea; in addition, T. purpurea was found to have red-purple glands on 

the tips of the outer perianth segments. 

 
Figure 22.  Cladogram of Haemodoraceae petal and sepal colour. The character traits for petal and sepal 
colour are as per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in the 
cladogram (abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral state 
reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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Figure 23.  Cladogram of Haemodoraceae perianth marking presence. The character traits for perianth 
marking presence are as per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used 
in the cladogram (abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral 
state reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 

 
Figure 24.  Cladogram of Haemodoraceae perianth marking colour. The character traits for perianth 
marking colour are as per Table 1 and the scoring used is as per Table 2. Thirty-nine species were used in 
the cladogram (abbreviations for species as in Figure 8). Parsimony and maximum likelihood ancestral 
state reconstructions were performed in Mesquite version 3.11 (Maddison and Maddison 2015) using the 
Bayesian tree from Hopper et al. (in prep.). [Illustrations not to scale] 
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It is also noted that the colours of the the flowers of Anigozanthos and Blancoa are the 

result of the blending of the underlying perianth flesh colour and the overlying plumose 

hair colour.  Anigozanthos tend to have pale green to yellowish green underlying perianth 

flesh with an overlying of green, yellow, orange, red, or purplish red plumose hairs.  The 

hairs may also be two to multi-toned.  Blancoa has yellow underlying perianth flesh 

overlaid with red plumose hairs. 

 
 

Two New Genera 

 

The process of illustrating character traits of various members of the Haemodoraceae 

family provide supporting evidence for the formation of two new genera in the family: 

Cubanicula ms and Paradilatris ms. 

 

Cubanicula ms 

 

The collection and illustration of the species Cubanicula xanthorrhizon ms and Xiphidium 

caeruleum adds support to previous suspicions that there are significant differences 

between the character traits of these two taxa, particularly their fruit and seed 

morphology. 

 

Figure 25 illustrates the variation in fruit and seed morphology between Xiphidium and 

Cubanicula ms, and compares them with the fruit and seed morphology of Pyrrorhiza.  

Xiphidium caeruleum has glabrous fruits (Figure 25(a)), with thickened carpel walls 

(Figure 25(b)) that mature to indehiscent capsule (Figure 25(c)).  Cubanicula 

xanthorrhizon ms has fruits with a dense strip of white hairs along each of the three carpel 

ridges (Figure 25(i)).  These fruits mature to capsules, which split along the now hairless 

carpel ridges, to release the seeds (Figure 25(k)).  The seeds of X. caeruleum are 

depressed-globulose with a tuberculate surface (Figure 25(d)).  The seeds of C. 

xanthorrhizon ms are depressed-globose and covered in finger-like trichomes on the 

dorsal surface, although the trichomes are sparser in the centre (especially proximally), 

and concentrated to the margins on the ventral side (Figure 25(l)).   
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Figure 25.  Comparison of fruit and seed morphology of Xiphidium, Pyrrorhiza and Cubanicula. (a)-(d) 
Xiphidium caeruleum. (a) immature fruit; (b) transverse-section of fruit; (c) mature non-dehiscent fruit; (d) 
seed - ventral, dorsal and cross-section. (e)-(h) Pyrrorhiza neblinae. (e) immature fruit; (f) transverse-
section of fruit; (g) mature dehiscent fruit; (h) seed - dorsal, ventral and cross-section. (i)-(l) Cubanicula 
xanthorrhizon ms. (i) immature fruit; (j) transverse-section of fruit; (k) mature dehiscent fruit; (l) seed - 
dorsal, ventral and cross-section. [Scale bar: (a),(b),(c),(e),(f),(g),(i),(j),(k) = 2mm; (d) = 0.5mm; (h),(l) = 
1mm]. 
 

Pyrrorhiza has glabrous fruit like X. caeruleum, although it has prominent carpel ridges 

(Figure 25(e)), and also has depressed-globose seeds with finger-like trichomes 

concentrated to the margins on both dorsal and ventral sides of the seed, but sparsely so 

in proximal and distal central regions (Figure 25(h)).  These differences, in combination 

with other floral and vegetative character traits, and the evidence from the molecular 

analysis, that Cubanicula ms is sister to Pyrrorhiza not Xiphidium, support the proposal 

that C. xanthorrhizon ms be classified as a new genus within the Haemodoraceae family, 

to be formally done in a future publication.  The proposed name of the new genus 
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Cubanicula ms, means little Cuban.  Cubanicula xanthorrhizon ms is endemic to Cuba, 

the name of this new genus pertaining to its geographic location. 

 

Paradilatris ms 

 

The genus Dilatris consists of three known species, D. corymbosa, D. ixioides and D. 

pillansii, and the proposed new genus, Paradilatris ms, consists of one species, P. viscosa 

ms.  Prior to illustrating Dilatris and Paradilatris species it was proposed that 

Paradilatris may be distinct enough from members of its sister taxon to be classified as 

a new genus (Figure 26).  Observations noted the difference in perianth colour and shape, 

with P. viscosa ms having narrow yellow perianth-segments (Figure 26(f)), while its sister 

taxa have broad, lilac perianth-segments (Figure 26(a)).  It was also noted that the seed 

dispersal is effected in two distinct ways (Barker 1940).  In P. viscosa ms the narrow 

perianth-segments are persistent when the flower matures to a fruiting capsule, but they 

are of no further use to the plant.  To disperse the seeds, the capsule splits from the apex 

halfway down the junction of the carpels.  The carpel walls spread apart leaving the 

central column free at the apex, and a single ovule in each of the three carpels matures to 

a discoid seed.  The seeds detach and are shaken out of the capsule, while the capsule 

remains intact (Figure 26(j)).  In Dilatris species, with broad perianth-segments, the 

perianth becomes papery and aids in seed dispersal by acting as a parachute.  Usually 

only one of the three carpels has an ovule that matures to seed, while the other two carpels 

are aborted.  The ovule matures to fill the entire carpel cavity and is clasped by a flange, 

formed from the pericarp, which projects inwards round the entire edge of each carpel.  

The carpel wall containing the ripe seed, held in place by the flange, begins to separate 

from the receptacle, starting at the base of the fruit, and continuing upwards, until it finally  

breaks away completely with the perianth attached at the apex, forming a parachute 

suitable for wind dispersal (Figure 26(e)).  Illustrations of Dilatris species discovered 

other morphological differences.  Dilatris have three stamens, with one yellow anther and 

two red anthers.  Dilatris ixioides’ yellow anthers are distinctly larger than the red anthers 

(Figure 26(b)&(c)), while P. viscosa ms yellow and red anthers are essentially equivalent 

in size (Figure 26(g)&(h)).  The filaments of D. ixioides are all cream with a tinge of 

orange (Figure 26(b)&(c)).  The filaments of P. viscosa ms are yellow for the yellow 

anther, and red for the red anthers (Figure 26(g)&(h)).  The style of D. ixioides is cream 

with a tinge of orange (Figure 26(b)&(c)).   
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Figure 26.  Comparison of Dilatris and Paradilatris. (a)-(d) Dilatris ixioides. (a) flower viewed from top; 
(b) flower viewed from side; (c) anthers and stigma; (d) tapering hairs. (e) Dilatris pillansii, mature fruit. 
(f)-(j) Paradilatris viscosa ms. (f) flower viewed from top; (g) flower viewed from side; (h) anthers and 
stigma; (i) glandular hairs; (j) mature dehiscent fruit. [Scale bar: (a),(b),(f),(g) = 4mm; (c),(h) anthers = 
1mm & stigma = 0.2mm; (d) = 0.4mm; (e),(j) = 2.5mm; (i) = 0.3mm] 
 

The style of P. viscosa ms is red (Figure 26(g)&(h)).  The stigma of D. ixioides is red and 

tuberculate (Fig 26(c)).  The stigma of P. viscosa ms is red and glabrous (Figure 26(h)).  

The hairs of D. ixioides are tapering (Figure 26(d)).  The hairs of P. viscosa ms are topped 

with a gland filled with orange-coloured oil (Figure 26(i)).  Although recent phylogenetic 

analyses (Hopper et al. (in prep.)) firmly show that Paradilatris ms and Dilatris are sister 

groups, the classification of the former as a separate genus is somewhat subjective, given 

that monophly is maintained whether the two are united or divided. However, the 

extensive morphological differences between the two cited here, including many colour 

differences, argue for their separation. 

 

Variation within genera 

 

The illustration process provided novel discoveries within Barberetta, Blancoa and 

Phlebocarya.  It also revealed evidence supporting the proposal of two new species in 

Haemodorum: H. clarksonii ms and H. sandifordiae ms.  Evidence from the illustration 

process support the elevation of Schiekia subspecies to species, and the expansion of the 

six known and one undescribed species of Tribonanthes to twelve species.  These findings 

are outlined below. 
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Figure 27.  (previous page) Barberetta aurea. (a) whole plant; (b) inflorescence; (c) flower in bud viewed 
from the side; (d) flower viewed from the front; (e) immature ovary; (f) anthers viewed from the side, front 
and back; (g) stigma; (h) detail of glandular hairs on the flower pedicel; (i) immature fruit; (j) transverse-
section through immature fruit; (k) cross-section through immature fruit; (l) ovule in “blanket-like” 
placenta; (m) mature fruit; (n) seeds from side top and sectioned; (o) corm; (p) stoloniferous rhizome [Scale 
bar : (a) = 2cm; (b),(p) = 1cm; (c),(d),(i),(j),(k),(m) = 2mm; (e) = 1mm; (f) = 0.65mm; (g),(h) = 0.2mm; 
(l),(n) = 1.25mm; (o) = 4mm]. 
 

Barberetta 

 

Barberetta is a poorly known monotypic genus from South Africa.  The specimen of 

Barberetta aurea illustrated in Figure 27 was collected from the Ngele forest of the Weza 

Forest Reserve, 25 kilometers east of Harding in Kwazulu-Natal province of South 

Africa.  This herbaceous plant arises from stoloniferous corms (Figure 27(a),(o),(p)).  

Hilliard and Burtt (1973) noted that vegetative reproduction is well developed in 

Barberetta.  The flowering stem arises from a corm, and each corm produces two lateral 

stolons.  Each stolon, bearing scale leaves, grows away from the parent plant and swells 

up terminally to form a new cormlet.  The stolons connecting the parent to its two progeny 

soon decay, so that the new cormlets are independent from an early stage.  The ovary has 

one fertile carpel and two barren carpels, which becomes unilocular and half ellipsoid 

with the upper side curved and the lower side flat.  The style is attached apically on the 

lower side of the ovary and is strongly bent sideways (Figure 27(e)).  The fruit is green 

becoming black with a rugulose surface (Figure 27(i),(m)). Within the single carpel 

cavity, the red placenta appears to grow from the base of the carpel cavity, to envelope 

the margins of the single ovule, with some lobing.  Because the placenta presents as a 

layer of tissue we term its structure a “blanket-like” placenta (Figure 27(j),(k),(l)). 

 

Blancoa  

 

Blancoa is also a monotypic genus.  The specimen of Blancoa canescens (Figure 28) was 

collected from near the turn-off to Mount Lesueur carpark in the Lesueur National Park, 

30 kilometers north-east of Jurien Bay, Western Australia.  The illustration shows the 

presence of nectary separators (ridges in line with the septa allowing pooling of nectar at 

the base of each carpel) at the base of the tubular flowers forming deep pockets as 

described in Hopper (1987a). 
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Figure 28.  Blancoa canescens. (a) tubular flower; (b) transverse-section of the tubular flower; (c) tubular 
flower with perianth removed to show the three nectary separators; (d) cross-section of flower to show three 
nectary separators. [Scale bar: (a),(b) = 1cm; (c) = 4mm; (d) = 2mm] 
 

Phlebocarya 

 

Phlebocarya is a poorly known genus from Western Australia.  It has three species, one 

of these with two subspecies: P. ciliata, P. filifolia, P. pilosissima subsp. pilosissima, and 

P. pilosissima subsp. teretifolia.  The name Phlebocarya is from the Greek phlebos 

meaning vein and caryon meaning nut, and refers to the prominent veins on the nutlet 

fruit.  Previous descriptions have very little information about the variation in fruit 

characteristics between the four taxa.  Illustration studies as part of this project revealed 

ribbon-like structures in the carpel cavity that may be placenta tissue.  These were not 

obvious in the developing fruit of P. ciliata but can be seen attached to the base of the 

seed in Figure 29(e).  In P. filifolia the white ribbon-like structures can be seen clearly in 

the illustrations of the transverse (Figure 29(g)) and cross sections (Figure 29(h)) of the 

fruit.  There are three ‘ribbons-like’structures that arise from the base of the carpel cavity, 

to project up the inside of the cavity wall, to the base of the style.  The ‘ribbon-like’ 

structures are space equidistant around the developing ovule.  In P. pilosissima subsp. 

pilosissima the ‘ribbon-like’ structures are bright red and distinctly visible in the 

transverse (Figure 29(j)) and cross sections (Figure 29(k)) of the fruit. 
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Figure 29.  Comparison of the fruit and seeds of Phlebocarya species. (a)-(e) Phlebocarya ciliata. (a) 
immature fruit; (b) fruit with side of carpel wall removed to show developing ovule; (c) fruit viewed from 
above with top of carpel wall removed to show developing ovule; (d) mature fruits; (e) seeds – side, dorsal 
and ventral views. (f)-(h) Phlebocarya filifolia. (f) immature fruit; (g) fruit with side of carpel wall removed 
to show developing ovule; (h) fruit viewed from above with top of carpel wall removed to show developing 
ovule. (i)-(k) Phlebocarya pilosissima. (i) immature fruit; (j) fruit with side of carpel wall removed to show 
developing ovule; (k) fruit viewed from above with top of carpel wall removed to show developing ovule. 
[Scale bar: (a),(b),(c),(d),(f),(g),(h),(i),(j),(k),(l) = 2mm; (e) = 1mm] 
 

Haemodorum 

 

The genus Haemodorum consists of 33 species (30 described + 3 undescribed) occurring 

in all states of Australia except South Australia and Victoria, with one species 

(H.coccineum) extending into New Guinea.  This project illustrated five of the thirty 

described species as well as two undescribed species; H. clarksonii ms from far north 

Queensland, and H. sandifordiae ms from the lower south west of Western Australia. 
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Haemodorum species are often described as having brownish black flowers (with the 

exception as outlined above) but when the plants are dissected they have a kaleidoscope 

of colour variation.  Figure 30 is a matrix of illustrations of the various flower, fruit and 

vegetative parts of the seven illustrated Haemodorum species to demonstrate some of this 

colour variation. 

 

Haemodorum clarksonii ms is recognized as a new species distinct from H. brevicaule 

into which specimens were previously placed.  Haemodorum clarksonii ms flowers have 

white sepals that are significantly shorter than the lilac petals (Figure 31(c),(d),(f),(g)).  

As the flower matures the sepals become greenish and the petals a deep purplish-blue 

(Figure 31(e)).  There are three stamens with one shorter than the other two (Figure 31(h)).  

The anthers are lilac and the filaments white tending to lilac at the tips (Figure 

31(h),(i),(k)).  As the flower matures the anther drops from the filament (Figure 31(j)).  

The style is white with a minute red stigma (Figure 31(l)).  The fruit is a pale green three 

carpel capsule (Figure 31(m)) which becomes pale bronze coloured once fully mature.  

When the fruit dehisces and releases its seeds it reveals the bright orange-red inner walls 

of the carpel cavities (Figure 31(p)).  The discoid seeds have distinctly thickened marginal 

wings (Figure 31(q)).  These small statured plants have a deeply buried corm (Figure 

31(a)), which is orange-red in cross section (Figure 31(v)).  The leaves are sub-terete 

(Figure 31(t)).  The roots are sand-binding (Figure 31(x)).  This new taxon differs from 

H. brevicaule in having white to lilac flowers instead of deep red or purplish black 

flowers, and white to lilac stamens with one stamen shorter than the other two, instead of 

three yellow to red stamens that are equal in length. 

 

Haemodorum clarksonii ms was first collected by H. Fletcher from Coen Aerodrome in 

1947.  A number of populations of this species were found on Cape York Peninsula during 

the 1980s by John R. Clarkson, who recognized it as a distinct species, and in whose 

honour it will be named.  There is also a suspected geographical difference in each species 

location, with H. brevicaule occurring in Western Australia on the Mitchell Plateau, and 

in north and north-eastern Northern Territory, including Melville Island and Groote 

Eylandt, while H. clarksonii ms occurs only on Cape York Peninsula in Queensland. 
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Figure 31.  Haemodorum clarksonii ms. (a) whole plant; (b) inflorescence; (c) flower bud; (d) young 
flower; (e) old flower; (f) sepal; (g) petal; (h) flower with perianth removed; (i) young flower with anthers 
attached; (j) old flower with anthers detached; (k) anthers viewed from front and back; (l) stigma; (m) fruit; 
(n) fruit with part of carpel wall removed to show developing seeds; (o) cross-section through fruit to show 
three carpels with two seeds developing in each; (p) dehisced fruit; (q) seeds – dorsal, ventral and cross-
section; (r) leaf; (s) leaf-tip; (t) leaf cross-section; (u) below ground parts; (v) longitudinal-section through 
bulb; (w) part of root; (x) cross-section through root with sand-binding sheath. [Scale bar: (a),(r),(u) =1cm; 
(b),(v),(w) = 4mm; (c),(d),(e),(h),(i),(j),(m),(n),(o),(p),(q),(s) = 1.25mm; (f),(g),(k),(t),(x) = 0.65mm; (l) = 
0.2mm] 
 

Haemodorum sandifordiae ms is recognized as a distinct species differing from H. 

spicatum into which specimens were previously placed.  The inflorescence is sparser than 

that of H. spicatum (Figure 32(a)).  The flowers are paired but one pedicel is longer than 

the other (Figure 32(b)).  The bracteoles are dark brown with distinct veins and an opaque 
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Figure 32.  Haemodorum sandifordiae ms. (a) flowering inflorescence; (b) pair of flowers; (c) single 
flower; (d) flower with part of perianth removed to show stamen, style and ovary position; (e) bracteole; 
(f) sepal; (g) petal with stamen attached; (h) anthers – front, back and side view; (i) stigma; (j) fruiting 
inflorescence; (k) fruit; (l) fruit with part of carpel wall removed to show developing seeds; (m) cross-
section through fruit to show three carpels with two seeds developing in each; (n) dehisced fruit; (o) seeds 
– dorsal, ventral and cross-section; (p) leaf; (q) leaf cross-section; (r) below ground parts; (s) longitundinal-
section through bulb; (t) part of root; (u) cross-section through root with no sand-binding sheath. [Scale 
bar: (a),(j),(p),(r) =1cm; (s),(t) = 4mm; (b),(c),(d),(e),(f),(g) = 1.25mm; (h),(q) =0.65mm; (i),(u) = 0.4mm; 
(k),(l),(m),(n),(o) =2mm] 
 
membranous margin (Figure 32(e)).  The flowers have sepals shorter than the petals 

(Figure 32(c)).  Both sepals and petals are dark purple-brown above and orange-red at the 

base (Figure 32(d),(f),(g)).  The stamen and style are orange-red (Figure 32(d)).  The 

anthers are orange-red (Figure 32(h)).  The style is red and distinctly trifid, with a red 
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stigma covered in long papillae (Figure 32(i)).  The fruit are blackish-purple (Figure 

32(k).  When the fruit dehisces and releases the seeds it reveals the deep magenta colour 

inner walls of carpel cavities (Figure 32(n)).  The seeds are discoid, deep magenta in 

colour, with a broad marginal wing (Figure 32(o)).  The corm is relatively shallowly 

buried and is bright red in section (Figure 32(s)).  The roots are not sand-binding (Figure 

32(t),(u)).  This species was recognized as a new species when it was collected by 

Elizabeth Sandiford (to be named in her honour) and Stephen Hopper, in December 2016, 

during a survey of the recently burnt forest and swamplands south-east of Northcliffe. 

 
Figure 33.  Comparison of character traits in Haemodorum spicatum and H. sandifordiae ms. (a)-(e) H. 
spicatum. (a) pair of flowers; (b) gynoecium; (c) anthers – front, back, side view; (d) stigma; (e) root cross 
section showing sand-binding sheath. (f)-(k) H. sandifordiae. (f) pair of flowers; (g) single flower; (h) 
gynoecium; (i) anthers – front, back, side views; (j) stigma; (k) root cross section with no sand-binding 
sheath. [Scale bar: (a),(f),(g) = 2mm; (b),(h) = 1.25mm; (c),(e) = 1mm; (i) = 0.65mm; (d),(j) = 0.15mm; (k) 
= 0.5mm] 
 

Haemodorum sandifordiae ms differs from the more common and wide spread species 

H. spicatum in having paired flowers with one pedicel longer than the other (Figure 33(f)) 

in contrast to H. spicatum which has paired flowers with pedicels of equal lengths (Figure 

33(a)).  Haemodorum spicatum has white to lilac stamens and style (Figure 33(b,c)) while 

H. sandifordiae ms has bright vermillion stamens and style (Figure 33(h,i)).  
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Haemodorum spicatum has a simple stigma (Figure 33(d)) while H. sandifordiae ms has 

a trifid stigma (Figure 33(j)).  Haemodorum spicatum has sanding-binding roots (Figure 

33(e)) while H. sandifordiae ms has no sand-binding sheath (Figure 33(k)).  Haemodorum 

spicatum prefers the deep white sand heaths, while H. sandifordiae ms grows in peaty 

swamps. 

 

Schiekia 

 

The genus Schiekia is recognized as having three distinct species; S. orinocensis, S. 

silvestris ms and S. timida ms.  However, previously these species were classified as two 

described and one undescribed subspecies of S. orinocensis (S. orinocensis subsp. 

orinocensis, S. orinocensis subsp. silvestris and S. orinocensis ssp. savannarum ms).  The 

previously recognised subspecies were distinguished by a combination of leaf width and 

inflorescence length (Maas & Maas-Van der Kramer 1993).  S. orinocensis subsp. 

silvestris was defined as having relatively broad leaves (1.2 to 3 cm) and an inflorescence 

shorter than the leaves.  S. orinocensis subsp. orinocensis is a highly variable species, 

with leaf width from 0.2 to 2 cm and the inflorescence is either longer than the leaves (to 

54 cm longer) or shorter than the leaves (to 19 cm shorter).  Within S. orinocensis subsp. 

orinocensis, a group of small plants (to 41 cm tall) with narrow leaves and short 

inflorescences were referred to as the savanna morph (Mass & Maas-Van der Kramer 

1993).  Equivalent plants were proposed as another subspecies, S. orinocensis subsp. 

savannarum by Maguire and Wurdack (1957).  SD Hopper suggested that all three should 

be distinct species (pers. comm. SD Hopper August 2008): S. orinocensis , S. savannarum 

ms, and S. silvestris ms. 

 

Populations of Schiekia in Brazil and Guyana were selected to collect and draw the two 

described subspecies.  After analysis of the illustration studies, it was clear that the species 

collected and illustrated from Guyana, that was thought to be S. orinocensis subsp. 

orinocensis, was infact the new species S. timida ms.  Therefore, the plants of Schiekia 

illustrated in Figure 34 are: (a) S. timida ms from the Rupununi savanna, 40 kilometers 

south of Dadanawa Ranch on the road to Aishalton, in southern Guyana; and (b) S. 

silvestris ms from the banks of the Rio Negro, on the edge of the rainforest at the Aracari 

community, 40 kilometers upstream from Novo Airão, Amazonas, Brazil.   
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Figure 35.  Comparison of flower character traits of Schiekia species. (a)-(f) S. timida ms. (a) flower bud; 
(b) flower viewed from the side; (c) flower viewed from the top; (d) gynoecium; (e) adaxial perianth 
segments; (f) two of the three abaxial perianth segments. (g)-(l) S. silvestris ms. (g) flower bud; (h) flower 
viewed from the side; (i) flower viewed from the top; (j) gynoecium; (k) adaxial perianth segments; (l) two 
of the three abaxial perianth segments. [Scale bar: (a)-(l) =2mm] 
 
The illustrations of flower traits of the two species in Figure 35 show a number of 

differences.  The perianth of S. timida ms is deep orange at the base and white to green 

above (Figure 35(a),(b)) while S. silvestris ms is white to green at the base grading to 

deep orange at the tips of the perianth-segments (Figure 35(g),(h)). 

 

In both species the three abaxial perianth-segments are fused at the base to at least a third 

of their length (Figure 35(e),(k)), and the three adaxial perianth-segments are free (Figure 

35(f),(l)).  The perianth-segment tips of S. timida ms are only slightly reflexed at the apex 

giving the flower the appearance of being tubular (Figure 35(b),(c)) while the perianth-

segment tips of S. silvestris ms are distinctly reflexed giving the flower the appearance of 

being bilabiate (Figure 35(h),(i)). 

 

The torsion of the stamens and style of S. timida ms is downward pointing (Figure 35(d)), 

while the torsion of the stamens and style of S. silvestris ms is upward pointing (Figure 
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35(j)).  Schiekia silvestris ms has deep orange red blotches on each of the adaxial perianth-

segments as nectar guides (Figure 35(k)), while S. timida ms has no obvious markings on 

the perianth-segments (Figure 35(e)).  The variation in the floral features between these 

species of Schiekia along with the habit and leaf variation support these taxa being 

upgraded to full species status. 

 

Tribonanthes 

 

Tribonanthes is another poorly known genus from southern Western Australia.  It has six 

described and one undescribed species.  Studies as part of this project have revealed there 

are now twelve species.  The more detailed findings for Tribonanthes will be covered in 

the next chapter. 

 

DISCUSSION 

 

The illustration studies undertaken as part of this project have discovered new character 

traits in a number of taxa of the Haemodoraceae.  The phylogenetic trait mapping of these 

new discoveries has led to clarification of some of the relationships within 

Haemodoraceae and provides additional support for the formation of two new genera and 

elevation of some taxa from subspecific to species status (Hopper et al. (in prep.), 

Pellegrini et al. (in prep.)). 

 

Phylogenetic trait mapping of traits of Haemodoraceae fruit shows that the hairy, three 

locular, dehiscent capsule, which is loculicidal and splitting from the top, is its ancestral 

fruit type. In the evolution of fruit types of Haemodoraceae, glabrous fruits arose on three 

separate occasions, abortion of carpels (not illustrated) arose on three separate occasions, 

indehiscent fruits (indehiscent capsules or nutlets) arose on three separate occasions, side 

splitting loculicidal fruits is a derived character, arising on two separate occasions, and 

septifragal dehiscence is also a derived character arising on two separate occasions. 

Phylogenetic trait mapping of Haemodoraceae seed traits did not clarify the ancestral 

type.  It shows that the sub-family Haemodoroideae have winged discoid seeds, 

depressed-globose hairy or tuberculate seeds, or ovoid-globose hairy or glabrous seeds.  

Conostylidoideae have oblong, ovoid-globose, orbicular with a prominent interspetal 

ridge or angular seeds all of which are glabrous. 
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The seed and fruit surface traits, discovered through the process of botanical illustration 

conducted as part of this study, along with the two distinct modes of fruiting and seed 

dispersal between Dilatris and Paradilatris ms and Cubanicula ms and Xiphidium, noted 

by Barker (1940) and Hopper (pers. comm.) respectively, along with recent molecular 

studies, strengthen the support for the formation of two new genera within the 

Haemodoraceae family.  Thus Dilatris viscosa becomes Paradilatris viscosa ms and 

Xiphidium xanthorrhizon becomes Cubanicula xanthorrhizon ms 

 

The illustrations revealed a large variation in placenta morphology and colour which had 

not been previously documented.  The phylogenetic trait mapping of placenta traits did 

not clarify the evolutionary patterns involved in placenta development, except to suggest 

that the red placenta colour arose on four separate occasions, and in each case was 

structurally very different: large “cushion-like”, small “cushion-like”, “blanket-like” or 

“ribbon-like”.  Novel discoveries as part of this study were the “blanket-like” placenta of 

Barberetta aurea and the “ribbon-like” placentae of Phlebocarya species. 

 

The Haemodoraceae show patterns in the evolution of the colours of their filaments, styles 

and stigmas, but not their anthers.  Haemodoroideae members have white or red filaments, 

white, red or orange styles, and white or red stigmas, while Conostylidoideae members 

have yellow or green filaments, white or green styles and white, green or yellow stigmas, 

with a few exceptions.  The morphology of Haemodoraceae stigmas also shows that the 

simple, papillate stigma was the ancestral type, with lobes or branching arising on at least 

three separate occasions, and some subsequence possible reversal in some species of 

Phlebocarya.  Glabrous stigmas have arisen on at least three separate occasions, with the 

later addition of tufts of silky hairs on the stigma apex of some species of Tribonanthes. 

 

Discoveries of perianth traits included: (1) the fusion of the adaxial perianth segments in 

Barberetta aurea, such that all members of the Barberetta, Wachendorfia, Schiekia clade 

of the Haemodoroideae sub-family have perianth fusion; and (2) the presence of nectar 

guides on the adaxial perianth segments of Schiekia silvestris ms, so nectar guide presence 

is a common trait of the Xiphidium, Pyrrorhiza, Cubanicula ms, Wachendorfia, 

Barberetta, Schiekia clade, with possible reversal in Pyrrorhiza, X. caeruleum and S. 

timida ms.  While Macropidia fuliginosa has perianth markings, nectar guides are not 

otherwise present in the Conostylioideae sub-family.  Photographic evidence suggests 
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that the black shoulder marking of Macropidia fuliginosa is not consistently present 

across all populations (Australian Native Plant Society 2015, Western Australian 

Herbarium 1998-) https://florabase.dpaw.wa.gov.au/browse/profile/1477).  Its function is 

unknown and it may not play a part in pollination. 

 

Pollinators of the Haemodoraceae include mammals, birds and insects.  Anigozanthos, 

Blancoa, Macropidia and to a lesser extent Conostylis are known to be ornithophilous, 

from observations in the field of pollination by honey-eaters, spinebills and wattle birds 

(family Meliphagidae) (Morcombe 1968, Hopper and Burbidge 1978; Hopper 1993; 

Brown et al. 1997; Phillips et al. 2014).  Honey possums (Tarsipes rostratus) have also 

been observed visiting Anigozanthos and Blancoa (Brown et al. 1997).  Features of the 

floral morphology of Wachendorfia suggested they are pollinated by large bodied insects 

such as Carpenter bees (Xylocopa spp.) but no field observations have been published 

(Ornduff and Dulberger 1978).  The observations of bee pollination of Haemodoraceae 

are few but include: (1) Halictus spp. (Hopper 1977), Apis mellifera and Leioprochus sp. 

(Brown et al. 1997) visiting Conostylis spp.; (2) Paratetrapedia calcarata and Euglossa 

imperialis bees ‘buzz’ pollinating of Xiphidium caeruleum flowers (Buchmann 1980); 

and (3) Lasioglossum and Homalictus primarily using Myrtaceae but use Haemodoraceae 

as a source of pollen and nectar to a lesser extent (Brown et al. 1997; pers. comm. 

T.Houston in Danforth and Ji 2001).  Other insects observed visiting Conostylis spp. 

include meloid beetles (Zonites sp.) and meat ants (Iridomyrmex sp.) (Brown et al. 1997).  

EJH has also observed honey bees (Apis mellifera) and ants visiting Tribonanthes 

uniflora.  Nectar guides are more probably an adaption to insect pollination.  If members 

of the Conostylidoideae subfamily are bird pollinated this would negate the need for 

nectar guides. 

 

It may be that members of the Haemodoraceae family that do not have obvious nectar 

guides use other means of attracting pollinators, such as the ultra-violate spectrum and/or 

olfactory cues.  Observations into the ultra-violate spectrum (200-400nm) of Xiphidium 

caeruleum found little to no activity (Buchmann 1980).  Although the flowers did not 

appear to have an initially strong fragrance, Buchmann found osmophores (the areas of 

scent production on a perianth (Vogel 1963)) were highly scattered over the whole 

perianth, but more numerous at the apices.  The presence of osmophores in other members 

of the Haemodoraceae is not known, but fragrance and glands of other species has been 
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noted, such as the strongly fragrant flowers of Tribonanthes brachypetala (Macfarlane 

1987b), the red purple glands on the apex of the perianth lobes of T. purpurea and the 

dark gland scattered on the perianth segments of the lilac-flowered Dilatris species.  So 

cues for nectar presence in the Haemodoraceae taxa could be both visual and olfactory. 

 

Colour has been a major focus of this study.  The larger aim of this project, to illustrate a 

monograph of the Haemodoraceae plant family, is to produce colour illustrations from 

fresh material of as many species as possible, but at least from one representative species 

of each genus.  However, colour poses some challenges due to the nature of colour change 

over time and in the way it is interpreted by individual observers. 

 

Observations undertaken as part of the illustration studies for this project noted colour 

changed with age for various plant structures.  This was not always illustrated, such as 

anthers changing from yellow to orange in Xiphidium caeruleum and from yellow to 

marron in Blancoa canescens, or the change in the colour of fruits, such as Xiphidium 

caeruleum which has young green fruits changing through orange and red before 

maturing to a purple-black indehiscent capsule.  Illustrations of colour changes that were 

made included: (1) the perianth colour of Haemodorum clarksonii ms flowers as they age 

from the white and lilac buds and young flowers to green and purplish-blue mature 

flowers (Figure 36(a-c)); and (2) where the buds and flowers of Conostylis setosa starting 

white and changing to bright red as the flower ages (Figure 36(d-f)).  Linnaeus suggested 

that because colour is so mutable it is of no value in definitions (Nickelsen 2006).  

However, colours of plants, particularly flower colour, and associated colour patterns, are 

important in reproductive biology, especially as an isolating mechanism in pollination 

(Weiss 1995).  A plant needs to invest energy into its colour as much as other traits.  If 

other traits are important in distinguishing species, then colour should not be negated as 

readily as Linnaeus sought to do.  It is important therefore that when colour is used to 

compare character traits between difference species that each species is observed when 

the structure in question is at the same age and/or stage of development. 

 

The interpretation of colour by individuals also poses a challenge.  The use of colour 

charts such as those produced by the Royal Horticultural Society (RHS) (Grayer 2009) 

and the Munsell Book of Colour (MBC) (Griesbach and Austin 2005) can provide some 

standardization.   
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Figure 36.  Colour change in flowers of Haemodorum clarksonii ms and Conostylis setosa. (a)-(c) H. 
clarksonii ms. (a) bud; (b) young flower; (c) old flower. (d)-(f) C. setosa. (d) bud; (e) young flower; (f) old 
flower. [Scale bar: (a)-(c) = 1mm; (d)-(f) = 2mm] 
 

Also, where the definition of a colour is not as important as the variation of that colour, 

comparison of images produced by digital photography, under the same lighting 

conditions, can provide a powerful tool in addressing systematic problems of colour 

variation (McKay 2013). 

 

Lastly, it should be noted that the colours described in this study are generally the product 

of differential light reflection from different chemical compounds (although structural 

features causing varying reflection and/or diffraction patterns could occur in some cases).  
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A detailed study of the structure and evolution of these chemical compounds and their 

co-option in different parts of the plant, might constitute an interesting future study and 

yield insight into their possible adaptive significance.  This might be especially interesting 

given the presence of the distinctive aryphenalenones present in the Haemodoraceae and 

some related families (Dias et al. 2009). 

 

CONCLUSIONS 

 

The illustration studies of numerous species across all genera of the family 

Haemodoraceae, combined with the most recent molecular phylogeny of the family reveal 

morphological traits of phylogenetic significance.  The fruit and seed traits of Pyrrorhiza 

neblinae are intermediary between Xiphidium caeruleum and Cubanicula xanthorrhizon 

ms further supporting the formation of the new genus Cubanicula ms.  The difference in 

the style colour and stigma surface along with the different modes of seed dispersal 

between Dilatris spp. and Paradilatris viscosa ms support the formation of the new genus 

Paradilatris ms.  The variation in the floral features between the species of Schiekia along 

with the habit and leaf variation support these taxa being upgraded to full species status.  

The differences in fruit morphology, seed morphology, filament, style and stigma colour, 

and perianth markings support various clades identified in the most recent molecular 

analysis of the Haemodoraceae.  New botanical illustration unquestionably has 

discovered morphological traits new to science in Haemodoraceae and helped elucidate 

phylogenetic trends in the family.  We hope this will be viewed as a landmark approach 

and will entice other workers in other plant groups to utilize living material to document 

both structure and color in the delimitation of taxa, assessment of function, and tracing of 

the pattern of evolutionary history. 
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ABSTRACT.  Hickman, E.J. and Hopper, S.D. A revision of tiurndins (Tribonanthes, 

Haemodoraceae). Nuytsia #: #–# (2018). The tiurndins (Tribonanthes) comprise a small 

taxonomically challenging genus of geophytes endemic to the Southwest Australian 

Floristic Region. Six named and one undescribed species of Tribonanthes are recognized 

in recent literature. Tribonanthes poses the most difficult taxonomic problems remaining 

for the Haemodoraceae in Western Australia. It is a genus where herbarium studies alone 

are insufficient to delineate taxa. A knowledge of variation in wild living material has 

proved essential to resolve taxonomic difficulties in the tiurndins. This revision 

recognises and comprehensively illustrates living plants of 12 species, four of which are 

new (T. elongata E.Hickman & Hopper, T. keigheryi E.Hickman & Hopper, T. monantha 

E.Hickman & Hopper and T. porphryea E.Hickman & Hopper). Tribonanthes variabilis 

Lindley and T. uniflora Lindley are reinstated. Botanical illustration, especially of 

internal floral morphology, has revealed several previously unrecorded characters that 

help diagnose the species of Tribonanthes. 

 

INTRODUCTION 

 

Tribonanthes Endl. is a small, taxonomically challenging, genus of geophytes comprising 

some 12 species placed in Haemodoraceae subfamily Conostylidoideae. The genus is en-

demic to the Southwest Australian Floristic Region (SWAFR, sensu Gioia & Hopper 

2017). Tribonanthes is in the monotypic Tribe Tribonantheae Macfarlane & Hopper, sis-

ter to all other members of the Conostylidoideae (Macfarlane & Hopper 1987; Simpson 

1990; Hopper et al. 1999, 2009; Smith et al. 2011). Divergence of Tribonanthes has been 



Chapter 4: A revision of the tiurndins 

	182 

estimated as occurring in the Eocene about 40 MA, with contemporary species diversify-

ing since 5 MA (Hopper et al. 2009). 

 

No common name has been adopted for the genus, except occasionally ‘flannel flowers’, 

which is confusing as it has been widely taken up for Actinotus Labill. in the Apiaceae. 

There is also no definitive Aboriginal name for members of Tribonanthes recorded in the 

literature or among extant Noongars SDH has interviewed over the past four decades. 

 

Colonial botanist James Drummond (1842: 4), in a discussion of the SWAFR’s rich Hae-

modoraceae flora, mentioned a possible name, but left its application in doubt: ‘There are 

two sorts of round white roots called Jitta Cara by the natives, which they sometimes eat; 

pigs also are fond of them. I cannot refer these plants with certainty to any described.’ 

Grey (1840: 54) listed Jeeta as ‘the root of a species of rush; this root is something like a 

grain of Indian corn in appearance, and resembles it in taste. It is in season in June.’ 

Moore (1884, Descr. Vocab.: 37) gave jitta as meaning ‘the bulbous root of an orchis, 

eaten by the natives, about the size of a hazel nut’, and kara was for ‘a spider’. Some 

modern Noongars use Kara for Burchardia congesta Lindl. (Daw et al. 1997), with clus-

ters of long slender white corms, rendering the inferred application of Kara to Tribonan-

thes therefore problematic. 

 

Here, as a mark of respect to the indigenous people of the SWAFR, we propose instead 

that ‘tiurndin’ is an apposite common name for the genus Tribonanthes. Tiurndin (pro-

nounced churn-din) means ‘fair, white (flowers)’ according to Noongar informants from 

the Esperance region as recorded by von Brandenstein (1988: 101). Introduced sheep 

sometimes were also bestowed the same name, indicating that white wool may be re-

garded as meriting the label tiurndin. However, the first use of tiurndin was for white 

flowers, perhaps with a woolly appearance, which commends the name for most species 

of Tribonanthes. Tiurndin is derived from Tyiurtt, ‘the ancestral hero involved in the cre-

ation of the southern coastline’ (von Brandenstein 1988: 113), which is renown for its 

brilliant white sand beaches. Indeed, Tyiurtt’s name recurs in many forms where the col-

our white appears on the south coast, as in chuditch (white-spotted native cat), Mt 

Chudalup (a granite inselberg bedecked by white lichen), maartyiurt (white-pointer shark 

= hands white-tipped), tyiurndur (bright stars), and Tyiurtigellup (Lake Seppings at Al-

bany, brilliantly reflecting white light on a still, cloudy day). 
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At present, six named and one undescribed species of Tribonanthes are recognized in 

contemporary literature (e.g. Parsons & Hopper 2003; Smith et al. 2011) and data bases 

maintained by the Western Australian Herbarium (1998- ). While some of these taxa are 

clear-cut, others are polymorphic and difficult to key out with the latest taxonomic treat-

ment, now three decades old (Macfarlane 1987). Indeed, these taxonomic problems were 

evident to Bentham (1873: 426) who wrote from studies of specimens at the herbarium 

in Kew that: ‘the species appear to be very variable and difficult to distinguish’. 

 

A broad study of the Haemodoraceae commenced in the 1970s (see Hopper et al. 2009 

and references therein) identified the need to better understand taxonomic variation in 

Tribonanthes. Arguably, following recent resolution of tropical Kimberley Haemodorum 

Sm. species (Barrett et al. 2015), Tribonanthes poses the most difficult taxonomic prob-

lems remaining for the family in Western Australia, although there remain undescribed 

taxa in other genera soon to be dealt with (Smith et al. 2011). Until the alpha-taxonomy 

of Tribonanthes is resolved, molecular phylogenetic and other biological studies will be, 

and have been, significantly hampered (e.g. Hopper et al. 2009), with the need for col-

lecting voucher herbarium specimens for such studies remaining critical. Indeed, the few 

biological investigations conducted on Tribonanthes have been accompanied by the 

lodgement of few or no vouchers (e.g. Pate & Dixon 1982), rendering their results diffi-

cult to ascribe to species today. 

 

We have also been interested in exploring the use of modern techniques of botanical il-

lustration as a means of discovering novel variation (Hickman et al. 2017, see Chapter 1 

and 3). The contributions of botanical artists in discovery through illustration are rarely 

explicit in the literature. Here, we set out with the aim of having a botanical illustrator 

lead the research towards a taxonomic revision, and we make clear below what traits have 

been discovered through that process. Consequently, this paper focuses on a comprehen-

sively illustrated revision of the genus Tribonanthes, with our combined efforts revealing 

the presence of 12 species, four of which are new and two reinstated. 

 

Taxonomic history 

 

If they were collected, no surviving specimens of Tribonanthes persist from the earliest 

maritime explorations of the SWAFR coastline, despite the genus being common enough 
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around Perth, King George Sound and the Esperance region granites (Hopper 2003, 

2004). The earliest scientific specimens extant were collected by Baron Karl A. A. von 

Hügel’s during the first 12 days of 1834 when at King George Sound. We know from his 

field journal that he ascended Mt Clarence on January 5th, and that Tribonanthes australis 

Endl. occurs there today and on other nearby inselbergs such as Mt Melville. 

 

The precise location of Hügel’s collection was not documented. Endlicher and Fenzl 

(1839) based comprehensive descriptions of the new genus and species on Hügel’s 

collection, and cited in the protologue an illustration of T. australis in Iconographia 

Generum Plantarum published the year before (Endlicher 1838; Figure 1). No 

comparison with other genera was made, but the diagnostic characters of Tribonanthes 

cited below were well-described and illustrated. 

 

James Drummond, who arrived in the Swan River Colony in 1829, undoubtedly was 

aware of species of Tribonanthes well before Hügel. However, Drummond’s earliest ex-

tant collections were made in 1839, some of which were used by Lindley (1840) as type 

material for T. brachypetala Lindl. (Figure 2) and T. longipetala Lindl. (Figure 3). 

 

Lindley (1840) named two other new species – T. variabilis Lindl. based on Georgiana 

Molloy collections from the Vasse River (Figure 4), and T. uniflora Lindl. (Figure 5) 

from Captain Mangles’ collections (or acquisitions from Drummond and others more 

likely – Hopper 2004). Lindley offered the rather disparaging comment that the tiurndins 

‘are plants of no beauty, as far as can be ascertained by their appearance in the form of 

dried specimens.’ (Lindley 1840: 44). Had he seen living plants, Lindley may have been 

more impressed by Tribonanthes. 

 

Lindley’s (1840) contribution was the first to reveal diversity amid seeming uniformity 

among the few herbarium specimens of Tribonanthes then available for study in Britain 

and Europe. This is a genus where herbarium studies alone are insufficient to delineate 

taxa. Field studies and dissection of living material are essential, we have found, to de-

velop sound taxonomic insights for the tiurndins. Consequently, many herbarium collec-

tions have mixed material mounted on the same sheets. 
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Figure 1.  Uncoloured engraving of Tribonanthes australis from a drawing of Hügel’s King George Sound 
collection of this species by Butterlick, published by Endlicher in Iconographia Generum Plantarum.  
(Endlicher, 1838) (Image from the Biodiversity Heritage Library. Digitized by [Field Museum Natural 
History Library] 
https://www.biodiversitylibrary.org/item/130502#page/235/mode/1up [accessed 5 may 2016]). 
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Figure 2.  Holotype of Tribonanthes brachypetala, Cambridge University Herbarium.  Photo courtesy of 
Christine Bartram (4 May 2016). 
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Figure 3.  Lectotype of Tribonanthes longipetala, Cambridge University Herbarium.  Photo courtesy of 
Christine Bartram (4 May 2016). 
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Figure 4.  Holotype sheet of Tribonanthes variabilis, Cambridge University Herbarium. Photo courtesy of 
Christine Bartram (4 May 2016).  Note that the specimen second from the left is T. longipetala.  All other 
specimens are T. variablilis. Also the sketches of the stamen connective appendage at the bottom of the 
sheet show a T. variabilis stamen connective appendage on the left and a T. longipetala stamen connective 
appendage on the right. 
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Figure 5.  Lectotype of Tribonanthes uniflora, Cambridge University Herbarium.  Photo courtesy of Chris-
tine Bartram (4 May 2016). The single lectotype from Mangles on the left side of the sheet agrees well with 
Lindley’s protologue.  On the right hand side, the Molloy collection “from swamps, The Vasse” (River 
near Busselton) has the earliest extant representatives of one of the new species we name below as T. 
porphyrea E.Hickman & Hopper (if stamen connective appendages are cream), or T. elongata E.Hickman 
& Hopper (if stamen connective appendages are yellow).  A solitary plant embedded in this collection, 
second from the right, is another new species collected by Mrs Molloy that we name below as T. keigheryi 
E.Hickman & Hopper. 
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The type sheet of T. variabilis (Figure 4), for example, includes one specimen of T. long-

ipetala. Even more confusing is the type sheet of T. uniflora (Figure 5) which includes 

three taxa. The single lectotype from Mangles on the left side of the sheet agrees well 

with Lindley’s protologue, notably in having testicular (cormous) roots, the bract and 

upper leaf with noticeably membranaceous margins, and the anthers and filaments much 

shortened. On the right hand side, the Molloy collection ‘from swamps, The Vasse’ (River 

near Busselton) has the earliest extant representatives of one of the new species we name 

below as T. porphyrea E.Hickman & Hopper (if stamen connective appendages are 

cream), or T. elongata E.Hickman & Hopper (if stamen connective appendages are yel-

low). A solitary plant embedded in this collection, second from the right, labelled ‘A’ and 

determined in 1984 as T. violacea Endl. by T.D. Macfarlane, is another new species col-

lected by Mrs Molloy that we name below as T. keigheryi E.Hickman & Hopper. 

 

Endlicher (1846) published a new taxon (T. violacea, Figure 6) based on collections of 

Ludwig Preiss made in October 1840 between Mounts Elphinstone and Melville at King 

George Sound (Albany). Endlicher erected new names for species already described by 

Lindley (1840) using Preiss specimens from Perth as types, thus creating the synonyms 

T. odora Endl. (= T. brachypetala) and T. lindleyana Endl. (= T. longipetala). 

 

George Maxwell, during or before 1873, on one of his expeditions eastwards from Albany 

discovered at Cape le Grand more Tribonanthes violacea (e.g. Kew’s accession 

000356594, incorrectly determined as T. uniflora, Figure 7). On this same sheet are two 

specimens collected by Georgiana Molloy in 1841 at the Vasse River (Kew’s accession 

000356593). The left hand specimen is more of the earliest extant collection of one of the 

new species we name below as T. porphyrea, if the staminal appendages are white, or T. 

elongata if the staminal appendages are yellow. The colour of the staminal appendages is 

indeterminable from the dried specimen.  The right hand specimen is of the slender 

swamp-dwelling T. keigheryi. 

 

Additional complexity on this sheet is evident in a single specimen (Kew’s accession 

000356595) collected by Augustus Oldfield in 1873 at the Kalgan River north of Albany. 

This is correctly determined as T. uniflora (Figure 7). 
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Figure 6.  Isotype of Tribonanthes violacea Endl. Reproduced with permission from the Royal Botanic 
Gardens Victoria. Collection made by Ludwig Preiss, in October 1840, between Mt Elphinstone and Mt 
Melville, at King George Sound (Albany) and used by Endlicher (1846) for the protologue. 
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Figure 7.  Historically important mixed collection of Tribonanthes. See text for explanation. Photo courtesy 
Royal Botanic Gardens, Kew. 
 

 

Several such mixed collections were available to Bentham (1873), who correctly rein-

stated Lindley’s (1840) four earlier names and effected the relevant synonymies for End-

licher’s (1846) later names. Moreover, Bentham, without the benefit of field studies of 

living material, regarded T. violacea as a synonym of T. uniflora, and suggested that T. 

variabilis was ‘perhaps a variety only of T. australis’. Understandably, given the limited 
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and mixed material available to him, Bentham obfuscated as much as clarified the taxon-

omy of Tribonanthes. 

 

Mueller (1872-1874), perhaps at the time unaware of Bentham’s (1873) synonymies, sup-

ported Endlicher’s (1846) Tribonanthes species rather than Lindley’s (1840) which had 

priority. However, Bentham’s (1873) treatment prevailed for close to a century until 

Geerinck (1969: 65) suggested that Tribonanthes had only three, problematic species (i.e. 

the type T. australis and two others not specified). No workers before or since Geerinck 

(1969) have agreed to such a conservative view of the number of species of tiurndins. 

 

Macfarlane’s (1987) Flora of Australia treatment, the first by a resident Western Austral-

ian botanist, achieved some clarification, although based on decisions informed by lim-

ited field work (MacFarlane pers. comm. 2014). He recognized four species among the 

six that Bentham (1873) had listed (T. australis, T. brachypetala, T. longipetala and T. 

violacea), and synonymised two – T. uniflora under T. longipetala, and T. variabilis un-

der T. australis. 

 

A year earlier, in 1986, one of us (SDH) with colleagues Sue Patrick and Andrew Brown 

from the then Department of Conservation and Land Management, had discovered an 

almost glabrous and stemless pink-flowered new species on a granite outcrop in the cen-

tral wheatbelt. This was named T. purpurea T. Macfarlane & Hopper in the appendix of 

the Flora of Australia volume in which Macfarlane’s (1987) treatment of Tribonanthes 

was published. Subsequently, a second striking new species was discovered by SDH 

(Hopper 6931, PERTH 07438761), accompanied by Stephen van Leeuwen, at the Mort-

lock River salt flats adjacent to Great Eastern Highway in October 1988. This was a di-

minutive species, growing barely more than 3–5 cm tall, the smallest of any Haemo-

doraceae known. Four years later, in 2002, Mike Lyons collected this same undescribed 

species from lakes Chinocup and King (Lyons & Keighery 2006), and it was named T. 

minor M. Lyons & Keighery. 

 

Lastly, in 1997 a small-flowered and slender-stemmed taxon in swamps at Lake Muir was 

recognized as an undescribed species by G.J. Keighery and given the phrase name Tribo-
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nanthes sp. Lake Muir (G.J. Keighery & N. Gibson 2134). In recent times, then, Tribo-

nanthes was regarded as comprising this unnamed species and six described species – T. 

australis, T. brachypetala, T. longipetala, T. minor, T. purpurea and T. violacea. 

 

 

METHODS 

 

We have examined herbarium specimens of Tribonanthes, including types lodged at the 

Western Australian Herbarium (PERTH), and K, MEL, NSW, CANB, AD, CBG and 

BM. Opportunistic collections, photography and field notes of Tribonanthes were made 

by SDH since the 1970s during field work in the SWAFR. For this intensive revision, at 

least five geographically representative populations for each of the six described and one 

undescribed species were identified by EJH for field visits and collection of fresh material 

for illustration so that discernible variation within known species was covered. Not all 

populations were able to be relocated due to limited or incorrect GPS co-ordinate infor-

mation on the herbarium specimens, or historical habitat alteration or deterioration. Dur-

ing searches for target populations, if other Tribonanthes species were found, opportun-

istic collections were taken. A voucher herbarium collection was made for each taxon at 

each population, and lodged at PERTH.  Duplicates of TYPE specimens were lodge in 

CANB. Leaf material from specimens at each of the populations visited was collected for 

subsequent molecular analysis (Hickman et al., in prep., see Chapter 5). 

 

Colour botanical illustrations of each species we recognised, including variants within 

species, were made from fresh specimens with or without the aid of a dissecting micro-

scope. Whole plant and details of above ground and below ground parts, including dis-

sections of flowers, fruits, leaves, corms and roots were made to discover and elucidate 

morphological character traits. 

 

Measurements of quantitative character traits for each species were taken from dried 

pressed material (Figure 8). Flowers, cauline leaves and floral bracts were removed and 

rehydrated prior to dissecting and measuring. Cauline leaves and floral bracts were 

splayed out to measure width as shown in Figure 8E and 8F. Measurements are presented 

as ranges compiled from specimens of several populations across the distribution of each 

species. 



Chapter 4: A revision of the tiurndins 

	 195 

 
Fig. 8.  Diagram of a Tribonanthes plant indicating quantitative characters measured (not to scale). A – 
Whole plant including above and below ground parts; B – Flower viewed from top; C – Transverse section 
through flower; D – Stamen showing anther and stamen connective appendage; E – Cauline leaf (splayed 
out) showing transparent margins; F – Floral bract (splayed out) showing transparent margins; G Transverse 
section through underground corms showing this seasons corm, last seasons shrivelled corm and downward 
extension of scape forming next seasons corm. Diagram by E.J. Hickman. 
 
To highlight discoveries made through illustration, examples are listed within figure cap-

tions below. 

 

Descriptive terminology used herein follows that adopted by Simpson (1990, 1998). 

Specimens cited are a selection seen. For types, we use an exclamation mark (!) for those 

seen, and ‘n.v.’ for those not seen. 

 

The species concept applied is both morphological and biological, following that articu-

lated by Hopper and Brown (2001), and first used by Darwin (1868). New species are 

recognized if they grow in populations (i.e. are not aberrant individuals within popula-

tions displaying normal variation), if they have traits or a combination of traits not seen 
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in any previously named species, and especially if they grow with previously named spe-

cies and produce few or no natural hybrids, the latter exhibiting evidence of partial or full 

sterility. Ecological data, including habitats occupied, were also determined through field 

survey and summary of the information provided from herbarium species examined. We 

were unable to conduct experimental tests of reproductive interactions of putative species. 

However, as an independent test of reproductive isolation, we sequenced DNA from each 

population to search for genetic divergence or uniformity, as well as explore molecular 

phylogenetics (Hickman et al., in prep., see Chapter 5). 

 

Distribution maps were compiled on a base phytogeographic map from Gioia and Hopper 

(2017) showing floristic districts and provinces for the SWAFR. Locations came from 

label details of specimens held at PERTH and determined by the senior author in line 

with this taxonomic revision. 

 

Life Cycle and Comparative Morphology 

 

Terminology used in this section follows Simpson (1990, 1998). 

 

Seedlings. (Figure 9) Little has been published on seed biology and germination require-

ments. However, T. australis seed are recorded as germinating on average within 65 days 

of sowing, ranging from 55 to 103 days (Fryer 2006). Contractile roots of the germinating 

seedling pull the apex down into the soil soon after germination.  

 

Corms and roots. Colourless roots lacking rhizosheaths (Smith et al. 2011) are produced 

in the autumn just above the corms at a depth of 2–5 cm below soil level. Roots are simple 

(T. variabilis) or may have a covering of fine short or long colourless root trichomes, with 

the long trichomes having some sand-binding ability (T. minor and T. purpurea). Aerne-

Haine and Simpson (2017) described the root anatomy of Tribonanthes australis (? T. 

variabilis). They found the endodermal cell wall of the roots is not thickened. The ground 

tissue of the central vascular cylinder consists of small isodiametric cells, with thin cell 

walls. They have peripheral globular tanniniferous deposits present. They have two xylem 

poles (diarch) with a single large vessel flanked by 10–12 small vessels on either side and 

only two groups of phloem alternating between the xylem archs. Roots wither during the 

onset of dry soil in late spring (Pate & Dixon 1982; Figure 9). Stem corms provide the  
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sole organ of perennation over the dry summers. Parent corms are annually replaced, glo-

boid to ovate, white, fully enlarged to 0.5–1.5 cm diameter by the end of spring as above 

ground parts wither and dry. In winter a replacement daughter corm is produced alongside 

the parent corm, usually at the end of a shortly descending dropper stem. Protection is 

afforded by a pale brown scarious covering remaining from the previous-year’s corms 

and leaf bases. 

 

 
 
Fig. 9.  Seedling development of Tribonanthes. A – Germinating seed of Tribonanthes keigheryi. CT – 
cotyledon, P – plumule, SC – seed coat, R – radicle, RH – root hairs. (Photograph courtesy of R.J. Smith, 
Royal Botanic Gardens, Kew). B – Seedling morphology of Tribonanthes variabilis, showing mode of 
formation and burial of first-season’s storage organs. Stages in seedling development are arranged in num-
bered sequence, the last stage showing the likely condition of the seedling on entering dormancy at the end 
of the first season of growth. CT – cotyledon; P – plumule; R – radicle; L1 – seedling leaf; SA – stem apex; 
SC – seed coat; D – ‘dropper’ shoot; ST – stem tuber. Ground level marked by a dotted line (from Pate & 
Dixon 1982:22-23). C – Phenology of growth, dry matter production and reproduction in the geophyte 
Tribonanthes variabilis. Morphological changes accompanying growth are recorded and provide a key to 
the symbols for plant organs used in the cumulative plots of change in dry matter of plant organs. A single 
parent stem tuber (stippled and marked PT) is replaced by a single replacement tuber (RT). R – root; L – 
leaf; IS - inflorescence stem; F – flowers; S – seed.  Total rainfall for the year of harvest was 923 mm.  
Long-term rainfall average for harvest site was 873mm (from Pate & Dixon 1982:168). 
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Flowering. Flowering has been claimed to be obligately fire-stimulated for all Tribonan-

thes species (Lamont & Downes 2011). However, several species found on granite out-

crops flower in the absence of recent fire (e.g. T. pupurea, T. uniflora, T. australis, T. 

variabilis, T. violacea, T. brachypetala, T. monantha), as does the salt-lake endemic T. 

minor and species of ephemeral ponds such as T. keigheryi. Facultative flowering after 

fire is seen in species when they grow in other damplands such as T. brachypetala and T. 

violacea on paperbark (Melaleuca spp.) flats. 

 

Basal leaves. (Figure 10) These are 1.6 to 46 cm long (1.5–2.5 cm in T. minor and 2.5–

5.5 cm in T. purpurea), basal (sub-basal to 7.5 cm above ground in T. porphyrea), nar-

rowly linear to filiform, cylindrical in T. elongata and T. keigheryi, distinctly flat in T. 

longipetala, otherwise terete, with a long open basal sheath. The basal sheath has a narrow 

membranous margin, colourless or tinged pink to deep purple-red and no fringing tri-

chomes. The epidermis consists of a single layer of cells. The epidermal cells are axially 

elongated, being longer than wide, with the cell body raised relative to the junction with 

the adjacent cells. Epidermal papillae are absent. Stomata are scattered across the leaf 

surface with each stomate having two paracytic subsidiary cells. The vascular bundles are 

arranged in a ring at the junction of the palisade and spongy mesophyll. Within the vas-

cular bundles the xylem consists of two to 10 layers of vessels and phloem consists of 

two to eight layers of sieve members. Tribonanthes lack fibres enveloping the vascular 

bundles, which are usually present in the Haemodoraceae (Aerne-Hains & Simpson 

2017). The cells of the bundle sheath are irregular and not surround by sclerenchyma. The 

palisade region contains scattered tannin cells. The leaves are fistulose with the spongy 

mesophyll containing aerenchymous cells, with the exception of T. minor and T. pur-

purea. The lack of fibres and presence of the aerenchyma cells in the leaves of Tribonan-

thes are consistent with features present in species that dwell in habitats that are at least 

periodically wet (Aerne-Hains & Simpson 2017). 

 

 
Figure 10.  (next page) Whole plant specimens of the twelve Tribonanthes species to scale (dashed line 
indicates ground level). A – T. brachypetala (no voucher, from Millinup Rd, south side of Porongurup 
Range after a fire in 2010); B – T. australis (E.J.H. 2067); C – T. violacea (E.J.H. 2090); D – T. purpurea 
(E.J.H. 2083); E – T. uniflora (E.J.H. 2084); F – T. minor (E.J.H. 2079); G – T. longipetala (E.J.H. 2021); 
H – T. monantha (holotype E.J.H. 2048; I – T. porphyrea (holotype E.J.H. 2025); J – T. elongata (holotype 
E.J.H. 2073); K – T. keigheryi (holotype E.J.H. 2065); L – T. variabilis (E.J.H. 2053). (Scale bar = 20 mm). 
Discoveries through illustrations for particular species include the variation in peduncle length (species C, 
D, I and K have little to no peduncle, while all other species have relative long peduncles); the sub-basal 
leaf up to 7.5 mm above ground level (species I).  Illustrations by E.J. Hickman.
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Cauline leaves. (Figure 10) The cauline leaves are solitary, sometimes two. They are 

shorter than the basal leaf (0.6 to 13.8 cm). They are usually well-separated from basal 

leaves to a third or more up the scape, with a broad sheathing base and becoming shortly 

terete above. The apex is sometimes tipped with an awn. The basal sheath has a broad 

membranous margin, and is colourless or tinged pink, lilac, or deep purple-red. Tribo-

nanthes australis, T. keigheryi, T. porphyrea and T. uniflora have trichomes along the 

margin. 

 

Scape. (Figure 10) The scape is cylindrical in cross section. It is glabrous from the basal 

leaf to the cauline leaf, although sometimes there are scattered trichomes near base of the 

cauline leaf attachment, and then it is covered in woolly white trichomes above the cau-

line leaf attachment to the base of the inflorescence, except T. purpurea which is glabrous 

throughout.  Aerne-Hains and Simpson (2017) found in Tribonanthes austalis (? T. vari-

abilis) that the scape has a cortex of two to several cells thick, consisting of irregular 

 

shaped cells. A sclerenchyma cylinder is present consisting of two to several cell layers, 

distinct from the adjacent cortical cells at the outer edge and grading into the parenchyma 

cells at the inner edge. Vascular bundles are inside the sclerenchyma cylinder, randomly 

arranged throughout, extending into the parenchyma but not found in the centre. Vascular 

bundles are often surrounded by sclerenchyma. 

 

Floral bracts. (Figure 10) Inflorescences are either a solitary flower or a compact or 

loosely arranged cyme. A floral bract subtends each flower. The floral bracts are elliptic 

to orbicular. They have a terete tip sometimes topped with an awn. There are three to five 

prominent veins, broad membranous margins that are pale green or tinged pink or lilac, 

and fringed with colourless trichomes, except T. purpurea which is glabrous. 
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Figure. 11.  (next page) Tribonanthes species flowers viewed from top. A – T. australis; B – T. monantha; 
C – T. purpurea; D – T. elongata; E – T. uniflora; F – T. minor; G – T. longipetala; H – T. brachypetala; I 
– T. variabilis; J – T. porphyrea; K – T. violacea; L – T. keigheryi. M–X Tribonanthes spp. flowers with 
half the perianth removed to show ovary position, stamen, stamen connective appendages and style. M – 
T. australis; N – T. monantha; O – T. purpurea; P – T. elongata; Q – T. uniflora; R – T. minor; S – T. 
longipetala; T – T. brachypetala; U – T. variabilis; V – T. porphyrea; W – T. violacea; X – T. keigheryi 
(Scale bar = 2.5 mm).  Discoveries through illustrations for individual species include: difference in ratio 
of length to width of perianth lobes (particularly A>I and G>J distinguishing these species pairs); position 
of ovary (inferior – P, S, half-inferior – M, N, Q, T, U, V, X, superior – O, R, half-inferior to inferior – W). 
Voucher specimens as cited in caption for Figure 10. Illustrations by E.J. Hickman. 
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Flowers and perianth. (Figure 11) Flowers are actinomorphic, tubular, and with six per-

ianth lobes. The lobes vary from narrow linear to broadly obovate. The perianth lobes can 

be longer than, equal or shorter than the perianth tube. They can be erect, splayed or 

strongly reflexed. The perianth tube is covered in silky or woolly white trichomes, some-

times tinged purple on the outer surface but the inner surface is glabrous and ranges in 

colour from white, pale green to a deep yellowish green. The perianth lobes are covered 

in silky or woolly white trichomes, sometimes tinged purple on both outer and inner sur-

faces, sometimes the centre of the outer surface has less trichomes and can have a central 

broad stripe that is either green or purple in colour. The exception is T. purpurea which 

has pink, glabrous flowers. 

 

Stamens. (Figure 12) A distinct feature of Tribonanthes is the presence of stamen con-

nective appendages. These consist of either two small lateral points at the top of the fila-

ment (T. purpurea, T. keigheryi), or a splayed filament apex of either short dentate points 

or more petal-like structures, sometimes with longitudinal ridges on the back surface, or 

a cluster of fleshy finger-like structures (T. minor, T. monantha), or a broad fleshly struc-

ture with dentate top and longitudinal ridges on the back surface (T. brachypetala). The 

stamen connective appendages are either white to cream or bright yellow in colour. The 

stamen connective appendages can be shorter than, equal to or project above the anthers 

forming a distinct corona-like structure. The anthers are yellow, except in T. minor in 

which they are cream. Anthers are attached near their middle on the face of the filament,  

 

at the top of the filament or at the base of the filament. The locules are free below the 

attachment and fused above with a sterile apex. They dehisce through longitudinal slits. 

 

Pollen. Tribonanthes has globose-spherical grains usually with 5 flattened apertures 

(sometimes 6–7), and scattered exinous elements (Simpson 1983; Pierce & Simpson 

2009). 

Styles and stigmas. (Figure 12) The style is usually sub-sessile or short, stout and green, 

or with purple longitudinal striations, except T. purpurea where it is slender-filiform and 

elongated. The stigma is terminal, simple or has a prominent tuft of silky white trichomes 

at the apex (T. elongata, T. longipetala, T. variabilis, less so in T. porphyrea), or three 

protuberances at the apex (T. brachypetala, less so in T. porphyrea). 
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Figure 12. (next page) Tribonanthes species stamens and styles where A – stamen viewed from front; B – 
stamen viewed from back; C – stamen viewed from side; D – style and stigma; aus – T. australis; bra – T. 
brachypetala; elo – T. elongata; kei – T. keigheryi; lon – T. longipetala; min – T. minor; mon – T. monantha; 
por – T. porphyrea; pur – T. purpurea; uni – T. uniflora; var – T. variabilis; vio – T. violacea. (Scale bar = 
1 mm).  Discoveries through illustration for particular species include; colour of stamen connective ap-
pendages (cream – aus, uni, mon, por, pur, kei, var, vio; yellow – bra, lon, min, elo); colour of anthers 
(yellow – aus, bra, uni, lon, mon, por, pur, elo, kei, var, vio; cream – min); position of attachment of anther 
on stamen connective appendage (central – aus, bra, uni, lon, por, elo, var; lower – min, mon; upper – pur, 
kei, vio); trichomes on inner surface of filament (elo); relative length of style (sub-sessile – aus, bra, lon, 
min,mon, por, elo, var; short – uni, kei, vio; long – pur); style colour (green – bra, uni, min, por, pur, var; 
purple striations – aus, lon, mon, elo, kei, vio); stigma colour (yellow – aus, bra, uni, min, mon, por, pur, 
kei, vio; green – lon, elo, var); stigma vestiture (none – aus, uni, min, mon, pur, kei, vio; tuft of silky white 
trichomes – lon, por, elo, var; three protuberances – bra, por). Voucher specimens as cited in caption for 
Figure 10. Illustrations by E.J. Hickman. 
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Nectaries. Simpson (1993) described T. variabilis as having three supralocular septal nec-

taries primarily traversing the exposed portion of its half-inferior ovary. They open to the 

outside at the extreme distal end of their extent, near the base of the style. They are com-

posed of a single layer of radially elongated nectar-secreting epithelial cells. Ovary posi-

tion influences the type and extent of nectaries, so other species of Tribonanthes may 

have different nectaries depend ing on their ovary positon (Simpson 1993). 

 

Ovary. (Figure 13) The ovary is superior (T. minor, T. purpurea), inferior (T. elongata, 

T. longipetala) or otherwise half-inferior, except T. variabilis which can be half-inferior 

to inferior. The ovary consists of three carpels. All species have axile placentation. The 

number of ovules per locule illustrated in Figure 13 varies significantly: T. brachypetala 

(6 ovules); T. purpurea (7); T. longipetala (9); T. minor (10-12); T. keigheryi (14); T. 

uniflora (15); T. monantha (25); T. elongata (26); T. variabilis (26); T. australis (48); T. 

violacea (55); and T. porphyrea (78). T. brachypetala displays early abortion of many 

ovules resulting in only a few seeds per locule. 

 

Fruit. (Figure 13) The ovary swells as the seeds enlarge. The perianth is persistent, with 

the perianth lobes remaining reflexed or becoming erect, except T. variabilis where the 

perianth of the fruit remains splayed, prior to dehiscence. The perianth lobes then become 

reflexed post-dehiscence, except in T. purpurea where they are spread slightly from the  

 

erect position. When mature the fruit splits at the apex to a third or half way down the 

central ridge of each carpel. 

 

Seeds. (Figure 13) Seeds of all species except T. minor are 1.0–2.2 mm in length, irregu-

larly ovoid or cuboid with angular folds and a few ridges, brown tending to purple-grey, 

glabrous, with a starchy endosperm and a minute embryo near the micropyle. Those of T. 

minor are noticeably diminutive, measuring 0.4–0.5 mm in maximum length. The seeds 

have no specialised means of dispersal, and appear to be released as fruits are shaken be 

wind and rain. Hence the seeds do not fall far from the parent plant. 
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Figure. 13.  (next page) Tribonanthes fruits and seeds where A – immature fruit; B – T.S. fruit; C – L.S. 
fruit; D – dehisced fruit; E – seeds from side top and sectioned to show seed volume; aus – T. australis; bra 
– T. brachypetala; elo – T. elongata; kei – T. keigheryi; lon – T. longipetala; min – T. minor; mon – T. 
monantha; por – T. porphyrea; pur – T. purpurea; uni – T. uniflora; var – T. variabilis; vio – T. violacea. 
(Scale bar A, B, C, D = 5 mm; E = 1 mm).  Discoveries through illustration for particular species include 
persistent perianth position before dehiscence (erect – aus, uni, mon, por, kei, vio, pur; splayed– lon, elo, 
var; reflexed – bra, mon); persistent perianth position after dehiscence (reflexed – aus, uni, lon, mon, por, 
elo, kei, var, vio, bra, min; upwardly splayed– pur); ovules per carpel (<10 –  bra, pur, lon; 10–25 – min, 
kei, uni, mon; 25–50 – elo, var, aus; >50 –  vio, por); the relative size of seeds particularly the diminutive 
T.minor seeds. Voucher specimens as cited in caption for Figure 10. Illustrations by E.J. Hickman. 
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Molecular Phylogeny 

 

Early analysis of the molecular phylogeny of the Haemodoraceae included a few species 

of Tribonanthes (Hopper et al. 1999, 2009, in prep.). Some of the identifications in these 

studies need updating in light of this revision. This has been done recently (Hopper et al., 

in prep.) and a more comprehensive study of all twelve species at up to eight populations 

each has been undertaken (Hickman et al., in prep., see Chapter 5). 

 

The nuclear region sequenced (ITS) gave limited but better resolution than chloroplast 

DNA (matK, trnL-F, psb). Analyses of ITS sequences yielded 100% bootstrap support 

for the monophyly of Tribonanthes as a genus (Figure 14). 

 

There was strong support (100%) for T. minor as sister to the rest of the genus, corre-

sponding to the sub-genus Salina. Other strongly supported clades include T. purpurea 

populations (100%) corresponding to the sub-genus Boya, T. brachypetala populations 

(80%) corresponding to the sub-genus Cernua, and a clade of all T. australis, T. violacea, 

and T. keigheryi populations along with two T.uniflora populations (100%), correspond-

ing to the part of the sub-genus Tribonanthes1. The remaining populations, including the 

other five T. uniflora samples, form an unresolved polytomy, corresponding to the re-

maining members of the sub-gehus Tribonanthes2 (Figure 14). 

 

There is no discernible geographical pattern to the distribution of T. uniflora populations 

across the phylogram. Natural hybridization may underpin this pattern. A limited number 

of herbarium specimens of natural hybrids in Tribonanthes have been collected, although 

none as yet involving T. uniflora as a parental taxon (see below). However, given that 

quite wide parental crosses have been identified (e.g. T. australis × brachypetala), further 

detailed research may reveal more extensive hybridization in the genus than presently 

represented in herbarium collections, and could help elucidate phylogenetic patterns in 

the genus as seen in Figure 14. 

 

It seems clear that further species-level resolution of the phylogeny of Tribonanthes and 

a clearer understanding of the role of natural hybridization in the genus will require next 

generation sequence data. 
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Figure 14.  Molecular analysis of nuclear DNA (ITS) of Tribonanthes and Phlebocarya. The scale bar 
represents substitutions per site. Taxon name and population location given for each sample. Posterior 
probability (PP) values above relevant branches and Bootstrap (BS) support below relevant branches, sig-
nificant values highlighted (PP >0.95 and BS>95%). Genera, and subgenera within Tribonanthes marked 
(Chapter 5, Hickman et al. (in prep.)). 
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Taxonomy 
 

Generic Description 

 

Tribonanthes Endl. In S. Endlicher & E. Fenzl, Nov. Stirp. Dec. 4: 27 (1839). 

 

Etymology. From the Greek tribon (threadbare cloak) and anthos (flower), which could 

refer to the cobwebby-woolly indumentum of the flowers of most species (MacFarlane 

1987) or to the stamen connective appendages which exert above the anthers (Sharr 1996) 

looking like the worn shoulders of a cloak. 

 

Type: Tribonanthes australis Endl. In S.Endlicher & E.Fenzl, Nov. Stirp. Dec. 4: 27 

(1839). 

Herbs perennial terrestrial geophytes, erect (usually) but prostrate in T. purpurea, to 41 

cm tall. Corms are annually replaced at the end of a short vertically descending dropper 

emergent near the top of the parent corm, globoid to ovate, white, fully enlarged to 0.5–

1.5 cm diameter, ensheathed with brown scarious papery multi-layered tunica. Roots are 

annually replaced, emergent from the top of corm, colourless, sinuous, lacking a rhi-

zosheath, ca. 1mm diameter. Leaves are 1–4, basal and cauline, terete, cylindrical and 

slightly grooved or flat, narrowly linear with a sheathing dilated base. Inflorescence is 

terminal, 1-flowered or a capitulum of a bifurcate pair of loose or compact helicoid 

cymes, axes lanate, bracts usually glabrous with hairy margins. Flowers are actinomor-

phic, white, tinged purple or rarely purplish pink. Perianth is shortly tubular, white-la-

nate, the 6 lobes imbricate, divergent or reflexed. Stamens are 6, anthers dorsifixed with 

apical appendage, filament connective extended upwards as an apically lobed fleshy yel-

low or cream flange often irregularly serrate at top. Ovary is inferior, half-inferior or 

superior, globose, with few to numerous ovules (ca. 6-80 per carpel), anatropous, hetero-

tropous, the roof green. Style is broadly conical or slender-filiform, stigma capitate, yel-

low or green, obscurely 3-lobed with elongate apex sometimes tufted with short trichomes 

or topped with 3 protuberances. Capsule locucidal dehiscent, enlarged and ellipsoidal. 

Seeds globose cuboidal angular, purplish grey-brown. 
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Notes: Tribonanthes is a taxonomically isolated genus within Haemodoraceae subfamily 

Conostylidoideae, placed in its own monotypic tribe Tribonantheae (Macfarlane & Hop-

per 1987; Simpson 1990; Hopper et al. 1999, 2009; Smith et al. 2011). The 12 species 

share a common ecology as inhabitants of seasonally water-logged or shallowly inun-

dated clay-based wetlands or seeps and moss mats on granite outcrops. These are often 

old, climatically-buffered infertile landscapes (Hopper 2009; Hopper et al. 2016), refugial 

habitats from today’s strongly seasonal Mediterranean climate, implying that ecological 

niche conservatism is a hallmark of Tribonanthes. 

 

The genus is most diverse in higher rainfall provinces of the SWAFR (Gioia & Hopper 

2017), with a few species penetrating further inland in locally mesic habitats afforded by 

granite outcrops or seasonal damplands. Occupying such habitats are the two smallest 

species, the granite pink (T. purpurea) and the diminutive salt lake tiurndin (T. minor). 

These are the only taxa of conservation concern. Their population structures are quite 

insular, and their habitats at some risk to disturbance processes affecting granite outcrops 

and freshwater rises on the margins of salt lakes respectively. In particular, threats include 

grazing by native mammals and feral rabbits and pigs, mechanical disturbance of granite 

moss mats by recreational or mining vehicles, the risk of salinization due to land clearing 

and climate change, and invasion of habitats by weeds. 

 

Based on our field, morphological and molecular studies it is reasonable to recognise four 

subgenera in Tribonanthes, three of which are monotypic and are keyed out below. 

 

Key to subgenera of Tribonanthes  

 

1. Perianth white with splayed or reflexed lobes 

2. Scape to 3 cm tall……………………………………………….... T. subgen. Salina 

2: Scape more than 5 cm tall 

3. Perianth lobes splayed…………………………….……. T. subgen. Tribonanthes 

3: Perianth lobes strongly reflexed…………………………………. T. subg. Cernua 

1: Perianth purple-pink with erect lobes………………………………... T. subg. Boya 
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Key to species of Tribonanthes 

 

1. Inflorescence multi-flowered 

2. Stamen connective appendages white to cream 

3. Stigma simple………………………………………………………….. T.australis 

3: Stigma with tuft of trichomes…………………………………………. T.variabilis 

2: Stamen connective appendages yellow 

4. Perianth lobes splayed………………………………………………. T.longipetala 

4: Perianth lobes strongly reflexed…………………………………... T.brachypetala 

1: Inflorescence single-flowered (sometimes two) 

5. Stamen connective appendages yellow 

6. Perianth lobes splayed…………………………………………………. T.elongata 

6: Perianth lobes strongly reflexed…………………………………………... T.minor 

5: Stamen connective appendages white to cream 

7. Stamen connective appendages residual 

8. Perianth erect, glabrous……………………………………………….. T.purpurea 

8: Perianth splayed, hairy 

9. Cauline leaf margin hairy, fine slender plant, swamp dweller……... T.keigheryi 

9: Cauline leaf margin glabrous, robust plant, granite dweller………… T.violacea 

7: Stamen connective appendages prominent 

10. Stigma with tuft of trichomes…………………………………….. T.porphyrea 

10:  Stigma simple 

11. Cauline leaf margin glabrous……………………………………. T.monantha 

11: Cauline leaf margin hairy………………………………………….. T.uniflora 

 

 

Tribonanthes Endl. subgenus Tribonanthes 

 

Scape more than 5 cm tall. Flowers erect, solitary or few per inflorescence. Perianth 

white with splayed lobes. Style 0.4-3.2 mm long. 

 

Notes: A subgenus of nine species regarded as the typical tiurndins with white lanate erect 

star-like flowers. Found on granite outcrops or seasonal damplands or in shallow pools. 
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Tribonanthes australis Endl. In S.Endlicher & E.Fenzl, Nov. Stirp. Dec. 4: 27 (1839). 

 

Type: King George Sound, WA, C.Hugel s.n., n.v. Type specimen destroyed in fire during 

WWII (E.Vitek pers. comm. 6th May 2016). Neotype – illustration in S.Endlicher, Icon. 

Gen. Pl. t. 109 (1838), here chosen (Fig. 1). 

 

Illustrations. S.Endlicher, Icon. Gen. Pl. t. 109 (1838) – Fig. 1.; A.Schnizlein Iconogr. i. 

t. 62 Fig.4 (1843); W.E.Blackall & B.J.Grieve, How to Know Western Australian Wild-

flowers Parts I, II, III p. 75 (1974); J.Scott & P.Negus Wildfl. Aust. S.W. p. 44 Fig.5 

(2002). 

 

Herb annually renewed from a white ovoid corm. Corms 10–12.5 mm diameter covered 

by numerous old brown, papery sheaths, 3.2–8.9 cm below soil surface. Roots white, 

simple with no visible root trichomes and no sand-binding rhizosheath. Plant 17–41 cm 

tall, consisting of a single scape and single leaf. Scape glabrous between basal leaf and 

cauline leaf for 2.6–29.4 cm, then woolly hairy above cauline leaf for 7.5–26.0 cm. Basal 

leaf stem clasping to terete, red-purple below grading to deep green above, glabrous, 8–

23 cm long, erect, with dark mucronate tip. Cauline leaf 2.7–10.8 cm long, perfoliate 

below, 6–10 mm circumference at widest point, with noticeable longitudinal veins and 

thin scarious margins, terete above for 10–61 mm, green glabrous with darker mucronate 

tip. Peduncle 7.5–26.0 cm long, covered in white woolly trichomes from base of first 

floral bract becoming sparser towards cauline leaf. Inflorescence a compact cyme of 2 to 

5 sessile or shortly pedicellate flowers, each subtended by a single floral bract. Floral 

bract ovate, greenish-purple, 5–11 mm long and 2–7 mm wide, with prominent longitu-

dinal veins, hairy margins and at base outside, glabrous inside, short terete awn, 1–2 mm 

long, ending in a darker tip, not exceeding perianth lobes. Perianth lobes six, splayed, 

5.0–9.1 mm long, 2.0–4.8 mm wide, obovate to elliptic, white hairy inner lobe, purple 

with white trichomes sparser along centre of outer lobe, dark mucronate tips. Perianth 

tube length 3.0–7.0 mm, outer surface covered in long silky white trichomes, inner sur-

face pale green, glabrous. Stamen connective appendages 2.0–4.0 mm long, 1.3–1.5 mm 

wide, creamy white, topped with 4 to 5 finger-like projections with rounded tips, equal to 

slightly exceeding anther tips. Anthers 1.5–3.3 mm long, yellow, with cream sterile apex 

that projects towards centre of flower, dehiscence longitudinal, attached centrally on sta-

men connective appendages. Ovary green, half-inferior, 3 locules with many ovules per 
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locule. Style 0.6–2.0 mm long, green and purple longitudinal striations. Stigma yellow, 

with few scattered trichomes on upper surface. Fruit with perianth persistent, erect before 

dehiscence, reflexed after dehiscence. Seeds purplish grey-brown angular (Figure 15). 

 

Diagnostic features. Tall plant, terete leaf, long peduncles, multi-flowered inflorescence, 

woolly white flowers with faint tinge of purple, large cream stamen connective append-

ages, short to sub-sessile style with simple stigma with few scattered trichomes on upper 

surface, half-inferior ovary. 

 

Selected specimens examined. WESTERN AUSTRALIA: 7.2 km W of Denmark along 

South Coast Highway, 18 Sep. 1991, A.R. Annels 1668 (PERTH 03173577); Kangaroo 

Road, 4.1 km E of Collis Road, Hazelvale, 14 Sep. 1994, A.R. Annels & R.W. Hearn 

4416A (PERTH 04126920); Banks of the Gordon River, N of Frankland, 13 Sep. 1973, 

A.M. Ashby 4899 (PERTH 08557020); Hollands Rock, 4.4 km from Newdegate-Pinerup 

Road along Holland Tank Road, 17 Sep. 2014, A.M. Coates 6735 (PERTH 08688109); 

Road to water monitor, Waychinicup, E of Albany, 30 Oct. 1992, E.J. Croxford 6659 

(PERTH 04504941); Table Hill Forest Block, Bevan Road Denbarker, 8 Oct. 2007, C.P. 

Dornan 387 (PERTH 08063001); Nollajup Nature Reserve, 8 km SW Boyup Brook, 20 

Sep. 2014, E.J. Hickman 2057 (PERTH 08989311); Mettabinup Nature Reserve, 3.3 km 

W on Flora and Fauna Rd from Tone Rd, then 500 m into reserve to SW boundary of 

reserve, 20 Sep. 2014, E.J. Hickman 2060 (PERTH 08989338); Wamballup Lake Nature 

Reserve, 500 m W on Wamballup Rd from Boyup Rd, S side of road in broad drainage 

line, 30 Sep. 2014, E.J. Hickman 2066 (PERTH 08989346); Mt Melville, 350 m SE from 

top carpark along Mt Melville Circuit Trail, both sides of trail, 31 Oct. 2014, E.J. Hick-

man 2067 (PERTH 08989354); 20 km S of Bridgetown towards Manjimup, 8 Oct. 1982, 

G.J. Keighery 5346 (PERTH 02087758); Porongurup Range, SW margin, below Halls 

Rock, 3 Nov. 1986, G.J.Keighery 8481 (PERTH 02087715); Moingup Spring, Chester 

Pass, Stirling Range, 20 Sep. 1987, G.J. Keighery 11382 (PERTH 01734237); Symmonds 

Block, Tuart Forest, W of Ludlow, 15 Sep. 1994, G.J. Keighery 13595 (PERTH 

05097649); Cowerup Nature Reserve, 23 Oct. 1997, G.J. Keighery & N. Gibson 2749 

(PERTH 05265282); 3 km E of Windy Harbour, 13 Nov. 1986, M. Prest s.n. (PERTH 

06533264); Scott National Park camping reserve west, 17 Sep. 1990, C.J. Robinson 123 

(PERTH 03053237). 
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Proposed vernacular name. Southern tiurndin. 

 

Phenology. Flowers from August to December. 

 

Distribution and habitat. The species ranges from south of Augusta across the south-west 

corner of the State to east of Albany, with an out-lying population recently recorded near 

Hollands Rock. It is mainly concentrated in the Jarrah and Muir Districts of the Bib-

bulmum Province of south-west Western Australia (Gioia & Hopper 2017), but there are 

collections from the Fitzgerald-Stirling and Maalak Districts of the Southeast Coastal 

Province. Tribonanthes australis grows on brown loams around granite outcrops associ-

ated with herbfields, shrublands and open woodlands, and on grey sandy clay in winter 

wet flats associated with shrublands and heathlands adjacent to open woodlands. Associ-

ated species include Corymbia calophylla (Lindl.) K.D.Hill & L.A.S.Johnson, Eucalyptus 

rudis Endl., E. wandoo Blakely, Melaleuca preissiana Schauer, Melaleuca viminea 

Lindl., Hakea prostrata R.Br., Taxandria marginata (Labill.) J.R.Wheeler & 

N.G.Marchant, Verticordia plumosa (Desf.) Druce, Borya nitida Labill., Drosera 

menzesii DC. and Stypandra glauca R.Br. (Figure 16). 

 

Conservation status. Widespread with no special conservation needs. 

 

Etymology. Named from the Latin for southern, alluding to its discovery at King George 

Sound near the southern-most part of the Swan River Colony. 

 

Notes: Macfarlane (1987) synonymised Tribonanthes variabilis with T. australis. 

However, while the stigma of T. australis can sometimes have scattered trichomes on the 

top; the prominent appendage covered in silky white trichomes, present on the stigma of 

T. variabilis, is absent. Also the perianth of T. australis is more noticeably tinged purple 

than the perianth of T. variabilis, and the perianth lobes of T. australis are generally 

narrower than T. variabilis, relative to their length. Tribonanthes australis is usually more 

south and east in its distribution (Figure 16C) while T. variabilis is found on the west 

coast (Figure 30C). Molecular data also supports the distinction between these two 

species (Figure 14). Young plants of T. australis may appear to have a single-flowered 

inflorescence, and hence are confused with their smaller relatives, T. monantha and T. 

uniflora. Tribonanthes australis is identified as a herbaceous species in the floristic 
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summary of the Melaleuca cuticularis/M. preissiana Open Woodland vegetation 

association, of the Albany Regional Vegetation Survey (Sandiford & Barrett 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 15.  (next page) Tribonanthes australis. A – whole plant (scale bar = 1cm); B – bud (scale bar = 
2.5mm); C - flower from top (scale bar = 2.5mm); D – flower from side (scale bar = 2.5mm); E – flower 
with part of perianth removed to show ovary and style (scale bar = 2.5mm); F – stamens from front, side 
and back view showing creamy white filament appendages exceeding anthers and yellow anthers with apex 
apiculate and projecting forwards (scale bar = 1mm); G – style sub-sessile with simple stigma (scale bar = 
1mm); H – fruit (scale bar = 2.5mm); I – cross section of fruit (scale bar = 2.5mm); J – transverse section 
of fruit (scale bar = 2.5mm); K – dehisced fruit (scale bar = 2.5mm); L – seeds (scale bar = 0.5mm); M – 
leaf section near apex (scale bar = 1mm); N – leaf section near base (scale bar = 1mm); O – cauline leaf 
(scale bar = 4mm); P – floral bract (scale bar = 2.5mm);Q – transverse section of corm (scale bar = 4mm); 
R – root (scale bar = 2.5mm); S – cross section of root (scale bar = 0.5mm); T – detail of perianth trichomes 
(scale bar = 0.65mm). Drawn from fresh material at Mt Melville, Albany, voucher E.J. Hickman 2067 
(PERTH XXX). Illustrations by E.J. Hickman. 
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Figure 16.  Tribonanthes australis. A – plants showing multi-flowered inflorescences (E.J. Hickman 2067); 
B – shrubland of Taxandria marginata and Verticordia plumosa associated with herbfield of Stypandra 
glauca and Drosera menzesii over granite on south-west slopes of Mt Melville, Albany Western Australia, 
habitat of Tribonanthes australis (E.J. Hickman 2067); C – distribution of Tribonanthes australis in south-
western Australia with SWAFR provinces and districts shown in grey (Kalbarri Province: SB – Shark Bay 
District, Nan – Nanda District; Bibbulmum Province: Les – Lesueur District, Jar – Jarrah District, Nar – 
Narrogin District, Mui – Muir District; Southeast Coastal Province: Maa – Maalak District, F-S – Fitzger-
ald-Stirling District, Boy – Boylya District, Esp – Esperance District; Transitional Rainfall Province: Won 
– Wongan District, Mer – Merredin District, Hyd – Hyden District (Gioia & Hopper 2017). Photos by E.J. 
Hickman. 
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Tribonanthes uniflora Lindley, Sketch Veg. Swan R. xliv (1840). 
 

Type: Swan River, WA, J.Mangles s.n. (lecto: CGE06825 ! fide T.D. Macfarlane March 

1984). 

 

Illustrations. W.E.Blackall & B.J.Grieve, How to Know Western Australian Wildflowers 

Parts I, II, III p. 75 (1974); J.Wheeler Flora S.W. Vol. 1. p. 314 (2002). 

 

Herb annually renewed from a white ovoid corm. Corms 4–8 mm diameter covered by 

numerous old brown, papery sheaths, 1.2–5.3 cm below soil surface. Roots white, no root 

trichomes, no sand-binding. Plant tall, 6.5–21.4 cm tall above ground, consisting of a 

single scape and single leaf. Scape glabrous between basal leaf and cauline leaf for 1.5–

15.0 cm, then woolly hairy above for 0.4–7.7 cm. Basal leaf stem clasping to terete, red-

purple base grading to green terete above, glabrous, 4.0–16.5 cm long, erect, with mucro-

nate tip. Cauline leaf 1.4–6.4 cm long, perfoliate below, 4–8 mm circumference at widest 

point, base red-purple, broad with membranous margin tinged red, green terete above for 

5–35 mm, with mucronate tip. Peduncle 0.4 to 7.7 cm long, covered in white woolly 

trichomes from base of first floral bract to base of cauline leaf. Inflorescence is a solitary 

flower, subtended by one or two floral bracts. Floral bract obovate, 7–13 mm long and 

3–8 mm wide, green with purple margin fringed with white trichomes and scattered tri-

chomes on the base, short terete awn, 1–5 mm long, ending in a darker tip, exceeding 

perianth lobes. Perianth lobes six, splayed, 5.0–9.4 mm long, 1.5–3.2 mm wide, obovate 

to obtuse, white hairy inner and outer lobe, dark mucronate tips. Perianth tube length 2.8–

7.4 mm, outer surface covered in long white woolly trichomes forming a distinctly fluffy 

skirt, inner surface white, glabrous. Stamen connective appendages 0.5–4.0 mm long, 1.2 

mm wide, creamy white topped with 3 finger-like projections with rounded tips, equal to 

slightly exceeding anther tips. Anthers 1.5–3.4 mm long, yellow, with cream sterile apex 

that projects towards centre of flower, dehiscence longitudinal, attached centrally on sta-

men connective appendages. Ovary green, half-inferior, 3 locules with several ovules per 

locule. Style 0.7–2.5 mm long, green. Stigma capitate, yellow, glandular, without tri-

chomes. Fruit greyish brown capsule, perianth persistent, erect before dehiscence, 

splayed to reflexed after dehiscence. Seeds purplish grey-brown angular (Figure 17). 

 



Chapter 4: A revision of the tiurndins 

	 225 

Diagnostic features. Small to medium plant, terete leaf, long woolly peduncles, solitary 

flowered inflorescence, woolly white flowers, obvious cream stamen connective append-

ages, medium style with simple stigma, half-inferior ovary. 

 

Selected specimens examined. WESTERN AUSTRALIA: Guildford, Sep. 1901, C.An-

drews s.n. (PERTH 02087308); Coomalbidgup, 4 Aug. 1965, J. Bowen s.n. (PERTH 

04911857); Wandoo Conservation Park, Goonapping Swamp, 17 Sep. 2014, K.L. Brown 

1153 (PERTH 08988714); N side of Lake Powell, W of Albany, 25 Sep. 1983, D. Da-

vidson s.n. (PERTH 02148684); Cowalellup Rd, 1.2 km W of intersection with Boxwood 

Hill-Ongerup Rd, S side of road, 29 Oct. 2013, E.J. Hickman 2010 (PERTH 08988706); 

McNeil Rd, 2.6 km E of Kellerberrin-Yoting Rd, 100 m S of road side, 12 Sep. 2014, E.J. 

Hickman 2049 (PERTH 08988722); Moses Rock, 150 m S of T-junction at end of Moses 

Rock Rd, 50 m W to granite rock, 20 Sep. 2014, E.J. Hickman 2055 (PERTH 08986983); 

Mettabinup Nature Reserve, 3.3 km W along Flora and Fauna Rd from Tone Rd, then 

500 m W into reserve to SW boundary, 20 Sep. 2014, E.J. Hickman 2061 (PERTH 

08988633); Jingalup Nature Reserve, 1.1 km W of Kojonup-Frankland Rd on Settlers Rd, 

S side of road in claypan, 20 Sep. 2014, E.J. Hickman 2062 (PERTH 08988684); Break 

Rd, 2.6 km W of turn-off to Mt Lindesay, N side of road, 3 Nov. 2014, E.J.Hickman 2071 

(PERTH 08988730); Moses Rock, 150 m S of T-junction at end of Moses Rock Rd, 50 

m W to granite rock, 16 Aug. 2016, E.J. Hickman 2084 (PERTH 08988579); 8 km S of 

Eneabba, 27 Sep. 1977, R.Hnatiuk 771396 (PERTH 02148617); Kemerton, 2 Sep. 2003, 

G.J & B.J.Keighery 261 (PERTH 06867413); Pinjarra Nature Reserve, 30 Aug. 2007, 

G.J. Keighery 17134 (PERTH 08058563); 17.2 km W Northampton on Port Gregory 

Road, 25 Jul. 2009, G.J. & B.J. Keighery 1569 (PERTH 08503990); Warrenup Nature 

Reserve, W of Kendenup, 19 Sep. 2009, G.J. Keighery 17561 (PERTH 08503974); Plain 

Road, NW of Walpole, 21 Sep. 1983, R.Ornduff 9329 (PERTH 02087650); Mt Chudalup, 

5 Sep. 1985, J.R. Wheeler 2389 (PERTH 03046524). 

 

Proposed vernacular name. Woolly tiurndin. 

 

Phenology. Flowers from August to October. 

 

Distribution and habitat. Tribonanthes uniflora is known from scattered populations both 

coastal and inland, from north of Geraldton to west of Esperance. Most collections are 
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from the Jarrah, Muir and Lesueur Districts of the Bibbulmum Province of south-west 

Western Australia (Gioia & Hopper 2017), but there are collections from the Nanda Dis-

trict of the Kalbarri Province, Wongan District of the Transitional Rainfall Province and 

Maalak District of the Southeast Coastal Province. It grows on seasonally wet brown to 

grey sandy clays in moss swards and shallow soil pockets of granite sheets and outcrops 

or on winter wet flats associated with Melaleuca shrublands, open woodlands and forest 

fringes around granite. Associated species include, Eucalyptus occidentalis Endl., E. ru-

dis Endl., Melaleuca preissiana Schauer, M. hamulosa Turcz., M. lateritia A.Dietr., M. 

uncinata R.Br., M. viminea Lindl., Hakea prostrata R.Br., H. varia R.Br., Verticordia 

plumosa (Desf.)Druce, Dodonaea ceratocarpa Endl., Xanthorrhoea preissii Endl. and a 

variety of herbs and sedges (Figure 18). 

 

Conservation status. Widespread with no special conservation needs. 

 

Etymology. Named from the Latin unus meaning one and florus meaning flower referring 

to the single-flowered inflorescence of this species. 

 

Notes: Tribonanthes uniflora collections have previously been identified as T. australis, 

T. longipetala or T. violacea. Tribonanthes uniflora differs from T. australis in having a 

smaller habit and smaller, single-flowered inflorescence. It differs from T. longipetala in 

having terete leaves and shorter perianth lobes and obvious cream stamen connective ap-

pendages, rather than bright yellow stamen connective appendages. It differs from T. vi-

olacea in having an obvious peduncle, which is covered in woolly trichomes from the 

cauline leaf to the first floral bract. Tribonanthes uniflora is similar to T. monantha in its 

small stature and single-flowered habit but differs in having cauline leaves with a nar-

rower transparent margin fringed with white simple trichomes. Also the flowers of T. 

monantha tend to turn purple at senescence while T. uniflora flowers remain white. 
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Figure 17.  (next page) Tribonanthes uniflora. A – whole plant (scale bar = 1cm); B – bud (scale bar = 
2.5mm); C - flower from top (scale bar = 2.5mm); D – flower from side (scale bar = 2.5mm); E – flower 
with part of perianth removed to show ovary and style (scale bar = 2.5mm); F – stamens from front, side 
and back view showing filament appendages small, just shorter than anthers and yellow anthers with apex 
apiculate  projecting forwards (scale bar = 1mm); G – style slightly elongated with simple stigma (scale bar 
= 1mm); H – fruit (scale bar = 2mm); I – cross section of fruit (scale bar = 2mm); J – transverse section of 
fruit (scale bar = 2mm); K – dehisced fruit (scale bar = 2mm); L – seeds (scale bar = 0.5mm); M – leaf 
section near apex (scale bar = 1mm); N – leaf section near base (scale bar = 1mm); O – cauline leaf (scale 
bar = 2.5mm); P – floral bract (scale bar = 2.5mm); Q – transverse section of corm (scale bar = 2.5mm); R 
– root (scale bar = 2.5mm); S – cross section of root (scale bar = 0.5mm); T – detail of perianth trichomes 
(scale bar = 0.65mm). Drawn from fresh material at Moses Rock, near Yallinup, voucher E.J. Hickman 
2084 (PERTH  XXX). Illustrations by E.J. Hickman. 
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Figure 18.  Tribonanthes uniflora. A – group of plants each with a solitary-flowered inflorescence, (E.J. 
Hickman 2084); B – Granite pavement with wind pruned shrubs of Dodonaea ceratocarpa, Verticordia 
plumose var. plumosa and Leucopogon parviflorus over herbs, sedges and grasses at Moses Rock, south of 
Yallinup, Western Australia, habitat of Tribonanthes uniflora (E.J. Hickman 2084); C – distribution (ab-
breviations for floristic provinces and districts as in Figure 16). Photos by E.J. Hickman. 
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Tribonanthes longipetala Lindley, Sketch Veg. Swan R. xliv (1840). 
 

Type: Swan River, WA, 1839 J.Drummond s.n. ! (lecto here chosen CGE 06824 left spec-

imen). 

 

Tribonanthes lindleyana Endl. in J.G.C.Lehmann, P. Preiss. 2: 27 (1846), nom. illeg. 

 

Illustrations. W.E.Blackall & B.J. Grieve, How to Know Western Australian Wildflowers 

Parts I, II, III p. 75 (1974); N.Marchant Fl. Perth Region p. 859, Fig.310 (1987); 

T.Macfarlane Fl. Australia 45 p.135, Figure 52 A-E (1987); J.Wheeler Flora S.W. Vol. 

1. p.313 (2002). 

 

Herb annually renewed from a white ovoid corm. Corms 12.5–15 mm diameter covered 

by numerous old brown, papery sheaths, 2.0–10.0 cm below soil surface. Roots white, 

with visible white root trichomes, that sometimes have an associated loose sanding bind-

ing sheath. Plant 7.3–40.0 cm tall, consisting of a single branched scape and single leaf. 

Scape mostly glabrous between leaf and cauline leaf for 2.0–13.3 cm, except for a few 

trichomes below base of cauline leaf, then woolly hairy above cauline leaf for 3.3–28.0 

cm. Basal leaf stem clasping to flattened, green, glabrous, 4.5–23.0 cm long, erect, with 

dark mucronate tip. Cauline leaf 2.5–13.0 cm long, perfoliate below, 6–10 mm wide, with 

noticeable longitudinal veins and thin scarious margins, flattened above for 2–100 mm, 

green glabrous with darker mucronate tip. Peduncle 3.3–28.0 cm long, covered in white 

woolly trichomes from base of first floral bract becoming sparser towards cauline leaf. 

Inflorescence is a loose cyme of 2 to 5 pedicellate flowers, each subtended by a single 

floral bract. Pedicels 30 – 60 mm long, covered in white woolly trichomes. Floral bract 

lanceolate, green, 11–22 mm long and 2–5 mm wide, with prominent longitudinal veins, 

membranous, hairy margins, hairy at base outside, glabrous inside, short terete awn, 0.5–

5 mm long, ending in a darker tip, not exceeding perianth lobes. Perianth lobes six, 

splayed to recurved, 10.0–16.0 mm long, 2.0–4.0 mm wide, linear to narrowly obovate, 

white woolly hairy inner and outer, with purple tinge along midline of outer, dark mucro-

nate tip. Perianth tube length 4.0–7.0 mm, outer surface covered in silky white trichomes, 

with longer silky trichomes at base forming a distinct skirt, inner surface pale green, gla-

brous. Stamen connective appendages small 2.0–3.0 mm long, 1.1–1.2 mm wide, yellow, 

topped with 5 to 7 short rounded tips, below anther tips. Anthers 3.0–4.0 mm long, yellow, 
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with deep yellow sterile apex that projects upwards, dehiscence longitudinal, attached 

centrally on stamen connective appendage. Ovary green, inferior, 3 locules with few ov-

ules per locule. Style short to sub-sessile, 0.7–2.0 mm long, green and purple longitudinal 

striations. Stigma capitate, green, with prominent tuft of white silky trichomes on top. 

Fruit greyish brown capsule, perianth persistent, splayed before dehiscence, reflexed after 

dehiscence. Seeds purplish grey-brown angular (Figure 19). 

 

Diagnostic features. Tall plant, flattened leaves, long peduncles, multi-flowered inflo-

rescence with long pedicels, woolly white flowers with long narrow perianth lobes, small 

yellow stamen connective appendages, short to sub-sessile style, stigma with prominent 

tuft of silky white trichomes on top, inferior ovary. 

 

Selected specimens examined. WESTERN AUSTRALIA: 4.8 km NW of Mount Yetar, 5 

Nov. 1996, M.G. Allen 136 (PERTH 04704320); Ellis Brook Valley Reserve, 25 Aug. 

1999, H. Bowler 411 (PERTH 05447003); Waroona, 29 Oct. 1997, R.J. Cranfield 11428 

(PERTH 04942205); Lower Chittering, 26 July 1959, A.S.George 35 (PERTH 

02148471); Baker’s Hill Research Station, 26 Sep. 1962, D.W. Goodall 756 (PERTH 

06180760); Talbot Road Nature Reserve, 350 m W along central track from Talbot Rd, 

S side of track, 27 Aug. 2014, E.J. Hickman 2020 (PERTH 08989397); Gooseberry Hill, 

170 m E of Watsonia Rd, and 210 m N of Gooseberry Hill Rd, 27 Aug. 2014, E.J. Hick-

man 2021 (PERTH 08989400); Wannamal Townsite, 7 Aug. 1997, R. Hindmarsh 19 

(PERTH 04904893); Bodhinyana Monastery, Serpentine, 24 Aug. 2002, B. Nyanatusita 

123 (PERTH 06680739); Qualen Road, SW of York, 18 Sep. 1984, S. Patrick 148 

(PERTH 02148390); 9 km SE of Bolton Pools, 13 Aug. 1997, G. Paull 1705 (PERTH 

04799372). 

 

Proposed vernacular name. Branching tiurndin. 

 

Phenology. Flowers from July to November. 

 

Distribution and habitat. Endemic to Western Australia, Tribonanthes longipetala has 

been collected from populations along the Darling Scarp, from Wannamal north of Perth 

to Waroona and east to Baker’s Hill. Most collections are along the border between the 

Lesueur and Jarrah Districts of the Bibbulmum Province of south-west Western Australia 
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(Gioia & Hopper 2017). It grows on seasonally wet brown clay loam or sandy clays as-

sociated with granite or laterite on slopes or flats that are winter wet and associated with 

open woodlands, shrublands and herbfields. Associated species include, Corymbia 

calophylla (Lindl.) K.D.Hill & L.A.S.Johnson, Eucalyptus wandoo Blakely, Acacia pul-

chella R.Br., Hakea lissocarpha R.Br., Xanthorrhoea preissii Endl. and a variety of herbs 

and sedges (Figure 20). 

 

Conservation status. Widespread with no special conservation needs at this time. 

 

Etymology. From the Latin longus for long and petalus for petal, referring to the long 

narrow perianth lobes of this species. 

 

Notes: Based on determinations on herbarium specimens, Macfarlane (1987) regarded 

our Tribonanthes elongata as synonymous with T. longipetala. However, T. longipetala 

differs from T. elongata in having flattened leaves, a taller stature and pedicellate flowers 

in a multi-flowered inflorescence. T. longipetala is generally found in seasonally wet ar-

eas on the slopes of the Darling Scarp, while T. elongata is more widespread in winter 

wet areas throughout the SWAFR. The other significant difference between these two 

species is that T. elongata has fine transparent trichomes on the inside of the filament 

below the anther, while T. longipetala has glabrous filaments. In Figure 14 molecular 

data do not give a clear separation between T. elongata and T. longipetala. On the speci-

men sheet CGE 06824 the left hand specimen of T. longipetala is designated the lectotype 

of the species, as indicated on a determinavit slip by A.S. George 15 August 1968. T.D. 

Macfarlane examined the specimen in 1984 and noted that the lectotypification was never 

published. We rectify here. 
 
 
Figure 19.  (next page) Tribonanthes longipetala. A – whole plant (scale bar = 1cm); B – bud (scale bar = 
4mm); C - flower from top (scale bar = 4mm); D – flower from side (scale bar = 4mm); E – flower with 
part of perianth removed to show ovary and style (scale bar = 2.5mm); F – stamens from front, side and 
back view showing yellow filament appendages shorter than anthers and yellow anthers with apex apiculate 
and projecting upwards (scale bar = 1mm); G – style sub-sessile with distinct tuft of silky white trichomes 
on stigma (scale bar = 1mm); H – fruit (scale bar = 4mm); I – cross section of fruit (scale bar = 2mm); J – 
transverse section of fruit (scale bar = 2mm); K – dehisced fruit (scale bar = 2mm); L – seeds (scale bar = 
1mm); M – leaf section near apex (scale bar = 2mm); N – leaf section near base (scale bar = 2.5mm); O – 
cauline leaf (scale bar = 1mm); P – floral bract (scale bar = 2.5mm); Q – transverse section of corm (scale 
bar = 5mm); R – root (scale bar = 2mm); S – cross section of root (scale bar = 0.5mm); T – detail of perianth 
trichomes (scale bar = 0.4mm). Drawn from fresh material at Watsonia Road, Perth, voucher E.J. Hickman 
2021 (PERTH  XXX). Illustrations by E.J. Hickman. 
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Figure 20.  Tribonanthes longipetala. A – group of plants each with a multi-flowered inflorescence, (E.J. 
Hickman 2020); B – Open Eucalyptus wandoo woodland with understorey shrubs Acacia pulchella, Hakea 
lissocarpha, Hypocalymma angustifolia and Xanthorrhoea preissii over herbs, sedges and grasses in rem-
nant vegetation on the corner of Watsonia Road and Gooseberry Hill Road, Gooseberry Hill, Western Aus-
tralia, habitat of Tribonanthes longipetala (E.J. Hickman 2021); C – distribution (abbreviations for floristic 
provinces and districts as in Figure 16). Photos by E.J. Hickman. 
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Tribonanthes monantha E.Hickman & Hopper, sp. nov. 

 

Type: Chingah Hill, east of the intersection of Allsop Rd and Depot-Dam Rd, 30 km south 

of Merredin via Merredin-Narembeen Rd, Western Australia, 31°40'25.1"S, 

118°26'49.1"E, 12th September 2014, E.J.Hickman 2048 (holo: PERTH 08986991; iso: 

CANB XXXX). 

 

Illustrations: nil other than those herein. 

 

Herb annually renewed from a white ovoid corm. Corms 6.0–6.9 mm diameter covered 

by numerous old brown, papery sheaths, 2.3–5.2 cm below surface. Roots white, with 

long white root trichomes, no sand-binding. Plant 5.0–21.0 cm tall, consisting of a single 

scape and single leaf. Scape glabrous between basal leaf and cauline leaf for 1.0–18.5 cm, 

then woolly hairy above cauline leaf for 0.2–5.6 cm. Basal leaf 3.2–15.6 cm long, red-

purple stem clasping base becoming terete, green, glabrous, with mucronate tip, splayed 

or erect. Cauline leaf 9.0–50.0 mm long and 4–9 mm wide, perfoliate, green tending to 

purple with three darker longitudinal stripes and broad glabrous, membranous margins, 

puncticulate surface, terete at top for 1–30 mm, with mucronate tip. Peduncle 2–56 mm 

long, covered in white woolly trichomes from base of floral bract to cauline leaf. Inflo-

rescence is a solitary flower, subtended by a single floral bract. Floral bract ovate, green-

purple, 6.0–12.0 mm long and 3.5–7.0 mm wide, broad membranous margins, hairy along 

edge, otherwise glabrous inside and out, short terete awn, 0.5–3.0 mm long, ending in a 

darker tip, not exceeding perianth lobes. Perianth lobes six, splayed, 3.0–8.0 mm long, 

2.0–4.0 mm wide, dilated, white woolly hairy inside and outside, tinged pale purple when 

senescing. Perianth tube length 3.0–6.0 mm, outer surface covered in white woolly tri-

chomes, inner surface green and glabrous. Stamen connective appendages relatively 

large, 1.5–3.0 mm long, 1.3–1.5 mm wide, creamy white, topped with 4 to 5, round-tipped 

finger-like projections, extending above anther tips. Anthers 1.9–2.5 mm long, yellow, 

with yellow sterile apex that projects towards centre of flower, dehiscence longitudinal, 

attached at base of stamen connective appendage. Ovary green, half-inferior, 3 locules 

with several ovules per locule. Style short to sub-sessile, 0.4–2.0 mm long, green with 

longitudinal purple stripes. Stigma capitate, yellow, glandular, without trichomes. Fruit 

greyish brown capsule, perianth persistent, erect before dehiscence, reflexed after dehis-

cence. Seeds purplish grey-brown angular (Figure 21). 
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Diagnostic features. medium plant, terete leaves, long peduncles, solitary flowered inflo-

rescence, woolly white flowers turning purple at senescence, obvious cream stamen con-

nective appendages, short to sub-sessile style with simple stigma, half-inferior ovary. 

 

Selected specimens examined. WESTERN AUSTRALIA: Granite slab, South West 

Highway, 8.6 km S of Weld Road, 16 Sep. 1994, A.R. Annels & R.W. Hearn ARA4440 

(PERTH 04126939); Gull Rock Lake Albany, 30 Sep. 1984, R.J. Cranfield 4970 (PERTH 

02148668); 1.5 km W of SW boundary of Chiddarcooping Nature Reserve, 11 Sep. 1989, 

R.J. Cranfield 7803 (PERTH 01733966); Bunny Road W of Three Springs, 3 Oct. 1990, 

R.J. Cranfield & P.J. Spencer 7953 (PERTH 01197916); Grevillea Rock, 12 Aug. 2003, 

R.J.Cranfield 19414 (PERTH 06506976); Hillman Townsite, NE of Darkan, 15 Sep. 

1994, V. Crowley DKN69 (PERTH 04744306); Water Reserve Capitella Road, SE of 

Dandaragan, 10 Sep. 1988, E.A. Griffin 5000 (PERTH 01734792); Brixton Street Wet-

lands, Kenwick, 27 Aug. 2014, E.J. Hickman 2024 (PERTH 08988935); Munbinea Rd 

10 km south of Bibby Rd, 28 Aug. 2014, E.J. Hickman 2027 (PERTH 08988927); Old 

Muntadgin Rd, 3.5 km north of intersection with Briant Rd, 12 Sep. 2014, E.J. Hickman 

2047 (PERTH 08988919); Yelverton State Forest, 2 Oct. 1986, S.D. Hopper 5596 

(PERTH 05900077); Jeegarnyeejip Island, Murray River Delta, 16 Nov. 2000, G.J. 

Keighery 16156 (PERTH 06096972); Nullilla Nature Reserve S of Gingin, 14 Sep. 2005, 

G.J. Keighery 16581 (PERTH 07309589); Petrudor Rock Reserve, SE of Dalwallinu, 

Aug. 1984, N.G. Marchant s.n. (PERTH 06781772); Wongan Hill, 10 Sep. 1962, F.W. 

Went 160 (PERTH 02148552). 

 

Proposed vernacular name. Widespread tiurndin. 

 

Phenology. Flowers from August to September. 

 

Distribution and habitat. Tribonanthes monantha is known from scattered locations along 

the coast and inland from Arrowsmith in the north to Albany in the south and to Chid-

darcooping Nature Reserve, north-east of Merredin. Populations are located within the 

Leseuer, Jarrah and Muir Districts of the Bibbulmum Province and Wongan, Merredin 

and Hyden Districts of the Transitional Rainfall Province of south-west Western Australia 

(Gioia & Hopper 2017). Tribonanthes monantha grows on a variety of soil types from 

sandy clays to loams as well as peat, associated with granite and laterite. These areas are 
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winter wet depressions, flats, drainage-lines or swamps supporting shrublands, herbfields 

or samphire with associated species including Casuarina obesa Miq., Acacia acuminata 

Benth., Melaleuca viminea Lindl., M. uncinata R.Br., M. lateriflora Benth., Tecticornia 

indica (Willd.) K.A.Sheph. & Paul G.Wilson and T. halocnemoides (Nees) K.A.Sheph. 

& Paul G.Wilson (Figure 22). 

 

Conservation status. Widespread with no special conservation needs at this time. 

 

Etymology. From the Greek monos meaning alone or solitary, and anthos meaning flower, 

referring to the small single flower of this species. 

 

Notes: Tribonanthes monantha collections have previously been identified as belonging 

to T. australis, T. longipetala and T. violacea. Tribonanthes monantha resembles T. aus-

tralis in having horizontally splayed perianth lobes covered on both sides in white woolly 

trichomes and having a conspicuous corona-like structure of creamy white stamen con-

nective appendages exceeding the anther tips. However, T. monantha differs from T. aus-

tralis in having a smaller habit and smaller single-flowered inflorescence, with cauline 

leaves and floral bracts having distinct broad membranous glabrous margins. The peri-

anth lobes of T. monantha are broader relative to their length than those of T. australis. 

Tribonanthes monantha differs from T. longipetala in having shorter perianth lobes and 

cream (not bright yellow) stamen connective appendages. Tribonanthes monantha differs 

from T. violacea in having an obvious peduncle, which is covered in woolly trichomes 

from the cauline leaf to the first floral bract. Analysis of chloroplast DNA (Hickman et 

al., in prep.) suggested that T. monantha is most closely related to T. minor (97% boot-

strap support & 1.00 posterior probability). However, this was not supported in the nu-

clear analysis (Hickman et al., in prep.). Tribonanthes monantha is distinctly different to 

T. minor in having splayed rather than strongly reflexed perianth lobes and having 

creamy-white rather than yellow staminal appendages. Tribonanthes monantha is similar 

to T. uniflora in its small to medium stature and single-flowered habit but differs in having 

a cauline leaf with a broader membranous margin and no fringing hairs. Also the flowers 

of T. monantha turn purple at senescence while T. uniflora flowers remain white.  
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Figure 21.  (next page) Tribonanthes monantha. A – whole plant (scale bar = 1cm); B – bud (scale bar = 
2mm); C – flower from top showing short broad perianth lobes (scale bar = 2mm); D – flower from side 
showing floral bract with broad scarious margin and coronet of filament appendages (scale bar = 2mm); E 
– flower with part of perianth removed to show ovary and style (scale bar = 2mm); F – anthers from front, 
back and side view showing creamy white filament appendages exceeding anthers and yellow anthers with 
apex apiculate and projecting forwards (scale bar = 0.8mm); G – style sub-sessile with simple stigma (scale 
bar = 0.8mm); H – fruit (scale bar = 2mm); I – cross section through fruit (scale bar = 2mm), J – transverse 
section through fruit (scale bar = 2mm); K – dehisced fruit (scale bar = 2mm); L – seed (scale bar = 1mm); 
M – leaf cross section near apex (scale bar = 0.65mm); leaf cross section near base (scale bar = 0.65mm); 
O cauline leaf (scale bar = 2mm); P – floral bract (scale bar = 2mm); Q – transverse section of corm (scale 
bar = 4mm); R – root (scale bar = 1.25mm); S – cross section of root (scale bar = 0.5mm); T – detail of 
perianth trichomes (scale bar = 0.5mm). Drawn from fresh material at the type location at Chingah Hill, 
south of Merredin, voucher E.J. Hickman 2048 (PERTH  XXX). Illustrations by E.J. Hickman. 
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Figure 22.  Tribonanthes monantha. A – group of plants each with a single-flowered inflorescence with 
cream stamen connective appendages and splayed perianth lobes covered in woolly white trichomes, (E.J. 
Hickman 2048); B – Herbfield and fringing shrubland along a drainage-line at the base of Chingah Hill, a 
granite hill south-east of Merredin, Western Australia, habitat of Tribonanthes monantha (E.J. Hickman 
2048); C – distribution (abbreviations for floristic provinces and districts as in Figure 16). Photos by E.J. 
Hickman. 
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Tribonanthes porphyrea E.Hickman & Hopper, sp. nov. 

 

Type: Bashfords Nature Reserve, SE corner of reserve in claypan, off Bootoo Rd, E of 

Indian Ocean Drive, WA, 30o53’24.6”S, 115o23’10.8”E, 28th August 2014, E.J. Hickman 

2025 (holo: PERTH 08986959, iso: CANB XXXX). 

 

Illustrations. Nil other than those herein. 

 

Herb annually renewed from a white ovoid corm. Corms 3.8–6.2 mm diameter covered 

by numerous old brown, papery sheaths, 2.0–7.7 cm below soil surface. Roots white, with 

white rootlets, no sand-binding. Plant 10.4–30.5 cm tall above ground, consisting of a 

single scape and single leaf. Scape glabrous between basal leaf and cauline leaf for 6.5–

27 cm, then sparsely hairy above cauline leaf for 0.1–11 cm. Basal leaf stem clasping 0–

7.5 cm above ground, green filiform to sub-terete above, glabrous, 8.8–20.0 cm long, 

erect. Cauline leaf 1.0–7.1 cm long, stem clasping below, 4–8 mm wide, with membra-

nous margin tinged purple and fringe with fine white trichomes, green terete above for 4–

90 mm, glabrous with mucronate tip. Peduncle 0.1–11 cm long, sparsely hairy from base 

of first floral bract to base of cauline leaf. Inflorescence is a solitary flower, subtended by 

one or two floral bracts. Floral bract oval, 8–19 mm long and 4–8 mm wide, green with 

membranous margin fringed with white trichomes and scattered trichomes on the base, 

terete awn, 1–9 mm long, ending in a darker tip, not exceeding perianth lobes. Perianth 

lobes six, splayed, 6.4–15.0 mm long, 2.1–5.0 mm wide, dilated, white velvet hairy inner, 

deep purple sparsely hairy outer. Perianth tube length 3.3–7.1 mm, pale green to white, 

glabrous inner and woolly hairy outer. Stamen connective appendages 2.0–4.0 mm long, 

1.5–2.1 mm wide, cream, rounded tips with some small scattered purple spots, exceeding 

anther tips. Anthers 2.5–4.0 mm long, yellow, with elongated cream sterile apex that pro-

jects upwards, dehiscence longitudinal, attached centrally on stamen connective append-

ages. Ovary green, half-inferior, 3 locules with many ovules per locule. Style 0.7–2.0mm 

long, green. Stigma capitate, yellow, with elongated tip covered in short trichomes and 

three glandular protuberances on top. Fruit greyish brown capsule, perianth persistent, 

erect before dehiscence, reflexed after dehiscence. Seeds purplish grey-brown angular 

(Figure 23). 
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Diagnostic features. Tall plant, filiform to sub-terete leaf often sub-basal, short pedun-

cles, solitary flowered inflorescence, velvety white flowers with deep purple outer surface 

and dilated perianth lobes, obvious cream stamen connective appendages, short style, 

stigma with tuft of short trichomes and three glandular protuberances, half-inferior ovary. 

 

Selected specimens examined. WESTERN AUSTRALIA: Lake Wannamal Nature Re-

serve, 1 km E of Bindoon-Moora Rd, 9 Sep. 2014, K.L. Brown 1149 (PERTH 08988870); 

Julimar State Forest, 2 km S of Bindoon-Dewars Pool Rd, 10 Sep. 2014, K.L. Brown 1151 

(PERTH 08988757); Drummond Nature Reserve, 10 Sep. 2014, K.L. Brown 1152 

(PERTH 08988765); Little Darkin Swamp, Wandoo National Park, 26 Nov. 2005, A. 

Crawford ADC991 (PERTH 07346743); Cell 10, Hartwood Road, NW of Boyup Brook, 

28 Oct. 1998, R. Davis 8086 (PERTH 05193044); Pinjarra Nature Reserve, 6 Aug. 2007, 

P. Foreman & J. Kelly PJ510 (PERTH 07841167); Drummond Nature Reserve, 12 Oct. 

1998, N. Gibson 4317 (PERTH 06593577); Popanyinning, 22 Sep. 1996, A.G. Gunness 

et al. POPO19/29 (PERTH 05205638); Leda Nature Reserve, 3.3 km S of Beekeepers 

Rd, 5.8 km W of Brand Hwy, 20 Aug. 2014, E.J. Hickman 2013 (PERTH 08988749); 

Brixton Street Wetlands, Alton Rd, walktrail into claypan, 4 Sep. 2014, E.J. Hickman 

2045 (PERTH 08988897); Ambergate Regional Park, S of Busselton, SW of intersection 

of Doyle Rd and Queen Elizabeth Ave, 16 Aug. 2016, E.J. Hickman 2085 (PERTH 

08988781); 5 km E of Quindaning to Williams, 26 Sep. 1987, G.J. Keighery 9166 

(PERTH 02088606); Simmonds Block, Tuart Forest 15 Sep. 1994, G.J. Keighery 15005 

(PERTH 05727812); Gillingarra Nature Reserve, 18 Sep. 2008 G.J. Keighery 17327 

(PERTH 08504083); Lower Canning River, 28 Sep. 1898, A. Morrison 8276 (PERTH 

02088800); Meelup Reserve, Dunsborough, 5 Sep. 2006, R. Watkins BNC1014 (PERTH 

07840225). 

 

Proposed vernacular name. Purple-budded tiurndin. 

 

Phenology. Flowers from August to November. 

 

Distribution and habitat. Tribonanthes porphyrea is known from scattered locations 

along the coast and inland from Eneabba in the north to Boyup Brook in the south and 

east to Popanyinning. Populations are located within the Lesueur, Jarrah, Muir and Nar-

rogin Districts of the Bibbulmum Province of south-west Western Australia (Gioia & 
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Hopper 2017), with a single population known from the western edge of the Wongan 

District of the Transitional Rainfall Province. Tribonanthes porphyrea grows on brown 

to grey clays and sandy clays as well as peat, in standing water of winter wet depressions, 

flats, claypans and swamps, supporting open woodland, shrublands, herbfields or sedge-

land with associated species including Eucalyptus rudis Endl., E. wandoo Blakely, 

Corymbia calophylla (Lindl.) K.D.Hill & L.A.S.Johnson, Melaleuca viminea Lindl., M. 

lateritia A.Dietr., M. uncinata R.Br., M. rhaphiophylla Schauer, Viminaria juncea 

(Schrad. & J.C.Wendl.) Hoffmanns., Acacia acuminata Benth., Astartea affinis (Endl.) 

Rye, Chorizandra enodis Nees, Eleocharis keigheryi K.L.Wilson, Leptocarpus co-

angustatus Nees, and Liparophyllum capitatum (Lehm.) Tippery & Les (Figure 24). 

 

Conservation status. Widespread with no special conservation needs at this time. 

 

Etymology. Named from the Greek porphyreos meaning purple, referring to the distinct 

purple backs of the perianth lobes. 

 

Notes: Tribonanthes porphyrea has been most often misidentified as T. longipetala, prob-

ably due to its relatively large and long perianth lobes. It differs from T. longipetala in 

having cream stamen connective appendages rather than yellow stamen connective ap-

pendages, a single-flowered inflorescence, velvety white trichomes on the inner surface 

of the perianth lobes and deep purple, sparsely hairy outer perianth lobes, rather than the 

silky white trichomes that cover both inner and outer surface of the perianth lobes of T. 

longipetala, and a short peduncle. It is similar to T. longipetala in having a tuft of silky 

white trichomes on top of the stigma. Tribonanthes porphrea has also been misidentified 

as T. violacea probably due to the deep purple colouration of the outer surface of the 

perianth lobes and the plants tendency to turn purple as it senesces. It differs from T. 

violacea in having a prominent crown of stamen connective appendages, rather than the 

small to residual stamen connective appendages of T. violacea. Most Tribonanthes spe-

cies have their point of basal leaf attachment to the scape at or just below the soil surface. 

Tribonanthes porphyrea differs in sometimes having its point of leaf attachment above 

the soil surface to a height of 75mm. As this species is often growing in standing water 

this extension of the scape, below the point of leaf attachment, may be a mechanism to 

keep its ‘head above water’. 
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Figure 23.  (next page) Tribonanthes porphyrea. A – whole plant flowering and non-flowering (scale bar 
= 1cm); B – bud (scale bar = 2.5mm); C - flower from top (scale bar = 2.5mm); D – flower from side (scale 
bar = 2.5mm); E – flower with part of perianth removed to show ovary and style (scale bar = 2.5mm); F – 
stamens from front, back and side view showing creamy white filament appendages exceeding anthers and 
yellow anthers with apex apiculate  projecting upwards (scale bar = 1mm); G – style sub-sessile and distinct 
tuft of trichomes on stigma (scale bar = 1mm); H – fruit (scale bar = 2.5mm); I – cross section of fruit (scale 
bar = 2.5mm); J – transverse section of fruit (scale bar = 2.5mm); K – dehisced fruit (scale bar = 2.5mm); 
L – seeds (scale bar = 0.5mm); M – leaf section near apex (scale bar = 0.65mm); N – leaf section near base 
(scale bar = 0.65mm); O – cauline leaf (scale bar = 2.5mm); P – floral bract (scale bar = 2.5mm); Q – 
transverse section of corm (scale bar = 4mm); R – root (scale bar = 2.5mm); S – cross section of root (scale 
bar = 0.4mm); T – detail of perianth trichomes (scale bar = 0.65mm). Drawn from fresh material at the type 
location at Bashfords Nature Reserve, north-east of Lancelin, voucher E.J. Hickman 2025 (PERTH  XXX). 
Illustrations by E.J. Hickman. 




