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The first time I met Professor Inga Hedberg 
I was 17 years old. She and her husband, 
Professor Olov Hedberg, were supervising our 
secondary school project, a botanical inventory 
of Linnaeus’ Hammarby near Uppsala. It was 
a meeting that was to determine my own 
life goals. Inspired by this vivid couple, so 
engaged in their work and eager to share their 
knowledge, I decided to study systematic 
botany, with focus on African plants. I soon 
understood that I was not alone. Inga has, with 
her enthusiasm, her ability to catch people’s 
interest and her care for young people and their 
needs, attracted many students to systematic 
botany.

Inga and Olov Hedberg — it is difficult not 
to refer to them as a pair. They worked together 
and were mentioned together. But here I will 
try to single out Inga Hedberg, as I have known 
her in a three-decade long colleagueship and 
friendship.

Inga Hedberg was born Inga Holmbäck on 
the 18th of November 1927, in Luleå in the 
province of Norrbotten in northern Sweden. 
Very early she became interested in biology 
and genetics. This was due to Maj Fahlander, 

her teacher in mathematics, and Maj’s husband 
Kjell Fahlander. Inga was often invited to their 
home, where they had inspiring discussions. 
Kjell Fahlander had taken his doctor’s degree 
at Uppsala University in 1938. He suggested 
that, with Inga’s interest in genetics, she should 
study in Uppsala. Just like Carl Linnaeus’ 
parents were convinced by Carl’s teacher to let 
him study medicine, Kjell Fahlander convinced 
young Inga’s parents that it was a good idea 
that she would study genetics in Uppsala.

Inga arrived in Uppsala in the autumn 
of 1950, aiming for a Master of Science (Fil. 
mag.) in genetics. Her first course was rather 
tedious. However, she worked hard and after 
six long weeks she changed to the next course, 
tought by Gösta Lindeberg. He was a well of 
inspiration and joy, and Inga continued with 
new courage and enthusiasm. Her skills were 
soon recognised by her teachers. She got an 
offer to do a Ph.D. on forest litter, but she 
turned the offer down, as she was focused on a 
career in genetics.

A couple of years later she was offered a 
temporary position as a teacher in biology at 
Luleå Secondary School (Läroverket), where 

Preface 

Inga Hedberg has been the backbone of Symbolae Botanicae Uppsalienses for four decades. Last 
year she decided that she needed a break. As the new editors, we would like to honour her devotion 
by dedicating our first issue to her.

Her Festschrift includes contributions from her students, coathours and collaborators, and – in 
recognition of her broad interests – it covers a wide variety of subjects.

We first give the floor to Mariette Manktelow, for a brief summary of Inga’s career from a young 
woman to maturity.

Uppsala, en strålande vårdag 2016

Magnus Lidén & David Morrison
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she herself had studied just a few years earlier. 
She accepted, and the headmaster told her that 
there was only one problem: her class consisted 
of 32 boys, and boys only. “But since Miss 
Holmbäck seems to be a tough young lady, 
I am sure this will pose no problem”. Only 
slightly older than her pupils, she managed to 
establish very good contact with the boys and 
received great respect from them. Already at 
this young age we see her courage, warmth and 
sense of order.

After some time she returned to Uppsala, 
where she met Olov Hedberg, 4 years her 
senior. Already during her first year in Uppsala 
she had read in the local newspaper about this 
student, who had travelled to the East African 
Mountains only 23 years old. “I would like 
to meet this person”, she thought. This was 
soon to happen, first at a dance arranged by 
the Philochorus Dance Association, and later 
in Lindholm’s dinner hall. They talked about 
genetics, which turned out to be a shared 
favourite subject. They vividly discussed an 
essay of hers, and scribbled on the table cloth 
to make their points.

Following a suggestion from Olov, Inga 
chose the genus Anthoxanthum for her Ph.D. 
study in genetics, first at the University of 
Agricultural Sciences, but soon she asked 
to be transferred to the Department of 
Systematic Botany at Uppsala University, 
where Olov was doing his PhD. The era of the 
Hedbergs began.

They married in 1953, spending part of 
their honeymoon at a scientific congress at 
Oxford University. They had five children: 
Per, Bengt, Göran, Björn and Maria. With a 
full family to care for, Inga carried on with 
her Ph.D. study in Anthoxanthum and helped 
out with Olov’s research. They brought 
the children with them into the field, both 
in Africa and Sweden, with the aim that 
each one of them should have a personal 
relationship to nature. The family often went 
together to London, combining sightseeing 
with herbarium studies at Kew.

Inga and Olov Hedberg did all their work to-
gether, even where only one or the other’s name 
is today evident. This includes herbarium col-
lections as well as publications. It was never a 
matter who had done what – they were a team. 
When Addis Ababa University in Ethiopia 
called Olov to receive an honorary doctor’s 
degree, he refused to accept it without Inga by 
his side, as she was his scientific partner and 
peer, and they had done all their scientific work 
together.

Inga took her PhD in 1970 based  on the 
dissertation “Cytotaxonomic studies on 
Anthoxanthum odoratum L. s. lat.”, which was 
published in the series Symbolae Botanicae 
Upsalienses.

With her sense of order, her language skills, 
and her discipline she later worked as the editor 
of this journal for 40 years. Many of us students 
at the Department gained our proof reading 
skills, deadline discipline, and an extended 
English vocabulary wholly due to Inga.

Inga has devoted her life to conservation 
of tropical forest and vegetation, especially in 
Africa. She has been tireless in letting her voice 
be heard in many contexts, inspiring a stream 
of students from many countries, and being an 
active part in a number of publications. Her 
and Olov’s work on African biodiversity and 
conservation is an invaluable fundament.

Some of her achievements should be 
mentioned here, such as the Flora of Ethiopia 
and Eritrea, involving 90 researchers from 17 
different countries, finally finished in 2009. 
She has given uncountable talks to stress the 
need for systematic botany in order to know 
and save the vegetation of the world, be it in 
The Association for the Taxonomic Study of the 
Flora of Tropical Africa (AETFAT), in a school 
class room, or in the Vatican. She organized the 
first education of Ph.D. students in systematic 
botany from the species-rich countries Ethiopia 
and Tanzania. She initiated the Ethnobotany 
courses at Uppsala University, and together 
with Olov she carried out scientific work on the 
afroalpine vegetation.
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Retirement did not slow down the pace for 
Inga and Olov. Professor Olov Hedberg passed 
away in 2007, and Inga has continued their 
engagement in systematic botany and nature 
conservation, now as a senior researcher at 
the Department and a regular visitor to the 
AETFAT symposia in Africa. She is still a well 
of inspiration, and although I did not see her 
as a young teacher in Luleå, I bet that she has 
not changed a bit since then. We who have the 
privilege to see her regularly can bear witness 
to a warm person and a wonderful friendship.

I am proud and grateful to count Inga Hedberg 
among my friends and colleagues, a person 
who has ignited so many scientists’ careers, en-
forced the forest conservation issue with such 
courage, and raised the discipline of ethno-
botany at Uppsala University. I see similarities 
to Carl Linnaeus, not only in the beginning of 
Inga’s career, but also in it’s summing up. Her 
work has given echo far beyond our country’s 
border, and is of ever-lasting value.

Mariette Manktelow 2016
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Diversity in the Cynanchum gerrardii complex 
(Apocynaceae – Asclepiadoideae)
Ulrich Meve1,*, Leonard E. Newton2 & Sigrid Liede-Schumann1

Meve, U., Newton, L. E. & Liede-Schumann, S. 2016. Diversity in the Cynanchum 
gerrardii complex (Apocynaceae – Asclepiadoideae) – Symbolae Botanicae Upsalienses 
38: 13–18. Uppsala. ISBN 978-91-554-9608-1.

Within Cynanchum gerrardii, a stem-succulent species that occurs in Madagascar as well 
as in mainland Africa and Arabia, a fourth subspecies is here described and illustrated, 
in addition to subsp. gerrardii (Madagascar, Africa, Arabia), subsp. bekinolense 
(Madagascar, Comoros, Mascarene Islands) and subsp. lenewtonii (N Kenya, Ethiopia). 
The new taxon, which is characterized by an exceptional cup-shaped corona, originates 
from southern Kenya. It is named in honour of Inga Hedberg, Cynanchum gerrardii 
subsp. ingae.
1,*Department of Plant Systematics, University of Bayreuth, 95440 Bayreuth, Germany.
Corresponding author: ulrich.meve@uni-bayreuth.de.
2Department of Plant Sciences, Kenyatta University, 00100 Nairobi, Kenya.

Introduction
Stem-succulent, “leafless” Cynanchum species 
are restricted to the Old World, where they 
comprise a monophyletic group that originated 
in Madagascar (Liede & Täuber 2002). Of 
this group, two lineages have radiated beyond 
Madagascar. A lineage with smooth and not 
striated stems, long named Sarcostemma 
R.Br., managed to widely conquer mainland 
Africa, extending to Arabia, Asia and coastal 
areas to New Caledonia in the east. This 
group radiated considerably and evolved 
quite a number of new taxa. In contrast, the 
second group typically comprises Madagascan 
endemics of mostly very limited distribution 
(e.g., Liede 1996a). However, there is a single 
species (or species complex) belonging to this 

Madagascan lineage, Cynanchum gerrardii 
(Harv.) Liede, that is not only widespread in 
Madagascar and extending to the Comores, but 
is also found over a large area, ranging from 
the Eastern Cape of South Africa to Eritrea and 
Arabia (Liede 1996b). Cynanchum gerrardii is 
thus an example of floristic exchange not only 
from mainland Africa to Madagascar but also 
vice versa (Meve & Liede 2002).

In Madagascar, Comoros and Mascarene 
Islands, two subspecies can be recognized, 
C. gerrardii subsp. gerrardii and subsp. 
bekinolense (Choux) Liede & Meve. Most 
likely, C. staubii Bosser and C. glomeratum 
Bosser, both described from Mauritius, as 
well as C. guehoi Bosser, described from 
Rodrigues, also belong to the C. gerrardii 
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complex. Because there is too little material for 
a detailed study, and no molecular results are 
available, we refrain from a formal inclusion of 
these species in C. gerrardi as subspecies (or 
as synonyms of existing subspecies).

Despite its immense distributional area, 
morphological diversity in the Cynanchum 
gerrardii complex is limited, predominantly 
concerning the diameter of the stems and the 
size of the flowers, which both seem to be 
larger and more stout in Arabia (Fig. 1C; cf. 
also Miller & Morris 1988 as C. tetrapterum, 
a wrongly applied name acc. to Liede 1991). 
However, Liede (1994) realized that some 
populations in northern Kenya and Ethiopia 
deviate with regard to corona morphology, 
and she described these elements under 
Cynanchum lenewtonii, later reduced to subsp. 
lenewtonii (Liede) Goyder.

Recently, a population of the C. gerrardi 
complex in southern Kenya, also with 
peculiarities in corona morphology, attracted 
our attention. The purpose of this contribution 
is to integrate this element into the (sub)specific 
taxonomy of C. gerrardii.

The new subspecies
During a botanical survey of relic wooded 
grasslands in Makueni County, Wote Division, 
Kenya (Malombe et al. 2015), a living specimen 
of a Cynanchum plant was collected and 
later observed in cultivation. It was initially 
identified as C. gerrardii, but when it flowered 
some significant differences in flower structure 
were seen.

Plants of the Cynanchum gerrardi complex 
are fairly inconspicous representatives of the 
genus as a whole, and also of the succulent 
subgroup. The stems are rarely thicker than 4 
mm, and the flowers do not exceed 6 mm in 
diameter. The colour of the corolla is usually 
green(ish), sometimes also yellowish or 
brownish. In C. gerrardii subsp. gerrardii the 
coronal cup is notched or emarginate in the 
interstaminal position, and separate staminal 
corona lobules are not prominent (Fig. 1B, C). 

However, a number of populations differ with 
regard to the structures of the corona. In 
subspecies lenewtonii, the corona is highly 
fused, but develops separate erect, triangular 
and dentate lobules in the interstaminal 
position, and distinct teeth-like lobules in the 
staminal position, which are ascending and 
meet each other above the style-head (Fig. 
1D). In the third subspecies, C. gerrardi subsp. 
bekinolense, the coronal cup is deeply notched 
in the interstaminal positions, and possibly 
a bit stouter and fleshier than in the other 
subspecies.

A recent gathering from Muuani Hills 
(Newton 6206) is vegetatively indistinguishable 
from the previously recognised subspecies, 
although the leaf scales are fairly long (ca. 3 
mm) and lanceolate, whereas Liede (1996b) 
gives the leaf scales as “ovate, 1.2–1.7 mm 
long” for the species. The flower of the new 
gathering shows fairly long and thin pedicels 
that are typically geniculate up to 80 degrees 
just below the calyx (Fig. 1A). The character 
of bent pedicels is widespread in the whole 
complex (Fig. 1B-D). Unique features are 
found in the corona, which is circular in outline 
(more or less pentagonal in all other material), 
and the fused staminal and interstaminal 
parts are nearly monomorphic, resulting in 
a homogenous cup-shaped corona not seen 
elsewhere in the complex. This cup is highly 
raised and has an only slightly dentate upper 
rim. Separate staminal (ovoid) corona lobules 
can be spotted at the base of each stamen in 
transition to the coronal cup, but they are 
reduced (not ascending and teeth-like as in 
subsp. lenewtonii). We regard these coronal 
deviations as sufficient to describe this element 
as a new subspecies under C. gerrardii.

Cynanchum gerrardii (Harv.) Liede 
subsp. ingae Meve, L.E.Newton & 
Liede, subsp. nov.
Type: Kenya, Makueni County, Wote Division, 
Muuani Hills, 26 May 2013, L.E. Newton 6206 
(holotype, UBT; isotype, EA). Figs 1A and 2.
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Diagnosis. Cynanchum gerrardii subsp. ingae 
differs from C. gerrardii subspp. gerrardii, 
bekinolense and lenewtonii by a significantly 
cup-shaped corona with equally developed and 
completely fused staminal and interstaminal 
portions, but with a fused corona that is 
emarginate in interstaminal position as in 
the other subspecies, or with well-developed 
tooth-like staminal corona lobes as in subsp. 
lenewtonii. In addition, the coronal cup is 
circular in outline with an upper rim obtusely 
dentate, but not pentagonal as in all other 
subspecies.

Description. Plants ascending, twining, 1–3 m 
high. Shoots perennial, semi-succulent, 4–12 cm 
long, 2–3.5 mm diam., finely striate, glabrescent, 
green when young, bluish green and glaucous 
when older, base up to 5 mm, suberizing, cork 
thin, smooth, yellowish-brown. Latex snowy-
white. Leaf scales lanceolate, appressed to the 
stem, 2–3 mm long, 0.7–1.0 mm wide, apically 
acute; abaxial surface of leaves pseudo-
papillate (except for midvein) because of raised 
stoma complexes. Inflorescences bostrychoid, 
3–5-flowered, 1–2 flowers open at a time. 
Flowers slightly nectariferous; floral bracts 

Fig. 1. Comparison of the subspecies of Cynanchum gerrardii.
A. subsp. ingae (type). B. subsp. gerrardii (Kenya, N Maralal: Meve 962, UBT). C. subsp. gerrardi (left: Mada-
gascar, Tuléar: Liede & Conrad 2797, UBT; right: Yemen, Al Hudaydah: Noltee 995, UBT).D. subsp. lenewtonii 
(Kenya, type accession: Liede & Newton 3161, ULM). Photos: U. Meve (A-C), S. Liede-Schumann (D).
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1. Coronal cup highly fused, circular, without notches                                              
or lobules in interstaminal position  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subsp. ingae

1. Coronal cup fused, pentagonal, with notches or lobules in                              
interstaminal position  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2

2. Lobules in interstaminal position triangular, dentate,                                        
staminal corona lobules tooth-like, ascending  . . . . . . . . . . . . . . . . . . .   subsp. lenewtonii

2. Coronal cup more or less notched in interstaminal position, upper              
margin even, staminal corona lobules short to much reduced  . . . . . . . . . . . . . . . . . . . . .   3

3. Coronal cup only slightly notched in interstaminal position;                          
follicles not keeled, round in cross section  . . . . . . . . . . . . . . . . . . . . . . . . . . .   subsp. gerrardii

3. Coronal cup deeply notched in interstaminal position;                                   
follicles keeled, oblate trapezoidal in cross sections .. . . . . . .   subsp. bekinolense

Key to the subspecies of  Cynanchum gerrardii

Fig. 2. Cynanchum gerrardii subsp. ingae: A. Leaf scale. B. Flower in lateral view (with pedicel shortened). C. 
Coronal cup, laterally opened, exposing the gynostegium. D. Pollinarium. Drawn by U. Meve after the type, 
Newton 6206 (UBT).
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deltoid to lanceolate, ca. 0.5 mm long; pedicels 
3–4.5 mm long, glabrous, geniculate at an angle 
of 50–80 degrees shortly below flower (bud).
Calyx basally fused; lobes ca. 0.4 mm long, 
triangular. Corolla rotate, ca. 5 mm diam., petals 
fused for about a fifth of their length, abaxially 
bright green, adaxially greenish; corolla lobes 
ca. 2 mm long, 1–1.2 mm wide, strongly reflexed 
with the tips touching the pedicel, ovate-deltoid, 
apically acute. Corona white, cyathiform, 1–1.2 
mm high, more or less as high as style-head, 
consisting of staminal and interstaminal parts 
equally developed and completely fused, with 
upper rim nearly entire but obtusely dentate, 
occasionally slightly recurved; separate 
staminal lobules differentiated, basally 
appressed to back of stamens, ovoid, erect, 
0.1–0.2 mm long. Gynostegium sessile, ca. 
1.5 mm high, 1.3 mm in diam. Anther wings 
0.3–0.4 mm long, parallel to each other, 
extending along the whole length of the anther; 
adjacent anther wings divergent towards the 
base. Connective appendages 0.35 mm long, 
0.5 mm wide, strongly inflexed. Pollinarium: 
corpusculum ovoid, ca. 0.18 mm long, 0.1 mm 
wide; caudicles ca. 0.06 mm long, flattened, 
straight, declinate, triangular, thickened at the 
insertion of the pollinium; pollinia subapically 
attached to the caudicles, 0.2–0.25 mm long, 
ca. 0.13 mm wide. Style-head ca. 1.2 mm in 
diam., 0.45 mm high; upper part 0.25 mm high, 
depressed-conical, ivory-coloured. Follicles 
and seeds not seen.
chromosome number. 2n=22 (voucher: 
Newton 6206, UBT). The chromosome 
number in Cynanchum is 2n=22 except for 
a few tetraploid taxa. All plants of the C. 
gerrardii complex counted so far (= all these 
plants are shown in Fig. 1) are diploid (cf. 
Albers & Meve 2001).
Distribution anD habitat. The new subspecies 
is known only from the type locality in south 
Kenya, at 1º49’ S, 37º33’ E. The sprawling 
stems were found amongst small shrubs in a 
soil pocket on a small area of rock pavement 
on top of a rocky hill, at an altitude of 1160 
metres.

conservation status. Known from a single 
collection only, and without further knowledge 
about population size, C. gerrardii subsp. 
ingae is regarded as Data Deficient, DD (acc. 
IUCN 2014).
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The endangered Ethiopian endemic
Crotalaria trifoliolata (Leguminosae-Papilionoideae) 
and its little-known habitat
Ib Friis1,*, Odile Weber2, Paulo van Breugel3 & Sebsebe Demissew4

Friis, I., Weber, O., van Breugel, P. & Sebsebe Demissew. 2016. An endangered Ethiopian 
endemic, Crotalaria trifoliolata (Leguminosae: Papilionoidaeae), and its little-known 
habitat –  Symbolae Botanicae Upsalienses 38: 19–39. Uppsala. ISBN 978-91-554-9608-1.

Crotalaria trifoliolata Baker f. (Leguminosae: Papilionoidaeae) was, for 120 years, only 
known from an incomplete holotype from an uncertain Ethiopian locality. In 2013 it 
was rediscovered in the Bale Zone, eastern Ethiopia. Surveys in 2014 and 2015 suggest 
that the species is restricted to limestone habitats in the Kubayo National Forest, where 
it forms almost monospecific stands of up to one thousand individuals in glades and 
at forest margins. Predictive distribution models suggest uncertain suitability of the 
present habitats under future climatic conditions. Based on this and other potential 
threats, the species is evaluated as Endangered (EN). Crotalaria trifoliolata is a bigger 
shrub than previously thought (up to c. 2 m high, with stems up to c. 3 cm in diam.). 
Molecular studies confirm that C. trifoliolata is related to the widespread C. saltiana, 
as predicted from morphological observations. A later name, C. malacotricha Harms, is 
placed in synonymy of C. trifoliolata. Information from local informants suggests that 
Walenso, the name of the type locality for both C. trifoliolata and C. malacotricha, is a 
collective name for mountains within the Kubayo Forest.
1,*Natural History Museum of Denmark, Sølvgade 83, Opgang S, DK-1307 Copenhagen 
K, Denmark. Corresponding author: ibf@snm.ku.dk.
2Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK.
3Department of Geosciences and Natural Resource Management, Forest, Landscape 
and Biomass, University of Copenhagen, Rolighedsvej 23, Frederiksberg C, DK-1958, 
Denmark.
4The National Herbarium, Department of Plant Biology and Biodiversity Management, 
Addis Ababa University, P.O. Box 3434, Addis Ababa, Ethiopia.

Introduction
It is a pleasure to participate with this article 
in the Festschrift for Inga Hedberg. The 
subject, new knowledge about little known, 
endemic and endangered Ethiopian plants, 
relates to Inga Hedberg and her late husband, 
Prof. Olov Hedberg’s long-standing interest in 

the flora and vegetation of Ethiopia (Hedberg 
2009, 2011; Sebsebe Demissew 2011; Sebsebe 
Demissew et al. 2011). Together, Inga and Olov 
Hedberg were prime movers of the Ethiopian 
Flora Project, which resulted in the publication 
of the ‘Flora of Ethiopia’ (later the ‘Flora 
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of Ethiopia and Eritrea’) between 1989 and 
2009. This paper also relates to their lifelong 
interest in the conservation of vegetation and 
endangered plants in Africa, exemplified by 
their overview of conservation activities in 
sub-Saharan Africa (Hedberg and Hedberg 
1968). 

On a field trip to Ethiopia in 2013, Friis and 
Weber went to poorly known areas around 
Ginir and Sheik Hussein in the Bale Zone. 
These areas were practically inaccessible 
during most of the active period of the 
Ethiopian Flora Project because of conflicts 
and because of very poor roads or no roads at 
all. This was unfortunate, because a number 
of narrowly distributed species had been 
collected from that area by early botanical 
collectors, particularly Arthur Donaldson 
Smith, who visited the area in 1894–1895, 
and Hans Ellenbeck, who took part in the 
expedition organised by Carlo Freiherr von 
Erlanger in 1899–1901 (Smith 1896, 1897; 
Neumann 1902; Erlanger 1904; Sprigade 
1904; Engler 1906; Smidt 2005; Friis 2009; 
Meckelburg 2014; Friis and Weber 2014a, 
2014b).

A number of these narrowly distributed 
species have only been known from a single 
gathering, and Ellenbeck’s type collections 
were only represented with unicates kept at the 
herbarium of the Berlin Botanischer Garten 
und Botanisches Museum (B), of which large 
parts were destroyed during World War II (Friis 
2009: 105). For taxa only known from the Bale 
Zone, this meant that the information available 
to the ‘Flora of Ethiopia and Eritrea’ was often 
incomplete. It could not be established if the 
names really represented narrow endemics, 
and if so, what their ecology and distribution 
were, or if they belonged to more widespread 
species. 

The scope of this paper
This paper provides new information about 
one of these poorly known species, Crotalaria 
trifoliolata Baker f. (Baker 1896).

In his monograph of Crotalaria in Africa 
and on Madagascar, Polhill (1982: 170) de-
scribes C. trifoliolata: “Probably a fairly robust 
herb .... Legume and seeds unknown. Known 
only from the type, collected in southern 
Ethiopia …”. Only one specimen existed, the 
holotype (Donaldson Smith 213 (BM), image 
available on http://plants.jstor.org/specimen/
bm000843508, accessed in June 2014). It con-
sists of a forked branch with c. 20 leaves, none 
of them complete, and three inflorescences, 
one with no flowers left, and two with young 
and faded flowers. A printed label on the holo-
type states “Somaliland 1895 / A. Donaldson 
Smith”, and a hand-written label states: “213 
Walenso. / 26.10.94”. In ‘Flora of Ethiopia’, 
Thulin (1983: 163; 1989: 204) assumed, based 
on the date 26.10.94 and the study of Smith 
(1896), that the type locality was at c. 1400 
m a.s.l. in dry bushland south-east of Ginir in 
Bale (BA), approximately at c. 7° N, 40°50’ E.

However, in 2013 Friis and Weber found 
and recollected Crotalaria trifoliolata in the 
Kubayo National Forest between Delosebro and 
Sheik Hussein (Friis and Weber 2014a) (Fig. 
1). Based on the travelogues of Smith (1896, 
1897), and experiences from their field trip in 
2013, Friis and Weber pointed out that the date 
of collecting should be 15 or 16 October and 
‘Walenso’ must refer to a mountain between 
Sheik Hussein and Delosebro, which is marked 
on the maps of A. Donaldson Smith. The 
Friis and Weber material of C. trifoliolata is 
complete with woody stems, leaves, flowers, 
mature fruits and seeds. The plant is a small 
shrub with the ovary and pods packed inside 
with long, white hairs, confirming the position 
of C. trifoliolata in sect. Hedriocarpae Wight 
& Arn., as suggested by Polhill (1982), close to 
C. leucoclada Bak., C. rhynchocarpa Polhill, 
C. saltiana Andr. and C. thomasii Harms. 

Predictive modelling by Friis and Weber 
(2014a, see Materials and Methods), based on 
their field observations from 2013 suggests 
that C. trifoliolata could potentially occur in 
a wider area, with suitable conditions on both 
sides of the Wabe Shebele River (Friis and 
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Weber 2014a: Map 2). Consequently, Friis and 
Sebsebe Demissew decided to make further 
observations on the species inside the Kubayo 
National Forest, and to look for it north of the 
Wabe Shebele Gorge.

The following is a presentation of all of our 
new observations on the distribution, habitat 
and taxonomy of Crotalaria trifoliolata. We 
have summarised our observations on the 
population structure and ecology, traced 
earlier descriptions of the vegetation in the 
Kubayo National Forest and compared it 
with our observations, produced models 
of the risk of fire and the potential area of 
distribution under present and future climates, 
reassessed the conservation status , added 
new morphological observations , quoted 
unpublished preliminary results regarding the 
phylogenetic position of the species, identified 
Crotalaria malacotricha Harms in Engl., with 
C. trifoliolata and provided a synonymy, and 
questioned the exact position of Walenso, the 
type locality of both C. malacotricha Harms 
in Engl. and C. trifoliolata, inside the Kubayo 
Forest.

Materials and methods

Field work and topographical mapping

On our field trips in 2013, 2014 and 2015 we 
used a standard 4WD vehicle (Toyota Hilux) 
for transport. We made the GPS-observations 
for Fig. 1, 4, 5 and 6 with various models of 
handheld Garmin instruments (Garmin eTrex 
30, Garmin GPSmap 76 and Garmin GPSmap 
78). We mapped the previously unmapped 
road from Delosebro via the Kubayo National 
Forest to the bridge on the Wabe Shebele River 
at Sheik Hussein in 2013 and the similarly 
unmapped roads north of the Wabe Shebele 
River in 2014 and 2015. We compared our GPS 
records with satellite images on Google Earth 
(2015). We constructed the map in Fig. 1 with 
the use of the software DIVA-GIS 7.5 (DIVA-
GIS 2015) and ESRI’s ArcGIS / ArcMap v. 9.3, 
using data from the shapefiles from Friis et al. 
(2010), with the exception of the roads, which 

were mapped entirely on our field observations 
and satellite image. 

In 2014, we estimated the age of a few old 
individuals by cutting their stems near the base, 
and counting the alternating rings of wide and 
narrow vessels in the wood, which was ring-
porous with fairly well defined growth rings. 

Satellite	data	on	fire	frequency

The satellite data of high temperatures on 
the surface of the Earth, used for Fig. 4, were 
derived from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) MYD14A2 
and MOD14A2 products (Giglio et al. 2003) 
representing the years 2003–2013. These data 
were collected four times a day by the National 
Aeronautics and Space Administration 
(NASA)’s Terra and Aqua satellites, recording 
temperature anomalies in 30 arc seconds 
pixels (Justice et al. 2002). The data have been 
recalculated to represent fires recorded within 
periods of 8 days. For statistical computing of 
fire frequency and present and future climate, 
the R package (R Core Team 2015) and GRASS 
GIS (GRASS Development Team 2015) were 
used. For further methodology, see Breugel et 
al. (2016a). 

Data on current climatic conditions

As predictors in our models we used 19 
bioclimatic variables (Hijmans et al. 2005; 
www.worldclim.org/bioclim, accessed during 
2015). These variables are derived from 
monthly temperature and rainfall values in 
the Worldclim dataset in order to generate 
biologically meaningful variables. The data 
set comes at a pixel resolution of 30 arc-
seconds (approximately 1 km at the equator) 
and is based on an interpolation of data from 
meteorological stations for the years 1950–
2000. To minimize multi-collinearity, and to 
reduce the risk of over-fitting of our models, we 
selected a subset of the bioclimatic variables 
using a stepwise variance inflation factor 
(VIF) analysis (Graham 2003). We iteratively 
removed variables until all variables had a 
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LEFT. Fig. 1. Distribution map of Crotalaria trifoliolata overlaid on the potential natural vegetation of 
the region. AR (Arsi), BA (Bale) and HA (Harerghe) are the floristic regions of the ‘Flora of Ethiopia 
and Eritrea’. The alignments of the roads are based on our own observations, see text. The outline of the 
Kubayo National Forest is mapped from a shapefile by IUCN and UNEP-WCMC (2015). The potential 
natural vegetation, the borders of the floristic regions, and the alignment of the rivers are from Friis et 
al. (2010). A, the new village Dinsa; B and C approximate positions of the two highest mountains at 
the southern border of the Kubayo National Forest: B, Abunass, c. 2600 m; C, Adaja, c. 2200 m. The 
tributaries of Wabe Shebele River are named from maps by the Ethiopian Mapping Agency (1982); local 
informants did not recognise the name Pobe, they knew the river by the name of Deru.

 

RIGHT Fig. 2. Populations of 
Crotalaria trifoliolata observed 
in 2013.

A. Small population of less 
than 50 flowering plants among 
regrowth of Juniperus procera 
on the eastern slope of Mt 
Kubayo at 7.555° N, 40.721° E, 
c. 2000 m a.s.l. (Photo I. Friis, 
December 2013). 

B. Large clearing in forest of 
Juniperus procera and Croton 
macrostachyus with more than 
100 scattered flowering plants 
of Crotalaria trifoliolata near 
the southern edge of the Kubayo 
National Forest at 7.502° N, 
40.660° E, c. 1800 m a.s.l. 
The mountain in the distance 
is Abunass (Photo O. Weber, 
December 2013)
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VIF ≤ 5. At each step, the variable with the 
highest VIF was removed. The final variables 
selected were bio2, bio3, bio4, bio6, bio13, 
bio18 and bio19. 

Data on future climatic conditions

For our modelling, we used climate projections 
for 2070 from seven general circulation 
models (GCMs; listed below) and two of 
the representative concentration pathways 
(RCP) for the concentration of greenhouse 
gasses (RCP 2.6 and RCP 8.5) used in the 
Fifth Assessment Intergovernmental Panel on 
Climate Change (IPCC) report (https://www.
ipcc.ch/report/ar5/, accessed 15 August, 2015). 
We used the year 2070 as time limit because 
projected changes in climate are likely to have 
taken effect in the distribution of the woody 
vegetation within a period of c. 55 years. We 
extracted the data on future climates from 
the Research Program on Climate Change, 
Agriculture and Food Security (CCAF; 
CCAF-GCM Data Portal 2015; http://ccafs-
climate.org/data/, accessed 15 August, 2015) 
of The Consultative Group for International 
Agricultural Research (CGIAR). This data 
set consists of data layers that have been 
downscaled to a resolution of 3 arc-minutes 
using the delta method (Ramirez and Jarvis 
2010). The GCMs were CSIRO-Mk3.6.0 
(Jeffrey et al. 2013), MIROC-ESM-CHEM 
(Watanabe et al. 2011), MIROC5 (Watanabe 
et al. 2010), MPI MPI-ESM-MR (Giorgetta et 
al. 2013), CESM1-CAM5 (Meehl et al. 2013), 
NCAR-CCSM4 (Gent et al. 2011) and GFDL-
CM3 (Griffies et al. 2011). For this study we 
used the same selection of variables as for 
modelling the present climate conditions. 

Data on edaphic conditions

In addition to the climate data layers, we 
used the Percentage Vertisols from the 
SoilGrids1km dataset (Hengl et al. 2014; 
available at http://soilgrids.org (accessed 15 
August, 2015)) as covariate. According to our 
field observations Crotalaria trifoliolata is 

absent from the extensive Bale highlands with 
vertisols. In a preliminary model, we ran a 
principal component analysis (PCA) with the 
soil characteristic data layers from the Africa 
soil database (Hengl et al. 2015) as input, and 
used the first four principal components as 
covariate. However, this did not improve model 
predictivity in a 4-fold cross validation, and 
variable importance was low. Therefore, we 
excluded these from our final model, using only 
the Percentage Vertisols as edaphic variable. 
As with the modelling done by Friis and Weber 
(2014a), we were not able to find a workable 
layer indicating presence of limestone rocks, 
which our field observations had shown to be 
a substrate for C. trifoliolata. 

MaxEnt modelling

We used the maximum entropy algorithm 
developed by Phillips et al. (2006): MaxEnt 
version 3.3.3k (Phillips et al. 2010; MaxEnt 
2015). Because the 21 presence points for 
Crotalaria trifoliolata (listed in table 1) are 
highly clustered, we considered overfitting to 
be a potential problem. Therefore, we increased 
the regularization multiplier to beta = 3, and 
used otherwise the default settings of MaxEnt.

We used present and future climate data 
and the edaphic variables mentioned above. 
Given the close proximity of some of these 
locations, we limited the number of presence 
points per raster cell (approx. 1 km2) to one, 
which left us with 16 presence points in total. 
As background absence points we selected 
10,000 random points within the area we have 
modelled (5.8°–9.5° N and 38.5°–42.9° E).

We evaluated the predictive performances 
of the models with a four-fold cross validation, 
using the area under the receiver operating 
characteristic (ROC) curve (AUC) as the 
evaluation statistic. The AUC-values tend to 
be larger when the ratio between the species 
extent of occurrence and the whole area of 
study decreases (Lobo et al. 2008, Jiménez-
Valverde 2012). Given the very small extent of 
our presence points, we tested the predictive 
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power of the models a second time, but this 
time only including background points within 
a distance to the nearest presence point equal 
to the largest distance between presence points 
(2.1 km).

We converted the probability distribution 
maps to presence-absence maps using as the 
threshold value a true positive of 100% (the 
minimum probability at which all presence 
points are classified as presence). We then 
combined the raster cells, counting for each 
cell the number of models that predicted spe-
cies presence.

Field work and habitat
Distribution,	population	structure	and	ecology	
of Crotalaria trifoliolata

In 2014 and 2015 we observed numerous 
populations of Crotalaria trifoliolata inside 
the Kubayo National Forest for a distance 
of c. 27 km along the road from Delosebro 
to Sheik Hussein, a much longer distance 
than indicated by our initial observations 
in 2013 (Fig. 1). We made the southernmost 
observations of C. trifoliolata at the southern 
end of the Kubayo Forest (7.480° N, 40.627° 
E, at 1950 m a.s.l.), where the forest abruptly 
borders with farmland, and we even observed 
one individual growing in a hedge at the forest 
edge. We made the northernmost observation 
at a point beyond the northern end of the closed 
forest, but still within the Kubayo Forest 
(7.660° N, 40.710° E, at 1700 m a.s.l.). At this 
point, the vegetation is still higher than the 
typical Acacia-Commiphora bushland found at 
lower altitudes, but the change from forest to 
deciduous bushland is a gradual mosaic.

Local informants told us that the autumn 
rainy season in 2014 had been heavier and 
longer lasting than the year before, which 
was probably the reason for the more prolific 
populations in 2014. In 2015, the populations 
were again less prolific than in 2014. A 
comparison of photographs from 2013 (Friis 
and Weber 2014a, Figs 1 and 2; Fig. 2 in this 
paper) with photographs from 2014 (Fig. 3 in 

this paper) shows the more prolific populations 
of C. trifoliolata in the latter year.
Our study in 2014 of the growth rings of a few 
old specimens showed limited variation in the 
thickness of the rings. It was not easy to decide 
wether the 12–16 growth rings represented 
annual rings or rings for each rainy season. 
The south-eastern slopes of the Ethiopian 
highlands have bimodal rainfall pattern with 
spring and autumn rains and relatively long 
dry season during the summer (Friis et al. 
2010: 22–25, Fig. 7), but not rarely one or more 
‘rainy’ seasons fail or give very little rain. 
Therefore, a plant with 16 growth rings may be 
from 8 to 16 years old.

Populations of Crotalaria trifoliolata were 
seen along the road at intervals varying from 
a few hundred meters up to one kilometre, 
and they were scattered throughout the forest 
where there were clearings and along the 
edges of cultivations (observed populations 
are listed in Table 1 and mapped in Fig. 1). 
The populations varied from a few to c. 1000 
individual plants. We did not observe any 
specimens of C. trifoliolata in intensely 
cultivated or grazed areas inside the forest, 
in plantations with narrowly spaced planting, 
such as plantations of Coffea arabica L., Catha 
edulis (Vahl) Forssk. ex Endl. or Citrus sinensis 
(L.) Osbeck, or in areas of natural forest with 
a completely closed canopy. The species seems 
to be intolerant of shade and to thrive best in 
glades with moderate grazing, while intense 
grazing or other heavy disturbance seems 
to destroy it. Some populations consisted of 
relatively young individuals growing closely 
together in small clearings (Fig. 2A; Friis 
and Weber 2014a: Fig. 1 and 2) or scattered 
in large clearings (Fig. 2B). Tall plants, up to 
c. 2 m high, and large populations were seen 
only in the largest clearings (Fig. 3A and 3B). 
Populations of more than 100 individuals 
occurred mainly in glades south and east of 
Mt Kubayo, while populations with a few to 
c. 20 individuals occurred mainly north of Mt 
Kubayo and at lower altitudes in patches of 
forest vegetation. In the northern part of the 
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forests, the distance between populations was 
greater than in the southern part. We observed 
regeneration in clearings throughout the forest, 
but the proportion of young plants was highest 
in large clearings with large populations.

In 2015, the road from Delosebro to Sheik 
Hussein was being improved, with the use of 
heavy machinery for road-construction, and 
road material, mainly pieces of rock and gravel, 
was bulldozed from a number of slopes along 
the road, including places where large stands 

of Crotalaria trifoliolata had been observed in 
2014. In spite of the potential negative effect on 
the stands of C. trifoliolata, the excavations of 
road material allowed us to study the substrate 
of C. trifoliolata better than on previous visits, 
and to take samples of the rocks. 

With the kind assistance from Professor 
in Petrology Asfawossen Asrate, University 
of Addis Ababa, we could ascertain that the 
substrate of C. trifoliolata was indeed limestone, 
even near the upper limit at 2000 m a.s.l. 

 

Fig. 3. Populations of Crotalaria 
trifoliolata observed in 2014 in 
clearings at 7.547° N, 40.712° E, 
c. 1950 m a.s.l., in the Kubayo 
National Forest.
(Both, photo I. Friis, November 
2014).

B. Large clearing with mature 
population of C. trifoliolata in 
mixed forest south of Mt Kubayo. 
In this and other populations 
there were close to 1000 plants, 
of which some had reached a 
height of up to c. 2 m and had 
well-developed woody stems. 
Some regeneration occurred. .

A. Medium-sized clearing 
in mixed forest with dying 
Juniperus procera and small 
broadleaved trees; in the back-
ground the twin-peaked Mt 
Kubayo. This population of 
C. trifoliolata consisted of more 
than 500 young plants.
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These observations confirm the conclusion 
of Friis and Weber (2014a) that C. trifoliolata is 
closely associated with limestone occurring at 
altitudes above c. 1700 m a.s.l. The mountains 
inside the Kubayo Forest between 1700 and 
2000 m a.s.l. are the only places along the road 
between Mechara in HA and Ginir in BA, 
where we have seen limestone at such high 
altitudes.

Cattle seemed to avoid eating Crotalaria 
trifoliolata, but heavy grazing of other plants 
seemed to disturb also the populations of 
C. trifoliolata. Invasive species tolerant of heavy 
grazing, for example Calpurnia aurea (Ait.) 
Benth., Senna didymobotria (Fresen.) Irwin 
& Barneby, and Parthenium hysterophorus L., 
provided competition for space in some glades, 
sometimes severe competition, and hardly 
any specimens of Crotalaria trifoliolata were 
observed in glades where these other species 
were numerous.

We did not observe Crotalaria trifoliolata 
below 1700 m a.s.l., which is the lower limit 
for many species associated with the Juniperus 
forest. Hardly any individual of C. trifoliolata 
was seen above 2000 m a.s.l.,but since no point 
of the road reached above c. 2050 m a.s.l. and, 
since no observations into higher terrain were 
made more than a few hundred meters from 
the road, it cannot be excluded that Crotalaria 
trifoliolata might occur above that altitude, if 
limestone is present. The highest peaks of Mt 
Kubayo (c. 2510 m; see Friis and Weber 2014a: 
Fig. 2) consist of columnar basaltic rocks.

Old and new observations on the vegetation 
in the Kubayo National Forest and adjacent 
mountains

Friis and Weber (2014a) cited the early 
descriptions of the vegetation in the Kubayo 
National Forest by Smith (1896, 1897) and 
Erlanger (1904), but not two other early 
publications (Neumann 1902; Engler 1906). 
Smith (1896: Sheet 1) had named the mountain 
chain in the Kubayo Forest ‘Gillett Mts’ 
after his travel companion, Alfred Gillett 

(a relative of the Kew botanist J. B. Gillett; see 
also Polhill & Polhill 2015), and stated how 
the forest reminded him of Norwegian pine 
forests. Neumann (1902: 377) confirmed this 
characterisation of the Kubayo Forest: “The 
forests here show nothing of the character 
of the tropical African forest. Looking at the 
tall fir-like juniper trees, among which, in 
some places, the barley fields of the Arussi 
[the Arsi Oromo] are scattered, the traveller 
might imagine himself in the Black Forest 
[Schwarzwald in Germany] or in the forests 
of Tyrol. West of the Gillett mountains is an 
isolated mountain called Abunas [Fig. 1 & 2B; 
as Abunass], or Gara Daj, by the Arussi, which 
we ascended … The view here is … boundless 
on every side except the north, where Mount 
Abulkasim [Mt Abul Kasim; marked in Fig. 
1], about 900 feet higher than Abunas, is 
situated. From the summit we descended to the 
Wabbi [Wabe Shebele] and recrossed the river 
to the north and camped about halfway up 
Mount Abulkassim, the holy mountain of the 
inhabitants of Sheik Husein [Sheik Hussein].”

Engler (1906: 734–735) characterised the 
vegetation along the route of the Erlanger-
expedition and listed species collected by 
Ellenbeck and Neumann, but neither the field 
notes nor the majority of the collections from 
that expedition are preserved (N. Kilian pers. 
com., August 2015). Published in German, 
Engler’s notes on the vegetation around Kubayo 
Forest are paraphrased here in English: South 
of Sheik Hussein, at c. 1500 m a.s.l., the dry 
deciduous bushland began to change into a 
montane bushland with evergreen species 
[Gebirgsbusch], which further to the south 
changed into an open woodland with grassy 
glades [grasreiches, parkartiges Buschgehölz]. 
This gradually became more dense, and at 
c. 1800 m a.s.l changed into a dry open forest 
[Trockenwald], equivalent to the Juniperus 
forest described by Donaldson Smith and 
Neumann. Other trees in the forest included 
Croton macrostachyus Hochst. ex A.Rich., 
Heteromorpha arborescens (Spreng.) Cham. 
& Schltdl., Acokanthera schimperi (A.DC.) 
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Schweinf. [Acocanthera abyssinica (Hochst.) 
K.Schum.] and Cussonia holstii Harms. In 
montane evergreen bushland [Gebirgsbusch] 
in forest glades between 1500 and 2000 m 
a.s.l. Engler recorded a tall perennial species of 
Crotalaria, C. malacotricha Harms, the identity 
of which will be discussed in a later section.

Engler characterized the vegetation on 
‘Abunass’ and ‘Abu-el-Kasim’ [Mt Abul 
Kasim] as a mixture of montane bushland and 
grassland, at c. 1900 m a.s.l., with high forest 
[Höhenwald] of Podocarpus gracilior Pilger 
[Podocarpus falcatus (Thunb.) R.Br. ex Mirb.] 
and Juniperus procera in gullies. At c. 1500 
m a.s.l. on Mt Abul Kasim there was a zone 
of 5–6 m tall specimens of Dracaena ombet 
Kotshy & Peyr. [subsp. schizantha (Baker) Bos] 
and dry bushland. Above c. 2000 m there was 
forest of and at higher altitudes there were trees 
of Hagenia abyssinica (Bruce) J.F.Gmel. and 
woody species of Hypericum and Echinops.

Our field observations in 2013, 2014 and 
2015 agreed largely with Engler’s descriptions. 
Among the trees of Juniperus procera in 
Kubayo National Forest we observed Barbeya 
oleoides Schweinf., Maytenus undata (Thunb.) 
Blacklock, Mystroxylon aethiopicum (Thunb.) 
Loes., Olea europaea L. subsp. cuspidata 
(DC.) Cifferi, Pistacia aethiopica Kokwaro, 
Schrebera alata (Hochst.) Welw., and in the 
grassy glades Acacia seyal Del. In the shrub-
layer, we observed, among other species, 
Clerodendrum myricoides (Hochst.) Vatke, 
Dodonaea angustifolia L.f., Euclea racemosa 
Murr. subsp. schimperi (A.DC.) F.White, 
Myrsine africana L., Pavetta oliveriana Hiern, 
Rhus ruspolii Engl., Psydrax schimperiana 
(A.Rich.) Bridson, Tarchonanthus 
camphoratus L., and Tinnea somalensis Gürke 
ex Chiov. Many of these were also recorded by 
Ellenbeck, but it is surprising that he did not 
notice Barbeya oleoides in the Kubayo Forest, 
where it is common (Friis and Weber 2014a: 
Fig. 1), while he did record it from floristically 
similar evergreen bushland below Juniperus 
forest north-east of the town of Harar (Engler 
1906: 731).

Breugel et al. (2016b) have studied the 
transitional semi-evergreen bushland associated 
with dry Juniperus forest, in which Crotalaria 
trifoliolata occurs. This occurs in patches, 
perhaps associated with outcrops of limestone, 
along the eastern escarpment of the Ethiopian 
highlands and between highland vegetation and 
Acacia-Commiphora bushland in the lowland. 
Among the characteristic trees and large 
shrubs in this vegetation are Barbeya oleoides, 
Pistacia aethiopica and Tarchonanthus 
camphoratus. Breugel et al. (2016b) suggest that 
the characteristic species of this transitional 
vegetation, including B. oleoides, Pistacia 
aethiopica and T. camphoratus, should be 
equally common in the Kubayo Forest, in 
Juniperus forest near Harar and in many 
other localities along the eastern escarpmernt 
of the Ethiopian highlands, given that the 
environmental conditions are similar, but 
point out that the semi-evergreen bushland is 
also the habitat of several narrowly distributed 
endemics, including C. trifoliolata.

Search for Crotalaria trifoliolata in areas of 
predicted distribution

Friis and Weber (2014a) observed populations 
of Crotalaria trifoliolata only inside the 
Kubayo National Forest, but modelled the 
potential distribution of the species as covering 
a wider area, using climatic parameters 
from WorldClim (2015) and soil-parameters 
provided by Paulo van Breugel (Friis and 
Weber 2014a: Map 2). We limited the potential 
distribution to areas at altitudes above 1700 m. 
a.s.l., where limestone might occur according 
to Kazmin (1973).

In order to test our model we made excursions 
in 2014 (Friis and Sebsebe Demissew) and 2015 
(Friis) along the new road from Sheik Hussein in 
Bale Region (BA) through the easternmost part 
of Arsi Region (AR) and towards Mechara and 
Gelemso in Harerghe Region (HA), see Fig. 1. 
This road passes through large areas indicated 
as Jurassic limestone by Kazmin (1973) and 
near some of the areas predicted by Friis and 
Weber (2014a) as potential distribution areas 
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for Crotalaria trifoliolata, including Mt Abul 
Kasim and a group of mountains in the south-
western Harerghe Region (HA), for which Friis 
and Weber (2014a) had no name.

Between the Wabe Shebele Gorge and the 
Scianan River the road winds along at altitudes 
well below 1700 m a.s.l., and the vegetation is 
dry and open Acacia-Commiphora bushland. 
Limestone is common along this part of the 
road, but not at altitudes suitable for the occur-
rence of C. trifoliolata. The vegetation on the 
almost conical Mt Abul Kasim (a 2573 m high 
extinct volcano) is, in agreement with the de-
scription by Engler (1906), deciduous bushland 
at lower altitudes and dry, open and apparently 
now deteriorated Juniperus and Podocarpus 
forest higher up on the sides of the mountain. 
We have only seen this forest at a distance 
and studied it on Google Earth (2015). At the 
higher altitudes the substrate is volcanic rocks, 
unsuitable for C. trifoliolata.

The high ground in the south-western part of 
the Harerghe zone (indicated in green in Fig. 1) 
has no name on any recent map seen by us. On 
Italian maps from the occupation of Ethiopia in 
the 1930s these mountains are poorly indicated 
and named Monti Darro, but that name was 
unknown to all the local informants we talked 
to in 2015. They referred to them as the Chisa 
or the Shube Mts.We studied the vegetation of 
these mountains along the roads indicated in 
Fig. 1, which went up to a plateau at c. 2000 
m a.s.l. and into a deep valley surrounded by 
mountains. We also studied the mountains 
on satellite images on Google Earth (2015). 
The entire area is now heavily cultivated; and 
everywhere above 1700 m a.s.l. the mountains 
consist of volcanic rocks. Juniperus procera 
only occurs as single trees in farmland or 
degraded bushland. We saw no specimens 
of Crotalaria trifoliolata in the Chisa or the 
Shube Mts., and the presence of the species in 
these mountains seems highly unlikely.

Thus, we have found no positive evidence 
for the presence of Crotalaria trifoliolata north 
of the Wabe Shebele Gorge.

Crotalaria trifoliolata	and	fire

In analyses for another paper (Breugel et al. 
2015), satellite data recording raised temperature 
(burning vegetation, fires around houses and 
villages or erupting volcanoes) were extracted 
for the years from 2003 to 2013. The part of 
the study relevant to Arsi (AR) and part of 
Bale (BA) and Harerghe (HA) is represented in 
Fig. 4. It appears that fires have been infrequent 
where Crotalaria trifoliolata occurs. High fire 
frequency is seen around the town of Ginir and in 
a number of small and scattered places elsewhere 
in relatively densely inhabited areas and in the 
Ericaceous belt in the central and western part 
of Arsi. However, devastating fires can occur 
at long intervals in dry Juniperus procera-
dominated forests, as documented by examples 
quoted in Breugel et al. (2015). In 2000, there 
were severe fires in areas with Juniperus procera 
dominated Dry Afromontane Forest in Shakiso 
Woreda in Borana Zone (Dechassa Lemessa 
and Perault 2001). The Kubayo National Forest 
is ecologically and physiognomically similar 
to the forests in the Shakiso Woreda. Such fires 
would be devastating and would almost certainly 
destroy dry vegetation in the clearings where 
C. trifoliolata occurs.

Crotalaria trifoliolata – modelling distribution 
under present and future climates

Table 1 lists the geographical coordinates of 
sites where Crotalaria trifoliolata has been 
collected or observed. These sites are mapped 
in Fig. 1. The probability distribution map for 
C. trifoliolata, based on the MaxEnt default 
settings, is shown in Fig. 5. Fig. 6 shows the 
probability distribution map after adjusting for 
overfitting. Red outlines indicate the predicted 
distribution for C. trifoliolata under current 
climatic conditions.

The model performance in Fig. 5, with the 
area under the receiver operating characteristic 
curve (AUC) based on 4-fold cross validation, 
is good (AUC = 0.996 ± 0.001 (SD); and AUC 
= 0.92 ± 0.022 if based on background points 
within 2.1 km from presence points only).
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Fig. 4. (above) The frequency of fires in the years 
2003–2013 around the distribution area of Crotalaria 
trifoliolata (marked by bird-eye dots).

Fig. 5. The distribution of Crotalaria trifoliolata 
predicted with MaxEnt under current climatic 
conditions (red outline) and under climatic conditions 
as in 2070, based on the seven Global Circulation 
Models listed in the text for the pathways of 
concentration of greenhouse gases RCP 2.6 (above) 
and RCP 8.5 (below) and the default settings of 
MaxEnt. See further in the text. The colour scale 
shows how many models predict the species to occur 
in a location in 2070

Fig. 6. The distribution of Crotalaria trifoliolata 
predicted with MaxEnt under current climatic 
conditions (red outline) and predicted for 2070, based 
on the seven Global Circulation Models listed in the 
text for the pathways of concentration of greenhouse 
gases RCP 2.6 (above) and RCP 8.5 (below), with 
the regularization multiplier increased to beta = 3. 
The colour scale shows how many models predict 
the species to occur in a location in 2070.
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The map in Fig. 5 shows a very restricted 
potential distribution for Crotalaria 
trifoliolata under current climatic conditions, 
approximately similar to the model in Friis 
and Weber (2014a: Map 2), which was based 
on only seven positive observation points and 
a falsely localised type collection, whereas the 
models in this paper are based on 21 positive 
observation points (limited in the analysis 
to 16 points, see Materials and Methods). 
With RCP (representative concentration 
pathway) 2.6, the trajectory for low increase 
in greenhouse gasses, the results suggest that 
the species distribution may extend beyond 
its current limits, but uncertainty is high, 
with consensus generally limited to 3 to 5 

GCM (general circulation models). Under 
5–6 GCM models, conditions remain suitable 
within all of the potential distribution areas 
with the current climate. With RCP 8.5, the 
trajectory for a high increase in concentration 
of greenhouse gasses, most models predict the 
species distribution to increase considerably, 
especially into mid-altitude areas towards 
the east and the south-east along the eastern 
escarpment of the highlands, where there is 
limestone. All models for both RCP 2.6 and 
RCP 8.5 and default settings predict relatively 
stable conditions within the area where 
C. trifoliolata is currently found.

The model performance in Fig. 6, with 
AUC based on 4-fold cross validation, is good 
(AUC = 0.9932 ± 0.0016; and AUC = 0.8973 ± 
0.0207 if based on background points within 
2.1 km from presence points only). Obvious 
differences, compared to Fig. 5, is the larger 
predicted distribution under current climatic 
conditions, but also lower AUC values. 
Both are a result of higher regularization 
(beta = 3 instead of the default value = 1), 
which essentially smooths the distribution, 
making it more regular and less liable to 
overfitting. An other obvious difference is that 
there is a higher uncertainty about conditions 
remaining suitable in the future within all of 
the potential distribution area under the current 
climate. Only 3–4 models for RCP 2.6 and 1–3 
models for RCP 8.5 (all with beta = 3) predict 
conditions to remain suitable in the potential 
distribution area, and even within the area 
where Crotalaria trifoliolata is currently found 
only 2–3 models predict stable conditions. 

Discussion of the models

We have provided results from models 
produced with two different regularization 
parameter settings, but we have actually tried 
models with a range of other combinations of 
variables and parameter settings, resulting 
in very different predictions of the potential 
distribution of Crotalaria trifoliolata. This 
highlights the difficulty of modelling species 
such as C. trifoliolata with extremely restricted 

 

Fig. 7. Newly observed morphological details 
of Crotalaria trifoliolata. A. Inflorescence with 
mature pods. (Photographed by Sebsebe Demissew 
in November, 2014, at c 7.510° N, 40.751° E). 
B. Base of woody stem of mature, c 1.5 m high 
plant. Bark flaking due to secondary growth of 
the stem. (Photographed by Ib Friis in November, 
2014, at c 7.550° N, 40.715° E).
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distributions, and we are convinced that this 
problem will apply to other narrowly endemic 
species. We believe that the actual distribution 
is restricted to the Kubayo National Forest, in 
spite of the models in Fig. 5 and Fig. 6 suggesting 
a wider potential distribution. Of most concern 
with regard to the future, is the uncertainty 
about the climatic conditions where Crotalaria 
trifoliolata is currently found (Fig. 6, with beta 
= 3). The concern is exacerbated because the 
present distribution of C. trifoliolata coincides 
with the only area where limestone occurs at 
altitudes above c. 1700 m. a.s.l. 

Crotalaria trifoliolata – conservation 
assessment reconsidered

Based on the modelling with data from climate 
and soil, Friis and Weber (2014a) estimated 
the potential Extent of Occurrence (EOO) of 
Crotalaria trifoliolata to be less than 1500 
km2 (150,000 ha), including disjunct areas on 
both sides of the Wabe Shebele River; and the 
habitat was estimated to be deteriorating due to 
human disturbance. Therefore, Friis and Weber 
evaluated the species as Endangered (EN).

During our three visits to northern Bale, 
eastern Arsi and southwestern Harerghe in 
2013, 2014 and 2015 we did not find Crotalaria 
trifoliolata anywhere outside the Kubayo 
National Forest, which is formally listed as a 
protected area (IUCN and UNEP-WCMC 2015). 
Estimating the distribution of C. trifoliolata to 
cover the entire Kubayo National Forest, and 
using the GeoCAT tool (Bachman et al. 2011), we 
now calculate an EOO of about 1000 km2 (1360 
km2 if we include a possible occurrence on Mt 
Abul Kasim), which is smaller than the previous 
estimate. According to Kidane Mengistu (2003) 
the Kubayo National Forest (c 790 km2) is made 
up of c. 50 km2 of slightly disturbed forest, c. 
180 km2 of heavily disturbed forest, c. 3 km2 
of plantation and c. 552 km2 of other land use 
types (mostly cultivation and disturbed Acacia-
Commiphora bushland, and outside habitats 
suitable for C. trifoliolata). Therefore, a realistic 
AOO is probably only c. 300 km2.

Our field studies in 2014 and 2015 show 
that Crotalaria trifoliolata is more common 
and has subpopulations that are more robust 
than was presumed from the observations by 
Friis and Weber in 2013. The reproduction 
of C. trifoliolata is also better. The species 
is not harmed by low-level disturbance, and 
may even benefit from it. Unfortunately, the 
protection of the Kubayo National forest is 
not effective (Friis and Weber 2014a) — the 
general area where C. trifoliolata occurs is 
highly fragmented, and there is a decline in 
the quality of the habitat from overgrazing 
and encroachment from invasive species 
such as Senna didymobotria and Parthenium 
hysterophorus. These deteriorating 
conditions are likely to continue in the future. 
The human influence inside the forest seems 
also to have increased, with many people 
moving in to settle in the forest in 2015. The 
above-mentioned improvement of the road 
may also increase the human influence inside 
the forest.

We assume that these threats have already 
had a negative impact on the number of sub-
populations, particularly in the most densely 
populated parts of the Kubayo Forest, and 
have had a negative effect on the number 
of mature individuals. Forest fires are an 
additional potential risk (see discussion above). 
Regarding the effect of climate change, we 
found that a number of models show future 
stable conditions within the present area of 
distribution for Crotalaria trifoliolata, but 
many other models show a decline inside 
its present area. Some models predict an 
increase in the area of suitable habitats under 
future climates; but this is not convincing, 
because C. trifoliolata is highly dependent on 
limestone, a substrate, which is common and 
widespread only north of the Wabe Shebele 
and south of the Weyb Rivers, and only at low 
altitudes. Based on the observations discussed 
above and the criteria B1ab(iii,iv,v) of IUCN 
(2012, 2014), we consider C. trifoliolata to be 
Endangered (EN), in line with the evaluation 
by Friis and Weber (2014a).
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Morphology and taxonomy

Crotalaria trifoliolata – new observations on 
morphology

The description of Crotalaria trifoliolata by 
Friis and Weber (2014a) needs amendation. 
Our field work in 2014 took place during 
a period with heavy rain, and it was easy to 
observe well-developed, flowering specimens. 
We found that older populations contained 
plants more than 1.5 m high, often forming 
large clumps, in some localities up to 1.8 m 
high (Fig. 2B), rarely even up to 2 m. Instead of 
a semi-woody base, mature plants have solid, 
woody stems, unbranched at base for 25–30 cm 
and up to 3 cm thick at the base (Fig. 7B). 
Mature plants show secondary growth with 
8 to 16 growth rings. As discussed above under 
3.1, this means that the oldest plants must be 
8 years old or older. The bark on the base of 
the stem is brown and peeling in thin flakes 
(Fig. 7B). The inflorescences continue to grow 
at the tip, producing new flowers while older 
pods are ripening (Fig. 7A), and eventually 
reach a length of at least 30 – 40 cm. The bracts 
persist in fruit. 

We also observed that in older flowers the 
basal parts of the petals become tinged dark 
orange to brownish-purple, as stated by Friis 
and Weber (2014a), but we saw no flowers that 
withered pale purplish. Therefore, we conclude 
that withered flowers of the type specimen 
show an unnatural colour, perhaps caused by 
chemical treatment. 

Taxonomic and phytogeographical position of 
Crotalaria trifoliolata

Friis and Weber (2014a) were the first to 
study mature pods of Crotalaria trifoliolata, 
which they found to be densely packed with 
white hairs inside. They concluded that 
the species belonged to a group of species 
with that character (C. leucoclada Baker (N 
Somalia), C. rhynchocarpa Polhill (coastal 
areas of S Somalia and NE Kenya), C. saltiana 
Andrews (in dryer parts of the Sudan, the Horn 
of Africa and NW Kenya) and C. thomasii 

Harms (dry parts of S Ethiopia, S. Somalia, 
Kenya and Tanzania)). These species, including 
C. trifoliolata, occur in the Somalia-Masai 
regional centre of endemism (White 1983), 
which extends from Ethiopia and Somalia 
through Kenya to northern Tanzania.

Prof. Susanne Renner and Alexander 
Rockinger, Systematic Botany and Mycology, 
Faculty of Biology, Ludwig-Maxmilians-
Universität, München (pers. com., May 2015), 
produced an ITS sequence from Friis et al. 
15074 and added to a data matrix with 350 
species of Crotalaria that they analyzed under 
maximum likelihood optimization. Given their 
sampling, C. trifoliolata groups with C. saltiana 
(with pods densely packed with white hairs 
inside), C. pleiophylla Polhill (pods glabrous 
inside) and a pair of sister species of desert and 
subdesert plants, C. albicaulis Franch. from the 
Ethiopian Ogaden and C. argyraea Welw. ex 
Bak. from southern Angola and Namibia (both 
with pods glabrous inside). The remaining 
species with pods densely packed with white 
hairs inside (C. leucoclada, C. rhynchocarpa 
and C. thomasii) have not been sequenced; 
they are rare narrow endemics and represented 
in herbaria only by old collections.

Crotalaria malacotricha	Harms	in	Engler,								
a synonym of C. trifoliolata

Engler (1906: 734–737) stated that Ellenbeck 
in 1899–1901 had collected a species of 
Crotalaria at Walenso called C. malacotricha 
Harms. The plant was found in ‘mountain 
scrub’ [Gebirgsbusch] between 1500 and 1800 
m a.s.l. and was a perennial plant [Staude]. 
Cufodontis (1955: 234) listed the name 
C. malacotricha Harms in his check-list of 
plants of the Horn of Africa, but the name is not 
recorded in IPNI (2015), the Plant List (2013) 
Polhill (1982) or Thulin (1983; 1989). Engler 
described C. malacotricha Harms as a c. 1 m 
tall perennial with a soft grey indumentum 
(implied by the epithet malacotricha, derived 
from Greek words meaning ‘soft to touch’ and 
‘hairs’), and leaflets 4–5 cm long and c. 2 cm 
wide; he cited no specimen. Given that the list 
is based on material and information collected 
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by Ellenbeck at Walenso, it is almost certain 
that the name was based on a specimen in the 
Berlin Herbarium (B).

In ‘Flora of Ethiopia and Eritrea’ there is 
a Rhynchosia malacotricha Harms (Thulin 
1983: 146; 1989: 185), based on a specimen 
collected in June 1900 by Ellenbeck (no. 1227; 
B, destroyed) at c. 1500 m a.s.l. near the village 
Luku at c. 7.86° N, 41.00° E (Gillett undated). 
This locality was reached before Ellenbeck 
visited Sheik Hussein and Walenso. Harms 
(1908: 41) stated that R. malacotricha was a low 
shrub or climber, but the leaflets are different 
from Crotalaria malacotricha: the terminal 
leaflet of R. malacotricha is 3.5–4.5 cm long 
and 4.5–5.5 cm wide, more than twice as wide 
as indicated by Engler for C. malacotricha. 
The name R. malacotricha is not mentioned by 
Engler (1906). In spite of the identical epithets, 
we must conclude that R. malacotricha Harms 
is a plant different from C. malacotricha 
Harms in Engl. We must further conclude 
that a plant belonging to the genus Crotalaria 
was collected by Ellenbeck at Walenso and 
annotated C. malacotricha by Harms. From 
the meagre description provided by Engler 
(1906: 734), and from other circumstantial 
evidence cited there, it is almost certain that C. 
malacotricha is identical with C. trifoliolata.

“Nomina subnuda” proposed by Engler 
in narrative text and based on unspecified 
Ellenbeck collections have been accepted as 
validly published in other parts of the ‘Flora of 
Ethiopia and Eritrea’, for example Rhus villosa 
var. gallaensis Engl. (Gilbert 1989: 529).

Crotalaria trifoliolata Baker f.
Journ. Bot. 34: 53 (1896). – Type: Ethiopia, Oromia 
Regional State, Kubayo National Forest, Walenso, fl., 
‘26’ Oct. 1894 [the date ‘26’ Oct. is almost certainly 
an error for 15 or 16 Oct., see the introduction to 
this paper], Donaldson Smith 213 (holotype BM! 
[BM000843508]).
C. malacotricha Harms in Engl. in Sitzungsber. 
Königl. Preuss. Akad. Wiss. Berlin 40(2): 734 
(1906). – Types: Ethiopia, Oromia Regional State, 
Walenso, ‘Gebirgsbusch’, 1500–1800 m, 28 June to 

9 July 1900, Ellenbeck s.n. (holotype B, destroyed); 
Delosebro to Sheik Hussein, in Kubayo National 
Forest, 25 km S of Sheik Hussein, glades in dry 
Juniperus procera forest, 7.561°; 40.721° E; 1900 m, 
fl. & fr., 9 Dec. 2013, Ib Friis, Odile Weber, Wege 
Abebe, Abubaker Adem & Ermias Getachew 15074 
(ETH, neotype!; C!, K!, isoneotypes).

Additional collections: Ethiopia, Oromia Regional 
State, Delosebro to Sheik Hussein, in Kubayo 
National Forest, c. 35 km S of Sheik Hussein, 
open glades in Juniperus procera forest, 7.490° N, 
40.642° E; 1850 m, fl. & fr., 17 November 2014, Ib 
Friis, Sebsebe Demissew, Wege Abebe, Abubaker 
Adem & Ermias Getachew 15561 (C, ETH, K); at the 
southern edge of the Kubayo National Forest, near 
the village of Dinsa, 7.480° N, 40.627° E, 1925 m, fl. 
& fr., in fence at the border between farmland and 
Juniperus forest, 19 November 2015, Ib Friis, Wege 
Abebe, and Ermias Getachew 15724 (C, ETH, K).

The type locality of Crotalaria trifoliolata and 
C. malacotricha

Friis and Weber (2014a: 1–3) concluded that 
Donaldson Smith’s Walenso (or Walenzo), not 
indicated on modern maps, is identical with 
‘Mt Walenzo’ south of Sheik Hussein (Smith 
1896: Sheet 1). There is also a ‘Mt Gubayu’ to 
the west of ‘Mt Walenzo’ on Smith’s map. The 
map of von Erlanger’s expedition (Sprigade 
1904: Tafel 2) shows similarly located 
mountains called ‘Kobajo’ and ‘Walenso-
Berg’. Friis and Weber (2014a) concluded that 
the mountain peak to the west in their Fig. 2 
is ‘Mt Gubayo’, while the slightly higher peak 
to the east is ‘Mt Walenzo’, and that the type 
locality for Crotalaria trifoliolata had to be on 
the slopes of the eastern mountain. However, 
the distances between the two peaks is only 
c. 1.4 km, which does not agree with the 
7 English miles (more than 11 km) indicated on 
Smith’s and von Erlanger’s maps.

Because of this irregularity, Friis and 
Sebsebe Demissew interviewed in 2014 more 
than ten groups of people near the Kubayo 
Forest about the names Walenso and Kubayo, 
both in the new village of Dinsa (Fig. 1) and 
inside the Kubayo Forest. People in Dinsa said 
either (1) that Walenso was one of the smaller 
mountains near Dinsa or just inside the border 
of the Kubayo National Forest, or (2) that 
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Walenso was a collective name for the entire 
range of mountains inside the Kubayo Forest. 
When we asked people inside the forest, they 
said consistently that Walenso was the name 
for the entire range of mountains within the 
Kubayo Forest. The twin-peaked mountain, 
the peaks of which Friis and Weber (2014a) had 
identified with Mt Gubayo and Mt Walenso, 
was consistently considered one mountain, and 
it was named Mt Kubayo by all. Therefore, we 
can no longer maintain that the type locality 
can be localised exactly, as suggested by Friis 
and Weber (2014a). Kubayo seems to be the 
name of the highest, twin-peaked mountain 
and has given its name to the Kubayo National 
Forest. The position of Walenso is less certain, 
but is most likely a collective name for all of 
the mountains inside Kubayo Forest.

Conclusion
Friis (2015) explored the changes that had 
occurred in our knowledge of the flora of 
Ethiopia and Eritrea during the Ethiopian Flora 
project: 470 new species had been described, 
and 308 species based on type material from 
elsewhere had been found in the area of the 
‘Flora of Ethiopia and Eritrea.’ This paper 
deals with a smaller category: species that were 
poorly known at the time of the Ethiopian Flora 
project, but have become better known later. 
We hope that further studies like this can help 
supplement the knowledge of the Ethiopian 
flora and support the conservation of its rare 
and endangered species. Crotalaria trifoliolata 
is now as completely known as most narrowly 
distributed Ethiopian plants, and the same 
applies to its habitat.
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Table 1. Coordinates (decimal degrees) for specimen 
records and field observations of Crotalaria 
trifoliolata made in 2013-2015 by Friis, Weber and 
Sebsebe Demissew. Data from Friis and Weber 
(2014a: Table 1) are included. Altitudes indicated 
with ‘±’ represent altitudes from Google Earth 
(2015). Donaldson Smith’s type collection has been 
omitted because of imprecise localisation.

Records N lat. E long. Altitude

Friis et al. 15724 7.480 40.627 1925 m
Field observation 2014 7.489 40.641 1850 m
Friis et al. 15561 7.490 40.642 1850 m 
Field observation 2014 7.493 40.650 ± 1800 m
Field observation 2014 7.499 40.653 ± 1850 m
Field observation 2014 7.502 40.660 ± 1800 m
Field observation 2014 7.508 40.672 ± 1800 m
Field observation 2014 7.522 40.681 ± 1800 m
Field observation 2014 7.531 40.688 ± 1800 m
Field observation 2013 7.543 40.704 ± 1850 m
Field observation 2013 7.547 40.711 ± 1950 m
Field observation 2014 7.548 40.716 ± 1950 m
Field observation 2013 7.550 40.718 ± 1950 m
Field observation 2013 7.555 40.721 ± 2000 m
Field observation 2013 7.555 40.722 ± 2000 m
Friis et al. 15074 7.561 40.721 1900 m
Field observation 2013 7.562 40.721 ± 1900 m
Field observation 2014 7.566 40.723 ± 1900 m
Field observation 2014 7.596 40.709 ± 1950 m
Field observation 2014 7.623 40.717 ± 1950 m
Field observation 2014 7.666 40.710 1700 m
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“Family” is one of the most important taxonomic ranks when it comes to teaching, 
identification and communicating systematic botany. Therefore, a certain stability 
when it comes to delimitation and nomenclature is important. We show that in the order 
Asparagales the instability in family delimitation has been profound during recent 
decades, and further that the new expanded APG III families cannot be identified 
using adequate morphological characters. This is a challenge when teaching and 
communicating systematic botany to students and the general public. Some recent 
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Introduction

In classical plant taxonomy, as represented 
in Engler (1892), all “lilies” were referred 
to the order Liliales, which was further split 
into three families: Liliaceae (6 stamens, 
hypogynous perianth), Amaryllidaceae (6 
stamens, epigynous perianth), and Iridaceae 
(3 stamens, epigynous perianth). In the second 
edition of Die Natürlichen Pflanzenfamilien 
(Krause 1930) Liliaceae comprised no less 
than 233 genera, divided into 12 subfamilies 
and numerous tribes. At about the same time, 
Hutchinson (1934) proposed a new scheme of 
monocot classification in which the Liliaceae 
was dismantled. He created smaller and more 
homogeneous families, based upon a stronger 
reliance on the inflorescence, while paying less 
attention to ovary position, which until then had 
been considered highly conservative (Kubitzki 
et al. 1998).

Comparative studies in morphology, anatomy, 
embryology, palynology, and phytochemistry 
paved the way towards further reorganizations 
of Krause’s (1930) “catch-all Liliaceae”. These 
efforts were crowned by the pioneering work 
of Huber (1969) who, on the basis of seed-
coat characters and other evidence, proposed 
a radically novel taxonomic scheme for the 
Liliiflorae. Some new orders and several new 
families were proposed. These were partly 
incorporated into other classifications, such 
as that of Takhtajan (1980), and eventually 
resulted in the influential system of Dahlgren 
et al. (1985), in which most lilies in the wide 
sense were referred to two orders: Asparagales 
with 32 families, and Liliales with 8 families, 
including Orchidales. Asparagales was 
recognized by having phytomelan in the seed 
coats (making the seed black) and ovarial 
septal nectaries, and the Liliales by lacking 
phytomelan (seeds brown) and having perigonal 
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nectaries. This classification was more or less 
kept by Brummitt (1992, see Table 1), by 
Kubitzki (1998), and by all ongoing African 
flora projects at that time: Flora of Namibia, 
Flora Zambesiaca, Flore d Áfrique Centrale, 
Flore du Gabon, Flore du Cameroun, Flora 
of Tropical East Africa and Flora of Ethiopia 
and Eritrea. (NB: Inga Hedberg played an 
important role as editor for the last one.)

During the 1990s, rapidly accumulating DNA 
sequences provided new and informative 
sets of data. There was a need for a general 
taxonomic system with wide acceptance, and 
the Angiosperm Phylogeny Group (APG) was 
established. Reorganizations at the family 
level were proposed (APG I in 1998, APG II 
in 2003, and APG III in 2012; cf. Table 1 and 
Fig. 1). This will be discussed below.

Table 1. Type genera of some Dahlgrenean families (mainly kept by Brummitt 1992), with new families be-
longing according to the Angiosperm Phylogeny Group (APG I 1998 and APG III 2009). In the selection of 
families, only Asparagales occurring in Africa (including commonly cultivated) are included. Light shading 
indicates one change in family name, darker shading indicates two changes.

What	do	we	need	plant	families	for?
Users of plant classifications tend to make use 
essentially of three levels in the taxonomic 
hierarchy: the family, the genus and the 
species. Other taxonomic categories – such as 
orders, subfamilies, tribes etc. – are generally 
of less interest or value when it comes to 
teaching, identification and communication. 
When teaching botanical taxonomy, the family 
will be the central category, genera being too 
numerous and orders often too weakly defined. 
When identifying plants, most floras will have 

family as the main entrance to subordinate 
keys to genera and species. The identification 
of the family is accordingly the first necessary 
step in the identification of an unknown plant. 
Also for communication to a wider public, 
families are of vital importance.

Heywood (2001) discussed “a new para-
digm of taxonomy” and suggested some 
criteria. A classification should (1) be efficient 
and consistent in its methods and procedures, 
(2) be both scientifically sound and practicable, 
(3) be responsive to the needs of society, 

Type genus Brummitt 1992 APG I 1998 APG III 2009 
Agapanthus Alliaceae Agapanthaceae Amaryllidaceae 
Agave Agavaceae Agavaceae Asparagaceae
Allium Alliaceae Alliaceae Amaryllidaceae
Aloe Aloaceae Asphodelaceae Xanthorrhoeaceae
Amaryllis Amaryllidaceae Amaryllidaceae Amaryllidaceae
Anthericum Anthericaceae Anthericaceae Asparagaceae
Asphodelus Asphodelaceae Asphodelaceae Xanthorrhoeaceae
Asparagus Asparagaceae Asparagaceae Asparagaceae
Dracaena Dracaenaceae Convallariaceae Asparagaceae
Eriospermum Eriospermaceae Convallariaceae Asparagaceae
Hemerocallis Hemerocallidaceae Hemerocallidaceae Asparagaceae
Hyacinthus Hyacinthaceae Hyacinthaceae Asparagaceae
Hypoxis Hypoxidaceae Hypoxidaceae Hypoxidaceae
Iris Iridaceae Iridaceae Iridaceae
Orchis Orchidaceae Orchidaceae Orchidaceae
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(4) be cooperative, working closely with 
other disciplines, both pure and applied, (5) 
be outward-looking, (6) be accessible, (7) 
be able to produce outputs that are suitable 
for various consumers, and (8) be capable 
of the best practice in informatics. Cullen 
and Walters (2006) emphasized particularly 
that plant families are needed for an efficient 
reference system and for plant identification, 
and must have a reasonable level of stability. 
They further pointed to “.. the relatively recent 
sharp increase in the number of flowering-plant 

families proposed by taxonomists with an 
interest in phylogeny”. Godfray and Knapp 
(2004) concluded that «users want stable, 
informative and accessible classifications that 
enable easy identification».

Some morphological 
misinterpretations
All classifications aim to reflect the 
evolutionary history of plants, and there can 
be no doubt about the importance of molecular 

Fig. 1. Phylogeny of Asparagales. Modified after Stevens (2001 onwards) Angiosperm Phylogeny Website.
All photos by the authors, except Lanariaceae by Brita Stedje
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characters. New molecular information has 
led to important new insight into evolution 
and phylogeny. In our own experience, for 
example, DNA data led us  to re-interpret 
the inflorescence of the Ethiopian endemic 
Chlorophytum neghellense Cufod., implying 
a generic transfer to Anthericum (Bjorå 2008).

Fig. 2. Left: Trachyandra with simple nodes; right: 
Chlorophytum with complex nodes and articulated 
pedicel.

The value of morphological characters 
should not be underestimated. However, these 
characters must be correctly applied, as must 
all other characters. Chase et al. (2009) have 
presented the most recent justification for the 
expanded Asparagalean families Amaryl-
lidaceae, Asparagaceae and Xanthorrhoeaceae 
(APG III; see Fig. 1 and Table 1). They pro-
posed recognition of subfamilies for these 
expanded families. Their recommen-dation 
was that Amaryllidaceae be divided into three 
subfamilies (Agapanthoideae, Allioideae and 
Amaryllidoideae), Asparagaceae into seven 
subfamilies (Agavoideae, Aphyllanthoideae, 
Asparagoideae, Brodiaeoideae, Lomandro-
ideae, Nolinoideae and Scilloideae), and 
Xanthorrhoeaceae into three subfamilies 
(Asphodeloideae, Hemerocallidoideae and 
Xanthorrhoeoideae).

It was further stated that: “Morphological 
synapomorphies, even for the Dahlgrenean 
families, are problematic. Some genera 
that we now know belong in different 
major clades are indistinguishable in the 
field. Trachyandra and Chlorophytum are 

impossible to distinguish, for example, but 
the former is a member of Asphodeloideae 
(Xanthorrhoeaceae sensu APG III, 2009) 
and the latter a member of Agavoideae 
(Asparagaceae sensu APG III, 2009).”There 
is, however, no problem in distinguishing 
the two genera. Trachyandra has simple 
inflorescence nodes, no pedicel joints, rhizome 
yellowish inside (due to the occurrence of 
anthraquinons) and dull brownish seeds 
(due to the presence of an arillus covering 
the testa). Chlorophytum, on the other hand, 
has complex inflorescence nodes, pedicel 
joints, rhizome whitish inside (due to lack of 
anthraquinons and glossy black seeds (arillus 
lacking exposing the testa). The inflorescence 
differences are shown in Fig. 2.

To defend the new expanded Asparagalean 
families, Chase et al. (2009) asserted further 
that it was fairly simple to recognize the 
two largest of the condensed families, 
Asparagaceae and Amaryllidaceae, as the 
former rarely has umbels and either no or three 
to more bracts subtending the inflorescence and 
the latter has umbels subtended by two bracts. 
The tribe Haemantheae of Amaryllidaceae 
(Clivia, Cryptostephanus, Haemanthus, 
Scadoxus) has, however, several bracts. A 
third statement of Chase et al. (2009) is that 
the members of Xanthorrhoeaceae (including 
the Dahlgrenean families Asphodelaceae and 
Hemerocallidaceae) commonly have a “strange 
form of thyrsoid inflorescence”. This might be 
true for the Hemerocallidaceae (c. 120 species) 
and Xanthorrhoeaceae s.str. (c. 30 species), but 
certainly not for the largest of the families, 
Asphodelaceae (more than 1000 species), 
where all genera have simple or branched 
ordinary racemes.

Teaching,	identification	and	
communication
We claim, as mentioned, that the taxonomic 
level of family is the most important when 
it comes to teaching, identification and 
communication.
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Chase et al. (2009) postulated that “the 
use of the broader family limits greatly 
simplifies the taxonomy of Asparagales and 
thus makes the teaching of these families 
much easier”. The authors have a point, that 
the families of Asparagales were so many, 
that to teach them all was far too time 
consuming in most courses. However, 
when the families are too widely de-
fined, variable, and lacking morpho-
logical synapomorphies, teaching the 
broader families takes more time and 
little is gained.

Also, one of the most widely used 
textbooks in plant taxonomy (Judd 
et al. 2016) has chosen to present the 
mentioned APG III subfamilies as 
families, as these entities are more 
easily recognized and thus easier 
to present. Take, for example, the 
expanded Asparagaceae. As far as 
we can see, there is not any obvious 
morphological synapomorphy that will 
define this family. At the Angiosperm 
phylogeny website (Stevens 2001 
onwards), it is stated about Asparagaceae: 
“This is a highly unsatisfactory family. 
Nothing characterizes it, and while some 
of the subfamilies have several distinctive 
apomorphies and are also easy to recognize, 
others are difficult to recognize”. When 
teaching at field courses, the need for 
recognizable units is even more profound. 
To refer to Asparagaceae again: as to 
underground parts we find corms, rhizomes 
or bulbs; when it comes to leaves, they occur 
in basal rosettes, along stems or lacking, 
replaced by phylloclades; the inflorescences 
may be racemose (simple or condensed 
nodes), paniculate or (more rarely) umbellate; 
the flowers are hypogynous or epigynous; 
fruits are represented by capsules or berries; 
and the seed has or lacks phytomelan, and 
may be glabrous or hairy.

When identifying plants, most floras 
will, as mentioned, have family as the main 
entrance to subordinate keys to genera and 

species. Using the Flora of Ethiopia and Eritrea 
(Edwards et al. 1997) as an example, the family 
Asparagaceae (sensu APG III) would have to 
be keyed out in several different positions. In 
the Flora, the Dahlgrenean families are keyed 
out (slightly simplified):

The characters used in this key are fairly 
straightforward and easily defined; only 
Anthericaceae (included in APG III 
Agavoideae) had to be keyed out twice. 
The problems when it comes to keying out 
Asparagalean APG III families are further 
exemplified in Byng’s (2014) Practical Guide 
to Families and Genera of the World. Here, the 
families Asparagaceae and Xanthorrhoeaceae 
are keyed out together characterized by 
“description not as above” (in relation to 
the other Asparagalean families). This 
demonstrates, again, that it is very difficult 
to key out such heterogeneous families in an 
informative way.

For the wide community that has various 
needs for navigating in the systematic world 
of plants, such as gardeners, agriculturists, 
students, conservationists, ecologists and 
land managers, the need is first and foremost 
a stable system that is based on recognizable 
families that do not change every decade.

1. Flowers epigynous . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Agavaceae
– Flowers hypogynous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2
2. Leaves reduced to scales or spines, their function 
 fulfilled by modified green branches (cladodes) or 
 flattened leaf-like branches (phylloclades) . . . . . . . . . .  3
– Leaves well-developed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4
3. Cladodes     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   Asparagaceae
_ Phylloclades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ruscaceae
4. Fruit a berry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dracaenaceae
– Fruit a capsule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5
5. Stems with leaves . . . . . . . . . . . . . . . . . . . . . . . . .  Anthericaceae
– Stems without leaves  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6
6. Seeds tomentose, flowers yellow Eriospermaceae
– Seeds glabrous, flowers not yellow  . . . . . . . . . . . . . . . . . . . . . . 7
7. Plants with bulbs . . . . . . . . . . . . . . . . . . . . . . . .  Hyacinthaceae
– Plants with corms and rhizomes . . . .  Anthericaceae
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Also, for the professional botanical society, 
like herbaria and botanic gardens, stability is 
important for practical reasons. One cannot 
reorganize the collections every time a new 
systematic classification is suggested. Curators 
have the knowledge to handle changes in the 
systematics, even if stability is preferred. The 
question of which system to use for organizing 
databases, herbaria and botanic gardens 
was put up to an international consortium of 
institutions (Wearn et al. 2013), and the vote 
for APG III, including the broad families of 
Asparagales was, overwhelmingly accepted. 
The benefit for, in particular, smaller herbaria 
collections to follow the same classification as 
larger institutions has certainly advantages. 
The reorganization of the general part of 
the Oslo herbarium according to the APG 
III system has certainly led to considerable 
improvement compared to the existing system 
of Dalla Torre & Harms from 1908.

Discussion
The family delimitation within the order 
Asparagales has been very unstable through 
recent decades, before and after the APG 
revisions. When comparing the Dahlgrenean 
classification (slightly modified by Brummitt 
1992) with APG I (1998) and APG III (2009), 
there are several differences (exemplified 
by families occurring in Africa, Table 
1): Altogether, five of the type genera of 
Dahlgrenean families belong to the same 
family for all treatments, six of the genera 
change family once, while four change family 
twice, thus being referred to three different 
families between 1992 and 2009 (Agapanthus, 
Aloe, Dracaena, and Eriospermum). It is also 
interesting to note that the family delimitation 
of Brummitt (1992) is more similar to APG I 
(11 matches) than APG III is to APG I (only 5 
matches).

Chen et al. (2013) have presented a network 
analysis of Asparagales showing that the 
subfamilies are well supported, whereas the 
APG III expanded families have less support. 

As stated by Seeberg et al. (2012): “One 
could have chosen to accept the previously 
recognized smaller families, at least, until 
unequivocal evidence points to the contrary.” 
We agree, both for teaching, identifying and 
communication, these subclades should better 
be given the rank of families.

When it comes to nomenclature, Klopper et 
al. (2013) have proposed to conserve the family 
name Asphodelaceae against Xanthorrhoeacae: 
«Based on a nomenclatorial technicality, the 
name of the smallest, youngest and least-
known constituent of the APG has priority 
and became the name of the expanded family 
concept”. The proposal has been recommended 
for acceptance by the Nomenclature 
Committee for Vascular Plants (Applequist 
2014). In our opinion the nomenclatorial 
problem is best avoided by keeping the three 
former entities at the family level. There are 
enough morphological synapomorphies to 
define Asphodelaceae, Hemerocallidaceae, 
and Xanthorrhoeaceae s.str.

It is, however, obvious that the smaller are 
the units the easier the recognition, and if 
the rank of family is used for too small units 
then one loses the value of that level of the 
hierarchy. A balance must be found. One might 
appreciate the effort of APG III to reduce 
the number of families. Cullen and Walters 
(2006) recommended, however, “that the 
users of taxonomy should take a very cautious 
approach to the new families (whether splits 
or mergers) as a whole, not accepting changes 
until and unless their usefulness has been 
clearly demonstrated”.

We will also claim that Heywood’s (2001) 
eight criteria for entities in taxonomy are 
violated by the Asparagalean expanded APG 
III families, particularly by (2) practicability, 
(3) needs of society, (4) working closely with 
other disciplines, (5) outward-looking, (6) 
accessibility and (7) suitable outputs for 
various consumers.

Finally, it is important to remember that there 
are objective criteria to define monophyletic 
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and paraphyletic groups, but when it comes 
to the establishment of rank there are no such 
objective criteria. The number and delimitation 
of families should be balanced by the need of 
the entities to be recognizable.
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Calicium episcalaris	(Caliciaceae),	a	new	lichen	
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A new species of lichen, Calicium episcalaris Tibell & Knutsson, is described from 
Sweden. It is one of few Calicium species being parasitic or ‘Jugendparasit’, occurring 
on Hypocenomyce scalaris (Ach.) M.Choisy growing on an old wooden building in 
South Sweden.
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Introduction
Calicioid lichens and fungi have been under 
detailed study for many decades, and have 
frequently been treated in monographs and 
province lichen floras. Especially well studied 
are the Nordic countries, and today 13 species 
of Calicium are known from that area.

Calicioid lichens are attractive, and are often 
recorded and collected during field-trips and 
surveys. Some species have highly specific 
ecological requirements, and are utilized as ‘key 
species’ or ‘indicator species’ in forests and other 
habitats with high conservation values (Nitare 
2000). They have been evaluated for red-lists in 
many countries, resulting in yet more attention. 
Thirty-two species are red-listed in Sweden, 40 
in Finland, and 26 in Norway.

While searching for red-listed epi-xylic 
lichens in Dalsland in the west part of Sweden, 
the second author found a Calicium species, 
which was documented with photos and a small 
collection. Although it was similar to some 

other Calicium species, like C. montanum Tibell 
(Tibell 1999a), details in gross morphology and 
microscopic features fitted neither with that or 
any species in the Nordic Lichen Flora vol. 1 
(Tibell 1999b), nor with any other previously 
described Calicium. The ecology was puzzling, 
it being parasitic on Hypocenomyce scalaris.
Here this species is formally described and 
illustrated together with details of its ecology.

This paper is dedicated to Inga Hedberg for 
her long-standing and never-failing support 
and encouragement for the publication of 
lichenological contributions in Symbolae 
Botanicae Upsalienses.

Calicium episcalaris Tibell & Knutsson 
sp. nov. (Fig. 1.)
Type: Sweden. Dalsland. Hålbol parish, Gäse-
rud, on northfacing wall of wooden old barn, 
27. XI 2013. Knutsson s.n. (UPS). GenBank 
KX228552. Mycobank MB817070.
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Fig. 1. Habitat and morphology of 
Calicium episcalaris.

A. Habitat: a wooden 17th century 
building.

B. Calicum episcalaris colonizing 
Hypocenomyce scalaris. Thallus 
of the host seemingly not affected 
by invading/parasitizing Calicium 
episcalaris (single arrow). Thallus 
of host showing degradation/
transformation (triple arrows).

C. Luxuriant Calicium episcalaris.

Fig. 2. Detail of a SplitsGraph analysis of ITS 
sequences of 17 European species of Calicium, 
depicting C. episcalaris and the closest species in the 
network representation

etymology. Named after its occurrence on 
Hypocenomyce scalaris.
Description. black, without pruina, 0.26–0.37 
mm high; capitulum lenticular to broadly 
obconical, 0.22–0.26 mm in diam., the 
excipulum edge often thinning out and 
pale, thus mimicking a narrow pruina; stalk 
0.10–0.15 mm wide. Asci cylindrical, 42–46 x 
5.5–6.5 μm, with uniseriately arranged spores. 
Spores broadly ellipsoid, 10–14 x 6–8 μm, 
with a minutely verrucose surface and a few 
irregular cracks. 

Parasitic or ‘Jugendparasit’ on Hypocenomyce 
scalaris, which when parasitized shows a 
continuous transformation from unaffected 
and fertile parts to parts strongly modified by 
the parasite. The affected parts gradually turn 
pale grey in areas developing pycnidia, and 
finally change to medium grey and become 
slightly bullate when the parasite starts 
producing ascomata.
remarks. Calicum episcalaris is unusual in 
Calicium by being a parasite or ‘Jugendparasit’ 
(Poelt & Doppelbauer 1956). It has rather 
short-stalked ascomata and for this reason 
recalls C. montanum, but it is parasitic 
and does not have a pruina. The spores of 
C. episcalaris are also slightly larger and 
have a verrucose ornamentation. The pycnidia 
we have observed cannot unequivocally be 
identified as belonging to C. episcalaris. The 
anatomy and conidiogenesis of the pycnidia 
are, however, similar to those of Calicium 
species (Tibell 1997). A high production of 
pycnidia associated with an initial attack of 
parasitic Microcalicium disseminatum (Ach.) 
Vain. has previously been noted (Tibell 1978).
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Distribution anD habitat. So far, the species is 
only known from a single locality in a cultural 
landscape of central Dalsland, W Sweden (Fig. 
1). The buildings, which date back at least to 
the 17th century, are mainly built from old pine 
wood (Pinus sylvestris); and they have a very 
rich epixylic lichen myca, including species 
such as Calicium viride Pers., Carbonicola 
anthracophila (Nyl.) Bendiksby & Timdal, 
Chaenotheca ferruginea (Turn. ex Sm.) Migula, 
Cyphelium inquinans (Sm.) Trevis., Pycnora 
praestabilis (Nyl.) Hafellner, Lecanora spp., 
and Strangospora moriformis (Ach.) Stein, 
in addition to further calicioid species. The 
buildings are strongly exposed and situated in 
a pastoral, semi-open cultural landscape, and 
have probably never been treated or painted, a 
fact that is very important for maintaining rich 
epixylic lichen diversity.

Similar habitats, offering substantial 
quantities of dead wood in semi-open situations, 
were most likely once widely distributed in old-
growth boreal forest ecosystems. From there, 
the species could migrate or travel with the 
substrate to settlements where wood was used 
for fences and buildings. Calicium episcalaris 
is probably adapted to hardwood in semi-
open situations, and the present occurrence 
thus represents a vanishing habitat. The type 
locality might well constitute a relict site of a 
once much wider distribution. Interestingly, 
C. episcalaris parasitizes the very common 
lichen Hypocenomyce scalaris. However, a 
rare parasite vs. common host scenario is not 
infrequent in natural systems (Kennedy 2012); 
e.g., among fungi Volvariella surrecta (Knapp) 
Singer is a rare parasite mostly on the common 
Clitocybe nebularis (Batsch) P.Kumm. 
Whether the parasitism on H. scalaris is 
obligatory can only be clarified by further 
findings. Whether it is a ‘Jugendparasit’ may 
be elucidated by following a population over an 
extended timespan.

In a SplitsGraph (Bandelt & Dress 1992; 
Huson & Bryant 2006) analysis of 24 aligned 
ITS sequences (ITS1/5.8S/ITS2) representing 
17 species of European Calicium species (Fig. 2), 

Taxon Country GenBank
C. abietinum Slovakia DQ789077
C. adaequatum Sweden AY450564
C. adaequatum Sweden AY450565
C. adspersum Sweden DQ789079
C. adspersum Sweden DQ789078
C. chlorosporum India AY450566
C. denigratum Sweden AY450568
C. denigratum Sweden AY450567
C. episcalaris holotype KX228552
C. glaucellum Sweden AY450570
C. glaucellum Sweden DQ789082
C. glaucellum UK FR799141
C. glaucellum Sweden AY450569
C. hyperelloides NZ AY450572
C. lenticulare Canada AY450573
C. montanum Portugal AY450574
C. montanum Slovakia* KX228551
C. pinastri Czech R. AY450575
C. quercinum Sweden AY450576
C. salicinum Sweden AY450578
C. trabinellum Sweden AY450579
C. victorianum England EU010389
C. viride Sweden AY450582
C. viride Sweden AY450581

Table 1. Sequences of 17 European species of 
Calicium used in the SplitsGraph analysis. 
GenBank number of new sequences in bold. For 
voucher information, refer to GenBank.

* Palice 5301 (Hb. Palice)

C. episcalaris is close to C. montanum Tibell 
and pinastri Tibell. In pairwise alignments 
it differs from C. pinastri (AY450575) in 
18 SNPs and one indel; from one haplotype 
of C. montana (AY450574) in 17 SNPs and 
two indels and from another haplotype of 
C. montana (GenBank KX228551) in 21 SNPs 
and six indels.

For collections included in the alignment of 
European Calicium species, see Table 1.
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This paper is written in honour of Inga Hedberg, 
whom I have met on several occasions since we 
both participated in the AETFAT meeting in 
1974 at Geneva, in Europe as well as in North 
East Africa, discussing with her the news and 
problems we have come across in northern 
Africa – exchanging different approaches, with 
the aim to improve our knowledge and spread 
the news.

The family Aizoaceae has a worldwide 
distribution north and south of the equator, 
with a peak in the South Western Cape of 
Africa, and a separate area in North Africa and 
Arabia (Fig. 1).

The genus Delosperma N.E.Br. is 
one of the most widespread genera of 
“Mesembryanthema” (a rank-less name for 
the subfamilies Mesembryanthemoideae and 
Ruschioideae together; Hartmann 2001). It 
occurs in three different areas in Africa, but 
not outside this continent (Fig.1). In the south 
lies the largest portion, covering mainly the 
central and eastern part of Africa, plus some 
populations on Madagascar and Réunion. 

Crossing the tropical gap, a separate region 
exists in the North (Fig. 2).

Within the northern area of the genus, 
the southerly species mainly follow the Rift 
Valley, with Delosperma nakurense (Engl.) 
Ag.J.Herre (Fig. 3) as the most widespread 
species. The more northerly species, reaching 
into southern Arabia, each live under distinct 
ecological conditions: different soils, different 
expositions, and different rainfall patterns 
characterize each place.

The southern Delosperma nakurense 
lives as a roadside settler over a long stretch 
of the Great Rift Valley, growing like weed 
in loose fine-grained soil, reaching from 
Tanzania through Kenya into Ethiopia. All 
other North African species have distinct 
specific requirements; e.g., the quartzitic rocky 
outcrops at the boundary between Kenya and 
Tanzania house Delosperma oehleri (Engl.) 
Ag.J.Herre (a creeper; Hartmann 2001, 2008). 
Likewise, the other species each occur in 
specific habitats in clearly separated, restricted 
areas (Fig. 2).

Aizoaceae in North-East Africa: Delosperma
Heidrun E. K. Hartmann

Hartmann, H. E. K. 2016. Aizoaceae in North-East Africa: Delosperma – Symbolae 
Botanicae Upsalienses 38: 53–56. Uppsala. ISBN 978-91-554-9608-1.

The genus Delosperma (Aizoaceae) in NE Africa is discussed with reference to biogeo-
graphy, ecology and  systematics. The Delosperma species in this area are characterised 
by protogyny, while all other Aizoaceae are protandrous.

Tannenweg 51, D-22415 Hamburg, Germany. e-mail hartmann.africa@uni-hamburg.de.
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Delosperma schimperi
Delosperma sawdahense
Delosperma oehleri
Delosperma nakurense
Delosperma harazianum
Delosperma ”eritrea”
Delosperma abyssinicum

Fig. 2: Species of Delosperma in North East Africa 
(Hartmann 2008).

Fig 1: Occurrence of Delosperma in Africa, showing 
the two areas separated by the tropical gap.

Further north, species of Delosperma 
prefer higher altitude areas, all of which are 
well isolated from one another. Occasional 
oral reports from Eritrea, however, are vague 
regarding the plants’ character states (Fig. 2).

An interesting species is Delosperma 
schimperi (Engl.) H.E.K.Hartmann & 
Niesler. It had once been placed in the genus 
Trichodiadema Schwantes, based on the 
possession of papillate cells, causing people 
to use that genus name for any plant in North-
East Africa that shows apical “hairs”. Such 
applications can be found in lists as late as 2014 
(Deil 2014).

Yet, Hartmann & Niesler (1991) had 
been able to demonstrate that the leaf tips in 
D. schimperi do NOT develop a diadem proper; 
instead, they form single elongated papillae 
(see the figures in Hartmann & Niesler 1991). 
At the time of these early studies, no flowers 
were available for more detailed investigations.

Over the following years and through 
contact with many colleagues (e.g., Deil and 
students, summarized in Deil 2014), it was 
possible to study photographs of flowers of 
all species, most of them with pink to purple 
flowers.

It could be shown that (as discussed 
in Hartmann 2008), a wide array of pink 
flowering populations had simply been 
named Delosperma schimperi; all of these 
populations, however, differed widely in 
morphology and ecology (Fig. 2). In short, any 
plants in pink to purple were given the name 
Delosperma schimperi, in NE Africa and 
Yemen as well as in adjacent rocky areas. The 
type locality, however, was unknown for more 
than 100 years.

When taking part in a symposium at 
Addis Abeba in 2003, I traced specimens 
corresponding to the lectotype of D. schimperi 
– Schimper 7881 (B!) – in the herbarium (EA), 
(e.g. on the sheets Edwards & al. 5032 and 
Sebsebe 3003) and verified in discussions with 
colleagues precise references to their locations.
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This gave us the chance to locate most likely 
areas for this species at high altitudes (above 
3000 m). Expanding a trip to historical places 
in northern Ethiopia, we were able to find local 
guides and company, and with their help we 
reached the critical area. Local inhabitants 
searched for and collected the flowering plants 
near the road, and indeed the true D. schimperi 
was amongst the arms full of flowers they had 
found. In this way, we were able to establish 
beyond doubt the area in which this actually 
rare species occurs. (Hartmann 2008).

During subsequent years, following the 
identification of these species, pictures of 
flowers of all of the species of Delosperma 
in East Africa and the neighbouring part of 
Arabia were collected, with the help of many 
colleagues who travelled in the relevant regions, 
resulting in a complete overview of this group 
of species of Delosperma (Hartmann 2008).

I found that the flowers of all species of 
Delosperma from NE Africa are protogynous 
(i.e. the female elements mature first, the 
stigmas stretching and spreading, in this way 
becoming ready to accept pollen) whereas 
all other members of the family Aizoaceae 
– including Delosperma species from other 
geographical areas – are protandrous (i.e. 
pollen is shed before the stigmas are receptive).

While in the past, this group of Delosperma 
has been understood to represent “early” 
members of the genus, this cannot be upheld 
now. Instead, the group of seven species is 
now seen as a separate taxonomic unit, to be 
recognized as Delosperma subg. Proterogyna 
H.E.K.Hartmann (in print), the group having 
been first discussed by Hartmann (2013). 
Fig. 3. A flower of a young plant of Delosperma 
nakurense, sent from Kenya by L. E. Newton, 2006, 
cultivated by Hartmann in Hamburg.
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Forest conservation tradition of the Ethiopian 
Orthodox Tewahdo Church: a case study in West 
Gojjam	Zone,	north-western	Ethiopia
Teferi Teklu Woldemedhin1 & Demel Teketay2,*
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Ethiopian Orthodox Tewahdo Church: a case study in West Gojjam Zone, north-western 
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The Ethiopian Orthodox Tewahido Church (EOTC) has a long history of conservation 
of forest resources, which are found enveloping the churches. A study was carried out 
in nine church forests to investigate the (i) years of establishment as well as total land 
and forest areas of the churches, (ii) species richness and similarities in composition 
of woody species in the church forests, (iii) importance of church forests and the 
forest conservation tradition of EOTC, (iv) botanical and indigenous knowledge of 
forest protection, (v) utilization and plantation practices employed by the clergy and 
laity, and (vi) identify the major constraints and obstacles encountered by EOTC in the 
conservation of forest resources. The churches have different ages of existence since 
their establishment, the oldest (Zeguda Giorgis and Zambi Sellassie churches) being 
about 765 years old. The total land and forest areas in the churches ranged from 5-20 
ha and 2-15 ha, respectively. A total of 56 woody species were recorded from the nine 
church forests, representing more than 30 families and 42 genera. The species richness 
of woody species in the nine church forests ranged between 10 (Zambi Selassie and 
Woneba Mikael church forests) and 46 (Wonjetta Mikael church forest) species. The 
woody species similarities ranged from 83.3%, for Zeguda Giorgis and Zambi Sellassie, 
and 0% between Zambi Sellassie and Woneba Mikale church forests. The importance of 
church forests and the forest conservation tradition of EOTC, botanical and indigenous 
knowledge of forest protection, utilization and plantation practices employed by the 
clergy and laity as well as the major constraints and obstacles encountered by EOTC in 
the conservation of forest resources are discussed..
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Church Year (AD) of 
Establishment

Total 
area (ha)

Area of 
forest (ha)

Number of 
tree species

Quarit District 
Mercha GiorgisD 1260 9 8 11
Zeguda GiorgisD 1250 11 9 12
Zambi SellasieD 1250 14 11 10
Yilmana Densa District
Woneba MikaelWD 1270-1285 20 15 10
Bahir Dar Zuria District
Wonjetta MikaelWD 1314-1344 7 5 46
Debre Tsion  Bete MaryamWD 1314-1344 15 10 18
Jahbithenan District
Bakel GebrielK 12th Century 5 2 19
Qerer SellassieK 12th Century 12 10 14
Shenbekuma MikaelK 14th Century 6 5 19

Table 1. Year of establishment, total area, area of forest and number of tree species recorded in the nine 
churches studied in West Gojjam Zone, Ethiopia.

Introduction
Ethiopia is endowed with different types 
of forest resources. However, these forest 
resources have been under heavy pressures 
from deforestation and forest degradation as 
a result of anthropogenic and natural causes. 
For instance, in the northern parts of Ethiopia, 
while almost all dry Afromontane forests have 
been converted to open agricultural lands 
(Teketay 2004–2005; Wassie et al. 2009a, b), 
thousands of small isolated fragments remain 
around churches, hereafter referred to as 
‘church forests’ (Wassie 2002; Bingelli et al. 
2003; Wassie et al. 2005a, b; Bongers et al. 
2006; Wassie and Teketay 2006; Woldemedhin 
2008; Wassie et al. 2009a, b; Wassie et al. 2010; 
Tilahun et al. 2015; Aerts et al. 2016).

These forests have been preserved over 
centuries by the Ethiopian Orthodox Tewahido 
Church (EOTC), and are considered sanctuaries 
for different plant and animal species (Wassie 

et al. 2005a, b; Bongers et al. 2006; Wassie and 
Teketay 2006; Wassie et al. 2009a, b, c, 2010; 
Tilahun et al. 2015; Aerts et al. 2016; Amare et 
al. 2016). In addition to its religious activities, 
EOTC has a long history of conservation of 
forest resources, which usually surround the 
churches (Wassie 2002; Wassie et al. 2005a; 
Woldemedhin 2008; Yadav and Mekonnen 
2013; Tilahun et al. 2015; Aerts et al. 2016; 
Amare et al. 2016). Although the main purpose 
of churches is as places for worship, burials 
and meditative religious festivals, they also 
provide valuable, and often unique and secure, 
habitats for plants and animals, as well as 
microorganisms, and green spaces for people to 
rest the stressed mind. Many indigenous trees 
and shrubs, which were destroyed completely 
in some places, are still found standing in the 
compounds of remote rural churches (Bekele 
1998; Wassie 2002). In other words, church 
compounds are serving as in situ conservation 
sites for indigenous trees and shrubs of Ethiopia, 

Notes: D = dega climatic zone; WD = woina dega climatic zone; an K = kola climatic zone; sources of 
information: EOTC offices in Quarit, Yilmana Densa, Bahir Dar Zuria and Jahbithenan districts.
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which, in turn, provide prestige for the religious 
sites (see details in the website resources listed 
at the end of this article).

Traditionally, churches are surrounded by 
trees, which tend to be preserved from the axes 
of people and have thus survived for many 
centuries as islands of natural forest. Church and 
monastery compounds are considered sacred 
and superior to other areas or compounds. 
Thus, believers do not abuse them, and hence 
the biodiversity of the whole ecosystem 
around them has been protected. The belief 
creates social pressure that control individual 
and group behavior. Obviously, the actual 
existence of a few species of trees elsewhere, 

and their preservation in church compounds, 
did not result from scientific conservation 
methods or from effective government policy, 
but from the age-long tradition of the Church 
(Woldemedhin 2008). This shows that ETOC 
has been very instrumental in the conservation 
of forest resources in Ethiopia.

Traditional knowledge systems reflect the 
experience and problem solving practices of 
many generations of people across the globe. 
Thus, integration of viable traditional know-
ledge systems and management practices 
during the planning and implementation 
processes can create important advantages 
for the participation of local communities in 

Fig. 1. Map of Ethiopia and West Gojjam Zone showing districts and church forests studied.
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development work. Traditional knowledge 
provides the basis for grass roots decision-
making, much of which takes place at 
the community level through indigenous 
organizations and associations where 
problems are identified and solutions to them 
are determined (Warren 1992). Where there 
are ongoing changes in the environment 
and in the natural vegetation, as in Ethiopia, 
traditional knowledge should be incorporated 
into governmental development planning,

In many parts of northern Ethiopia, large 
trees are mainly found in Church compounds. 
Thus, the study of this traditional system of 
conservation could help to explore ways and 
systems of sustainable management of forest 
resources in Ethiopia. Therefore, this study 
was carried out to investigate the traditional 
churchyard forest management practices 
in West Gojjam Zone, northern Ethiopia, 
through a field survey and interviews of nine 
representative churches, with good sizes of 
forests in their yards.

The specific objectives of the study were 
to investigate the: (i) years of establishment 
as well as total land and forest areas of the 
churches: (ii) species richness and similarities 
in composition of woody species in the church 
forests; (iii) importance of church forests; (iv) 
forest conservation tradition of EOTC; (v) 
botanical and indigenous knowledge of forest 
protection, utilization and plantation practices 
employed by the clergy and laity; and (vi) 
identify the major constraints and obstacles 
encountered by EOTC in the conservation of 
forest resources.

Materials and Methods
The study focused on the traditional forest 
conservation knowledge and its role for the 
sustainable forest management mechanisms 
by reviewing traditional practices employed 
by EOTC parish churches. It also involved 
investigations of the traditional forest 
protection, utilization and plantation practices 
through fieldwork in the selected churches.

Study area

The study was conducted in West Gojjam Zone 
(WGZ), which is one of the administrative 
zones in the Amhara National Regional State 
(ANRS), northern Ethiopia, located between 
10–12° N and 34–36° E (Fig. 1). Nine churches, 
representing different climatic zones, i.e. Dega 
(2,400–3,200 m), Woina Dega (1,800–2,400 m) 
and Kola (500–1,500 m) (Zegeye et al. 2001), 
were selected from four districts in WGZ (Table 
1), with the support and advice of officials of 
EOTC, WGZ Dioceses and the four districts: 
Quarit (three churches), Bahir Dar Zuria (two 
churches), Yilmana Densa (one church) and 
Jahbithenan (three churches) (Table 1).

WGZ was selected for the study since many 
churches are found with good cover of forests 
in their yards compared with other parts of 
Ethiopia. In addition, most of the people in the 
zone are followers of EOTC who uphold the 
traditional forest conservation practices of the 
churches.

The population of WGZ has been estimated 
at 2,437,727 people, of which only 7.6% are 
urban inhabitant while the rest are rural 
inhabitants. Many of the villages in the area 
are located at high altitude, whereas lowlands 
and valleys are used for farming and grazing. 
According to the 2005 annual report of EOTC, 
there were 2,168,737 followers of EOTC, 
i.e. about 89% of the population in WGZ. In 
particular, all of the rural populations in the 
districts of WGZ were followers of EOTC 
(Woldemedhin 2008).

The average temperature in the four 
districts ranges from 17–38°C, and the average 
annual rainfall from 380–705 mm. Crop 
production, mainly cultivation of Eragrostis 
tef (Zucc.) Trotter (known locally as teff ), 
is the major source of economy in WGZ 
(Woldemedhin 2008). Teff is the source of 
the staple food in Ethiopia, locally known as 
injera. Livestock husbandry is second as a 
means of local economy. Since agriculture 
is the major economy in WGZ, most of the 
natural vegetation cover of WGZ has been 
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cleared in the past, mainly for crop production 
in order to feed the ever-growing urban and 
rural populations. 

Another factor contributing to the rapid loss 
of forest resources is the increasing number of 
newly established towns and villages along the 
Addis Ababa – Bahir Dar highway. People who 
live in the towns are poor, and they depend on 
small trade as well as preparing and selling 
local drinks, among other things. In order to 
make their businesses effective, they either 
buy or cut trees/shrubs for fuelwood. This 
has led to clearing of large areas of forests. In 
general, the need for agricultural production in 
WGZ because of the growing population, less 
productive technology, and the low income of 
urban residents were the major factors reported 
to cause destruction of forests (Woldemedhin 
2008).

In Ethiopia, especially in the northern parts, 
churches and monasteries are easily identified 
even from a great distance by their preserved 
trees (Wassie et al. 2005a; Woldemedhin 
2008). The forests/trees have been preserved 
for many years around compounds of churches 
and monasteries or near tsebel (Holy Water) 
areas. Some church buildings are even not 
visible because of the forests/trees in their 
compounds, e.g. the Woneba Mikael (Yilmana 
Densa District) (Fig. 2) and Wonjetta Mikael 
(Bahir Dar Zuria District) (Fig. 3) churches.

The main social background of this 
forest conservation tradition is the faith that 
EOTC teaches referring to conservation as a 
commandment that God gave to human beings. 
By conserving churchyard forests as a replica 
of Eden, the clergy and the faithful respect and 
protect the church forests from any man-made 
destruction. In this way, numerous indigenous 
tree species and herbs are protected locally.

Methods

Interviews
Five scholars from the diocese of WGZ were 
selected as key informants, based on their 
knowledge of the exegesis of EOTC religious 

books in relation to the forest conservation 
tradition. Two clergymen from each selected 
church and one scholar from each of the four 
EOTC district offices were chosen based 
on the length of their residence in the area 
and knowledge of the forest conservation 
practices of EOTC. Two community members 
were also selected from each church – we 
attempted to find individuals with the best 
possible knowledge of the church and of the 
respective areas, as well as people who had 
resided in the area for a long time. 

Two types of semi-structured question-
naires were prepared. The first one was 
completed by the key informants (church 
scholars and diocesan church officials), 
and concerned the background and forest 
conservation tradition of the EOTC. The 
purpose of the second questionnaire, which 
was filled out by the clergy and the selected 
members of the church communities, was to 
assess the botanical knowledge, including the 
identity of the woody species that are found in 
the church forests.

Individual discussions were also held with 
some church scholars in Bahir Dar city, in 
other district towns and in the selected parish 
churches. From each church, clergy members 
were interviewed with open-ended questions. 
Men, women and youth were also interviewed 
to assess the attitude of the local communities 
and their understanding of the tradition. 
Secondary data and information were gathered 
from a bibliographic search on traditional 
knowledge, forest and forest conservation, 
and the EOTC teachings of conservation from 
different sources (Woldemedhin 2008).

Field work
First-hand information, including the study of 
floristic composition of woody species, was 
collected through fieldwork in the selected 
churches. During the fieldwork, audio-visual 
aids (tape-recorder, video and photo camera) 
were used (Woldemedhin 2008).

The identity and names of the woody plants 
were determined using the Flora of Ethiopia 
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and Eritrea (Hedberg and Edwards 1989; 
Edwards et al. 1995; Edwards et al. 1997; 
Edwards et al. 2000; Hedberg et al. 2003; 
Hedberg et al. 2004; Hedberg et al. 2006 and 
Hedberg et al.. 2009), and other references 
containing Ethiopian plant names (Mooney 
1963; von Breitenbach 1963; Chaffey 1978; 
Kelecha 1987).

Data analyses

Species richness was determined as the 
number of woody species recorded in each 
church forest. Similarities in the composition 
of woody species between the church forests 
were computed using Jaccard’s Similarity 
Coefficient (Krebs 1989).

Results and Discussion

Years of establishment of the church 
forests

Most of the churches in Quarit District were 
established in the 13th Century (Table 1). 
According to the parish church officials, of the 
three churches studied in Yilmana Densa and 
Bahir Dar Zuria districts, Wonjetta Mikael 
was established during the 4th Century, and is, 
therefore, considered to be the oldest among 
the studied churches. However, the EOTC 
officials of Bahir Dar Zuria District indicated 

that the available record from the diocese’s 
office suggests that the church was actually 
established in the 14th Century during the time 
of King Amdetsion (1314-1344 A.D.). Debre 
Tsion Beata Maryam Church was established 
in the same century while Woneba Mikael 
Church was established in the 13th Century 
during the time of King Yukuno Amlak 
(1270-1285 A.D.). The three churches studied 
in Jahbitehenan District were established at 
different times from the 12th to 14th centuries.

Total land and forest areas of the churches

The total land areas of the churches ranged 
from 5 ha (Bakel Gebriel) to 20 ha (Woneba 
Mikael) (Table 1). Similarly, the areas of 
the church forests ranged from 2 ha (Bakel 
Gebriel) to 15 ha (Woneba Gebriel).

Species richness and similarities of 
composition of woody species in the church 
forests

A total of 56 woody species were recorded 
from the nine church forests, representing 
more than 30 families and 42 genera (Table 
2). The species richness of woody species in 
the nine church forests ranged from 10 (Zambi 
Selassie and Woneba Mikael church forests) 
to 46 (Wonjetta Mikael church forest) species 
(Table 2). The five pairs with more than 50% 
woody species similarities were (in descending 
order, Table 3) Zeguda Giorgis/Zambi Sellassie 
(83.3%), Bakel Gebriel/Qerer Sellassie (65%), 
Zeguda Giorgis/Mercha Giorgis (64.3%), 
Mercha Giorgis/Zambi Sellassie (61.5%) and 
Bakel Gebriel/Shenbekuma Mikael (52%). For 

Fig. 2. Woneba Mikael church covered by dense 
forest (At the left side Juniperus procera and at the 
right side Olea europaea subsp. cuspidata forests), 
West Gojjam Zone, northern Ethiopia.

Fig. 3. Wonjetta Mikael church surrounded by a 
dense forest, West Gojjam Zone, northern Ethiopia.
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21 pairwise comparisons the similarities were 
less than 20%, and for 7 pairs less than 10% 
(Table 3). This implies that there is a need to 
give great attention to their conservation.

Church forests in the four districts

Church forests in Quarit District
The three church forests we studied in Quarit 
District covered larger areas (Table 1) than 
other church forests in the District, and 
they were rich in indigenous plant species, 
along with eucalypts planted recently. The 
composition of tree species were similar 
(Table 2), the only difference being the quality 
and the area of forest cover. For example, 
in Zeguda Giorgis Church Forest, trees of 
Juniperus procera Hochst. ex Endl. were 
denser than in Mercha Giorgis and Zambi 
Sellasie. In Mercha Giorgis, Olea europaea 
L. subsp. cuspidata (Wall. ex G.Don) Cif. was 
denser than in Zambi and Zeguda. However, 
in all three of the churches, trees of J. procera 
and O. europaea dominated.

There were relatively tall trees around the 
three church forests, especially near the church 
buildings and other churchyard shelters and 
houses. These included Podocapus falcatus 
(Thunb.) R.Br. ex Mirb., Croton macrostachyus 
Del., Hagenia abyssinica (Bruce) J.F.Gmel and 
others species (Table 2). Other medium-sized 
woody species, such as Vernonia amygdalina 
Del. were common in all three of the church 
forests. The dominant species, i.e. O. europaea, 
in Mercha Giorgis had a height range of about 
15-30 m, and J. procera trees in all the three 
churches had a height range of 20–45 m.

The establishment of eucalypt plantations 
is almost the same in all of the churches. The 
plantations were initiated by the community, 
parish church officials and coordinators of 
the rural rehabilitation program. In some 
of the church areas, eucalypts are planted 
surrounding or adjacent to the natural forests.

Rare varieties of wild animals and bird 
species were reported to inhabit the studied 
church forests. According to informants, some 

of these animals used to be observed during 
the mornings and late evenings in the past. 
However, today only a few are observed in 
the church forests. In addition, many types of 
small- and medium-sized birds occurring in 
the forests provide a colorful atmosphere to the 
church compounds.

Church forests in Yilmana Densa and Bahir 
Dar Zuria Districts
A variety of tree species was found in the 
church forests in Yilmana Densa and Bahir Dar 
Zuria districts (Table 2). The Wonjetta Mikael 
and Debre Tsion Beata Maryam church forests 
were dominated by Albizia schimperiana Oliv., 
although this species was more numerous in 
Wonjetta Mikael than in Debre Tsion Beata 
Maryam.

There were also some tree species that  
provided edible parts, e.g. Citrus aurantifolia 
(Christm.) Swingle, Rhamnus prinoides 
L’Hér. and Coffee arabica L. in the Wonjetta 
Mikael Church Forest. Interestingly, the area 
coverage of Woneba Mikael (Fig. 2) and the 
Wonjetta Mikael (Fig. 3) church forests is 
reported to expand annually through natural 
regeneration of O. europaea and J. procera. 
The church compound is secured and protected 
from any pressure by the surrounding people, 
and thus the naturally falling tree seeds 
germinate and the seedlings grow without any 
disturbance [Priest Tarekegen Wubie, personal 
communication; age = 72, lived for 47 years in 
the area]. Another uniqueness of the Woneba 
Mikael Church Forest was the domination of 
O. europaea and J. procera, which have resulted 
in a beautiful appearance of the area (Fig. 2). 
The church enveloped by the dense forest can 
be easily spotted from distances as far as 5–7 
km. In addition, the forest is composed of only 
indigenous tree species since exotic trees have 
not been planted.

The Wonjetta Mikael Church Forest (Fig. 3) 
had a variety of medium-sized trees, shrubs 
and herbs. According to the informants, many 
of them are important for the preparation 
of local medicines. However, informants 
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Species* Local name A      B       C       D       E      F       G      H       I  Uses for the church
Anacardiaceae
Rhus vulgaris Meikle qammo x x x x √ x x x x Fence
Apocynaceae
Carissa spinarium L. Agam x x x √ √ x √ √ √ Fuel, fence
Arecaceae
Phoenix reclinata Jacq. Zambaba/Selen x x x x √ √ x x x Spiritual service, grace
Asteraceae
Vernonia amygdalina Del. Gerawa √ √ √ x x x x x x Grace, shade, 
Boraginaceae
Cordia africana Lam. Wanza x x x x √ √ √ √ √ Grace, shade food, timber
Capparaceae/Capparidaceae
Capparis micrantha A.Rich. Gumerro x x x √ √ x √ x √ Grace, fence
Casuarinaceae
Casuarina equisetifolia L. Arazelibanos x x x x √ x x x √ Fence, fuel
Celastraceae
Maytenus senegalensis (Lam.)Exell Atate x x x √ √ x x x x Fence, fuel
Cupressaceae
Juniperus procera Hochst. ex Endl. Tsid √ √ x √ √ √ x x x Grace, shade, spiritual service
Dracaenaceae
Dracaena steudneri Engl. Hsepatos x x x x √ √ x x x Grace
Ebenaceae
Diospyros abyssinica (Hiern) F.White Selchegne x x x x √ √ x x x Grace, shade, fuel 
Euclea divinorum Hiern Dedeho x x x x √ x x x x Grace, fence
Euphorbiaceae
Croton macrostachyus Del. Mesana/Bisana x x x x √ √ √ √ √ Grace, shade
Euphorbia abyssinia J.F.Gmel. Kulkul √ √ √ x √ √ √ √ √ Fence,medicine
Euphorbia tirucali L. Qincheb x x x x √ √ √ x √ Fence, medicine
Sapium ellipticum (Krauss) Pax Arboje x x x x √ x x x x Fence
Flacourtiaceae
Doyyalis abyssinica (A.Rich.)Warb. Kosshim x x x x x x x x √ Grace, food
Fabaceae
Acacia abyssinica Hochst. ex Benth. Gerar √ √ √ x √ x √ √ x Grace, shade fuel
Acacia sp. Chebeha x x x x √ √ x x x Grace, shade
Albizia schimperiana Oliv. Sessa x x x x √ x √ √ √ Grace, shade, fuel
Calpurnia aurea (Ait.)Benth. Degitta √ √ √ x x x x x √ Grace, fuel
Millettia ferruginea (Hochst.)Bak. Berberra x x x x √ √ x x √ Grace, shade,Fishing
Meliaceae
Ekebergia capensis Sparrm. Lole x √ √ x √ x √ x x Grace, shade
Moraceae
Ficus palmata Forssk. Beles x x x √ √ x x x x Food
Ficus sur Forssk. Sholla x x x x √ √ √ √ √ Grace, shade, food
Ficus vasta Forssk. Warka x x x x √ √ √ √ √ Grace, shade
Myrtaceae
Eucalyptus calamdulenisis Dehnh. keybaherzaf √ √ √ x √ √ x √ x Fence, fuel
Syzygium guineense (Willd.)DC. Doqemma x x x x √ √ x x x Grace, shade, food
Olacaceae
Ximenia americana L. Inkoy x x x x √ x x x x Grace, shade
Oleaceae
Jasminum grandiflorum L. Tembelel x x x √ √ x x x x Fuel, grace 
Olea europaea L. subsp. cuspidata (Wall. 
ex G.Don)Cif.

Woyra √ x x √ √ x √ √ √ Grace, fuel, shade, spiritual 
service

Phytolaccaceae
Phytolacca dodecandra L'Hérit. Indod √ √ x x √ x x x x Fence, medicine
Poaceae
Arundo donax L. Shembekoo x x x x √ x x x x Grace, fence
Podocarpaceae
Podocarpus falcatus (Thunb.)R.Br. ex Mirb. Zigba x √ √ x √ x √ √ x Grace, timber 
Rhamnaceae
Rhamnus prinoides L'Hérit. Gesho x x x x √ x √ x x Income

Table 2. Woody species recorded from the nine church forests studied in West Gojjam Zone, Ethiopia, and their 
uses for the churches. A. Mercha Giorgies, B. Zeguda Gioorgies, C. Zamboe Sellassie, D. Woneba Mikael, 
E. Wonjetta Mikael, F. Debre Tsion Bete Maryam, G. Bakel Gebriel, H. Qerer Sellassie, I. Shenbekuma Mikael.
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Species* Local name A      B       C       D       E      F       G      H       I  Uses for the church
Rosacaeae
Hagenia abyssinca (Bruce)J.F.Gmel. Kosso √ √ √ x x x x x x Medicine, timber, fuel 
Rosa abyssinica Lindley Kega x x x √ x x x x x Grace, fence
Rubus sp. Enjori √ √ √ x √ x x x x Grace, food
Coffee arabica L. Buna x x x x √ x √ x x Grace, income
Rutaceae
Citrus aurantifolia (Christm.)Swingle Lomi x x x x √ √ √ x x Food, grace
Citrus aurantium L. Bahiroo Lomi x x x x √ x x x x Grace, fence
Clausena anisata (Willd.)Benth. Limich x x x x √ x x x x Grace
Vepris dainellii (Pichi-Serm.)Kokwaro Silla x x x x √ x x x x Grace, shade
Sapindaceae
Dodonaea  anguistifolia L.f. Kitekita √ √ √ x x x x x x Fuel, grace
Sapotaceae
Mimusops kummel Bruce ex A.DC. Ishe x x x x √ √ √ √ √ Grace, shade, food
Simaroubaceae
Brucea antidysenterica J.F.Mill. Yedegaj abalo x x x x x x √ √ x Fence, fuel
Sterculiaceae
Dombeya sp. Wolkeffa x x x x √ x x x x Fence
Tiliaceae
Grewia ferruginea Hochst. ex A.Rich. Lenquata x x x √ √ x x x x Fence
Unidentified
Unidentified species Chomye x x x x x x √ √ √ Grace, shade
Unidentified species Dengortta x x x √ √ x x x x Not specified
Unidentified species Gubel x x x x √ x x x √ Fence
Unidentified species Kenedaba x x x x √ x x x x Fence
Unidentified species Qawetta x x x x x √ √ x √ Grace, shade
Unidentified species Sheyee x x x x √ √ x x x Fuel, fence
Unidentified species Silla x x x x √ x x x √ Grace, shade
Unidentified species Worchibi x x x x √ x x x x Fence

Table 2 (continued from opposing page). Woody species recorded from the nine church forests studied in West 
Gojjam Zone, Ethiopia, and their uses for the churches. A. Mercha Giorgies, B. Zeguda Giorgies, C. Zambi 
Sellassie, D. Woneba Mikael, E. Wonjetta Mikael, F. Debre Tsion Beata Maryam, G. Bakel Gebriel, H. Qerer 
Sellassie, I. Shenbekuma Mikael.
* Plant nomenclature follows Hedberg and Edwards (1989), Edwards et al. (1995), Edwards et al. (1997), 
Edwards et al. (2000), Hedberg et al. (2003), Hedberg et al. (2004), Hedberg et al. (2006) and Hedberg et al. 
(2009); √ = present and x = absent.
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Mercha Giorgis - 64.3 61.5 10.5 14.0 11.5 11.1 19.0 11.1
Zeguda Giorgis 64.3 - 83.3 4.7 16.0 11.1 14.8 18.5 6.9
Zambi Sellasie 61.5 83.3 - 0 10.9 7.7 16.0 20.0 7.4
Woneba Mikael 10.5 4.7 0 - 20.0 3.5 11.5 9.1 11.5
Wonjetta Mikael 14.0 16.0 10.9 20.0 - 36.2 35.4 25.0 30.0
Debre Tsion  Beata 
Maryam

11.5 11.1 7.7 3.5 36.2 - 32.1 28.0 32.1

Bakel Gebriel 11.1 14.8 16.0 11.5 35.4 32.1 - 65.0 52.0
Qerer Sellassie 19.0 18.5 20.0 9.1 25.0 28.0 65.0 - 43.5
Shenbekuma Mikael 11.1 6.9 7.4 11.5 30.0 32.1 52.0 43.5 -

Table 3. Similarity in the floristic composition of woody species (%) between the studied church forests.
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(priests) did not volunteer to share the 
information about the type of medicinal plants 
and their usage. In addition, there were some 
other plants, such as Rosa abyssinica R. Br. ex 
Lindl. and Syzygium guineense (Willd.) DC., 
which provide edible fruits/parts for students 
in traditional church schools. A plantation 
of eucalypt trees has been established close 
to the natural forest with the assistance and 
initiation of the Counselors of the District 
Agricultural Office, although the clergy are 
not keen about the plantation.

The Debre Tsion Bete Mariam Church 
(Fig. 4) is visible from Bahir Dar city, and 
even from other directions since it is situated 
at the top of a small hill and fully surrounded 
by a dense forest. The forest is composed of 
some dominant indigenous tree species, e.g. 
A. schimperiana, Mimusops kummel Bruce ex 
A. DC., O. europaea and Ficus vasta Forssk. 
However, the size of the church forest is reported 
to shrink annually, since trees have been cut 
down over the years for the construction of 
new church buildings. The forest has also been 
exposed to encroachment by domestic animals, 
since the church is located at the edge of Bahir 
Dar City.

The eucalypt plantation situated at the main 
gate of the church covers more than two ha 
(Fig. 4). The Church Administration assigned 
three guards to protect the church compound 
and its forest, although encroachment, 
especially pressure from livestock, could not 
be completely avoided.

Coffee trees are planted in church forests by 
the clergy and their family members, as well 
as the Sebeka Gubaie, in order to generate 
money for the parish church, particularly at the 
Wonjetta Mikael Church Forest.

Different species of wild animals and 
birds were reported to live in the three church 
forests. However, in Debre Tsion Bete Maryam 
Church Forest no wild animals were reported 
except some rare birds, owing to its proximity 
to Bahir Dar City, which is not safe for wild 
animals.

Church forests in Jahbithenan District
The composition of tree species recorded in 
Bakel Gebriel, Qerer Sellassie and Shenbekuma 
Mikael church forests was similar, with 
O. europaea and F. vasta being the dominant 
tree species (Table 1). The forests were not as 
dense as those in the two other districts. The 
trees are old and big, and exhibit scattered 
distributions. For example, some trees of 
F. vasta and P. falcatus (Fig. 5) with estimated 
ages of more than 500 years were observed in 
the Bakel Gebriel Church Forest. According to 
informants, these trees were planted when the 
churches were first established.

According to informants, the forests had 
been shrinking in their area since the downfall 
of Emperor Haile Sellasie’s government in 
1974. The subsequent Socialist Government 

Fig. 4. New eucalypt plantation established in Debre 
Tsion Bete Maryam Church, West Gojjam Zone, 
northern Ethiopia.

Fig. 5. A tree of Podocarpus falcatus (left 
= bottom and right = upper part) with an 
estimated age of more than 500 years in 
the Bakel Gebriel Church Forest, West 
Gojjam Zone, northern Ethiopia.
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promoted (in a 1975 proclamation) the transfer 
of church land to individual farmers, as the 
land covered by the church forests is suitable 
for planting coffee and cultivating other food 
crops. There is great competition for coffee 
land in these areas since the natural and 
man-made plantation forests provide good 
shade for coffee cultivation. According to the 
informants, each church owned 40–50 ha of 
land before the Socialist Government.

On average, the nine church forests from the 
three climatic zones had about 19 tree species 
in common (Table 1). The Dega Zone church 
forests were dominated by J. procera trees, the 
Woynadega church forests by O. europaea trees 
and the Kola church forests by A. schimperiana 
and M. kummel trees.

Importance of church forests

Forest and forest products in churchyards 
provide several spiritual, economic and 
ecological benefits to churches, communities 
and the environment.

Respondents mentioned that, spiritually, 
trees around churches symbolize Eden, a 
place where God created and placed Adam, 
so that trees around churches symbolize the 
appearance of God to followers and furnish 
grace for churches. Many of the informants 
suggested that a church forest creates a spiritual 
devotion during prayer time and masses, and 
help the followers to dedicate themselves in 
the hope of heavenly rewards. Trees in the 
yards of churches provide shade from the 

heat of the sun for the clergy and laity during 
mass and religious festivals, and the stems of 
the standing trees give support to individuals 
during prayer (Fig. 6). 

Respondents also pointed out some social 
values and benefits of church forests. Trees 
around churches serve as traditional schools (Fig. 
7). Students learn under the shade of trees and also 
use trees as preaching sites. Some tree species 
are used for spiritual services during the time of 
annual festivals and celebrations, e.g., palm tree 
branches on the day of Hosanna and O. europaea 
tree branches on the day of Crucifixion. Some 
sacramental objects are made from church forest 
products. Church forest products can provide 
economic benefits, including fuelwood used 
inside churches, timber products for construction, 
food and medicine. They are used as shelter 
during funerals, shade for community gatherings 
and centers for mediation.

There is also evidence for ecological 
services of church forests. Churchyard forests 
or patches of trees provide cover to keep the 
ground cool and enable the soil to remain wet. 
Some Dega Zone churches have springs used 
as holy water (Tsebel). In addition, church 
forests protect the church building from strong 
wind and storms since many of the churches 
have been built mostly on hill tops.

Forest conservation tradition of EOTC

Forest conservation tradition of EOTC has 
a long background. The planting of trees 
and preservation of forests around churches 

Fig. 6. Olea europaea forest inside the Woneba 
Mikael church used as a gathering site after Sunday 
Masses.

Fig. 7. A huge Ficus vasta tree in front of Qerer 
Sellassie Church used as a traditional school and 
preaching site.
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and monasteries was handed down through 
tradition that creates a commitment and respect 
for forests around churches and monasteries.

The tradition has a religious background: 
“And God said: “behold, I have given you every 
plant yielding seed which is upon the face of all 
the earth, and every tree, with seed in its fruit 
you shall have them for you” (Genesis 1: 29-
30). The words of the Bible are the core reason 
why the church followers know the importance 
of preserving and maintaining natural forests 
around the compounds of churches and 
monasteries.

Old Testament scriptures brief that in 
older times there was no specific place for 
people to worship God and offer sacrifice. 
People worshipped God on the top of hills 
and mountains and these hills and mountains 
were covered with trees in Biblical times 
(Anonymous, 1996). Thus, establishment 
of churches and monasteries on high places 
accordingly is based on Old Testament 
tradition. However, in the long history of 
religion, people have changed the nature of 
worship from that of the cult of mountains and 
trees. Such type of worship has been practiced 
by some traditional religions in Ethiopia and 
such places now serve as biodiversity spots.

EOTC teaches people to respect and 
conserve plants in church compounds. At the 
time of prayers and masses, the faithful and 
the clergy strongly believe that forests are the 
centers of invisible saints who pray to God for 
mercy and forgiveness seclusion. Furthermore, 
as many informants suggested, church 
compound forests provide grace to the parish 
church and give it a colorful appearance.

Botanical knowledge of the clergy and the 
laity

Because of their very close attachment to 
church forests for many years, the clergy and 
the laity identified each tree species easily by 
its local name and characteristics, including its 
growing and seeding conditions. For example, 
all clergy and laity from Shenbekuma Mikael 

Church in the Kola Zone identified 19 types and 
characteristics of trees in their own church. In 
all of the studied churches, there were no tree 
species that were unknown by respondents. 
Generally, many of the local people and clergy 
know a variety of tree species and plants. The 
clergy and the laity use different criteria to 
identify the species and their characteristics, 
like the shape of the tree, color, size, smell and 
taste of leaves, flowers, fruits, etc.

These people also know the age of trees 
by looking at the condition of stems and 
branches, and by comparing historical events. 
People not only describe the big and locally 
important trees, but also know the types and 
uses of various herbs and grasses in church 
compounds.

There are tree species in church compounds 
used as diet by the churchyard people or the 
surrounding people. Clergy and laity identify 
these by describing the parts of the tree that are 
really used for food. Many of the clergy and the 
laity also know the environmental functions of 
trees. According to some priests, green forests 
or green vegetation are sources of moisture and 
cooling.

According to the informants from Quarit 
District, the clearance of forests has brought 
alarming environmental changes in their own 
lifetime. They expressed their observation 
in the following manner: “Years ago in the 
morning, before we started plowing, we would 
put our shawls (Netela) at the edge of the field. 
After finishing our plowing, we used to find 
a wet ground when we remove the shawls. 
However, today, we see the opposite. The same 
ground is dry, and there is no change from the 
morning up to the evening. All things are dry. 
Thanks to God we see green vegetation in the 
house of God.”

In all of the studied churches, people identify 
types of plant species which regenerate by their 
own seeds, or whose stems coppice after they 
are cut off. The clergy and the laity know some 
poisonous tree species, which cause pain or 
illness, such as Euphorbia abyssinica J.F.Gmel. 
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The tree has a white bleeding sap, and when its 
branches are cut off the white sap is dangerous 
if it enters human eyes. There are also other 
plants and herbs with leaves and thorns that 
cause pain and suffering both to humans 
and animals, e.g. Euphorbia tirucalli L. and 
Acalypha ornata (Aleblabit).

People can also identify medicinal plants. 
However, this is strictly secret both for 
the clergy and the laity in the studied area, 
since those who own such knowledge are not 
willing to announce the information publicly. 
Mostly, the information is transferred to 
chosen family members. Generally, the 
people will speak about the presence of 
medicinal plants within church forests, but 
refrain from giving details, except for the 
publicly known medicinal plants, such as 
Phytolacca dodecandra L’Hérit., which is a 
cattle medicine, or E. abyssinica, a source of 
medicine for stomachache of humans.

These secret medicinal plants are not 
accessible to everyone without the permission 
of the church principals. However, clergy 
members who have the knowledge of medicinal 
plants use it for their personal purposes. 
From all of the studied churches there is no 
report about measures that have been taken 
to use this knowledge for the benefit of the 
community, directly or in collaboration with 
other institutions.

Indigenous knowledge

Forest protection
The traditional forest protection practice 
generally has a biblical background, and 
is achieved through creating religious 
commitment and respect among the followers, 
as observed and pointed out by informants 
in all the studied churches. Every follower is 
expected to respect and protect the house of 
God (with the forest area of the church). A 
person who cuts a tree or even a dead branch 
for personal use would be presented to the 
church scholars/priests and asked to repent. 
Trees are totally protected, even the dead 

branches, including those that have fallen to 
the ground, from personal uses except for the 
services needed by the church.

However, church forests near towns 
are more affected by human pressure, fire, 
domestic animals, ageing of trees, wind, flood, 
and drought.

Forest utilization
Churches have practiced tree harvesting and 
have collected forest products (e.g. timber, 
branches and leaves) to satisfy the needs of 
churches. However, this is carried out under 
strict conditions. The tree species, which are 
close to the main church square and near the 
church buildings are prohibited from cutting, 
whereas trees found at the outer sides of the 
main church square can be harvested.

In all of the studied churches, respondents 
confirmed that utilization of products 
from forest churches is for church-related 
construction purposes and for fuelwood. 
Fuelwood is required for smoking incense 
during mass and spiritual purposes. Nuns bake 
bread (Tseriqe mebelet), which is distributed 
to all worshipers who attend Sunday mass or 
other religious days. Fuelwood is also used 
during the preparation of Holy Communion.

The main trees cut for timber and fuelwood 
are O. europaea, P. falcatus, J. procera 
and Acacia abyssinica Hochst. ex Benth. 
Another purpose for wood harvesting from 
church forests is for income generation. 
Churches found close to towns and cities 
harvest eucalypt trees for sale. The species 
of eucalypts are now widespread and are 
preferred for many purposes. Their timber is 
highly desired, especially, for construction 
purposes. In rare cases, some indigenous tree 
species, such as O. europaea, P. falcatus, J. 
procera, are harvested in some churches for 
sale.

Supplying varieties of timber and other 
forest products to neighboring churches, or to 
those who construct new churches or church-
related buildings, is common in WGZ churches. 
This might sometimes require payment.
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Various products from church forests, 
e.g., edible fruits, roots, fiber, leaves, grass 
and seeds, can be collected by those who are 
church students, monks or nuns living in the 
churchyards or people who come from outside 
the churchyard and have permission from 
church administrators.

Cutting of trees from church forests is 
prohibited on Sundays and other holy days. 
In addition, tree felling is allowed only if 
the person is experienced, since tree felling 
sometimes destroys or disturbs church 
buildings. In addition, it is more preferable if 
the person is an ordained member of the clergy. 
Most of the time, trees from the east direction 
of the church, especially from the compound 
of Bethlehem, are forbidden from being 
felled. The site is highly revered, and no one 
is permitted to pass through the compound of 
Bethlehem except an ordained person.

New plantationsw
The need for new plantation practices to create 
a proper balance between the harvesting of 
forest products and the replacement of old trees 
is not exercised in an organized way. In all the 
studied churches, only the faithful volunteers 
undertake tree planting in the church, in order 
to seek spiritual satisfaction or to express a 
commitment to their respective church.

Sometimes, people use this practice as their 
own memorial at the grounds of churches. This 
practice has been transferred from generation 
to generation. Some informants indicated that, 
even now, many people are eager to plant their 
preferred tree species around churchyards 
individually. There are also church leaders 
who make an exemplary practice for their 
followers. For example, the old P. falcatus 
tree (Fig. 4), which is found in front of Bakel 
Gebriel Church was planted by the priest of the 
church about 500 years ago (Priest Alemayehu 
Zewdie, personal communication).

Tree planting activities are voluntary 
activities by individuals seeking heavenly 
rewards. In addition, the clergy and the laity 
support the natural regeneration of trees in 

church compounds. They cultivate or water 
the seedlings during the dry season and 
remove weeds.

The clergy select mostly the eastern 
direction of church compounds for planting 
trees, since it is the direction for their own 
permitted entrance to the church. Even the 
laity mainly prefer the eastern direction, 
although they are not allowed to enter the 
church by the east gate.

Major constraints and obstacles 
encountered by EOTC

All church forests are preserved and are still 
protected from encroachment by the well-
developed and deep-rooted conservation tra-
dition. All of the inhabitants surrounding the 
studied churches are followers of Orthodox 
Christianity, which is good for the protection 
of church forests. Many of the threats to church 
forests are natural. Thunder and wind are the 
main causes of destruction of trees. Some tree 
species observed during the fieldwork were dry 
and fallen to the ground, while some that are 
standing are withered and waiting to fall.

Human pressure is considered a minor threat 
to church forests in WGZ. The main human 
threat for church forests in the area results 
from administrative organs. When community 
and state forest plantations of exotic trees are 
established close to church forests, it creates 
new attitudes. The exotic trees are not seen as 
equal with indigenous trees in church forests. 
Hence, there is pressure on these community 
and state forests from every direction by the 
people illegally cutting of trees to fulfill 
their fuelwood and construction needs. As 
a result, adjacent church forests have also 
become victims of such illegal activities. Thus, 
livestock, and the surrounding people in need 
of fuelwood collection, encroach into some of 
the boundaries of church forests. Such a new 
attitude is observed mainly in churches that 
are found close to towns and cities. According 
to informants, encroachment by livestock for 
grazing in the preserved churchyards, cutting 
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of trees for construction needs (in rare cases), 
and cutting branches of trees for making coffee 
plantations are some of the new man-made 
forest problems in the area.

Drought, wind and ageing are also observed. 
Especially in Wonjjeta Mikael church forest, a 
number of huge trees have died because of old 
age, and some fall during heavy winds. This 
is also common in Woneba Mikael, where a 
number of fallen or withered O. europaea trees 
were observed inside the church forest.

Coffee plantations are a serious problem 
in some church forests. At Bakel Gebriel, 
Shenbekuma Mikael, Qerer Sellassie and 
Wonjetta Mikael, farmers are extending their 
plantations inside church forests.

The 1981 accidental fire that burnt the 
previous Bakel Gebriel church building with 
its ecclesiastical materials, also destroyed a 
number of indigenous tree species that were 
found close to the church building, as reported 
by informants.

Conclusions
The results revealed that WGZ houses different 
churches that have different land areas and 
age, the oldest (Zeguda Giorgis and Zambi 
Sellassie) being about 765 years old. These 
churches are unique not only in terms of their 
old age but also the fact that they are enveloped 
by forests composed of unique assemblages 
of mostly indigenous woody species that have 
long disappeared from the surrounding areas 
and most locations elsewhere in the country.

The EOTC is the custodian of these 
churches, with the forests standing majestically 
in their backyards. The unique and varied 
species richness of the remnants of natural 
forest maintained and protected by the nine 
studied churches, are highly significant in 
terms of in situ and ex situ conservation of 
biodiversity. They provide evidence that 
reflects the contribution of the EOTC in 
the conservation of forest resources and 
biodiversity. Theological thoughts and biblical 
justifications are the frameworks of the EOTC 

tradition to conserve the forest resources. The 
local communities have higher respect and 
trust in the EOTC than in other institutions, 
which has made the church the central platform 
for the socio-economic issues of the people.

There are several reasons why government 
and non-government bodies must take action 
to ensure the protection, conservation and 
sustainable utilization of these church forests. 
These include: (i) location of the church forests 
in different agro-climatic zones of the country 
(Table 1); (ii) woody species composition of 
the forests with rare and endangered species 
(Table  2); (iii) hampered regeneration of some 
of the woody species (Wassie et al. 2005a; 
Wassie et al. 2009a); (iv) actual and potential 
capacity of the forest resources to provide 
various products (e.g. fuelwood, honey and 
herbal medicine), as well as social/cultural 
(e.g. shady environment for prayers, religious 
festivals and traditional church schools) and 
ecological (conservation of watersheds, soil, 
water and biodiversity) services (Wassie et 
al. 2005a); (v) potential risks and dangerous 
threats from illegal encroachment and cutting 
of trees by local communities since they are 
islands of forest resources are surrounded 
by arable lands, mostly devoid of any woody 
plants (Wassie et al. 2005a); and (vi) inadequate 
capacity of the churches (in terms of financial, 
physical and  trained human resources) to 
manage, sustainably utilize and conserve the 
forest resources; etc.

We suggest that church forests should be 
given formal legal protection in addition to the 
protection supplied by the church. They should 
be managed with the appropriate scientific 
methods, and supported by sustainable 
resource investment. These measures will, 
ultimately, ensure greater prospects for the 
churches to provide, not only sustained supply 
of various products as well as social and 
ecological services, but also opportunities for 
research, education and extension programs 
with local, national, regional, continental 
and international significance. Hence, any 
scientific or outside intervention that may be 
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launched on church forests should be designed 
and applied in such a way that it will not 
overlook theological background and belief and 
connection to the local community. Instead, it 
must be supplementary to and not a substitution 
for the tradition, and governmental and non-
governmental development agencies have to 
recognize the value of this traditional practice.
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Introduction
The symposium volume by Broberg et al. 
(2012) describes many aspects of Anders 
Sparrman’s multifarious life and work, but one 
not much treated in that book is his zoological 
and botanical collections, in particular the 
ones from Africa. In addition, as that volume 
is in Swedish, a brief presentation of Sparrman 
in English may be worthwhile. These have 
previously been presented by Jonsell (1982) 
and in the summaries of Broberg et al. (2012, 
pp. 267–276).

Anders Sparrman (1748–1820) is one of 
the more fascinating among Carl Linnaeus’ 
disciples. The fact that he was one of the two 
Linnaean circumnavigators (the other was 
Daniel Solander, 1735–1782) gives his career a 
special nimbus. His early years in the province 
of Uppland as the son of a vicar were followed 
by studies at the Uppsala Academy, which was 

a common pattern among the Linnaeans. But 
decisive for his destiny was a neighbour in his 
home parish, Carl Gustaf Ekeberg (1716–1784), 
a captain in the Swedish East India Company, 
who twelve times made the voyage from 
Swedish Gothenburgh to Chinese Canton, and 
also had deep knowledge of natural history. He 
developed close connections with, and became 
a member of, the Swedish Royal Academy of 
Sciences (referred to here as “the Academy”), 
which was anxious to get collections from the 
Far East.

Only 17 years old, Sparrman departed for 
China under the command of Ekeberg. He 
probably travelled as an assistant to him, and 
collected diverse natural history items, not 
the least being butterflies. After his return he 
presented a disputation thesis pro exercitio 
(as exercise) under the title Iter in Chinam 
(Sparrman 1768).
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The explorer
We now approach the main topic of this paper, 
which is not to survey Sparrman’s life and 
work in general, but to say something about 
his natural history collections. In 1819, Gustaf 
von Paykull (1757–1826) donated his very rich 
zoological collection to the state (Löwegren 
1952). The Swedish Natural History Museum 
in Stockholm was then founded, based upon 
that donation and the previous collections 
of the Academy, among which Sparrman’s 
was among the most important. Sparrman’s 
collections are zoological and botanical in the 
broadest sense, and also ethnographical.

Sparrman’s collections emanate mainly 
from what was called the South Sea (including 
New Zealand), but most substantially from 
South Africa, mainly the Cape Province. In 
the South Sea they were collected between 
1772 and 1775, in South Africa in April 
1772, but mostly after his return from the 
circumnavigation on 21st of March 1775. In 
Cape Town, the collections from the remarkable 
voyage were divided among the naturalists on 
board: besides Sparrman, the father and son 
Germans Johann Reinhold (1729–1798) and 
Georg Forster (1754–1794) (Jönsson 2012). The 
Forsters’ part went to London, where they both 
settled down for a number of years to work up 
the collections in the circle of Joseph Banks 
(1743–1820) at the British Museum. Sparrman’s 
part — with pressed plants, insects, skulls and 
horns of mammals, skins of birds, fishes and 
much more — was dispatched to Stockholm at 
the expense of the Academy.

Sparrman remained in the Cape Province 
until April 1776, when he returned to Stockholm. 
In July 1775 he started on an 8-month 
expedition together with Daniel Immelmann 
(1756–1800), a man from Cape Town who had 
accompanied Carl Peter Thunberg (1743–1828) 
on his first journey in the Cape Province, and 
a few “hottentotts” (khoikhoi, San people). 
This trip took him towards the east and north 
through what is now known as Western Cape, 
a then virgin and game-rich country. His route 

was mainly fairly close to the coast, to the Great 
Fish River, then along that river inland for about 
100 km northwards, and finally back roughly 
the same way.

The zoologist
Sparrman discovered some bigger mammals, 
in particular antelopes, from the Cape 
province, and gave detailed descriptions of a 
number of mammals previously known only 
from skulls, skeletons or skins. Sparrman 
based his descriptions on live and dead animals 
in nature, sometimes in a rottening stage in the 
hot sunshine. Also, the behaviour of animals 
was depicted with sharp eyes. His work was 
critical to the leading 18th century zoologists 
Georges-Louis Leclerc de Buffon, Thomas 
Pennant, and in particular Jean-Nicolas-
Sébastien Allamand. Sparrman was a keen and 
competent observer, and gave both precise and 
lively narratives of the situation in the field.

In the Acta of the Academy, Sparrman 
published between 1777 and 1780 about 10 
papers, each devoted to a mammal observed 
in the Cape province. For the Bushbuck 
Tragelaphus sylvaticus (Sparrman 1780a) and 
the African Buffalo Syncerus caffer (Sparrman 
1779b) it is the first description ever. He greatly 
amended the descriptions of Honey Badger*, 
Black Rhinoceros Diceros bicornis (Linnaeus, 
1758), Hippopotamus amphibius Linnaeus, 
1758, Gnu Connochaetes gnou (Zimmerman, 
1780), Hartebeest Alcelaphus buselaphus 
(Pallas, 1766), Cape Eland Taurotragus oryx 
(Pallas, 1766; fig. 4) and Springbok Antidorcas 
marsupialis (Zimmerman, 1780) (Sparrman 
1777b, 1778b, 1778c, 1779a, 1779c, 1779d and 
1780b, respectively).

Those were his great years as an academic 
biologist (cf. Jonsell 2012; Grandin 2012). That 
was also reflected in his lecture before the 
Academy (Sparrman 1778a) on the need for 
further scientific research in the Pacific. At this 
time he apparently still felt enthusiasm after the 
successful voyage, and was probably met with 
interest and respect. But rather soon this faded, 
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although scattered papers in natural history 
appeared into the 1790s, but then mostly on 
Swedish topics; as Wästberg (2008) has put it: 
“in his lectures and demonstrations his words 
fell more and more like withered leaves and 
fewer and fewer listened”.

I will quote some examples from papers he 
had published in those Acta (translated from 
the original Swedish). The first one relates to 
the springbock (Sparrman 1780b, pp. 275–277):

“Certainly the most beautiful of all the gazelles 
I saw in Africa. It was also the most common, 
as in some places it appeared in greater 
number than all the others together ... I cannot 
conceal my wonder that Mammalia, this main 
branch of the principal realm of Nature which 
includes Man himself, should be to us so little 
known, and yet by us so little studied .. Those 
gazelles should be tamed to the benefit of Man 
and be grazed on those places, where now 
they graze as prey for the Lion, for which they 
are like their flocks of sheep, according to the 
Hottentotts’ expression.”

This quotation shows three characteristic 
features of Sparrman’s style: a subjective 
observation, a utilistic view upon Nature, and 
an example from the natives.

Another quotation relates an encounter with 
a hippopotamus (Sparrman 1778c, pp. 332):

“At night they always blow and smell and sniff 
about themselves on both sides, in order to by 
means of their fine smell notice if some danger 
is about, and sometimes as well let sound their 
grunting before they dare to ascend ashore. 
In that conviction I had, with an African 
yeoman and his son, at night, sat down to wait 
upon hippos, which we hoped might ascend 
there. But against our expectation, the animal 
rushed at once out of the water and was quite 
close to us, when probably more the fire from 
a musket, than the effect from the bullet, 
made the creature throw itself back in the 
water with a violent scream. Else we had all 
become trampled underfoot and massacred. It 
is believed that a swift-footed Hottentott can 
barely outrun a hippo.”

Fig. 1–3. Sparrman collections at the Swedish 
Museum of Natural History, Stockholm.
1. Gyris alba
2. Phalacrocorax capensis
3. Stuffed young Hippopotamus amphibius caught 
by Sparrman in 1775.
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A third quotation relates the discovery of 
a new insect, Cimex paradoxus, in the desert 
about 250 hours journey from Cape Town 
(Sparrman 1777c, pp. 235–236).

“I had at noon on a hot day taken shelter 
in a shrub, because of the sun’s unbearable 
heat; the air was still, aspen leaves would 
here be immobile, when I noticed a pale 
and shrivelled leaf move from its place; I 
ran to the spot, and hardly believed my eyes 
when I saw it was a living creature. My 
companion, Mr D. Immelman, took part in 
my joy and wonder, and agreed with me that 
this was among the most curious works from 
God’s finger ... We regarded that creature’s 
shape, and could not too scrupulously praise 
the Creator’s Providence, which in their 
construction and colour had given them the 
property of being concealed and unknown to 
their pursuers.”

Comments to Sparrman’s list
In the Department of Zoology at the Swedish 
Museum of Natural History in Stockholm, 
there is a list (Table 1), made by Sparrman and 
apparently sent as a letter to the secretary of 
the Academy Pehr Wargentin (1717–1783), that 
enumerates in a summary way the collections 
he delivered to the Academy. There is also a 
copy by Bengt Bergius (1723–1784) in the 
archives at the Academy. The letter is obviously 
written after Sparrman’s return to Stockholm 
in 1776, but probably before he was appointed 
curator of the Academy’s collections in 1777, 
because of the phrase “Herbs and insects in a 
considerable number, so far unknown, those 
not properly arranged”.

Among birds extant in the collections is 
the tern Sterna alba (Sparrman 1786; now 
Gyris alba), of unclear origin, possibly from 
the south Atlantic (Fig. 1). Another example is 
the cormorant Pelicanus capensis (Sparrman 
1788; now Phalacrocorax capensis), from 
False Bay not far east of the Cape of Good 
Hope (Fig. 2). Both were, at least for some 
time, part of a collection kept by the President 

Table 1. Sparrman’s list at the Swedish Museum 
of Natural History in Stockholm (translated from 
Swedish).

List of natural items from the South Sea, 
Caput Bonae Spei, the Caffer and Hottentott 
Lands collected during a 5-year and at his 
own expence performed voyage by Anders 
Sparrman Med. Doctor.

Herbs and insects to a considerable number, 
still unknown, those not yet properly ar-
ranged.

Fishes, Birds, Serpents, many kinds from the 
Cape and the South Sea preserved in Spiritu 
vini.

Stuffed birds from New Zealand, Otaheite 
(Tahiti), Cape, etc.

Horns of Rhinoceros, a new species of 
Buffalo, the Kudu, the Bushbock, the Eland.

Teeth of Hippopotamus or the Big Sea-Cow, 
the whole number. From the Elephant the 
molar tooth only.

Cranium from Rhinoceros. Penis of Rhinoc-
eros of a particular shape preserved in spiritu 
vini. Rhinoceros vertebra of neck.

Animal skins of Hippopotamus, its calf [Fig. 
3]; unknown animal, half horse half ox; the 
Rhinoceros; the Wildebeest and its calf; the 
Hartebeest; the Eland; the Springbock; the 
Lion; the Long-haired Bear; the Kuddu Calf; 
the Tiger; the Wild Striped Foal stuffed; 
the South Pole Seal D:o D:o; the Zebra; the 
Honey Eater; the Jackal.

Skins of the Ostrich, Penguins, Pelicanes, the 
Magellan Goose.

Dresses, axes, tools, arrows, saws, spears, 
&s, &s from New Zealand, the South Seas, the 
Hottentotts, the Caffers, Madagascar, Ceylon 
etc&c.
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of the Court of Appeal, Gustaf von Carlson, 
at his estate Mälby in the Swedish province 
of Södermanland. The tern was depicted for 
Museum Carlsonianum, a work with colour 
plates in four volumes, which von Carlson 
produced. (Sparrman 1786–89).

The wild striped foal in Table 1 is the 
Quagga Equus quagga quagga (Boddaert, 
1785), extinct since 1878, but in Sparrman’s 
days not uncommon in Southern Africa. The 
specimen brought home by Sparrman is today 
on display in the Swedish Museum of Natural 
History.

Only parts of the collection were originally 
offered to the Academy; and Sparrman kept 
important parts for himself. Löwegren (1952, p. 
365) notes that in about 1815 Sparrman sold his 
insects to Gustaf von Paykull for 1,000 RdrBco 
(riksdaler banco), whose zoological collections 
in 1819 became the foundation of the Swedish 
Museum of Natural History. Before that, other 
items were given to the Academy on various 
occasions, apparently without being formally 
registered.

Botanical descriptions
Compared with his zoological achievements, 
Sparrman was less eminent as a botanical 
collector and describer, although he mastered 
fully the Linnaean competence and method.

There has been some discussion about the 
attribution of the collections from the Pacific 
voyage, whether they should be to the Forsters 
or to Sparrman (Nicolson & Fosberg 2003; 
Jönsson 2012), which does not concern us here. 
The Cape plants were gathered by Sparrman in 
October 1772 and from July 1775 to April 1776. 
The majority of Sparrman’s collections are in 
the Swedish Museum of Natural History in 
Stockholm. Some material are in the Linnean 
Society of London, at the universities of Lund 
and Uppsala, and in a few other places (Stafleu 
& Cowan 1985).

Sparrman only described three new plant 
species from Africa — Thunberg had carefully 
collected in those areas before him and 
Sparrman was, in any case, more dedicated 
to animals. The three new species were: 
Ekebergia capensis Sparrman (1779e), Protea 
sceptrum-gustafianum Sparrman (1777a), and 
Sarcophyte sanguinea Sparrman (1776). The 
first one is a tall tree in the family Meliaceae, 
which grew 180 hours’ journey northeast of the 
Cape. It was named in honour of Carl Gustaf 
Ekeberg, Sparrman’s patron and mentor. The 
second one, named in honour of Sweden’s 
King Gustav III, is now called Paranomus 
sceptrum-gustavianus (Sparrman) Hylander, 
in the Proteaceae. The third one is a parasite 
upon roots of Acacia, with an amorphous stem 
and without leaves. It belongs in the family 
Balanophoraceae.

Ethnographica
Finally, it should be mentioned that 
Sparrman also brought home a substantial 
collection of ethnographica, both from the 
South Sea and South Africa, now in the 
Museum of Ethnography in Stockholm, once 
administered by the Academy of Sciences. 
Many of the items are described and some 
are depicted in his travel account, as well as 
mentioned in the list he sent to Wargentin. 
The South African collection was described 
in detail by the South African ethnographers 
Rudner & Rudner (1957).

Fig. 4. The Cape Eland Taurotragus oryx. Copper 
engraving by F. Akrel after a drawing by Sparrman 
(Sparrman 1779d).
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Plastid DNA microsatellite data do not support 
recognition of subspecies in Coeloglossum viride (L.) 
Hartm. (Orchidaceae) in northern Europe
Mikael Hedrén1,* & Henrik Æ. Pedersen2

Hedrén, M. & Pedersen, H. Æ. 2016. Plastid DNA microsatellite data do not support 
recognition of subspecies in Coeloglossum viride (L.) Hartm. (Orchidaceae) in northern 
Europe – Symbolae Botanicae Upsalienses 38: 81–91. Uppsala. ISBN 978-91-554-9608-1.

The orchid Coeloglossum viride (L.) Hartm. has a circumboreal distribution and 
is widespread in the Nordic countries, especially in the boreal and montane regions. 
Whereas plants from the lowlands are generally slender and have greenish-yellowish 
flowers, plants from mountain areas tend to be low-growing with fewer, reddish-brown 
flowers, leading some authors to recognize the latter as a separate subspecies, C. viride 
subsp. islandica (Lindl.) Kreutz. In course of collecting data for the treatment of the 
Orchidaceae in the Flora Nordica, we have analysed material of C. viride for plastid 
microsatellite variation in order to assess the taxonomic justification of subsp. islandica. 
We found two major groups of haplotypes in C. viride in the Flora Nordica area. The 
two groups were widespread in both mountain and lowland regions in Scandinavia, 
but only one of the groups was present in material from Iceland. Accordingly, plastid 
microsatellite data give no support for the recognition of mountain/Icelandic plants as 
a separate taxon. Based on the distribution of haplotypes and their relationships, we 
suggest that the present-day population of C. viride in the Nordic countries originated 
from populations in refugia close to the Weichselian ice sheet
1.*Dept of Biology, Lund University, Sölvegatan 37, SE-223 62 Lund, Sweden. 
Corresponding author: mikael.hedren@biol.lu.se.
2Biosystematics, Natural History Museum of Denmark, University of Copenhagen, 
Øster Farimagsgade 2C, DK-1353 Copenhagen K, Denmark; henrikp@snm.ku.dk.
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This study is dedicated to Inga Hedberg. The 
first author would like to express his gratitude 
for her support during his PhD studies at the 
Department of Systematic Botany in Uppsala, 
and for the moral support given by Inga 
throughout his career.

Coeloglossum Hartm. is mostly regarded 
as a monotypic genus with the single species 
C. viride (L.) Hartm. However, the species has 
a nearly continuous circumboreal distribution, 
extending southwards into montane regions 
in Europe, Asia and North America (Hultén 
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1950; Hultén & Fries 1986), and geographic 
segregates have sometimes been recognized 
at infraspecific levels. For example, the North 
American population is often treated as subsp. 
bracteatum (Muehlenbeck ex Willd.) Hultén 
(e.g. in Hultén & Fries 1986) and material from 
Iceland has been separated as subsp. islandi-
cum (Lindl.) Kreutz (occasionally treated as 
species, variety or form).

Coeloglossum viride is widespread in 
most parts of the Nordic countries (hereafter 
Norden) (Hultén 1950, 1971), although it is 
rare and decreasing in the southern nemoral 
and nemo-boreal regions. In Denmark it 
has not been observed since 1950 (Pedersen 
& Faurholdt 2010; Hartvig 2015), and it is 
probably extinct from several provinces in 
southern Sweden, including Skåne (Tyler et 
al. 2007); Blekinge (Fröberg 2006); Småland 
(Edqvist & Karlsson 2007), and Västergötland 
(Bertilsson et al. 2002). It is rare and scattered 
elsewhere in Götaland, including Öland 
(Sterner 1986), Gotland (Ingmansson & 
Johansson 2005), Dalsland (Andersson 1981) 
and Östergötland (Genberg 1992), and it is 
absent from southern Norway (Hylander 1966; 
Lid 1985). Elsewhere in Norden it is regionally 
common, both in boreal lowland areas and 
in the mountain regions of Scandinavia and 
Iceland (Hultén 1950, 1971; Hylander 1966; 
Mossberg & Nilsson 1977; Kristinsson 2010).

Whereas plants in the Nordic lowlands 
are often found in shaded or semi-shaded 
locations, and are typically slender with 
greenish-yellowish flowers (and hence often 
difficult to spot), plants in mountain regions 
are mostly found at exposed sites, and tend to 
be low-grown with reddish-brown flowers. The 
mountain form was grouped with the Icelandic 
subspecies by Selander (1950). Although this 
taxon has mostly not been formally accepted 
in the botanical literature, it is often still 
mentioned and discussed (e.g. in Hylander 
1966; Luer 1975; Lid 1985; Mossberg & Nilsson 
1977; Løjtnant 1977; Landwehr 1977; Nilsson 
1991; Delforge 2001; Baumann et al. 2006). 
Yet another form of C. viride is a low-growing 

and stout form with rounded leaves confined 
to dune slacks in Jæren, SW Norway (Elven, 
undated; S. Imsland, pers. comm.) – see 
also Vik-Mo (2008) who referred the Jæren 
population to subsp. islandicum. Similar plants 
are known from dune slacks in Britain and 
Ireland (see e.g. Baumann et al. 2006).

As we are in the process of revising the 
Orchidaceae for a forthcoming treatment 
of the family for the Flora Nordica project 
(Jonsell 2004), we decided to perform a 
molecular study to describe the differentiation 
pattern within C. viride. On the basis of the 
views of previous authors describing the 
variation within Coeloglossum in Norden, we 
examined the two hypotheses that either (i) 
the Icelandic population is separated from the 
entire Scandinavian population, or (ii) that the 
combined Icelandic / Scandinavian mountain 
population is separated from the Scandinavian 
lowland population. We also wanted to consider 
the suggestion that the dune slack form known 
from SW Norway is divergent from other 
Scandinavian forms of the species. To test 
these hypotheses, we collected data from 
hypervariable regions in the plastid genome, 
combined the observed variation patterns into 
haplotypes and analysed the relationships of 
these haplotypes.

Materials and methods
Plant material and collecting sites

Material for this study was collected in 
connection with studies for Flora Nordica 
and during excursions to Central Europe or 
the Caucasus. Altogether 135 samples from 24 
sites were collected (Table 1). Voucher material 
in the form of dried flowers (with the first 
author), or ethanol-preserved flowers (with the 
second author) was prepared from the sampled 
plants. The voucher material will be deposited 
in the botanical museums at Lund (LD) and 
Copenhagen (C), respectively. Accession 
numbers for DNA extracts stored at the DNA 
bank of the first author at Department of 
Biology, Lund University, are given in Table 1.
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Table 3. Characterization of the 17 
different plastid haplotypes found 
in Coeloglossum. Numbers within 
parentheses denote the major group 
to which haplotypes identified in 
the Nordic material is referenced 
in the text. The numbers reported 
under each locus are the size of the 
repeats.

LEFT. Table 2. Description of the nine plastid microsatellite regions examined in Coeloglossum. “Ann”: an-
nealing temperature. In the column “Length of repeat” the approximate size of the shortest amplified fragment 
is given within paranthesis.

Molecular methods
A few flowers with bracts, or the upper parts of 
leaves, were collected in the field and rapidly 
desiccated in plastic bags with dry silica gel 
(Chase & Hills 1991). One flower from each 
sample, or about 1 cm2 of leaf area was used 
to extract DNA according to the 2× CTAB 
procedure (Doyle & Doyle 1990).

Nine putatively size-variable marker sites 
were studied in the plastid genome. Most of 
these markers and PCR conditions have been 
reported elsewhere (Hedrén et al. 2008), but 
the marker loci 7, 12 and 14 are added here 
(Table 2). The markers included seven mono -
nucleotide micro satellites, one dinucleotide 
micro satellite, and one combined mono-
nucleotide/dinucleotide repeat. The combined 
variation patterns at all marker sites were 
recognized as haplotypes and denoted by 
capital letters (Table 3).

Data analysis
The relationships between plastid haplotypes 
were described by means of a median-joining 
network (MJ; Bandelt et al. 1999) in which 
variants recognized at the nine investigated 
loci were treated as ordered characters 
according to fragment size and the estimated 
numbers of repeats. MJ identifies unrooted 
trees using parsimony, and presents multiple 
trees in the form of a network in which 
alternative, equally parsimonious, pathways 
are visible as cycles.

MJ networks may link derived haplotypes 
directly to ancestral ones and may also include 
median vectors, which are hypothetical 
character combinations introduced to reduce 
the network length. The MJ network was 
calculated using the computer program 
NETWORK 4.5.1.6 (Fluxus Technology 
2007).

Haplotype Locus
1 7 10b 11b 12 14 16 18 19

A (1) 11 12 36 8 11 9 13 13 10
B (1) 11 12 37 8 11 9 13 13 10
C (1) 11 12 38 8 11 9 13 13 10
D (1) 11 12 39 8 11 9 13 13 10
E 12 10 36 8 11 9 11 13 10
F (2) 12 11 35 8 11 9 12 13 11
G (2) 12 11 36 8 11 9 12 13 11
H (2) 12 11 39 8 11 9 12 13 11
I (2) 12 11 35 8 11 9 12 13 10
J (2) 12 11 35 9 11 9 12 13 11
K (2) 12 12 36 8 11 9 13 13 11
L 12 12 37 8 11 9 13 13 11
M 12 12 34 8 11 9 13 13 10
N 13 12 35 8 11 9 13 13 10
O (2) 12 11 34 8 11 9 12 13 11
P 12 12 35 8 11 9 13 13 10
Q 11 12 35 7 11 9 13 21 10
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Results
Of the nine plastid loci analysed, seven were 
found to be variable within the sampled 
material, with between two and six size 
variants each (Table 3). In the material 
sampled from Norden, six loci were variable. 
Seventeen haplotypes were identified based on 
the combined variation pattern at all variable 
loci. Eleven of these haplotypes were identified 
in the material sampled from Norden (Table 
4). A few haplotypes were more common 
than the rest. Haplotype C was identified 
in 43 samples out of 135 samples, but was 
confined to mainland Scandinavia and Britain. 
Haplotype G dominated at the Icelandic sites, 
but was also identified in one sample from 
northern Scandinavia. The third most common 
haplotype, F, was widespread and identified 
in plants from England, Gotland, mainland 
Scandinavia and Iceland. Two moderately 
common haplotypes, D and J, found in nine 
plants each, were confined to plants from 
Norway and Iceland, respectively. The 
remaining twelve haplotypes were identified 
in between one and five samples each. Five of 
these haplotypes were restricted to material 
from the Alps and one to the sample from 
Georgia.

The haplotypes were linked to each other in 
a median-joining network (Fig. 1). Haplotypes 
identified in Nordic material were clustered in 
two sections of the network. Haplotypes A to 
D (hereafter group 1) were separated only by 
differences at the most variable locus 10b, and 
were confined to material from Britain, Gotland 
and mainland Scandinavia. Haplotypes F 
to K and O formed a more lose group (2), 
and were separated by differences at various 
loci. All haplotypes identified in material 
from Iceland belonged to group 2, along with 
haplotypes in material from Britain, Gotland, 
mainland Scandinavia and the Alps. The two 
groups were linked by haplotypes identified in 
material from the Alps. The haplotype from 
the single plant from Georgia was clearly 
divergent, mostly due to a difference of four 
repeats at locus 18.

Discussion
Based on the results obtained in this study, 
we reject the hypothesis that the Icelandic 
population is genetically separated from 
the Scandinavian population, since group 
2 haplotypes characteristic of C. viride on 
Iceland are also present in Scandinavia 
and Britain. Moreover, we also reject the 
hypothesis that plants from high elevations in 
the Scandinavian mountains are genetically 
separated from plants in the lowlands, since 
haplotypes from both major groups are 
encountered in both of these areas. It should be 
noted that our findings are consistent with the 
results from a previous assessment of patterns 
of allozyme variation among a subset of the 
populations sampled for the present study (H. 
Æ. Pedersen, unpublished data).

The distribution of haplotypes and 
their relationships are still of interest for 
understanding the recolonization history of 
Coeloglossum in Norden. The haplotypes 
found in Nordic material formed two 
relatively distinct groups in the plastid 
network. Haplotypes from the Alps material 
formed an intermediate group, linking the 
two Nordic groups together, and in fact very 
few haplotypes were shared between Norden 
and the Alps. The clear pattern of divergence 
in haplotype composition between the two 
regions gives little support to the idea that the 
present-day population of Coeloglossum in 
Norden was established by dispersal of seeds 
from the Alps or a Central European refugium 
after the last glaciation. It seems more likely 
that the Nordic population was re-established 
from populations that were able to survive at 
closer distance from the Weichselian ice sheet; 
and the fact that the Scandinavian haplotypes 
form two quite distinct groups linked to each 
other by haplotypes from the Alps suggests that 
the source population has a long evolutionary 
history, dating back well before the last ice 
age. Some authors have observed that plants 
from high elevation in the Alps may approach 
the Scandinavian mountain form in being low-
growing and having reddish flowers (Buttler 
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1991), but on the basis of our data plants of this 
type must have been formed in parallel in the 
two areas.

The Icelandic population may have been 
established by seed dispersal from north-
western Europe but, since we have not had 
access to any material from North America, we 
cannot rule out the possibility that the Icelandic 
population has been established following long 
distance dispersal from the west; and perhaps 
even that material of western origin contributed 
to the colonization of Scandinavia and mixed 
in with plants carrying group 1 haplotypes. 
Similarly, we have not had access to material 
from Russia, so we can also not speculate 
on the eastward extension of the haplotypes 
occurring in Scandinavia today.

The single specimen from Jæren, 
representing the dune slack form of the 
species, carried haplotype I, which was 
otherwise present in material from the Alps. 
Based on this finding, it may be speculated that 
the dune slack form represents an independent 
dispersal event to Scandinavia, but it may also 
be observed that this haplotype differs only by 
a single mutational step from the widespread 
and relatively common haplotype F. Thus, the 
haplotype I on Jæren may well represent an 
independent formation of this haplotype.

Overall, it may be observed that the haplotype 
network given as Fig. 1 contains several cycles 
with alternative mutational pathways between 
haplotypes, and at least three equally short 
trees were inferred by the MJ analysis. On the 

Fig. 1. Median-joining network of the plastid haplotypes identified in Coeloglossum viride. The network is composed 
of three equally parsimonious unrooted trees of 27 steps each. Observed microsatellite fragments were arranged 
according to size at each marker site and treated as ordered characters. The size of each symbol is proportional to 
the number of individuals carrying the particular haplotype, and the sectors are proportional to the different regions 
in which the haplotype has been found (Table 4). Marker sites and mutational steps (within parentheses) separating 
haplotypes are indicated. Branch lengths are approximately proportional to the numbers of mutational steps. Small 
black diamonds denote median vectors. Haplotypes are annotated by capital letters (see Table 3).
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one hand, we need loci with high mutation 
rates, such as microsatellite loci, to analyze 
differentiation patterns and relationships 
among haplotypes within species. On the other 
hand, with several such loci, there is a distinct 
possibility that parallel mutations may occur, 
such that a particular haplotype may evolve 
from several parental haplotypes. While there 
is a small probability that common haplotypes 

have originated repeatedly from rare ones, 
rare haplotypes are more likely to have 
evolved repeatedly from common ones (Lowe 
et al. 2004). Accordingly, the differentiation 
patterns given by the haplotypes identified 
in a high number of samples should be more 
trustworthy than differentiation patterns 
given by the haplotypes found in only a few 
samples.

Table 4. Distribution of plastid haplotypes within and between population samples of Coeloglossum (figures 
denote numbers of individuals). “Haplotype group” denotes the major group to which haplotypes identified in 
the Nordic material is referenced in the text.

  Haplotype
  Haplotype group

A
1

B
1

C
1

D
1

E F
2

G
2

H
2

I
2

J
2

K
2

L M N O
2

P Q Row 
sum

Caucasus
Gudauri

Alps

1 1

Val Gardena 1 1
Sellajoch 2 1 3
Col du Galibier 2 1 1 4
Mt Cenis 1 2 3
Furka 1 1 2
Schafberg

Britain

2 2

Noar Hill

Gotland

11 4 15

Djaupdy

Scandinavia

5 5 10

Svedbergsviken 1 1
Odensala 1 1
Skalberget 2 2
Vackermyran 4 4
Formliden 2 8 10
Rödingsnäset 4 5 1 10
Njulla 9 1 10
Jæren 1 1
Tågdalen 5 5
Sølendet

Iceland

3 3 4 10

Kalmanstunga 6 2 8
Björg 4 3 1 8
Kolugafjall 2 4 2 8
Ljosavatn 3 1 4 8
Reykjarhóll 8 8

Column sum 5 5 43 9 2 17 26 1 4 9 4 4 1 2 1 1 1 135
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It should also be noted that the sampling 
for this study is quite uneven. While about 
ten individuals were sampled from most of 
the Nordic sites, only a few individuals per 
site were sampled from the sites in the Alps 
and in the Caucasus. We would probably have 
identified additional haplotypes from these 
areas if we had included more samples from 
each site, but it is also possible that some of 
the haplotypes from these areas would have 
turned out to be as dominant in these regions 
as the most common haplotypes identified in 
Nordic material; and if so, the discussion on 
the origins of particular haplotypes may have 
been different. It may also be commented that 
sampling over the Flora Nordica area is uneven 
and, for instance, no material from Finland 
was available for this study. For a better under-
standing of the origin and position of the dune 
slack population in Jæren, we would obviously 
also need additional samples from the same 
region as well as reference samples of the dune 
slack form from Britain and Ireland.

Authors who have discussed the status of 
subsp. islandica seem to agree that the taxon 
should be dismissed on the basis that plants 
of intermediate appearance connect subsp. 
islandica with subsp. viride (Hylander 1966; 
Mossberg & Nilsson 1977; Løjtnant 1977; 
Nilsson 1991). However, according to the 
criteria given in Flora Nordica (Jonsell 2004) 
the subspecies category may still be adopted 
to recognize geographical, ecogeographical, 
or even ecological variants within a species. 
Therefore, on basis of morphology and 
distribution alone, we are still left with the 
possibility keeping subsp. islandica as a 
separate subspecies, and we need to evaluate 
this standpoint on the basis of patterns shown 
by molecular data.

Given the criteria listed in Flora Nordica, 
any species with geographically correlated 
morphological variation and a reasonably 
large distribution may be subdivided into 
subspecies. As there is no objective way to 
decide on the number and circumscription of 
such subspecies, additional criteria are needed 

to achieve taxonomic stability at the subspecies 
level. First, we emphasize that subspecies 
need to agree with some other apparent type 
of differentiation pattern that is not just clinal 
variation resulting from isolation by distance. 
Apart from morphology, such patterns may 
be manifested in habitat requirements or 
phenology. Subspecies do not need to be 
completely separated in any character or trait, 
but their boundaries should correlate with the 
steepest zones of transition between forms. 
Second, we propose that patterns of genetic 
differentiation should be taken into account 
in the recognition of subspecies. Preferably, 
individuals of one subspecies should be 
more closely related to each other than to 
individuals of another subspecies, and vice 
versa (i.e. evolutionarily significant units, 
ESUs sensu Moritz 1996). Such subspecies 
may arise due to historical processes, such as 
lineage splitting or migration history, or to 
more recent and ongoing processes, such as 
high unifying gene flow within subspecies, 
geographic, genetic or ecological separation 
of different subspecies, or a combination of 
these processes. Subspecies integrity can 
be tested by means of molecular markers 
that are effectively “neutral”, i.e. not directly 
linked to genes responsible for morphological 
or ecological differentiation. Subspecies 
proposed on the basis of morphological and 
geographic data may be accepted if they also 
agree with differentiation patterns at molecular 
markers, and if not then other arguments must 
be evaluated very carefully. Previous authors 
have already questioned the distinctness of 
infraspecific taxa proposed within C. viride in 
Norden. Here we also show that these taxa do 
not constitute genetically coherent subgroups, 
and hence that they do not merit taxonomic 
recognition at the subspecies level.
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Distribution,	habitat	and	conservation	of	range-
restricted species of Eleusine and Pennisetum 
(Poaceae) in Uganda
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Kalema, J., Kiwuka, C., Namaganda, M. & Mulumba, J. 2016. Distribution, habitat 
and conservation of range-restricted species of Eleusine and Pennisetum (Poaceae) in 
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The genera Eleusine and Pennisetum are represented in Uganda by four and 14 wild species 
respectively. Herbarium specimens were studied as part of a review of their distribution. 
Range-restricted species were then identified, and new collections were made to update 
information about their distributions. Seed are kept at the Plant Genetic Resources Centre 
with duplicate samples at Svalbard. New localities were recorded, all of which led to 
increases in the Extent of Occurrence (EOO) and Area of Occupancy (AOO). The greatest 
additions to the EOO were for Pennisetum macrourum, P. ramosum, P. mezianum and 
P. procerum, in that order. Pennisetum ramosum, P. procerum, P macrourum and P. 
mezianum registered the greatest additions in AOO. The vast majority of records were 
outside protected areas. Eleusine kigeziensis, is restricted to the Kigezi region, while 
Eleusine jaegeri is restricted to the Kigezi and Mbale regions. Pennisetum riparium and P. 
trisetum are the rarest and most range-restricted species in Uganda. 
1,*Makerere University Herbarium, Department of Biological Sciences, College of 
Natural Sciences, PO Box 7062, Kampala, Uganda. Corresponding author: jkalema@
cns.mak.ac.ug.
2 Entebbe Botanic Gardens, Plot 2-4 Barkeley Road, Entebbe, Uganda

Introduction
In Uganda, there are more than 410 species 
of grasses (Phillips et al. 2003), and the grass 
flora constitutes about 8.5% of the country’s 
total vascular plant species richness. The 
genera Eleusine Gaertn. and Pennisetum Pilg. 
contain wild relatives of cultivated species, 
e.g. Eleusine coracana Gaertn. (Millet) and 
Pennisetum glaucum (L.) R.Br. (Pearl Millet). 
Four wild species of Eleusine and 14 of 
Pennisetum are known. Eleusine indica (L.) 
Gaertn. and E. africana Kenn.-O’Byrne are 

widespread and common, while E. jaegeri 
Pilg. and E. kigeziensis S.M.Phillips are 
range-restricted in Uganda. Six Pennisteum 
species, P. clandestinum Chiov., P. purpureum 
Schumach., P. polystachion (L.) Schult., 
P. trachyphyllum Pilg., P. thunbergii Kunth 
and P. unisetum (Nees) Benth., are common 
and widespread, and hence are not discussed 
here. Rare and Range-restricted species were 
defined as those occurring in no more than 
two floristic regions and/or in not more than 
three known localities. Many of the wild 
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species of both genera are important as forage 
for livestock (Mugerwa & Zziwa 2014) and 
wildlife. They are thus of socio-economic 
value to farmers and also for biodiversity 
conservation, both of which are important 
elements in Uganda’s economic base. The 
wild relatives of Eleusine and Pennisetum are 
potentially vital in provision of genes to curb 
new biotic (such as invasive aliens) and abiotic 
(such as prolonged drought) stresses.

Recent land use studies in Uganda (e.g. 
NEMA 2007, 2010; Waiswa 2011) indicate 
significant reduction in natural vegetation, 
which threatens the gene pool of several species, 
some of which occur in fragile ecosystems. 
Herbarium records, many of which are old, 
may not reflect the present distribution of the 
species. The lower slopes of Mt. Elgon and Teso 
regions, key sites for range-restricted species, 
have undergone tremendous land use change 
due to cultivation, exposing the wild species of 
Pennisteum and Eleusine to loss of distribution 
area and genetic diversity. Mt. Elgon is 
Uganda’s only home for P. trisetum Leeke and 
P. riparium A.Rich., rendering it critical for 
conservation of the gene pools of these two 
species. Eleusine jaegeri and E. kigeziensis are 
highland species, each occurring as isolated 
small populations, rendering them highly 
susceptible to extinction.

Eleusine jaegeri is an erect perennial grass 
to 130 cm high. The inflorescence is composed 
of 2–13 racemes clustered atop the culm. The 
spikelets are dark olive-grey (Clayton et al. 
1974). Its distribution is Uganda (U3), Kenya 
(K3–6), and Tanzania (T2), growing at altitudes 
between 1800 and 3300 m. It grows in upland 
grassland and clearings in forest and bushland.

Eleusine kigeziensis is an erect tufted 
perennial to 60 cm high. The inflorescence 
is digitate, composed of 2–6 racemes. The 
spikelets are olive-grey. Its altitudinal range is 
2000–2700 m. It is known to occur in Uganda 
(Kigezi), DRC Kivu Province), Rwanda and 
Burundi. It grows in upland grassland and path 
sides.

Pennisetum hohenackeri Steud. is an erect 
tussocky perennial to 150 (occasionally 200) 
cm high. It has a linear panicle to 25 cm long. 
It is known from Uganda (U1,2,4), Kenya 
(K3–6), Tanzania (T1), Madagascar and 
Western India (Clayton & Renvoize 1982). Its 
altitudinal range is 1100 to 2400 m. It grows in 
upland grassland, and flood plain grassland at 
lower altitudes.

Pennisetum mezianum Leeke is a decumbent 
perennial with culms to 120 cm high. The 
inflorescence is a dense, erect, oblong spiciform 
panicle. It is known to occur in Uganda, Kenya, 
Tanzania and India (Clayton et al. 2015). It 
grows from 915 to 1645 m in open deciduous 
bushland and semi-desert grassland, often in 
overgrazed places. It has a wide range with 
regard to soil types but prefers plains with 
impeded drainage, especially black clays.

Pennisetum mildbraedii Mez is an erect 
perennial with culms to 120 cm high. The 
inflorescence is a panicle 6–17 cm long. It is 
an Albertine Rift endemic with a very narrow 
altitudinal range from 2300 to 2600 m. It 
grows in wet or low-lying places in mountain 
grassland or bamboo in Echuya Forest, at 
Kanaba Gap, Behungi, Rwaburimbe, Bufundi-
Behungi, L. Bunyonyi, Sabinyo-Mgahinga and 
Kishanzhe.

Pennisetum procerum (Stapf) W.D.Clayton 
is a tufted perennial with wiry culms to 150 
cm high (Clayton & Renvoize 1982). Leaf 
blades are very narrow (1–4 mm wide). The 
inflorescence is a terminal and axillary panicle. 
It is only known from East Africa (U1, 3) and 
Kenya), at altitudes ranging 1300 to 2300 m. 
It grows in crevices of rocky outcrops (Fig. 1).

Pennisetum ramosum (Hochst.) Schweinf. 
is an annual with culms to 200 cm high. The 
panicle is narrowly oblong and the culm is 
scabrid below the panicle. It is known to occur 
in Uganda (U1, 3), Tanzania (T1, 4–8), Nigeria, 
Cameroon, Sudan and Ethiopia. Its known 
altitudinal range is 500–1500 m (Clayton & 
Renvoize 1982, Clayton et al. 2015). It grows 
in swampy places, particularly on black clays.
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Fig. 1. Natural habitat of some of the Pennisetum species studied
a) P. procerum, b) P. macrourum, c) P. mezianum, d) P. ramosum

Pennisetum riparium is a mat-forming 
perennial with decumbent culms. The 
inflorescence is a spiciform panicle to 15 cm 
long. It grows in swamps and semi-cultivated 
areas around human settlements at altitudes 
between 1400–2600 m. It is known from 
Uganda (U3), Kenya (K3, 4), Tanzania (T2, 7) 
and Ethiopia (Clayton & Renvoize 1982).

Pennisetum macrourum Trin. is a robust 
reed-like perennial to 5 m high. It grows along 
river banks and stream beds, at altitudes from 
700 to 2300m. The panicle is linear, to 40 
cm long. It is known from Uganda, Kenya, 
Tanzania, South Africa and Yemen.

Pennisetum trisetum is a perennial to 3 m 
high. It grows in glades and clearings in upland 
evergreen forest at altitudes ranging from 1000 
to 2800 m. It is known to occur in Uganda (U3), 
Kenya (K3, 5, 6), Tanzania (T6), Ethiopia, D.R. 
Congo, Rwanda and Zimbabwe (Clayton & 
Renvoize 1982).

Methods and materials
Makerere University Herbarium (MHU), the 
only functional botanical museum in Uganda, 
was used as basis to study Pennisetum and 
Eleusine in the country, supplemented by 
material from the Royal Botanic Gardens, Kew 
(K) and the Vascular Plant Herbarium, Oslo 
(O). Preliminary data on species’ distributions 
were taken from the Flora of Tropical East 
Africa (Clayton & al. 1974, 1982), and online 
resources such as TROPICOS (Tropicos.org 
2015). A total of 426 collections (190 Eleusine, 
236 Pennisetum) were studied.

Ten species with restricted range in 
Uganda were selected for further study, eight 
Pennisetum and two Eleusine. Most of the 
localities identified were visited and surveyed. 
Any other encountered areas of occurrence 
for the selected species were recorded and 
geo-referenced. Voucher specimens are in 
Makerere University Herbarium. Germplasm 
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in the form of mature grains was also collected, 
and deposited at the Plant Genetic Resources 
Centre, Entebbe, which is the national plant 
gene bank in Uganda, with duplicate samples 
at Svalbard (NordGen). Three species, 
Pennisetum riparium, P. trisetum and 
P. mildbraedii, were not found. 

Taxonomic and geographical information 
about these specimens were recorded in 
the Botanical Research And Herbarium 
Management System (BRAHMS 7.3; 
University of Oxford 2015). Geographical 
coordinates that were lacking for some 
localities were identified using Polhill (1988), 
Core_GIS, and available online resources. 
ArcView (version 3.3; ESRI 1999) was used 
for mapping the distributions of the species. 
The IUCN Redlist tool was incorporated into 
ArcView and used for calculation of the Extent 
of Occurrence (EOO), Area of Occupancy 
(AOO) and number of collecting localities, as 
described by IUCN (2001). 

The calculated EOO, AOO and number of 
collecting localities are only potential, because 
we did not have the resources to verify the 
current occurrence of all of the species in all of 
the previously known localities in the country. 
Some of the old collection sites may not contain 

the species any more. This gap will need to be 
filled to make these calculations actual.

Results
A total of 426 collections of the species of 
Eleusine and Pennisetum that are rare and 
range-restricted in Uganda were studied. 
Most populations occurred outside formally 
protected areas. Of the eight species of range-
restricted Pennisetum species, five were found 
while three were not (Table 1). The range of 
P. mezianum was extended slightly, with new 
collections from Sebei, pushing its known 
range c. 26 km to the S (from 01º 45’ N to 01º 30’ 
42.3” N). Also, the distribution of P. ramosum 
in Uganda is broader than previously known. 
New collections were made at Budadiri 
(Mbale), Magoro, Muyembe and Namalu, 
increasing its southern limit in Uganda by c. 
48 km (from 01º 39’ N to 01º 13’ 16.7” N).

Trends in Extent of Occurrence, Area of 
Occupancy and number of localities
Eleusine jaegeri is an East African endemic, 
present in Uganda in Muko, Mafuga, 
Nyamagana, Butandiga and Gablaron. From 
our studies, the number of localities of this 

Species Number of 
previously 
known 
localities

Potential 
current 
localities

Previous 
EOO (sq 
km)

Potential 
current 
EOO (sq 
km)

Potential 
change in 
EOO (sq 
km)

Previous 
AOO (sq 
km)

Potential 
current 
AOO (sq 
km)

Potential 
change in 
AOO (sq 
km)

E. jaegeri 7 10 5,429.54 5,875.91 +446.37 49.93 59.91 9.98
E. kigeziensis 7 17 746.66 781.36 +34.70 69.90 89.87 +19.97
P. macrourum 10 24 34,404.01 42,239.55 +7,835.49 99.86 179.74 +79.88
P.  mezianum 10 23 8,998.69 13,773.41 +4,774.72 89.87 169.76 +79.89
P. procerum 9 32 7,970.60 10,353.68 +2,383.08 89.87 209.70 +119.83
P. hohenackeri 4 6 4,857.71 4,857.74 +0.03 39.94 59.91 +19.97
P. ramosum 11 53 5,406.47 12,792.22 +7,385.75 109.84 289.58 +179.74
P. riparium 2 NA Cannot be 

calculated
NA NA 1 NA NA

P. mildbraedii 8 NA 303.87 NA NA 79.88 NA NA
P. trisetum 1 NA Cannot  be 

calculated
NA NA 1 NA NA

Table 1 Past and presently known localities and area of occurrence of the study species of Eleusine and 
Pennisetum
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species has increased from 7 to 10, and this 
resulted in an increase in its potential Extent 
of Occurrence (EOO) by more than 400 sq 
km (Table 1, Fig. 2a). This species was found 
growing along path sides, and it appears to 
be capable of resisting moderate levels of 
disturbance.
Eleusine kigeziensis, an Albertine Rift 
endemic, is now known to occur in Muko, 
Mafuga, Nyamagana, Bwindi, Kachwekano, 
Bufundi-Behungi and Rwenzori. Accordingly, 
the number of localities increased to 17, more 
than double what was previously known (Table 
1, Fig. 2b). The potential EOO is more than 780 
sq km, an increase of 30 sq km. The potential 
AOO was increased by almost 20 sq km.
Pennisetum hohenackeri has a highly localised 
distribution in Uganda, only occurring along 
the Kafu River at Kafu and along the Aswa 
River. Our surveys added a couple of localities 
to those previously known, which resulted 
in little change in its EOO (Table 1, Fig. 2c), 
as the new localities were situated within the 
previous distribution polygon. The potential 
AOO was increased by c. 20 sq km. One of 
the two added localities is within the protected 
Karuma Wildlife Reserve (Fig. 2c). In all 
cases, this species was growing in grasslands 
with seasonal flooding, on sites with impeded 
drainage.
Pennisetum mezianum is rare in Uganda, known 
only from the Karamoja region, including Mt. 
Moroto, Kaabong-Lomusio, Kidepo Valley 
National Park, Moroto, Toror Hills, Kacheliba, 
Cholol, and River Kunyao. The species’ 
potential EOO changed substantially to over 
4,700 sq km (Table 1, Fig. 2d). The AOO was 
increased by nearly 80 sq km. Karamoja is a 
marginal area of high conservation priority, 
because of its aridity with less than 900 mm 
annual precipitation and prolonged droughts 
with high temperatures. During drought 
periods, P. mezianum appears to survive under 
the protection of thorny shrubs. Its tufts were 
often found growing in the middle of scrub 
vegetation, far from the reach of potential 

grazers. It may be worth investigating this 
association and bringing it to the attention of 
communities, so that the nurse vegetation may 
be protected for survival of the species. It also 
grows on ruderal sites such as road sides, and 
may thus survive disturbances.
Pennisetum macrourum is known to occur 
on Mt. Elgon, Amua, River Nyawa (Moyo), 
near Mbale, River Aswa (Gulu), Kilak, and 
River Kacheliba (Teso). Our surveys led to a 
substantial addition to the species’ potential 
EOO of nearly 8,000 sq km (Table 1, Fig. 
2e). The AOO was increased by nearly 80 
sq km. The species survives along river and 
stream margins that are usually uncultivated. 
It is a robust perennial that was also often 
encountered growing on small islands in river 
beds.
Pennisetum procerum is found in Kenya and 
a number of places in Uganda: Karamoja 
region (Kaabong, Mt. Moroto, Amuda, Noyon, 
Kotido-Koputh, Lokapeliethe), and Sipi, 
Buligenyi, Tororo Rock. Our findings added 
a total of more than 2,400 sq km and nearly 
120 sq km to the potential EOO and AOO, 
respectively (Table 1, Fig. 2f).
Pennisetum ramosum in Uganda is known 
from Karamoja (Maninmani River, Nabilatuk, 
Loliakat, Moroto and Kangole), and the Teso 
region (Adachal, River Apendura in Toroma, 
Opeta wetland and Kapiri). Our studies 
increased the number of known localities five 
times, and substantially extended the range 
of geographical distribution by adding over 
7,300 sq km to its previous EOO and nearly 
180 sq km to its AOO (Table 1, Fig. 2g). This 
species is capable of tolerating low to moderate 
disturbance, and it often appears in pioneer 
vegetation following land use change.
Pennisetum riparium could not be found in its 
only Uganda locality, Mt Elgon. Pennisetum 
trisetum is known from only a single locality in 
Uganda in Sebei (Fig. 3). This site was found to 
be degraded, and the species was not located. 
Pennisetum mildbraedii was not encountered 
in the field.
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Fig. 2. Previous (left) and new potential (right) 
distribution of Eleusine and Pennisetum species 
in Uganda.

Fig. 3 Pennisetum riparium (triangles), P. mildbraedii (solid circles) and 
P. trisetum (cross) in Uganda

Eleusine jaegeri Eleusine kigeziensis

Pennisetum hohenackeri Pennisetum mezianum

Pennisetum macrourum Pennisetum procerum

Pennisetum ramosum
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Occurrence in the protected area network
The vast majority of collections studied were 
outside protected areas. Eleusine jaegeri occurs 
outside the Mt Elgon National Park. Pennisetum 
hohenackeri was until our study not known to 
occur in any protected area. It now has one 
collection in the well-protected Karuma Wildlife 
Reserve. Pennisetum mezianum occurs mostly 
outside protected areas. Our surveys added 
Pian-Upe Wildlife Reserve to its previously 
only known area of protection, Kidepo Valley 
National Park. Pennisetum macrourum has not, 
in the past or recently, been known from any 
protected area. All its sites are unprotected, in 
human settlements and cultivation. Pennisetum 
procerum is similarly known from unprotected 
rocky sites. The Karamoja sites are Communal 
Wildlife Areas (Controlled Hunting Areas) 
categorized by IUCN as VI, the lowest level of 
conservation status. Pennisetum ramosum also 
grows in unprotected areas. Mgahinga Gorilla 
National Park and Echuya Central Forest 
Reserve are the protected sites from which P. 
mildbraedii is known.

Discussion
Two of the four species of Eleusine and four of 
the 14 Pennisetum species in Uganda are highly 
restricted within the country. The most range-
restricted species are P. trisetum, P. riparium 
and P. mildbraedii, each with an EOO of less 
than the size of Murchison Falls National Park, 
less than 3,800 sq. km. Eleusine kigeziensis and 
P. hohenackeri each has an EOO of less than 
5,000 sq km in Uganda, the bigger population of 
the later being outside protected areas. The EOO 
for E. jaegeri is less than 10,000 sq. km and is not 
protected at all. This increases its risk of local 
extinction, especially given that it grows in areas 
of very dense human population with extensive 
cultivation (Kalema et al. 2010). Pennisetum 
mezianum, P. procerum and P. ramosum each 
has an EOO of less than 20,000 sq. km in 
Uganda, but is certainly higher globally. These 
species, accordingly, appear to be globally in the 
Least Concern IUCN (2001) category.

Eleusine jaegeri grows in ruderal 
environments including forest clearings, 
and has a fairly wide range of altitude. In the 
herbarium label data, Snowden 1185 indicates 
that the species is avoided by livestock. Our 
study increased its potential EOO remarkably. 
However, the two locations in Uganda are 
widely separated, leaving the gene pool highly 
fragmented and in greater danger of becoming 
extinct. These sites are not under any formal 
protection, and their conversion to cultivation 
may wipe out of the entire population in 
Uganda. It is also of limited distribution in 
Tanzania but is more widespread in Kenya. 
A similar situation of habitat degradation by 
cultivation is found in both Kenya and Tanzania.

The Albertine Rift endemic E. kigeziensis 
shows a very narrow altitudinal range. However, 
it grows in grasslands and even path sides. Not 
much was changed in the EOO and AOO of this 
species. Many of its localities of occurrence 
are unprotected, in a part of Uganda with the 
highest population density and where the main 
economic activity is agriculture (Kalema et al. 
2010). There are, however, some populations 
protected within Bwindi Impenetrable National 
Park and Echuya Central Forest Reserve.

Around the Tororo Rock area there is a 
high risk of habitat degradation arising from 
limestone mining in the neighbourhood. 
Pennisetum procerum, however, survives in 
rock crevices and would be safe unless there 
is total conversion of the environment. Its 
adaptability to xeric conditions might infer 
genetic traits of resistance to drought, and thus 
a potential for improvement of its cultivated 
relatives. Pennisetum hohenackeri is a species 
with a disjunct distribution, known from East 
Africa, Madagascar and India. In Uganda, 
it was found growing mostly in seasonally 
flooded grasslands. Except for our recent record 
from Karuma Wildlife Reserve, the species is 
entirely outside the protected area system. About 
two thirds of the sites of occurrence are around 
Kafu. This area is essentially surrounded by 
pastoral communities who do little cultivation. 
This might offer some protection for some 



Symb. Bot. Upsal. 38

100 J. Kalema, C. Kiwuka, M. Namaganda & J. Mulumba

time, as is true for the very rare Chasmopodium 
caudatum (Hack.) Stapf from the same area 
(Namaganda & Kalema 2003), until there is a 
livelihood change or commercial agriculture 
commences in the area. The two records of the 
species from the present study lie within its 
previously known distribution.

Mt. Elgon is Uganda’s only home to 
Pennisetum trisetum and P. riparium, 
rendering it critical for conservation of the 
gene pools of these two species. Pennisetum 
trisetum is Critically Endangered (CR) and 
Possibly Extinct (PEx) in Uganda, based on our 
recent expeditions and the available collections 
in the Makerere University Herbarium. It is 
known from only one herbarium voucher, and 
has not been collected since 1938. This locality 
is now under cultivation, thus making it very 
unlikely that P. trisetum still occurs in the area.

Most species studied still occurred in their 
previously known localites, except Pennisetum 
trisetum whose habitat was found to be badly 
degraded. Pennisetum mildbraedii was not 
found, but one of its habitats (wetland in 
Echuya Central Forest Reserve) was in good 
condition. It is therefore likely to still be there. 
Our addition to some of the studied species’ 
Extent of Occurrence and Area of Occupancy, 
e.g. Pennisetum mezianum, P. hohenackeri 
and P. ramosum, indicates that further surveys 
are likely to increase the geographical range 
of distribution of the species in Uganda. The 
most rare and range-restricted species are P. 
trisetum, P. riparium, P. mildbraedii, Eleusine 
kigeziensis and E. jaegeri in that order. Future 
surveys should thus prioritize these species.
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Introduction
Sub-Saharan Africa covers an area of 24.2 
million km2, with an estimated 46,500 plant 
species (Klopper et al. 2006). Our knowledge 
of these plant species is uneven: the correct 
names to give them, the relationships between 
them, and the way to identify them. Such 
knowledge is provided by floras: large-scale 
publications dealing with all the plants of a 
region or large country. Floras are usually 
produced by a large-scale institution such 
as a major herbarium, or by a consortium of 
institutions; such floras need large numbers 
of specialists to work on them, which means 
international collaboration, as well as people 
with long-term vision and determination to run 
them. For some African countries good floras 
exist, with keys, descriptions, synonymy, notes 
on habitat and distribution, and illustrations. 
Such countries have a solid knowledge base 
to work from, on any subject requiring 
information on wild plant species; and that 
includes RedList assessments, which in turn 

leads to a solid basis in conservation work. 
Other African countries have neither floras nor 
checklists, which makes any work on wild plant 
species very difficult indeed. Most countries in 
Africa come somewhere in between these two 
extremes, with either partially complete floras, 
or only checklists of species but no complete 
overview.

Information on coverage of regional 
and national floras in Africa was given by 
Frodin (1984, 2001), and here I try to update 
those useful works for tropical Africa. In the 
following article I will try to give an overview 
of the status quo of our knowledge of wild plant 
species, on a country-by-country basis.

The differences between a good flora and a 
checklist are enormous, but that does not mean 
that checklists are not important. For those 
countries where no floras exist, or they are 
incomplete, a national checklist is the essential 
starting point for further work. Of course, 
partial checklists (say, for a large national park, 
a mountain range, or part of the country) may 
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exist, and provide useful knowledge; but here I 
deal only with national and regional floras and 
checklists. What I also mention are field guides 
that deal with specific large groups of taxa: the 
woody plants of a country, or (in cases where 
floras are very incomplete) fieldguides to the 
plants of large parts of the country.

The main regional Floras
These floras are the backbone of African plant 
taxonomy – national floras depend on them and 
build on them, fieldguides come out when the 
regional floras are complete, and they show up 
the gaps in our knowledge – gaps in collecting 
density, and gaps in our taxonomic knowledge. 
They do take a long time to complete, though. 
The first of them all, the Flora of Tropical Africa, 
took from 1868 to 1937, and was based on very 
few specimens per species. Later floras built 
on this foundation, but sometimes took almost 
as long: the Flore d’Afrique Centrale has been 
going for 67 years, and Flora Zambesiaca (FZ) 
for 55 years; and neither of them is complete, as 
yet. The Flora of Tropical East Afica (FTEA) is 
complete, but took 61 years to reach this stage. 
Quicker floras have been the Flora of West 
Tropical Africa (FWTA) (2nd edition complete 
in 15 years) and the Flora of Ethiopia and 
Eritrea (complete in 20 years). And when I say 
‘complete in so many years’ I do not count the 
lead-in time for starting up the project. Large 
regional floras resemble a process more than 
a project, at times, and can only be run from 
major institutes with a long-term vision.

A perennial problem is how to cite these 
long-running serial floras. We regularly see 
FTEA referred to as “Turrill & Milne-Redhead 
(eds) Flora of Tropical East Africa” while this 
combination of editors lasted only six years, 
out of the total sixty-one years it took to 
complete this flora! The changing of editors 
in long running floras is common; but in some 
other floras the situation is even worse, as 
editors do not get a mention at all. Sometimes 
the place, or institute, of publication changes 
over the years; or the name of the whole flora 
changes in mid-stream.

A list of the serial regional African Floras 
follows, with some of the main changes listed. 
Individual parts of a Flora are of course best 
cited under the individual author, such as 
“Verdcourt B. 1992. Verbenaceae. In Flora of 
Tropical East Africa. Balkema, Rotterdam.” 
Please note that I do not include the Flora of 
Tropical Africa (1868–1937) in this overview, 
as I consider this too out of date; even though 
for some countries it forms the only coverage of 
their wild plant species. Single country Floras 
appear in the next section, National Floras.

Most of the following regional floras are 
large-scale descriptive research floras, with 
keys to genera and species, regional synonymy 
with references, literature references, full 
descriptions, data on habitat and distribution 
(including overall range), specimen citations, 
indices, illustrations and glossaries; only 
FWTA differs in having very short descriptions 
and not much information on habitat. FTEA 
and FZ appeared in Rudi Schmid’s overview 
of floras (Schmid 1997), and received his 
qualifications of ‘certainly very good’ and 
‘world class’, respectively.

Flora of Ethiopia / Ethiopia and Eritrea

Abbreviated below as FEE. Covering Ethiopia 
and Eritrea; complete and up to date. The first 
part that appeared (volume 3) bore the title 
Flora of Ethiopia; after this all volumes are 
called Flora of Ethiopia and Eritrea. Within 
the volumes blocks of related families are 
treated according to the Hutchinson sequence; 
the volumes were published when ready, so are 
not in numerical sequence.
Hedberg, I. & Edwards, S. (eds) 1990 (“1989”). Vol. 3. 

Addis Ababa, Asmara & Uppsala.
Edwards, S., Mesfin T. & Hedberg, I. (eds) 1995. Vol. 2 

(2). Addis Ababa & Uppsala.
Hedberg, I. & Edwards, S. (eds) 1995. Vol. 7. Addis 

Ababa & Uppsala.
Edwards, S., Sebsebe D. & Hedberg, I. (eds) 1997. Vol. 

6. Addis Ababa & Uppsala.
Edwards S., Mesfin Tadesse, Sebsebe Demissev & 

Hedberg, I. (eds) 2000. Vol. 2 (1). Addis Ababa & 
Uppsala.
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Hedberg, I., Edwards, S. & Sileshi N. (eds) 2003. 
Vol. 4 (1). Addis Ababa & Uppsala.

Hedberg, I., Friis, I. & Edwards, S. (eds) 2004. Vol. 4 
(2). Addis Ababa & Uppsala.

Hedberg, I., Ensermu K., Edwards, S., Sebsebe D. 
& Persson, E. (eds) 2006. Vol. 5. Addis Ababa & 
Uppsala.

Hedberg I., Friis, I. & Persson, E. (eds) 2009. Vol. 1. 
Addis Ababa & Uppsala.

Hedberg I., Friis, I. & Persson, E. (eds) 2009. Vol. 8, 
General Part and Complete Index. Addis Ababa & 
Uppsala.

Flora of Southern Africa
Abbreviated below as FSA. Covering 
Namibia, Botswana, South Africa, Lesotho 
and Swaziland; less than 20% complete 
(my estimate). Appeared in numbered parts 
(numbered according to a modified Engler 
sequence), with vol. 26 appearing first:
Dyer, R.A., Codd, L.E. & Rycroft, H.B. (eds) 1963. 

Flora of Southern Africa, Vol. 26. South African 
Government Printer, Pretoria.

Fascicles were published when ready, so not in 
numerical sequence, with the most recent part 
number 33.4.1 (edited by Germishuizen, G. & 
du Plessis, E.) appearing in 2001.

Flora of Tropical East Africa
Abbreviated below as FTEA. Covering 
Uganda, Kenya and Tanzania; complete, but 
the earlier parts often need to be revised. 
Appeared in 255 fascicles of families or part 
of families, so not according to any system; the 
parts are not numbered.
1952–1958: 20 fascicles. Turrill, W.B. & Milne-

Redhead, C.E. (eds). Crown Agents, London.
1958–1966: 23 fascicles. Hubbard, C.E. & Milne-

Redhead, E. (eds). Crown Agents, London.
1966–1972: 40 fascicles. Milne-Redhead, E. & 

Polhill, R.M. (eds). Crown Agents, London.
1973–1978: 23 fascicles. Polhill, R.M. (ed.). Crown 

Agents, London.
1982–1997: 76 fascicles. Polhill, R.M. (ed.). 

Balkema, Rotterdam.
1998–2002: 40 fascicles. Beentje, H.J. (ed.). 

Balkema, Rotterdam.

2003: 6 fascicles. Beentje, H.J. & Ghanzanfar, S. 
(eds). Balkema, Rotterdam.

2005–2009: 32 fascicles. Beentje, H.J. & Ghanzanfar, 
S. (eds). Royal Botanic Gardens, Kew.

2010–2012: 5 fascicles. Beentje, H.J. (ed.). Royal 
Botanic Gardens, Kew.

Flora of West Tropical Africa
2nd edition (the first was completed in 
1936). Abbreviated below as FWTA. 
Roughly covering Upper Guinea: southern 
Mauritania, Senegal, Gambia, Guinea Bissau, 
Guinée, Sierra Leone, Liberia, most of Mali, 
Burkina Faso, Cote d’Ivoire, Ghana, Togo, 
Benin, the southern half of Niger, Nigeria, 
the Western part of Cameroun and Bioko; 
complete, but needs revision. The sequence 
is according to Hutchinson. Keys are present, 
as are illustrations and the citation of voucher 
specimens, but descriptions and habitat data 
are kept very short.
Hutchinson J. & Dalziel J.M., revised by Keay, 

R.W.J. 1954. Vol. I (1). Crown Agents, London.
Hutchinson J. & Dalziel J.M., revised by Keay, 

R.W.J. 1958. Vol. I (2). Crown Agents, London.
Hepper, F.N. (ed.) 1963. Vol II. Crown Agents, 

London.
Hepper, F.N. (ed.) 1968. Vol. III. Crown Agents, 

London.

Flora Zambesiaca
Abbreviated below as FZ. Covering Malawi, 
Zambia, Mozambique, Zimbabwe and 
Botswana, as well as the Caprivi Strip of 
Namibia; 88% complete (Timberlake, pers. 
comm.), with earlier parts often in need of 
revision. Appearing in volumes of blocks 
of related families, arranged according to a 
slightly modified Bentham & Hooker sequence; 
published when ready, volume numbers not 
chronological.
Exell, A.W. & Wild, H. (eds) 1960–1961. Vol. 1. 

Crown Agents, London.
Exell, A.W., Fernandes, A. & Wild H. (eds) 1963–

1966. Vol. 2. Crown Agents, London.
Brenan, J.P.M. (ed.) 1970. Vol. 3.1. Crown Agents, 

London.
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Exell, A.W. & Launert, E. (eds) 1970. Pteridophyta. 
Crown Agents, London.

Fernandes, A., Launert, E. & Wild, H. (eds) 1971. 
Vol. 10.1. Flora Zambesiaca Managing Committee.

Launert, E. (ed.) 1978–1989. Vol. 4 (1978), 7.2 
(1985), 8.1 (1987), 8.3 (1988), 9.1 (1988), 5.1 
(1989). Flora Zambesiaca Managing Committee.

Launert, E. & Pope, G.V. (eds) 1989–1991. Vol. 10.3 
(1989), 7.4 (1990), 8.2 (1990), 9.6 (1991). Flora 
Zambesiaca Managing Committee.

Pope, G.V. (ed.) 1992–2001. Vol. 6.1 (1992), 12.4 
(1993), 11.1 (1995). Flora Zambesiaca Managing 
Committee.

Pope, G.V. (ed.) 1996–2001. Vol. 9.4 (1996), 9.2 
(1997), 5.2 (1998), 11.2 (1998), 10.2 (1999), 3.6 
(2000), 3.5 (2001). Royal Botanic Gardens, Kew.

Pope, G.V. & Martins, E.S. (eds) 2002-2005. Vols. 
10.4 (2002), 5.3 (2003) [Pope alone], 3.7 (2003) 
[co-ed with R.M. Polhill], 8.4 (2005), 8.7 (2005). 
Royal Botanic Gardens, Kew.

Pope, G.V., Polhill, R.M. & Martins, E.S. (eds) 2006. 
Vol. 9.3 (2006). Royal Botanic Gardens, Kew.

Timberlake, J.R., Pope, G.V., Polhill, R.M. & 
Martins, E.M. (eds) 2007. Vol. 3.2 (2007). Royal 
Botanic Gardens, Kew.

Timberlake, J.R., Polhill, R.M., Pope, G.V. & 
Martins, E.M. (eds) 2007. Vol. 3.3 (2007). Royal 
Botanic Gardens, Kew.

Timberlake, J.R. & Martins, E.M. (eds) 2008-2015. 
Vols. 13.1 (2008), 12.2 (2009), 13.2 (2010), 13.4 
(2010), 12.1 (2012), 3.4 (2012), 8.8 (2013), 8.5 
(2013), 8.6 (2015). Royal Botanic Gardens Kew.

Flore du Congo Belge et du Ruanda-Urundi,	
later continued as Flore	d’Afrique	Centrale.
Abbreviated below as FCB and FAC. Covering 
Congo (Kinshasa), Rwanda and Burundi; about 
2/3 complete (my estimate); many parts need 
revising. Appearing in fascicles of families 
(and then in a modified Engler sequence) or 
part of families; published when ready, not 
numbered.
[editors not indicated] 1948–1963. Flore du Congo 

Belge et du Ruanda-Urundi. Vol. 1 (1948) – 10 
(1963). INEAC, Bruxelles.

After 1967 published in separate fascicles, one 
per family or part of family, published when 
ready.

Bamps, P. (ed.) 1972–. Jardin Botanique National de 
Belgique, Bruxelles.

The flora was dormant from the mid-1990s 
onwards, but has been revived recently, 
as ‘nouvelle série’. Eight parts have been 
published in 2014 and 2015, with several more 
being edited.
Sosef, M.S.M. (ed.) 2014– . Jardin Botanique, 
Meise.

National Floras
In this section I deal with the sub-Saharan 
countries on a country basis, giving the 
estimated number of plant species (ferns, 
gymnosperms and angiosperms, unless 
indicated otherwise; estimates of species 
numbers based on Beentje et al. 1994, unless 
indicated otherwise), listing flora coverage and 
other important plant overview literature.
Notes: a “full flora” means the flora has 
descriptions, synonymy, notes on distribution 
and habitat, and some images; a “partial flora” 
means just that, with notes on what is there and 
what is not; an “annotated checklist” means there 
are some data about life-form, synonymy and 
ecology.

ANGOLA

6961 species (Figuiredo & Smith 2008). Partly 
well-collected, partly under-collected.
Conspectus Flora Angolensis (IICT, Lisboa) 
is only a partial flora (in Portuguese) – there 
are keys, but no descriptions; it does give 
good literature citations, synonymy, specimen 
citation, and notes on habitat / ecology, 
distribution, taxonomy. Coverage is low: I 
estimate less than 33% published, and only 
four thin parts have appeared since 1977. As 
the first parts were published in 1937, much 
of it is considerably out of date. Blocks of 
related, numbered families are treated within 
the volumes. Editorial / publication sequence:
Exell, A.W. & Mendonça, F.A. (eds) 1937. Vol. 1 (1). 

Junta de Investigaçoes Coloniais, Lisboa.
Exell, A.W. & Mendonça, F.A. (eds) 1951. Vol. 1 (2). 

Junta de Investigaçoes Coloniais, Lisboa.
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Exell, A.W. & Mendonça, F.A. (eds) 1954. Vol. 2 (1). 
Junta de Investigaçoes do Ultramar, Lisboa.

Exell, A.W. & Mendonça, F.A. (eds) 1956. Vol. 2 (2). 
Junta de Investigaçoes do Ultramar, Lisboa.

Exell, A.W. & Fernandes, A. (eds) 1962. Vol. 3 (1). 
Junta de Investigaçoes do Ultramar, Lisboa.

Exell, A.W. & Fernandes, A. (eds) 1966. Vol. 3 (2). 
Junta de Investigaçoes do Ultramar, Lisboa.

Exell, A.W., Fernandes, A. & Mendes, E.J. (eds) 1970. 
Vol. 4. Junta de Investigaçoes do Ultramar e Instituto 
de Investigaço Cientìfica de Angola, Lisboa.

After 1970 CFA has appeared as fascicles, 
each dealing with a family or (in Pteridophyta) 
group of related families:
Fernandes, R.B., Launert, E. & Mendes, E.J. (eds) 

1977. fasc. Pteridophyta.
Fernandes, E.J. & Mendes, E.J. (eds) 1982. fasc. 

70. Instituto de Investigaçao Cientìfica Tropical, 
Lisboa.

Paiva, J. et al. (eds) 1993. fasc. 122. Instituto de 
Investigaçao Cientìfica Tropical, Lisboa.

A recent initiative by Gideon Smith and 
Estrela Figueiredo has been the Flora Angola 
Online, see http://floras.cenapad.unicamp.br/
floradeangola, which has covered all families 
in a preliminary manner – a solid start, but not 
a real Flora yet.
A checklist (Figuiredo & Smith 2008) gives 
the synonymy as well, plus distribution data 
within Angola and voucher specimens.

BENIN

2807 species (Akoègninou et al. 2006). Well-
collected in most parts.
Flore du Benin (Akoègninou et al. 2006) is 
a full flora (in French), giving keys, short 
descriptions, bibliography, distribution data, 
specimen citation, habitat data, local names 
and uses, with some taxa illustrated. The 
sequence is systematic.
Benin is also treated as one of the countries 
covered by the FWTA.

BOTSWANA

3041 species (Setshogo 2005). Well-collected 
in most parts?

Treated as one of the countries covered by the 
FZ.
Setshogo (2005) is a checklist with synonymy.
A field guide to the plants of northern Botswana 
(Heath & Heath 2009, in English) treats 530 
species, arrangement based on flower colour, 
many photos.

BURKINA FASO

2067 species (Thiombiano et al. 2011). 
Moderately well-collected.
Treated as one of the countries covered by the 
FWTA.
An annotated checklist (in French) was 
published by Thiobiano et al. (2011) and 
includes synonymy, literature references, 
local names and uses, habitat, distribution and 
specimen citations.
A field guide to the trees (Sacande et al. 2012, 
in French) deals with 226 species, has keys, 
distribution maps, local names and uses, 
habitat, distribution, conservation listings, 
seed data and many photos.

BURUNDI

About 2500 species. Well-collected.
Treated as one of the countries covered by the 
FAC (which is as yet incomplete).

CABO VERDE

651 species (Sunding 1973). Collection 
coverage unknown to me.
Flora de Cabo Verde (IICT, Lisboa, in 
Portuguese), with 106 parts appeared up to 
2002 (which is the most recent one in the Kew 
library) (http://memoria-africa.ua.pt/Library/
FCV.aspx) — all looking thin. About half 
complete? The parts that have appeared show 
this is a flora with keys / bibliography / full 
descriptions / distribution / specimen citation 
/ habitat / local names and uses.

CAMEROUN / CAMEROON

About 8300 species. Collecting coverage varies 
considerably.
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Flore du Cameroun (in French), a flora 
with keys / bibliography / synonymy / full 
descriptions / types / habitat / local names / 
specimen citations. Appearing in fascicles of 
families or groups of related families, published 
when ready, numbered chronologically.
Fascicles 1–20; 1963–1974. Muséum National 
d’Histoire Naturelle, Paris.
Fascicles 21–; 1981–. D.G.R.S.T., Cameroun.
Editors not indicated in the first volumes; 
according to small print in the endpapers: 
Raynal, J. for fascicles 5–10, Letouzey, R. for 
fascicles 11–12, Cusset, C. for fascicles 13–33.
The western part of the country (formerly a 
British mandate, about 10%) is treated within 
the FWTA.
Onana (2011) gives a full checklist of Cameroun 
species.
A series of conservation checklists has been 
published for high-diversity areas of the country 
(Cable & Cheek 1998; Cheek et al. 2000; Cheek 
et al. 2004; Cheek et al. 2010; Cheek et al. 2011; 
Harvey et al. 2004; Harvey et al. 2010).

CENTRAL AFRICAN REPUBLIC /
REPUBLIQUE CENTRAFRICAINE

About 3600 species (Lebrun & Stork 1991). 
Many parts under-collected.
Not covered by any flora treatment or checklist.
522 species from the border area of Cameoun, 
CAR and Congo, with keys and short 
descriptions are treated in Harris & Wortley 
(2008).

CHAD / TCHAD

2256 species (Brundu & Camarda 2013).
1450 species for the S half (Lebrun et al. 1972). 
Under-collected.
Not treated in any existing flora.
An annotated checklist for the part of the 
country south of 16° N (about half) is given by 
Lebrun et al. (1972). A checklist for the whole 
country (in English) is Brundu & Camarda 
(2013), which gives synonymy as well.

CONGO (Brazzaville)

4397 species (Sita & Moutsambote 1988) but 
possibly as many as 6000 species (Morat & 
Lowry 1997). Under-collected in most parts.
Not covered by any flora treatment.
A straightforward checklist of taxa is Sita & 
Moutsambote (1988), which states that the 
country is still very under-collected in large 
parts, especially the north.

CONGO	(Kinshasa,	DRC)

About 10,000 species. Some parts well-
collected, some parts under-collected.
Treated as one of the countries covered by the 
FAC (which is as yet incomplete).

COTE D’IVOIRE / IVORY COAST

3853 species (Aké Assi 2002). Mostly well-
collected.
Treated as one of the countries covered by the 
FWTA.
Checklist given by Aké Assi (2001, 2002) 
who also gives some notes on ecology of the 
taxa.

DJIBOUTI

783 species (Audru et al. 1994). Mostly well-
collected.
A Flora (Audru et al. 1994) in French has 
keys, synonymy, very short descriptions, 
habitat notes; most species are illustrated. The 
sequence is systematic.
A slightly earlier checklist (Lebrun et al. 
1989) lists 641 species, but does not include 
the introduced species that the Flora has; 
the checklist has main literature, synonymy, 
specimen citations, notes on habitat and 
distribution.

ERITREA

2152 species (Ensermu & Sebsebe 2014). 
Mostly well-collected, but some parts under-
collected.
Treated in the FEE.
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ETHIOPIA

5757 species (Ensermu & Sebsebe 2014). 
Mostly well-collected, but some parts under-
collected.
Treated in the FEE.
A guide to the plants of the Simen Mts (Puff & 
Sileshi 2005) treats 545 species, all illustrated.

GABON

Possibly 5000+ species. Collecting intensity 
varies over the country.
Flore du Gabon (in French) has keys, 
bibliography, synonymy, full descriptions, 
distribution, habitat, local names and specimen 
citations; illustrated for some species.
1961– . Fascicles 1–; Muséum National 
d’Histoire Naturelle, Paris.
Appearing in fascicles of families or groups 
of related families, published when ready, 
numbered chronologically. Editors not 
indicated up to fascicle 19, then in small print 
on the endpapers for fascicles 20–31, hereafter 
not indicated.
An annotated checklist (Sosef et al. 2006) lists 
4710 species, but states that the country is still 
poorly known botanically; it estimates the total 
number of species might be as high as 7000.

GAMBIA

About 1000 species. Well-collected.
Treated as one of the countries covered by the 
FWTA.
A checklist is given by Jarvis (1980).

GHANA

About 3700 species. Well-collected.
Treated as one of the countries covered by the 
FWTA.
Woody plants are dealt with by Irvine (1961) 
and Hawthorne (1990), both in English and 
dealing with 200+ species.

GUINEA-BISSAU

About 1400 species. Moderately well-collected.

Flora da Guinea-Bissau, ten parts appeared 
between 1970–1983 (in Portuguese); 
completion of the flora about 5%. This flora 
has bibliography, synonymy, full descriptions, 
specimen citations, habitat and distribution 
data; no illustrations.
Treated as one of the countries covered by the 
FWTA.
An annotated checklist was published in 
Portuguese (Catarino et al. 2006) and English 
(Catarino et al. 2008), with life form, habitat, 
phenology, national distribution and some local 
names; it does not mention the total number of 
species listed.

GUINEA EQUATORIAL / EQUATORIAL 
GUINEA

About 3300 species. Under-collected.
This country encompasses the continental 
territory of Rio Muni as well as the islands of 
Bioko and Annobon.
Flora de Guinea Ecuatorial is represented 
by three published volumes (ferns, legumes, 
and some monocot families); it is in Spanish, 
and has the descriptions folded into the 
identification keys, with bibliography, habitat, 
distribution data, specimen citations; it has 
distribution maps and specimen scans.

GUINÉE

2923 species (excluding ferns and 
gymnosperms; Lisowski 2009). Many parts of 
the country are under-collected.
Recent and in-depth treatment in the Flore du 
Guinée (Lisowski 2009), in French: synonymy, 
descriptions, habitat, distribution and specimen 
citation.
Treated as one of the countries covered by the 
FWTA.

KENYA

6596 species (Q. Luke, pers. comm. Sept. 
2015). Well-collected.
Treated as one of the countries covered by the 
FTEA.
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Woody plants are treated in Beentje (1994) — 
about 1800 species; herbs and ferns of about 
a quarter of the country are treated in Agnew 
(2013) with 3600 species, of which one third 
are illustrated. Interesting field guides include 
Dalitz et al. (2011) on the plants of Kakamega 
forest with 288 species, all illustrated.

LESOTHO

1537 species (Guillarmod 1971). Under-
collected?
The Flora of Lesotho (Guillarmod 1971) is 
in English and is really more of a checklist 
than a flora: there are no keys or descriptions, 
but it lists the taxa with specimen citations, 
distribution and habitat; a separate section has 
local names; there are no illustrations.

LIBERIA

About 2200 species. Moderately well-collected.
Treated as one of the countries covered by the 
FWTA.

MALAWI

About 3800 species. Mostly well-collected.
One of the countries covered by the FZ.
The woody species are covered in White et al. 
(2001), which treats 712 species.
The Nyika, an area of high plant diversity, 
is covered in Burrows & Willis (2005), who 
list 1817 species and give short descriptions, 
habitat, distribution, some literature, specimen 
citations (but no keys) and many illustrations.

MALI

1739 species (Boudet & Lebrun 1986). 
Collecting density varies over the country.
The southern two-thirds of the country is 
covered by FWTA, which probably accounts 
for over 90% of the species of the country, the 
rest being virtually all Sahara desert – though 
this includes the massif of the Adrar des 
Ifhogas.
Boudet G. & Lebrun J.-P. (1986) is an annotated 
checklist.

A field guide to the trees is in press (Sacande, 
Sanogo & Beentje 2016).

MAURETANIA

About 1700 species. Not very well collected.
Flore de Mauritanie (Barry & Celles 1991?): 
in French, this publication has species 
descriptions folded within the identification 
keys, and many illustrations; the authors state 
the knowledge of plants of the country is still 
imperfect; they do not give a total number of 
species included. The sequence is systematic.
The southern part of the country is covered 
by FWTA, which probably accounts for over 
75% of the species of the country, the rest being 
virtually all Sahara desert.

MOZAMBIQUE

3932 species (Calane et al. 2004) but might be 
as high as 6000 (Beentje 1994). Moderately 
well-collected.
The country is covered by FZ.
Flora de Mocambique (IICT, Lisboa, in 
Portuguese) is a flora derived from FZ, but 
I estimate that coverage is less than 40% 
published, so far. See http://www2.iict.pt/
archive/doc/Flora_de_Mo_ambique-final.pdf; 
not much has come out since 1981. There are 
keys, literature, synonymy, full descriptions, 
specimen citations, habitat and distribution. 
This flora appears in fascicles of families, 
published when ready, numbered in systematic 
sequence.

Editorial citation:
Fernandes A. (ed.) 1973. Junta de Investigaçoes do 

Ultramar, Lisboa.
Mendes E.J. (ed.) 1979–1982. Junta de Investigaçoes 

do Ultramar, Lisboa.
Mendes E.J. (ed.) 1983–1986. Instituto de 

Investigaçao Cientìfica Tropical, Lisboa.
(no editor given). 1990–1993 Instituto de Investigaçao 

Cientìfica Tropical, Lisboa.

A hopeful online project is http://www.
mozambiqueflora.com/ mostly consisting of 
links to other existing sites.
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A checklist (in English) is given by Calane et 
al. (2004) and lists 3932 taxa, with synonymy 
and some local names.

NAMIBIA

3961 species excluding ferns (Craven 1999). 
Well-collected, but some high-diversity areas 
still undercollected?
The country is treated in FSA, still incomplete. 
The Caprivi Strip is covered by the FZ.
The Prodromus (Merxmüller 1966–1970, in 
German) covers most species, and has keys, 
literature, synonymy, specimen citations, 
national distribution, but no descriptions (apart 
from what is mentioned in the keys), no habitat 
notes, no illustrations. This flora appeared 
in fascicles of families or groups of related 
families, published when ready. A final volume 
with keys to families and index appeared 
in 1972, plus an ‘additions’ volume in 1976 
(Roessler & Merxmüller 1976).
Craven (1999) gives a checklist with 
synonymy.
There are several excellent field guides, as 
well as a Tree Atlas (Curtis & Mannheimer 
2005) with over 400 species.

NIGER

1045 species (Peyre de Fabregues & Lebrun 
1976). Moderately well to under-collected.
The southern two-thirds of the country is 
covered by FWTA, which probably accounts 
for over 90% of the species of the country, the 
rest being virtually all Sahara desert.
An annotated checklist is Peyre de Fabregues 
& Lebrun (1976), in French; it gives literature, 
synonymy, specimen citations, habitat, 
distribution and uses.

NIGERIA

About 4700 species. Collecting intensity 
varies, with especially the south-east 
undercollected.
Treated as one of the countries covered by the 
FWTA.

A planned Flora of Nigeria (Stanfield & Lowe 
1970–1989) did not progress beyond 3 fascicles.
The trees of Nigeria are treated by Keay (1989), 
with 935 species represented.

RWANDA

About 2300 species. Well-collected.
Flore du Rwanda (Troupin 1978, 1983, 1985, 
1988) is in French and has keys, local names, 
short descriptions, habitat, distribution, 
specimen citations and many illustrations. The 
sequence is systematic.
Treated as one of the countries covered by the 
FAC, as yet incomplete.
Woody plants are treated in Bloesch et al. 
(2009), dealing with 540 species.
The field guide to the plants of Nyungwe 
National Park (Fischer & Killmann 2008) 
deals with 650 species, all illustrated.

SAO TOME & PRINCIPE

1104 species (Figueiredo et al. 2011). 
Moderately well-collected?
Exell’s Catalogue of the Vascular Plants of Sao 
Tome was published in 1944 (Exell 1944).
A checklist (Figueiredo et al. 2011) has local 
names, habitat and specimen citations.

SENEGAL

2086 species (Lebrun 1973). Well-collected.
Treatment in French in the Flore Illustré du 
Sénégal (Berhaut 1974–1988): no keys, but 
synonymy, full descriptions, habitat, specimen 
citations, iconography, and many illustrations. 
The sequence is systematic.
Treated as one of the countries covered by the 
FWTA.
A checklist (Lebrun 1973) gives specimen 
protologues and some synonymy and literature.

SIERRA LEONE

About 2200 species. Moderately well collected.
Treated as one of the countries covered by the 
FWTA.
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SOMALIA

3165 species (Thulin 2006). Moderately well-
collected.
Recent and in-depth treatment in Flora of 
Somalia (Thulin 1993–2006), in English, 
with keys, synonymy, descriptions, habitat, 
distribution and many illustrations. The 
sequence is systematic. Within the volumes 
blocks of related families are treated; the 
volumes were published when ready, so not in 
numerical sequence.

SOUTH AFRICA

20491 species (Germishuizen et al. 2006). 
Well-collected, but some high-diversity areas 
still undercollected?
The Flora of Southern Africa (FSA, see ‘main 
floras’) deals with this extraordinarily plant-
rich country (and with Namibia) but less than 
20% of this flora has been published; a very 
rich literature of area floras and field guides 
makes up for the lack of a complete flora.
An annotated checklist is given by 
Germishuizen et al. (2006).

SOUTH SUDAN

2961 species (Darbyshire et al. 2015). Under-
collected.
The most recent flora-like account is Flowering 
plants of the (Anglo-Egyptian) Sudan by 
Andrews (1950, 1952, 1956), but this is very 
incomplete and based on rather few collections.
An annotated checklist was published by 
Darbyshire et al. (2015), which emphasizes that 
large areas of the country and large parts of the 
flora are not covered by any modern treatment.
Friis & Vollesen (1998, 2005) deals with the 
specific locality of on the Imatong Mountains.
El Amin (1990) is a partial guide to trees and 
shrubs of South Sudan.

SUDAN

2117 species (Darbyshire et al. 2015). 
Moderately well to under-collected.

The most recent flora-like account is Flowering 
plants of the (Anglo-Egyptian) Sudan by 
Andrews (1950, 1952, 1956), but this is very 
incomplete and based on rather few collections.
An annotated checklist was published by 
Darbyshire et al. (2015), which emphasizes 
that large areas of the country and large parts 
of the flora are not covered by any modern 
treatment.
There are publications on specific localities, 
such as Quezel (1969) on NW Darfur, Wickens 
(1976) on Jebel Marra, Léonard (1997, 199a, 
199b, 2000) on Jebel Uweinat. El Amin (1990) 
is a partial guide to trees and shrubs of Sudan.

SWAZILAND

2118 species (Compton 1976); 2715 native 
and 110 naturalized (Kemp 1983). Moderately 
well-collected.
The Flora of Swaziland (Compton 1976) is in 
English, and has short descriptions, habitat 
and specimen citations; no ilustrations. The 
sequence is systematic.
Kemp (1983) is an un-annotated systematic 
checklist.

TANZANIA

11135 species (Q. Luke, pers. comm. Sept. 
2015). Moderately to well-collected.
Treated as one of the countries covered by 
FTEA.
A field guide to moist forest trees (Lovett et al. 
2006) treats 658 species.

TOGO

About 2500 species. Well-collected.
The Flora of Togo (Brunel et al. 1984), in 
French, has short taxon descriptions embedded 
in the keys, national distribution and specimen 
citations; no illustrations; does not give the 
total number of species included. The sequence 
is systematic.
Treated as one of the countries covered by the 
FWTA.
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UGANDA

4816 species (Q. Luke, pers. comm. Sept. 
2015). Most parts well-collected.
Treated as one of the countries covered by 
FTEA.
The trees are treated in Eggeling & Dale (1951) 
but this is now getting out of date; Kalema 
& Beentje (2012) is an updated checklist-
cum-conservation data version of the famous 
Indigenous Trees of Uganda; it treats over 800 
species.
Forest trees are treated in Hamilton (1981), 
dealing with 447 species.

ZAMBIA

About 5000 species; 6280 taxa (including 
subspecies and varieties; Phiri 2005). 
Moderately well-collected.
Treated as one of the countries covered by FZ.
A checklist is given by Phiri (2005).

ZIMBABWE

About 5500 species. Moderately well-collected.
Treated as one of the countries covered by FZ.
Website (http://www.zimbabweflora.co.zw) 
has ‘the intention to create an online flora’ 
(accessed Oct. 2015).
A checklist (Mapaura & Timberlake 2004) 
gives 5930 taxa, including subspecies and 
varieties.

Gaps in our knowledge: 
under-collecting
Even when a flora or checklist exists for a 
country, coverage can be incomplete – due to 
uneven coverage of collecting. Many areas in 
sub-Saharan Africa are still under-collected 
(see Fig. 1). Such areas were shown previously 
on the AETFAT Léonard and Hepper 
maps of density of African plant collecting 
(Léonard 1965; Hepper 1979), but were rather 
generalized. The Kuper map of data deficiency 
(Küper et al. 2006; Fig. 1) is based on the 

well-known Barthlott map of high diversity 
areas, linked to documented data, and shows 
(in the darker areas) the under-collected or 
even un-known areas that coincide with areas 
of high plant diversity. Such a link is important 
for conservation, where we like to give priority 
to such areas of high plant diversity (Kuper 
et al. 2004), in order to conserve the most 
species in the most cost-effective way. When 
such coverage is coupled to complementarity 
(Vane-Wright et al. 1991) it becomes the 
most effective way of conserving plants, and 
therefore conserving the animals that feed 
on them, and the whole ecosystem involved. 
This is what I see as the updated version of 
our AETFAT Léonard and Hepper maps – but 
brought into the 21st century, and linked to 
conservation. 

Gaps in our knowledge: taxonomic 
gaps
Then there are the taxonomic gaps. The 
easiest way to spot these used to be to check 
the family you are interested in in Bamps & 
Degreef (2003), which would show whether 
such a family had been published in any of the 
African floras; sadly, this is now 12 years out 
of date. It would be good to have this updated, 
although the new data coming out of molecular 
work, such as that of the Angiosperm 
Phylogeny Group, have caused many changes 
about which families genera are arranged into, 
and the splitting of entire families; it would 
not be easy to compare the old with the new. 
Good floras also indicate where gaps in our 
knowledge remain, despite the taxa concerned 
being treated in a Flora.
Some taxa have gaps all of their own, because 
they are difficult to collect (e.g. succulent 
euphorbias, palms, pandans) or are seen as 
‘problem’ groups, and not collected very 
much and left to very few specialists (sedges, 
say, untreated for several floras; or pandans, 
again). Such groups are often the last in large 
Flora treatments, too. And let us not forget the 
Very Large Genera, which need a specialist 
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1st 
vol

% completed Area in 
million 
km2

% of area 
of subsaha-
ran Africa

Total 
number of 
species

% of total 
species in 
Africa

Consp Fl Ang 1937 33 (pers. estimate) 1.2 5 6.961 15%
Fl Afr Centr 1948 66 (pers. estimate) 2.4 10 10.500 20%
FZ 1960 88 (Timberlake, 

pers. comm.)
2.6 11 10.610 20%

Fl Gab 1961 50 (Sosef, pers. 
comm.)

0.3 1.2 7.000 15%

Fl Cam 1963 30?(pers. esti-
mate)

0.5 2 8.300 17%

Fl Moc 1969 ? 0.8 3.3 6.000 12%
Fl Cabo Ver 1995 ? 0.004 < 0.1 651 1%
FSA 1963 < 20 (pers. esti-

mate)
1.2 5 24.000 52%

Fl Guinea 
Equ

2008 < 20 (pers. esti-
mate)

0.03 0.1 3.300 6%

Total 9 37.5% (overlap) (overlap)

Table 1. Completed floras. Data as of October 2015.
Note: not included are national Floras already included in a regional Flora; such countries include Benin, Guinee, 
Senegal, Togo. The only countries with a complete national Flora and at the same time part of an incomplete 
regional Flora are Rwanda and Swaziland. Part of a complete regional Flora but as yet without a national Flora 
are: Burkina Faso, Eritrea, Ethiopia, Gambia, Ghana, Guinee Bissau, Kenya, Liberia, Mali, part of Mauretania, 
most of Niger, Nigeria, Sierra Leone, Tanzania, Uganda.

Table 2. Floras as yet incomplete. Data as of October 2015.
Note: not included are separate countries included in a regional Flora: Botswana, Burundi, Congo Kinshasa, Cote 
d’Ivoire, Lesotho, Malawi, Mozambique, Namibia, South Africa, Zambia, Zimbabwe. The only countries with a 
complete national Flora and at the same time part of an incomplete regional Flora are Rwanda and  Swazi land.

1st vol Completed Area in 
million 
km2 

% of area of 
subsaharan 
Africa

Total number 
of species

% of total 
species in 
Africa

FEE 1980 2009 1.2 5% 6.027 12%
Fl Somalia 1993 2006 0.6 2.5% 3.165 6%
FTEA 1952 2012 1.8 7.5% 12.383 27%
FWTA 1954 1972 5.0 21% 7.300 16%
Fl Djibouti 1994= =1994 0.02 < 1% 783 < 2%
Fl Rwanda 1978 1988 0.03 < 1% 2.300 5%
Fl Swazil 1976= =1976 0.02 < 1% 2.825 6%
Total 8.6 36% (overlap) (overlap)
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or group of specialists to work on them for 
long periods – you don’t solve problem groups 
like Aloe (>550 species) or Vernonia (>300 
African species) in a year or two. The proper 
way of dealing with such very large genera 
requires long-term institutional support, as 
well as collaboration. Examples of successful 
projects on large genera include Goldblatts 
work on Iridaceae, Roux’s work on ferns, and 
the projects of the Rubiaceae consortium, 
Acanthaceae consortium and eMonocot 
consortium.

Plugging the gaps: under-collected 
areas
Plugging the gaps caused by under-collecting 
is relatively easy, though it may be very time-
consuming: all you need is the knowledge of 
where such gaps are, plus a period of political 
stability in the area concerned; and, of course, 
a fieldwork budget – not the easiest thing in a 
time of financial austerity.
Fieldwork is essential to good botany. You can 
do much taxonomy based in a good herbarium, 
because many of them are so rich (based as 
they are on vast amounts of fieldwork by our 
predecessors!), and a good library and/or the 
Biodiversity Heritage Library (BHL) on your 
computer; but to get a ‘feel’ for the plants you 
are interested in you need to see them in their 

natural habitat. You will see how they vary 
according to local conditions, which will result 
in a much better morphological description; 
you will work with local colleagues, who will 
teach you new things, as you hopefully will 
also teach them a bit; and you will see those 
majestic rainforests, and those wide African 
plains, as well as the people who cut the forests 
to feed their children, the animals grazing the 
plains, and the stars over the night mountains.

Plugging the gaps: the taxonomic 
gaps,	and	the	taxonomic	impediment
The plugging of taxonomic gaps is relatively 
straightforward, as it only requires dedicated 
botanists to produce revisions, monographs 
and flora treatments. So why are some of these 
gaps still there? Sometimes the reasons are 
financial – fieldwork comes pretty low on most 
institutional priority lists, and government 
support for taxonomy is in decline (Paton et al. 
2008; Pimm et al. 2014). And that is when there 
is a group of taxonomists to ask for the funds 
in the first place – because the well-publicized 
Taxonomic Impediment is often the main 
reason for big gaps.

Many people rely on plant taxonomists to 
provide data on which their disciplines rely: 
biodiversity scientists and conservationists, 
DNAbarcoders and phylogenists, biochemists, 

Table 3. Countries without any 
flora. Data as of October 2015.

Area in 
million 
km2

% of area 
of subsaha-
ran Africa

Total 
number of 
species

% of total 
species in 
Africa

Chad 1.3 5% 2.256 5%
CAR 0.6 2.5% 3.600 7%
Congo Braz 0.3 1.2% 6.000 12%
Guinee Eq 0.03 < 1% 3.300 6%
Namibia 0.8 3.3% 3.961 8%
Sao Tome & P 0.001 < 1% 1.104 2%
Sudan 1.9 8% 2.117 5%
South Sudan 0.6 2.5% 2.961 6%
Total 5.5 23
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ethnographers, and at times even the police, or 
politicians when it comes to deciding on habitat 
protection; and big industry, when it comes to 
environmental impact assessments. 

The shortage of trained taxonomists and 
curators to fill this need has come to be known 
as the taxonomic impediment. There is a 
limited pool of people who can provide such 
data. Traditional taxonomy, from fieldwork to 
writing revisions, checklists and conservation 
checklists or even Red List assessments, 
is looked down upon as old-fashioned, and 
is underfunded. Courses in taxonomy are 
disappearing from many Universities.And 
still the remaining taxonomists are being 
seen as service providers, feeding names to 
real researchers. And we are desperately 
trying to describe all those new species, fit 
them into stable patterns, write keys on how 
to distinguish them, work out synonymies, as 
well as name the voucher specimens for a host 
of other researchers who rely on us.

Cyberstructures and automation cannot 
replace taxonomy; they can enhance it, but 
it still needs real people with real knowledge 
to name the plants, write the floras, establish 
the synonymies. Chloroplast DNA is used 
widely to infer plant phylogenies at different 
taxonomic levels - and can be extremely useful 
at the higher levels of taxonomy. But that 
doesn’t reduce the essential need for alpha-
taxonomy as well. It is essential to have solid 
taxonomy at the species level, and I mean old-
fashioned fieldwork combined with herbarium 
studies, resulting in flora treatments and 
regional monographs. Without such old-
fashioned results, all higher taxonomy is based 
on quicksand — you need good vouchers 
for your chloroplast DNA work; you need a 
species framework to decide where to cast 
your phylogenetic net; you need people to 
name your vouchers and find your material.

Alpha taxonomy is still a sine qua non, 
because it underpins all other work; and it is 
far from complete, at both continent and fam-
ily levels. Such alpha-taxonomy can be made 
more accessible by modern methods, and this 

is already happening for some floras and data-
bases: Flora Zambesiaca and Flore d’Afrique 
Centrale are partly online; the Internatinal 
Plant Name Index (IPNI), the African Plant 
Database, and Tropicos are examples of over-
arching and accessible tools for taxonomists as 
well as end-users. 

It is vital that a new generation takes over, 
using modern methods in communication to 
(maybe) speed up the completion of floras and 
the popularization of the importance of wild 
plants.

Plugging the gaps: conservation
In a very practical manner, floras combined 
with fieldwork and the input of local colleagues 
lead to conservation redlisting. The floras 
provide the basic distribution data and habitat 
data to give priority to those species that are 
limited in distribution and ecological niche; 
herbarium specimens give data for plotting 
the extent of occurrence (EOO) and area of 
occupancy (AOO), which are so necessary to 
make a complete IUCN assessment; and people 
who know the species in the field contribute 
their knowledge of population size and threats. 
All this leads to an argued and fact-based IUCN 
Red List of threatened species assessment (see 
iucnredlist.org).

This is important, very real work: a Kenyan 
colleague of mine does Environmental Impact 
Assessment work for large industrial projects 
in Africa, and if a species does not appear 
on the official IUCN Red List the companies 
involved do not care; but when such species do 
appear on such lists, when a tree is listed as 
Critically Endangered, such companies have 
to pay attention (Vorontsova & Luke, in press). 
And Governments base conservaton decisions 
on such Red Listings, too. This is just one 
extremely practical aspect of taxonomic work.

As an example, much of the work of the East 
African Plant Redlisting Authority, which has 
RedListed over 1850 species so far, has a solid 
base in the Flora of Tropical East Africa, the 
Flora of Ethiopia and Eritrea and the Flore 
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d’Afrique Centrale. It also has an essential part 
of its base in its’ members fieldwork experi-
ence!

The	future	of	floras	–	should	there	be	
one?
Floras are seen as old-fashioned. They are 
cumbersome projects, taking up large amounts 
of botanists’ time, as well as resources. In 
peoples minds, they are still linked with 
colonial projects – dinosaurs from the past, 
which take forever to complete, and are not 
very accessible for the information other 
disciplines need from botany. Surely, by now, 
with the internet and other resources, we can 
move on and be more practical?

I agree that floras are old-fashioned, but I 
would argue they are still essential for progress 

on our knowledge of wild plants. In my own 
taxonomic life I have authored and co-authored 
checklists, monographs, revisions, flora parts, 
conservation checklists and field guides. I 
think all of these have a role in gap-filling. It is 
so much more easy to collaborate, with modern 
methods, and so much more productive, too.

I remain convinced that floras are the place 
where it all comes together: they synthesize our 
knowledge, building on those basic building 
blocks, the checklist, and on those hard-core 
taxonomic blocks, revisions and monographs. 
They link all kinds of data in one unified 
format, and clearly show where are the gaps in 
our knowledge. Having to write keys to all of 
the taxa also shows up taxonomic problems and 
possible synonymies: key-writing concentrates 
the taxonomic mind more than anything else, 
in my opinion!

Fig. 1. Data deficiency map: ten classes, the darker 
the cell, the more pronounced the deficiency in our 
knowledge of the plants of the area. From Kuper et 
al. (2006).
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Once the floras are written, they can be 
used in many ways. They are the tool that 
allows identification, and therefore access to 
a vast literature. They link distribution data 
to habitats, they provide baseline data for all 
future conservation assessments, they form the 
basis for the writing of more user-friendly field 
guides.

The world-wide web has some excellent tools 
to help us speed up the writing process, and to 
collaborate with colleagues from all over the 
world. I will just mention the main ones: IPNI 
(ipni.org), which gives the names and basic 
bibliographic data of all species ever published; 
JSTOR (jstor.org), which gives access to scans 
of herbarium specimens, extracts from regional 
Floras, journals and books; TROPICOS 
(tropicos.org), with specimen data from the 
Missouri Botanical Garden collections; and 
BHL (biodiversityheritagelibrary.org), with 
free access to much biodiversity literature.

These are all global sites, but we also 
have much that is purely African in scope 
that we can be proud of. Growing from the 
wonderful accomplishments of Lebrun & 
Stork, there came into being the brilliant and 
highly useful African Plant Database (http://
ville-ge.ch/musinfo/bd/cjb/africa/recherche.
php?langue=an), which provides a checklist 
of all African plants, gives the current status 
and synonymy of taxa, notes on habit, habitat 
and distribution, as well as distribution maps 
for most of them, and links to other sites 
for specific taxa (JSTOR, various Floras, 
TROPICOS, the Senckenberg site with 
photos). The Senckenberg site (africanplants.
senckenberg.de; Dressler et al. 2015) is an 
ever-expanding photo database with many 
images of seed plants and ferns. In some of 
these cases Africa is way ahead of the rest of 
the World!

Conclusion
I think taxonomy in Africa is in a bad state, with 
a serious case of the Taxonomic Impediment, 
including chronic under-funding, and with 

extinction of plant species possibly going faster 
than discovery. At the same time, taxonomy in 
Africa is an excellent state because, despite 
these impediments and problems, we are 
producing floras, checklists and Redlist 
assessments, overviews and easy-access 
databases. We can also add to the positive 
side of the balance sheet a lot of collaboration, 
interconnectivity and networking, not least 
through shining examples such as the AETFAT 
conferences, the African Plant Database, and 
the collaboration on the floras that are still 
being published. And what is science about? 
The essence of science is communication; 
and the use of science is that it can be used for 
practical purposes.

There are still plenty of gaps, so there is 
plenty to work on. My personal views on 
priorities are the practical ones, the basic 
ones, so that we and others can use our data to 
improve focused conservation and use of wild 
plants. We can build those overview products 
such as floras and conservation checklists, and 
improve their accessibility. We should fill those 
gaps, geographic and taxonomic: the under-
known hotspots through targeted fieldwork, the 
large and difficult genera through networking 
and collaboration. We should complete RedList 
assessments for all regional endemics and 
other narrow endemics.

And we should make clear to the people who 
use our services and products that taxonomy 
is an important and vital building block in 
helping Africa build a sustainable future, and 
that floras are one of the main entry points to 
the data we produce.
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Transfer of Coreopsis irmscheriana and Viguiera 
pusilla var. astephana to Heiseria (Asteraceae) with 
an emended description of the genus
Mesfin Tadesse

Mesfin Tadesse. 2016. Transfer of Coreopsis irmscheriana and Viguiera pusilla var. 
astephana to Heiseria (Asteraceae) with an emended description of the genus – Symbolae 
Botanicae Upsalienses 38: 121–131. Uppsala. ISBN 978-91-554-9608-1.

Coreopsis irmscheriana does not have the characters typical of Coreopsideae, but instead 
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Introduction
Systematic studies on species of Bidens L. 
and Coreopsis L. (Asteraceae) by the author 
began in the former Institute of Systematic 
Botany, now Department of Systematic 
Biology, Uppsala, in 1980. The focus then was 
on Old World species. Field studies in East 
Africa were made between 1978 and 1980, and 
again between 1985 and 1993 with colleagues 
including those in Uppsala, one of whom was 
Inga Hedberg. In 1986, we spent about a week 
in northwestern Ethiopia, with two nights 
spent on Mount Gunna, a mountain in Gondar 
with its highest peak being 4,120 meters a.s.l. 
(frontespice), and so remote that the villagers 
who congregated some distance away from 
our tents said they came to “witness history”, 

as they had not seen white people after the 
Italian occupation of parts of Ethiopia during 
the Second World War. Some had even thought 
that the Italians might have come back!

The study begun on the genera mentioned 
above (and other related ones) has continued, 
with the latest studies focusing on species found 
in the tropics of the New World. I dedicate 
this work to Inga Hedberg in recognition of 
her invaluable contributions to plant biology, 
floristics, editing and systematic botany in the 
tropics. Inga was invaluable in the initiation 
and successful completion of the Ethiopian 
Flora Project, published with over 5,000 pages 
(8.5” x 11.5”) in 8 volumes. We remain grateful 
for her consistent and relentless efforts.
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The identity of Coreopsis irmscheriana Bruns 
from Peru has not been in question until 
relatively recently. Bruns (1929: 82) placed 
it within Coreopsis sect. Coreopsis (as Sect. 
Eucoreopsis [Nutt.]) and compared it with 
C. aspera Pursh. Gray (1886: 290) wrote that 
C. aspera is “… not identified and probably 
not of the genus”, and this was also reiterated 
by Sherff (1936: 459). From the very short 
description of merely the leaves, C. aspera, 
a taxon then reported from Maryland (Pursh 
1814; reprinted ed. 1979: 570) with herbarium 
specimen(s) said to be found in “Herb. Banks”, 
appears to belong to C. lanceolata L.Sherff 
(1936) placed Coreopsis irmscheriana in 
Coreopsis sect. Pseudoagarista A.Gray, 
and kept it close to the Mexican species 
C. petrophila A.Gray, C. petrophiloides Robins. 
& Greenm. and C. rhyacophila Greenm. 
Hence, the placement of C. irmscheriana in 
Coreopsis sect. Coreopsis by Bruns (1929: 
82) with a reference to Maryland appears to 
be erroneous. Coreopsis sect. Coreopsis is 
native to the eastern and south-eastern U. S. 
(cf. Crawford et al. 2009) and, if any of its 
members occur elsewhere in the world, they 
do so either as cultivated ornamentals or 
accidental introductions.

When studying members of Coreopsis 
sect. Pseudoagarista, Mesfin Tadesse et al. 
(1995: 19) noted that C. irmscheriana is “the 
only annual species [of Coreopsis in South 
America]” and pleaded for “more specimens.” 
The identity of C. irmscheriana has been in 
question since then. It was recorded for Peru 
by Hensold (1993) as a “coastal endemic herb.”

Coreopsis irmscheriana was described 
as a 20 to 30 cm tall perennial herb (“Herba 
perennis”; Bruns 1929: 81) but the perennial 
habit appears to have been in question (Sherff 
1936: 318) since it was recorded as “Herba, ‘ex 
auctore perennis’.’’ When revising Coreopsis 
sect. Pseudoagarista, the type specimens of 
C. irmscheriana were studied closely. It was 
noted that the species is a tap-rooted annual 
herb ranging in size from about 10 to 30 cm 
tall (9 specimens on 3 sheets at HBG). The 

specimens were collected at an elevation 
of about 30 m above sea level in Peru. All 
other species of C. sect. Pseudoagarista 
are shrubs and perennial herbs found at 
much higher elevation in Mexico and South 
America, chiefly in Peru. Studies of the types 
of C. irmscheriana revealed that they do not 
have the combination of characters typical of 
Coreopsideae, but instead those of Heliantheae 
subtribe Helianthinae. Within this subtribe, 
C. irmscheriana belongs to the new genus 
Heiseria E. E. Schill. & Panero (2011), to 
which it is transferred. Comparisons with 
other related genera, i.e. mainly Heliomeris, 
Pappobolus and Syncretocarpus, as well as to 
Helianthus porteri were also made. Heiseria 
was established recently based on molecular 
data, to accommodate two species that were 
earlier on kept in Viguiera, viz. Heiseria 
pusilla (A.Gray) E.E.Schill. & Panero and H. 
simsioides (S.F.Blake) E.E.Schill. & Panero.

Material and Methods
The study was based on herbarium specimens 
including types, obtained from F, HBG, OS 
and US. Information gathered over the years on 
species of Coreopsis from South America was 
compared with that from members of a related 
tribe in Compositae. Detailed comparisons 
of morphological features of components of 
the capitula of Coreopsideae and Heliantheae 
subtribe Helianthinae were made to ascertain 
the taxonomic position of C. irmscheriana. 
New features obtained from the current study 
were included in the generic characters of 
Heiseria.

Results and Discussion
Morphological comparison: Coreopsideae 
versus Heliantheae subtribe Helianthinae
Habit. Coreopsis irmscheriana is an annual 
plant with a tap root system with few branched 
secondary roots (Fig. 1 A). The root system 
in many annual species of Coreopsis, found 
mainly in North America, is fibrous with often 
adventitious roots arising from the lower nodes. 
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Species of Coreopsis in Peru are shrubs and 
perennial herbs, as are many in Heliantheae 
subtribe Helianthinae. A few taxa within this 
subtribe, including Heiseria, which is the focal 
point in relation to Coreopsis irmscheriana, 
have annual species with a tap-root system.

Leaves. All leaves in the lectotype of 
Coreopsis irmscheriana are simple and, 
although withered in the lower parts, appear 
to be opposite on the lower and middle part 
of the main stem and alternately arranged 
in the upper parts. Branches have opposite 
leaves throughout. The isolectotypes have 
undeveloped or underdeveloped branches in 
the lower parts but several well developed 
branches toward the apex, each with several 
closely formed leaves bearing a single 
capitulum. Well-developed leaves have 3 main 
veins from the base, a feature not known in 
Coreopsis (and Coreopsideae) but usual in 
subtribe Helianthinae. Both leaf surfaces are 
evenly covered with stiff hairs (strigose) with 
bulbous and shiny rows of basal cells (in dry 
state; Fig. 1 a, b). These types of hairs are 
unknown in Coreopsis (and Coreopsideae) 
where hair cover, when present, is described as 
pilose (i.e., short thin hairs with normal base) 
or puberulose (i.e., dense cover of short soft 
hairs).

Phyllaries (involucral bracts). Outer and 
inner phyllaries in Coreopsis irmscheriana 
are distinct. The outer ones are green, usually 
with 3 to 6 dark orange striations and the inner 
are yellowish-brown with many brownish-
orange striae (in the dry state; Fig. 1 B, C; also 
characteristic of Coreopsideae, cf. Crawford et 
al. 2009). Phyllaries in Heiseria are 2–3-seriate, 
greenish in the upper parts, straw-yellow (in 
dry state) in the lower parts; the inner ones 
are apically dark purple (in dry state). In 
Pappobolus and Syncretocarpus, phyllaries 
are 3–6-seriate and both series of phyllaries 
are wider (1.2–4.2 mm) and much darker (dry 
state; particularly in Pappobolus) than those 
of both Coreopsis irmscheriana (1.5–2.2 mm 
wide) and Heiseria (0.6–1.0 mm wide), but 
similar in texture and striations. They are often 

covered with dense soft hairs on one or both 
surfaces and may even be woolly.

Paleae. Bruns (1929: 81) described 
the paleae in Coreopsis irmscheriana as 
“membranaceis, apice longe acutis, carinatis, 
multinerviis margine serratis, 6 mm longis.” 
In his illustration, the palea (Fig. 8 of Bruns 
1929: 81) appears to be folded with serrate 
margins. The paleae of C. irmscheriana are 
folded from the middle down and clasping 
the cypselae, partially in the lower part and 
completely so in the upper part, a feature 
unknown in Coreopsis (and Coreopsideae) 
but characteristic of Helianthinae (Fig. 1 G). 
Although Bruns (1929) described the paleae 
as boat-shaped (“carinatis”), the fact that 
they clasp the cypselae is recorded neither by 
him nor by Sherff (1936). Paleae in subtribe 
Helianthinae are described by Panero (2007) as 
“sometimes forming perigynia and shedding 
with cypselae as a unit” which feature was 
observed more in Pappobolus than in Heiseria. 
Paleae in Coreopsideae are flat with the outer 
surfaces covered with coarse stiff hairs 
(strigose) along the middle duct line or lines 
(Fig. 1 E, F), similar to those on phyllaries. In 
some cases they may be absent. The apex is 
either deeply 2- to 3-cleft (Fig. 1 E) or acute 
and toothed (Fig. 1 F), a feature also noted for 
members of Coreopsis sect. Pseudoagarista, 
although not indicated by Sherff (1936: 319) 
when adopting Bruns species. In all cases, the 
apex is darkly pigmented. Paleae in Heiseria 
and Syncretocarpus are as shown in Fig. 1 G 
with the apical parts slightly flattened, but in 
Pappobolus they are conduplicate.

Corolla. The corolla in Coreopsis 
irmscheriana is tubular and 5-lobed. The 
lower and upper parts of the tube and the outer 
surfaces of the lobes are covered with stiff 
hairs, similar to those found on the phyllaries 
and leaves (Fig. 1 H, Fig. 2 A). Similar hairs 
and distribution pattern were observed in 
the corolla of Heiseria, Pappobolus and 
Syncretocarpus. As also noted by Bruns (1929), 
this type of hair is unknown in the corolla of 
Coreopsis and Coreopsideae.
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Anthers. The endothecial cells of the anther 
thecae have polarized nodular thickenings on 
cross walls in Coreopsideae, while they are on 
vertical walls in Heiseria. In Coreopsideae, 
an orange resin duct, extending almost to the 
apex of the appendage, is found between the 
thecae, while in Heiseria the appendage is 
clear, whitish and sclerified at the base.

Style. In Coreopsideae, the papillae on 
the upper surfaces of the style branches are 
in two rows, separated by a furrow, while in 
Coreopsis irmscheriana they are contiguous 
and not furrowed (Fig. 2 L, M), which feature 
was also recorded for Pappobolus and Aldama 
(given as Viguiera) by Panero (1992: 30–31).

Cypselae and pappi. Cypselae in 
Coreopsideae are dorso-ventrally flattened 
(obcompressed: Roque et al. 2009), while those 
in Helianthinae examined here have radially 
or laterally flattened (compressed: Roque et al. 
2009) or rarely obcompressed cypselae. The 
cypselae of Coreopsis irmscheriana, slightly 
immature in available material, were initially 
compared with those of Viguiera s. l. (now in 
Aldama) and Syncretocarpus (Robinson 1981), 
to which they showed some similarities. It was 
noted that the cypsela and the pappus display 
more of the characters of Viguiera s. l. than 
of Syncretocarpus, i.e. “biconvex, obovate, 
cuneate, black, ‘densely’ pubescent; pappus of 
2 awns, with squamelae” as noted by Panero 
(2007) and Robinson (1981: 56, fig. 133). The 
only genus in subtribe Helianthinae described 
as being “with or without prominent elaiosome” 
(Panero 2007: 469) is Syncretocarpus, 
having a cypsela with “corky margins” 
and the pappus of “2 awns and 4 lacerate 
squamulae” (Panero 2007: 469; Robinson 
1981: 56, fig. 134), features not observed in 
Coreopsis irmscheriana, although there is 
a well-developed cartilaginous base to the 
cypselae. Close examination of representative 
specimens of Syncretocarpus sericeus (DC.) 
S. F. Blake (e.g., A. Gentry [et al.] 19163 (OS), 
from Lima, Peru) revealed the above noted 
features, although with shorter awns than those 
on Viguiera, as well as the “long sericeous 

trichomes (encelioid)” noted for the genus. The 
hairs on the types of C. irmscheriana are also 
sericeous but they are c. 0.5 mm long, while 
those on Syncretocarpus are more than 1 mm 
long. Cypselae of Pappobolus are glabrous, 
sparsely to densely sericeous and epappose or 
with few to numerous bristles and squamulae, 
but much more radially flattened than those 
of Heiseria. The carpopodium of mature 
cypselae of Pappobolus is oblique (cf. also 
Panero 1992: 79) indicating a lateral insertion 
onto the fused base of the enclosing paleae and 
a more radially flattened cypsela, a feature not 
observed in Heiseria. Pappobolus is sister to 
Heiseria in the molecular phylogeny given by 
Schilling and Panero (2011).

Taxonomy
As shown above, Coreopsis irmscheriana 
clearly belongs in Heliantheae subtribe 
Helianthinae. This subtribe was revised 
by Stuessy (1977) and Robinson (1981) 
using morphological data complemented 
by chromosomal and chemical information. 
Schilling & Panero (1996), using cpDNA, 
indicated it to be monophyletic, and suggested 
also that Viguiera, the largest genus in the 
subtribe, is paraphyletic, with basal and derived 
lineages (Schilling & Panero 2002). Applying 
both nrDNA and cpDNA data, Schilling & 
Panero (2011) restricted Viguiera to only the 
type species, V. dentata (Cav.) Spreng., and 
transferred all other elements of Viguiera to 
Aldama and to four newly described genera. 
Running the characters of C. irmscheriana 
through the key to genera of Helianthinae 
(Schilling & Panero 2011) led to Heiseria, with 
which C. irmscheriana shares a number of 
features, viz.:

Annual habit; simple, opposite leaves (except 
in the inflorescences where alternate), with 
ovate to lanceolate, tri-nerved, tuberculate-
strigillose lamina; solitary capitula with 
2- to 3-seriate, green to straw-yellow 
(dry state) with purple apices and densely 
strigose phyllaries; yellow, sterile, ray 
flowers; sparsely (tube) or densely (throat 
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and lobes) strigose disc flowers with dark-
brown anthers with vertically thickened 
cells and style branches with undivided 
stigmatic surfaces; black, obovate, and 
pilose disc cypselae with a pappus of 2, 
antrorsely barbed aristae and 4 short scales 
(squamulae) in between.

According to Schilling & Panero (2011), 
Heiseria includes two “poorly known” annual 
species: H. pusilla (A.Gray) E.E.Schill. 
& Panero and H. simsioides (S.F.Blake) 
E.E.Schill. & Panero. In his key to the species 
of Viguiera, Blake (1918: 160) described the 
cypselae of H. pusilla (given as V. pusilla) 
as “mottled black and white, pubescent all 
over”, while those of H. simsioides (given 
as V. simsioides) were described as “black, 
pubescent only on margin and down middle 
of sides.” In addition to this character, 
disc corolla color was used to distinguish 
them: “disk-corollas purplish at apex” for 
V. simsioides and “disk-corollas yellow 
throughout” for V. pusilla. Blake (1918: 161) 
described the ray florets of H. pusilla as 
“about 8” and the “achenes 5 mm long.”

The types of both species of Heiseria, from 
the Lima district of Peru, were compared with 
those of C. irmscheriana, from the Arequipa 
district further south of Lima, and with 
other members of subtribe Helianthinae (see 
discussion under Cypselae and pappi). From 

the characters listed herein and Figs. 1 & 2, 
C. irmscheriana is closer to H. simsioides 
than it is to H. pusilla. Some of the recorded 
features, e.g. color of apices of inner phyllaries 
and paleae (for both species), and pubescence 
and color of the cypselae (mottled black and 
white, for H. pusilla) appear to be variable, 
as noted in the recently collected specimens 
representing annual species from the northern 
part of Peru, in the regions of Cajamarca 
and Ancash. Some were mottled black and 
brown and smaller than the types. Many of 
the northern specimens are larger, woodier 
(described as up to 1 m tall by collectors) with 
well-developed broadly elliptic leaves, and 
all were collected around cultivated fields or 
farmlands at higher elevations (2,100 to 2,700 
m), while the types of C. irmscheriana are 
herbaceous, small (10 to 30 cm tall), from a 
remote area along the coast and growing at an 
elevation of about 30 m. Thus, C. irmscheriana 
is transferred to Heiseria with an amended 
description of the genus.

Heiseria E.E.Schill. & Panero
Bot. J. Linn. Soc. 167: 327 (2011) – Viguiera 
[subgenus Calanticaria sect. Paradosa ser. Aureae] 
subser. Pusillae S.F.Blake, Contr. Gray Herb. New 
Series, 54: 159 (1918). Type: Heiseria pusilla 
(A.Gray) E.E.Schilling & Panero, Bot. J. Linn. Soc. 
167: 327 (2011).

Key to Heiseria
1. Disc corolla 2–2.5 mm long; cypsela 2.0–2.5 mm long, glabrous or pilose,                                    

pappus 0.8–1 mm long or absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Heiseria pusilla var. astephana
1. Disc corolla 5–5.5 mm long; cypsela 2.3–4.5 mm long, pilose, pappus 1–4 mm long . . . . . . . . . . . . . . . . . . . . .2
2. Involucre 5–7 mm wide and high; cypsela mottled (white and black or brown and black),          

aristae 3.8–4 mm long, squamulae 1.8–2 mm long, white or golden brown . . Heiseria pusilla v. p.
2. Involucre 8–10 mm wide and high; cypsela black, aristae 1–3 mm long                                       

squamulae 0.3–0.5 mm long, golden brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3. Herb 0.5–1 m tall, stem woody; capitula up to 6 cm wide; phyllaries and disc corolla short 

glandular; paleae and phyllaries uniformly colored .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Heiseria simsioides
3. Herb 10–30 cm tall, stem herbaceous; capitula up to 3.5 cm wide; phyllaries and disc                            

corolla without glands; paleae and phyllaries black at or near the apex .. . . .  Heiseria irmscheriana
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Annual herb, 10 to 100 cm tall. Stem round, 
striate, green to brownish in lower parts, 
glabrous to sparsely hispid-pilose. Leaves 
simple, opposite, alternate in upper parts, 
petiolate; petiole glabrous to pilose; lamina 
tri-nerved from base, ovate to lanceolate, up 
to 7 x 3 cm, base cuneate, surfaces sparsely 
to densely strigose or strigulose with often 
shiny basal layers of cells different from leaf 
epidermal cells, margins serrate to doubly 
serrate, rarely subentire (upper leaves), apex 
acute or obtuse. Involucre campanulate 
to hemispheric, 4–10 mm wide and high. 
Receptacle flat, paleate. Capitula radiate, 
solitary terminating branches or up to 4, 2–6 cm 
wide (from tip of a ray floret to the tip of a ray 
floret situated at approximately 180o); peduncle 
2–3 cm long, densely strigose, striate-sulcate. 
Phyllaries herbaceous, 2–3-seriate, sparsely to 
densely strigose; outer green (in upper part in 
dry state), 3–6-striated, 6–8, linear or oblong; 
inner yellowish below, green in upper parts, 
8–12, ovate-lanceolate, apices dark purple (dry 
state). Ray	 florets yellow, sterile, 8–13; rays 
ovate-lanceolate, 9–10-striated, up to 1.6 x 0.5 
cm, apex 2–3-fid. Paleae oblong-ovate, keeled 
and clasping the achene in lower half, sparsely 
to densely strigose on outer surfaces, up to 9 x 3 
mm, apex acute or 3-cleft, often dark pigmented 
or whitish. Disc	florets c. 10–50, yellow, 5–6 
mm long; corolla tubular, 2–5.5 mm long, 
tube strigulose mainly in upper parts, throat 
5-lobed, lobes 0.8–1.2 mm long, strigulose 
and papillose, yellow or purplish (as recorded 
by Blake, in dry state); anthers light brown to 
black, ductless, 1.3–2.5 mm long, cells with 
polarized endothecial tissue on vertical walls, 
connective ovate, 0.5–0.7 mm long, sclerified at 
base; style with 2 orange ducts, slightly gibose at 
base, 3–7 mm long, bifurcate at apex, branches 
0.5–1.2 mm long, stigmatic surface c. 1 mm 
long, uniformly short papillose, not furrowed 
in middle, slightly longer papillae on the outer 
surfaces and at apex, apex conic or obtuse, 
penicillate. Cypselae black or mottled (white 
and black or brown and black), 2–5 mm long, 
narrowly obovate, biconvex, densely covered 

on both surfaces with sericeous hairs, rarely 
glabrous, base cartilaginous, pappose. Pappi of 
two, equal or unequal aristae, each flanked by 
two squamulae, rarely all absent; aristae, when 
present, yellowish-brown, antrorsely hispid, up 
to 4 mm long, squamulae separate or slightly 
imbricate, up to 0.5 mm long, fimbriate.
 

Heiseria pusilla (A.Gray) E.E. Schill. & 
Panero
Arnaldoa 11: 327 (2011) – Tithonia pusilla A.Gray, 
Proc. Amer. Acad. Arts & Sci. 5: 124 (1862) – Viguiera 
pusilla (A.Gray) S.F.Blake, Contr. Gray Herb. New 
Series 3 (54): 160 (1918). – Type: Obrajillo, Peru, 
[Region Lima, United States Exploring Expedition 
under the command of Capt. Wilkes, 1838–1842] 
(holo– GH [GH00013125], internet!; iso– US!)

Description (of var. pusilla). See Blake (1918: 
160), as Viguiera pusilla. Fig. 2 C, E, H, I & L.
Distribution anD habitat. Peru: Lima and 
Cajamarca; hillsides and farmlands, 1600–1730 
m.
Additional specimens examined. Peru. Region 
Cajamarca, Prov. Cajamarca, La Peña Negra, 
Chilete-San Pablo, 21 May 1975, A. Sagástegui A., J. 
Cabanillas S. & O. Dios C. 7924 (MO); Choropampa, 
2 km sobre el desvio a la Asunción, I. Sánchez Vega 
5818 (OS).

Heiseria pusilla var. astephana 
(S.F.Blake) Mesfin, comb. nov.
Viguiera pusilla var. astephana S.F.Blake, J. Wash. 
Acad. Sci. 16: 218 (1926). Type: Yanano, Dept. 
Huánuco, Peru, alt. about 1,830 meters, collected in 
loose soil on slopes, May 13–16, 1923, J. F. Macbride 
3750 p.p. (lectotype selected here: F 534812 
specimen #1; isotype: US, no. 1,191,464 – internet 
view).
Viguiera pusilla fide S. F. Blake, J. Wash. Acad. Sci. 
16: 218 (1926), quoad J. F. Macbride 3750 p. p. (F no. 
534812; specimen #3).

Description. Erect annual herb, 10–15 cm tall. 
Stem slender, simple or sparsely branched, 
striate, sparsely strigulose and tuberculate-
granular. Leaves simple, opposite in lower 
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Fig. 1. Habit and floral details of Heiseria irmscheriana. A: habit. B–C: outer and inner phyllaries, respectively. 
D: ray floret. E–F: paleae, flattened. G: palea enclosing disc achene. H: disc floret. I: cypsela (achene) with 
aristae and squamelae. a–c: hairs (x40). Scale: small bar = 1 cm (A & D) or = 1 mm (B, C, E–H); large bar = 1 
mm (I). Drawn by the author from Günther & Buchtien 55.

parts, alternate in upper parts, shortly petiolate, 
petiole up to 5 mm long; lamina broadly 
elliptic, tri-nerved from base, strigulose, 
hairs with tuberculate base, 1.5–2.5 cm long, 
7–14 mm wide, margins serrate, apex acute. 
Involucre 4–5 mm high and wide. Capitula 
1 to 3 terminating stem and/or branches, c. 3 

cm wide; peduncle slender, up to 5 cm long, 
strigulose. Phyllaries 2–3-seriate, strigulose, 
hairs white; outer 10–12, greenish, 4–5 mm 
long, 0.6–1 mm wide, linear; inner light pale 
brown (dry state) with darker brown striations, 
4–5 mm long, 1–1.2 mm wide, oblong to 
oblong-lanceolate, glandular hairs absent. Ray 
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florets yellow, (4–)6–8, sterile; rays 6–11 mm 
long, 2–4 mm wide, 7–10-striated, apex acute 
or deeply 2–3 cut, strigose on outer surface. 
Paleae light brown, 4–5 mm long, strigulose 
on the outer surface, concave and enclosing 
mature cypsela, apex acute or 3-toothed. 
Disc	 florets yellow, 10–30; corolla tubular, 
strigulose, non-glandular, 2–2.5 mm long; 
anthers c. 1.2 mm long, black; style 3–3.5 
mm long, branches c. 1 mm long. Cypselae 
black, obovate, obcompressed, 2–2.5 mm long, 
median ridges absent, hairs absent or sparse and 
sericeous. Pappus absent or of two antrorsely 
barbed 0.8–1 mm long aristae, flanked by three 
short (0.2–0.5 mm) squamulae. Fig. 2 D, F, G, 
J, K & M.

Distribution anD habitat. Peru. Huânuco, 
Yanano in loose soil on [mountain] slopes; 
1830 m.
taxonomic notes. The cypselae were described 
by Blake (1926) as “glabrous, epappose; 
otherwise as in the typical form ... the sheet in 
the Field Museum bears 3 specimens, one with 
the pappus and pubescent achene of Viguiera 
pusilla (A.Gray) Blake, the others precisely 
similar except for the glabrous, epappose 
achenes”, and referred to these as “type in the 
herbarium of the Field Museum … Macbride 
(no. 3750, in part).” This sheet is reviewed here 
and the following is noted about the specimens.

All three specimens are similar, except 
the cypselae in one of them (#3; Fig. 1 F), 
which have 2 weak, 0.8 to 1 mm long aristae 
with 3, short, brown squamulae between 
them. The hairs on #3 are golden-brown (Fig. 
32F), similar to those seen in H. simsioides. 
Blake referred to this specimen as “V. pusilla 
(A.Gray) S.F.Blake”. The cypselae on the other 
two specimens (given as #1 and #2; Fig. 2 G) 
are similar, but devoid of aristae, squamulae 
and hairs. All three specimens have similar 
capitula that are smaller than those of the type 
of H. pusilla. The paleae, which are broadest 
in the upper half and with scarious margins 
(Fig. 2 J), are concave (in the dry state) and 
entirely enclosing the cypselae.

The cypselae in the type of H. pusilla 
have two 3.8–4 mm long aristae with two 
overlapping squamulae between them on each 
face; the squamulae are whitish and adjacent 
to each other and mask the apex of the cypsela 
(Fig. 2 E). The hairs are also white. The paleae 
are folded in the lower half, enclosing most of 
the cypselae (Fig. 2 H). In H. simsioides, each 
cypsela has two aristae with widely spaced, 
0.3 to 0.5 mm long, golden brown squamulae 
between them.
The capitular size and features of the cypsela 
of H. pusilla var. astephana (epappose or 
with small pappi [with squamulae], obovate, 
biconvex) are reminiscent of Heliomeris 
(cf. Blake 1926: 197, Table 3, and Fig. 8) 
and Helianthus porteri (A.Gray) Pruski. 
In Heliomeris, which is not known south 
of Mexico, the cypselae are epappose and 
described as “somewhat tetragonous” (Nuttall 
1848) or weakly 4-angled (Schilling 2006). 
Helianthus porteri, an annual temperate 
herb (found in the U.S.A.), with which it 
was also compared, has linear leaves. It is 
also characterized by long and narrow style 
branches, basally swollen disc corolla tubes 
(Pruski 1998), “epappose cypselae, conic 
receptacles, and unlobed, mucronate pales” 
(Schilling 2006), a combination of characters 
not found in H. pusilla var. astephana.

Heiseria pusilla var. astephana is a small 
herb reaching a height of only about 15 cm, 
growing at an elevation of 1,830 m in a different 
region of Peru and, as such, it might represent 
a distinct taxon. Until more material or 
information is obtained on the variation within 
the genus, it is retained within H. pusilla.

Heiseria irmscheriana (Bruns) Mesfin, 
comb. nov. 
Coreopsis irmscheriana Bruns, Mitteil. Inst. Allgem. 
Bot. Hamburg 8: 81, Abb. 11, Fig. 6–9 (1929) 
Type: [Peru. Lomas: Arequipas], Mejia, 30 m, 12. 
Nov. 1923. Günther & Buchtien 55 (lectotype here 
designated: HBG; isolectotypes: LPB no 0000559 – 
internet; HBG, ?M).
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Description Annual herb, 10–30 cm high. 
Stem erect, from a slender taproot with few 
branched secondary roots, brownish in lower 
parts, striate-sulcate, sparsely hairy with stiff, 
multiseriate, unicellular hairs, branches arcuate 
or ascending, all inflorescence bearing. Leaves 
simple, margins serrate or doubly serrate; lower 
ones opposite and petiolate with the petiole up 
to 12 mm long and sparsely hairy, narrowly 
ovate-lanceolate, 3–4.5 x 1.5–2.5 cm; upper 

alternate and sessile, narrowly ovate-lanceolate, 
tri-nerved, strigose on both surfaces, hairs 
tuberculate strigillose; uppermost and those 
subtending the inflorescence axis narrowly 
elliptic to linear, 8–12 x 2–5 mm. Involucre 
8–10 mm long and wide. Capitula solitary and 
terminating branches, 3–3.5 cm wide at anthesis; 
peduncle striate-sulcate, densely strigose, 2–3 
cm long. Outer phyllaries oblong, 6–8, green, 
3-veined, densely hirsute, 7–8 x 1–1.5 mm, 

 
Fig. 2. Floral details of Heiseria spp. Corolla (A–D). A: H. irmscheriana. B: H. simsioides. C: H. pusilla 
var. pusilla. D: H. pusilla var. astephana. Cypselae (E–G). E: H. pusilla var. pusilla. F & G: H. pusilla var. 
astephana. Paleae (H–J: I and J spread out). H & I: H. pusilla var. pusilla. J: H. pusilla var. astephana. Style, 
style branches and apices of H. irmscheriana, H. pusilla var. astephana & H. simsioides (K & M). Style branch 
and apex of H. pusilla var. pusilla (L). Scale: bar = 1 mm (A–M). Drawn by the author from McBride 3750 
(H. pusilla var. astephana), Günther & Buchtien 55 (H. irmscheriana), Wilkes Expedition s.n. (H. pusilla var. 
pusilla), and Weberbauer 5355 (H. simsioides).
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linear, 3/4th–1 times as long as the inner ones. 
Inner phyllaries 8–12, greenish and similar to 
the outer ones near the apex, yellowish below, 
densely hirsute on outside, glabrous on inside, 
7.5–9.5 x 1.5–2.2 mm, narrowly ovate-lanceolate. 
Ray	 florets 13, neuter with sterile aristate 
ovary, yellow; tube c. 1.5 mm long, hairy; rays 
ovate-lanceolate, 9–10-striated, 13–15.5 x 4.5–6 
mm, apex 2–3 fid. Paleae oblong-ovate, keeled 
and clasping the disc achene in lower half, 
densely hirsute on outer surface, 7.5–8.5 x 2–3 
mm, apex acute or deeply 3-cleft, enclasping 
florets. Disc	 florets	 yellow, 5.5–6 mm long; 
corolla tubular, hairy in lower parts, 5–5.5 mm 
long, 5-lobed, lobes c. 0.8–1.2 mm long, with stiff 
multicellular, uniseriate hairs and low papillae; 
anthers dark-brown, c. 2 mm long, connective 
c. 0.7 mm long, base not reaching filament-collar 
joint; style bifurcate, slightly expanded at base, 
5.5–6 mm long, branches 1–1.2 mm long, apex 
shortly conic, stigmatic surface c. 1 mm long, 
uniformly short papillose. Cypselae black, 
narrowly obovate, biconvex, 3–3.2 x 1–1.2 mm, 
densely covered on both sides with ascending 
yellowish, sericeous hairs, base cartilaginous. 
Pappus of two, yellowish-brown, antrorsely 
hispid, 2–2.5 mm long aristae, each flanked by 
two, separate, 0.3–0.5 mm long, fimbriate scales 
(squamelae). Figs. 1 and 2 A.
Distribution anD habitat. Peru. Arequipa 
Region, Meija; no information about habitat; 
alt. 30 m.
Specimens. Known only from the types.

Heiseria simsioides (S.F.Blake) 
E.E.Schill. & Panero  Fig. 2 B, K & M.
Bot. J. Linn. Soc. 167: 327 (2011). – Type: Peru, 
mountains north of Chosica, alt. 1,500–1,600 m, 
[Lima, 17 April 1910], Weberbauer 5355 (holo– B; 
isotypes: F!, GH! (internet), US! [US no 00125123 
and no 01014474]). Note: the date and type herbarium 
were added by Blake in 1918. Internet search of the 
Berlin herbarium (B) on March 23, 2016 did not 
produce results.
Viguiera simsioides S.F.Blake, Bot. Jahrb. Syst. 54(3, 
Beibl. 119): 48. 1916.

Description. See S.F. Blake, Contr. Gray Herb. 
New Series 3 (54): 160 (1918).
Distribution anD habitat. Peru. Regions 
Ancash, Cajamarca and Lima; frequent in 
cultivated slopes and fields, 1,500–2,700 m.
Additional specimens examined. Peru: Ancash: 
Prov. de Bolognesi, 4 km abajo de Chiquián, 2,700 
m, Mayo 12, 1950, stony-clay, Ramon Ferreyra 7373 
(US; MO). Cajamarca: Prov. Cajamarca, San Juan, 
alt. 2,200 m, 29 May 1984, I. Sánchez Vega with 
W. Ruiz Vigo 3563 (OS); Prov. Contuazá, Cushton 
(Chilete-Contumazá), 1,750 m, 24-v-1981, A. 
Sagástegui A., S. López et J. Mostacera 9804 (US; 
MO). Prov. San Pablo, Las Tayas, alt. 2,100 m, 29 
May 1982, I. Sánchez Vega 2814 (OS).

Biogeography
On the basis of the literature as well as 
field studies, Dillon et al. (2011) provided a 
description of the coastal vegetation of Peru, 
called the Lomas Formations or the small 
hills, also including a list of the 847 species 
found in the area. The area is nearly “3500 km 
along the western coast of South America [5o 
30oS]” and consists of many endemic species. 
Forty-four genera and 78 species of Asteraceae 
are listed in that work, and in the database 
(http://www.sacha.org/) a number of species 
of Viguieria and only Coreopsis venusta 
Kunth are listed — Coreopsis irmscheriana 
is not mentioned. Hensold (1993) recorded it 
as a “coastal endemic herb”, but provided no 
explanation for the altitudinal range given, 
i.e. 0–500 m. Coreopsis irmshericana was 
obtained from Mejia, a coastal area in the 
district of Arequipa south of Lima, from an 
elevation of about 30 m. Heiseria simsioides 
and H. pusilla, both formerly kept in Viguiera, 
are not listed in the work of Dillon et al. (2011). 
The former species is known from the Ancash, 
Cajamarca and Lima regions, while the latter 
is so far recorded only from Cajamarca, all 
between elevations of 1,500 to 2,700 m. The 35 
native species of Coreopsis in Peru (Mesfin & 
Crawford, unpubl. data) belong to Coreopsis 
sect. Pseudoagarista, and they occur at much 
higher elevation, with many of the species 
found between 2,000 and 4,200 m.
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Impatiens hedbergiae	(Balsaminaceae),	a	new	species	
from	the	Tsaratanana	Massif,	Madagascar
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Fischer, E. 2016. Impatiens hedbergiae (Balsaminaceae), a new species from the 
Tsaratanana Massif, Madagascar – Symbolae Botanicae Upsalienses 38: 133–138. 
Uppsala. ISBN 978-91-554-9608-1.

Impatiens hedbergiae from the Tsaratanana Massif in Northern Madagascar is described. 
It is similar to Impatiens catati, but differs in the lanceolate and alternate leaves, the 
lower sepal that is abruptly narrowed at the spur (vs. progressively narrowing into the 
spur), the shape of the dorsal petal that is only slightly rounded at the crest, and the lateral 
united petals where the lower petal bears a short acute tooth on the inner side. It is also 
similar to Impatiens amoena, but differs in the more narrow lanceolate leaves that are 
attenuate at the apex and base, the greater number of lateral fimbriae on the leaf margin, 
the smaller carmine-red flowers, and the lateral united petals bearing a tooth at the inner 
face. A key is provided to the red-flowered Impatiens from Madagascar with bucciniform 
lower sepal.

Institut für Integrierte Naturwissenschaften – Biologie, Universität Koblenz-Landau, 
Universitätsstraße 1, 56070 Koblenz, Germany; efischer@uni-koblenz.de.

Introduction
Madagascar represents one of the global hot-
spots of biodiversity. This is especially true 
for the genus Impatiens L. (Balsaminaceae) 
which has a degree of endemism of 100%. 
For Madagascar, 110 species were known 
until recently, mainly described by Perrier de 
la Bâthie (1934, 1948) and Humbert (1956). 
During a revision of the Balsaminaceae for 
the Flore de Madagascar et des Comores, 
many new species were discovered, of which 
several have already been described (Fischer 
& Rahelivololona 2002; Fischer et al. 2003; 
Fischer & Rahelivololona 2004, 2007a, b; 
Abrahamczyk & Fischer 2015; Fischer & 
Rahelivololona 2015a, b, c, 2016).

Based on the presence of a bucciniform 
lower sepal with spur and a cucullate dorsal 
petal, numerous Impatiens species from 
Africa, Madagascar and India were assembled 
into one taxonomic group (Warburg & Reiche 
1895, Grey-Wilson 1980). However, molecular 
data suggest that they evolved in different 
clades and share only an ornithophilous 
syndrome (Yuan et al. 2004; Janssens et al. 
2006). Usually, the flowers are red, orange or 
yellow – rarely greenish.

The first Madagascan species to be described 
with these characters were I. humblotiana 
Baill. (1881) and I. catati Drake (1896). Until 
the fundamental paper of Perrier de la Bâthie 
(1934), only these two species of the group 
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were known from Madagascar. In 1934, 
Perrier de la Bâthie added I. amoena H.Perrier, 
I. antongiliana H.Perrier, I. danguyana 
H.Perrier, I. eriosperma H.Perrier, I. fuchsioides 
H.Perrier, and I. fulgens H.Perrier. Perrier de 
la Bâthie (1934) informally named this group 
“Humblotianae”. Humbert (1956) described 
I. perrieri H.Humbert. Since that time, several 
new species have been collected on Madagascar. 
Fischer & Rahelivololona (2004) described 
Impatiens renae Eb.Fisch. & Raheliv., and 
subsequently (Fischer & Rahelivololona 2015b) 
I. susan-nathansoniae Eb.Fisch. & Raheliv. and 
I. hendrikii Eb.Fisch. & Raheliv.

All of these species are restricted to a single 
mountain area, with the exception of Impatiens 
humblotiana, which occurs in the mid-altitude 
rainforest of Eastern Madagascar at several 
localities, and Impatiens catati, which has been 
recorded in rainforests from a few mountains 
in South-Eastern Central Madagascar. 

Most of these bird-pollinated taxa are 
restricted to high altitudes, usually not occuring 
below 950 m but ascending to almost 2600 
m. Impatiens renae, I. susan-nathansoniae 
and I. hendrikii are endemic to Mt. Marojejy, 
I. fulgens occurs at Andasibe and Onivé, 
I. antongiliana is found on mountains west of the 
bay of Antongil, I. amoena is known from Mt. 
Manongarivo and the Tsaratanana Massif, and 
I. danguyana, I. eriosperma, I. fuchsioides and 
I. perrieri are only known from Tsaratanana.

In this paper, another new species from 
Tsaratanana, the highest peak of Madagascar, 
is described and dedicated to Inga Hedberg.

Materials and Methods
The study is based on dried specimens from 
the following herbaria: BR, G, K, MO, NEU, 
P and TAN (acronyms after Holmgren et al. 
1990) as well as living plants of related species 
from a field excursion to Mt. Marojejy in 
October 2014. A short history of exploration of 
Impatiens in Madagascar, as well as details on 
terminology and measurements, were provided 
by Fischer & Rahelivololona (2002).

Impatiens hedbergiae Eb.Fisch., sp. 
nov. (Fig. 1, 2)
Type: Madagascar: Antsiranana, montagnes au 
Nord de Mangindrano (Haute Maevarano) jusqu’au 
sommêts d’Ambohimirahavavy, sylve à lichens sur 
gneiss, 2000 m, 26.-28.1.1951, Humbert & Capuron 
25280 (P, holotype).

etymology: Dedicated to Inga Hedberg in 
recognition of her outstanding contributions to 
botany in Tropical Africa.
Description. Suffrutescent herb, up to 30 cm 
tall, entirely glabrous. Stem succulent, woody 
at the base, zig-zag-like. Leaves alternate, 
petiole 1.5-10 (12) mm long, with 1 or 2 pairs 
of extra-floral nectaries, lamina herbaceous, 
pale green below, dark green above, lanceolate, 
attenuate at base and apex, 55-75 × 12-16 mm, 
with 7-8 pairs of secondary veins, margin 
with up to 15 pairs of “fimbriae” (provisional 
term referring to the ± stiff and pointed erect 
structures in the sinuses of the teeth in many 
Impatiens). Inflorescence axillary, bracts 
lanceolate, 1-2 × 0.8-1 mm, peduncle short, 
0.5-1 mm, with usually 2 flowers, pedicel up to 
50 mm long. Flower with carmine dorsal petal, 
bearing a long greenish crest, lateral sepals 
pale green, lower sepal and spur and lateral 
united petals carmine-red. Lateral sepals 
broadly ovate, abruptly acuminate, acumen 
hook-like curved, 3-3.5 × 2 mm. Lower sepal 
navicular, 15-21 × 7 mm, 5 mm diameter at the 
middle, abruptly tapering into a curved narrow 
obtuse sacculate spur 5 × 1 mm, at the mouth 
of lower sepal a 2 mm long narrow filiform 
spur-like apicule on the lower side. Dorsal petal 
cucullate, 7 × 5-6 mm, dorsal crest 1.5 mm 
high, with a spur-like apicule 1 mm . Lateral 
united petals 14 mm long, upper petal 6-7 × 
6 mm, rounded, lower petal 8-10 × 5-6 mm, 
slightly bilobed at the apex, with small acute 
tooth at the inner side. Anthers 5 mm long. 
Ovary 6 ×2.5 mm, glabrous.
habitat: Montane lichen forest, 2000 m.
Distribution: Madagascar, Tsaratanana 
Integrated Natural Reserve, Mt. Ambohi mira-
havavy, only known from the type locality. 
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Key	to	red-flowered	Impatiens of Madagascar with bucciniform lower sepal

1. Leaves subopposite or verticillate .......................................................................................................... 2
1. Leaves alternate ......................................................................................................................................... 5
2. Plants entirely glabrous ............................................................................................................................ 3
2. Plants in younger parts or at base of internodes hairy ........................................................................ 4
3. Leaves large, 65-175 × 22-40 mm, seeds with whitish vesicles, lamina   

with 16-22 pairs of fimbriae and 8-12 pairs of lateral secondary veins ............................. I. catati
3. Leaves smaller, 20-50 × 10-15 mm, seeds smooth, lamina  

with 8-10 pairs of fimbriae and 4-5 pairs of lateral secondary veins .............................. I. fulgens
4. Lamina thin, oblanceolate, 30-60 × 10-15 mm, few hairs at base of internodes,  

seeds with long hairs ....................................................................................................... I. eriosperma
4. Lamina coriaceous, ovate-elliptic, 25-50 × 8-20 mm, young stem covered  

with long hairs, seeds glabrous and smooth ................................................................. I. danguyana
5. Plants glabrous .......................................................................................................................................... 6
5. Plants hairy .............................................................................................................................................. 12
6. Petiole 15-30 mm long ............................................................................................................................. 7
6. Petiole less than 15 mm long ................................................................................................................ 10
7. Spur narrowing abruptly at lower ¼ ..................................................................................... I. perrieri
7. Spur narrowing progressively ................................................................................................................. 8
8. Petiole with 6-8 fimbriae, leaf lamina rounded at base and apex,  

lateral united petals with obtuse lobes ..................................................................................... I. renae
8. Petiole with usually 2 fimbriae, leaf lamina acute at base and apex ............................................... 9
9. Dorsal petal with high rounded crest, lateral united petals with upper petal exceeding  

lower petal, lower sepal gradually narrowing into spur, leaves not coriaceous .. I. humblotiana
9. Dorsal petal only slightly rounded, lateral united petals with lower petal exceeding upper  

petal, lower sepal abruptly narrowing into spur, leaves coriaceous ........ I. susan-nathansoniae
10. Leaf lamina not exceeding 35 × 17 mm .................................................................... I. antongiliana
10. Leaf lamina 36-80 × 15-25 mm ......................................................................................................... 11
11. Lateral united petals bearing a tooth at inner face, dorsal petal carmine red with   

greenish crest, lateral sepals green, lower sepal 15-21 × 7 mm, spur 5 × 1 mm,   
leaf-lamina with 15 pairs of fimbriae  ........................................................................... I. hedbergiae

11. Lateral united petals lacking a tooth at inner face, dorsal petal yellow with  
red-orange crest, lateral sepals red, lower sepal 25-28 × 10 mm, spur 4-5 × 2-3 mm,   
leaf-lamina with 3-5 pairs of fimbriae ................................................................................. I. amoena

12. Stem zig-zag-like, lower petal entire at apex, lower sepal hairy,  
tapering abruptly into orange-red spur .......................................................................... I. fuchsioides

12. Stem straight, lower petal distinctly bilobed at apex, lower sepal glabrous,  
tapering gradually into short saccate whitish-red spur ................................................. I. hendrikii
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The Tsaratanana Massif consists of volcanic 
rocks, and bears the highest summit of 
Madagascar with 2876 m a.s.l.
conservation status: Impatiens hedbergiae 
is restricted to the Tsaratanana Massif, which 
is an Integrated Natural Reserve, where it has 
never been recollected since 1951. However, the 
Tsaratanana Massif is very difficult to access, 
and at least the high altitude vegetation is still 
intact. Despite the occurence in a protected area 
the species should be considered as vulnerable. 
Unfortunately, I have no information about 
the population size and vegetation at the type 
locality.
phenology: Flowers have been recorded in 
January and February.
notes. Impatiens hedbergiae is similar to 
Impatiens catati, but differs in the lanceolate 
and alternate leaves, the lower sepal that is 
abruptly narrowed at the spur (vs. progressively 
narrowing into the spur), the shape of the dorsal 
petal that is only slightly rounded at the crest, 
and the lateral united petals where the lower 
petal bears a short acute tooth on the inner 
side. It is also similar to Impatiens amoena, but 
differs in the more narrow lanceolate leaves 
that are attenuate at the apex and base, the 
greater number of pairs of lateral fimbriae on 
the leaf margin (15 vs. 3-5 pairs in Impatiens 
amoena), the smaller carmine-red flowers with 
carmine dorsal petal, the long greenish crest, 
the green lateral sepals (vs. yellow dorsal petal 
with red-orange crest and red lateral sepals in 
I. amoena), the smaller lower sepal with spur 
(15-21 × 7 with spur 5 × 1 mm vs. 25-28 × 10 
with spur 4-5 × 2-3 mm in I. amoena), and the 
lateral united petals bearing a tooth at the inner 
face.

Acknowledgements
I thank the Directors of the following herbaria 
for the loan of specimens (acronyms according 
to Holmgren et al. 1990): BR, G, K, MO, NEU, 
TAN. I am indebted to the Missouri Botanical 
Garden, the Parc Botanique Zoologique 
Tsimbazaza and the Agence Nationale pour 

la Gestion des Aires Protégées (ANGAP) 
for research and collection permissions. The 
Akademie der Wissenschaften und Literatur 
Mainz kindly sponsored the field trip of the 
author. Special thanks go to my colleagues 
Damien Ertz (Meise), Bernard Goffinet 
(Connecticut), Roger Lala Andriamiarisoa 
(Antanarivo) and Emmanuël Sérusiaux (Liège) 
who accompanied me in the field. Without 
the skills of Roger Lala Andriamiarisoa, the 
fieldwork would have been impossible.

Literature
Abrahamczyk, S. & Fischer, E. 2015. Impatiens 

elianae, a new species from central Madagascar, 
and notes on the taxonomic relationship of 
Impatiens lyallii and I. trichoceras. Phytotaxa 
226: 83–91.

Baillon, M.H. 1881. Sur une Balsamine de 
Madagascar. Bull. Mensuel Societé Linnéenne 
Paris 1: 286.

Drake, E. del Castillo. 1896. Impatiens catati. In: 
Grandidier, A. (ed.), Histoire physique, naturelle 
et politique de Madagascar, Atlas vol. 2, t. 170A.

Fischer, E. & Rahelivololona, M.E. 2002. New taxa 
of Impatiens (Balsaminaceae) from Madagascar 
I. Adansonia 24: 271–294.

Fischer, E. & Rahelivololona, E. 2004. New taxa of 
Impatiens (Balsaminaceae) from Madagascar III. 
Adansonia 26: 37–52.

Fischer, E. & Rahelivololona, E. 2007a. New taxa 
of Impatiens (Balsaminaceae) from Madagascar 
IV. Adansonia 29: 269–315.

Fischer, E. & Rahelivololona, E. 2007b. New taxa 
of Impatiens (Balsaminaceae) from Madagascar 
V. Adansonia 29: 317–332.

Fischer, E. & Rahelivololona, M.E. 2015a. 
New taxa of Impatiens (Balsaminaceae) from 
Madagascar VI. Impatiens otto-eleonorae, a new 
species from Masoala Peninsula, and notes on the 
taxonomic relationships of Impatiens firmula and 
I. hildebrandtii. Phytotaxa 217: 155–163.

Fischer, E. & Rahelivololona, M.E. 2015b. New taxa 
of Impatiens (Balsaminaceae) from Madagascar 
VII. Two new species of Impatiens from Mt. 
Marojejy, Madagascar. Phytotaxa 239: 213–222.

Fischer, E. & Rahelivololona, M.E. 2015c. New taxa 
of Impatiens (Balsaminaceae) from Madagascar 
IX. Impatiens lutzii, a new species from 
Montagne d’Ambre National Park. Phytotaxa 
239: 183–189.



Symb. Bot. Upsal. 38

138 E. Fischer

Fischer, E. & Rahelivololona, M.E. 2016. New taxa 
of Impatiens (Balsaminaceae) from Madagascar 
VIII. Impatiens max-huberi, a new species from 
from Marojejy and Anjanaharibe-Sud. Phytotaxa 
244: 191–195.

Fischer, E., Wohlhauser, S. & Rahelivololona, E. 
2003. New taxa of Impatiens (Balsaminaceae) 
from Madagascar II. A collection from Masoala 
Peninsula. Adansonia 25: 17–31.

Grey-Wilson, C. 1980. Impatiens of Africa. Balkema, 
Rotterdam.

Holmgren, P.K., Holmgren, N.H. & Barnett, L.C. 
1990. Index Herbariorum, part I: the Herbaria of 
the World. New York Botanical Garden, New York.

Humbert, H. 1956. Contributions à l’étude de la flore 
de Madagascar et des Comores (fascicule 5). Not. 
Systemat. 15: 113–134.

Janssens, S., Geuten, K., Yuan, Y.-M., Song, Y., 
Küpfer, P. & Smets, E. 2006. Phylogenetics of 
Impatiens and Hydrocera (Balsaminaceae) using 
chloroplast atpB-rbcL spacer sequences. Syst. Bot. 
31: 171–180.

Perrier de la Bâthie, H. 1934. Les Impatiens de 
Madagascar. Arch. Botanique 7 (1933) Mémoire 1: 
1–124. Caen.

Perrier de la Bâthie, H. 1948. Révision des Impatiens 
de Madagascar et des Comores. Mem. Acad. Sci. 
67: 1–16.

Warburg, O. & Reiche, K. 1895. Balsaminaceae. 
In: Engler H. & Prantl, K. (eds), Die Naturlichen 
Pflanzenfamilien, teil 3, abteilung 5, pp. 383–392. 
Engelmann, Leipzig.

Yuan, Y.-M., Song, Y., Geuten, K., Rahelivololona, 
E., Wohlhauser, S., Fischer, E., Smets, E. & 
Küpfer, P. 2004. Phylogeny and biogeography 
of Balsaminaceae inferred from ITS sequences. 
Taxon 53: 391–403.



Symb. Bot. Upsal. 38

Disentangling the history of Forsskål’s “Camellia” 139

Disentangling the history of Forsskål’s “Camellia”
Mats Thulin

Thulin, M. 2016. Disentangling the history of Forsskål’s “Camellia” – Symbolae 
Botanicae Upsalienses 38: 139–143. Uppsala. ISBN 978-91-554-9608-1.

Camellia grandiflora Forssk., published by Forsskål from Yemen in 1775, was an editorial 
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The mistake was soon discovered, but all names so far published to rectify the matter have 
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lectotypified, and notes are provided on the distribution, habitat, variation and relationship 
of the species.
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Introduction
One of the many species posthumously 
described by Peter Forsskål (1775) from Yemen 
in his pioneering Flora Aegyptiaco-Arabica 
is Camellia grandiflora Forssk. As the genus 
Camellia (Theaceae) is otherwise distributed 
in eastern Asia, its presence in Yemen would 
seem to be extremely unlikely. It was soon 
realized that Camellia was an editorial error for 
Ruellia L., and that Forsskål’s plant is a member 
of Acanthaceae. The plant has been renamed, 
but only in unfortunate ways that have led to a 
situation where this plant, which is one of the 
most large-flowered members in the family 
and was described in detail by Forsskål, is still 
without a legitimate name after more than 240 
years, apart from the corrupted C. grandiflora. 
The tangled history of Forsskål’s “Camellia” is 
outlined here and a replacement name in Ruellia 
is proposed.

Flora Aegyptiaco-Arabica and 
Camellia grandiflora
To understand how such a mistake as Forsskål’s 
“Camellia” could happen, it is crucial to consider 
the history behind his Flora Aegyptiaco-
Arabica. This work was published by an 
unknown editor 12 years after Forsskål’s tragic 
death in Yemen in 1763, based on Forsskål’s 
field notes. These were described as “more than 
1800 scraps of paper” (Hepper & Fries 1994). 
The problems faced by the editor, when putting 
together the Flora from these notes, have led to 
numerous mistakes that have to be considered 
when dealing with botanical names published 
by Forsskål. The work is “lacking the ultimate 
correction from its author’s hand” as Vahl (1790) 
mildly put it. The consequence is that Forsskål’s 
work has given rise to numerous nomenclatural 
problems and controversies of various kinds, 
and it will no doubt continue to do so.
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The detailed description of Camellia 
grandiflora provided by Forsskål (1775) 
includes statements such as “Folia opposita” 
and “Corolla alba, tubo cylindrico, 4-poll. 
limbo patente poll. 5-fido, sub-regulari” that 
immediately show that the plant cannot be a 
Camellia. It is out of the question that Forsskål 
had intended to place it in this genus, and 
the most likely explanation is that Forsskål’s 
hand-written “Ruellia” was misinterpreted 
by the editor. The provenance of the plant is 
given as “Ad Taæs in montibus”. Taæs (today’s 
Taizz) was visited by Forsskål and his fellow 
traveller Carsten Niebuhr in early April 1763, 
and later by all of his party from 13 to 28 June 
1763 (Hepper & Fries 1994). This is also where 
he fell ill with his fatal “cold”, and on 11 July 
he died in Yerim along the way towards Sanaa. 
The collection of C. grandiflora was made 
during Forsskål’s first visit to Taizz.

Treatment of Camellia grandiflora by 
subsequent	authors
Vahl (1790) in his Symbolae Botanicae stated 
that Forsskål’s “Camellia” is an “errore 
editoris” for Ruellia, but he himself erred by 
citing Forsskål’s name as “Camellia longiflora”. 
Therefore, when transferring the name to 
Ruellia, he coined the superfluous name 
Ruellia longiflora Vahl, that is illegitimate 
under Art. 52.1 of the International Code of 
Nomenclature for algae, fungi, and plants 
(ICN) (McNeill et al. 2012). Vahl also provided 
a modified description of the species, as well as 
an illustration (Fig. 1).

Vahl’s mistake was noted by Persoon 
(1806), who made the combination Ruellia 
grandiflora (Forssk.) Pers. based on Forsskål’s 
Camellia, and this could have been a happy 
end to the story. However, as Poiret (1804), 
two years earlier, had published the name 
Ruellia grandiflora Poir. for a species from 
“Guadeloupe” in the Caribbean, Persoon’s 
combination is a later homonym and therefore 
also illegitimate (Art. 53.1 of the ICN, McNeill 
et al. 2012). Incidentally, Persoon (1806) also 
published a Ruellia longiflora Pers., a later 

homonym of R. longiflora Vahl, but what 
he actually intended to refer to was Ruellia 
longifolia Rich., a name that he apparently 
unintentionally misspelt.

Later in the 19th century, Nees (1847) 
published Dipteracanthus longiflorus Nees, 
citing the illegitimate Ruellia longiflora Vahl 
and “Camellia longiflora Forssk.” in synonymy. 
Nees’s name is also illegitimate, as he did 
not use Camellia grandiflora as basionym. 
Nees (1847) also published a Dipteracanthus 
grandiflorus Nees from South America, thereby 

Fig. 1. Ruellia forskaolii [as R. longiflora], from Vahl 
(1790: Tab. 15); detail shows leaf apex with stellate hairs.
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blocking any future transfer of  the  name 
Camellia grandiflora to Dipteracanthus Nees. 
Dipteracanthus is a segregate from Ruellia 
with numerous species. Some years later, 
Oersted (1855) segregated Solaenacanthus 
Oerst., based on Dipteracanthus longiflorus 
Nees, pointing particularly to the extremely 
long and narrow corolla tube of this plant. 
However, Oersted did not formally transfer 
D. longiflorus to Solaenacanthus, and the 
citation of “S. longiflorus (Vahl) Oerst.” as 
the type of Solaenacanthus in Index Nominum 
Genericorum (Farr et al. 1979) is therefore 
erroneous. The combination S. longiflorus 
(Vahl) Müll.Berol. (Müller 1858: 639) was 
made a few years after Oersted’s paper (as 
“Solenacanthus longiflorus Örd.”), but is also 
illegitimate because the original basionym 
Camellia grandiflora was not used.

Bentham (1876), as well as Lindau (1895), 
used a wide circumscription of Ruellia citing, 
among others, Dipteracanthus and Solaen-
acanthus (as “Solenacanthus”) in synonymy. 
Since then, Ruellia has been treated in a wide 
sense by most authors (Tripp et al. 2013), notable 
exceptions being Bremekamp & Nannenga-
Bremekamp (1948) and Barker (1986), who 
recognized Dipteracanthus and various other 
segregate genera.

Blatter (1921) realized that the name Ruellia 
longiflora Vahl had been published by mistake 
(“per errorem”) and made the new combination 
Ruellia grandiflora (Forssk.) Blatter. By doing 
this he made another mistake as R. grandiflora 
(Forssk.) Pers. already existed. Blatter’s 
combination is therefore just an isonym of no 
nomenclatural status, as stated in Art. 6.1, Note 
2, of the ICN (McNeill et al. 2012). Christensen 
(1922), apparently unaware of Blatter’s action, 
continued to treat the species as Ruellia 
longiflora Vahl, and this was also the name 
used by Schwartz (1939), who cited Blatter’s 
combination in synonymy.

In more recent decades, almost all authors 
have used the name Ruellia grandiflora for the 
species, but with varying authorship. Collenette 
(1985, 1999), who first recorded the species 

also from Saudi Arabia, Hepper & Friis (1994) 
and Wood (1997), attributed this combination 
to (Forssk.) Blatter, whereas Heller & Heyn 
(1987) attributed it to (Forssk.) Pers. Miller & 
Morris (1988: 335) listed “R. longiflora Vahl” 
from Oman, but the material seen from Oman 
under this name is R. discifolia Oliv.

Other early collections
Forsskål’s plant was long known only from his 
original material from near Taizz. It was later 
collected during Schweinfurth’s journey in 
Yemen “in memoriam divi Forskalii” in 1889 
(Schwartz 1939), when two collections were 
made of “Ruellia longiflora Vahl”: Schweinfurth 
355 from “Jebel Bura” and Schweinfurth 1087 
from “Uossil” in the Haraz Mts, both north of 
Forsskål’s original locality. However, in 1837 
Botta had already made a collection from “Jebel 
Ras”, also north of Forsskål’s original locality, 
which has remained unpublished until now 
(material in P, see below). Botta was the first to 
note that the plant is night-flowering.

The current situation and a solution 
to the problem
The current situation is thus that no legitimate 
name exists for Forsskål’s “Camellia” except 
for the original C. grandiflora, since both 
Ruellia grandiflora and R. longiflora (as well 
as Dipteracanthus longiflorus and Solaen-
acanthus longiflorus) are illegitimate. Some 
kind of nomenclatural action is needed, and 
one possibility would be conservation of R. 
grandiflora (Forssk.) Pers. from 1806 against 
R. grandiflora Poir. from 1804. Poiret’s name 
seems hardly ever to have been used since 
its publication, but type material present in 
P [P00650142] indicates that it belongs to the 
species complex around R. tuberosa L., and 
it could possibly be the oldest name available 
for some member of that complex. Also, use 
of the name R. grandiflora (Forssk.) Pers. (or 
the isonym R. grandiflora (Forssk.) Blatter) 
is quite limited, simply because the species 
has been rarely collected and is fairly local. 
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Under these circumstances conservation of 
Persoon’s combination does not seem realistic. 
The alternative, to conserve R. longiflora Vahl, 
would not be meaningful, as this name has not 
been used for more than 75 years. The solution 
proposed here, is that Forsskål’s “Camellia” is 
given a replacement name that commemorates 
its discoverer. Ruellia forsskaolii is formally 
established below, along with its synonymy and 
a lectotypification. Also, information about the 
distribution, habitat, variation and relationship 
of the species is provided.

Ruellia forsskaolii Thulin, nom. nov. 
Camellia grandiflora Forssk., Fl. Aeg.-Arab.: 126 
(1775) – Ruellia longiflora Vahl, Symb. Bot. 1: 45, 
Tab. 15 (1790), nom. illeg. superfl. – R. grandiflora 
(Forssk.) Pers., Syn. Pl. 2: 175 (1806), nom. illeg., 
non Poir. in Lam., Encycl. Méth. Bot. 6: 340 (1804) 
– Dipteracanthus longiflorus Nees in DC., Prodr. 11: 
117 (1847), nom. illeg. superfl. – Solaenacanthus 
longiflorus (Vahl) Müll.Berol., Ann. Bot. Syst. 5: 
639 (1858), nom. illeg. superfl. – Type: Yemen, “Ad 
Taæs in montibus”, Apr 1763, Forsskål 1041 (C 
[C10001908] lectotype, designated here).

Three sheets of Camellia grandiflora are 
present in C, Forsskål 1041, 1042 [C10001909] 
and 1043 [C10001910], and there is also a 
specimen in BM [BM000950019]. Forsskål 
1041 is the basis for Vahl’s illustration (Fig. 1), 
and is here selected as the lectotype.

Distribution and habitat
Ruellia forsskaolii is known from the south-
eastern corner of Saudia Arabia and from north 
Yemen, where it is more widespread. It occurs 
in stony or rocky places, often along wadis, at 
altitudes between 400 and 1860 m.

Notes
Ruellia forsskaolii is a stellate-hairy shrub 
or subshrub up to 1.5 m tall. The flowers are 
white or creamy white, have a sweet scent and 
open at night. According to Collenette 1472, 
the flowers open at 10 pm and are wilted and 
brown by 5 am. The corolla is normally around 
10 cm long, but variation is considerable. 

The longest corollas are about 13 cm long 
(Collenette 7104), whereas the shortest are 
7–8 cm.
On the Arabian Peninsula, the only species 
that can be confused with Ruellia forsskaolii 
are R. discifolia and R. heterotricha Deflers. 
Ruellia discifolia is also stellate-hairy and 
night-flowering with long (up to 8 cm) narrow 
white corollas, but differs from R. forsskaolii 
by its linear calyx lobes that are free to the 
base (not ovate-elliptic and connate below). 
Ruellia discifolia is known from Yemen, Oman, 
Ethiopia, Somalia and Kenya. Its distribution 
in Yemen is confined to the Hadramaut Region 
and does not overlap with that of R. forsskaolii. 
Ruellia heterotricha has stellate hairs mixed 
with simple eglandular and glandular hairs, 
and has wide calyx lobes, but differs from 
R. forsskaolii by a smaller (about 5 cm long) 
pinkish corolla, and calyx lobes that are free 
almost to the base. It is confined to southern 
Yemen (Abyan and Hadramaut Regions).

In Africa, Ruellia bignoniiflora S.Moore 
and R. amabilis S.Moore have white corollas 
10 cm or more long. Both extend northwards 
into southern Ethiopia (Ensermu 2006). They 
are easily separated from R. forsskaolii by 
lacking stellate hairs. The stellate-hairy R. 
nocturna Hedrén (Hedrén 1993, 2006) from 
bushland on sand at low altitudes in central and 
southern Somalia seems to be a close relative 
of R. forsskaolii. It is a night-flowering shrub, 
1–2 m tall, with narrow white corollas c. 7 
cm long. It differs from R. forsskaolii by an 
indumentum of short stellate hairs only (not 
mixed with long non-stellate hairs) and by its 
calyx lobes that are united for half or more of 
their lengths (calyx divided to about 2/3 in 
R. forsskaolii).

Collections seen
Saudi Arabia. Raidah escarpment NW of Abha, near 
Wadi Harala, 16 Apr 1989, Collenette 7104 (E, K); 
Bir Al Qurhan, headwaters of Bani Malik, near Jabal 
Fayfa, 31 Oct 1988, Collenette 6839 (E, K); Asir, 
Wadi Manfah, 50 km NNW of Najran, 28 Apr 1979, 
Collenette 1472 (K).
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Yemen. Upper part of Wadi Labdah c. 10 km SE of 
At Tur, 17 Nov 1982, King 154 (E); Kuhlan to Hajjah 
road, 27 Mar 1981, Miller & Long 3258 (E); Uossil, 
5 Feb 1889, Schweinfurth 1087 (K); escarpment 
between Sanaa and Hodeidah, 13 Sep 1962, Popov 
7/7 (BM); Jebel Bura, 7 Jan 1889, Schweinfurth 
355 (P); Mashrapa, Wadi Rima, 3 Jul 1975, Wood 
Y/75/414 (BM); near Sawadiya, 67 km S of Rada, 
4 Sep 1962, Popov P6/1 (BM); Jebel Ras, Oct 1837, 
Botta s.n. (P); Taizz, near old airport W of town, 23 
Oct 1975, Hepper 6023 (K); 10 km W of Taizz on 
Mocha road, 14 Sep 1978, Miller 35 (E, K).
Saudi Arabia or Yemen. Without precise locality, 
1904, Wahab 78 (E).
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Equatorial mountain regions of East Africa, the northern Andes in South America, 
and New Guinea differ considerably in their physiographic settings. In East Africa, the 
mountains rise as solitary peaks from an extensive lowland plateau, whereas the northern 
Andes form continuous chains of parallel mountain ranges, and settings similar to the 
Andes are also found in New Guinea. We examine alpine plant species composition of 
the East African high mountains, superpáramo islands in the equatorial Andes, and 
mountain ranges in New Guinea by means of multivariate data analysis, and compare 
patterns of phytogeographic gradients between the regions. The major floristic gradient 
among the East African mountains runs in the east–west direction across the rift zones 
and accounts for about one fourth of the species compositional variation. A secondary 
and largely independent floristic gradient corresponding to latitude accounts for 18% of 
the variation. The north-east to south-west arrangement of the northern Andean sites 
observed in the ordination diagram reflects the main phytogeographic gradient there, 
which captures about one third of the explained species compositional variation. The 
Ecuadorian sites are separated from the Colombian and Venezuelan sites, a pattern 
that is supported by distribution ranges of numerous taxa. A similar pattern is found 
for the New Guinean mountains, although the major phytogeographic gradient there 
corresponds to longitude, accounting for 33% of species compositional variation, and 
there is also a minor secondary gradient. The physiography of the mountain systems is 
found to be the primary driver of phytogeographic patterns observed in alpine floras of 
equatorial East Africa, northern South America, and New Guinea.
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In the worldwide context, tropical high moun-
tains of East Africa, northern South America, 
and southeast Asia provide a truly unique alpine 
climate by its temperature aseason  ality coupled 
with pronounced diurnal oscillations and 

frequent night frosts (Sarmiento 1986; Rundel 
1994). In such an environment, some of the best 
examples of parallel evolution among plants 
can be found, such as convergence in growth 
forms (Hedberg 1964; Hedberg and Hedberg 
1979) and functional adaptations (Rundel et al. 
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1994). Along with many similarities, however, 
there are distinct contrasts between the equato-
rial mountain regions, particularly between the 
Andes and the East African mountains (Cleef 
1983; Hedberg 1986, 1992). One of the most 
important differences between the regions is 
the contrasting physiographic settings of the 
mountain systems. In East Africa, the moun-
tains rise as solitary peaks arranged around 
two rift valleys, being separated by an exten-
sive warm lowland plateau ca. 1,000–2,000 m 
high (Hedberg 1951; Coe 1989). In contrast, the 
equatorial Andes form continuous chains of 
mountain ranges, cordilleras, running parallel 
in a more or less north-south direction, from 
which isolated peaks and elevated ridges rise 
by as much as 2000 m (Kroonenberg et al. 
1990; Clapperton 1993; Graham 2009; Hoorn 
et al. 2010). A similar setting is found in New 
Guinea, although the principal mountain range 
is oriented in an east-west direction, and there 
are numerous elevated plains and smaller rang-
es along with the main range (Löffler 1980).

The vegetation belts of the mountains moved 
elevationally by as much as >1000 m in response 
to Pleistocene climate oscillations consistently 
in the three equatorial regions (van der Hammen 
and Cleef 1986; Haberle 1998; Hooghiemstra 
et al. 2006; Kiage and Liu 2006; Hope 2007; 
Rucina et al. 2009; Schüler et al. 2012, 2014; 
Torres et al. 2013). Because of the regions’ 
variable physiography, such changes provided 
different conditions for plant distributions. 
Whereas the isolated alpine belts never came 
into direct contact in East Africa (Harmsen et 
al. 1991; Hedberg 1992), and plant migration 
was mainly possible through occasional long-
distance dispersal (Hedberg 1969, 1992; Coe 
1989; Harmsen et al. 1991; Masao et al. 2013; 
Wondimu et al. 2014; see also Brühl 1997), the 
chains of the Andean cordilleras are believed 
to have provided pathways for plant migrations 
between individual areas (Cleef 1979; 
Simpson 1983; van der Hammen and Cleef 
1986). Consequently, patterns of plant species 
diversity differ between the tropical alpine 
regions (Hedberg 1986, 1992). In our previous 

paper (Sklenář et al. 2014) we confirmed that 
the afroalpine region is poorest in terms of 
the overall species richness (gamma diversity) 
(Smith and Cleef 1988), although local diversity 
of individual mountains (alpha diversity) may 
be quite high (Gehrke and Linder 2014). We 
also found that turnover of species among the 
mountains (beta diversity) is relatively low 
in East Africa, particularly in contrast to the 
equatorial high Andes.

In this paper, we use datasets from Sklenář et 
al. (2014) to compare plant species composition 
of the mountains within the three equatorial 
mountain regions by means of multivariate data 
analysis. In particular, we quantify, compare, 
and discuss the patterns of phytogeographic 
gradients between the regions.

Methods
We compare species composition of the 
high East African mountains (the Virunga 
volcanoes, Ruwenzori, Mt Elgon, Aberdare, Mt 
Kenya, Kilimanjaro, and Mt Meru) with seven 
superpáramo islands in the equatorial Andes 
(Antisana, Chimborazo, Cajas, Los Nevados, 
Sumapaz, Sierra Nevada del Cocuy, and Sierra 
Nevada de Mérida), and seven mountains in 
New Guinea (Snow Mts, Oranje Mts, Star Mts, 
Mt Giluwe, Mt Wilhelm, Sarawaket Range, 
and Owen Stanley Range) (Fig. 1). Species 
compositions above 3600–3800 m for the East 
African sites, above 4100–4200 m for the 
Andean sites, and above 3800 m for the New 
Guinean sites are compared (Sklenář et al. 2014).

We use species lists prepared for each 
mountain by combining datasets gathered by 
ourselves with data from published works (see 
Sklenář et al. 2014 for the list of references). 
Species distributions among the East African 
mountains (Hedberg 1957) were compiled at 
the Royal Botanic Gardens Kew herbarium by 
O. Hedberg and I. Hedberg; species lists for the 
Ecuadorian and Colombian sites (Cleef 1981; 
Sklenář 2000) were up-dated and verified by 
P. Sklenář and A.M. Cleef; and species lists for 
the New Guinean sites were primarily obtained 



Symb. Bot. Upsal. 38

Phytogeographic gradients in tropical alpine floras 147

from van Royen (1980–83) and up-dated 
according to Johns et al. (2006). Nomenclature 
followed Hedberg (1957) with updates 
according to the recent taxonomic concepts 
of Luteyn (1999), van Royen (1980–83), and 
Johns et al. (2006).

Multivariate analysis by means of Detrended 
Correspondence Analysis (DCA, Podani 
2000) is used to compare floristic composition 
among the mountains (analyzing each region 
separately), employing statistical package 
canoco for Windows 4.5 (ter Braak and 
Šmilauer 1998). The geographic component is 
quantified by testing the correlation between 
species composition and the geographic 
coordinates of the mountains, i.e.,

 f(x, y) = b1LAT + b2LONG + b3LAT*LONG

	

	

	

Fig. 1. Maps of equatorial mountain 
regions with indication of study sites.
A. East Africa
B. The northern Andes of South America
C.  New Guinea 

(Borcard et al. 1992), by means of partial 
Canonical Correspondence Analysis (CCA, 
Podani 2000), also part of canoco for Win-
dows 4.5. Two-Way Indicator Species Analysis 
(Hill 1979) is employed to obtain hierarchical 
clustering of the mountains by species compo-
sition employing statistical package twinspan 
for Windows 2.3 (Hill and Šmilauer 2005), and 
the results are superimposed onto the ordina-
tion diagrams.

Results and discussions
As many New Guinean alpine regions remain 
poorly explored, especially in the western 
part of the island, the species lists used in this 
study are certainly incomplete. More than two 
decades after The Alpine Flora of New Guinea 
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was published (van Royen 1980–83), Johns 
et al. (2006) still listed 15 species determined 
as “sp.#” (from such genera as Epilobium and 
Vaccinium) in the flora of Mt Jaya (the Snow 
Mts. in our sample) from altitudes above 3800 
m, some of them reportedly endemic for that 
mountain. In contrast, there is a complete 
flora with species distributions available for 
the East African mountains (Hedberg 1957, 
and unpublished updates by O. Hedberg and 
I. Hedberg). Since a páramo species flora is 
also not yet available (Luteyn 1999; Sklenář 
et al. 2005) species lists based on floristic 
and vegetation surveys of individual regions 
provide the most reliable data. But even with 
such variable sources of data, distinct patterns 
of distribution emerge, especially in the high-
elevation equatorial Andes and East Africa.

Our results confirm previous observations 
that the major floristic gradient among the 
East African mountains runs in the east–
west direction across the rift zones (Spence 
and Pócs 1989; Hedberg 1992; Gehrke and 
Linder 2014). This longitudinal gradient is 
captured by the first DCA ordination axis 
(Fig. 2A), accounting for 24.6% of the species 
compositional variability, and correlates with a 
strong humidity gradient between the western 
and eastern mountain groups (Hedberg 1951, 
1969). The floristic gradient is determined 
by a number of taxa that are confined to the 
eastern mountains, such as Bartsia longiflora 
ssp. longiflora, Carduus keniensis, Hypericum 
kiboense, and Wahlenbergia pusilla, along 
with species confined to the Virungas and 
Ruwenzori, such as Bartsia longiflora 
ssp. macrophylla, Lobelia wollastonii and 
Peucedanum runssoricum.

A largely independent, secondary floristic 
gradient is found, corresponding to latitude 
and accounting for 18.1% of the compositional 
variability (Table 1). This gradient separates 

Kilimanjaro–Meru (with exclusive occurrence 
of taxa such as Helichrysum citrispinum var. 
hoehnelii, H. splendidum, Senecio telekii) 
from Kenya–Aberdare–Elgon (e.g., Asplenium 
abyssinicum, Cotula abyssinica, Delphinium 
macrocentrum, Lobelia telekii), which 
confirms, with minor modifications, results 
by Hedberg (1992) and Gehrke and Linder 
(2014). This latitudinal gradient is consistent 
with the phylogeographic structure observed in 
populations of the afromontane species Lobelia 
gibberoa (Kebede et al. 2007) and, except for 
Mt Elgon, in the widespread alpine species 
Arabis alpina (Assefa et al. 2007).

Lack of an interaction between the 
longitudinal and latitudinal geographic 
components (tested by the partial CCAs)  and 
patterns of distribution of two–mountain and 
three–mountain species (Sklenář et al. 2014) 
suggest that if successful dispersal across the 
rift valley occurred, it occurred between the 
northern mountains (Mt Kenya and Mt Elgon 
vs. Ruwenzori, or alternatively Mt Kenya and 
Mt Elgon vs. the Virungas) and was preceded 
(or followed) by dispersal within the eastern 
and western mountain groups. Biogeographic 
reconstruction of the Dendrosenecio radiation 
within the East African region (Knox and 
Palmer 1995) is consistent with that scenario. 
It is also supported by more than 40 afroalpine 
species from the eastern mountains that are 
shared with the Ethiopian highlands, whereas 
there are no such species among those confined 
to Ruwenzori and the Virungas (Hedberg 
1969; Coe 1989; O. Hedberg and I. Hedberg, 
unpublished data; see also Masao et al. 2013; 
Wondimu et al. 2014).

The essentially linear arrangement of the 
sites in the north-east to south-west direction of 
the northern Andes is captured by the first DCA 
ordination axis, which accounts for about one 
third of the explained species compositional 

Latitude Longitude Lat.*Long.
East Africa 24.6% 18.1% 0%
Andes of S America 15.5% 15.6% 15.9%
New Guinea 19.3% 19.9% 12.1%

Table 1. Species compositional variation 
partitioned into the latitudinal and 
longitudinal geographic components 
along with their interaction.
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A. East Africa
λ1= 0.271 (28.3%)
λ2= 0.177 (18.5%)
total inertia = 0.959.

B. Andes
λ1= 0.478 (33.4%)
λ2= 0.068 (4.7%)
total inertia = 1.433.

C. New Guinea
λ1= 0.425 (33.5%)
λ2= 0.141 (11.1%)
total inertia = 1.269.

	

	

	

Fig. 2. Main geographic floristic gradients in three tropical alpine regions are illustrated by or-
dination of mountains along DCA axes; Twinspan clusters are superimposed onto the diagrams.
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variation (Fig. 2B). The interaction between 
latitude and longitude accounts for the greatest 
proportion (15.9%) in variation, although a 
significant part of variation is also due to each 
of longitude and latitude alone (Table 1). This 
major phytogeographic gradient separates 
the Ecuadorian sites from the Colombian 
and Venezuelan sites and is well exemplified 
by plant groups that: 1) reach their northern 
distribution limit in the Ecuadorian (super)
páramos, such as Nototriche, or in central 
Colombia, such as Perezia (Baumann 1988); 
and 2) are endemic for the Venezuelan and 
partly also Colombian (super)páramos, such 
as Blakiella, Coespeletia, and Espeletia s.s. 
(Cuatrecasas 1979; van der Hammen and Cleef 
1986). This general phytogeographic pattern 
observed among the superpáramo plants is 
consistent with distribution of several páramo/
montane forest taxa, e.g., Espeletia s.l., Puya, 
and Aragoa (Cuatrecasas 1986; van der 
Hammen and Cleef 1986; Jabaily and Sytsma 
2012).

This gradient is also seen at finer geographic 
scales. In Ecuador, for example, Chimborazo 
and Antisana differ from Cajas by occurrence 
of high-elevation species (such as Arenaria 
dicranoides, Draba depressa, Senecio 
canescens and Lupinus nubigenus), whereas 
Cajas hosts several local endemics (Sklenář 
and Balslev 2005); the three Colombian 
superpáramos share a few exclusive species 
which are absent from Venezuela and Ecuador 
(such as Aphanactis piloselloides, Bartsia 
santolinifolia, and Erigeron chionophilus). A 
consistent picture is found at the within-species 
level, as documented by phylo geographic 
patterns in north Andean populations of 
Lasiocephalus and Loricaria (E. Dušková et 
al., unpublished data).

The main gradient in species composition 
among the New Guinean mountains, captured 
by the first ordination axis and accounting for 
33.5% of variation, corresponds to longitude 
(Fig. 2C), which confirms the results of Smith 
(1975). Snow Mts, Oranje Mts, and Star Mts 
share, e.g. Anaphalis papuana, Coprosma 

archboldiana, Euphrasia culminicola, 
Gentiana alpinipalustris, Ranunculus 
perindutus, and Tetramolopium prostratum, 
which make these western mountains distinct 
from the eastern mountains (Mt. Wilhelm, 
Mt. Giluwe, Sarawaket, and Owen Stanley 
Range), sharing e.g., Coprosma divergens, 
Oreomyrrhis linearis, Parahebe tenuis and 
Rubus archboldianus. The second ordination 
axis accounts for 11.1% of the variation, which 
is mainly due to species differences between 
the three western mountains. Phylogenetic and 
phylogeographic data are lacking for the New 
Guinean high-elevation plant groups (Albach et 
al. 2005). Therefore, more detailed insights into 
the phytogeographic patterns of the island’s 
alpine flora cannot be obtained.

The physiography of the mountain systems 
primarily determines the geographic patterns of 
species composition in alpine floras of equatorial 
East Africa, northern South America, and New 
Guinea. Two largely independent floristic 
gradients are found in East Africa whereas one 
major latitudinal gradient is found in the Andes 
and one major longitudinal gradient is found in 
New Guinea.
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Introduction
Boraginaceae is a subcosmopolitan family with 
2,500 species in 156 genera (Zhu et al. 1995). 
The family is commonly herbaceous, and is 
characterized by the presence of helicoid cymes 
and the production of schizocarps generally 
consisting of 4 nutlets. In rare cases Boraginaceae 
can be shrubs or trees; cymes may be raceme or 
spike-like; and drupe or capsule fruits may be 
produced (Al-Shehbaz 1991). On the basis of 
style position and fruit type, Boraginaceae has 
been divided into five subfamilies: Cordioideae, 
Ehretioideae, Heliotropioideae, Boraginoideae 
and Wellstedioideae (Gürke 1897; Pilger 1912; 
Al-Shehbaz 1991).

However, according to recent molecular 
phylogenies the traditional Boraginaceae is 
not a monophyletic group, and this affects 
the subfamilial and tribal levels (Olmstead 
et al. 1993; Böhle & Hilger 1997; Nazaire & 
Hufford 2012). For example, the subfamily 
Wellstedioideae is now treated as separate 
family (Wellstediaceae Novák), while 
the Lennoideae (Lennoaceae Solms) and 
Hydrophylloideae (Hydrophyllaceae R.Br.) 
belong to the Boraginaceae (Bremer et al. 
2009). The most notable change is at the tribal 
level of subfamily Boraginoideae. According 
to molecular data, the tribes Eritrichieae, 
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Myosotideae and Trigonotideae should be 
in the Cynoglosseae, and the Boraginoideae 
are composed of five monophyletic tribes: 
Codoneae, Cynoglosseae, Echiochileae, 
Lithospermeae and Boragineae (Långström & 
Chase 2002; Nazaire & Hufford 2012).

Fruit and seed morphological studies have 
provided characters for identifying various 
groups of flowering plants (Bresinsky 1963; 
Roth 1977, Werker 1997; Özcan 2002; Zhang 
et al. 2005; Liu & Qin 2013), and studies have 
been carried out intensively in Boraginaceae 
(e.g., Gürke 1897; Seibert 1978; Wang 1982, 
1990; Al-Shehbaz 1991; Wang & Shen 
2001; Akçin 2008; Yu et al. 2012). In e.g. 
Hackelia (Shultz & Shultz 1981), Mattiastrum 
(Hilger 1986), Trigonotis (Wang 1982, 1990; 
Wang & Shen 2001), Cynoglossum (Akçin 
2008), Symphytum (Akçin & Baki 2009), 
Lithospermeae (Weigend et al. 2009), Onosma 
(Akçin & Binzet 2011) and Microula (Yu et al. 
2012), fruit micromorphological characters are 
important in the description of new species, 
and for constructing keys. A comprehensive 
study of Boraginaceae fruits is still lacking. 
In particular, fruit micromorphological studies 
using scanning electron microscopy (SEM) 
are required for evaluating recently suggested 
phylogenies.

In Korea, 21 taxa (16 genera), including 
two introduced taxa (Symphytum officinale 
and Thyrocarpus glochidiatus), have been 
reported (Kim 2007; Yang et al. 2010). They 
belong to three subfamilies: Ehretioideae, 
Heliotropioideae and Boraginoideae (Nazaire 
& Hufford 2012). Most belong to the subfamily 
Boraginoideae and represent three of its five 
tribes. The study of fruit morphology in Korean 
Boraginaceae has hitherto been mainly in the 
form of brief notes (Nakayama et al. 2004; Lee 
et al. 2010).

We had two aims with our study were: a) we 
wanted to investigate fruit micromorphology 
of Korean Boraginaceae, and b) we wanted 
to evaluate the taxonomic and diagnostic 
importance of fruit macro- and micromorpho-
logical features.

Materials and methods
We studied 33 accessions of the 21 taxa (16 
genera) of Boraginaceae in Korea, including 
Symphytum officinale and two taxa of Ehretia 
(Appendix). Symphytum officinale is a 
naturalized ornamental plant (Lee et al. 2011). 
Most fruit samples were taken from herbarium 
specimens, which were on loan from the 
following herbaria: E, K, KH, KHUS, KWNU, 
S, SNU, SNUA and UPS (abbreviations 
follow Holmgren & Holmgren 1998). Ehretia 
acuminata var. obovata was not included since 
material was lacking. Instead, we examined 
two closely related taxa (Ehretia dicksonii var. 
japonica and E. macrophylla).

All materials were observed under a 
stereomicroscope (SZ-STU1, Olympus, 
Tokyo, Japan). For SEM observation, fully 
mature fruits were selected. Dry fruits were 
rehydrated overnight in the wetting agent 
Agepon®, fixed in FAA (Formalin-Acetic acid-
Alcohol) for 48 h, and stored in 70% ethanol 
prior to dehydration. Fresh fruits were fixed in 
FAA for 48 h and stored in 70% ethanol. All 
samples were dehydrated through an acetone 
series (50%, 70%, 80%, 90% and 100%, at 
room temperature for 1 h each) prior to critical 
point drying using CO2. Fruits were mounted 
on aluminum stubs using carbon glue under a 
stereomicroscope, and coated with platinum 
using a JFC-1100E ion sputter (ca. 3 min each), 
then examined using a JSM-5200 scanning 
electron microscope (JEOL, Tokyo, Japan) at 
15 kV.

Species nomenclature follows Nazaire & 
Hufford (2012). General fruit terminology 
follows Berggren (1969), Roth (1977) and 
Webb & Simpson (2001).

Results and Discussion
We examined fruit morphological characters 
of 21 taxa (16 genera) of Korean Boraginaceae. 
Some variation was observed at the species 
level, but fruit type, shape and microstructural 
characters (appendages and sculpturing) were 
basically consistent at the generic level.
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Fig. 1. Stereo-micrographs of fruits of Boraginaceae in Korea. A–R: Subfam. Boraginoideae: A: tribe 
Boragineae: Symphytum officinale (Vv); B–P: Tribe Cynoglosseae; B: Bothriospermum tenellum (Vv); C–D: 
Brachybotrys paridiformis (C: Dv, D: Vv); E: Cynoglossum asperrimum (Vv); F: Eritrichium sichotense (Dv 
and Lv); G: Hackelia deflexa (Vv); H: Lappula echinata (Vv); I: Mertensia asiatica (Vv); J: Myosotis sylvatica 
(Vv); K–L: Omphalodes krameri (K: Av, L: Lv ); M–N: Thyrocarpus glochidiatus (M: Av and Vv, N: Lv); O–P: 
Trigonotis icumae (O: Dv, P: Lv); Q–R: Tribe Lithospermeae; Q: Buglossoides arvensis (Vv); R: Lithospermum 
erythrorhizon (Vv); S: subfam. Ehretioideae, Ehretia macrophylla (Lv); T: subfam. Heliotropioideae, Argusia 
sibirica (Lv). (Av Apical view; Dv Dorsal view; Lv Lateral view; Vv Ventral view, bar = 1mm).
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The main fruit characteristics, and all 
measurements, are summarized in Table 1. 
Representative fruit characters are presented in 
Figs 1–4.

Fruit	type,	shape,	color,	and	size	variation
–Type. Two fruit types were recognized. Argusia 
and Ehretia have drupaceous fruits, whereas 
nutlets are consistently found in the remainder 
(Table 1).
–Shape. Fruit shape ranges from ovoid to 
circular, or sometimes elliptic, triangular or 
trullate (Fig. 1; Table 1). It provides useful 
taxonomic characters for the identification of 
some genera, for example Bothriospermum 
(elliptic; Figs 1B, 2D), Myosotis (compressed 
and biconvex in transversal section; Figs 1J, 3G), 
and Brachybotrys and Trigonotis (triangular and 
tetrahedral in three dimensional view; Figs 1C, 
D, O, P, 2G, 3P). This agrees with earlier studies 
(Webb & Simpson 2001; Nakayama et al. 2004; 
Bojňanský & Fargašová 2007; Lee et al. 2010).

The tribal position of Myosotis has been 
controversial (Al-Shehbaz 1991). Its fruit 
characters are unusual in Boraginaceae (Fig. 
1J; c.f., Webb & Simpson 2001; Bojňanský & 
Fargašová 2007). Some have kept Myosotis in 
a separate tribe Myosotideae on the basis of 
contorted corolla lobes, flat gynobase, faucal 
appendages and nutlets without keels (Riedl 
1968, 1997; Al-Shehbaz 1991). It was included 
in Cynoglosseae based on molecular data 
(Långström & Chase 2002; Nazaire & Hufford 
2012), and some morphological characters 
support this (pollen tricolporate with three 
pseudocolpi, style undivided with one stigma; 
Ahn & Lee 1986; Långström & Chase 2002).

The tetrahedral fruits of Brachybotrys 
and Trigonotis are readily distinguished from 
the other studied taxa (Fig. 1D, P, 3P), and 
especially the shape can be used to differentiate 
these genera from the others. They have close 
relationship according to molecular data 
(Nazaire & Hufford 2012), and the unusual fruit 
shape supports this relationship. More detailed 
study is needed to understand their evolutionary 
relationships.

Korean species of Trigonotis can be 
distinguished from Brachybotrys by the 
presence of a carpophore (Figs 1D, P, 3P). 
However, some Trigonotis species have sessile 
nutlets (e.g., China taxa; T. nankotaizanensis 
and T. formosana; Wang & Shen 2001), and so 
this should be interpreted carefully.

Fruits of Omphalodes and Thyrocarpus have 
a structure like a small cup in the center of the 
apical cupular emergence (Figs 1K-N, 3J, M). The 
cupular emergence of Omphalodes comprises 
one layer, whereas that of Thyrocarpus has two 
layers (Figs 1K, M, 3J, M). Bothriospermum 
and Symphytum fruits have unique structures 
around their hilum (Figs 1A, B, 2B): a finely 
dentate rim in Symphytum (Figs 1A, 2B), and a 
prominent rim in Bothriospermum (Fig. 1B).
–Color. Fully mature fruits are usually 
light or dark brown, except for the fruits of 
Lithospermum erythrorhizon, which are grayish 
or brownish white.
–Size. Fruit size ranged from 0.80 to 14.28 mm 
(length) and from 0.61 to 10.56 mm (width) 
(Table 1). Drupes measured 4.99–14.28 × 4.37–
10.56 mm (length × width), whereas nutlets were 
0.80–5.40 × 0.61–3.60 mm. The largest drupe 
was found in Ehretia dicksonii var. japonica 
and the smallest in Argusia sibirica. The largest 
nutlet was found in Mertensia asiatica, and the 
smallest in Trigonotis peduncularis. 

Fruit sizes agree with earlier studies (Zhu et 
al. 1995; Wang & Shen 2001; Nakayama et al. 
2004; Bojňanský & Fargašová 2007; Jiang et al. 
2007; Lee et al. 2010), except for Argusia sibirica 
(2.1–2.5 × 2.5–3.0 mm) and Cynoglossum spp. 
(5.0–8.2 × 4.0–6.5 mm) (Bojňanský & Fargašová 
2007). The studied taxa have overlapping size 
ranges, and therefore fruit size is not a useful 
character for classification.

Fruit micromorphological diversity and 
dispersal mechanisms
Several microstructures, such as perforations, 
protuberances, nonglandular trichomes (NT), 
papillae (PA) and glochidiate prickles (GP), are 
correlated with fruit dispersal mechanisms.
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Fig. 2. SEM micrographs of fruit of subfam. Boraginoideae tribes Boragineae and Cynoglosseae in Korea. 
A–C: Symphytum officinale (A: Lv); B–C: fruit surface; D–F: Bothriospermum secundum (D: Dv); E: type 
III and type I papillae; F: Note type III papillae; G–I: Brachybotrys paridiformis (G: Dv); H: Nonglandular 
trichomes and type I papillae; I: type I papillae; J: Cynoglossum zeylanicum (Vv); K–L: C. asperrimum; K, N, 
Q: showing detail glochidiate prickles; L: Note type II papillae (white arrow); M–O: Eritrichium sichotense 
(M: Oblique Dv); O: Note thorn-like trichomes with papillae (white arrow) and type I single spiny papilla 
(black arrow); P–R: Hackelia deflexa (P: Vv); R: Note thorn-like trichomes with papillae (white arrow) and 
type I papilla (black arrow). (Av Apical view; Dv Dorsal view; Lv Lateral view; Vv Ventral view).
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The nutlets of Lithospermum and Mertensia 
have a smooth surface with perforations (Figs 
3E, F, 4D, F). The perforations of Lithosper-
mum are linear with different lengths, and 
are restricted to the ventral side (Fig. 4D, F). 
In contrast, the nutlet of Mertensia is entirely 
covered by perforations (Fig. 3E, F). Protuber-
ances with Type I papillae (PA) can be found on 
the Buglossoides nutlet (Figs 1Q, 4A-C).

Only simple nonglandular trichomes (NT) 
were observed, and these could be divided into 
three sub-types according to surface structure: 
papillate, striate or smooth (Table 1). NT are 
usually slender (Figs 2H, 3R, 4J), but Eritrichieae 
(Eritrichium, Hackelia and Lappula) have rather 
thorn-like, robust NT (Figs 2O, R, 3C white 
arrow). The NT provide a mechanical protection 
and facilitate fruit dispersal (Roth 1977).

Glochidiate prickles (GP) are found in 
Cynoglossum, Eritrichium, Hackelia, Lappula, 
Omphalodes and Thyrocarpus (Table 1; Figs 2J, K, 
M, N, P, Q, 3A, B). GP are stiff, multicellular, and 
similar to anchors. The surface of the GP is covered 
with PA (Type I or II; Fig. 2K, N). These genera 
were previously split between Cynoglosseae and 
Eritrichieae (Al-Shehbaz 1991). These tribes share 
many morphological features (e.g., undivided style 
with one stigma and heterocolpate pollen; Hilger 
1985; Reidl 1997). Recently they have been united 
(as Cynoglosseae; Långström & Chase 2002; 
Nazaire & Hufford 2012). 

The shape, number, size and distribution of 
the GP are variable (Carr 1974). In Cynoglossum 
the GP cover the entire fruit with the exception 
of the hilum (Figs 1E, 2J) whereas Eritrichium, 
Hackelia, Lappula, Omphalodes and Thyro-
carpus have GP only along the margin (Figs 
1F-H, K-N, 2M, P, 3A, J, M). In Omphalodes and 
Thyrocarpus, the GP are fused with the cupular 
emergence (Fig. 1K-N).

One type of GP is characterized by a 
distinctive base (in Cynoglossum and Lappula; 
Figs 1E, H, 2J, 3A), whereas the other GP type has 
connected basal parts (in Eritrichium, Hackelia, 
Omphalodes and Thyrocarpus; Figs 1F, G, K-N, 
2M, P, 3J, M). Of these, the GP of Hackelia have 

membranous wings, formed by fusion of the basal 
parts (Fig. 2P), unlike Lappula. The distinction 
between these two genera has been controversial. 
Some earlier studies differentiated them by 
their habits, inflorescences, fruiting pedicels 
and calyx lobe (Al-Shehbaz 1991). Others have 
merged them, or suggested that they have a close 
relationship based on the presence of GP and 
molecular data (Chater 1972; Nazaire & Hufford 
2012). The degree of GP fusion potentially could 
differentiate these two genera, but it is possible to 
find nearly as great a range of variation within a 
single plant (Carr 1974).

Some of the taxa have papillae (PA) on the 
pericarp. These can be divided into three types 
based on shape and clustering pattern: Type I: 
single papilla, non-grouping, rounded or spiny 
(Bothriospermum, Brachybotrys, Buglossoides, 
Eritrichium, Hackelia, Omphalodes, 
Thyrocarpus, Trigonotis peduncularis and 
T. radicans var. sericea; Table 1, Figs 2E, H, 
I, O, R, 3L, O, Q, 4B, C); Type II: multiple 
spiny papillae, a cluster of 3–9 papillae 
(Cynoglossum and Lappula; Figs 2L, 3C); Type 
III: multicellular papillae (Bothriospermum; 
Fig. 2E, F). Bothriospermum (Fig. 2E, F) is also 
easily distinguished from other taxa by an elliptic 
structure around the hilum (Figs 1B, 2D-F).

Buglossoides and Lithospermum, which 
belong to Lithospermeae, have previously been 
classified within the same genus (Lithospermum; 
Al-Shehbaz 1991). However, Buglossoides can be 
separated from Lithospermum by corolla shape 
and the arrangement of glandular trichomes 
(Johnston 1954; Seibert 1978). Molecular 
analyses support this suggestion (Thomas et al. 
2008; Weigend et al. 2009; Nazaire & Hufford 
2012). Pericarp features (presence of PA, 
protuberance or perforation) readily distinguish 
between B. arvensis and L. erythrorhizon in 
Korea. However, some taxa of Buglossoides (e.g. 
B. purpurocaeruleum) have a smooth pericarp 
surface such as in Lithospermum, and some taxa 
of Lithospermum (e.g. L. cinereum) resemble the 
fruits of Buglossoides (Weigend et al. 2009). In 
the case of Buglossoides and Lithospermum, fruit 
characters have little diagnostic value. 
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Fig. 3. SEM micrographs of fruit of subfam. Boraginoideae tribe Cynoglosseae in Korea. A–D: Lappula 
echinata (A: Vv); B, K, N: glochidiate prickles; C: Note the thorn-like trichomes with papillae (white arrow) 
and type II multiple spiny papillae (black arrow); D–F: Mertensia asiatica (D: Dv); E–F: Pericarp with per-
forations; G–I: Myosotis sylvatica (G: Vv); H: surface of nutlet; J–L: Omphalodes krameri (J: Oblique Av); L, 
O: Note type I papilla; M–O: Thyrocarpus glochidiatus (M: Dv), showing two layers of cupular emergence; 
P–Q: Trigonotis peduncularis; P: Carpophore at Vv; Q: Note the type I papilla; R: T. icumae, nonglandular 
trichomes. (Av Apical view; Dv Dorsal view; Lv Lateral view; Vv Ventral view).
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Various dispersal mechanisms have been 
shown to be related to fruit micromorphological 
characters. The presence of GP is, for example, 
related to animal dispersal (epizoochory; van 
der Pijl 1982; Selvi et al. 2011). In the case 
of Lappula echinata, a greater than 50% 
adherence to raccoon and bison fur, as well as 
to cotton pants, has been shown (Kulbaba et 
al. 2009).

However, smooth fruits can also be dispersed 
by animals (van der Pijl 1982). In Symphytum, 
elaiosomes are used in myrmecochory (Bresinsky 
1963). Some taxa of Omphalodes that lack any 
appendages also utilize myrmecochory (O. scor-
pioides; Gorb & Gorb 2003). Other Omphalodes 
have an anemochorous dispersal strategy (Selvi 
et al. 2011). There are many suggestions for the 
dispersal mechanism of Myosotis, including 

Fig. 4. Shape of mature fruit, appendages and sculpturing details. A–F: Subfam. Boraginoideae, tribe Lithos-
permeae; A–C: Buglossoides arvensis (A: Vv); B: Protuberance with type I papillae; C: type I papilla; D–R: 
Lithospermum erythrorhizon (D: Vv); G–I: Subfam. Ehretioideae, drupe surface of Ehretia macrophylla; G, H, I, 
J, K: details of fruit surface; J–L: Subfam. Heliotropioideae, Argusia sibirica (J: Lv); L: nonglandular trichome 
with papillae. (Dv Dorsal view; Lv Lateral view; Vv Ventral view).

A B C

D E F

G H I

J K L
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endozoochory, epizoochory (Ridley 1930), myr-
mecochory (Bresinsky 1963), ornithochory (Stey-
ermark 1963) and barochory (Selvi et al. 2011).

Lithospermum officinale (nutlet smooth, shiny 
and glabrous), which has a sclerotic pericarp, is 
believed to be dispersed by water (Ridley 1930).

In conclusion, fruit morphology is useful 
for solving some taxonomic problems in 
Boraginaceae, especially fruit type, shape and 
pericarp structure, incl. micromorphological 
characters (non-glandular trichomes, glochidiate 
prickles, papillae and perforations).

Key to genera of Boraginaceae in Korea based on 
fruit morphological characters
A. Fruit a drupe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B
– Fruit a nutlet  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C
B. Pericarp surface glabrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ehretia
– Pericarp surface pubescent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Argusia
C. Glochidiate prickles (GP) present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D
– Glochidiate prickles (GP) absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I
D. GP covering the entire nutlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cynoglossum
– GP only along the margin of the nutlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E
E. Nutlet with a cupular emergence in the apical area .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F
– Nutlet without a cupular emergence in the apical area .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G
F. Cupular emergence one-layered .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Omphalodes
– Cupular emergence two-layered .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Thyrocarpus
G. Wing present between the marginal GP .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hackelia
– Wing absent between the marginal GP .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H
H. Multiple spiny papillae (PA; Type II) present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lappula
– Multiple spiny papillae (PA; Type II) absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eritrichium
I. Nutlets compressed in transverse section .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Myosotis
– Nutlets not compressed in transverse section .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J
J. Nutlets ovate in ventral view .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K
– Nutlets ellipsoid or triangular in ventral view .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N
K. Faucal appendages with teeth around the hilum .. . . . . . . . . . . . . . . . . . . . . . . . .  Symphytum
– Faucal appendages absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L
L. Nutlet surface smooth with perforations .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M
– Nutlets surface with protuberances .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Buglossoides
M. Perforations sparsely appearing on the ventral side .. . . . . . . . . . . . . . .  Lithospermum
– Perforations densely appearing over the whole of fruit . . . . . . . . . . . . . . . . . . . . .  Mertensia
N. Multicellular PA (Type III) present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bothriospermum
– Multicellular PA (Type III) absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O
O. Carpophore present .................................................................................. Trigonotis
– Carpophore absent ............................................................................... Brachybotrys
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LEFT – Table 1. Fruit characters of Boraginaceae in Korea, following the classification of Nazaire and 
Hufford (2012). Tribal affiliation according to Al-Shehbaz (1991) is indicated after the species name: Bo: 
Boraginae, Tr: Trigonotideae, Cy: Cynoglosseae, Er: Eritrichieae, My: Myosotideae, Li: Lithospermeae
FT fruit type: – nl, nutlet; dr, drupe; Shape (V, ventral; Cr, cross section) – be, broadly elliptic; bo, broadly 
ovate; cc, circular; el, elliptic; ne, narrowly elliptic; ob, oblique ovate; ov, ovate; tl, trullate; tr, triangular; 
-, absent; +, present; NT, nonglandular trichome – pa, papillate; st, striate; sm, smooth; GP, glochidiate 
prickle – f, fused basal part of GP; CP, carpophore; PF, perforate; PA, papillae – Type I–III (see results); ?, 
uncertain information; *, nutlet with protuberance

Taxon Voucher information

Argusia sibirica (L.) Dandy Mongolia, South Gobi Aimak, Norlindh and Ahti 10374 (S); China, 
Chili, Bohlin 350 (S) 

Bothriospermum secundum Maxim. Korea, Incheon, Is. Dukjuk-do, Lee 016027 (KWNU); Korea, Han-
gang (River), Lee et al. 758 (SNUA); Korea, Hwanghae-do, Do and 
Shim 11856 (SNU)

Bothriospermum tenellum
(Hornem.) Fisch. & C.A.Mey.

Korea, Chungcheongbuk-do, Danyang, Ahn and Lee 17457 (SKKU); 
Korea, Gyongsangnam-do, Sangju, Lee and Ahn s.n. (SKKU)

Brachybotrys paridiformis Maxim. ex 
Oliv.

Korea, Gangwon-do, Mt. Gyebang-san, Yoo and Lee 15946 
(KWNU); Korea, Gangwon-do, Mt. Balwang-san, Lee et al. s.n. 
(SKKU); Korea, Gyunggi-do, Do 11905 (SNU) 

Buglossoides arvensis (L.) I.M.Johnst. Korea, Gangwon-do, Mt. Yonghwa-san, Yoon 15955 (KWNU); 
Korea, Chungcheonnam-do, Is. Anmin, Lee s.n. (SKKU); Korea, 
Hwanghae-do, Do and Shim 11840 (SNU)

Cynoglossum asperrimum Nakai Korea, ? (SNU); Japan, Nara, Mt. Odaigahara, Ohwi 9047 (UPS)
Cynoglossum zeylanicum
(Vahl ex Hornem.) Thunb. ex Lehm.

Korea, Jeollanam-do, Is. Bogil-do, Son 84 (SKKU); China, 
Szechuan, Smith 2330 (UPS)

Ehretia dicksonii Hance var. japonica 
Nakai

Japan, Tokyo, Lee and Oh s.n. (KWNU)

Ehretia macrophylla Wall. China, Szechuan, Smith 1765 (UPS)
Eritrichium sichotense Popov Russia,?, Sun et al. 2193 (KH)
Hackelia deflexa Opiz Russia, Karelia, Wartiainen 356701 (UPS)
Lappula echinata Gilib. USA, Montana, Bennett 7412 (S); Ucraina, Skorochodjka 3585a (S)
Lithospermum erythrorhizon
Siebold & Zucc.

Korea, Gangwon-do, Mt. Bonghwa-san, Yoo 1026 (KWNU); 
Korea, Gangwon-do, Mt. Goyang-san, Lee 15983 (KWNU); Korea, 
Incheon, Is. Seongap-do, Lee et al. 2717 (SNUA)

Mertensia asiatica (Takeda) J.F.Macbr. Japan, Hokkaido, Is. Rebun, Naruhashi 1137 (E)
Myosotis sylvatica Ehrh. ex Hoffm. Korea, Bujeon Plateau, Do and Shim 11914 (SNU); Korea, Bujeon 

Plateau, Do and Shim 11912 (SNU)
Omphalodes krameri Franch. & Sav. Japan, Nagano, Karuizawa, Im et al. 3197 (E)
Symphytum officinale L. Korea, Busan, Kwon et al. s.n. (KHUS); Poland, Wigry, Wiśniewski 

and Frouekiroz? s.n. (UPS) 
Thyrocarpus glochidiatus Maxim. Korea, Incheon, Is. Daecheong-do, Park et al. s.n. (KH)
Trigonotis icumae (Maxim.) Makino Korea, Geyungsangbuk-do, Mt. Geumma-san, Chung et al. 

ANH0410073 (KH); Korea, Geyungsangbuk-do, Mt. Palgong-san, 
Ahn b-14926 (SKKU)

Trigonotis radicans Steven var. sericea 
(Maxim.) Riedl

Korea, Gyungsangbuk-do, Mt. Gaya-san, Park and Jeong s.n. (KH)

Trigonotis peduncularis
(Trevir.) Steven ex Palib.

Korea, Is. Jeju-do, Yoo 56843 (KWNU); Korea, Gyungsangbuk-do, 
Is. Ulleung-do, Do and Shim 11861 (SNU)

Appendix Sources of the fruit material.

?: uncertain voucher information
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Notes on African Dalbergia (Leguminosae – 
Papilionoideae) with the description of two new 
species from Atlantic Central Africa
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The pantropical genus Dalbergia L.f. (Leguminosae-Papilionoideae) includes 60–70 
species in tropical Africa, the taxonomy of which is often confused. In the context of its 
treatment for the Flore du Gabon, two new species are described and several taxonomic 
problems are clarified. Dalbergia micheliana De Wild. is reinstated as distinct from D. 
bakeri Welw. ex Baker, and D. gilletii De Wild. is reinstated as distinct from D. hostilis 
Benth. Dalbergia monetaria L.f., previously considered to be an amphiatlantic species, 
is shown to be strictly Neotropical. African collections formerly referred to D. monetaria 
belong to three different taxa: the widespread Central African D. pachycarpa (De Wild. & 
T.Durand) Uhlbr. ex De Wild. and two new species, D. semiapplanata O.Lachenaud and 
D. xylocarpa O.Lachenaud.
1Jardin Botanique Meise, Domein van Bouchout, 1860 Meise, Belgique
2Herbarium et Bibliothèque de Botanique africaine, C.P. 169, Université Libre de 
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.

Introduction
Dalbergia L.f. is a large pantropical genus of 
Leguminosae – Papilionoideae, with about 250 
species worldwide (Klitgaard & Lavin 2005). 
It includes woody climbers, shrubs and trees, 
some of which are valuable timber species 
such as Indian rosewood D. latifolia Roxb., or 
African blackwood D. melanoxylon Guill. & 
Perr. They are found in a variety of habitats, 
mostly along forest edges and in riverine 
vegetation, but also in savanna, mature forest, 
and mangroves.

The main characters of the genus are 
indehiscent pods with 1–2(–3) seeds, basifixed 
anthers, flowers with a pair of bracteoles at 
the apex of the pedicel, calyx usually with 
5 teeth (rarely truncate), and imparipinnate 
(or rarely unifoliolate) leaves with alternate 
leaflets and no stipels. The arrangement of 
the stamens, usually a constant character in 
Papilionoid genera, is remarkably variable in 
Dalbergia, their number varying from 9 to 
10 and their disposition from monadelphous 
to diadelphous (in two bundles of five each) 
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or even triadelphous (in two bundles of four, 
plus one free). The shape of the pods is also 
quite variable: most of the species have thin 
samaroid pods adapted to wind dispersal, but 
some have thickened and more or less woody 
pods that are usually water-dispersed. This 
character was formerly used to separate two 
genera, Dalbergia sensu stricto with samaroid 
pods and Ecastaphyllum P.Browne with 
thickened pods (e.g. Baker 1871; Hutchinson 
& Dalziel 1928), but this separation proved 
untenable, and all recent authors have adopted 
a broad circumscription of Dalbergia, with 
Ecastaphyllum at most recognized as a section 
(Pellegrin 1949; Cronquist 1954; Hepper 1958; 
Sousa 1966; Polhill 1971; Carvalho 1997; 
Klitgaard & Lavin 2005; Lock 2007).

The genus has traditionally been placed in 
tribe Dalbergieae (Bentham 1860; Hutchinson 
& Dalziel 1928; Baker 1929; Cronquist 1954; 
Hepper 1958; Polhill 1971; Lock 2007). 
Dalbergieae has recently been enlarged 
to include the former Aeschynomeneae, 
Adesmieae, and Desmodieae subtr. Bryinae 
(Klitgaard & Lavin 2005). Phylogenetic 
relationships within this group are not 
fully resolved, but a recent molecular study 
(Vatanparast et al. 2013) confirms that 
Dalbergia is monophyletic. This study also 
suggests that the infrageneric classification 
needs revision: sect. Ecastaphyllum 
(P.Browne) Thoth., sect. Triptolemea (Mart. ex 
Benth.) Benth. and sect. Dalbergaria Prain all 
appear to be monophyletic, but deeply nested 
within sect. Dalbergia. This is not a major 
surprise, since the latter section is quite diverse 
morphologically.

Dalbergia includes an estimated 60–70 
species in continental Africa (Klitgaard & 
Lavin 2005). Their taxonomy is rather 
confused, and no recent revision exists for 
the continent as a whole. Regional treatments 
are available for the Democratic Republic of 
Congo, Rwanda and Burundi (Cronquist 1954), 
West Africa (Hepper 1958), Angola (Sousa 
1966), Eastern Africa (Polhill 1971), Ethiopia 
and Eritrea (Thulin 1989), Somalia (Thulin 

1993), the Zambesian region (Lock 2007) and 
Equatorial Guinea (de la Estrella et al. 2010), 
but some of them, the first in particular, need 
updating. Two of the large Central African 
countries, Cameroon and Gabon, remain badly 
known: the only reference for Gabon is a now 
outdated account by Pellegrin (1949), while 
only the western part of Cameroon is covered 
by the treatment of Hepper (1958) with no 
revision available for the rest of the country.

Recent work on the genus for Flore du 
Gabon, has shown the existence of several 
new species, and uncovered some taxonomic 
confusions. Three issues are discussed in 
this paper: the circumscriptions of Dalbergia 
bakeri Welw. ex Baker and D. hostilis 
Benth., and the identity of African specimens 
previously referred to D. monetaria L.f. Two 
species sunk into synonymy by previous 
authors are reinstated: D. micheliana De Wild. 
is distinct from D. bakeri, and D. gilletii De 
Wild. is different from D. hostilis. We also 
show that D. monetaria is a strictly Neotropical 
species, and that African collections formerly 
confused with it belong to three different 
taxa: the widespread Central African species 
D. pachycarpa (De Wild. & T.Durand) Uhlbr. 
ex De Wild., and two species here described 
as new, D. semiapplanata O.Lachenaud and D. 
xylocarpa O.Lachenaud.

Material and methods
This paper is based on herbarium collections 
from BR, BRLU, P and WAG. Type specimens 
from other herbaria were consulted online. The 
dimensions given in the descriptions refer to 
dry material.

Taxonomic treatment
Specimens are cited by country, collector 
and number. All cited specimens have 
been seen, unless otherwise specified. The 
following abbreviations are used: D.R.Congo 
for Democratic Republic of Congo; fl. for 
flowering; fl.b. for flower buds; fr. for fruits; fr. 
imm. for immature fruits; and st. for sterile.
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1. Dalbergia bakeri and D. micheliana 
two distinct species
The name Dalbergia bakeri Welw. ex Baker 
was first published by Baker (1871) based on a 
plant collected in Angola by Welwitsch. Baker 
also cited a second specimen collected by Mann 
in Cameroon, but noted that it was deviant in 
some characters; indeed, this collection, Mann 
2172, was later described by Hutchinson & 
Dalziel (1928) as a new species, D. oligophylla 
Baker ex Hutch. & Dalziel, of which the 
validity has not since been questioned.

However, subsequent authors (Baker 1929; 
Cronquist 1954; Sousa 1966) have used the 
name D. bakeri for two clearly different, 
though closely related, taxa. One of them 
corresponds to D. bakeri sensu stricto; the 
other corresponds to D. micheliana De Wild., 
which Baker (1929) and Cronquist (1954) 
erroneously treated as a synonym of D. bakeri. 
Sousa (1966) recognized the existence of two 
taxa, but treated them as varieties: var. bakeri 
and var. acutifoliolata E.P.Sousa, the latter 
being synonymous with D. micheliana.

Dalbergia bakeri and D. micheliana form, 
together with D. oligophylla and D. florifera 
De Wild., a group of closely related species. 
They share narrowly ellipsoid and samaroid 
pods, glabrous ovaries, stamens in two bundles 
of five, short inflorescences, calyx truncate or 
with five subequal triangular teeth, and a scent 
of fenugreek in all their parts — this scent 
is particularly intense in D. micheliana and 
D. oligophylla, while in the two other species 
it is sometimes difficult to detect in dried 
specimens. The differences between these four 
species are shown in Table 1. Cronquist (1954) 
already noted that D. florifera was closely 
related to D. bakeri, and suggested that they 
might be synonymous, but provisionally kept 
them as distinct. A detailed examination of 
the material confirms that they are separate 
species.

Pellegrin (1949: 191) surprisingly 
included Dalbergia pluriflora Baker f. in the 
synonymy of D. bakeri. The first author has 

seen photographs of two of the syntypes of 
D. pluriflora (Gossweiler 8788, BM & 8795, K, 
both from Angola) and they clearly represent 
D. grandibracteata De Wild. The latter species 
resembles D. bakeri, e.g. in the shape of the 
leaflets, but differs by the longer spreading 
pubescence and the broader and persistent 
bracts and stipules.

Dalbergia bakeri Welw. ex Baker
Flora of Tropical Africa, vol. 2: 235 (1871). – 
Amerimnon bakeri (Welw. ex Baker) Kuntze, 
Revis. Gen. Pl., vol. 1: 159 (1891). – Type: Angola, 
Golungo Alto, ad rivulum Delamboa, fl. January 
1856, Welwitsch 1882 (lecto- designated here, LISU! 
[LISU209229], iso- BM! [BM000838341], K! 
[K000379234], LISU! [LISU209230, LISU209231], 
M! [M0233941, M0233942], P!).

Shrub or liana, 1.5–5 m high, up to 10 m long; 
spines and circinate twigs absent; dried plant 
with a slight smell of fenugreek. Twigs pubescent 
with short patent or appressed hairs; older stems 
blackish to dark grey, with paler lenticels (these 
sometimes inconspicuous). Stipules falciform, 
6–8 x 1.5–2 mm, shortly appressed-hairy, very 
early caducous. Leaves imparipinnate; rhachis 
2–7.6 cm, pubescent with same indumentum 
as the twigs; petiolules 1–3 mm; leaflets 5–9, 
elliptic to obovate, asymmetrical especially 
the lower ones, acute to obtuse at base, obtuse 
to acuminate at apex, unequal in size, the 
upper ones 2.1–7.7 x 1.4–3.4 cm, the lower ones 
smaller, 0.7–2.9 x 0.6–1.7 cm, sparsely appressed 
pubescent with short strigillose hairs on both 
sides, drying brownish with the undersurface 
distinctly glaucous; lateral nerves 4–8 on each 
side of the midrib, very inconspicuous; tertiary 
venation not or hardly distinct. Inflorescences 
axillary and sometimes also terminal, on both 
leafy and leafless stems, shortly paniculate 
with racemose and unilateral branches, 1–5 cm 
long, densely and shortly pubescent. Flowering 
pedicels 1–5 mm long, pubescent. Bracts 
shortly elliptic, c. 0.8 x 0.6 mm, appressed-
pubescent outside, early caducous. Bracteoles 
broadly elliptic and rounded at apex, 0.8–1.2 
x 0.6–0.8 mm, appressed-pubescent outside, 
persistent after anthesis. Calyx pale green, 
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2.5–4 mm long x 2–3.5 mm wide, appressed-
pubescent outside, truncate or with very short, 
obtusely triangular lobes. Corolla white. 
Standard 7–8 mm long, abruptly bent upwards 
at a right angle, with claw 3–4 mm long abruptly 
to gradually expanding into an obovate or 
broader than long lamina 4–4.5 x 4.5–6 mm. 
Wings 7–8.5 mm long, with claw 2.5–3.5 mm 
and lamina asymmetrically elliptic, 4.5–5 x 2–3 
mm, shortly auriculate or truncate at base. Keel 
petals c. 7 mm long, slightly curved, with claw 
3–3.3 mm long and lamina 4.3–4.5 x 1.7–2.3 
mm, slightly auriculate at base. Stamens in 
two bundles of five each; filaments 5.5–6 mm 
long, connate for 4/5 of their length and curved 
upwards in their free part. Ovary glabrous 
(rarely pubescent on the margins), c. 2.5 x 
0.5 mm, with slender stipe 4 mm long; style 
linear, 1.7 mm long, abruptly bent upwards at 
base; stigma minutely punctiform. Pods thinly 
papyraceous and flattened, narrowly ellipsoid, 
4.3–8 x 1.2–2 cm, glabrous and reticulate all 
over; pedicel 1–2 mm, stipe 6–8 mm; seeds 
1(–2) per fruit, reniform and flattened, c.8 x 3 
mm. – Fig. 1.
Distribution. A Central African species, wide-
spread and locally common from Equatorial 
Guinea (Rio Muni) to northern Angola, mostly 
in littoral regions (Fig. 3). Not yet collected in 
Cameroon, but may occur in the extreme south 
of the country.
Ecology. The species is particularly frequent 
in dry coastal thickets on white sand. It also 
occurs inland along forest-savanna edges, in 
low riparian forests along the Congo and its 
tributaries, and sometimes in low open ridge 
forest on hill tops, up to 1000 m in the Bélinga 
mountains (Gabon).
Phenology. Flowers from September to 
February; fruits from November to February.
Notes. Collections from coastal areas usually 
have obtuse leaflets and long flowering 
pedicels, while those from inland areas tend 
to have acute leaflets and shorter pedicels. 
However, these differences are not clear-cut, 
and intermediates occur; obtuse and acute 
leaflets may even be found on the same plant.

A collection from D.R.Congo, Compère 
1413, is atypical in having half-erect (not 
strongly appressed) hairs on both sides of the 
leaves, and the ovary sparsely pubescent on the 
margins. We are referring it to D. bakeri since 
the other characters match that species well.

Although Baker (1871) does not cite the 
collection number of the type specimen, he 
obviously refers to Welwitsch 1882, the only 
gathering of this species made by Welwitsch. 
This specimen includes at least eight sheets 
in different herbaria; one of the sheets from 
LISU, which has the best flowering material, is 
here selected as the lectotype.

The two specimens seen from Equatorial 
Guinea are sterile, but match D. bakeri very 
well. Two other collections from that country 
are cited by de la Estrella et al. (2010), but both 
are misidentified: Lisowski M-542 is a sterile 
specimen probably belonging to D. crispa 
Hepper; Carvalho 5706 differs from D. bakeri 
in the hairy fruits and glabrous upper side of 
the lamina, and presumably represents a new 
species, which cannot yet be described in the 
absence of flowers.

The flowers of D. bakeri are visited by 
honeybees (Wieringa et al. 5988).

Material studied
Equatorial	 Guinea	 (Rio	 Muni): Ndote Sud, près 
de Etembue, st. 1 September 1997, Lisowski M-1106 
(BRLU); inselberg de Mungum, st. 22 May 2002, 
Parmentier & Esono 3350 (BRLU).
Gabon: Gamba, st. 22 July 1998, Breteler et al. 
14442 (BR, WAG); near beach, S of Gamba, fl. & 
fr. imm. 6 November 1998, Breteler et al. 14592 
(BR, WAG); Pont Dick, 3.6 km SW of Gamba 
airport, fl. 29 November 1994, J.J.F.E. de Wilde & 
de Wilde-Bakhuizen 11238 (BRLU, WAG); 15 km 
from Gamba airport, along road to Mayonami., fl. 
& fr. imm. 30 November 1994, J.J.F.E. de Wilde & 
de Wilde-Bakhuizen 11250 (BRLU, WAG); Gamba, 
fl. 18 December 1993, Haegens & van der Burgt 
153 (WAG); Bélinga, fl. 9 November 1964, N. Hallé 
3088 (P); Environs de Libreville, fl. 23 November 
1898, Klaine 1422 (P); Environs de Libreville, fl. 18 
December 1900, Klaine 2050 (P); Rive gauche de 
l’Igombiné en face de Foulenzem Makok, st. 8 March 
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2011, Lachenaud et al. 1229 (BR, LBV); Mayumba, 
fl. October 1914, Le Testu 1808 (P); Libreville – Cap 
Esterias, near Malibé, fl. & fr. November 1987, A.M. 
Louis et al. 2604 (WAG); About 6 km NE of Malibé, 
fl. (fallen) 20 December 1986, J.M. & B. Reitsma 2752 
(WAG); Pélé Mountains, st. 10 April 2009, Sosef et al. 
2732 A (WAG); Gamba, laterite road to Pont Dick, fl. 
12 November 1995, van Bergen & van den Houten 
92 (WAG); Gamba, approx. 1 km NW of SHELL 
terminal, fr. 15 January 1998, van Proosdij 48 (WAG); 
Lopé Reserve, fl. & fr. 20 December 1992, White L.J.T. 
664 (WAG); c.45 km on road Alèmbé to Lopé, fl. & fr. 
18 January 2008, Wieringa et al. 5988 (BR, WAG).
Congo (Brazzaville): Sounda, fl. & fr. 9 February 
1987, de Foresta 1282 (P); Plaine du Kouilou, 
littoral, fl. 19 January 1988, de Foresta 1538 (P); 
Parc National Conkouati Douli, proche de la côte et 
de la frontière gabonaise, fr. imm. 1 December 2011, 
Kami et al. 1305 (WAG); along coast NW of Pointe 
Noire, near village Tchilonga, fl. (fallen) 2 December 
2011, Kami et al. 1328 (WAG); bowé de Missanda 
et Mboumba, 8 km de Kouyi, fr. 9 January 1989, 
Kimpouni 712 (BRLU); Bas Kouilou, fr. 12 January 
1989, Kimpouni 925 (BRLU); Kitabi, fl. 1 January 
1894, Lecomte B 101 (P).
D.R.Congo: Mpozo (Matadi), fl. January 1955, 
Callens 4699 (BR); Gombe Lutete, rivière Tombe, fr. 
22 January 1960, Compère 1265 (BR); Kindompolo 
(terr. Madimba), fl. & fr. 9 February 1960, Compère 
1413 (BR); Matadi, fl. 10 January 1933, Dacrémont 
368 (BR); Matadi, fl. 10 February 1933, Dacrémont 
397 (BR); Ndjili-Brasserie, fl. 12 February 1965, 
Evrard 6664 (BR); Matadi, fr. February 1904, Laurent 
E. & M. s.n. (BR); Luki, vallée de la Kinkoko, fl. 3 
February 1950, Maudoux 302 (BR); Nyololo, st. 
11 October 1980, Nsimundele 733 (BR); Sanda, fl. 
January 1904, Oddon in Gillet 3615 (BR); Sanda, fr. 
1904, Oddon in Gillet 3708 (BR); route qui va vers le 
fleuve depuis le poste d’Inga, fl. 14 September 1958, 
Wagemans 2019 (BR).
Angola: Golungo Alto, ad rivulum Delamboa, fl. 
January 1856, Welwitsch 1882 (BM, K, LISU, M, P).

Dalbergia micheliana De Wild.
Ann. Mus. Congo, Bot., ser. V, 1: 148 (1904). – Type: 
D.R.Congo, no locality or date, Dewèvre s.n. (holo- 
BR! [BR000000894092]).
Dalbergia foenum-graecum De Wild., Ann. Mus. 
Congo, Bot., ser. V, 3: 210 (1910) – Type: D.R.Congo, 
Eala, fl. 1 February 1907, Pynaert 1071 (lecto- 
designated here, BR! [BR000000894061]; isolecto- 
BR! [BR000000894028, BR000000894091]).

Dalbergia bakeri var. acutifoliolata E.P.Sousa, 
Conspectus Florae Angolensis, Vol. III (2): 351 
(1966) – Syntypes: Angola, Malange, fl. 1903, 
d’Almeida s.n. (LISC!); Angola, rio Camassaio, fl. & 
fr. 1903–1904, Gossweiler 1345 & 1349 (P!, BM & 
K n.v.); Malange, fl. May 1938, von Nolde 744 (BR!, 
BM & COI n.v.).

Sarmentose shrub or liana, 3–10 m high; 
spines and circinate twigs absent; dried plant 
with a very strong aromatic scent of fenugreek. 
Twigs pubescent with short strigillose hairs, 
glabrescent; older stems grey to pale brown, 
longitudinally striate, with paler lenticels. 
Stipules elliptic to narrowly lanceolate, acute, 
4.5–17 x 1.5 mm, shortly appressed-hairy, 
very early caducous. Leaves imparipinnate; 
rhachis 2.8–15.5 cm, pubescent; petiolules 
3–8 mm; leaflets 4–8, elliptic, the lower 
ones often slightly asymmetrical, the upper 
ones symmetrical, acute to obtuse at base, 
acuminate at apex, unequal in size, the 
upper ones (3.9–)5–13.4 x (1.6)2.4–4.8 cm, 
the lower ones smaller, 2.2–5 x 1.8–3 cm, 
sparsely appressed-pubescent with short 
strigillose hairs on both sides, drying olive 
brown to blackish with the undersurface 
distinctly glaucous (or coppery on young 
leaves); lateral nerves 6–9 on each side of the 
midrib, only slightly more prominent than 
tertiary veins; tertiary venation reticulate 
and apparent beneath. Inflorescences axillary 
and sometimes also terminal, on both leafy 
and leafless stems, shortly paniculate with 
racemose and unilateral branches, 1.5–3.8 
cm long, densely pubescent with short brown 
hairs. Flowering pedicels 1.5–3 mm long, 
pubescent. Bracts shortly ovate, c. 1 x 0.6 mm, 
appressed-pubescent outside, early caducous. 
Bracteoles broadly elliptic, rounded at apex, 
1–1.5 x 0.8–1 mm, appressed-pubescent 
outside, persistent at anthesis or not. Calyx 
pale green, 3–4 mm long x 2.5–3.5 mm wide, 
densely appressed-pubescent with golden-
brown hairs outside, divided for 1/5 to 1/3 of 
its length into five subequal, acutely triangular 
lobes 0.5–1.3 mm long. Corolla white. Standard 
5–6.5 mm long, abruptly bent upwards at a 
right angle, with claw 2–3 mm long abruptly 
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Fig. 1. Dalbergia bakeri. A, flowering twig. B, fruiting twig. C, detail of upper leaf surface. D, detail of lower 
leaf surface. E, flower. F, standard. G, wing. H, keel petal. I, section of flower with petals removed, showing 
ovary and stamens. J, fruit. From Wieringa et al. 5988 (A, C–I), Compère 1265 (B, J)
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Fig. 2. Dalbergia micheliana. A, flowering twig. B, detail of lower leaf surface. C, flower. D, standard. E, wing. 
F, keel petal. G, fruit. From Dowsett-Lemaire 1624 (A, C–F), Wieringa & van de Poll 1539 (B, G).
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D. bakeri D. florifera D. micheliana D. oligophylla

Leaflets asymmetrical, 
especially the 
lower ones

asymmetrical, 
especially the
lower ones
(upper ones not
or slightly so)

symmetrical, or the 
lower ones slightly 
asymmetrical

symmetrical or nearly 
so

Petiolules 1–3 mm 2–4 mm 3–8 mm 2.5–4 mm
Indumentum 
of leaflets 
above

persistent, minute 
appressed hairs

glabrous (or with 
very sparse hairs 
when young)

persistent, minute 
appressed hairs

glabrous (or with very 
sparse hairs when 
young)

Tertiary 
veins

invisible or very 
lax

conspicuously 
reticulate, rather 
dense

conspicuously 
reticulate, rather 
dense

conspicuously 
reticulate and dense

Lower side 
of leaflets

glaucous not glaucous (or 
very slightly so)

glaucous (except 
on young leaves)

not glaucous

Calyx teeth very short and 
obtuse,	or	absent	
(calyx truncate)

acute, 0.8–1 mm acute, 0.5–1.3 mm acute, 0.7–1.2 mm

Bracteoles broad, 0.8–1.2 x 
0.6–0.8 mm

narrow, c. 0.8 x 0.3 
mm

broad, 1–1.5 x 
0.8–1 mm

narrow, c. 1.2 x 0.3 
mm

Standard 7–8 mm, limb 
broader than long 

c. 5 mm, limb 
broader than long

4–6.5 mm, limb 
broader than long

c.9 mm, limb longer 
than broad

Keel c. 7 mm, about as 
long as standard

c.5 mm, about as 
long as standard

5.5–6.5 mm, about 
as long as standard

c.7.5	mm,	distinctly	
shorter than 
standard

Altitudinal 
range

lowland to 
submontane
(0–1000 m)

lowland lowland to 
submontane
(c. 300–1120 m)

montane
(1700–3200 m)

Distribution Rio Muni to 
Angola

Congo(Brazzaville) 
and D.R.Congo

Rio Muni to 
Angola

SW Cameroon and 
Equatorial Guinea 
(Bioko)

expanding into a broadly suborbicular lamina 
3–3.5 x 4–5.5mm. Wings 5.5–7 mm long, 
with claw 2.8–3 mm and lamina broadly and 
asymmetrically elliptic, 2.7–4 x 1.7–2.5 mm, 
slightly auriculate at base. Keel petals 5.5–6.5 
mm long, strongly curved, with claw 2.8–3 
mm long and lamina 3–4 x 1.7–2 mm, strongly 
auriculate at base. Stamens in two bundles of 
five each, with filaments c. 6 mm long, connate 
for 4/5 of their length and curved upwards in 
their free part. Ovary glabrous, c. 3 x 0.8 mm, 
with slender stipe 3.5 mm long; style linear, 
1.5 mm long, abruptly bent upwards at base; 
stigma minutely punctiform. Pods thinly 
papyraceous and flattened, narrowly ellipsoid, 

5.6–9.6 x 1.5–2.5 cm, glabrous and reticulate 
all over; pedicel 1.5–2 mm, stipe 5–8 mm; 
seeds 1–3 per fruit, reniform and flattened, c.8 
x 3 mm. – Fig. 2.

Distribution. A Central African species, 
widespread and locally common from 
Equatorial Guinea to north-eastern Angola, 
with a more inland range than D. bakeri (Fig. 3). 
Although not yet collected in Cameroon, it 
might be expected in the south of the country.

Ecology. The species occurs in savannas, 
thickets, gallery forest, dry forest on Kalahari 
sand, and edges of low forest on inselbergs, 
from c. 300 to 1120 m in altitude.

Table 1. Differences between the species in the Dalbergia bakeri group. Diagnostic characters are in bold.
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Phenology. Flowers collected in January–
February, April, June–July and September, 
probably most of the year; fruits in February, 
July to September, and November.
Local names. Kiyaka: Ikoyo (Germain 2479). 
Kundu: Bofote (Germain 1924).
Notes. Specimens of D. micheliana with young 
leaves, including the type of the species, have a 
coppery sheen on the leaflets below (due to the 
indumentum) and therefore look different from 
the specimens with adult leaves, which have 
the leaflets dull and glaucous below.

Dalbergia micheliana was originally 
described in De Wildeman (1904: 148), not De 
Wildeman (1907: 152) as reported by Cronquist 
(1954).

The type collection of D. foenum-graecum 
includes three sheets; the most representative 
is here selected as the lectotype. D. foenum-
graecum was placed in synonymy with 
D. bakeri by Cronquist (1954).

We have not chosen a lectotype for D. bakeri 
var. acutifoliolata since not all of the syntype 
specimens have been seen.

Material studied
Equatorial	Guinea	(Rio	Muni): inselberg d’Akuom, 
à 25 km d’Anisok, st. 23 January 2003, Deman & 
Esono 172 (BRLU); Parc National de Monte Alen, 5 
km au NO de Engong, fl.b. 21 January 1999, Lejoly 
99/452 (BRLU).

Gabon: Plateaux Batéké National Park, Station 
Projet Protection des Gorilles, West bank of Mpassa 
River, fl.b. 26 February 2003, Niangadouma & 
Walters 140 (WAG); à 1 km du camp PPG, fl. 24 
January 2004, Niangadouma et al. 366 (WAG); 
Batéké Plateau, Station of the Projet de Protection 
des Gorilles, fr. 21 November 2001, Walters et al. 
895 (BR, WAG); Mbiari River next to Ekouyi-
Mboma village, fl. & fr. 26 September 2007, Walters 
& Vande Weghe 1967 (WAG); Lékoni, near town, fr. 
30 August 1992, Wieringa & van de Poll 1539 (BR, 
WAG).
Congo (Brazzaville): Osika, fl. 19–23 June 1903, de 
Brazza 92 (P); à 18 km de Gamboma sur la route de 
Baya, fr. imm. 6 June 1961, Descoings 7012 (P); Parc 
National d’Odzala, fl. 7 February 1994, Dowsett-
Lemaire 1624 (BR); Parc National d’Odzala, 
environs de la saline Mbouébé, fl. 14 April 1995, 
Kouka 231 (BRLU); Parc National d’Odzala, savane 
camp Ikouélé, fl.b. 1 May 1991, Kouka 519 (BRLU); 
Parc National d’Odzala, camp Mboko, fl. & fr. 6 
February 1994, Lisowski C-307 (BRLU) & C-621 
(BRLU); Parc National d’Odzala, camp Mboko, fl.b. 
3 February 1994, Lisowski C-911 (BRLU); Zanaga 
Project, village Moutiene (Lebayi), au nord-est, fl.b. 
29 May 2010, M’Boungou et al. 183 (P, WAG).
D.R.Congo: route Imbella – Kimvula, fr. 20 July 
1975, Breyne 2617 (BR); Muniungu, fl. July 1954, 
Callens 4618 (BR); Kinkosi, fl. 17 February 1960, 
Compère 1579 (BR); Luwombo – Panzi – Kwango, 
fl. 6 June 1955, Devred 1957 (BR); Malwalti – Kenge 
– Kwango, fr. 29 August 1955, Devred 2504 (BR); 
Coquilhatville [=Mbandaka], fl.b. January 1896, 
Dewèvre 656 (BR); s.loc., fl. s.d., Dewèvre s.n. 
(BR); Eala, fl.b. 9 February 1944, Germain 1924 
(BR); entre Kwango-Wamba, village Musanga, fr. 

Fig. 3. Distribution of Dalbergia bakeri (filled circles) and D. micheliana (empty circles).
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30 July 1944, Germain 2479 (BR); entre Selenge 
et Lukolela, fl. July 1925, Goossens 5097 (BR); 
Bokuma, fl. 22 January 1948, Hulstaert 692 (BR); 
Nselesa, fr. 19 August 1951, Jans 908 (BR); Nselesa, 
st. 29 February 1955, Jans 1055 (BR); Eala, fl. 1 
February 1907, Pynaert 1071 (BR); Popo – Kasongo 
Lunda, fl. (fallen) 1925–26, Vanderyst 17359 (BR).
Angola: Malange, fl. 1903, d’Almeida s.n. (LISC); 
District de Malange [rio Camassaio, according to 
Sousa 1966], fl. & fr. 1903–04, Gossweiler 1345 & 
1349 (P); entre Matete e Duque de Bragança, fr. 17 
July 1970, Raimundo et al. 331 (BR); Quela, fl. May 
1938, von Nolde 744 (BR).

2. Dalbergia hostilis and D. gilletii   
two different species
Bentham (1860) published Dalbergia hostilis 
Benth. based on a collection from Nigeria, and 
gave a quite accurate description, mentioning 
the essential characters of the species, such 
as the presence of axillary spines, the dense 
venation of the leaflets, the very small flowers, 
and the androecium with nine monadelphous 
stamens. Baker (1871), Hutchinson & Dalziel 
(1928) and Pellegrin (1948) used the name for 
plants closely matching the type collection. 
Cronquist (1954) adopted a broad delimitation 
of the species and included D. gilletii De 
Wild. as a synonym, although the latter has 
stamens in two bundles of five; his concept was 
followed by subsequent authors (Hepper 1958; 
Sousa 1966).

A reexamination of the material shows 
that D. hostilis and D. gilletii are clearly 
distinct species, which differ not only in the 
arrangement of the stamens but also in several 
other characters (Table 2). The illustration 
of D. hostilis in Cronquist (1954) actually 
represents D. gilletii. The two species are 
presumably closely related to each other, since 
they have many characteristics in common: 
ellipsoid samaroid pods, axillary spines on the 
old wood (though it is not clear whether these 
are always present), symmetrical leaflets with 
rounded or emarginate apex, broadly paniculate 
inflorescences with the flowers more or less 
crowded towards the apex of the branches, a 
calyx with five elliptic and slightly unequal 

lobes, a style scarcely differentiated from 
the ovary and ending in an obliquely laminar 
stigma, and a similar corolla morphology, 
with the wings provided with a callosity inside 
at their upper margin (Figs 4G, 5F) and the 
keel petals nearly straight with a pocket-like 
structure on the upper margin (obviously 
resulting from the impression of the wing’s 
callosity; Figs 4H, 5G). Dalbergia gilbertii 
Cronquist also shares most of these characters, 
except for the style, which is slender and well 
differentiated from the ovary. The differences 
between the three species are shown in Table 2.

A fourth species of this group is represented 
by the collections Schmitz 2306, 2469 and 2508 
(all BR) from Katanga (D.R.Congo), which 
were cited by Cronquist (1954) partly under 
D. hostilis and partly under D. melanoxylon 
Guill. & Perr. This new taxon is very close to 
D. gilbertii in floral characters, but has smaller 
and more numerous leaflets as in D. hostilis. 
It is geographically well separated from its 
relatives (none of which occurs in Katanga), 
and it will be described elsewhere.

The African blackwood D. melanoxylon 
may be confused with D. hostilis and its 
relatives, but differs in the grey-white bark, 
and in the spines formed by the apex of the 
twigs (rather than axillary on the old wood). 
Although widespread in dry regions of tropical 
Africa, D. melanoxylon only marginally 
reaches D.R.Congo, where it has been collected 
a single time in the northeast of the country 
(Germain 4194, BR). Three other collections 
from D.R.Congo cited by Cronquist (1954) are 
misidentified: Gillardin 254 and Matagne 317 
are D. gilletii, while Schmitz 2306 belongs to 
the new species discussed above.

Dalbergia gilletii De Wild.
Ann. Mus. Congo, Bot., ser. V, 2: 265 (1906) – Type: 
D.R.Congo, Kimuenza, fl. March 1901, Gillet 2084 
(lecto- designated here, BR! [BR000000894097]; 
isolecto- BR! [BR000000894031]).
Dalbergia djalonensis A.Chev., Exploration 
Botanique de l’Afrique Occidentale Française 1: 210 
(1920), nom. nud.
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Woody liana or shrub, up to 5 m high and 20 
m long, with trunk up to 10 cm in diameter, 
usually armed with strong spines 0.7–4 cm 
long on the trunk and the older stems (usually 
below the leaves); circinate twigs often present. 
Twigs shortly pubescent or glabrous; older 
stems dark brown to reddish-brown with 
pale lenticels (these not always conspicuous). 
Stipules very early caducous, not seen. 
Leaves imparipinnate; rhachis (2.2–)2.9–15.6 
cm, pubescent or glabrous; petiolules 0.5–3 
mm; leaflets (7–)11–32, elliptic to obovate, 
symmetrical or nearly so, acute to rounded at 
base, broadly rounded or emarginate with two 
rounded lobes at apex, the upper ones 0.9–5 
x 0.4–2.5 cm, the lower ones slightly smaller, 
0.4–3.4 x 0.2–2 cm, entirely glabrous to 
densely hairy on both sides (the hairs 0.2–0.7 
mm long, varying from dense and crisped 
to sparse and straight), drying olive green to 
dark brown; lateral nerves 6–8, inconspicuous 
and hardly distinct from the tertiary veins; 
tertiary venation inconspicuous to densely 
reticulate (but usually laxer than in D. 
hostilis). Inflorescences terminal or axillary, 
sometimes on leafless stems, paniculate and 
many-flowered, (2.5–)4–45 cm long, densely 
pubescent with golden-brown hairs. Flowering 
pedicels 0–2 mm long, pubescent. Bracts shortly 
elliptic, c. 1–1.2 x 0.3–0.5 mm, pubescent 
outside, the lower ones caducous, the upper 
ones usually persistent at anthesis. Bracteoles 
broadly elliptic to orbicular, rounded at apex, 
0.5–1 x 0.5–1 mm, pubescent outside, persistent 
at anthesis or not. Calyx pale green, 2.3–4 mm 
long x 1.5–2 mm wide, sparsely pubescent to 
nearly glabrous outside, divided into five more 
or less unequal lobes; upper lobes connate at 
base, elliptic and rounded at apex, 1–1.2 mm 
long; lateral lobes elliptic and rounded at apex, 
0.8–1 mm; lower lobe longer and usually acute 
at apex, 1.2–1.7 mm long. Corolla white, rarely 
violet (see Notes). Standard 3–6 x 2.2–4 mm, 
obovate, longitudinally plicate and slightly 
bent upwards, slightly bilobed at apex and 
gradually attenuate at base; claw absent or 
very short, < 0.8 mm long. Wings 2.8–4.7 x 

0.8–1.2 mm, with claw 0.5–1 mm and lamina 
more or less rectangular, 2–3.3 x 0.8–1.2 mm, 
more or less truncate at base, with a callosity 
inside on their upper margin. Keel petals 
2.7–4.3 x 1–1.7 mm, almost straight, with claw 
0.7–1 mm long and lamina 2–3.3 x 1–1.7 mm, 
shortly auriculate at base and provided with a 
pocket-like structure on their upper margin. 
Stamens in two bundles of five each, with 
filaments 2–4 mm long, connate for 2/3 to 3/4 
of their length and curved upwards in their 
free part. Ovary glabrous (or with hairs on the 
stipe only), 1.5–2 x 0.5 mm, with basal stipe 
1–1.2 mm long, and apex gradually tapering 
into a short thick style 0.5–1 mm long; stigma 
obliquely laminate. Pods thinly papyraceous 
and flattened, narrowly ellipsoid, (2.4–)2.8–7 
x 0.7–1.9 cm, acute to rounded at base, obtuse 
to rounded at apex, glabrous and prominently 
reticulate especially over the seed cavity, the 
latter slightly convex on both sides and not 
markedly different from the rest of the pod in 
texture; pedicel 1–2 mm, stipe 2–4 mm; seeds 
1–2 per fruit, reniform and flattened, c.5 x 3 
mm. – Fig. 4.
Distribution. A widespread Guineo-Congolian 
species, with a disjunct range in three main 
areas: Senegal to Sierra Leone, central Togo 
(to be expected also in adjacent Ghana and 
Benin), and eastern Nigeria to northern Angola 
(Fig. 6).
Ecology. D. gilletii occurs in the same habitats 
as D. hostilis: woodlands, gallery forest, forest 
edges and regrowth, and dry thickets on rocky 
outcrops, from near sea level to 1290 m in 
altitude.
Phenology. The populations north of the 
Equator flower from July to January (mostly 
from October onwards) and produce fruits 
from October to April. The southern 
populations flower from January to June 
(once in September) and produce fruits from 
February to August (once in December).
Local names. Foulah: Bangouignou (Laffitte 
s.n.). Lissongo: Molo-Lamba (Tisserant 
477; this name is also used for D. hostilis). 
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Fig. 4. Dalbergia gilletii. A, flowering twig. B, portion of old stem with spines and a circinate twig. C & D, 
details of lower side of leaflets. E, flower. F, standard. G, wing (inner side). H, keel petal (inner side). I, bundle 
of five stamens. J, ovary. K, fruit. From W.J.J.O. de Wilde & de Wilde-Duyfjes 4609 (A), Breteler 828 (B), 
Breteler 2246 (C, E-J), W.J.J.O. de Wilde & de Wilde-Duyfjes 1405 (D).
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Fig. 5. Dalbergia hostilis. A, flowering twig. B, detail of a leaflet, lower side (with reticulation shown on one 
half and indumentum on the other). C, spine. D, flower. E, standard. F, wing (inner side). G, keel petal (inner 
side). H, stamens. I, ovary. J, fruit. From Breteler 1723 (A-B), Breteler 7188 (C), Jongkind & Nieuwenhuis 2398 
(D–I), Jongkind & Nieuwenhuis 2273 (J).
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Turumbu: Wengenge (J.Louis 10576, 10975), 
Botone bo boliki (J.Louis 11352, 16600), inaolo 
a botone bo boliki (J.Louis 12958). Language 
not recorded: Adue (Doruma, D.R.Congo: 
De Graer 316B); Gaumabinda (Makanza, 
D.R.Congo: De Giorgi 1340); Lubansi lua 
Mboma (M’vuazi, D.R.Congo: Devred 718).
Uses. The juice of the root is used as an internal 
wash against syphilis in D.R.Congo (De Giorgi 
1340). The decoction of the leaves, forming a 
transparent jelly, is given to cattle against 
slimming in Guinea (Laffitte s.n.).
Notes. Dalbergia gilletii is surprisingly 
variable in the size, number, and indumentum 
of the leaflets. The typical form, occurring 
mostly in south-western D.R.Congo (but 
also elsewhere, e.g. Chevalier 14681 from 
Guinea), has rather small leaflets with sparse 
long straight hairs on both sides, the tertiary 
venation usually dense and conspicuous, and 
the flowers rather small (standard petal 3–4 
mm long). On the other hand, specimens from 
the north of the range (and some from the 

Kasaï region in D.R.Congo) usually have larger 
and fewer leaflets, which are either glabrous 
or with a dense short crisped indumentum; 
the tertiary venation of these plants is more 
obscure and the flowers are larger (standard 
4.5–6 mm long). The extremes of each form 
are very distinct, and a case could be made for 
separating two taxa, but some collections are 
transitional, and the morphology of the flowers 
and fruits is very much the same. We therefore 
recognize only one polymorphic species.

The flowers of D. gilletii are usually white; 
a single collection (Germain 2019) is reported 
to have violet flowers. They are variously 
reported as fragrant (Flamigni 8105) or 
scentless (J.Louis 10975).

The type specimen of D. gilletii includes 
two sheets, of which the one annotated by De 
Wildeman is here selected as the lectotype.

The collection Chevalier 14681 from 
Guinea has two sheets, one labelled “Mamou” 
and the other “Kouria et environs”. It is not 

D. gilbertii D. gilletii D. hostilis
Number of leaflets 4–9 (7–)11–32 10–21
Larger leaflets 3.8–8 x 1.8–4.5 cm 0.9–5 x 0.4–2.5 cm 1.1–3.8 x 0.5–1.7 cm
Indumentum of 
leaflets

long sparse hairs 
above (c.1 mm long), 
short straight hairs 
beneath (0.3–0.5 mm)

very variable, glabrous or 
hairy on both sides (hairs 
sparse and straight to dense 
and crisped)

short and very sparse 
strigillose hairs on both 
sides (0.2–0.4 mm)

Tertiary venation densely reticulate and 
conspicuous

inconspicuous to densely 
reticulate

densely reticulate and 
conspicuous (except on old 
leaves)

Bracteoles linear,	c.	1	x	0.1	mm broadly elliptic to orbicular, 
0.5–1 x 0.5–1 mm

broadly elliptic, c. 0.5 x 
0.3 mm

Claw of petals long,	c.2	mm short, < 1 mm short, < 0.8 mm
Standard suborbicular, c.4.5 x 

2.5 mm, with rounded 
auricles at base

obovate, 3–6 x 2–4 mm, 
gradually attenuate 
towards the base, claw 
very short or absent

obovate, c.2.2 x 1.5–2 mm, 
with triangular auricles at 
base, claw very short

Stamens 10,	all	connate 10,	in	two	bundles	of	5 9,	all	connate
Style slender short and thick very short and thick, or 

absent
Fruits glaucous, with 

impressed venation
not glaucous, with raised 
venation

not glaucous, with +/- 
impressed venation

Seed cavity convex on both sides, 
not well distinct from 
the rest of the pod

convex on both sides, not 
well distinct from the rest of 
the pod

slightly concave on one 
side,	texture	different	
from the rest of the pod

Table 2. Differences between species in the Dalbergia hostilis group. Diagnostic characters in bold.
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possible to determine which of these localities 
(not particularly close to each other) is the 
correct one.

Material studied.
Senegal: Cap Skirring, fl. 20 December 1977, 
vanden Berghen 2385 (BR); Cap Skirring, st. 19 
September 1981, vanden Berghen 4624 (BR).
Guinea-Bissau: Susana, Catão, fr. 28 October 1955, 
Espirito Santo 3703 (BR, P, WAG).
Guinea: Kouria, Bilima et environs, fl. 25 December 
1905, Caille in Chevalier 14886 (BR, P); locality 
unclear (see notes), fl. 27 November 1905, Chevalier 
14681 (P); hauts plateaux de Dalaba, fl. 26–30 
December 1908, Chevalier 20281 (P); environs du 
Rio Nunez, fl. 1837, Heudelot 596 (BR, P); Boulivel, 
fr. April 1940, Laffitte 65 (P); near Dalaba, fr. 26 
February 1962, Langdale-Brown 2591 (BR); Timbo, 
fr. March 1900, Pobéguin 167 (P).
Sierra Leone: marigot près Masadugu, fl. October 
1944, Jaeger 162 (P); Foot of Tingi Mountains, N 
Kono; Koyema – Kenewa, fl. 19 December 1965, 
Morton & Gledhill SL 3228 (WAG); Kainkordu, fl. 
12 December 1965, Morton & Jarr SL 3272 (WAG).
Togo: Alédjo-Kadara, st. 28 December 1977, Ern 
2777 (P); Plateau de Danyi zwischen Koudrjavi und 
Yikpa-Djigbé, fl. 13 January 1978, Ern 2912 (P); 
Tréhamba-Dorp (?), fl. 1906, Kersting A 513 (P).

Nigeria: Gandabarai, Vogel Peak area, fl. 3 
December 1957, Hepper 1521 (BR, P); Enugu, fl. 
6 December 1950, Keay FHI 28143 (P); Gangumi, 
near Madaki village, fl. 5 December 1954, Latilo & 
Daramola FHI 28830 (BR, P).
Cameroon: Bertoua, 6 km along road to Batouri, 
fl. 15 December 1960, Breteler 828 (BR, P, WAG); 
Bertoua, 5 km along road to Batouri, fr. 2 February 
1961, Breteler 1011 (BR, P, WAG) & 1025 (BR, P, 
WAG); within 6 km from Mararaba, along trail to 
Haman Seng, fr. 23 February 1961, Breteler 1107 
(P, WAG); Hill N. of village Nkolbisson, 7 km W. of 
Yaoundé, fl. 22 December 1961, Breteler et al. 2246 
(BR, P, WAG); 4 km SW. of N’Kolbisson, 12 km W. 
of Yaoundé, fl. 8 December 1963, W.J.J.O. de Wilde 
& de Wilde-Duyfjes 1405 (BR, P, WAG); c. 12 km 
E. of Ngaoundéré, fl. 5 December 1964, W.J.J.O. 
de Wilde et al. 4609 (BR, P, WAG); Mango, 7 km 
S Poli, st. 25 July 1974, Fotius 2176 (P); Réserve 
de Biosphère du Dja, Mama (inselberg), fl. 15 July 
2003, Kouob et al. 302 (BRLU); Manengouba 
Mts, near Nkongsamba, fl. 29 December 1971, 
Leeuwenberg 9020 (BR, P, WAG); Manengouba 
Mts, WNW of Nkongsamba, fl. 22 January 1972, 
Leeuwenberg 9267 (BR, P, WAG); Ndoungué, 14 
km SW of Nkongsamba, Manengouba Mts base, fr. 
7 March 1972, Leeuwenberg 9455 (BR, P, WAG); 
bordure du lac de Tibati, fl. 11 December 1959, 
Letouzey 2541 (BR, P); au SW de Mararaba, fr. 
23 February 1961, Letouzey 3523 (P); entre nouvel 

Fig. 6. Distribution of Dalbergia gilletii.
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Ako et Afu, 29 km N of Nkambe, fl. 7 November 
1974, Letouzey 13159 (BR, P, WAG); Nkolbisson, 
8 km W Yaoundé, fr. 6 February 1903, Raynal J. 
& A. 9474 (P); Maroua, fr. April 1945, Vaillant 7 
(P); Kongsamba [Nkongsamba], fr. 21 March 1946, 
Vaillant 1051 (P).
Gabon: Réserve de la Lopé, st. 3 June 1986, Alers 
& Blom 57 (WAG); along RN 2, from Ndjolé to 
Mitzic, near village of Medouman, fr. 28 October 
2011, Maas et al. 9998 (BR, WAG); RN 2, from 
Mitzic to Libreville, just past Lalara, fr. 31 October 
2011, Maas et al. 10067 (WAG).
Congo (Brazzaville): route de Kinkala, village de 
M’Vouanga vers km 40, st. 20 June 1964, Bouquet 
143 (P); Djoumouna, à 20 km de Brazzaville route 
Linzolo, st. 30 April 1970, Makany 1579 (P).
Central African Republic: pays des Mandjias, 
région Nana-Gribingui, poste de la Nana, fl.b. 
20 November 1902, Chevalier 6272 (P); environs 
d’Obo, galerie forestière entre le bac de la Ouarra 
et PK. 36 sur la route de Djemah, fl. 28 December 
1963, Descoings 12038 (P); bords ombragés de la 
Pipi à Wadda, fl. 28 November 1921, Le Testu 3503 
(BR, P); Boukoko, fl. 20 November 1947, Tisserant 
477 (BR, P); près vill. Njuambo, 15 km est Nouvel 
Alindao, fl. 18 January 1924, Tisserant 1376 (BR, 
P,); près vill. Ngaoda, 25 km SE Moroubas, fr. 11 
February 1925, Tisserant 1794 (P); Boukoko, fr. 25 
October 1950, Tisserant 1917 (BR); Bangassou, fl. 
December 1938, Tisserant 3675 (BR, P); Jérusalem 
(commune de Ngotto), fl. 19 January 2001, 
Yangakola 832 (BRLU); Forêt de Ngotto, st. 10 
January 2001, Yango 913 (BRLU).
D.R.Congo: Banalia, fl. 9 December 1913, 
Bequaert 1431 (BR); Avakubi, fl. 12 January 1914, 
Bequaert 1895 (BR); Léopoldville [=Kinshasa], 
fl. 14 April 1915, Bequaert 7325 (BR); s.loc., fl. 
1902, Butaye in Gillet 2328 (BR); Maunzi, fl. 15 
March 1953, Callens 1011 (BR); Tambu, fl. 14 
April 1953, Callens 1174 (BR); Kimbuda, fl. June 
1954, Callens 4577 (BR); à 4.3 km de Tshimbulu en 
allant vers Luluabourg, fl. 7 April 1954, Charlier 
99 (BR); Vunda (terr. Songololo), fr. 18 December 
1959, Compère 1077 (BR); Kasangulu, fl. 22 April 
1960, Compère 2001 (BR); Nouvelle-Anvers 
[=Makanza], fl. September 1913, De Giorgi 1340 
(BR); Doruma, fl. 1933, De Graer 316 B (BR); 
Kaniama, fl. 1943, Delvaux 327 (BR); M’Vuazi, fl. 
23 September 1951, Devred 78 (BR); Bas-Uele, fl. 
1 January 1935, Dewulf 588 (BR); Nioki, fl. April 
1943, Flamigni 8105 (BR); montagnes au N de 
Maduda, fr. August 1952, Flamigni 10416 (BR); 
mission de Lemfu, fl. 30 March 1944, Germain 2019 

(BR); Kashama, terr. Luluabourg, fl. 12 June 1937, 
Gillardin 254 (BR); Kimuenza, fl. March 1901, 
Gillet 2084 (BR); Leo II, fl. 26 February 1947, Jans 
46 (BR); environs d’Eala, fl. October 1930, Lebrun 
1509 (BR, P); Kisangani, 2 km à l’est du quartier de 
Kabondo, fl. 1 November 1977, Lejoly 2036 (BR); 
galerie forestière de la Lubi (terr. Dibaya), fl. 15 
May 1957, Liben 2995 (BR); Gandajika, fl. 7 June 
1957, Liben 3242 (BR); Gandajika, fl. & fr. imm. 
20 June 1957, Liben 3281 (BR); Kamukugwi , fr. 
15 July 1957, Liben 3297 (BR); Gandajika, fr. 24 
July 1957, Liben 3538 (BR); au pied du plateau de 
Yangambi, fl. 30 July 1938, J. Louis 10576 (BR); 
Yangambi, île Esali, fl. 23 August 1938, J. Louis 
10975 (BR); Yangambi, route de la Lusambila, fl. 
26 July 1938, J. Louis 11352 (BR, P); Yangambi, 
route de la Lusambila km 2, fr. 14 December 1938, 
J. Louis 12958 (BR); Yangambi, île Tutuku, fl. 9 
October 1939, J. Louis 16175 (BR, P); Yangambi, 
île Tutuku, fr. 7 December 1939, J. Louis 16338 
(BR); Yangambi, fr. s.d., J. Louis 16600 (BR); Ituri 
District, Mongbwalu mine site, fl.b. 21 October 
2010, Luke & Bujo 14390 (BR); Tshimbulu, fl. 21 
April 1937, Matagne 317 (BR); Kikuya (collectivité 
Mfidi Madele, zone de Madimba), fr. 30 April 
1979, Nsimundele 480 (BR); Nyenge Ntombani, 
fr. 25 April 2008, Nsimundele 2143 (BR); Boko 
(cataractes), fl. 25 April 2008, Nsimundele 2151 
(BR); Kapanga, fl. March 1934, Overlaet 1264 (BR); 
Kinsila près de Kibambi, fl. 12 April 1979, Pauwels 
6200 (BR); Molowayi, route près du Lac Fwa, fl. 16 
June 1957, Risopoulos 599 (BR); Gandajika, fr. 31 
August 1957, Risopoulos 653 (BR); route Lupata – 
Kaniama, fl. 22 April 1959, Risopoulos 955 (BR,); 
région Api, environs Likwangili, fl. 30 December 
1925, Robyns 1276 (BR); Gimbi Plateau, fl. 25 
January 1949, Toussaint 770 (BR); Gimbi, route 
de Seke-Banza, fr. 9 February 1949, Toussaint 
816 (BR); route vers Luki, st. 5 December 1946, 
Toussaint 2096 (BR); région des Bambato, Banza-
Mbata, st. October 1915, Vanderyst 5791 (BR); 
Thielen [=Tshilomba], fl. s.d., Vanderyst 22031 
(BR) & 22399 (BR); Mérode [=Tshilundu], fl. 
& fr. imm. s.d., Vanderyst 22967 (BR); Mérode 
[=Tshilundu], fr. imm. s.d., Vanderyst 23248 (BR) 
& 23249 (BR); Hemptinne St Benoit [=Bukonde], 
fr. s.d., Vanderyst 23601 (BR) & 23695 (BR); 
Kipaku, fl. 1933, Vanderyst 40556 (BR).
Angola: District de Malange, fr. 1903–1904, 
Gossweiler 1336 (P); Chitato stream, Dundo, 
fl. 8 June 1948, Gossweiler 14057 (P); s.loc., fl. 
s.d., Welwitsch 1880 (P, pro parte, mixed with D. 
hostilis).
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Dalbergia hostilis Benth.
J. Linn. Soc., 4, Suppl., 33 (1860). – Amerimnon 
hostile (Benth.) Kuntze, Revis. Gen. Pl., Vol. 1: 159 
(1891). – Type: Nigeria, Abeokuta, fl., no date, Irving 
84 (holo- K! [K000419779])

Shrub or liana, up to 10 m long, with trunk up 
to 6 cm in diameter, armed with strong spines 
1–3.5 cm long on the trunk and the older stems; 
circinate twigs often present. Twigs minutely 
pubescent with crisped hairs c.0.1 mm long; 
older stems brown with pale lenticels. Stipules 
falciform, c. 5 x 1.5 mm, densely pubescent, 
early caducous and rarely present on twigs. 
Leaves imparipinnate; rhachis 4.4–13.9 cm, 
shortly pubescent or sometimes glabrescent; 
petiolules 1–3 mm; leaflets 10–21, elliptic to 
slightly obovate, symmetrical or nearly so, 
acute to rounded at base, broadly rounded or 
emarginate with two rounded lobes at apex, 
the upper ones 1.1–3.8 x 0.5–1.7 cm, the lower 
ones slightly smaller, 0.7–2.8 x 0.3–1.6 cm, 
very sparsely appressed-pubescent on both 
sides (or sometimes glabrous above) with short 
strigillose hairs 0.2–0.4 mm long, drying olive 
green to dark brown with the lower side slightly 
paler; lateral nerves 8–14 on each side of the 
midrib, very weak and hardly distinct from 
the tertiary veins; tertiary venation darker and 
conspicuously reticulate (except on old leaves), 
forming a very dense network of veins < 0.3 mm 
apart. Inflorescences terminal (rarely axillary) 
and paniculate, many-flowered and often leafy 
at the base, (2.5–)10–30 cm long, densely and 
shortly pubescent. Flowering pedicels 0–0.5 
mm long, pubescent. Bracts shortly elliptic, c. 
0.5 x 0.3 mm, pubescent outside, caducous after 
anthesis. Bracteoles shortly elliptic, c. 0.5 x 0.3 
mm, pubescent outside, persistent. Calyx pale 
green, 2.2 mm long x 1–1.5 mm wide, sparsely 
pubescent outside with short appressed hairs, 
divided into five unequal lobes; upper lobes 
c. 0.5 mm long, rounded at apex; lateral lobes 
similar but slightly shorter, c.0.4 mm; lower 
lobe longer, c.1 mm long, acute at apex. Corolla 
white. Standard 2.5 x 1.5–2 mm, obcordate, 
longitudinally plicate and slightly bent 
upwards, bilobed at apex and conspicuously 

auriculate at base, with a short claw c. 0.3 mm 
long. Wings c. 2.3 x 0.7 mm, with claw 0.8 mm 
and lamina elliptic or rectangular, 1.5 x 0.7 
mm, truncate at base, with a callosity inside 
on their upper margin. Keel petals 2.2–2.5 x 
1 mm, almost straight, with claw 0.5–0.7 mm 
long and lamina 1.8 x 1 mm, truncate at base, 
provided with a pocket-like structure on their 
upper margin. Stamens 9, monadelphous, with 
filaments 1.7–2 mm long, connate for 3/4 of 
their length and slightly curved upwards in 
their free part. Ovary glabrous or rarely with 
sparse appressed hairs, c. 1 x 0.5 mm, with 
stipe 0.5 mm long; stigma obliquely laminate 
and sessile. Pods papyraceous and flattened, 
narrowly ellipsoid, 3.6–7.7 x 1.1–2.1 cm, acute 
at base, acute or rounded at apex, glabrous and 
reticulate with the veins slightly impressed and 
the seed cavity of a different texture than the 
rest, slightly concave on one side and convex 
on the other; pedicel 0.5–1 mm, stipe 4–8 mm; 
seeds 1–2 per fruit, reniform and flattened, 
c. 6 x 3.5 mm. – Fig. 5.
Distribution. A widespread Guineo-Congolian 
species, occurring from Guinea-Bissau to 
northern Angola and eastern D.R.Congo, 
locally common, but avoiding the wetter forest 
areas (Fig. 7).
Ecology. D. hostilis occurs in woodland, 
riverine forest, forest edges and secondary 
regrowth, and dry thicket vegetation on rocky 
outcrops where it is particularly frequent, up to 
1020 m in altitude.
Phenology. Flowering from March to October 
in West Africa, May to August in Cameroon, 
February and July in Gabon, July in north-
central D.R.Congo, January in Angola; fruits 
from July to January in West Africa, October 
to December in Cameroon and Central African 
Republic, and August in Angola.
Local names. Lissongo: Molo-Lamba 
(Tisserant 57, 1061, 2288; name also used 
for D. gilletii), Mogangama-Koko (Tisserant 
1917).
Notes. Adult leaves of D. hostilis usually show 
a characteristic dense and dark reticulation on 
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the lower side of the leaflets. This reticulation 
is sometimes difficult to discern on old leaves 
(e.g. Tisserant 1917, BR) or on newly developed 
ones. The flowers are fragrant, and are visited 
by butterflies, bees and ichneumon wasps 
(Leeuwenberg 4141).

Material studied.
Guinea-Bissau: Bissalanca, fr. 11 January 1945, 
Espirito Santo 1641 (WAG).
Guinea: bac de Bantala, st. 17 December 1948, Adam 
2679 (P); Nzérékoré, fr. 11 October 1947, Baldwin 
9685 (WAG); Monts Nimba, fl. & fr. imm. 26 June 
2012, Bidault et al. 622 (BR); s.loc., fl. April 1936, 
Jacques-Félix 853 (P); Nimba Mountains, banks of 
Zié River close to reserve boundary, fl. 21 June 2007, 
Jongkind et al. 7790 (BR, P, WAG); Forêt Classée de 
Mt Yonon, fl. 4 May 2011, Jongkind et al. 10578 (P, 
WAG); near Ecogard building in Bié savannah, fl. & 
fr. imm. 25 June 2012, Jongkind & Bilivogui 11279 
(WAG); Boré (?), fl. March 1899, Maclaud 7 (P); 
Nimba Mountains, fr. 3 October 2011, McPherson 
21519 (BR); Fouta Djallon, fl. October 1907, 
Pobéguin 1905 (P); Monts Nimba NE, st. August 
1954, Schnell 6183 (P).
Sierra Leone: Monts Loma – forêt du grand Séréleu, 
st. 13 September 1945, Jaeger 1635 (P); Monts Loma, 
st. 16 December 1965, Jaeger 8533 (P).
Liberia: Nimba, Yéképa, fl. 7 June 1970, Adam 25778 
(P); Zorzor–Gbarnga road, west of St. Paul river, fr. 

imm. 27 July 1966, Bos 2174 (WAG); Loffa county, 
road to Voinjama, north of Zorzor, fl. 29 July 1966, 
Bos 2241 (BR, WAG); 7 miles from Voinjama, along 
the road to Kolahun, fl. & fr. imm. 14 July 1970, 
Jansen 1982 (BR, WAG); 30 miles from Voinjama, 
along the road to Zorzor, fl. 17 July 1970, Jansen 
2062 (WAG).
Côte d’Ivoire: Parc National de la Marahoué, fr. 
17 August 2000, Assi-Yapo 421 (WAG); Man, fl. 
July 1949, Bégué 3260 (P); Orumbo Boka, 40 km S 
of Toumodi, fl. & fr. imm. 13 June 1968, Bokdam 
2783 (BR, WAG); Darala à Gansé, fl. 28 August 
1977, César 713 (P); sommet du Mont Kouan près 
Danané, fl. 14 April 1909, Chevalier 21271 (P); 
Mont Gouan près Oua, fl. 27 April 1909, Chevalier 
21326 (P); savane entre Dabakala et Toupé, fl. & 
fr. imm. 29 June 1969, Cremers 1031 (BR); km 20 
road Touba–Séguéla, fr. 3 November 1979, de Kruif 
608 (BR, WAG); Rocher d’Issia, fl. 24 August 1956, 
J.J.F.E. de Wilde 428 (WAG); On border of Comoé 
river, near Mbasso, c. 50 km NE of Adzopé, fl. & fr. 
26 July 1963, W.J.J.O. de Wilde 563 (BR, P, WAG); 
Lamto, fl. 12 July 1985, Le Thomas & Deroin 54 (P); 
Rocher d’Issia, fl. 6 May 1962, Leeuwenberg 4141 
(BR, P, WAG); Niellé, fr. September 1932, Service 
Forestier de la Côte d’Ivoire 1647 (P); 50 km SE 
of Korhogo, fl. & fr. 17 July 1969, Versteegh & den 
Outer 533 (WAG); Rocher d’Issia, fl. 2 August 1954, 
IA 4081 (P).
Ghana: s.loc., fl.b. s.d., Andoh 2267 (BR); Abuantem, 
fl. & fr. imm. May 1947, Andoh 5023 (P); Tanodumasi, 
near Agona, fl. 14 May 1999, Gyakari 505 (WAG); 

Fig. 7. Distribution of Dalbergia hostilis.
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Tanodumasi, near Agona, fl. 7 June 1999, Gyakari 508 
(WAG); Bandai Hill Forest Reserve, fr. 21 December 
1999, Gyakari 565 (WAG); between Tainso and 
Sunyani, fl. 20 May 1995, Jongkind & Nieuwenhuis 
2273 (BR, P, WAG); between Wenchi and Nchiraa, 
fr. 20 October 1995, Jongkind & Nieuwenhuis 2398 
(BR, P, WAG); between Techiman and Kintampo, 
fr. 3 December 1995, Jongkind & Nieuwenhuis 2494 
(BR, P, WAG); Bobiri Forest Reserve, close to guest 
house, st. 2 November 1997, Jongkind 3973 (WAG); 
Sekodumasi, fr. October 1934, Vigne 3392 (P).
Togo: Essé Zogbedji, W. of Tabligbo, fr. 23 September 
1971, Breteler 7188 (BR, WAG); südlich Badou, 
Wald an der Cascade de Tomegbé, fr. 25 October 
1977, Ern et al. 2110 (P); circ. de Klouto; südostseite 
des Mt. Agou, an der Strasse zu Pic Baumann, fr. 11 
September 1973, Hiepko & Schultze-Motel 170 (P).
Benin: forêt classée de la Lama, fl. 30 July 1998, 
Akoègninou et al. 1805 (BR, WAG); Lama (Koto), 
noyau central de la forêt classée de la Lama, fl. & 
fr. imm. 5 August 1998, Akoègninou 1939 (WAG); 
Lama, st. 4 November 1996, Ayichedehou 362 (BR); 
Pobè, fl. 12 September 1998, Essou 1185 (WAG); 
s.loc., fl. & fr. imm. s.d., Poisson s.n. (P); Aguigadji, 
Forêt Classée de Kétou, along Ouémé river, fr. 27 
November 1998, van der Maesen et al. 6742 (WAG).
Nigeria: Lokomedji, fl. July 1905, Chevalier 14047 
(P); Olokomedji, fl. & fr. imm. July 1905, Chevalier 
14068 (P); Western State; District Egbado; locality 
Shale, fr. 16 November 1973, Eimunjeze & Ekwuno 
FHI 68097 (WAG); Abeokuta, fl. s.d., Irving 84 (K).
Cameroon: Mekas, 72 km SE Akonolinga, fl. 11 
June 1981, Asonganyi 261 (P); Centre Agronomique 
Nkolbisson, 7 km W. of Yaoundé, st. 19 July 1961, 
Breteler 1613 (WAG); Bertoua, near Catholic 
Mission, fl. & fr. imm. 31 July 1961, Breteler 1723 
(BR, P, WAG); 25 km on the road from Ebolowa 
to Kribi, then 1 km to the South, fl. 19 May 1975, 
J.J.F.E. de Wilde 8239 (BR, P, WAG); 4 km SW. of 
N’Kolbisson, 12 km W. of Yaoundé, fr. 8 December 
1963, W.J.J.O. de Wilde & de Wilde-Duyfjes 1404 
(BR, P, WAG); Centre agronomique N’Kolbisson, 8 
km W. of Yaoundé, fl. 30 May 1964, W.J.J.O. de Wilde 
& de Wilde-Duyfjes 2628 (BR, P, WAG); Melen, 
station de pêche et de pisciculture de Yaoundé, fl. 
& fr. imm. 1 August 1960, Endengle 178 (P); Mang, 
40 km E Yokadouma, fl. 9 May 1963, Letouzey 4974 
(P); rocher d’Akoafim, 38 km SSE de Djoum, fr. 15 
November 1966, Letouzey 8364 (P); Nkongkengui, 
12 km NNE Makak, fl. 17 July 1972, Letouzey 11529 
(BR, P); à 72 km de Bafia, route Bafia – Ntui, fl. 18 
August 1960, Mpom 415 (P); inselberg de Boua Mir, 
à 6h de marche du village de Somalomo, réserve de 

faune du Dja, fl.b. 16 June 2002, Parmentier 3939 
(BRLU); inselberg Palme d’Or, près du village de 
Somalomo, réserve de faune du Dja, fl. & fr. imm. 
24 June 2002, Parmentier 4045 (BRLU); colline 
de Nkolget, 2 km WNW de Nkolbisson, 8 km W 
de Yaoundé, fr. 10 October 1975, Villiers 1075 (P); 
Massif Ntali, pente NW, 30 km SE Mamfé, fl. 15 
June 1982, Villiers 1459 (P).
Equatorial	Guinea	(Rio	Muni): Inselberg de Mfui, 
50 km à l’Est de Anisok, fl. 15 January 1998, Obama 
& Lejoly 389 (BRLU)
Gabon: Oyem, fl. July 1933, Le Testu 9195 (BR, P); 
Oyem, fl. & fr. imm. July 1934, Le Testu 9643 (P); ca 
15 km NW of forestry camp Oveng, fl. 8 February 
1987, J.M. & B. Reitsma 2929 (WAG).
Congo (Brazzaville): env. de Dimonika, piste 
Manenge – la Loubomo, st. 17 December 1982, Cusset 
1255 (P); Dimonika, piste Manenge – la Loubomo, st. 
17 December 1982, Moutsamboté 232 (P).
Central African Republic: Camp Deroux, Bangui, 
fr. November 1960, Eaux Forêts et Chasses 1972 (P); 
Boukoko, fl. & fr. imm. 29 July 1947, Tisserant 57 
(BR, P); Boukoko, fl. 30 July 1947, Tisserant 60 (P); 
Boukoko, fl. & fr. imm. 21 July 1948, Tisserant 1061 
(BR, P); Boukoko, fr. 25 October 1950, Tisserant 1917 
(BR, P); Boukoko, fr. 23 November 1951, Tisserant 
2288 (BR, P); Bamboundji (commune de Ngotto), st. 
15 November 1999, Yangakola 296 (BRLU).
D.R.Congo: Yangambi, île Tutuku, fl. & fr. imm. 31 
July 1939, J. Louis 15668 (BR); Zatua hill, c.85 km 
S. of Isiro, fr. imm. 14 August 2011, van der Burgt 
1535 (BR).
Angola: Pungo Andongo, fr. 24 August 1967, M. da 
Silva 2132 (BR); Cazengo, fl. 1911, Gossweiler 4747 
(BR); entre Ocua e Pongo-Aluquem andados cerca 
de 40 km, fl. 23 January 1973, Raimundo & Matos 
1509 (BR); s.loc., fl. s.d., Welwitsch 1880 (P, pro 
parte, mixed with D. gilletii).

3. Dalbergia monetaria,	a	Neotropical	
species,	and	its	African	relatives
Dalbergia monetaria L.f., originally 
described from Surinam (Linnaeus f., 1782), 
is a widespread Neotropical species (Carvalho 
1997). It belongs to sect. Ecastaphyllum 
(P.Browne) Thoth., which groups most of the 
Dalbergia species with thickened fruits adapted 
to water dispersal. This section, on the limited 
evidence available (only two species have 
been sequenced), seems to be monophyletic, 
but is deeply nested within sect. Dalbergia 
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Fig. 8. Dalbergia semiapplanata. A, flowering twig. B, detail of lower leaf surface. C, flower. D, standard. E, 
wing. F, keel petal. G, bundle of five stamens. H, ovary and style. I, fruit. J, transverse section of fruit (about 
mid-height). From J.J.F.E. de Wilde 8122 (A, C–H), Dessein et al. 2426 (B, I-J).
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Fig. 9. Dalbergia xylocarpa. A, fruiting twig. B, detail of lower leaf surface. C, circinate twig. D, flower. E, 
standard. F, wing. G, keel petal. H, section of flower, petals removed, showing ovary and stamens. I, Fruit. J, 
transverse section of immature fruit (about mid-height). K, mature fruit, viewed from apex. L, mature fruit 
with a fragment of pericarp removed, showing seed. From Carvalho 4745 (A, I-J), McPherson 16914 (B), 
Sonké 6070 (C), Le Testu 6461 (D-H), J.J.F.E. de Wilde & de Wilde-Bakhuizen 11386 (K–L)
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(Vatanparast et al. 2013). Sect. Ecastaphyllum 
also includes representatives in tropical Africa, 
some of which have been confused with D. 
monetaria. Species of this group are often 
difficult to separate in the absence of fruits.

Baker (1871) was the first to report 
D. monetaria (as Ecastaphyllum monetaria 
Pers.) from tropical Africa, citing collections 
from Sierra Leone and “Senegambia” (actually 
Guinea). These have long been recognized as 
a different species, D. heudelotii Stapf (Stapf 
1905: 95).

A more recent confusion was caused by 
Pellegrin (1949), who referred several specimens 
from Cameroon and Gabon to D. monetaria. 
He separated some of these as a new variety, 
var. oyemensis Pellegr. (published without 
latin diagnosis and therefore invalid), with the 
leaves narrower and more pubescent below 
than the type. Pellegrin (1949) seems to have 
had problems in separating his D. monetaria 
from D. pachycarpa, since he notes under the 
latter: “En l’absence de fruit, ces échantillons 
pourraient être rattachés à Dalbergia monetaria 
Lin.” In spite of the unusual distribution pattern, 
the presence of D. monetaria in Central Africa 
has been accepted in recent literature (Sosef et 
al. 2006), sometimes with the assumption that 
the species was naturalized in Africa (de la 
Estrella et al. 2010).

A reexamination of the material, including 
more recent collections from Gabon and 
neighbouring countries, makes it clear that 
D. monetaria is strictly Neotropical. The 
African specimens differ significantly from 
D. monetaria in the arrangement of the 
stamens and other characters. They are not 
homogeneous, and represent three different 
species: D. pachycarpa, D. semiapplanata 
O.Lachenaud and D. xylocarpa O.Lachenaud, 
of which the latter two are here described as 
new. Differences between the four species are 
listed in Table 3. The three African species are 
easy to recognize with good fruiting material, 
but may be difficult to separate in the flowering 
stage; see the notes under D. semiapplanata and 
D. xylocarpa.

Among the two collections referred by 
Pellegrin (1949) to D. monetaria var. oyemensis, 
one belongs to D. semiapplanata (Le Testu 
9142) and the other to D. pachycarpa (Le Testu 
9483). Those he referred to D. monetaria sensu 
stricto are a mixture of D. pachycarpa (Zenker 
2153, Le Testu 7398) and D. xylocarpa (Le Testu 
2043 and 6461), while among the material he 
listed as D. pachycarpa, only the flowering 
Le Testu 8122 is correctly identified; the three 
other collections, in fruit, are D. xylocarpa. The 
two collections from Equatorial Guinea cited as 
D. monetaria by de la Estrella et al. (2010) also 
belong to D. xylocarpa.

After the exclusion of D. monetaria from the 
African flora, there remains only one species of 
Dalbergia with an amphiatlantic distribution: 
the common seaside shrub D. ecastaphyllum 
(L.) Taub.

Dalbergia semiapplanata 
O.Lachenaud, sp. nov.
Foliis pinnatis 4–7–foliolatis, staminibus diadelphis, 
fructibusque lignosis et macrospermis D. xylocarpae 
O.Lachenaud et D. pachycarpae (De Wild. & 
T.Durand) Uhlbr. ex De Wild. valde affinis est, 
sed differt a primo petalis unguiculo calyce valde 
superante, a secundo foliolis subtus longe villosis 
vel glaberrimis (nec appresse-pubescentibus), ab 
ambabus fructibus angustiore ellipsoideis pericarpio 
tenuissime lignoso, maturis parte centrali convexa et 
margine applanata.
Type: Gabon, Ogooué river opposite Booué, fr. 7 
March 2008, Dessein et al. 2426 (holo- BR!; iso-, 
LBV, MO & WAG n.v.).

Shrub or liana, 2 m high or more, with 
circinate twigs; spines absent. Twigs pubescent 
with short patent hairs, or rarely glabrous; 
older stems dark brown with pale lenticels. 
Stipules very early caducous, not seen. Leaves 
imparipinnate; rhachis 2.1–8.4 cm, pubescent 
with same indumentum as the twigs, or more 
rarely glabrous; petiolules 1.5–5 mm; leaflets 
4–7, elliptic, symmetrical, acute to rounded 
at base, long acuminate at apex, unequal in 
size, the upper ones 3.2–9.5 x 1.9–6.2 cm, 
the lower ones smaller, 0.8–3.7 x 0.6–3.3 cm, 
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glabrous on both sides or (usually) sparsely 
villous below with straight and +/- erect hairs 
0.5–1 mm long, drying brownish with the 
undersurface slightly glaucous; lateral nerves 
(4–)6–10 on each side of the midrib, ascending 
and slightly more apparent than tertiary 
venation; tertiary venation rather densely 
reticulate and conspicuous. Inflorescences 
axillary (sometimes on older leafless stems), 
very shortly paniculate with racemose and 
unilateral branches, 0.7–2 cm long, densely 
pubescent. Flowering pedicels 1–3 mm long, 
densely pubescent. Bracts shortly triangular, 
c. 0.5 x 0.5 mm, appressed-pubescent outside, 
persistent after anthesis. Bracteoles shortly 
ovate, c. 0.5 x 0.3 mm, appressed-pubescent 
outside, persistent after anthesis. Calyx pale 
green, 1.5–2.3 mm long x 2–2.3 mm wide, 
densely pubescent outside with short appressed 
hairs, divided for about 1/3 of its length into five 
subequal, acute, triangular teeth 0.3–0.8 mm 
long. Corolla white. Standard 5.8–6 mm long, 
obliquely bent upwards, with claw 2–2.3 mm 
long abruptly expanding into an elliptic lamina 
3.5–4 x 3 mm. Wings 6–6.5 mm long, with claw 
2.5–2.7 mm and lamina elliptic or rectangular, 
3.3–4 x 1.3 mm, truncate at base. Keel petals 
5.5 mm long, strongly curved, with claw 2.5 
mm long and lamina 3.5 x 2–2.3 mm, truncate 
or slightly auriculate at base. Stamens in two 
bundles of five each, with filaments c.6 mm 

long, connate for 4/5 of their length and curved 
upwards in their free part. Ovary glabrous, 
c. 1.5 x 0.5 mm, with slender stipe 3–4 mm 
long; style linear, 1.5 mm long, abruptly bent 
upwards at base; stigma minutely punctiform. 
Pods woody, ellipsoid, acute or obtuse at apex, 
4–6.3 x 2.5–3.6 cm, glabrous and reticulate, in 
the young stage entirely flattened, in the adult 
stage with a thin margin surrounding a convex 
central part 6–7 mm thick; outer layer of fruit 
wall dry and very thin (< 0.1 mm thick), the 
inner layer c. 0.2 mm thick, hard; pedicel 2–3 
mm, woody; stipe 5–9 mm; seeds 1(–2) per 
fruit, bean-shaped and compressed, c. 3 x 2 x 
0.5 cm when mature. – Fig. 8.
Distribution. A Lower Guinea species, 
occurring in inland areas from around Ebolowa 
in southern Cameroon, to around Booué in 
central Gabon; apparently local or uncommon 
(Fig. 10).
Ecology. The species occurs both in riverine 
thickets and in dry shrubby vegetation on 
rocky outcrops, up to 1130 m in altitude.
Phenology. Flowers collected in March and 
May, immature fruits in January and July, 
mature fruits in March.
Etymology. The species is named 
semiapplanata (half-flattened) after the shape 
of the mature pods, with a flattened margin 
surrounding a thickened central part.

Figure 10. Distribution of Dalbergia xylocarpa (filled circles) and D. semiapplanata (empty circles).
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Notes. Dalbergia semiapplanata differs from 
D. pachycarpa and D. xylocarpa mostly in the 
pods, which are more narrowly ellipsoid and 
have a much thinner wall. The immature pods 
are flat, while the mature pods have a convex 
centre surrounded by a flat margin. Flowering 
collections differ from D. pachycarpa in the 
indumentum of the leaflets (either glabrous or 
with long spreading hairs, while D. pachycarpa 
has short appressed hairs). They can be 
separated from D. xylocarpa by the claw of 
the petals long exceeding the calyx, and by the 
different range.

Most specimens of D. semiapplanata have 
the twigs, rhachis and underside of the leaflets 
sparsely villous, but in Lejoly 99/413T1 (WAG) 
the vegetative parts are entirely glabrous. The 
BRLU sheet of the same gathering has hairy 
twigs and leaflets, showing that this character 
varies in a single population.

Material studied.
Cameroon: Bank of Mvila River, at the Station du 
Cacaoyer de N’koemvone, S. of Ebolowa, 14 km on 
the road to Ambam, fl. 27 March 1975, J.J.F.E. de 
Wilde 8122 (BR, P, WAG).
Equatorial	 Guinea	 (Rio	Muni): Parc National de 
Monte Alén, dalle rocheuse, 3 km à l’O de la station 
Ecofac, fr. 20 January 1999, Lejoly 99/413T1 (BRLU, 
WAG); Parc National de Monte Alén, dalle rocheuse 
d’Engong, st. 2 July 1999, Parmentier & Esono 2750 
(BRLU).
Gabon: Ogooué River, Booué, fr. imm. 30 July 1966, 
N. Hallé & Le Thomas 214 (P); région d’Oyem, 
Mbolenzorc, fl. May 1933, Le Testu 9142 (BR, P); 
Ogooué river opposite Booué, fr. 7 March 2008, 
Dessein et al. 2426 (BR).

Dalbergia xylocarpa O.Lachenaud, 
sp. nov.
Foliis pinnatis 3–7-foliolatis, staminibus diadelphis, 
fructibusque lignosis D. pachycarpae (De Wild. & 
T.Durand) Uhlbr. ex De Wild. et D. semiapplanatae 
O.Lachenaud valde affinis est; sed differt a primo 
calyce acute dentato (raro +/- truncato) foliolisque 
saepe glabris; a secundo petalis unguiculo calyce 
paullum superante; ab ambabus fructibus pericarpio 
suberoso crasso (1–5 mm) et non fibroso, maturis 
omnino convexis (nec margine compressis).

Type: Equatorial Guinea (Rio Muni), Bata-Punta 
Mbonda, nas praderas graminosas de Punta Mbonda, 
fr. 22 June 1991, Carvalho 4745 (holo- WAG! 
[WAG.1054335]; iso- BR!, BRLU! [BRLU0000105], 
WAG! [WAG.1054336]).

Liana, shrub or tree (?), 4–20 m high, with 
trunk up to 20 cm in diameter, with circinate 
twigs; spines absent. Twigs glabrous, or more 
rarely pubescent with short appressed hairs; 
older stems brown or dark grey with small 
pale lenticels. Stipules narrowly falcate, 2.5–5 
x 1–1.2 mm, acute to obtuse at apex, shortly 
appressed-pubescent, very early caducous. 
Leaves imparipinnate; rhachis 2.2–10.2 cm, 
glabrous or shortly pubescent; petiolules 2–7 
mm; leaflets 3–7, elliptic to slightly obovate, 
symmetrical, acute to rounded at base, 
acuminate (and sometimes shortly notched) at 
apex, unequal in size, the upper ones 4–12.8 
x 1.8–6.7 cm, the lower ones smaller, 1.4–7 x 
1–4.8 cm, usually glabrous, sometimes sparsely 
villous below with straight, erect to appressed 
hairs c. 0.5 mm long, drying brownish with the 
undersurface slightly glaucous; lateral nerves 
6–10 on each side of the midrib, ascending 
and only slightly more apparent than tertiary 
venation; tertiary venation rather densely 
reticulate and conspicuous. Inflorescences 
axillary (sometimes on older leafless stems), 
very shortly paniculate with racemose and 
unilateral branches, 1–2 cm long, densely 
pubescent. Flowering pedicels 1–2 mm long, 
densely pubescent. Bracts shortly triangular, 
c. 0.5 x 0.5 mm, appressed-pubescent outside, 
persistent after anthesis. Bracteoles shortly 
elliptic, c. 0.5 x 0.3 mm, appressed-pubescent 
outside, caducous after anthesis. Calyx very 
pale green, 2.2–3 mm long x 2.3–3 mm wide, 
rather sparsely pubescent outside with short 
appressed hairs, divided for up to 2/5 of its 
length into five subequal, acutely triangular 
teeth 0.3–1 mm long, or rarely truncate. Corolla 
white or pink. Standard 5.5–6.5 mm long, 
obliquely bent upwards, with claw 2–2.3 mm 
long progressively expanding into an elliptic 
to suborbicular lamina 3.5–4.5 x 3.3–4 mm. 
Wings 5.8–7.5 mm long, with claw 2.3–3 mm 
and lamina elliptic or rectangular, 3.5–4.5 x 
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1.5–1.7 mm, truncate at base. Keel petals 5–6.5 
mm long, strongly curved, with claw 2–2.5 
mm long and lamina 3–4 x 1.5–2 mm, slightly 
auriculate or truncate at base. Stamens in two 
bundles of five each, with filaments 5–5.5 mm 
long, connate for 3/4 of their length and curved 
upwards in their free part. Ovary glabrous, 
c. 1.5 x 0.7 mm, with slender stipe c. 3 mm 
long; style linear, 1.3 mm long, abruptly bent 
upwards at base; stigma minutely punctiform. 
Pods woody, ellipsoid or more rarely discoid, 
(2.2–)3.5–4.6 x (2–)2.3–3.4 cm, glabrous and 
slightly reticulate, in the young stage strongly 
compressed and 4–5 mm thick, in the adult 
stage strongly thickened all over, 10–14 mm 
thick; outer layer of fruit wall 1–5 mm thick, 

corky, without fibres, the inner layer c. 0.2 mm 
thick, hard; pedicel 2–3 mm, woody; stipe 4–7 
mm; a single seed per fruit, bean-shaped, c. 2.6 
x 1.7 x 1 cm when mature. – Fig. 9.

Distribution. A Lower Guinea species, 
occuring on Bioko island and on the continent 
from Equatorial Guinea to D.R.Congo; most 
of its range is in Gabon, where the species is 
locally common, and extends inland in the 
Ogooué basin to around Ndjolé. Although 
not yet collected in Cameroon and Congo 
(Brazzaville), it is very likely to occur in these 
countries. (Fig. 10).

Ecology. The species occurs in forest edges, up 
to 150 m in altitude, usually in riparian habitats 

D. monetaria D. pachycarpa D. semiapplanata D. xylocarpa

Number of leaflets 1–5 5–10 4–7 3–7
Indumentum of 
leaflets beneath

sparsely pubescent 
with very short 
closely appressed 
hairs (0.1–0.2 mm)

pubescent with 
closely appressed 
hairs (0.1–0.5 
mm) variable 
density

glabrous or with 
sparse long 
spreading hairs 
0.5–1 mm

glabrous or with 
sparse long hairs 
(c. 0.5 mm), 
appressed to 
spreading 

Calyx teeth acute to obtuse obtuse or absent 
(calyx truncate)

acute acute (rarely 
absent)

Standard suborbicular; 
exertion of claw 
variable

suborbicular; 
exertion of claw 
variable

elliptic; claw long 
exceeding calyx

elliptic to 
suborbicular; 
claw not or hardly 
exceeding calyx

Stamens 2 bundles of 4 + the 
lower free

2 bundles of 5 2 bundles of 5 2 bundles of 5

Fruit shape discoid to shortly 
ellipsoid, almost flat 
and gradually thinner 
towards the margin

discoid with 
raised central 
part (apparent 
already when 
quite young)

ellipsoid, flat 
when young, then 
with	flat	margin	
and convex 
central part

ellipsoid to 
discoid, flat when 
young, fully 
convex when 
mature

Outer part of fruit 
wall *

corky and moderately 
thick (0.4–0.7 mm), 
without fibres

hard and thick 
(0.7–5 mm), with 
strong woody 
fibres

very thin (< 0.1 
mm), not corky

corky and very 
thick (1–5 mm), 
without fibres

Fruit indumentum glabrous, or hairy 
when very young

hairy or rarely 
glabrous

glabrous glabrous

Distribution Tropical America Africa 
(Cameroon to 
D.R.Congo)

Africa (Cameroon 
to central Gabon)

Africa (Equatorial 
Guinea to 
D.R.Congo)

Table 3. Differences between Dalbergia monetaria and related African species. Diagnostic 
characters are in bold.
*The inner part of the fruit wall is hard and c. 0.2 mm thick in all four species.
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where its fruits are presumably dispersed by 
water, but also occasionally on dry land, e.g. 
along the margins of coastal savannas.
Phenology. Flowers collected in February–
March and May, fruits in March, May–July, 
and from September to December (fully 
mature in December).
Etymology. The species name refers to 
the woody fruits. Several other species 
of Dalbergia have the fruits more or less 
woody, but usually not so thick and hard as in 
D. xylocarpa.
Local names. Fang: Engumeguihé (Fleury in 
Chevalier 26157). Language not recorded: 
Mubamba (Luki, D.R.Congo, Donis 2448).
Notes. Dalbergia xylocarpa is best recognized 
by the characteristic pods. These are ellipsoid 
or more rarely discoid (Pobéguin 100, Sonké 
et al. 6070) with a corky outer wall 1–5 mm 
thick; the young pods are flattened, and the 
mature ones strongly convex. These pods are 
quite different from those of D. semiapplanata, 
which are more narrowly ellipsoid, with a 
much thinner pericarp, and raised only in the 
centre when mature; and they also differ from 
those of D. pachycarpa, which are discoid 
with a raised central part, and a hard pericarp 
provided with thick woody fibres. The fruits of 
both D. xylocarpa and D. semiapplanata are 
always glabrous, while those of D. pachycarpa 
are frequently (though not always) pubescent.
In the flowering stage D. xylocarpa closely 
resembles D. semiapplanata (see that species 
for differences) and D. pachycarpa. The latter 
has: short appressed hairs on the leaflets below 
(which is only rarely the case in D. xylocarpa), 
the ovary hairy or rarely glabrous (always 
glabrous in D. xylocarpa), the lateral nerves 
of the leaflets usually stronger and more 
ascending, and the calyx truncate or with 
very short obtuse teeth (in D. xylocarpa the 
calyx teeth are usually acute, although one 
collection – Le Testu 2043 – has some of the 
calyces truncate). Although these characters 
are subject to some variation, their correlation 
usually allows a safe identification.

The habit of D. xylocarpa is variously 
reported as a liana, shrub or tree. It is common 
for lianescent Dalbergia species to be shrubby 
in their young stage, but reports of the species 
being a tree 15 m high (Boupoya 822) or a 
“très grand arbre” (Griffon du Bellay 260) are 
more surprising, and require confirmation. 
The species is also variable in the colour of the 
flowers (usually white, but reported as pink in 
Maudoux 308) and in the indumentum of the 
vegetative parts. Most of the collections are 
vegetatively glabrous, but some have sparse 
hairs on the twigs, rhachis, and underside of 
the leaflets; these hairs can be either appressed 
(Boupoya 822, Maudoux 308) or spreading 
(A.M.Louis 3245A, McPherson 16194, Wieringa 
1067, Carvalho 4286). Glabrous and hairy 
plants sometimes occur in a single population 
(A.M.Louis 3245A).

Material studied.
Equatorial	Guinea. Bioko: Bioko Sur, Ureca-Camino 
de Belebu Balacha, cerca de 3 km de Ureca, fr. 2 Mar. 
1990, Carvalho 4286 (MA). Rio Muni: Bata-Punta 
Mbonda, nas praderas graminosas de Punta Mbonda, 
fr. 22 June 1991, Carvalho 4745 (BR, BRLU, WAG).
Gabon: Mabounié, fr. 1 November 2012, Boupoya 
822 (BRLU); 15.1 km SE of Gamba airport, fr. 12 
December 1994, J.J.F.E. de Wilde & de Wilde-
Bakhuizen 11386 (BRLU, WAG); environs de Adouma, 
sur l’Orimbo affluent de l’Ogooué, fr. 24 July 1912, 
Fleury in Chevalier 26157 (P); Pandja (locality ?), fr. 
1864, Griffon du Bellay 260 (P); Ayem, SW de Ndjolé, 
fr. imm. 10 April 1963, N. Hallé 1612 (P); Ayem, SW 
de Ndjolé, fr. imm. 19 April 1963, N. Hallé 1725 (P); 
Lébamba, bords de la rivière Loetsi, fl. & fr. 13 May 
1963, N. Hallé & Cours 5860 (P); Gnyengo, fl. March 
1915, Le Testu 2043 (P); Tcyengué Ivinzi, fl. & fr. imm. 
March 1927, Le Testu 6461 (P); rivière Remboué, sur 
la ligne 12, à droite de l’embarcadère, fr. 26 June 1990, 
A.M. Louis 3245 A (WAG); Setté Cama region, fr. 3 
May 1997, McPherson 16914 (WAG); région des Lacs, 
Nyigoné, fr. September 1922, Pobéguin 100 (P); along 
Ogooué Stream, fr. 16 October 2012, Sonké et al. 6070 
(BRLU); Rabi-Kounga, Shell camp, fl. 28 May 1992, 
Wieringa 1067 (WAG).
D.R.Congo: Luki, fr. imm. 7 February 1947, Devred 
3150 (BR); Luki, fl. 9 March 1949, Donis 2448 (BR); 
Luki, fl. 3 February 1950, Maudoux 308 (BR).
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