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The Frankincense Trees
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Taariikhda boqollaal kun oo beri fogaa joogta
Bilaad Bunta waagaan aheyn baradii kheryaadka
Boqorrada fircoonkaa arliga baawar ku lahaaye
Baalgoraydey gadan jireen meydi noo baxaye
Baayacmushtari kama horeyn beeyada iyo fooxa
Annagaa bilownaye khalquigu biica ma agoone
Berigaa an tilmaamey iyo watqtiga beeshayadu guurto
Ma bedeline dhaquankii horaan weli ku baaqaaye

Centuries past in the ancient history of the nation
The time we were known as the “Land of Punt” and prosperity
The Egyptian pharaohs were world power
They purchased ostrich feathers and our meydi incense
No commerce preceded the trade of frankincense merchandise
We pioneered the mercantile craft unknown to humanity
From those early times to the present mobile nomadic tradition of the society
I havenʼt changed the traditional culture which I preach and sustain

X. Adan Afqalooc, Somali elder and poet. Opening sentences of oral poem, 
with translation by Ahmed Yusuf Farah (A.Y. Farah 1994)
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ABSTRACT

Thulin, M. 2020. The Genus Boswellia (Burseraceae) – The 
Frankincense Trees. Symbolae Botanicae Upsalienses vol. 39. 
149 pages. ISBN: 978-91-513-0886-9.

The history of frankincense, starting in ancient Egypt, and the 
frankincense trees, what is now the genus Boswellia Roxb., is 
briefly outlined. General remarks are given on phylogeny and 
dating of the genus, previous taxonomic treatments, authorship 
and etymology, chromosome number, cotyledons and hypocotyl, 
cliff-dwelling versus ground-dwelling species, bark, stipules, 
breeding system and pollination, fruits and dispersal, hybrids, 
chemistry and uses, conservation, and harvesting and processing 
of frankincense.

According to previously published phylogenies, Boswellia is 
sister to the Asian genus Garuga Roxb., and the crown group dates 
back to the mid Miocene. Twenty-four species are recognized in 
Boswellia, distributed from Mali and Burkina Faso in the west to 
India in the east, and from Oman and north-central India in the 
north to northeastern Tanzania in the south. Most species are 
found in the Horn of Africa region, with the highest concentration 
(11 species) in the Socotra archipelago (Yemen).

A key to the species of Boswellia is provided, as well as 
distribution maps, illustrations, descriptions, notes on etymology, 
distribution and habitat, vernacular names and uses, IUCN Red 
List assessments, taxonomic remarks, and lists of collections, 
for all species. Boswellia aspleniifolia (Balf.f.) Thulin, comb. 
nov., based on Odina aspleniifolia Balf.f., B. samhaensis Thulin 
& Scholte, sp. nov., and B. scopulorum Thulin, sp. nov., are 
published, all from the Socotra archipelago. The name Boswellia 
“hesperia” is provisionally proposed for an apparently new species 
from Socotra, of which only photographs have been available. 
Fifteen names are lectotypified, and a neotype is designated for 
B. papyrifera (Delile) Hochst.

Systematic Biology, Department of Organismal Biology, EBC, 
Uppsala University, Norbyvägen 18D, SE-752 36 Uppsala, Sweden. 
mats.thulin@ebc.uu.se

Previous page:
Frankincense tree (Boswellia sacra) in desert 
landscape near Galgala in northern Somalia.
Photograph by Anders Persson 6 Dec 1985
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My first encounter with frankincense trees was on a field trip 
in Ethiopia with Mike Gilbert in September 1975, when we saw 
Boswellia papyrifera in the Blue Nile Gorge. Some further species 
were seen in Kenya and Ethiopia during the next few years, but 
my real interest in these trees started in 1982, when I became 
involved in a Somali-Swedish project on frankincense production 
in Somalia supported by SAREC (Swedish Agency for Research 
Cooperation with Developing Countries). The project aimed, 
among other things, at the domestication of frankincense trees. 
This led to several field trips in the 1980s together with Ahmed 
Mumin Warfa, Ahmed Yusuf Farah, the late Anders Persson, and 
many others, and to a paper in Kew Bulletin (Thulin & Warfa 1987) 
on the taxonomy of the frankincense trees of major importance 
in northern Somalia (including Somaliland) and southern Arabia.

The frankincense project was terminated at the start of the civil 
war in Somalia in 1991, but before that my interest in Somali plants 
had canalized into the Flora of Somalia project, also with support 
from SAREC. This project led to many more field trips and finally 
to the completion of the last of the four volumes of the Flora in 
2006. During the 1990s, I had the opportunity to study species 
of Boswellia also on Socotra and in mainland Yemen, and got the 
idea of producing a monograph of the genus. A draft manuscript 
was written, but was left unfinished as the completion of Flora of 
Somalia took all my free time. The year before last, well after my 
retirement, I happened to come across this manuscript again, and 
decided to give it a new chance. The result can be seen in this issue 
of Symbolae Botanicae Upsalienses.

Uppsala 22 January 2020
Mats Thulin

Preface
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The Egyptians and the Land of Punt
The first descriptions of both the use and trade 
of frankincense or olibanum (from Arabic 
liban, signifying whiteness; Pfeifer 2018: 22) 
come from ancient Egypt, where burning of 
incense was part of all major ceremonies, 
to link with the gods and also as a means 
of driving off evil demons (Groom 1981). 
Particularly fascinating is the temple at Deir 
al-Bahari near Thebes in Egypt, where the 
reliefs (Fig. 1) tell the story about an expedition 
sent out by Queen Hatshepsut in 1495 BC to 
the land of Punt, to bring back, among other 
things, living frankincense and/or myrrh trees 
to be planted on the terraces of the temple 
(Hepper 1967). However, it is not possible to 
be sure, from the stylized reliefs, whether they 
represent frankincense or myrrh trees.

We know nothing about the fate of these 
trees, and the identity of the Land of Punt 
is still obscure, a location in present day 
northern Somalia or in Eritrea being the 
most likely alternatives (Groom 1981). Also, 
Queen Hatshepsut was not the first Egyptian 
monarch to send an expedition to the Land of 
Punt; already around 2800 BC expeditions had 
been sent there by King Sahure and King Isesi 
(Groom 1981: 23).

Puntland, or officially the Puntland State of 
Somalia, has since 1998 been the name of an 
autonomous region in northeastern Somalia. 
For many people in the frankincense region of 
northern Somalia, there is little doubt that this 
was the Land of Punt, and the early incense 
trade is often glorified, as in the poem on the 
front fly-leaf. Arguments in favour of this 
position of the Land of Punt were put forward 
by Hildebrandt (1878). For example, the 
inhabitants of Punt were called “Puna”, a word 
that resembles “Opone”, which is an old name 
for a port in northeastern Somalia (today s̓ 
Hafun).

The Bible
In the Book of Numbers, when plague broke 
out among the Israelites, by the command of 
Moses the burning of incense was used to stop 
the spread of the disease, an early example of 
fumigation (Groom 1981: 4). Detailed accounts 
of the use of incense (incl. frankincense) and 
the ceremonies surrounding it, are found in the 
Old Testament, and the burning of incense in 
the temple continued into the times of the New 
Testament (Zohary 1982). Gold, frankincense 
and myrrh were the precious gifts brought to 
the infant Jesus in the legend of the Magi.

The history of frankincense and the frankincense trees

The precious gum-resins produced by the 
frankincense trees have been used by humans 
since times immemorial. “Incense” is a general 
term for material which emits fragrant fumes 
when heated or burnt (Groom 1981: 11), 
whereas frankincense (probably from Old 
French franc encense, from franc noble, true) 
specifically refers to the gum-resins of trees of 
the genus Boswellia Roxb.

Fig. 1. Incense tree in Punt to be loaded onto an 
Egyptian ship. From reliefs in the Temple of Deir 
al-Bahari, c. 1500 BC. After Naville (1898: Pl. 74).
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The Greeks and Romans
The ancient Greek scholar Herodotos, “the 
father of history”, in his Ἱστορίαι (The Histories; 
about 446 BC) knew Arabia as “the only place 
that produces frankincense” . The importance 
of the frankincense trade at his time was 
illustrated by a note that the Arabs paid a 
yearly tribute to the Persian emperor Darius of 
one thousand Babylonian talents (24.5 tons) of 
frankincense (Groom 1981: 59, 60).

Theophrastos, another Greek scholar, “the 
father of botany”, in his Περὶ φυτῶν ἱστορία 
(An Enquiry into Plants; about 295 BC), 
provided further details about the frankincense 
lands in southern Arabia, such as: “The trees 
of frankincense and myrrh grow partly in the 
mountains, partly on private estates at the foot 
of the mountains; wherefore some are under 
cultivation, others not” (Groom 1981: 63, 96). 
His main source was the evidence of Greek 
sailors, who had “landed to look for water on 
the mountains and so saw the trees and the 
manner of collecting their gum”.

A somewhat later, but much more detailed 
source of information on frankincense and 
the frankincense trade is the Περίπλους 
της Ερυθράς Θαλάσσης (Periplus of the 
Erythraean Sea; probably composed in the 
mid-first century AD), an account of an 
unknown merchant or ship s̓ master of the 
trading journey between Egypt and India 
(Schoff 1912; Groom 1981). According to the 
Periplus, the Arabian frankincense country 
stretched from the trading port Cana (probably 
situated close to the present town of Biʼr Ali 
in Yemen) past Syagrus (Ras Fartak of today) 
all the way to Moscha and Asich. Moscha 
is believed to be Khor Rori near Salalah in 
today s̓ Oman (Groom 1981).

The Periplus also gives detailed information 
on ports and merchandise along the coast 
of today s̓ Somalia. So called “far-side” 
frankincense could be obtained from several 
ports, and “in great quantity and of the best 
grade” from Acannae, which corresponds to 
the present day town of Alula in northeastern 

Somalia (Groom 1981: 139). A special kind of 
incense called “mocrutu” could be obtained in 
the ports of Mundus (today s̓ Heis or Xiis) and 
Mosyllum (perhaps near today s̓ Laasqoray).

Plinius (“Pliny”), the Roman scholar, in his 
Naturalis historia (Natural History; completed 
in AD 77), Book 12, provided fairly detailed 
information on the collecting of frankincense, 
saying, for example, that “it used to be the 
custom, when there were fewer opportunities 
of selling frankincense, to gather it only once 
a year, but at the present day trade introduces 
a second harvesting”. As for the appearance of 
the trees, the Greek authors had provided some 
vague and partly contradictory information, 
and Plinius had to conclude that: “No Latin 
author so far as I know has described the 
appearance of this tree. The descriptions given 
by the Greeks vary” (Groom 1981: 98).

Both the Greeks and the Romans used 
frankincense as a sacrifice to the gods, but also 
for sanitary and medicinal purposes. Enormous 
quantities were consumed, and Plinius 
complained that at the funeral of Nero s̓ wife 
Poppaea, more incense was burned than all 
Arabia could produce in a year (Groom 1981: 
14). Apart from transport by the sea, much 
of the frankincense was transported on land 
from southern Arabia to the Mediterranean. 
An effort to reconstruct this caravan route was 
made by Groom (1981). The trade route was 
more or less monopolized by an Arabian tribe, 
the Nabatheans, during five hundred years 
(from about 300 BC to about AD 200), and was 
presented as a very early example of a global 
supply chain by Hull (2008).

From early in the fourth century AD the 
incense market began to collapse, the most 
specific cause being the spread of Christianity. 
This was “marked in particular by the conversion 
of the Emperor: until about the middle of the 
fourth century no incense was used at all in the 
ceremonies of the Church and by the end of the 
century Theodosius had forbidden the pagan 
practice of making offerings, including incense, 
to the household gods” (Groom 1981: 162).



 Mats Thulin  –  The Genus Boswellia                 

11

However, “the continuation of the export of 
aromatics from south Arabia into the early 
Middle Ages is revealed in the detailed 
commercial laws drawn up by Leo VI in AD 
895, where perfume ingredients permitted to 
be sold include both myrrh and frankincense, 
but this trade was a mere shadow of what it 

The more exact nature of the frankincense 
trees themselves remained a mystery. Marco 
Polo, who mentioned the occurrence of 
frankincense trees in southern Arabia from his 
journey during 1271–1295, stated that they are 
small trees that resemble fir. However, Marco 
Polo never visited southern Arabia himself. 
An illustration by Thevet (1575) shows two 
frankincense trees surrounded by Arabian 
harvesters in action (Fig. 2). The harvestersʼ 
activities are shown in quite some detail, but 
not much can be said about the identity of the 
trees that were said to resemble pine trees. 

had been seven hundred years before” (Groom 
1981: 162–163). By that time, frankincense 
had gained importance in Christian liturgy, 
and much information on its usage within 
the Ethiopian Orthodox Church and other 
Churches throughout history is provided by 
Fritsch (2007) and Pfeifer (2018).

The Portuguese Jesuit missionary Manuel de 
Almeida enquired about frankincense while 
delayed in Dhofar in southern Arabia on his way 
from India to Ethiopia in 1623. He stated that 
the trees were to be found growing in the high, 
barren mountains between Dhofar and Qishn 
(Beckingham & Huntingford 1954: 177; Miller 
& Morris 1988: 298), which is quite an accurate 
description of the Arabian frankincense region. 
The frankincense was said to come “from 
little trees which have few leaves and no fruit 
other than the incense which is their resin” 
(Beckingham & Huntingford 1954: 177).

Medieval times

Fig. 2. Arabs collecting 
frankincense.

From Thevet (1575: 119).
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Linnaeus, Forsskål and Niebuhr

Linnaeus (1749), in his Materia medica, 
stated that frankincense or “olibanum” 
was produced by a species of Juniperus L. 
growing in “Africa, Aethiopia, Arabia”. In 
Species plantarum (Linnaeus 1753a), the 
reference to the entry in Materia medica is 
found under J. lycia L., but the distribution 
of this species is given as “Galli, Sibiria”. 
Apparently, Linnaeus placed the reference 
to Materia medica under J. lycia just for the 
lack of any better alternative. According to 
the dissertation Plantas officinales by Gahn 
(Linnaeus 1753b), olibanum originates from 
an unspecified species of Juniperus.

One of the aims of the Royal Danish 
Expedition to Egypt and Yemen (Arabia Felix) 
in 1761–1763 was to investigate the origin of 
various commodities mentioned in the Bible, 
including frankincense. Linnaeusʼ pupil Peter 
Forsskål was the naturalist in the party; and 
in the instructions for the journey, he was 
specifically asked to describe the frankincense 

trees botanically, to bring back seeds, if 
possible, and to collect information on the 
harvesting of the gum, etc. (Michaelis 1762).

Forsskål, before he died in Yemen in 1763, 
made numerous discoveries (Forsskål 1775; 
Niebuhr 1772) including the biblical balm tree 
(Commiphora gileadensis (L.) C.Chr.; Hepper 
& Friis 1994), but his party did not reach any 
area with frankincense trees. Carsten Niebuhr, 
the only surviving member of the expedition, 
stated (Niebuhr 1778) that frankincense trees 
are to be found in Hadramaut, but that incense 
from the native trees is not appreciated by the 
Arabs, who only make use of incense from 
India. Niebuhr, who never himself visited 
Hadramaut, went on to assume that Arabian 
incense was so called by the ancients because 
the Arabs traded in it and conveyed it from 
India to the ports of Egypt and Syria. This 
led to the general assumption for quite some 
time that the Indian resin was the olibanum of 
commerce, and the very existence of Arabian 
frankincense came to be seen as a matter of 
doubt (e.g., Tristram 1867).

Bruce and Balugani
The first Europeans to see and depict a 
frankincense tree were James Bruce and Luigi 
Balugani, during their travel in Abyssinia 
searching for the source of the Nile. In January 
1770, near the Takazze River, they found the 
Ethiopian frankincense tree, “Anguah”. Bruce 
(1790) noted in his travel description that “the 
frankincense land stretches from Abyssinia 
to Cape Guardafui”. An illustration made by 
Balugani was included in the second edition of 
Bruce s̓ work (Bruce 1805). This illustration 
(Fig. 3), which was reproduced by Hulton, 
Hepper & Friis (1991: Fig. 85), shows a branch 
with leaves, flowers and fruits at the same time, 
and was obviously compiled from material 
collected from different plants.

Fig. 3. Anguah, the Ethiopian frankincense tree 
(Boswellia papyrifera). Illustration by Luigi Balugani 
in Bruce (1805: Pl. 48).
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Taxonomic history of Boswellia
A formal description and naming of the 
Ethiopian frankincense tree had to wait until 
Delile (1826), on the basis of material collected 
by Frédéric Cailliaud in eastern Sudan, near the 
present border with Ethiopia. He published it 
as Amyris papyrifera Delile, in Terebinthaceae 
(Anacardiaceae). Amyris P.Browne is today a 
tropical American genus in Rutaceae.

According to Cailliaud, the outer bark of the 
tree imitated parchment and was used instead 
of paper by the locals. No mention was made of 
it producing frankincense.

Before Delile, William Roxburgh had made 
the first valid publication of a frankincense 
tree in a paper by Colebrooke (1807). This was 
the Indian frankincense tree called “Salai” 
in Hindi or “Cunduru” in Sanskrit. It was 
described and illustrated by Roxburgh as 
the new genus and species Boswellia serrata 
Roxb. (see also “Notes on nomenclature” and 
“Etymology” in the genus description below). 
When published in 1807, the genus Boswellia 
was not placed in a family. However, when 
the family Burseraceae was published by 
Kunth (1824), Boswellia was one of the genera 
included, whereas Colebrooke (1827) referred 
it to Terebinthaceae (now a synonym of 
Anacardiaceae).

The Ethiopian frankincense tree was then 
described a second time, as the new genus and 
species Ploesslea floribunda Endl. (Endlicher 
& Fenzl 1839), based on a collection made by 
Theodor Kotschy in eastern Sudan, near the 
Ethiopian border. It was said to be a member 
of Sapindaceae. Hochstetter (1843) transferred 
Amyris papyrifera to Boswellia, placing 
Ploesslea floribunda in synonymy, and citing 
material collected by Wilhelm Schimper from 
the Takazze valley in Ethiopia.

An Arabian frankincense tree was first 
described and depicted by Carter (1847), on the 
basis of flowering branches brought to him on 
30th May 1846 at the village Rakheote on the 
the coast of southeastern Arabia (in the Dhofar 
Region of today s̓ Oman). Carter identified the 

plant as the Indian species, Boswellia serrata, 
although a number of differences between the 
Arabian and Indian plants were noted, and it 
was pointed out that others “may consider them 
sufficiently specific to entitle the Arabian tree 
to a separate denomination”. Flückiger (1864) 
first identified Carter s̓ plant as B. papyrifera, 
but later (Flückiger 1867) described the 
Arabian frankincense tree as a new species, 
B. sacra Flück., based on Carter s̓ illustration.

Birdwood (1870), unaware of Flückiger s̓ 
paper in 1867, proposed the superfluous name 
Boswellia carteri Birdw. for Carter s̓ plant 
from southeastern Arabia, and also included 
in the species material from northern Somalia 
collected by Lambert Playfair under the 
Somali name “Mohr Madow”. Furthermore, 
B. bhaudajiana Birdw. and B. frereana Birdw. 
were described from northern Somalia, based 
on material collected by Playfair under the 
Somali names “Mohr Add” and “Yegaar”, 
respectively. Birdwood (1870) thus treated 
Boswellia as a genus of five species, his own 
three species plus the Ethiopian and the Indian 
frankincense trees. He emphatically refuted the 
notion deriving from Niebuhr, that gum-resin 
from India was the olibanum of commerce, 
and effectively demonstrated that frankincense 
was, and has always been, produced in southern 
Arabia and northern Somalia.

Moore (in Baker & Moore 1877) described 
a further species, Boswellia neglecta S.Moore 
from northern Somalia, on the basis of a 
collection made by Johann Hildebrandt.

Balfour (1882) described Boswellia ameero 
Balf.f., B. elongata Balf.f. and B. socotrana 
Balf.f. as endemics on Socotra (Yemen), all 
based on material collected by Isaac Balfour, 
Charles Cockburn and Alexander Scott. These 
species were illustrated and treated in more 
detail in Balfour (1888).

Engler (1883) made an attempt at a mono-
graph of Boswellia, including six species: 
B. bhaudajiana, carteri, frereana, neglecta, 
papyrifera, and serrata. 
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Boswellia carteri was said to occur in both 
southern Arabia and Somalia, and B. sacra 
was cited as a presumed synonym. Material of 
Balfour s̓ three species had been unavailable to 
Engler, but brief descriptions of them were given 
under “Additamenta”. Later, Engler described 
B. rivae Engl. from eastern Ethiopia (Engler 
1897) based on material collected by Domenico 
Riva. His other names, B. hildebrandtii Engl. 
(Engler 1892), B. multifoliolata Engl. (Engler 
1897), B. boranensis Engl. and B. elegans 
Engl. (both Engler 1904), B. occidentalis Engl. 
(Engler 1911), and B. undulatocrenata Engl. 
(Engler 1913), are today mostly treated as 
synonyms of earlier described species.

Guillaumin (1908) published Boswellia 
chariensis A.Chev. ex Guillaumin based on 
material collected by Auguste Chevalier in Tchad.

Hutchinson in Dalziel (1910) described 
Boswellia dalzielii Hutch. and B. odorata Hutch. 
from West Africa, both based on material 
collected by John Dalziel in Nigeria. The latter 
name is based on a mixed collection, and is 
here treated as a synonym of B. papyrifera.

Chiovenda (1911) described Boswellia 
pirottae Chiov. from northwestern Ethiopia, 
based on his own material, and later 
B. microphylla Chiov. (Chiovenda 1915) from 
southern Somalia, based on material collected 
by Guido Paoli.

Engler (1931) briefly summed up the 
knowledge of the genus Boswellia in the 
posthumously published second edition of 
Die Natürlichen Pflanzenfamilien, where 23 
species were enumerated, only seven of which 
are maintained in the present account.

Balakrishnan & Henry (1961) described 
a second species from India, Boswellia 
ovalifoliolata N.P.Balakr. & A.N.Henry, based 
on material from Andhra Pradesh collected by 
Krishnaier Subramanyam.

Capuron (1962) published Boswellia 
madagascariensis Capuron from northern 
Madagascar, based on collections made within 
the Service Forestier series.

Hepper (1969) published an account 
of Arabian and African frankincense-
producing trees, recognizing five species: 
Boswellia bhaudajiana, B. carteri and B. 
frereana in northern Somalia, B. papyrifera 
in Ethiopia, Sudan and the Central African 
Republic, and B. sacra in southern Arabia. 
Here, B. carteri was treated as restricted to 
Somalia and distinct from B. sacra, although 
no arguments for this taxonomy were given. 
Boswellia bhaudajiana was said to be 
inadequately known and maybe not a really 
distinct species. 

Later, Hepper described Boswellia 
popoviana Hepper and B. nana Hepper from 
Socotra (Hepper 1971), both species based on 
material collected by Alan Radcliffe-Smith 
and John Lavranos.

Vollesen (1985) published Boswellia 
ogadensis Vollesen from eastern Ethiopia 
based on material collected by J.B. Allen and 
M.C. Hamersley.

Thulin & Warfa (1987) established the 
taxonomy predominantly used since then of 
the major Arabian and Somali frankincense-
producing trees, with Boswellia sacra 
in southern Arabia and Somalia (with 
B. bhaudajiana and B. carteri as synonyms), 
and with B. frereana as endemic to Somalia.

Thulin (2001) described Boswellia bullata 
Thulin and B. dioscoridis Thulin from Socotra, 
and Thulin (2007) described B. globosa Thulin 
from northern Somalia. Vollesen (1985) had 
previously treated material of B. globosa 
under the name B. bricchettii (Chiov.) Chiov., 
but, as pointed out by Thulin (2000), the 
type of B. bricchettii is a sterile branch of 
Lannea obovata (Hook.f. ex Oliv.) Engl. in 
Anacardiaceae.

Finally, Thulin & al. (2019) published 
Boswellia occulta Thulin, DeCarlo & 
S.P.Johnson from northern Somalia, a 
frankincense-producing species of considerable 
socio-economic importance, but previously 
unknown to science.
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Phylogeny and dating
Thulin et al. (2008) published a molecular 
phylogeny of Burseraceae, including 14 
species of Boswellia. Boswellia was strongly 
supported as monophyletic, with the exception 
of B. madagascariensis from Madagascar that 
was transferred to a new genus, Ambilobea 
Thulin, Beier & Razafim. Ambilobea differs 
from Boswellia, among other things, by 
having unisexual flowers, valvate petals, 
and profoundly different fruits and pollen. A 
sister group relationship between Boswellia 
and the Asian genus Garuga Roxb. was 
well supported, in agreement with previous 
studies (Clarkson et al. 2002; Weeks et al. 
2005). This relationship is also supported by 
similarities between Boswellia and Garuga 
in pollen morphology (Harley & Daly 1995; 
Harley et al. 2005), these two genera being 
the only members of Burseraceae with the 
“Garuga type” of pollen (Harley et al. 2005). 
The resolution within Boswellia was generally 
poor, however (Thulin et al. 2008).

Boswellia and Garuga, along with, among 
others, the genera Ambilobea, Canarium L., 
Dacryodes Vahl, Santiria Blume, Trattinnickia 
Willd., and Triomma Hook.f., were referred to 
the tribe Garugae Marchand by Thulin et al. 
(2008). Daly et al. (2011) informally divided 
Burseraceae into five alliances, placing 
Boswellia in the “Boswellia Alliance” along 
with Garuga.

Weeks et al. (2014), on the basis of a 
dated phylogeny of “Terebinthaceae” (Ana-
cardiaceae and Burseraceae together), studied 
the evolution of geographic range and climatic 
niche in this group. Three species of Boswellia, 
B. frereana, neglecta and sacra, were included 
in the analyses. Boswellia and Garuga were 
again retrieved as sisters, which separated 
in the Eocene, 52 Ma (33–68 Ma), whereas 
the Boswellia crown group dates back to the 
mid Miocene (c. 13 Ma). The split between 
Boswellia and Garuga reflects the separation 
of African Tropical Dry taxa and Southeast 
Asian Tropical Wet taxa. Within Boswellia, 

B. neglecta was retrieved as sister to B. frereana 
and sacra together, and the split between 
B. frereana and B. sacra was estimated to have 
occurred in the early Pliocene (c. 5 Ma).

The chloroplast genome of Boswellia sacra 
was published by Khan et al. (2017). It was 
found to be 160,543 bp in size with 37.61% GC 
content. This first fully sequenced chloroplast 
genome of a member of Burseraceae agreed 
well with other known genomes in Sapindales 
(Khan et al. 2017; Al-Harrasi et al. 2019b).

An unpublished molecular phylogeny of 
Boswellia, comprising samples from 16 species 
(Alan Forrest, pers. comm.) is poorly resolved, 
but three main clades are indicated: (1) an Indian 
clade with B. serrata and B. ovalifoliolata that is 
sister to the rest of the genus, and (2) an African 
and mainland Arabian clade with B. frereana, 
globosa, neglecta, ogadensis, papyrifera, rivae 
and sacra, which is sister to (3), a Socotran 
clade with B. ameero, bullata, dioscoridis, 
elongata, nana, popoviana, and socotrana. 
The Indian and the Socotran clades are well 
supported, but otherwise the relationships have 
low or no support.

The Socotra archipelago radiation
This phylogeny indicates that the rich radiation 
of species found in the Socotra archipelago has 
evolved from a single colonizing ancestor.

This radiation is remarkable, but not unique. 
Other plant genera, with radiations in the 
Socotra archipelago that have been inferred 
using molecular methods, are Echidnopsis 
Hook.f. (Apocynaceae) and Libinhania 
N.Kilian, Galbany, Oberpr. & A.G.Mill. 
(Asteraceae). Echidnopsis has five endemic 
species on Socotra that apparently evolved 
from a single introduction (Thiv & Meve 2007; 
Banfield et al. 2011), whereas Libinhania is 
an endemic genus in the Socotra archipelago 
with a hypothesized ancient hybrid origin and 
with 13 species of annual and perennial herbs, 
subshrubs and shrubs, previously treated as 
members of Helichrysum Mill. (Kilian et al. 
2017).
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The main reasons for the biodiversity and 
endemism of the Socotra archipelago are 
“an ancient geological history with a long 
period of isolation, diverse geomorphology 
and topography, a complex climatic history, 
a current climate that varies spatially and 
altitudinally, and the apparent persistence of 
wet and dry refugia habitats” (Banfield et al. 
2011: 201–202). The majority of the species of 
Boswellia in the archipelago grow exclusively 
or predominantly on cliffs and rocks, which 
may indicate that the genus has radiated 
there “to fill cliff niche habitats […] possibly 
to escape more arid habitats” (Banfield et al. 
2011: 212).

Previous floristic, biological and
horticultural treatments
Species of Boswellia have appeared in 
numerous regional floristic works covering, for 
example, West Africa (Keay 1958), Ethiopia 
and Eritrea (Vollesen 1990), Tropical East 
Africa (Uganda, Kenya and Tanzania) (Gillett 
1991), Somalia (Thulin 2000), and Socotra 
(Mies et al. 2000; Miller & Morris 2004). 
Lebrun & Stork (2011) in their series “Tropical 
African flowering plants” treated nine species 
with descriptions and maps. Two richly 
illustrated accounts dealing with horticultural 
aspects of Boswellia species were published by 
Eslamieh (2011, 2017).

Many biological aspects of the genus, and 
in particular of Boswellia sacra in Oman, 
were discussed by Al-Harrasi et al. (2019b), 
including microbial communities in the 
rhizosphere, as well as endophytes. However, 
no taxonomic treatment of the genus as a whole 
has been attempted since Engler (1931) briefly 

summed up the knowledge of the group. Much 
has happened since then, and the need for a 
taxonomic revision is obvious, based on all of 
the herbarium material and other evidence that 
is now available. The main aim of the present 
study is to fulfil this need.

Material and methods
The study is based on the herbarium collections 
in BM, C, E, EA, ETH, FI, FT, K, MO, P, S, 
UPS and WAG, as well as specimens from 
various herbaria consulted online. Field studies 
of most species have been made in Ethiopia, 
Somalia, Kenya, Yemen (including Socotra) 
and Oman. A few species have been cultivated 
in the greenhouses of Uppsala Botanical 
Garden. The measurements given in the 
descriptions generally refer to dried material. 
As far as possible, all names are typified. 
Distribution maps are provided for all species. 
A large part of the existing herbarium material 
of Boswellia is sterile, and in the specimen 
citations under the species it is generally noted 
for each collection whether it is sterile, or in 
flower (fl) or fruit (fr).

In the type citations, an exclamation mark 
after the herbarium acronym means that the 
actual specimen has been seen. An exclamation 
mark after the barcode number means that a 
digital image of the specimen has been seen.

The species are grouped according to the 
phylogeny (see above), the two Indian species 
first, followed by the species from mainland 
Africa and Arabia, and ending with the species 
in the Socotra archipelago. Within each of 
these three groups, the species are arranged 
according to their presumed relationship based 
on morphological similarity.

*
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Description
Shrubs or small to medium-sized trees, 
unarmed or rarely with somewhat spinescent 
short-shoots, often producing underground 
root-tubers; trunk often swollen at the base, 
sometimes disk-shaped; outer bark smooth 
to rough, often peeling in ± papery flakes, 
inner bark with an aromatic watery to milky 
exudate hardening to a gum-resin; wood soft to 
moderately hard. Leaves deciduous, crowded at 
shoot-apices or alternate on young long-shoots, 
imparipinnate or rarely 3-foliolate or simple, 
minute gland-tipped hairs often present, 
usually mixed with longer eglandular hairs; 
leaflets usually subsessile, often subalternate, 
with entire to serrate, crenate or undulate 
margins; petiole and rachis sometimes winged; 
stipules absent. Flowers actinomorphic, bi-
sexual, produced with or before the leaves, in 
axillary and/or terminal racemes or panicles, 
rarely solitary. Calyx cup-shaped, shortly 
5-lobed. Petals 5, free, imbricate in bud, 

white, cream or reddish. Stamens inserted 
outside a conspicuous annular, ± distinctly 
lobed disk, 10, in 2 whorls of 5, free, those 
opposite to the calyx-lobes sometimes larger 
or with broader filaments; anthers with 
longitudinal dehiscence, sometimes with a 
minute apical appendage; pollen tricolporate, 
prolate-spheroidal or subprolate, psilate-
perforate. Ovary (2–)3–6(–8)-locular, with 2 
ovules pendent from the apex of each loculus; 
style simple; stigma truncate to capitate or 
clavate. Fruit a pyriform to obovoid-ellipsoid 
or subglobose pseudocapsule, often ± deeply 
lobed, the (2–)3–6(–8) angles sometimes ± 
winged, the outer wall septicidally breaking 
away acropetally on dehiscence to disclose a 
winged axis with a 1-seeded pyrene in each 
compartment between the wings; pyrenes 
surrounded by a fragile outer layer which 
sometimes forms a ± persistent wing, often 
with various apical, lateral and/or basal 
extensions (horns or points). Cotyledons lobed.

Asiat. Res. 9: 379 (1807). – Libanotus Stackh., De 
Libanoto: 13 (1814), nom. illeg. – Type: Boswellia 
serrata Roxb.

Ploesslea Endl. in Endl. & Fenzl, Nov. Stirp. Dec.: 
39 (1839), as “Plösslea”. – Type: Ploesslea 
floribunda Endl.

Notes on nomenclature
The generic name Boswellia and the species name 
B. serrata were validated simultaneously in a paper 
by Colebrooke (1807). Colebrooke attributed the 
names to Roxburgh, but “Roxb. ex Colebr.” has 
been the author citation generally used for both 
the genus and the species name. However, it is 
clear from Colebrookeʼs paper that Roxburgh, in 
addition to providing the names of the genus and 
species, also had provided the description. Thus, 
Colebrooke, before the description, said that “his” 
(i.e. Roxburghʼs) “description follows”. After the 
description, he made the following statement: “The 

foregoing description is by Dr. Roxburgh. I have 
merely added in the margin a few inconsiderable 
variations taken from Dr. Hunterʼs notes or from 
my own”. Therefore, according to Article 46.2 in 
ICN (Turland et al. 2018), the names Boswellia and 
B. serrata must be attributed to Roxburgh alone.
  Libanotus, with the single species L. asiaticus 
Stackh., was proposed by Stackhouse (1814) in an 
effort to reintroduce the name for frankincense used 
by Theophrastos. However, as Boswellia serrata 
was cited in synonymy, the names of the genus and 
species are both superfluous and illegitimate (Article 
52.1 in ICN, Turland et al. 2018).

Etymology. Boswellia was named for Dr John 
Boswell, a prominent physician in Edinburgh and 
the grandfather of Roxburghʼs third wife (Coats 
1966). He was also the uncle of James Boswell, the 
biographer of Samuel Johnson.

Taxonomy

Boswellia Roxb.
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Distribution
Boswellia, according to the present treatment, 
is a paleotropical genus of 24 species confined 
to more or less arid areas, extending from Mali 
and Burkina Faso in the west to India in the 
east, and from Oman and north-central India 
in the north to northeastern Tanzania in the 
south. Most species are found in the Horn of 
Africa region (Thulin 2004), with the highest 
concentration of species (11, all endemic) in the 
Socotra archipelago (Yemen).

Using the phytochoria defined for Africa by 
White (1983), Boswellia ameero, aspleniifolia, 
bullata, dioscoridis, elongata, frereana, 
globosa, “hesperia”, microphylla, nana, 
neglecta, occulta, ogadensis, popoviana, rivae, 
sacra, samhaensis, scopulorum and socotrana 
are confined to the Somalia-Masai regional 
centre of endemism, whereas B. dalzielii, 
papyrifera and pirottae are mainly confined to 
the Sudanian regional centre of endemism.

According to the hierarchical system of 
phytochoria of Takhtajan (1986), all the African 
species are confined to the Sudano-Zambesian 
region, in which the Eritreo-Arabian subregion 
corresponds to the Somalia-Masai regional 
centre of endemism of White (1983), and 
the Sahelo-Sudanian subregion roughly 
corresponds to the Sudanian regional centre of 
endemism. The two Indian species, Boswellia 
ovalifoliolata and serrata are confined to the 
Indian region of Takhtajan (1986).

Cotyledons and hypocotyl
The lobed cotyledons in species of Boswellia 
have been described by Colebrooke (1827), 
Lubbock (1892: 332), Guillaumin (1909), 
Monod (1979), Thulin & Warfa (1987), and 
Gillett (1991). The anatomy of seedlings of 
B. sacra was studied by Dupéron (1979). The 
cotyledons of B. frereana, described and 
depicted by Thulin & Warfa (1987) were found 
to be 3-lobed, whereas in B. sacra they are 
5-lobed (or rather 3-lobed with lateral lobes 
2-lobed). 

Furthermore, in seedlings of B. frereana 
and, to some extent, in B. sacra, a swelling 
develops in the hypocotyledonary region 
at the base of the plant (Thulin & Warfa 
1987). In these species, and particularly in 
the mostly cliff-dwelling B. frereana, this 
swelling eventually grows to a disk-like base 
that may, in B. frereana, reach a diameter of 
up to 1 m (Fig. 4). This disk-like base serves 
to stabilize the tree on the cliff-face, and is 
much less developed in ground-dwelling or 
cultivated trees. Due to its origin from the 
hypocotyl, no basal swelling is produced in 
plants of B. frereana and B. sacra propagated 
by cuttings.

Fig. 4. A: Trees of  Boswellia frereana growing
on limestone cliffs near Ba gal in NE Somalia.

B: Disk-shaped base of  trunk.

Photographs by Anders Persson.
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Cliff- versus ground-dwelling species
Miller & Morris (2004) divided the species of 
Boswellia on Socotra into two groups: cliff-
rooting (or cliff-dwelling) and ground-rooting 
(or ground-dwelling), and this subdivision 
was the first lead in their key to the species. 
Boswellia bullata, dioscoridis, nana, 
popoviana and B. sp. A were considered to be 
cliff-dwelling, whereas B. ameero, elongata 
and socotrana were considered to be ground-
dwelling. 

Cliff-dwelling frankincense trees are 
certainly a spectacular sight, but the division 
of the species into two clear-cut ecological 
groups is an oversimplification. In the 
type locality of the usually cliff-dwelling 
Boswellia dioscoridis, for example, ground-
dwelling trees were also seen (see further 
under 22. B. dioscoridis). Boswellia sp. A 
sensu Miller & Morris (2004) is here treated 
as a form of the normally ground-dwelling 
B. ameero (see further under 14. B. ameero). 
Cliff-dwelling trees of B. dioscoridis develop 
a thickened base approaching that seen in 
B. sacra, frereana and occulta in northern 
Somalia (Thulin 2001; Thulin et al. 2019). 
This may apply to some degree also to 
the cliff-dwelling form of B. ameero. In 
B. bullata, nana, popoviana, samhaensis and 
scopulorum, the foothold of the trees may 
also swell to various degrees.

Water
Although the species of Boswellia are all 
adapted to a more or less arid climate, the 
ability of the cliff-dwelling species, such 
as B. frereana, to survive and thrive on 
vertical cliffs in very dry and hot situations 
is remarkable. Apparently, the trees are able 
to use the dew forming on the rocks during 
the night, as well as fog and drizzle during 
the monsoon seasons. There may also be 
seepage water available (Martinetz et al. 
1989: 185), or the roots of the trees may reach 
deep into the rock to water not reaching the 
rock surface.

Bark
The outer bark in most species of Boswellia 
characteristically peels off in layers that 
may resemble paper or parchment. This is 
particularly striking in B. papyrifera, in which 
the bark peels in large strips that have indeed 
been used locally instead of paper. Flaking 
bark is found, to various degrees, in almost 
all the other species too, especially on old 
trunks, but is rare or only weakly developed 
in B. microphylla, neglecta and ogadensis, 
and apparently absent in B. globosa, B. 
“hesperia” and B. nana, with smooth bark, 
and B. pirottae, which has a smooth to rugose 
or reticulately fissured bark.

The adaptive value of thin, exfoliating 
bark has been discussed for other members of 
Burseraceace living in arid regions. In Bursera 
microphylla A.Gray and Commiphora wightii 
(Arn.) Bhandari, the thin sheets of bark permit 
photosynthesis in the layers underneath; and 
exfoliating prevents the establishment of 
lichens, which would inhibit photosynthesis 
(Wickens 1998: 173). According to Martinetz 
et al. (1989: 84), the peeling park in Boswellia 
frereana prevents evaporation.

The anatomy of the stems of Boswellia 
sacra was studied by Peter (1903, as B. 
carteri) and Dupéron (1979), in both cases 
based on material from southern Arabia. 
According to these authors, the exfoliation of 
the outer bark in successive layers is due to 
the presence of phelloid cells, i.e. cork cells 
with cellulosic cell walls (Metcalfe & Chalk 
1979: 174).

According to Tolera et al. (2013), axial and 
radial resin canals form a three-dimensional 
network in the inner bark of Boswellia 
papyrifera. This is intact in the innermost 
layer of the inner bark, close to the vascular 
cambium, whereas in the dilated parts of the 
inner bark found further out, the network gets 
increasingly disrupted (Tolera et al. 2013). It 
is the intact zone that has the highest density 
of resin canals and that gives the maximum 
yield during tapping.
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Stipules
Stipules are rare in Burseraceae, and 
Boswellia had been regarded as exstipulate 
until Gillett (1991: 4) stated that caducous 
stipules are sometimes present in the genus. 
Under B. neglecta (Gillett 1991: 7), he 
specified: “stipules sometimes present, 
small, narrowly triangular, caducous”. 
This is probably the basis for the statement 
by Daly et al. (2011: 92) that caducous 
stipules are sometimes present in Boswellia. 
However, the remark is contradictory to 
Daly et al. (2011: 77), where these authors 
recorded stipules in Burseraceae only in 
“most Canarium and some Garuga”, whereas 
pseudostipules were said to occur in some 
Canarium and Pseuodacryodes Pierlot.

In this study, I have been unable to find 
stipules in Boswellia neglecta or in any other 
species in the genus. What Gillett (1991) 
interpreted as stipules may be reduced leaflets 
near the base of the leaf, or possibly bud scales.

Breeding system and pollination
The flowers of Boswellia, as well as of the sister 
genus Garuga, are hermaphrodite. In general, 
members of Burseraceae are dioecious, and 
hermaphrodite flowers are otherwise found 
only in some Dacryodes and Bursera (Daly et 
al. 2011).

The two Indian species, Boswellia serrata 
and B. ovalifoliolata, have been shown to be 
self-incompatible (Sunnichan et al. 2005; Raju 
et al. 2012), the growth of pollen tubes in selfed 
flowers being inhibited soon after their entry 
into the stigma. According to Eslamieh (2011, 
2017), B. popoviana is also self-incompatible, 
as are most other species, at least to some 
degree. Addisalem et al. (2016b) recorded 
high levels of heterozygosity in populations 
of B. papyrifera, indicating outcrossing as the 
predominant mating system.

The flowers of Boswellia are visited by 
various nectar- and pollen-foraging insects, and 
are believed to be principally entomophilous 

(Sunnichan et al. 2005; Mariotti Lippi et 
al. 2011; Raju et al. 2012), probably often 
with bees as effective pollinators. Sunbirds 
have also been recorded as pollinators in 
B. ovalifoliolata (Raju et al. 2012).

The nectary disk surrounding the pistil 
is often brightly coloured, red in B. serrata 
(Sunnichan et al. 2005) and B. ovalifoliolata 
(Raju et al. 2012). Marked colour changes of 
the nectary disk during flower development in 
B. sacra were described by Mariotti Lippi et 
al. (2011). This is well illustrated in Fig. 26.

At the first phase of anthesis the disk is 
yellow, similar to the dehiscing anthers in 
colour, and shiny due to emerging nectar. The 
stigma is wet, receptive, and green in colour.

During the second phase the disk is orange, 
the nectar is being accumulated in the furrow 
between the disk and the base of the ovary, the 
anthers are empty, and pollen germination on 
the stigma is at its maximum. The stigma is 
beginning to dry and the colour varies from 
green to brown.

During the third phase the disk is bright 
red and dry, and the anthers may fall off. The 
stigma is dry and brown.

During the final “dark” phase the senescent 
nectary disk is dark red or brown, with black 
patches, and the surface is wrinkly and rough. 
The stigma and the distal portion of the style 
darken as well.

The three first phases are completed 
in 15 hours, and the entire process takes 
about two days (Mariotti Lippi et al. 2011). 
Flowers of different phases are normally 
found simultaneously in the inflorescences; 
and insect visitors, often bees, actively select 
flowers in the first phase, with yellow nectary 
disk.

Colour changes of the nectary disk have 
been observed also in Boswellia frereana 
(Thulin & Warfa 1987), and a similar system 
of communication between plant and visitors 
may be found in this species. Other species 
should be investigated in this respect.
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The structure and function of the nectary 
disk in Boswellia sacra was studied by 
Giuliani et al. (2012). Nectar was found to be 
released both through glandular trichomes and 
nectarostomata, the trichomes being mostly 
responsible for the hydrophilic secretion, 
whereas the lipophilic fraction of the nectar 
was related to nectarostomata only.

Fruits and dispersal
The fruits of Boswellia resemble capsules by 
being dry and dehiscent, but the dispersal 
units are not seeds; they are pyrenes that 
are released after the septicidal dehiscence 
of the outer fruit wall. The fruits are thus 
modified dry drupes, for which the term 
“pseudocapsule” is used here, following, e.g., 
Gillett (1991), Thulin (2000), and Daly et al. 
(2011). Pseudocapsules of various kinds are 
found also in a few other genera of Burseraceae 
(Daly et al. 2011), notably Aucoumea Pierre, 
Beiselia Forman, and Triomma. These genera 
were placed together with Boswellia in subtribe 
Boswellinae in the classification proposed 
by Harley & Daly (1995), but subsequent 
phylogenies (see above under Phylogeny and 
dating) have shown them all to be unrelated 
to Boswellia and to each other. In Garuga, the 
sister genus of Boswellia, the fruit is a fleshy 
drupe (Daly et al. 2011).

Generally, in members of Burseraceae with 
pseudocapsules, the pyrenes are winged, and 
the mode of dispersal is anemochory (Daly et 
al. 2011). In Boswellia, distinctly (and mostly 
persistently) winged pyrenes are found only 
in B. globosa, B. ovalifoliolata, B. popoviana, 
B. sacra, B. samhaensis and B. serrata. Raju 
(2012) demonstrated dispersal of diaspores by 
wind up to 400 m away from the parental site 
in B. ovalifoliolata. Fragile and more or less 
caducous wings are found in, e.g., B. dalzielii 
and B. rivae. However, most of the species 
have unwinged pyrenes, and anemochory is 
less obvious. Still, the small size and light 
weight of the pyrenes make anemochory the 
most likely dispersal mode also in these cases. 

Chromosome number
2n = 22 is reported in Boswellia frereana 
and B. sacra (Thulin & Warfa 1987), and in 
B. serrata (Gill et al. 1979, 1990). This can 
be compared with n = 13 in the sister genus 
Garuga: G. gamblei King ex W.W.Sm. (Mehra 
1976); G. pinnata Roxb. (Mehra 1976; Singhal 
& Gill 1984).

Hybrids
Naturally occurring hybrids between species 
of Boswellia are apparently rare. The only 
reasonably well documented case is a hybrid 
between B. nana and B. socotrana on Socotra 
(see p. 117, under 20. B. nana). 

However, four cases of artificial hybrids 
produced from cultivated plants have been 
recorded and depicted: Boswellia nana × 
sacra, B. nana × popoviana, B. ovalifoliolata 
× sacra, and B. popoviana × sacra (Eslamieh 
2011, 2017). In all four cases either of the 
species could function as pollen donor, and in 
all cases fertile progeny was produced.

Judging from these experiments, one would 
expect hybrids to be relatively common in 
nature, and so they should be actively searched 
for by collectors. The most likely species 
pairs to produce hybrids would be Boswellia 
microphylla × neglecta in Ethiopia and 
Somalia, B. frereana × sacra in Somalia, and 
B. ameero × elongata, B. ameero × socotrana 
and B. elongata × popoviana on Socotra.

A few cases of such possible hybrids are 
mentioned under Boswellia ameero and B. 
elongata in the taxonomic part; and probably 
more hybrids are hiding in the herbarium 
collections, particularly among the sterile 
specimens.

Conservation
IUCN Red List assessments, either already 
existing assessments or preliminary new ones, 
are provided for all species in the taxonomy 
part. The 11 species endemic to the Socotra 
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archipelago are all assessed as threatened to 
various degrees, as are also Boswellia globosa, 
frereana and occulta in Somalia, B. sacra in 
Somalia and Arabia, B. ogadensis and pirottae 
in Ethiopia, the widespread B. papyrifera 
in Africa, and B. ovalifoliolata in India. 
Boswellia dalzielii, microphylla, neglecta and 
rivae in Africa, as well as B. serrata in India, 
are assessed as Least Concern.

Of particular significance is the designation 
of the entire Socotra archipelago in Yemen as 
a World Heritage site by UNESCO in 2008, 
in recognition of its outstanding biodiversity 
(Scholte et al. 2011). At the same time, the recent 
rapid development taking place on Socotra is 
out of balance with conservation (Van Damme 
& Banfield 2011; Brown & Mies 2012).

As part of the conservation efforts on 
Socotra, native trees, including species of 
Boswellia, have been propagated and planted. 
To avoid mixing of plants from different 
populations and undesirable hybridization, 
Lvončík et al. (2014) proposed a system of “seed 
regions” for frankincense trees on the island.

The ecosystems of Socotra have suffered 
from cyclones hitting the archipelago in recent 
years, two particularly severe ones in 2015 and 
one in May 2018. Many trees have probably 
been damaged, and the woodland-forming 
species of Boswellia, such as B. ameero and B. 
elongata, would be among the most affected.

The Land of Frankincense in Oman has been 
a World Heritage site since 2000. It includes, 
among other things, a large population of 
Boswellia sacra in Wadi Dawkah.

Chemistry and uses
General information on the phytochemistry 
of Burseraceae and Boswellia is provided by 
Hegnauer (1964, 1989), Pernet (1972), Khalid 
(1983), and Daly et al. (2011). Basically, the gum-
resins of Boswellia species consist of water-
soluble gums (polysaccharides), alcohol-soluble 
resins (diterpenes and triterpenes), and essential 
oils (volatile mono- and sesquiterpenes) (Tucker 
1986; Hamm et al. 2005).

Apart from its use in religious and cultural 
ceremonies, the medicinal properties of 
frankincense have been recognized for 
thousands of years. A vast literature exists 
concerning its use, mainly in the treatment of 
inflammatory conditions, cancerous diseases, 
wound healing, and for its antimicrobial 
activity (Moussaieff & Mechoulam 2009; 
Ammon 2017). Information on uses is provided 
under the individual species in the taxonomic 
part.

Boswellic acids and other triterpenoids have 
long been the focus in pharmacological studies 
of frankincense, but also incensole acetate 
and its derivatives have been suggested as 
active constituents (Moussaieff & Mechoulam 
2009). Some studies of boswellic acids in 
recent years have focused on their potential 
role in cancer prevention (Roy et al. 2016; 
Schmiech et al. 2019); and a detailed summary 
of the chemistry and bioactivity of these acids 
was published by Al-Harrasi et al. (2019a). 
Boswellic acids are found to various extents 
in all species of Boswellia, except apparently 
in B. frereana (Mathe et al. 2004; Schmiech 
et al. 2019). According to Schmiech et al. 
(2019), no pentacyclic triterpenic acids at all 
could be detected in this species. Notably, the 
frankincense from B. frereana is unique in that 
it is mainly used for chewing.

Numerous studies have been made of the 
volatile compounds found in the essential 
oils of species of Boswellia. Many of these 
are based on samples purchased from 

Fig. 5. A: Trunk of  Boswellia frereana with 
incisions and resin oozing out. 

B: Frankincense collector in action near
Bargal in northeastern Somalia.

C: Somali frankincense burner made of
sepiolite, with myrrh and frankincense
exported from Somalia; from the left:

myrrh from Commiphora myrrha, scented
myrrh from C. guidottii, frankincense

from Boswellia frereana, and from B. sacra.

Photographs by Mats Thulin (A),
Anders Persson (B), and Karin Martinsson (C).
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markets and thus of doubtful botanical origin 
(Hamm et al. 2005). The number of compounds 
identified has increased dramatically in recent 
years; and in a review by Mertens et al. (2009) 
311 compounds were recorded, some of which 
have been identified only in frankincense 
and not in any other biological material. The 
variation within and between species is often 
considerable, and the authors stressed that 
“frankincense is a natural product whose 
ingredients may depend on many factors, such 
as region of origin, climate, time of harvest and 
other environmental conditions”.

Since the review by Mertens et al. (2009), 
important contributions on volatiles in 
frankincense have been made by, e.g., Van 
Vuuren et al. (2010), Woolley et al. (2012), 
Bekana et al. (2014), Niebler & Buettner 
(2016), Niebler et al. (2016a), Madĕra et al. 
(2017), DeCarlo et al. (2019), and Johnson et 
al. (2019a, b). Madĕra et al. (2017) reported 
four volatile compounds for the first time 
from Boswellia in a study of gum-resins from 
species endemic to the Socotra archipelago; 
and Johnson et al. (2019a, b) recorded unique 
methoxydecane frankincense from the recently 
described B. occulta in Somalia.

The fragrant sesquiterpenes rotundone and 
mustakone were detected as trace constituents 
in volatile oil of Boswellia sacra by Niebler et 
al. (2016b), and were believed to be important 
contributors to the smell of frankincense. 
Cerutti-Delasalle et al. (2016) reported that 
(+)-cis- and (+)-trans-olibanic acids are potent 
key odorants occurring in ppm amounts in all of 
the frankincense samples they analysed. These 
previously unknown acids provide the very 
characteristic endnote of the frankincense scent.

Harvesting and processing of 
frankincense
The gum-resins that constitute frankincense 
are produced in schizogenic canals in all 
vascularized tissues of the trees. The gum-resins 
may ooze out naturally on stems and branches; 
and in some species, such as Boswellia 

microphylla and B. neglecta, frankincense is 
often collected without any damage being done 
to the trees. However, usually it is obtained by 
wounding the bark (Fig. 5A). 

To do this in a controlled way, the collectors 
use a special tool. Such a tool from Yemen, 
called manqeb, was described and illustrated 
by Monod (1979). Similar tools used in Oman 
are called manqaf (Martinetz et al. 1989: 70), in 
Somalia minqaf (Martinetz et al. 1989: 189) or 
mingaaf (A.Y. Farah 1994), and in Ethiopia and 
Sudan mengaf (illustrated by Ali et al. 2009). 
The tool is first used to make incisions into the 
bark of the trees, and later to scrape off the dried 
gum-resin. The production of frankincense is 
based on regulated tapping cycles (Martinetz 
et al. 1989: 191). In Somalia the number of 
cycles differs between Boswellia sacra and B. 
frereana, as described by A.Y. Farah (1994).

Tapping regimes for Boswellia papyrifera are 
described by Ali et al. (2009), and Gessmalla et 
al. (2015) for Sudan, and by Worku & Bantihun 
(2018) for Ethiopia. Eshete et al. (2012) studied 
frankincense production in 500 monitored 
trees from four populations of B. papyrifera in 
Ethiopia. The yield was found to vary highly 
between trees, depending on tree size and the 
frequency and intensity of tapping. According 
to Bongers et al. (2019), B. papyrifera has been 
the main source of frankincense globally since 
the 1990s, with B. sacra in second place.

Further processing of frankincense involves 
the sorting and grading of the product. In 
contrast to harvesting, this is chiefly a womenʼs 
task, at least in Somalia. Such sorting factories 
are full of incense dust that sticks to clothes and 
skin. People working with frankincense sorting 
and grading therefore wear special dresses, and 
paint their faces and hands with clay, which 
facilitates washing off the sticky resin after 
work (Martinetz et al. 1989: 208; A.Y. Farah 
1994; Mats Thulin, pers. obs.).

Plinius, when describing the locations in 
Alexandria where frankincense was worked 
up for sale nearly two millennia ago, exclaims: 
“no vigilance is sufficient to guard the factories. 
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Xiji daanad weeyee habxumadaan iskaga daayey
Tobanka daalin oo nalagu darey baan iskaga daayey
Anigoo dakaan iyo harraad labadaba u diiqsan
Wiil baa waxaagii duwadey baan iskaga daayey
Dakad iyo dillaal buu go a̓y baan iskaga daayey
Inta kaleba duulaan sidiisaad u dirirtaane
Teersada duqowdiyo Addoosh baan iskaga daayey

Frankincense is as valuable as pearl but I quit because of the difficult system
The numerous exploiting patrons made me quit
Worn to a frazzle by the gruelling work and killing thirst
A clerk had to take charge of my goods induced me quit
Port construction levy and broker charges made me quit
In other instances you (district cooperative committee) act collectively in foray
The disappointing third grade remuneration of Mr Addoosh made me quit

A seal is put upon the workmenʼs aprons, they 
have to wear a mask or a net with a close mesh 
on their heads, and before they are allowed to 
leave the premises they have to take off all their 
clothes” (Groom 1981: 137). Obviously, Plinius 
totally misunderstood the situation, believing 
that the clothes and masks were there to stop 
the workmen from stealing the frankincense 
that they handled.

Sorting and grading of frankincense 
from Boswellia papyrifera in Ethiopia was 
described by Worku & Bantihun (2018), who 
identified major problems, such as improper 
storage, seasoning under unclean conditions, 
use of unclean containers, and poor hygienic 
conditions. In Ethiopia, also, mainly men are 
involved in tapping and collecting, whereas 
women undertake the sorting and grading.

In Oman, according to M.H. Farah (2008), 
the 1970s oil boom “caused frankincense 

extraction to evolve from an Omani-controlled 
system to a Somali-dominated hybrid sys-
tem”, where “migrant Somali harvesters 
predominantly control the production and 
processing of frankincense in the field”. 
A similar development has taken place in 
Yemen (Mats Thulin, pers. obs.).

*
Harvesting and processing (Fig. 5) of frankin-
cense are hard jobs with low pay, and in 
Somalia “people involved in this industry are 
trapped in a situation with little chance to 
gain and sometimes not even break even after 
a harvesting season” (DeCarlo & Ali 2014). 
At the same time, the Somalis are a nation 
of bards, where oral poetry is omni-present. 
It therefore seems appropriate to end this 
section with a poem by a frustrated former 
frankincense collector in Qandala, written 
down and translated by A.Y. Farah (1994):
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1. Leaf-rachis and petiole distinctly winged  2
1. Leaf-rachis and petiole not winged  3
2. Leaves dark green or purplish above, not glaucous, minutely puberulous; leaflets with 

margins entire or almost so  23. B. socotrana
2. Leaves glaucous above, glabrous or almost so; leaflets usually with 1–4 teeth or lobes on 

each side  24. B. aspleniifolia
3. Leaves imparipinnate with mature leaflets up to 13 × 8 mm, usually much smaller, with 

margins entire or almost so  4
3. At least some mature leaflets larger, with margins often distinctly toothed, or leaves 

simple  6
4. Fruits subglobose, about as long as wide; pyrenes surrounded by a persistent wing   

 13. B. globosa
4. Fruits pyriform, distinctly longer than wide; pyrenes not winged or with a ± caducous 

wing  5
5. Pyrenes with short apical horn, lateral horns directed ± downwards, and no basal horn; 

leaflets usually 5–17, glabrous or puberulous with ± appressed hairs   11. B. microphylla
5. Pyrenes with both apical and basal horns and ± horizontal lateral horns; leaflets often 

more than 17, pubescent with spreading hairs  12. B. neglecta
6. Leaves simple or sparsely lobed to the midrib or almost so, or, if 3–9-foliolate, then 

lanate beneath  7
6. Leaves imparipinnate, mostly 7–33-foliolate, variously pubescent, but not lanate beneath  

 10
7. Leaves densely pubescent to lanate beneath  8
7. Leaves glabrous or almost so beneath  9
8. Slender, usually erect tree; flowers in panicles; fruits much longer than wide   

 19. B. popoviana
8. Dwarf tree, usually prostrate; flowers solitary; fruits slightly longer than wide   

 21. B. “hesperia”
9. Dwarf tree, up to 2 m tall, sometimes prostrate or hanging; leaf-margins irregularly 

crenate-undulate; flowers solitary, clustered, or in few-flowered racemes; petals reddish  
 20. B. nana

9. Tree, up to 5 m tall; leaf-margins mostly strongly undulate-sinuate; flowers in 
10–20-flowered racemes; petals white  8. B. occulta

10. Fruits ellipsoid-obovoid; pyrenes c. 10 mm or more long, cordate at the base, surrounded 
by a broad persistent wing; anthers with minute appendage at the tip [India]  11

10. Fruits ± pyriform; pyrenes up to 10 mm long, usually much shorter, not cordate at the 
base, unwinged or with a narrow wing; anthers without appendage at the tip [Africa and 
Arabia]  12

Key to the species of Boswellia
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11. Leaves with 17–33 leaflets; leaflets lanceolate to ovate, acute to obtuse at the apex, with 
crenate-serrate to subentire margins  1. B. serrata

11. Leaves with 9–13 leaflets; leaflets suborbicular to ovate-oblong, obtuse to retuse at 
apex, with entire or slightly wavy margins  2. B. ovalifoliolata

12. Leaflets, at least some of them, acuminate, glabrous or almost so  13
12. Leaflets obtuse to acute, but not acuminate, often pubescent  14
13. Flowers in racemes; pedicels 6–12 mm long; petals c. 5 mm long, spreading   

 4. B. dalzielii
13. Flowers in narrow panicles; pedicels 0.5–3 mm long; petals c. 3 mm long, erect   

 5. B. pirottae
14. Petals pubescent outside  15
14. Petals glabrous outside  18
15. Petals 5–6 mm long; filaments pilose; fruits 17–27 mm long, pubescent  10. B. rivae
15. Petals 3.5–4 mm; filaments glabrous or almost so; fruits much shorter, glabrous  16
16. Petals cream or greenish yellow  16. B. bullata
16. Petals reddish  17
17. Leaves lanate with whitish crisped hairs beneath; flowers in panicles with long 

spreading branches; rachis of panicles and pedicels with indumentum of ± crisped and 
appressed hairs 17. B. scopulorum

17. Leaves pubescent with straight spreading hairs beneath; flowers in racemes or shortly 
branched panicles; rachis of inflorescences and pedicels with indumentum of straight 
spreading hairs  18. B. samhaensis

18. Leaflets with undulate-sinuate margins; fruits (5–)6(–8)-locular  9. B. frereana
18. Leaflets with entire to crenate or serrate margins; fruits (2–)3–4(–5)-locular  19
19. Leaves with 5–9 leaflets; leaflets with margins entire or almost so  6. B. ogadensis
19. Leaves, or most of them, with 11–29 leaflets; leaflets mostly with distinctly serrate or 

crenate margins  20
20. Leaves glabrous  22. B. dioscoridis
20. Leaves distinctly pubescent, at least beneath  21
21. Flowers in many-flowered panicles appearing before the leaves; fruits 16–25 mm long  

 3. B. papyrifera
21. Flowers in racemes or panicles mostly appearing with the leaves; fruits 8–15 mm long  

 22
22. Petals white or cream; disk shortly tubular; pyrenes mostly surrounded by a persistent 

wing  7. B. sacra
22. Petals cream to pink or reddish; disk flat or almost so; pyrenes unwinged  23
23. Underside of leaflets more or less green, tomentose by spreading hairs; leaflets usually 

well over 20 mm wide; flowers in ± dense inflorescences mostly 2.5–11 cm long; petals 
pink or reddish 14. B. ameero

23. Underside of leaflets whitish, densely covered by short crisped hairs; leaflets usually 
much less than 20 mm wide; flowers in ± lax inflorescences 6–35 cm long; petals mostly 
cream or yellowish  15. B. elongata
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Description
Medium-sized tree, up to 15 m tall; bark ash-
grey or reddish-grey, papery, peeling off in 
thin flakes; branchlets pubescent or glabrous. 
Leaves imparipinnate, 17–33-foliolate, up 
to 35 cm long, pubescent to subglabrous; 
petiole up to c. 30 mm long; rhachis not winged; 
leaflets subsessile, opposite to subalternate, up 
to 70 × 25 mm, lanceolate to ovate, broadly 
cuneate to rounded and asymmetric at the 
base, acute to obtuse at the apex, ± deeply 
crenate-serrate to subentire at the margins. 
Flowers in pubescent or glabrous racemes or 
little-branched panicles mostly shorter than 
the leaves, usually produced before the leaves; 
peduncle up to 40 mm long; pedicels c. 1–3 mm 
long; bracts linear to lanceolate, 1–2 mm long. 
Calyx cup-shaped, glabrous or pubescent, 
c. 1.5–2 mm long, with 5 short broadly 
triangular lobes. Petals c. 4–7 mm long, reddish 

or whitish, glabrous or puberulous outside, 
papillose inside. Stamens 10, inserted at the 
base of the disk, those opposite to calyx-lobes 
sometimes larger than the others; filaments 
c. 2 mm long, very narrowly triangular, 
glabrous or papillose; anthers c. 1.5 mm long 
including apical appendage up to c. 0.2 mm 
long, glabrous or puberulous. Disk concave, 
glandular pubescent, red. Style c. 2 mm long; 
stigma capitate. Fruits 2–3-locular, 19–27 
× 11–14 mm, angular, ellipsoid, glabrous or 
pubescent when young; pyrenes c. 12 × 8 mm, 
cordate with acute tip, without basal horn, 
surrounded by a broad wing. – Fig. 6.

1. Boswellia serrata Roxb.

Asiat. Res. 9: 379 (1807). – Libanotus asiaticus 
Stackh., De Libanoto: 13 (1814), nom. illeg. – 
Type: the plate accompanying the protologue in 
Asiat. Res. 9 (1807), lectotype, designated by 
Wadhwa 1999: 32).

Boswellia thurifera Roxb., Asiat. Res. 11: 158 (1810). 
– Type: location uncertain, 26 Jun 1792, ?Bayly 
s.n. (BR [BR695436]!, lectotype, designated by 
Turner 2014: 9489, p. 3).

Boswellia glabra Roxb., Pl. Coromandel 3(1): 4 
(1811). – B. serrata var. glabra (Roxb.) Benn. 
in Fl. Br. India 1: 528 (1875). – Type: Plate 207 
in Roxb., Pl. Coromandel 3(1) (1811), lectotype, 
designated by Wadhwa 1999: 32).

Boswellia hirsuta Sm. in Rees, Cycl. 39, 2 (1819). 
Based on a remark by Roxburgh in Pl. Coromandel 
3(1): 5 (1811) referring to a plant from the 
Ballagaut Mts (see Leenhouts 1956: 289). Type 
not designated.

Boswellia serrata var. bivalvis Kuntze, Rev. Gen. Pl. 
1: 107 (1891). – Type: India, Dekkan, Chandri, 25 
Dec 1875, fr, Kuntze 7421 (NY [NY00050998]!, 
lectotype, designated here).

Notes on nomenclature
Turner (2014: 9489, p. 3) designated a specimen in 
K-W as lectotype of Boswellia serrata. However, 
the lectotype designated by Wadhwa (1999) takes 
precedence.
   The name Boswellia thurifera published in a paper 
by Fleming (1810) appears at first view to be a super-
fluous renaming of B. serrata, but Turner (2014) 
argued that although Fleming referred to Roxburghʼs 
description of B. serrata, he made no mention of the 
name, and B. thurifera is therefore legitimate. Turner 
(2014) designated a specimen in BR as lectotype, 
stating that it has a pencil annotation B. thurifera, 
“probably in Roxburghʼs handwriting”. However, the 
annotation actually says “Boswellia resinifera R”.
   The specimen designated as lectotype of Boswellia 
serrata var. bivalvis is part of the Herbarium of Otto 
Kuntze preserved in NY. It may be a holotype, but 
it cannot be ruled out that duplicates are present 
elsewhere.
Etymology: The epithet “serrata” (Latin: serrate or 
saw-edged) refers to the usually serrate margins of 
the leaflets of this species.

Fig. 6. Boswellia serrata, India, 
Vetal Tekdi near Pune, 2008. 

A: Inflo escences. B: Leaves. C: Fruits.

Photographs by Satish Padke.
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Distribution and habitat 
Boswellia serrata is widespread in northern, 
central and southern India (Fig. 7), where 
it occurs in often rocky places in deciduous 
forest and woodland, at elevations of 240–1220 
m a.s.l.

Trimen (1893: 238) cited a specimen from 
Sri Lanka consisting of leafless flowering 
twigs, “C. P. 3878 collected by Glenie between 
Nalande and Dambulla, March, 1865” as 
Boswellia glabra. He added that the species 
“should be looked for, but is scarcely likely to 
be indigenous to Ceylon”. Alston (1931), on 
the basis of the same collection, treated it as 
introduced or doubtful in Sri Lanka, adding 
“Native of India”.

Wadhwa (1999), again based on the same 
collection housed in PDA, but now said to be 
fruiting and collected in May 1865, treated the 
species as native under the name Boswellia 
serrata, adding “Not collected in Sri Lanka 
since 1865”. The locality in Sri Lanka is 
included in Fig. 7, but the species could well 
have been occasionally introduced there, as 
assumed by Trimen (1893) and Alston (1931).

Vernacular names and uses
Salaai Gugul (Gujarati), Shallaki, Salai guggul 
(Hindi), Guggula Mara (Kannada), Cunduru, 
Guggula, Sallaki (Sanskrit). Further vernacular 
names were listed by Brendler et al. (2018).

The Indian frankincense or Indian olibanum 
is used as incense in religious ceremonies, 
as well as medicinally, particularly in the 
treatment of arthritis (Sunnichan et al. 2005; 
Pole 2012; Vaishnav & Janghel 2018). Within 
the Ayurvedic tradition, the gum resin has 
multifarious uses (Pole 2012), and many 
commercial formulations are available on the 
market in the form of ointments, creams and 
capsules. Furthermore, B. serrata is a source 
of turpentine employed in the manufacture of 
paints and varnishes, and the wood has been 
used for paper making (Sunnichan et al. 2005). 
The tree can be readily grown from cuttings 
(Brandis 1906), and Vaishnav & Janghel (2018) 

reported some success with clonal propagation 
of the species. Attempts at developing sus-
tainable plantations have been undertaken in 
recent years (Brendler et al. 2018).

IUCN Red List Assessment
Boswellia serrata is widespread and locally 
common in India, but many populations are 
declining due to overexploitation (Sunnichan et 
al. 2005), and by the conversion of woodlands 
into agricultural land. According to a review 
by Brendler et al. (2018), market demand for 
Indian frankincense far exceeds what can be 
reasonably harvested without endangering the 
populations of the species. In Madhya Pradesh 
and Orissa it has been considered Vulnerable. 
In the National Red List of Sri Lanka (MOE 
2012), B. serrata was assessed as “CR(PE)”, 
i.e. Critically Endangered (Possibly Extinct). 
Although certainly locally endangered, 
B. serrata is here, due to its vast distribution, 
preliminarily assessed as Least Concern under 
the IUCN Red List Categories and Criteria 
(IUCN 2012).

10°N

20°N

30°N

70°E 80°E

Fig. 7. Known distribution of  Boswellia serrata.
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Taxonomic remarks
Boswellia serrata apparently is the sister 
of B. ovalifoliolata (see p. 15, phylogeny), 
these two Indian species sharing cordate and 
broadly winged pyrenes, as well as anthers 
with minute apical appendages (see under B. 
ovali-foliolata). The widespread B. serrata 
differs from the much more narrowly 
distributed B. ovalifoliolata most markedly 
by its leaves (Fig. 6B) with 17–33 (versus 
9–13) leaflets. The leaflets of B. serrata are 
also proportionally narrower, and have mostly 
crenate-serrate (versus entire) margins and 
acute to obtuse (versus obtuse to retuse) apex.

The variation within Boswellia serrata 
is considerable over its wide range of 
distribution. Notably, the leaves vary in 
indumentum from distinctly pubescent to 
subglabrous, and the margins of the leaflets 

vary from more or less deeply crenate-serrate 
to subentire.

Bennett (1875) treated Boswellia glabra as 
a variety stating: “Scarcely a species, running 
by insensible gradations into the typical 
form”. Since then, most authors have treated 
B. glabra as a synonym of B. serrata, but there 
are exceptions, such as Gamble (1915), who 
recognized two species.

A plant with mostly 2-merous fruits was 
described as Boswellia serrata var. bivalvis 
by Kuntze (1891), but this seems to be part 
of the normal variation, and the taxon is not 
recognized here.

The reproductive biology of Boswellia 
serrata was studied by Sunnichan et al. (2005), 
who found the species to be strictly self-
incompatible. Effective pollinators were the 
giant Asian honey bee and the Indian honey bee.

India. Anamallay Hills, s.dat., fl, Beddome 254 (PDA); Jaypur Hills, s.dat., fl and fr, Beddome 1088 (BM); Cuddapa 
Hills, Beddome 1089 (BM); Uttar Pradesh, Mirzapur Hathinala, S of Son R., 10 Sep 1961, Bhattacharya 18336 
(L); Kallakurichi road, Kalrayans, 13 Apr 1980, fr, Diraviadoss in RHT 27545 (K); NW India, Siwalik hills, near 
Khizeraband, 1844, Edgeworth 399 (K); Mysore, Somanadhapur, 3 Apr 1905, sterile, Gamble 6898 (K); Chota 
Nagpur, Chandwa, Tori, Nov 1880, sterile, Gamble 8720 (K); Chota Nagpur, Hazaribagh, Itkuri, Jan 1882, fl, Gamble 
10224 (K); Chota Nagpur, Kodema, Hazaribagh, Feb 1882, fl, Gamble 10225 (K); Madras, Cuddapah, Veligunda, 
Feb 1882, fl, Gamble 11054 (K); Madras, Cuddapah, Nigadi Hills, July 1884, sterile, Gamble 15218 (K); Madras, 
Kistna, Bollapater Forest, Neralipur, Feb 1887, fl and fr, Gamble 18665 (K); Saharanpur, Badshaibagh, Jan 1898, 
young fl, Gamble 26439 (K); Bihar, Dehra, Apr 1906, young fl, Haines 2157 (K); Behar, Rotar-Suane valley, fl and 
fr, Hooker & Thomson s.n. (BM, K, P); Rajputana, Narnaul, near Mt Dahlu, 17 Mar 1904, fl, Kabir in Drummond 
15118 (E, K); Rajputana, Mt Nasrana, 16 Mar 1904, fl, Kabir in Drummond 15119 (K); Gurgaon, at Nimrana Mts 
near Shabjahanpur, 16 Mar 1904, sterile, Kabir in Drummond 15120 (E, K); Hissar, towards Mt Jusham, 23 Mar 
1904, sterile, Kabir in Drummond 15265 (K); Hissar, towards Khanak, 23 Mar 1904, fl and fr, Kabir in Drummond 
15266 (K); Chota Nagpur, Sitagarha Hill, 11 Dec 1951, sterile, Kerr s.n. (BM); Chota Nagpur, Hazaribagh Distr., 
Gibraltar Hill, 4 May 1952, fr, Kerr 3 (BM), 8 Mar 1953, fl, Kerr 2201 (BM), 7 Mar 1954, fl, Kerr 2201A (BM); 2 
Jan 1955, fl, Kerr 2201B (BM), 15 Mar 1955, fr, Kerr 2201C (BM); Palamau Distr., Barasaud Forest, 11 Feb 1903, 
fl, Lace 2643 (E); Kodaikanal Distr, Tandigudi Ghat road, Dindigul, 27 Apr 1986, fr, Matthew & Rajendren in RHT 
44561 (K), 6 Mar 1987, fl, Matthew & Rajendren in RHT 48476 (K); Santaveri, Ghat Bababuden, Nov 1907, sterile, 
Meebold 9281 (E); Rajasthan, 5 Apr 2011, fr, Meena K-1 (K); Udaipur, Pathalgaon plateau, 13 Mar 1938, fl and fr, 
Mooney 747 (K); Orissa, Sambalpur, near Bhawanipatna, Kalahandi, 30 Jan 1949, fl, Mooney 3262 (K); Dehra Dun, 
15 Apr 1921, fl, Nand Kishor Tripathi 22 (E); Madhya Pradesh, Sidhi Distr., Chitrange, 23 Jan 1964, fl, Panigrah 
2459 (MO); Nagpuri, 25 Jan 1971, fl, Ramamorthy in HFP 1271 (K); Gurgaon, 26 Mar 1887, fr, Ram Baksh in 
Drummond 6349 (E, K); Padshapoor (near Belgaum), fr, Ritchie 1009 (K); Mysore, Hassan Distr., Nagpuri, 21 Jan 
1970, fl, Saldanha 16064 (MO), 14 Mar 1970, fr, Saldanha 16609 (K); Behar, road to Perisnath, 20 Dec 1877, fl, 
Watt 1 (E); Tundi Hills, 14 Jun 1884, fl, Watt 7567 (E); Maharashtra, Berar, Buldana Distr., 27 Dec 1889, sterile, 
Wittenbaker 60 (E); Chota Nagpur, Sirguja, 21 Dec 1890, sterile, Wood 273 (K).
Sri Lanka. Between Nalanda and Dambulla, May 1865, fl, Glenie in C.P. 3878 (PDA).

Collections other than types
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Description 
Tree, up to 10 m tall; bark ash-grey or greyish-
yellow, papery, peeling off in thin flakes; 
branchlets glabrous. Leaves imparipinnate, 
9–13-foliolate, 9–25 cm long, glabrous; petiole 
30–40 mm long; rachis not winged; leaflets 
subsessile, opposite or subalternate, 16–74 
× 10–52 mm, suborbicular to ovate-oblong, 
rounded and ± asymmetric at base, obtuse 
or retuse at apex, entire or slightly wavy 
at the margin, glaucous beneath. Flowers 
produced before the leaves, in glabrous many-
flowered and much-branched narrow panicles 
5–32 cm long; peduncle up to c. 50 mm long; 
pedicels 4–6 mm long; bracts and bracteoles 
lanceolate, 0.5–1 mm long. Calyx cup-shaped, 
glabrous, c. 2 mm long, with 5 short broadly 
triangular lobes. Petals pale pink to almost 
white or greenish-white, 4–5 × 2.5–3 mm, 
ovate, glabrous. Stamens 10, inserted at the 
base of the disk; filaments 1–2 mm long, 
narrowly triangular with subulate tip; anthers 
1–1.5 mm long including minute apical 
appendage, papillose. Disk concave, pinkish-
red. Ovary c. 4 mm long; style c. 1.5 mm long; 
stigma capitate, green. Fruit 3-locular, 10–18 
× 5–10 mm, angular, obovoid, glabrous, pale 
brown; pyrenes 7–8 × 4–6 mm, cordate with 
acute tip, without basal horn, surrounded by a 
broad wing. – Fig. 8–10.

Distribution and habitat
In the protologue of Boswellia ovalifoliolata 
only two collections were cited, both from dry 
deciduous forest in hilly country in Andhra 
Pradesh, the type collection from about 300 m 
altitude. Obviously, B. ovalifoliolata is a much 
more local and rare species (Fig. 11) than the 
widespread B. serrata, which is the only other 
species of the genus found in India.

According to Lalithamba Avadhanam, the 
main occurrences of Boswellia ovalifoliolata 
are on hillslopes in the Velugonda Hills, where 
it is found at elevations between 300 and 900 m 
a.s.l., and is associated with, e.g. Pterocarpus 
santalinus and Syzygium alternifolium, two 
other endemics of this part of India. The 
populations of all these three species are 
severely fragmented. Boswellia serrata is 
also found in the Velugonda Hills area, but is 
very rare and not known to occur in the close 
vicinity of the populations of B. ovalifoliolata 
(Lalithamba Avadhanam, pers. comm.).

IUCN Red List Assessment
Boswellia ovalifoliolata is listed as Vulnerable 
A2cd; B1ab(i,ii,iii) under the IUCN Red List 
Categories and Criteria (IUCN 2012), based on 
an assessment by Saha et al. (2015). The same 
assessment is made here. 

2. Boswellia ovalifoliolata N.P.Balakr. & A.N.Henry

J. Bombay Nat. Hist. Soc. 58: 546 (1961). – Type: 
India, Andhra Pradesh, Chittoor District, way 
to Thirumalai, Tirupati Hills, 2 Mar 1959, 
Subramanyan 7836 (CAL [CAL0000006659] 
(7836A)! holotype; CAL [CAL0000006658] 
(7836)!, K! [K000651703] (7836D) and 
[K000651704] (7836), MH [MH00000158] (7836 
B)!, [MH00000159] (7836C)!, [MH00000160] 
(7836E)!, [MH00000161] (7836F)!, [MH00000162] 
(7836G)! [MH00000163] (7836H)! isotypes).

Notes on nomenclature
The type collection, Subramanyan 7836, consists 
of 10 sheets, most of them with a letter after the 
collection number. The holotype, now in CAL, is 
7836A, whereas the isotypes in MH are 7836B, C, 
E–H, and one of the isotypes in K is 7836 D. The 
second isotype in K, as well as the isotype in CAL, 
has no lettering. The date of collecting given on 
the type specimens in CAL and MH, including the 
holotype, is 2 Mar 1959, whereas on the isotypes in 
K, it is 2 Mar 1958. A third date, 3 Mar 1959, is stated 
in the protologue. In the citation of the type collection 
above, the date given on the holotype and most of the 
isotypes is used.

Etymology
The epithet “ovalifoliolata” (Latin: with oval 
leaflets) refers to the shape of the leaflets.
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Vernacular name and uses
Guggilam (Reddy et al. 2006).

The resin is collected in the dry season 
and is used in local medicines to treat joint 
pains (Lalithamba Avadhanam, pers. comm.). 
According to Reddy et al. (2006), the resin 
is used as an external application against 
scorpion sting, and the fumes of burnt resin 
are dispersed in houses against children s̓ 
diseases. Raju et al. (2012) also mentioned 
ulcers, fever, stomach pain, amoebic dysentery 
and hydrocele as conditions treated.

Taxonomic remarks
Boswellia ovalifoliolata is closely related 
to B. serrata, both species having the two 
unique characters of cordate and broadly 

winged pyrenes (Fig. 8.7) and anthers with 
minute apical appendages (Fig. 8.4). Boswellia 
ovalifoliolata can be easily separated from 
B. serrata by its leaves (Fig. 8.1) with fewer 
leaflets (9–13 versus 17–33 per leaf) that are 
proportionally broader and have entire (versus 
mostly distinctly crenate-serrate) margins, and 
an obtuse to retuse (versus acute to obtuse) 
apex.

The reproductive biology of B. ovali-
foliolata was studied by Raju et al. (2012), who 
found the species to be weakly protandrous but 
strictly self-incompatible. The flowers were 
visited by various nectar- and pollen-foraging 
bees, as well as by other insects, and the species 
was believed to be principally entomophilous. 
However, also sunbirds visited the flowers for 
nectar and acted as pollinators.

Fig. 8. Boswellia ovalifoliolata. 1: Leaf. 2: In� orescence. 3: Flower in longitudinal section. 4: Flower with 
petals removed. 5: Petal. 6: Fruit. 7: Pyrene with wing.
All from Subramanyan 7836. From the Journal of the Bombay Natural History Society, vol. 58: 
546–548 (1961). Reproduced with the kind permission of the Bombay Natural History Society.
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Fig. 9. Boswellia ovalifoliolata,
from India, Velugonda Hills.
A: Shoot with inflo escences and 
new foliage.
B: Flowers and fl wer buds.
C: Young fruits and portion of  
leaflet
D: Stem, showing flaking ba k.

Photographs by Lalithamba 
Avadhanam.

A

B
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Collections other than type
India. Andhra Pradesh, Kurnool Distr., Nallamalai 
Hills, Beddome s.n. (PCM accession number 8776, 
cited in the protologue, not seen); Tirupati, Sacred 
Hills, 2005, sterile, Vrškový s.n. (UPS).

10°N

20°N

30°N

70°E 80°E

Fig. 11. Known distribution of  Boswellia ovalifoliolata.

Fig. 10. Boswellia ovalifoliolata,
from India, Velugonda Hills.

Flowering and fruiting branches.

Photograph by Lalithamba Avadhanam.
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Description
Tree up to 12 m tall; bark whitish to pale brown 
or yellowish, smooth, peeling in large strips and 
greenish beneath; branchlets stout, pubescent. 
Leaves imparipinnate, 11–29-foliolate, up 
to 50 cm long, grey pubescent to tomentose; 
petiole 3–40 mm long; rachis not winged; 
leaflets subsessile, opposite or subalternate, 
40–125 × 15–50 mm, oblong-lanceolate, 

sub-falcate, rounded, truncate or subcordate 
at base, acute to rounded at apex, crenate to 
doubly crenate or serrate at margins, paler 
beneath. Flowers in pubescent ± many-flowered 
panicles up to 35 cm long, appearing before the 
leaves; peduncle (0.5–)2–10 cm long; pedicels 
2–16 mm long; bracts c. 2 × 1 mm, pubescent. 
Calyx cup-shaped, c. 2 mm long, glabrous or 
ciliate, with 5 short broadly triangular lobes. 

Flora 26: 81 (1843). – Amyris papyrifera Delile, 
Centurie plantes Afrique Méroé: 99 (1826). –
Type: Sudan, Pays de Bertât, Cailliaud s.n. (MPU 
holotype, not found); Sudan, Blue Nile Region, 
near Famaka, 21 Nov 1900, fl, Muriel 37 (K! 
neotype, designated here).

Ploesslea floribunda Endl. in Endl. & Fenzl, Nov. 
Stirp. Dec.: 40 (1839). – Boswellia floribunda 
(Endl.) Royle, Mater. Med. Therap.: 333 (1847). 
– Type: Sudan, “Fazzoglou”, Feb 1837–38, fl 
and fr, Kotschy 455 (W [W0022297]! lectotype, 
designated here; EA!, HBG [HBG503171]!, 
HOH [HOH009383]!, K! [K000199589, 
K000199590], L [L2132200]!, MO!, P! 
[P05252681, P05252682], TUB [TUB001861]!, 
W-Rchb. [W1889-0148770]! isolectotypes).

Boswellia chariensis A.Chev. ex Guillaumin, Bull. 
Soc. Bot. France 55 (Mém. 8b): 33 (1908). – Type: 
Tchad, Chari Moyen, Iro, massif de Karas, Tona, 
12 Jul 1903, fr, Chevalier 8747 (P! [P00391415] 
lectotype, designated here; K!, P! [P00391414, 
P00391416] isolectotypes).

Boswellia odorata Hutch., Bull. Misc. Inform. Kew 
1910: 138 (1910). – Type: Nigeria, Yola Prov., 
2 Feb 1909, Dalziel 167, inflorescence only (K! 
[K0001199603] lectotype, designated here).

Boswellia occidentalis Engl., Bot. Jahrb. Syst. 46: 292 
(1911). – Type: Cameroun, between Baandang 
and Babunderi, Mar 1909, fl, Ledermann 3191 (B 
holotype, destr.).

Etymology
The epithet “papyrifera” (Latin, providing papyrus or 
paper) refers to the outer bark of this species, which 
may be used as a replacement for paper.

Notes on nomenclature
The type of Boswellia papyrifera, a collection made 
by Cailliaud in eastern Sudan near the Ethiopian 
border, has been assumed to be housed in the Delile 
herbarium in MPU (Gillett 1991). However, despite 
a thorough search in MPU in Jan 2019, no type 
material could be detected there (Caroline Loup, 
pers. comm.). A neotype from the same area, Muriel 
37 in K (Fig. 13), is therefore designated here. The 
specimen is a good representative of B. papyrifera, 
showing an inflorescence, a young leaf, a piece of 
stem, and pieces of bark.

The only collection cited in the protologue of 
Ploesslea floribunda (often inaccurately corrected 
as “Ploesslia f.”) is Kotschy 455. Two specimens 
of this are extant in W, W0022297 and W1889-
0148770. The specimen W0022297 is by far the 
better one, and apparently is the one used by 
Endlicher when describing the plant. This specimen 
is here designated as lectotype.

Two collections from Tchad were cited in the 
protologue of Boswellia chariensis: Chevalier 
8747 and Chevalier 9362. There are three sheets of 
Chevalier 8747 in P, as well as a duplicate in K. One 
of the sheets in P (P00391415) is marked “Type”, and 
this is here designated as lectotype.

Geerling (1982: 88) was the first to note that 
the type of Boswellia odorata, Dalziel 167 in K, 
is a mixture of B. papyrifera (inflorescence) and 
B. dalzielii (leaves); and Gillett (1991: 5) designated 
the inflorescence as the lectotype. As two sheets 
of Dalziel 167 are present in K (K0001199602 and 
K0001199603), both showing inflorescences and 
leaves, Gillett s̓ action is here regarded as a first-
step lectotypification according to ICN Art. 9.17 
(Turland et al. 2018), and the inflorescence of one 
of these sheets, K0001199603, is here designated as 
second-step lectotype.

3. Boswellia papyrifera (Delile) Hochst.



 Mats Thulin  –  The Genus Boswellia                 

37

Petals white to pink, 5–8 × 2.5–3 mm, elliptic-
oblong, spreading, with an acute incurved apex, 
glabrous or slightly pubescent outside apically. 
Stamens 10, inserted at the base of the disk; 
filaments 2.5–3 mm long, very narrow, tapering 
gradually from base, glabrous; anthers 1.5–2 mm 
long, puberulous. Disk concave, 2.5–3.5 mm 
in diameter, minutely glandular-pubescent, 
reddish. Pistil c. 3.5 mm long; style c. 2 mm 
long, glabrous; stigma truncate-capitate. Fruit 
3-locular, 16–25 × 7–8 mm, widest c. 9 mm 
below the apex, angular, pyriform, glabrous; 
pyrenes shield-shaped, c. 6 × 5 mm, with a long 
apical and a short basal horn or with apical horn 
only, not winged. – Fig. 12–14.

Fig. 12. Boswellia papyrifera.
A: Leaf.
B: Top of  branch
     showing papery bark.
C: Inflo escence.
D: Flower.
E: Flower in longitudinal section.
F: Calyx, disk and pistil.
G: Stamen.
H: Cross-section of  ovary.
I: Fruit.

A and I from Eggeling 2370,
B–H, Eggeling 1238.
Drawn by Maureen Church.
© the Board of  Trustees, the
Royal Botanic Gardens, Kew.

Distribution and habitat
Boswellia papyrifera is known from Nigeria, 
Cameroun, Tchad, Central African Republic, 
Sudan, South Sudan, Eritrea, Ethiopia and 
Uganda (Fig. 15). It occurs in woodland and 
wooded grassland, often on rocky slopes, and 
also on lava flows, at elevations of 250–1900 m 
a.s.l. Wickens (1976) recorded it as “forming 
pure stands on the crests of basement complex 
hills or on stony soils of the clay plain” in the 
Jebel Marra area in Sudan. In Ethiopia, it is a 
characteristic species of the northern half of 
the vegetation type designated as Combretum-
Terminalia woodland and wooded grassland 
(Friis et al. 2010).
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Vernacular names and uses
Anguah was the vernacular name first recorded 
for the Ethiopian frankincense tree (Bruce 
1805). In the protologue of Amyris papyrifera 
(Delile 1826), Kafal was said to be the Arabic 
name used in “Fâzoql” (Sudan), Galgalaan the 
name in the local language, and Loban-adan-
coulân the name used in “Sennâr”. Current 
vernacular names in Ethiopia are Kerere, 
Yetan-zaf (Amhara), Kafal (Oromo), Libanat 
(Adere, Oromo), and Meqer and Walba (Tigray) 
according to Sebsebe Demissew (1993). Kerari 
and Walia Meker (Amharic) were recorded by 
Ermias Lulekal et al. (2012). Durrto (Fur) and 
Rut Rut or Tarak Tarak (Arabic) have been 
recorded from the Jebel Marra area in Sudan 
(Wickens 1976).

The gum-resin from Boswellia papyrifera is the 
Ethiopian frankincense that, apart from being 
used as incense, is also used, for example, in 
the perfume industry. According to Eshete 
(2011), it accounts for more than 80% of the 
export revenues that Ethiopia earns from its 
gum and resin resources. Within Ethiopia, it is 
used for religious rituals and in the traditional 
coffee ceremony (Eshete 2011). Locally, it is an 
important honey plant (Gebrehiwot et al. 2003). 
When first described as Amyris papyrifera from 
eastern Sudan (Delile 1826), no mention was 
made of its use as incense, but the outer bark 
was stated to be a replacement for parchment 
or paper. Wickens (1976) recorded it to be still 
used “in lieu of paper” by the Fur people in 
western Sudan. The light and relatively soft 
wood of B. papyrifera has many local as well 
as industrial uses, such as for the production 
of match-boxes and pencils (Gebrehiwot et al 
2003; Khamis 2012). Stakes strike root readily 
(Wickens 1976), and may be planted as fence-
poles (fide Dandy 339) or to propagate the 
species (Khan 1972; Haile et al. 2011).

IUCN Red List Assessment
Boswellia papyrifera is, next to B. serrata, the 
most widespread species in the genus, with 
occurrences in nine countries from Nigeria and 
Cameroun in the west to Eritrea and Ethiopia 
in the east. Rijkers et al. (2006) reported poor 
regeneration of B. papyrifera in Eritrea, and 
stated that “the current tapping regimes will 
cause tree exhaustion and eventually a decline 
in vitality”. A similar situation was described 
by Khamis (2012) in Sudan. Groenendijk 
et al. (2012), in a study of 12 populations of 
B. papyrifera in northern Ethiopia, noted poor 
regeneration, probably due to fire and grazing, 
and high adult mortality, probably caused 
by beetle attacks and fire. Their population 
models projected a 90% decline in the size 
of both tapped and untapped populations 

Fig. 13. Neotype of  Boswellia papyrifera, Muriel 37 (K); 
image reproduced with permission from Royal 
Botanic Gardens, Kew. Photograph by Mike Gilbert.

Fig. 14. Boswellia papyrifera, from Ethiopia
near Goba Mankush, Oct 2010. Tree in fl wer.

 
Photographs by Ib Friis.
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within 50 years. Many populations in Eritrea, 
Ethiopia, and Sudan are also threatened by the 
conversion of woodlands into agricultural land 
(Ogbazghi et al. 2006; Gessmalla et al. 2015; 
Worku & Bantihun 2018; Bongers et al. 2019). 
However, Addisalem et al. (2016a) reported a 
high density of seedlings and saplings in some 
populations in western Ethiopia. Bongers et 
al. (2019) evidenced a population collapse of 
B. papyrifera over much of its range, predicted 
a 50% reduction of frankincense yield in the 
next two decades, and pleaded that the species 
should be classified as “Vulnerable”. Based 
on these arguments, it is here preliminarily 
assessed as Vulnerable A2cd + 3cd under the 
IUCN Red List Categories and Criteria (IUCN 
2012).

Taxonomic remarks
Boswellia papyrifera seems to be most closely 
related to the West African B. dalzielii and 
the Ethiopian endemic B. pirottae, these 
three species all being relatively tall and 
more or less precociously flowering trees of 
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Fig. 15. Map showing the distribution of  Boswellia papyrifera.

deciduous woodlands, and all having leaves 
with numerous leaflets with crenate-serrate 
margins. The distribution of the widespread 
B. papyrifera slightly overlaps with that of 
B. dalzielii in West Africa and with that of 
B. pirottae in Ethiopia.

Boswellia papyrifera differs from both 
B. dalzielii and pirottae by having pubescent to 
tomentose (versus glabrous or almost glabrous) 
leaves (Fig. 12A). From B. dalzielii it also 
differs by its paniculate (versus racemose) 
inflorescences (Fig. 12C, 13, 14), and from 
B. pirottae by its characteristically peeling 
bark (Fig. 12B, 13) and larger flowers (Fig. 
12D) with petals 5–8 mm (vs c. 3 mm) long.

Addisalem et al. (2016a), using micro-
satellite markers, detected high levels of 
genetic variation in twelve populations across 
the range of Boswellia papyrifera in Ethiopia. 
This variation was believed to be maintained, 
despite ongoing degradation of habitats, 
because of the long life span of individual 
trees in combination with the fact that the 
degradation processes are relatively recent.
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Collections seen other than types
Cameroun. Tinguelin, 9°23ʼN, 13°23ʼE, 24 Dec 1975, fl & fr, Geerling, Tentchou & Macou 5554 (WAG); 
Tcheboa, 9°00ʼN, 13°16ʼE, 28 Dec 1975, fr, Geerling 5557 (WAG); Garoua, 3 km S of Gashiga, 9°25ʼN, 
13°21ʼE, 31 Dec 1975, fl and fr, Geerling & Tentchou 5560 (BR, K, WAG) & 5561 (WAG); Garoua, Demsa, 
9°34ʼN, 13°13ʼE, 31 Dec 1975, Geerling & Tentchou 5564 (WAG); 57 km NNE Poli, Tongo, 13 Jan 1965, fl 
& fr, Raynal 12949 (P); Mt Tinguelin, 8 km N of Garoua, 9°23ʼN, 13°34ʼE, 28 Aug 1981, sterile, van der Zon 
1267 (P, WAG)
Tchad. Baguirmi Sud, Komi, 30 Sep 1903, fr, Chevalier 9362 (P); 50 km N of Gaz-Beida, 13 Jul 1966, sterile, 
Gaston 810 (K, P); Babi Azoum, Mar 1952, fr, Koechlin 1780 (P); 10 km S of Mongo, 10 Jan 1965, W. de Wilde 
5257 (BR, MO, P, WAG).
Central African Republic. Yalinga Region, Le Testu 3773 (K, P).
South Sudan. Amadi Distr., near Larya Rest House, 28 Apr 1939, sterile, Andrews 881 (K); Imatong Mts, 12 Jun 
1939, sterile, Andrews 1814 (K); NE of Imatong Mts, just N of Molongori, 10 Mar 1982, fl, Friis & Vollesen 1154 
(BR, C, EA, K); Mt Imatong, E of Hilieu (Kiliu), 29 Jan 1984, Kielland Lund 1005 (C).
Sudan. Blue Nile, Jebel Bikori, 25 Feb 1922, fl, Aylmer 18 (K); Delami, 17 Jan 1959, fl, Baumer 1157 (MPU); 
Nuba Mts, 12°05ʼN, 31°00ʼE, 16 Feb 1962, fl, Blokhuis 145 (WAG); Blue Nile, Ingessana Hills near Bau, 
11°20ʼN, 34°00ʼE, 14 May 1963, sterile, Blokhuis s.n. (WAG); Kordofan, near Dilling, 17 Dec 1907, sterile, 
Broun 1288 (K); Dilling, 20 Dec 1907, fl, Broun 1316 (BM); Gellabat, S of Gedaref, 14 Nov 1931, fl, Cooke 
96 (K); Nuba Mts, Kadugli, 29 Jan 1934, sterile, Dandy 339 (BM); Kalokitting, 3 Nov 1957, sterile, Francis 
23 (BM, K); Zalingei, 11 Jun 1982, sterile, Klug 151 (K); Jebel Marra, 4 Apr 1920, fl and fr, Lynes s.n. (BM); 
between Kadugli and Shatt Taman, 8 Jan 1983, fl, Musselman 6213 (E); Kordofan, between Dilling and Kadogli, 
Nov 1964, fl, Patel & El Kheir 84 (K); Jebel Garri, 22 Apr 1966, fr, Sahni 213 (K); Nuba Mts, between Talodi 
and Kadugli, 13 Apr 1930, fl, Simpson 7766 (K); Nuba Mts, El Gheybish, 15 Apr 1930, fr, Simpson 7773 (K); 
Jebel Marra, Kalokitting, 14 Feb 1964, fl, Wickens 1293 (K); Zalingei Distr., Qos Salsilgo, 10°45ʼN, 23°00ʼE, 
13 Jun 1977, sterile, Wickens 3647 (K); 60 km E of Zalingei along road to Nyala, 29 Jan 1965, fl, W. de Wilde 
5616 /WAG).
Eritrea. Berachit, 26 Jan 1907, Baldrati 1643 (FT); Mt Illaperindi, 9 Jun 1916, Baldrati 2319 (FT); Mescillit pass, 
21 Mar 1949, fl, Bally 6672 (EA, K); Abita, Keren, 1870, fr, Beccari 195 (FT, K); Bogos, Cheren – Anseba, 20 
Feb 1909, Fiori 270 (FT); Ancober valley, 22 Apr 1955, fl and fr, Greathead 90 (BM, EA); Takazze R., Apr 1957, 
fl, Hart Dyke 2 (BM, EA, K); Bogos, Moccadà, 10 Nov 1902, Pappi 2462 (FT); Adi Ghebsus, 2 Nov 1906, Pappi 
7351 (FT); Alsei Region (Sengià), 23 Jan 1937, fl and fr, Pichi-Sermolli 245 (FT, K); Mai-Mafales in Dembelas, 
10 Apr 1894, fl and fr, Schweinfurth 327 (MPU);
Ethiopia. Between Nazareth and Metahara, 140 km from Addis Ababa, 22 Feb 1975, Bos 9836 (BR, WAG); 
Sarako, 3 Jan 1933, fl, Cheesman 7447 (BM); Mai Bisuchet – Mai Aini, 21 Jun 1909, Chiovenda 530 (FT); 
Amhara-Tzellemti, 8 Dec 1909, Chiovenda 3200 (FT); Mai Aini, 10 Dec 1909, Chiovenda 3335 (FT); between 
Welenchiti and “Garibaldi Caldera”, 8°50ʼN, 39°30ʼE, 17 Feb 1988, young fr, Edwards & Tewolde 4121 (UPS); 
43 km from Humera along new road to Gonder, 13°49ʼN, 36°49ʼE, 25 Oct 1995, fl, Friis et al. 6903 (BR, C, K, 
WAG); 25 km E of Gubba on road to Chagni, 11°19ʼN, 35°32ʼE, 17 Oct 1996, fl, Friis et al. 7812 (C, K); 65 km 
S of Adwa on new road to Abi Adi, 13°48.8ʼN, 38°59.8ʼE, 13 Oct 2005, sterile, Friis et al. 12247 (K, WAG); 
20 km from Mengi towards Gizen, 10°32.1ʼN, 34°47.1ʼE, 8 Nov 2006, fl, Friis et al. 12659 (K, UPS, WAG); 
3 km E of Guba-Makunsh on road to Chagni, 11°15.96ʼN, 35°18.26ʼE, 24 Oct 2010, fl, Friis et al. 13556 (K, 
WAG); 30 km from Nazareth along road to Awash, 6 Apr 1976, fr, Jansen 5884 (BR, UPS, WAG); Awash – Addis 
road, 30 km from Awash, 9 Dec 1976, fl and fr, Jansen 7282 (BR, UPS, WAG); Takazze Valley, Waldebba, Dec 
1976, fl, Mercier 202 (P); 100 km NW of Fiché, 10°05ʼN, 38°15ʼE, 14 Dec 1961, fr, Meyer 7601 (K); below 
Dscheladscheranne, 10 Dec 1838, fl, Schimper II: 698 (BM, E, K, L, MO, P, W); below Dscheladscheranne, 15 
Apr 1840, fr, Schimper II: 875 (BM, BR, K, L, MO, P, W); near Dscheladscheranne, fl, Schimper III: 1967 (BR, 
K, L, MPU, P, UPS); Adde Arbati, Dec 1847, Schimper 1858: 1698 (BR, P); 13 km from Wolenchiti to Metahara, 
10 Mar 1981, Sebsebe & Amba s.n. (C); 161 km on the road to Guba starting 5 km S of Injibara, 30 May 1980, 
fr, Thulin & Hunde 4042 (K, UPS); 37 km NE of Nazareth along road to Awash, 8°43ʼN, 39°34ʼE, 4 Feb 1970, 
fl, J. De Wilde 6328 (BR, MO, WAG); 40 km E of Nazareth along road to Awash Station, 13 Feb 1966, fl, W. de 
Wilde 9995 (BR, K, MO, WAG); 60 km E of Nazareth along road to Awash Station, 8 Apr 1966, fr, W. de Wilde 
10654 (BR, C, K, MO, P, UPS, WAG).
Uganda. Agoro, Chua, 5 Dec 1945, Dawkins 127 (EA); West Madi hills, Metuli, 3°43ʼN, 31°47ʼE, s.dat., fl, 
Eggeling 1238 (K); Chua, Dec 1935, fl and fr, Eggeling 2370 (BR, K); Kidepo Valley Nat. Park, 1 Feb 1967, 
Harrington 216 (EA); Karamoja, Mt Zulia, Apr 1960, fl, Wilson 897 (EA, K).
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Bull. Misc. Inform. Kew 1910: 137 (1910). – Type: 
Nigeria, Kontagora, 6 Feb1906, fl, Dalziel 279 
(K! [K000199601] lectotype, designated here).

Etymology
The species is named after the collector of the type 
material, John McEwen Dalziel (1872–1942), British 
colonial public health officer, later botanist at Kew.

Notes on nomenclature
Two collections from northern Nigeria were cited 
by Hutchinson in the protologue of Boswellia 
dalzielii: Dalziel 279 (K000199601), with flowering 
leafless shoots, and Dalziel 340 (K000199599 and 
K000199600), with young fruits and leaves. Both 
are extant in K, and Dalziel 279 is here designated 
as lectotype.

4. Boswellia dalzielii Hutch.

Description
Tree, up to 13 m tall; bark pale brown to 
whitish, smooth, peeling in small papery 
strips; branchlets stout, glabrous. Leaves 
imparipinnate, 11–21-foliolate, up to 50 cm 
long; petiole up to 60 mm long, glabrous or 
pubescent with ± spreading hairs; rachis 
not winged, glabrous or sparsely pubescent; 
leaflets subsessile, opposite or subalternate, 
50–125 × 10–30 mm, oblong-lanceolate, 
subfalcate, rounded to cuneate at base, long-
acuminate at apex, coarsely and sharply 
serrate, paler beneath, glabrous or practically 
so. Flowers in glabrous or sparsely pubescent 
± many-flowered racemes up to 30 cm long, 
appearing before the leaves; peduncle up to 
2.5 cm long; pedicels 6–12 mm long; bracts 
1–1.5 mm long, ciliate. Calyx cup-shaped, 
c. 1 mm long, minutely ciliolate, with 
5 short broadly triangular lobes. Petals white, 
sometimes veined with red, c. 5 × 2.5 mm, 
elliptic-oblong, spreading, glabrous. Stamens 
10, inserted at the base of the disk; filaments 
2–2.5 mm long, subequal, narrow, tapering 
gradually from the base, glabrous; anthers 
c. 1.5–2 mm long, glabrous or almost so. Disk 
concave, 2–2.5 mm in diameter, minutely 
glandular-pubescent, red. Pistil c. 3 mm 
long; style c. 1.5 mm long, glabrous; stigma 
truncate-capitate. Fruits 3-locular, 20–25 × 
8–9 mm, angular, pyriform, glabrous; pyrenes 
triangular-ovate in outline, 7–8 × 3–3.5 mm, 
with an apical horn and a fragile caducous 
wing. – Fig. 16, 18.

Distribution and habitat
Boswellia dalzielii is a West African species, 
known from Mali, Burkina Faso, Niger, Tchad, 
Ghana, Togo, Benin, northern Nigeria, and 
Cameroun (Fig. 17). It grows in open woodland 
along with, e.g., Pteleopsis suberosa, Prosopis 
africana, Combretum glutinosum, C. nigricans 
and Lannea microcarpa, often in rocky 
situations, at elevations of 150–1350 m a.s.l. 
It is frequently planted, and may have been 
introduced also in other countries in the region.

Vernacular names and uses
In connection with the protologue, the 
vernacular names Harabiri or Arabiri (Hausa) 
are provided (Dalziel 1910), and usage of the 
resin to fumigate and impart an agreeable 
scent to clothing is mentioned. The tree is 
also said to be frequently planted as a fence in 
northern Nigeria. Further detailed information 
on vernacular names and uses of Boswellia 
dalzielii is given by Burkill (1985).

IUCN Red List Assessment
Boswellia dalzielii is relatively widespread 

in West Africa, where it is known from 
nine countries. Although there is a gradual 
degradation of the woodland vegetation in 
these areas, the species is still locally common, 
and there seems to be no significant decline 
in the populations. It is here preliminarily 
assessed as Least Concern under the IUCN 
Red List Categories and Criteria (IUCN 2012).
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Fig. 16. Boswellia dalzielii. A: Flower. B: Petal. C: Stamen. D: Pistil in longitudinal section showing disk. 
E: Cross-section of  ovary. Flowering branch and leaf  without lettering.

Drawn by W.E. Trevithick. Reproduced from Flora of  West Tropical Africa: 486 (1928).
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Fig. 17. Map showing the distribution of  Boswellia dalzielii.
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Fig. 18. Boswellia dalzielii, from Cameroun, E of  Mokolo, Mar 1995. Tree in fl wer. 
Photographs by Ulrich Meve.
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Taxonomic remarks
Boswellia dalzielii is the only species in the 
genus that is confined to West Africa. In 
the eastern part of its area of distribution it 
overlaps with B. papyrifera, and particularly in 
northern Cameroun the two species may grow 
in close vicinity. The type of B. odorata, from 
the Yola area in neighboring northern Nigeria, 
is a mixed collection (see under B. papyrifera).

Boswellia dalzielii and B. papyrifera 
both produce flowers before the appearance 
of the leaves, but B. dalzielii can be easily 
separated by having leaves and inflorescences 
that are glabrous or almost so (versus more 
or less densely pubescent in B. papyrifera), 
and flowers (Fig. 16, 18) that are arranged in 
racemes (versus panicles in B. papyrifera).

Collections other than types
Mali. Kayes Region, Kenieba Cercle, Falea Rockgate Mine, Pt. 530, 12.2733°N, 11.2782W, 18 Jul 2012, sterile, Luke 
& Sidibe 15473 (EA, K).
Burkina Faso. Kaya, sterile, Aubréville 2197 (P), Jan 1936, fl, Aubréville 2687 (P); Gourma, between Diapaga and 
Fada, Jul 1910, sterile, Chevalier 24424 (K, P); Mossi, Ouagnan, Aug 1910, sterile, Chevalier 24612 (P); Piela towards 
Bogandé, 29 Nov 1986, sterile, Peyre de Fabrégues 4499 (P); Sourou, 3 km W of Moara on Lery road, 12°47ʼ04”N, 
3°21̓ 07”W, 24 May 2002, fr, Sanou & Yoda BUR-106 (K); Piela, 16 Jan 1975, sterile, Toutain 1036 (P, WAG); 
Bogandé, 10 Jan 1976, sterile, Toutain 1465 (P).
Niger. Guidimouni – Zinder, Mar 1967, fl, Dumont 2508 (P).
Tchad. Baibokoum, 27 Jan 1946, young fr, Aubréville 684 (P); Youé – Mayo Lédé, 1 Mar 1971, fr, Gaston 2924 (P); 
Ribao, 9°43ʼN, 14°19ʼE, 26 Oct 1974, sterile, Klein 26 (WAG).
Ghana. Boguboi, 21 Apr 1927, Kitson 637 (K).
Togo. Dapaong, 4 km SSW of Borgou, 10°43ʼN, 0°33ʼE, 18 Nov 1983, sterile, Schäfer 7860 bis (MPU, TOGO not 
seen).
Benin. Fombahoui, Sinsin 1877 (BENIN not seen)
Nigeria. Adamawa, S of Mayo Belwa, 9°03ʼN, 12°03ʼE, 13 Jan 1973, Chapman 3013 (WAG); Zaria, Auchang, 10 Feb 
1908, young fr, Dalziel 340 (K); Bauchi, Diringa, 30 Jul 1993, sterile, Daramola 256 (K); Vom, Bauchi Plateau, 1922, 
fl, Dent Young 26 (K); 50 km SE of Kano, 11 Nov 1987, Etkin 7 (MO); Maska, 9 Feb 1915, fl, Foster 8 (K); Kainji, 11 
Nov 1969, fl, Hepper 3864 (K); Sokoto, 11 km E of Zurmi, 16 Apr 1946, fr, Keay FHI16152 (K); Wase, 9°N, 10°E, 
1905, fl, Kumm s.n. (BM); Bauchi, Panshanu, 30 Aug 1962, sterile, Lawlor & Hall 615 (K); Bauchi Plateau, Mar 1929, 
fl, Lely 176 (K); without precise locality, 15 Nov 1921, fl, Lely 698 (K); Sokoto, Feb 1923, fl, Lely 811 (K); 32 km W 
of Tineta (Yola), S of Benue R., 18 Nov 1968, sterile, Lowe 1602 (K); 11°17ʼN, 11°18ʼE, Magaji 49 (WAG); Dikwa, 
Gwoza, 8 Dec 1954, fl, McClintock 79 (K); without precise locality, 2 Oct 1909, sterile, Shaw 95 (K); South Zaria, 11 
Jun 1917, fl, Shaw 105 (K); Kaduna, Pambegwa – Jos road, 24 Oct 1977, Soladoye, Ekwuno & Ihe 248 (MO).
Cameroun. Ngaoundére, 10 Feb 1946, young fr, Aubréville 771 (P); Maroua, Feb 1946, fl and fr, Aubréville 811 (P), 
Feb 1946, sterile, Aubréville 837 (P), young fr, Aubréville 855 (P), Aubréville 866 (P); Goundey – Mangol, 9°58ʼ50”N, 
14°41̓ 30”E, 16 Dec 1964, fl, Bavazzano s.n. (FT); Gaban – Kolarà, 10°14ʼ30”N, 14°35ʼ30”E, 22 Dec 1964, fl, Bavaz-
zano s.n. (FT); Bidzar, 9°50ʼN, 14°06ʼ50”E, 12 Jan 1965, Bavazzano s.n. (FT); Tinguelin, 9°23ʼN, 13°26ʼE, 19 Dec 
1975, sterile and fl, Geerling 5549 (P, WAG); 9 km E of Tchéboa, 9°00ʼN, 13°16ʼE, 28 Dec 1975, sterile and fl, 
Geerling 5558 (P, WAG); 3 km N of Gashiga, 9°25ʼN, 13°21̓ E, 31 Dec 1975, fr, Geerling & Tentchou 5562 (K, 
WAG); Kontscha, Mar 1939, young fr, Jacques Félix 3396 (K, P); Mokolo to Maroua, Apr 1939, fl, Jacques Félix 
3636 (P); Garoua, 3 Apr 1909, fl, Ledermann 3217 (K); Mogodé – Mokolo road, 5 km, 24 Jan 1966, fl and young fr, 
Leeuwenberg 7543 (EA, K, MO, P, WAG); Roumsiki – Garoua road, 84 km, 26 Jan 1966, fl and fr, Leeuwenberg 7582 
(C, EA, K, MO, P, WAG); 20 km SSE of Garoua, 24 Oct 1964, sterile, Letouzey 7362 (P); Maroua, 15 Sep 1965, sterile, 
Meurillon 1351 (K, P); W of Mt Tinguelin, 12 Dec 1964, bud, Raynal 12422 (P); 17 km N Guider, Mayo Sanganaré, 
8 Jan 1965, fl, Raynal 12877 (L, P); 22 km N Guider, Marma near Monsgoy, 8 Jan 1965, sterile, Raynal 12878 (P); 
Garoua, 21 Aug 1983, sterile, Rippstein 2123 (P); Rey Bouba area, Benoué, 17 Mar 1969, fr, Sanford 6276 (K); 
Maroua, 1945, fl, Vaillant 68 (P); Mt Tinguelin, 9°23ʼN, 13°34ʼE, 28 Aug 1981, sterile, van der Zon 1269 (P, WAG); 50 
km N of Vaimba, 8°58ʼN, 14°17ʼE, 6 Mar 1982, fl, van der Zon 1430 (P, WAG); 15 km E of Bibeme, 9°10ʼN, 13°54ʼE, 
6 Mar 1982, fl and young fr, van der Zon 1433 (P, WAG); 20 km NW of Garoua, 16 Dec 1964, fl, W. de Wilde 4873 (P, 
WAG); 45 km S of Maroua, 21 Dec 1964, fl, W de Wilde 5009 (P, WAG).
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Ann. Bot. (Rome) 9: 53 (1911). – Type: Ethiopia, 
Gonder Region, Tzellemti, Mai Aini, 2 Jul 1909, 
fr, Chiovenda 662 (FT! [FT001794] lectotype, 
designated here; FT! [FT001795] isolectotype).

Etymology
The species is named after Pietro Romualdo Pirotta 
(1853–1936), professor of botany at the University of 
Rome and director of the botanical garden.

Notes on nomenclaturae

Three syntypes were cited for Boswellia pirottae in 
the protologue (Chiovenda 1911): Chiovenda 662 
(leaves and fruits), 747 (leaves only), and 3193 
(flowers only), all from Gonder Region in Ethiopia 
and extant in FT. Chiovenda 662 consists of two 
sheets, FT001794 (leaves) and FT001795 (fruits). 
FT001794 is here designated as lectotype.

5. Boswellia pirottae Chiov.

Description
Tree to 10 m tall; bark grey to black, smooth 
to rugose or reticulately fissured, not peeling; 
branchlets longitudinally ridged, crisped 
pubescent, glaucous. Leaves imparipinnate, 
(7–)15–27-foliolate, 15–35 cm long, glabrous 
apart from crisped pubescent petiole, rachis and 
midrib to the leaflets; petiole 15–40 mm long; 
rachis not winged; leaflets subsessile, opposite 
or subalternate, 30–80 × 8–25 mm, narrowly 
oblong-lanceolate, subfalcate, rounded to 

truncate at base, acute to acuminate at apex, 
serrate, paler beneath, glaucous. Flowers in 
pubescent ± many-flowered narrow panicles 
2.5–10 cm long, appearing with the leaves 
or precociously; peduncle up to 2 cm long; 
pedicels 0.5–3 mm long; bracts minute. Calyx 
cup-shaped, c. 1.2 mm long, glabrous, with 5 
short broadly triangular lobes. Petals white or 
creamy yellow, c. 3 mm long, elliptic, erect. 
Stamens 10, inserted at the base of the disk; 
filaments c. 1.5 mm long, tapering gradually 

Fig. 19. Boswellia pirottae. Leafy stems, from 
Ethiopia, near Abay, S of  Bure, Oct 2010. 
Photograph by Ib Friis. 

Fig. 20: Boswellia pirottae. Friis et al. 15428 
(WAG.1961685), showing leaves and inflo escences. 
With permission from Naturalis Biodiversity Center.
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from the base, glabrous; anthers c. 1.2 mm long. 
Disk flat. Fruit 3-locular, 18–27 × 7–10 mm, 
angular, pyriform, glabrous; pyrenes ovate in 
outline, c. 6 × 4 mm, with a short apical horn 
only, not winged. – Fig. 19, 20.

Distribution and habitat
Boswellia pirottae is known only from north- 
and south-central Ethiopia (Fig. 21), where it 
grows in Combretum-Terminalia woodland 
and wooded grassland (Friis et al. 2010), often 
on rocky slopes in the deep river valleys leading 
westwards from the highlands, at elevations of 
850–1800 m a.s.l.

Vernacular names and uses
Tantani (Oromo), Yeitan Zaf (Amharic), 
recorded by Ermias Lulekal et al. (2012). The 
gum-resin is collected and locally marketed 
(fide Friis et al. 13521), and used in church-
ceremonies (fide Friis et al. 13428; Ermias 
Lulekal et al. 2012).

IUCN Red List Assessment
Boswellia pirottae is listed as Vulnerable 
C1 under the IUCN Red List Categories and 
Criteria (IUCN 2012), based on an assessment 
by Awas et al. (2018). The species is estimated 
to have populations totalling fewer than 10,000 
individuals, with numbers declining. It is also 
threatened by the building of a dam. The same 
assessment is made here.

Taxonomic remarks
Boswellia pirottae seems to be most closely 
related to the widespread B. papyrifera, from 
which it differs in its mostly rugose, non-peeling 
bark (Fig. 19), subglabrous (vs pubescent to 
tomentose) leaves, contracted inflorescences 
(Fig. 20), and smaller flowers with erect (not 
spreading) petals that are c. 3 mm (vs 5–8 mm) 
long. The distribution of B. pirottae overlaps 
slightly with that of B. papyrifera in Ethiopia, 
and occasionally the two species grow together, 
as in the Abay valley (Ib Friis, pers. comm.).

Fig. 21. Map showing the 
distribution of  Boswellia pirottae.
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Collections other than type
Ethiopia. 2 km N of Joje, S of middle Abay Bridge, 10°15.79ʼN, 36°59.59ʼE, 12 Oct 2010, sterile, Friis, 
Wege Abebe & Ermias Getachew 13428 (FT, K, WAG); 26 km N of Dibate along new road to Gilgil Beles, 
10°59.66ʼN, 36°17.92ʼE, 19 Oct 2010, sterile, Friis, Wege Abebe & Ermias Getachew 13521 (K, WAG); 148 
km S of Humera on road to Gonder, steep slopes above Angereb R., 13°14.30ʼN, 37°09.30ʼE, 22 Oct 2014, fl, 
Friis, Wege Abebe & Ermias Getachew 15382 (FT, K, WAG); road from Humera to Gonder, 6 km S of Asheri, 
13°12.70ʼN, 37°11.30ʼE, 30 Oct 2014, fl, Friis, Wege Abebe & Ermias Getachew 15428 (K, WAG); Shewa, 
Wegedi, bottom of Sodoble River Valley, 9°30ʼN, 38°25ʼE, 26 Jun 1983, sterile, Gilbert, Edwards, Tewolde 
& Vollesen 8044 (C, K, UPS); Kefa, Gibe Gorge, 1 km NE of Abelti near rim of gorge, 8°10ʼN, 37°35ʼE, 25 
Jul 1986, sterile, Gilbert & Ermias 8349 (C, K, UPS); Gonder, Debre Tabor Awraja, Tiss Abay, Feb 1978, fl, 
Mercier 202A (K); Shewa, Selale Awraja, Gema Valley, 15 Sep 1985, sterile, Mercier 2272 (K).
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Kew Bull. 40: 39 (1985). – Type: Ethiopia, Harerge 
Region, Kelafo, escarpment to the south, 5°38ʼN, 
44°12ʼE, 9 Sep 1972, fl and young fr, Allen & 
Hamersley 89 (K! [K000651676] lectotype, 
designated here; C, E! [E00016666], ETH, K! 
[K000651675] isotypes).

Etymology

The species is named after the Ogaden region in 
Ethiopia from which it originates. Ogaden is also the 
name of a Somali clan family.

Notes on nomenclature

The information on the type of Boswellia ogadensis 
given by Vollesen (1985) was taken from specimens 
found in ETH and later distributed also to C and K. 
However, the first set of this collection is present in E, 
and information on the date when the collection was 
made has been taken from this specimen. Also, the 
spelling of the collectorsʼ names given here agrees 
with that of the specimen in E.

Vollesen (1985) cited the Kew specimen as 
holotype, but actually there are two sheets of Allen & 
Hamersley 89 at K (K000651675 and K000651676). 
K000651676 is the better sheet and is here designated 
as lectotype.

6. Boswellia ogadensis Vollesen

Description
Tree, up to 4 m tall; bark smooth, sometimes 
flaking when old, brownish or slightly red-
brown; twigs pale brownish, stout, slightly 
longitudinally ridged, glabrous or the youngest 
parts with some short crisped hairs and glands. 
Leaves imparipinnate, 5–9-foliolate, 4–15 cm 
long; petiole (5–)10–40 mm long, sparsely 
puberulous with short crisped hairs and glands; 
rachis 55–65 mm long, sparsely puberulous 
with short crisped hairs and glands; leaflets 
on 0.5–1.5 mm long petiolules, opposite or 
subopposite, 1–4 × 0.6–4 cm, ovate-elliptic 
to subcircular, the proximal ones the smallest, 
cuneate to rounded or subcordate at base, 
rounded to retuse at apex, entire to shallowly 
crenate, sparsely puberulous on both sides, 
particularly along margins and veins. Flowers 
produced before the leaves, in sparsely 
puberulous and glandular, narrow raceme-like 
panicles up to 14 cm long; peduncle 1–6 cm 
long; pedicels 3–5 mm long; bracts c. 1 mm long, 
ciliate. Calyx cup-shaped, sparsely puberulous, 
c. 1 mm long with very short broadly triangular 
lobes. Petals yellowish, c. 3 × 2 mm, ovate, 
glabrous outside, papillose inside. Stamens 
10, inserted at the base of the disk; filaments 
c. 1 mm long, tapering gradually from the base, 
papillose; anthers c. 1 mm long, papillose. Disk 

concave, c. 1 mm high, c. 2.5 mm in diameter, 
densely glandular. Pistil c. 2 mm long; style 
1–1.5 mm long, glabrous; stigma truncate. 
Fruit 3-locular, narrowly pyriform, 12–16 × 
4.5–6 mm, angular, glabrous; pyrenes 4–5 × 
1.5–2 mm, narrowly trullate in outline, with 
a long-acuminate tip and a short basal horn, 
trigonous, without wing. – Fig. 22–24.

Fruits and pyrenes are here described and 
depicted for the first time (Fig. 22, 24B).

Fig. 22. Boswellia ogadensis. 
Fruit after dehiscence, showing two pyrenes. 
Scale 5 mm.
From Thulin, Hassan Y. Kaariye & Wilhelmi 11334.

Photograph by Henrik Sundberg.
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Fig. 23. Boswellia ogadensis. A: Flowering and leafy branches.
B: Detail of  leaf  underside.  C: Flower, entire and in longitudinal section.
D: Petal. E: Stamen, dorsal view.  

All from Allen & Hamersley 89. Drawn by Eleanor Catherine. © the Board of  Trustees of  the 
Royal Botanic Gardens, Kew. Reproduced with permission from Kew Bull. 40: 41 (1985).
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Distribution and habitat
Boswellia ogadensis is known only from a 
few localities near Kelafo in southeastern 
Ethiopia (Fig. 25), where it occurs scattered 
in Senegalia-Vachellia-Commiphora bushland 
on stony hillsides on gypsum at elevations 
of 280–350 m a.s.l. The species is unique in 
the genus by apparently being confined to 
gypsaceous ground.

Vernacular names and use
Mirafu (Somali) fide Thulin et al. 11328 (“cut 
branches are given to camels”).

According to Mulugeta Lemenih et al. 
(2003), frankincense is collected from Boswellia 
ogadensis in the Liban area in southern 
Ethiopia. However, the species is not otherwise 
known from anywhere near this area, and the 
statement must therefore be based on a mistake, 
most likely confusion with B. rivae.

Fig. 24. Boswellia ogadensis, from Ethiopia,
5 km NE of  Kelafo, 27 May 2006.
A: Tree, growing on gypsaceous ground.
B: Fruiting and leafy branch.

Photographs by Mats Thulin.

IUCN Red List Assessment
Boswellia ogadensis is listed as Critically 
Endangered B1ab(iii) under the IUCN Red List 
Categories and Criteria (IUCN 2012), based on 
an assessment by Alemu et al. (2018). The same 
assessment is made here.

Taxonomic remarks
Boswellia ogadensis is a very distinct species 
of uncertain affinity. Vollesen (1985) compared 
it with B. microphylla and neglecta, two other 
species with small flowers and subentire 
leaflets, but the inflorescences of B. ogadensis 
are much more branched (Fig. 23A), the leaflets 
are much larger, and the stamens are subequal 
(not with stamens opposite to calyx-lobes with 
broader filaments). Boswellia pirottae is similar 
in inflorescence structure to B. ogadensis, but 
has narrowly oblong-lanceolate leaflets with 
distinctly serrate margins.

A

B
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Fig. 25. Map showing the 
distribution of  Boswellia ogadensis.
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Collections other than type
Ethiopia. Harerge Region: 5 km NE of Kelafo, 5°39ʼN, 44°09ʼE, 23 May 2006, fr, Thulin, Hassan Y. Kaariye 
& Wilhelmi 11328 (E, EA, ETH, K, UPS); 0.5–1 km W of Karinga-eegy along the road between Gode and 
Kelafo, 5°46ʼN, 43°51ʼE, 24 May 2006, fr, Thulin, Hassan Y. Kaariye & Wilhelmi 11334 (ETH, K, UPS).
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Lehrb. Pharmakogn.: 31 (1867). – Boswellia carteri 
Birdw., Trans. Linn. Soc. London 27: 143 (1870), 
as “B. carterii”, nom. illeg. – B. undulatocrenata 
Engl., Bot. Jahrb. Syst. 48: 448 (1913), as “B. 
undulato-crenata”, nom. illeg. – Type: Arabia, 
Carter, Pl. 23 in J. Bombay Branch Roy. Asiat. 
Soc. 2 (1847), holotype.

Boswellia bhaudajiana Birdw., Trans. Linn. Soc. 
London 27: 144 (1870), as “B. bhau-dajiana”. 
– Type: Somalia, Bunder Murayah, Playfair 
s.n. (K! [K000199583] lectotype, designated by 
Thulin & Warfa 1987: 489).

Boswellia bhaudajiana var. serrulata Engl. in A.DC. 
& C.DC. (eds), Monogr. Phan. 4: 33 (1883). – 
Type: Somalia, Playfair (Pl. 31, leafy shoot in the 
lower right corner, in Trans. Linn. Soc. Lond. 27, 
1870, lectotype, designated by Thulin & Warfa 
1987: 489).

Boswellia carteri var. subintegra Engl. in A.DC. 
& C.DC. (eds), Monogr. Phan. 4: 34 (1883). – 
Type: Somalia, Playfair s.n. (K! [K000199585] 
lectotype, designated here, see below).

Notes on nomenclature

Birdwood (1870), when publishing Boswellia carteri, 
apart from material from Somalia, also included 
Carterʼs plate that was already the sole basis for 
Flückigerʼs B. sacra, thereby creating a superfluous, 
illegitimate name (ICN Art. 52.1, Turland et al. 2018). 
This was overlooked by Hepper (1969), who treated 
B. sacra and B. carteri as two different species, 
as well as by Thulin & Warfa (1987), who treated 
these names as taxonomic synonyms and designated 
Playfair s.n. from Somalia, Dec 1862, as lectotype of 
both B. carteri and B. carteri var. subintegra.

In the protologue of B. carteri (Birdwood 
1870), the reference to Carterʼs paper is given as: 
“Carter, Journ. Bombay Br. Roy. As. Soc. ii. 1847. 
B. thurifera, Colebrooke?” The query at the end is 
not an indication of doubt, but a direct reference 

to Carterʼs plate that has the legend “Boswellia 
thurifera? (Colebr.)”. Henry John Carter was a 
surgeon on the East India Companyʼs survey ship 
Paliurusʼ Arabian coast survey, during which he also 
acted as geologist and naturalist (Wickens 1982). 
Birdwood (1870: 139) makes it clear that the species 
is named to honor Carter for his discovery of the 
Arabian plant.

Hepper (1969) cited “Playfair 3 (BM, K)” as 
“Type” of Boswellia bhaudajiana. The intended 
specimen at K, Playfair s.n. from Bunder Murayah 
(here specified as K000199583), was designated 
as lectotype by Thulin & Warfa (1987). No 
corresponding material could be found at BM. The 
number “3” written on the label of the specimen at K 
is apparently not intended as a collection number, and 
s.n. is therefore used here.

The sheet intended as lectotype for both 
Boswellia carteri and B. carteri var. subintegra by 
Thulin & Warfa (1987) was K000199585 that is 
marked “Type”. As Boswellia carteri is homotypic 
with B. sacra, B. carteri var. subintegra is now an 
independent name. Apart from K000199585, there 
is in K also the sheet K000199586, collected by 
Playfair in Somalia as “Mohr Madow”. Therefore, a 
second-step lectotypification according to ICN Art. 
9.17 (Turland et al. 2018) is made here for B. carteri 
var. subintegra, specifying that the lectotype is 
K000199585.

The intended combination Boswellia carteri 
var. undulatocrenata, proposed by Engler (1883: 
33), included Carterʼs plant from Arabia, and is here 
treated as not validly published. The subsequent 
combination at species level, B. undulatocrenata 
(Engler 1913: 448), is superfluous and illegitimate.

Etymology

The epithet “sacra” (Latin, holy or sacred) refers to 
the manifold religious uses of the frankincense from 
this species.

7. Boswellia sacra Flück.

Description
Tree, up to 8 m tall, branching from the base or 
with a distinct trunk; base of trunk sometimes 
± swollen; bark pale brown with some outer 
flaking papery layers and a thick reddish brown 
inner resiniferous layer; young shoots tomentose 
or rarely glabrous. Leaves densely crowded at 

shoot-apices or alternate on young long-shoots, 
imparipinnate, (11–)13–19-foliolate, 10–25 
cm long; petiole usually less than 10 mm long; 
petiole and rachis tomentose and glandular or 
rarely glabrous, not winged; leaflets subsessile, 
opposite or subopposite, 15–75 × 8–35 mm, 
lanceolate to broadly ovate or elliptic, the 
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Fig. 26. Boswellia sacra, from Oman, Salalah, Al Baleed, cultivated plant, 20 Sep 2015. 
A: Shoot with leaves, fl wers and fruits. 
B: Portion of  inflo escence showing fl wers and fl wer buds.
Note colour change; only the early orange-yellow phase attracts insect (Mariotti Lippi & al. 2011).

Photographs by Vít Grulich.
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proximal ones often suborbicular, the terminal 
one sometimes lobed, broadly cuneate to 
truncate and often asymmetric at base, obtuse 
to subacute at apex, ± serrate-crenate and 
undulate, upper surface ± densely hirsute to 
glabrous, dark green, lower surface hirsute to 
densely tomentose and glandular, usually pale 
green. Flowers produced with the leaves, in 
racemes or little-branched panicles 6–24 cm 
long clustered at ends of short-shoots; peduncle 
5–40 mm long, sulcate and sparsely pubescent 
to glabrous; rachis sulcate and sparsely 
pubescent to glabrous; pedicels 2–8 mm long, 
± sparsely pubescent to glabrous; bracts ovate-
acuminate, 1–2.5 mm long, ciliate; bracteoles 
alternate, linear to lanceolate, 0.5–1 mm long, 
ciliate. Calyx cup-shaped, reddish-brown, 
2–2.5 mm long, with 5 short, broadly triangular, 
obtuse to subacute lobes, glabrous except for 
minutely ciliate margins. Petals white or cream, 
4–5 × 2–2.5 mm, spreading in open flowers, 
elliptic, with an acute incurved apex, glabrous 
on outer surface, papillose on inner surface and 
along margins. Stamens 10, inserted at the base 
of and between the lobes of the disk; filaments 
2–2.5 mm long, linear, glabrous; anthers 
0.8–1.4 mm long, oblong, white, glabrous to 
puberulous. Disk shortly cylindrical, 1–1.5 mm 
high and 2.5–3.5 mm in diameter, 10-lobed, 

glandular, yellowish to orange and red. Pistil 
2–2.5 mm long, glabrous; style 1–1.5 mm long; 
stigma truncate-capitate. Fruit 3–4(–5)-locular, 
8–12 × 3.5–9 mm, narrowly to broadly 
pyriform, reddish brown, glabrous; pyrenes 
3.5–5.5 × 2–4.5 mm, obtrullate to subcruciform 
in outline, trigonous, usually ± surrounded by a 
persistent wing. – Fig. 26, 27, 29.

Distribution and habitat
Boswellia sacra is distributed in Yemen 
(Hadramaut, Mahra), Oman (Dhofar) and 
northern Somalia (Fig. 28). It grows on 
rocky slopes and in gullies (Fig. 30), often on 
limestone boulders, more rarely on rock-faces, 
at elevations from just above sea-level up 
to about 1340 m a.s.l. in Somalia. The upper 
limit in Arabia seems to be at about the same 
level, but 1770 m in Oman (Jabal Samhan) was 
recorded by M.H. Farah (2008). An upper limit 
of 1800 m in Somalia as given by Hildebrandt 
(1878) is probably incorrect.

Vernacular names and uses
The Arabic name of the tree may be 
transcribed as Mogar or variants thereof, e.g., 
Mäkär, Muger, Mughur, Mogher, Mgar, Mgor, 
Magher, Makur, Makker, Makkar, Maghrayt, 
Mogharah, Mohor, or Mgajrot (Monod 1979). 
Birdwood (1870), in the protologue of Boswellia 
carteri, recorded the name used in Arabia as 
Maghrayt d s̓heehaz. In Oman, the similar 
names Megherot, Meqerot and Mughereh 
(Jibbali) have been recorded (Ghazanfar 2007; 
M.H. Farah 2008).

The Somali name is generally Mohor or 
Moxor. Birdwood (1870) recorded the Somali 
names “Mohr Madow” and “Mohr Add” 
in the protologues of Boswellia carteri and 
B. bhaudajiana, respectively. Today, the 
name Mohor is often combined with various 
adjectives to designate the habitat, quality, 
etc., of the tree, giving vernacular names such 
as Mohor add (add = white), Mohor madow 
(madow = black), Mohor san (san = good) 
or Mohor lab (lab = male). Lufod is a name 

Fig. 27. Boswellia sacra. Pyrenes, ventral (left) and 
dorsal (right) views. Scale 2 mm. From Thulin 
4265. Photograph by Henrik Sundberg.
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sometimes used to designate trees of B. sacra 
growing together with B. frereana (Thulin & 
Warfa 1987).

In Arabic, the most common word for the 
gum-resin of Boswellia sacra seems to be 
Sheehaz, other words being Shabi, Shazri, 
Shazari, Luban, Lubban, Luban bedowi, Luban 
sheheri, Najdi, Nejdi and Negedi (Monod 
1979). The general Somali word for the resin 
is Beyo (or Beeyo, Beio). This is sometimes 
also used to designate the tree (Guidotti 1930; 
Thulin & Warfa 1987).

Throughout history, frankincense from 
Boswellia sacra has been widely exported and 
used in religious ceremonies, for fumigation, 
and for medicinal purposes. These uses continue 
today; and others can be added, such as usage 
of essential oils in the perfume industry and in 
aromatherapy (Johnson et al. 2019a).

Boswellia sacra has been or is cultivated in, 
for example, Djibouti, Israel, Oman, Somalia 
and Yemen, the largest plantation probably 
being the one at Ambarsare in northeastern 
Somalia, with about 10,000 plants in the 1980s 
(Thulin & Warfa 1987).

If the Land of Punt corresponds to northern 
Somalia (see page 9), then the gum-resin of 
Boswellia sacra is the frankincense used in 
ancient Egypt. It is certainly the frankincense 
traded and used by the Greeks and Romans, 
who imported it from both southern Arabia and 
northern Somalia.

IUCN Red List Assessment
Boswellia sacra has a fairly restricted range 
in southern Arabia and northern Somalia, and 
is listed as Near Threatened under the IUCN 
Red List Categories and Criteria (IUCN 2012), 
based on an assessment made by Thulin (1998). 
The species has certainly declined since then, 
due to over-exploitation, poor regeneration and 
habitat degradation in large parts of its area of 
distribution (e.g., Mies & Lavranos 2001). In 
Oman, B. sacra was assessed as “Vulnerable 
(A,1+cd)” by Ghazanfar (1998) and as Near 
Threatened by Patzelt (2014). Wadi Dawkah 
in Oman, with a large population of B. sacra 
trees, has been part of the UNESCO World 
Heritage site “Land of Frankincense” since 
2000. The species over its entire range is here 
preliminarily assessed as Vulnerable A2cd.

Taxonomic remarks
For the history behind the discovery and 
eventual publication of the Arabian frankin-
cense tree as Boswellia sacra by Flückiger 
(1867), see page 13 and Thulin & Warfa (1987). 
Unaware of Flückiger s̓ paper, Birdwood 
(1870) published the illegitimate B. carteri as 
the name for both the Arabian and the Somali 
frankincense tree (Mohr Madow); and this 
name was used in this wide sense also by 
many subsequent authors, such as Hildebrandt 
(1878), Engler (1883, 1896), Peter (1903), and 
Blatter (1915: 152, 1919: 112).

Fig. 28. Map showing the 
distribution of  Boswellia sacra.
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Fig. 29. Boswellia sacra, from Arabia. Portion of  branch with inflo escences and leaves, and details of  
fl wer and portion of  fl wer showing disk and pistil. Reproduced from Birdwood 1870: Tab. 30.

Inset lower left: B. sacra from Somalia, portion of  fl wer showing disk and pistil (detail from Birdwood, 
Tab. 29); see facing page for explanation.
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However, in a postscript Birdwood (1870: 
148) stated that the Arabian plant differs 
from the Somali one in that “the stamens are 
inserted into the sides of the disc” and not at 
its base, and this statement has sometimes 
been repeated in the literature. Birdwood 
himself (Birdwood 1874: 377) later informally 
subdivided B. carteri into two varieties, “Var. 
1” in Arabia and “Var. 2” in Somalia (Fig. 29).

Engler (1883) treated Boswellia carteri as 
a species in both Arabia and Somalia, citing 
B. sacra as a presumed synonym; but later 
(Engler 1913, 1931), he used B. carteri for the 
plants in Somalia only, whereas the Arabian 
plants were called B. undulatocrenata. Engler 
(1913, 1931) stated that the plants in Arabia 
and Somalia were similar, but not identical. 
However, no specific differentiating characters 
were mentioned.

Hepper (1969) also treated the Arabian 
and Somali frankincense trees as distinct 
species, now as Boswellia sacra and B. carteri, 
respectively, but no arguments for this 
taxonomy were given. Monod (1979: 150) 
showed that the stamen difference proposed 
by Birdwood (1870) was incorrect, as the 
stamens are inserted at the base of the disk 
also in plants from Arabia. Still, with some 
doubt he maintained B. sacra and B. carteri as 
distinct species, mainly based on differences 
in habit. Boswellia sacra, which he knew from 
Hadramaut, was said to branch from a non-
swollen base, whereas B. carteri was said to 
have a distinct trunk markedly swollen at the 
base. However, Monod knew the habit of the 
Somali plants only through the photographs 
reproduced by Hepper (1969: Pl. 13). Actually, 
the variation within Somalia is considerable, 
and plants exactly matching Monod s̓ habit 
drawings and photographs from Hadramaut 
can also be found. Furthermore, plants with a 
distinct trunk, swollen or not at the base, are 
found also in Arabia. These circumstances 
were pointed out by Thulin & Warfa (1987), 
who concluded that the name B. sacra should 
be used for both the Arabian and the Somali 
frankincense tree.

Most authors since then have used Boswellia 
sacra in this wider sense, e.g. Miller & Morris 
(1988), Vollesen (1990), Thulin (2000), Mies 
& Lavranos (2001), Raffaelli et al. (2003), 
Ghazanfar (2007), Coppi et al. (2010), Eslamieh 
(2011, 2017), Niebler & Buettner (2016), and 
Bongers et al. (2019). However, Dupéron (1993) 
reported anatomical differences between 
plants from Arabia and Somalia, and argued 
that B. sacra and B. carteri should again be 
treated as two distinct species. The study was 
based on one sample each from Yemen and 
Somalia, without any further information on 
localities.

Chemical studies on the gum-resins from 
Arabia and Somalia have given somewhat 
contradictory results. Mathe et al. (2004) 
performed chromatographic analyses of penta-
cyclic triterpenes in resins of Boswellia sacra, 
carteri and frereana, both from samples of 
known origin and from commercial samples. 
They found that B. carteri and sacra “showed 
qualitatively similar chromatograms”, whereas 
that of B. frereana was markedly different. 
Investigations of volatile and semi-volatile 
terpenes by Hamm et al. (2005) showed a 
“quite similar chemical composition” in 
B. carteri and sacra, with “isoincensole acetate 
as the main diterpenic biomarker”. Paul et al. 
(2012) compared gum-resins from B. serrata, 
papyrifera, carteri and sacra, and found the 
chemical component pattern of B. carteri and 
sacra (samples from, respectively, Somalia and 
Oman) to be the same, with β-caryophyllene 
oxide as a significant marker compound. 
Woolley et al. (2012) first stated that “the 
qualitative and quantitative analysis of the 
essential oils of B. sacra and B. carteri by 
GC–MS are nearly identical at first glance”. 
However, they also reported differences in 
optical rotation values and “hypothesize that 
the differences in enantiomeric pair ratios of 
monoterpenes in Arabian B. sacra and African 
B. carterii [sic] resins is due to the differences 
in the abundance of genetically expressed 
chiral-specific enzymes for monoterpene 
biosynthesis”, and finally concluded that 
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B. sacra and B. carteri “are different species 
based on enantiomeric pair ratios and optical 
rotation”.

A multivariate statistical analysis of 
pentacyclic triterpenic acids in some species 
of Boswellia by Schmiech et al. (2019) showed 
four main clusters. The 11 samples from 
Arabia (all from Oman) appeared in one of the 
clusters, wheres the five samples from Somalia 
appeared in three of the main clusters (one 
in the same cluster as the Omani samples). 
A single Somali sample appeared outside 
the main clusters. According to the authors, 
they “could clearly distinguish B. sacra from 
B. carterii [sic]” based on their pentacyclic 
triterpenic acid composition. However, the 
Somali samples showed no consistent pattern, 
and the similarity among the Arabian samples 
could well be because they were all from a 
small area in Oman. According to Al-Harrasi 
et al. (2018), the contents of boswellic acids 
varied significantly between samples collected 
in dry mountainous areas in Oman and samples 
collected in coastal areas.

The importance of using resin samples of 
certified origin was stressed by both Mathe et 
al. (2004) and Hamm et al. (2005). However, 
Johnson et al. (2019a) showed that also 
certified organic essential oils from Boswellia 
sacra in Somalia may be mixed with oil from 
the recently described B. occulta. Boswellia 
occulta is unique in its methoxydecane 
frankincense, but methoxydecane was detected 
also in many commercial essential oils sold as 
pure B. sacra / B. carteri.

Johnson et al. (2019a) maintained, without 
giving any details, that B. sacra and carteri 
show differences in morphology, growth 
form and resin chemistry, but the only 
morphological difference so far proposed (the 
insertion of the stamens, see above) is false, 
and the difference in growth form proposed 

by Monod (1979) is an oversimplification 
(Thulin & Warfa 1987). What remains are the 
anatomical differences reported by Dupéron 
(1993) from the study of two samples only, 
and the differences in optical rotation values 
of monoterpenes reported by Woolley et al. 
(2012). In both cases, these reports are largely 
based on samples without specified origin, and 
are not aiming at covering the total variation 
in Arabia and Somalia. Also, as taxonomic 
characters, differences in anatomy and optical 
rotation values are of limited value. The 
present study is based on information from 
all available herbarium collections, as well as 
on studies of numerous plants in the field in 
Somalia, Yemen, and Oman. The conclusion 
still agrees with that of Thulin & Warfa 
(1987): “only one fairly variable species, 
B. sacra distributed in Somalia and Arabia, is 
involved”.

In any case, the illegitimate name Boswellia 
carteri can no longer be used. The only name 
still available for the Somali populations of 
B. sacra is B. bhaudajiana. The latter was 
named after “Dr. Bhau Daji, the distinguished 
Hindu physician of Bombay, well known in 
Europe also as an oriental scholar” (Birdwood 
1870: 139). Boswellia bhaudajiana was the 
“Mohr Add” of the Somalis (Birdwood 1870). 
Playfair s̓ material included specimens with 
“leaflets in one being serrulate and downy, in 
the other obscurely and remotely serrulate or 
entire, and hoary beneath, and glabrous above”. 
Cultivated plants in the Victoria Gardens in 
Bombay “all showed the pubescent and serrate 
variety of leaf until last year, when one threw 
out both the varieties of leaf described, and a 
third variety also of intermediate character” 
(Birdwood 1870: 144).

As stated by Thulin & Warfa (1987), the 
variation within Boswellia sacra “mainly 
concerns habit, shape and indumentum of 
leaflets, amount of branching of inflorescences, 
and shape of fruits”. In Somalia, the 
populations occurring along the northern 
slopes of the Al Madow range consist mainly 
of comparatively tall trees growing on rocks, 

Fig. 30. Habitat of Boswellia sacra, Oman, 
Dhofar, wadi behind Mughsayl, 21 Sep 2015

Photograph by Vít Grulich.
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with a distinct trunk, more or less swollen at 
the base, leaflets which are tomentose beneath 
and distinctly serrate-crenate, scarcely 
undulate and comparatively narrow, more or 
less paniculate inflorescences, and usually 
narrow fruits. A marked contrast to this is a 
population in the Karkar mountains, where 
the trees grow in stony soil, are lower and 
branching from the scarcely swollen base, 
and have markedly undulate, broader and less 
hairy leaflets, flowers often in simple racemes, 
and broader fruits. Between these extremes, 
there are various intermediate populations in 
northeastern Somalia. The population on the 
Marmar Gedke Range, close to the Ethiopian 
border, is known from sterile material only 
(Gillett 4662), and the same applies to the 
population from the highest known elevation 
(1340 m, Gillett & Watson 23491).

The trees in the Arabian populations are 
generally branched from a not markedly 
swollen base, the leaflets are more or less 
undulate and sometimes serrate-crenate, the 
inflorescences vary from racemes to panicles 
and the fruits vary from narrow to broad 
(Thulin & Warfa 1987). In studies of the 
genetic diversity of Boswellia sacra in Oman 
(Coppi et al. 2010; Al-Harrasi et al. 2019b), 
the diversity within populations was found to 
be generally low, whereas interpopulational 

differentiation was relatively high, indicating 
geographical isolation.

In Somalia the distribution of Boswellia 
sacra largely overlaps with that of B. frereana, 
and the two species sometimes grow in close 
proximity. During field work in 1985, they were 
seen growing together, e.g., at 730 m a.s.l. S of 
Mait, at c. 700 m a.s.l. near Qandala, and at 
130 m a.s.l. near Bargal (Thulin & Warfa 1987). 
In the field they are usually easily separated, 
as the disk-shaped bases of the trunks in cliff-
dwelling B. frereana are distinctive. Herbarium 
material with flowers or fruits are also easy to 
identify, the flowers of B. sacra (Fig. 26B, 29) 
having a shortly tubular (versus flattened and 
saucer-shaped) disk and white or cream (versus 
reddish or greenish red) petals, and the fruits 
being 3–5-locular (versus (5–)6(–8)-locular) 
with often distinctly and persistently winged 
(versus not or narrowly winged) pyrenes (Fig. 
26). However, sterile herbarium material is 
not always easily determined, but the mostly 
densely pubescent or tomentose (versus often 
glabrous or subglabrous) branchlets and 
leaves, and more or less serrate-crenate (versus 
undulate-sinuate) margins of the leaflets (Fig. 
26A, 29) in B. sacra are usually diagnostic. 
No certain hybrids between these two species 
have been seen, but should be searched for in 
localities where they co-occur.

Yemen. Mahra, Wadi Daiq, Damqwat, 26 Sep 1989, sterile, Guarino & Balaidi H45 (E); old road between 
Mukalla and Tarim, 25 km NE of Ghayl Ba Wazir, 14°54ʼN, 49°31ʼE, 20 Sep 1998, sterile, Hein 4805 (B, E, W); 
Al Mukalla to Ar Rishah, 14.6°N, 49.1°E, 9 Nov 1999, Hein 6195 (B, W); Al Mukalla to Ar Rishah, 14.48°N, 
49.15°E, 17 Nov 1999, fr, Hein et al. 6424 (B, E, W); SW of Nishtun, 15.77°N, 52.15°E, 20 Nov 1999, Hein 6608 
(B, W); upper Wadi Hajar, Mintaq, 14.57°N, 48.07°E, 3 Nov 2000, Hein 7869 (B, W); from Haswayn to Nishtun, 
15.8°N, 51.98°E, 6 Nov 2000, Hein 7897 (B, W); Hadramaut, Gishin, Jan–Mar 1902, Hein s.n. (WU); NW of 
Mogged, 14.89°N, 49.76°E, 5 Mar 2002, Kilian et al. 1309 (B) & 15 Aug 2002, Kilian et al. 2672 (B, WAG); 
track from Shehr – Saihut road into Wadi Skoui, 15.17°N, 50.7°E, 16 Aug 2002, Kilian et al. 2689 (B); N of Wadi 
Arf, 14.9°N, 49.52°E, 20 Sep 1998, Kilian 5004 (B); 12 km N of Al Mukalla, 5 km N of the village Nuweina, 
14°37ʼN, 49°09ʼE, 17 Nov 1999, sterile, Kilian et al. 6066 (E); SW of Nishtun, 15.77°N, 52.15°E, 20 Nov 1999, 
Kilian 6185 (B); from Haswayn to Nishtun, 15.8°N, 51.98°E, 6 Nov 2000, Kilian 6651 (B); between Huswain 

Collections other than types



 Mats Thulin  –  The Genus Boswellia                 

61

and Atub, W of Ras Fartak, 15°51.9ʼN, 52°00ʼE, 13 Nov 2000, fl and fr, Mies 1590 (B); Wadi Himam, 14°41ʼN, 
49°08ʼE, 25 Dec 1977, sterile, Monod 16597 & 16598 (P); Wadi Himam, near Lubayb, 14°41ʼN, 49°04ʼE, 26 
Dec 1977, sterile, Monod 16633 (P); Arfa, NW of Shihr, 14°56ʼN, 49°28ʼE, 27 Dec 1977, sterile, Monod 16651 
(P); Aduma, N of Shihr, 14°52ʼN, 49°34ʼE, 28 Dec 1977, sterile, Monod 16684 (P); W of Wadi al-Lazik, NNW 
of Tarim, 14°18ʼN, 48°51ʼE, 4 Jan 1978, sterile, Monod 16931 (P); As-Sawaidif, N of Qasan, 16°11ʼN, 49°06ʼE, 
5 Jan 1978, Monod 16948 (P); Wadi Adim, 15°03ʼN, 48°52ʼE, 10 Jan 1978, sterile, Monod 17085 (P); Wadi 
Saiqah, 15°19ʼN, 48°18ʼE, 14 Jan 1978, sterile, Monod 17180 (P); Shaab Shafur, 15°08ʼN, 48°18ʼE, 15 Jan 
1978, Monod 17201 (P); Wadi al-Siyal, NNW of Sidarah, 14°35ʼN, 48°02ʼE, 18 Jan 1978, sterile, Monod 17283 
(P); Shaab Meher, 14°44ʼN, 47°47ʼE, 18 Jan 1978, sterile, Monod 17298 (P); Shaab Smaha, N of al-Hami, 22 
Jan 1978, sterile, Monod 17355 (P); Shaab al Awesiye, 14°54ʼN, 49°50ʼE, 23 Jan 1978, sterile, Monod 17384 & 
17385 (P); Wadi al-Madi, E of Al-Raideh, 15°02ʼN, 50°26ʼE, 24 Jan 1978, fr, Monod 17413 & 17414 (P); Shaab 
Yembuk, 14°19ʼN, 47°25ʼE, 28 Jan 1978, sterile, Monod 17446 (P); Wadi Dhauruten near Ras Fartak, 7–8 Mar 
1899, Paulay s.n. (WU); Wadi Masilah, 20 km NW of Sayhut, 1 Feb 1988, sterile, Rowaished, Saeed & Hussein 
3010 (K); Hadramaut, Camaal I oil well in the Masila oil field, 15.63333°N, 49.01667°E, 12 Oct 1992, fr, Thulin 
et al. 8317 (Aden Univ., K, UPS).
Yemen (cult.). Aden (probably), Oct. 1873, Birdwood s.n. (K); Aden, the Tanks, 1873, sterile & Oct 1877, fr, 
Collins s.n. (BM).
Oman. Dhofar, Wadi Nar, 16°58ʼN, 53°58ʼE, 4 Oct 1984, fl, Ash 135 (E); Dhofar Mts, 1895, young fr, Bent s.n. 
(K), fl, Bent 54 (K); Ayun crossroads, 6 May 1978, fl and fr, Berkeley 22 (BM); between Mughsayl and the first 
checkpoint, 16.87°N, 53.72°E, 30 Sep 2015, sterile, Escobar Garcia 1319/15 (W); Wadi Dawkah, N foothills of 
Jabal Qara, 17°23ʼN, 54°00ʼE, 21 Sep 1983, sterile, Gallagher 6898/9 (E); Ayun Pools, 17°16ʼN, 53°54ʼE, 3 Oct 
1998, Hein 5234 (B); W of Mughsayl, 16°52ʼN, 53°45ʼE, 9 Oct 1998, Hein 5558 (B, W); Ayun Pools, 17°16ʼN, 
53°54ʼE, 3 Oct 1998, Kilian 5343 (B); 55 km along the Thamarit road, 30 Oct 1977, fl, Lawton 1877 (BM, K); 
Buttʼs corner, 8 Nov 1977, Lawton 1919 (BM, K); Ayun, 18 Feb 1982,fl and fr, Maconochie 3157 (E); Haluf 
area, 17°17ʼN, 54°02ʼE, 30 Sep 1976, fl, Mandaville 6993 (BM, C); Thamarit road, 14 km N of Zik junction, 
17°19ʼN, 54°05ʼE, 30 Sep 1976, fl and fr, Mandaville 6999 (BM); Ayun Pools, 25 Sep 1979, fr, Miller 2246 (E, 
K); Wadi Adownib, 4 km W of Raysut, 3 Oct 1979, fl and fr, Miller 2472 (E, FT, K); 48 km N of Salalah on road 
to Thumrait, 17°21ʼN, 54°04ʼE, 5 Oct 1977, fl and fr, Radcliffe-Smith 5355 (K); near Raysut, wadi tributary to 
Wadi Adownib, 16°57ʼN, 53°58ʼE, 7 Oct 1977, fl and fr, Radcliffe-Smith 5404 (K); Al Ayun, 17°17ʼN, 53°52ʼE, 
9 Oct 1977, fl, Radcliffe-Smith 5424 (K); Jebel Samhan, 13 Oct 1943, sterile, Vesey Fitzgerald 12630 (BM); Wadi 
Gizelot, 28 Oct 1943, fl, Vesey Fitzgerald 12750/1 (BM); Wadi Rabkhut, near Hasik, 17°22ʼN, 55°16ʼE, 17 Oct 
1977, sterile, White in Radcliffe-Smith 5574 (K); Wadi Ayun, Salalah, 21 Dec 1988, sterile, Whitehead 836 (K).
Oman (cult.). Dhofar, Sultanʼs garden at Mahmulah, 7 Jan 1966, fl and fr, Lavranos 4265 (K).
Somalia. Erigavo – Mait road, 4 Nov 1954, sterile, Bally 10318 (EA, K); 106 km ENE of Iscusciuban, 15 
km NW of Hordio in Wadi Has Uanagi, sterile, 7 Jan 1973, Bally & Melville 15612 (EA, K) & 15613 (K); 
Scusciuban – Hordio, 40 km, Calale, 28 Nov 1970, Bavazzano & Lavranos s.n. (FT); Einad, 11°02ʼN, 48°55ʼE, 
19 Nov 1929, sterile, Collenette 323 (K); 15 km S of Rugi, 10°51ʼN, 47°17ʼE, 30 Sep 1987, fl and fr, Fagg & 
Styles 64 (K); Marmar Gedke Range, 10°32ʼN, 42°42ʼE, 28 Nov 1932, sterile, Gillett 4662 (FT, K); 10°55ʼN, 
49°26ʼE, 18 Jun 1981, Gillett & Watson 23491 (K); 14 km SE of Karin, 24 Oct 1959, sterile, Hemming 1767 (EA, 
K); 3.5 km E of Bereda, 4 Nov 1959, sterile, Hemming 1798 (EA, K); 75 km NE of Gardo, 10°01ʼN, 49°36ʼE, 12 
Nov 1980, Hemming & Watson 3070 & 3072 (EA, K); Ahl Mts, near Mait, Apr 1875, fl and fr, Hildebrandt 1381 
(BM, K); Mait escarpment, N of Erigavo, 3 Dec 1971, sterile, Lavranos 9093 (E, EA, FT, K); Ahl Mescat, near 
Karin, 27 Mar 1974, fr, Merla, Azzaroli & Fois s.n. (K); Agel Kul, 11 Nov 1942, sterile, Peck 118 (EA, K); near 
Bosaso (Bender Cassim), 1954, Sacco s.n. (FT); Erigavo – Mait road, 9 Feb 1982, fr, Thulin 4265 (EA, K, UPS): 
20 km S of Mait, near Togga Horgoble on slope of Mt Iddie, 10 Feb 1982, fr, Thulin 4315 (K, UPS); Karkar Mts, 
between Gardo and Iscusciuban, God Adde, 23 Nov 1985, fr, Thulin & Warfa 5445 (K, UPS); near Bargal, 25 
Nov 1985, fr, Thulin & Warfa 5519 (K, UPS); Daloh Forest Reserve, 1956, fl, Tribe s.n. (BM, S).
Somalia (cult.). Berbera, Drake-Brockman 707–711, 973 & 974 (K); Medishe Garden, 16 Jul 1945, fr, Glover & 
Gilliland 937 (K); Ambarsare, 23 Jul 1978, fr, Kasmi, Elmi & Rodol 871 (EA, K); Bosaso, 29 Nov 1971, sterile, 
Lavranos 9051 (E, EA, K); Afgoi, 13 Dec 1985, fl and fr, Thulin & Warfa 5679 (UPS).
Djibouti (cult.). Sagallou, Audru 8631 (ALF).
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Phytotaxa 394: 219 (2019). – Type: Somalia 
(Somaliland), Sanaag Region, Ceel Afweyn 
District, Afdhudhubeed village near Ceel Dibir 
town, Daba Celdero, 10.51175°N, 46.415117°E, 
12 Oct 2018, fl and fr, Ahmed Mohamed Dhunkaal 
s.n. (HARG No. 000189 digital image! holotype; 
UPS No. V-933191! isotype).

Etymology

The epithet “occulta” (Latin, hidden) refers to the fact 
that, although used for the production of frankincense 
by many generations of local harvesters, the species 
was unknown to science until 2019.

8. Boswellia occulta Thulin, DeCarlo & S.P.Johnson

Description
Tree, up to 5 m tall, branching from the base or 
with a distinct trunk; base of trunk ± swollen 
and disk-shaped; bark greyish or greyish 
brown, smooth or somewhat flaking; young 
shoots glabrous. Leaves densely crowded at 
shoot-apices or alternate on young long-shoots, 
simple, glabrous or minutely glandular along 
veins above, bluish-green; blade 40–120 × 
20–45 mm, elliptic-oblong, cuneate to truncate 
at base, obtuse at apex, with mostly strongly 

undulate-sinuate margins, sometimes lobed 
to the midrib or almost so; midrib prominent, 
lateral veins 10–15, tertiary venation reticulate; 
petiole 5–20 mm long. Flowers produced with 
the leaves, in 10–20-flowered racemes up to 
80 mm long clustered at ends of short-shoots; 
peduncle 15–20 mm long, glabrous, sulcate; 
rachis glabrous, sulcate; pedicels 2–5 mm 
long, glabrous; bracts ovate, apiculate, c. 1 mm 
long, ciliate; bracteoles inserted near middle 
of pedicels, linear-lanceolate, c. 0.5 mm long, 
ciliate. Calyx cup-shaped, c. 1.5 mm long, with 
5 short, broadly triangular, obtuse to subacute 
lobes, glabrous except for minutely ciliate 
margins. Petals 5, white, 4–5 × 2–2.5 mm, 
spreading or reflexed in open flowers, elliptic, 
with an acute incurved apex, glabrous on 
outer surface, papillose on inner surface and 
along margins. Stamens 10, inserted at the 
base of and between the lobes of the disk; 
filaments 2–2.5 mm long, linear, glabrous; 
anthers c. 1.4 mm long, oblong, yellow, 
glabrous or puberulous. Disk shortly tubular, 
c. 1.5 mm high and c. 2 mm in diameter, 
10-lobed, glandular, reddish. Pistil 2.5–3 mm 
long, narrowly ellipsoid, furrowed, glabrous; 
style 1–1.5 mm long; stigma truncate, green. 
Fruit 4–5-locular, 6–8 × 4–4.5 mm, pyriform, 
glabrous; pyrenes c. 3.5 × 2.5 mm, trullate in 
outline, aristate at the apex, trigonous, without 
wing. – Fig. 31–33.

Fig. 31. Boswellia occulta, from the isotype in UPS.
A: Fruits, 4-locular with style intact (left) and 
5-locular (right).
B: Pyrenes, ventral (left) and dorsal (right) views. 
Scales 2 mm (A), 1 mm (B).

Photographs by Henrik Sundberg.
Reproduced from Phytotaxa 394: 222 (2019).
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Fig. 32. Boswellia occulta, from the type locality. A: Tree, in leaf. B: Tree, showing swollen base when 
growing on rock. C: Branches, showing foliage. D: Trunk with incisions, showing resin oozing out.

Photographs by Ahmed Mohamed Dhunkaal. Reproduced from Phytotaxa 394: 221 (2019).
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Distribution and habitat
Boswellia occulta is known only from a small 
area in northwestern Somalia (Fig. 34), where 
it is locally common and the dominant tree 
on west-facing arid hillsides on limestone at 
elevations of 400–600 m a.s.l.

Johnson et al. (2019b) provided coordinates 
for 12 individual trees that were sampled for 
gum-resin, and these records are all included 

in Fig. 34. The trees usually grow directly on 
limestone cliffs and boulders, and then have a 
more or less swollen disk-shaped base of the 
trunk (Fig. 32B).

Vernacular name
Mohor madow (Somali, fide Glover & Gilliland 
719 and holotype); this is the name generally 
used also for Boswella sacra in Somalia.

Fig. 33. Boswellia occulta, from 
the holotype. Flowering and 
fruiting branch.

Photograph by Stephen 
Johnson.
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Uses
Boswellia occulta is a frankincense-producing 
species of considerable economic importance 
in its area of distribution (Thulin et al. 
2019). Its resin differs markedly from that of 
B. sacra by having essential oils dominated by 
methoxydecane (Thulin et al. 2019; Johnson et 
al. 2019a, b). Johnson et al. (2019a) also showed 
that essential oils, including certified organic 
oils, sold as B. sacra or under the synonymous 
name B. carteri, often contain methoxydecane 
to various degrees. This indicates a mixing up 
of resins and a need for improved supply chain 
transparency.

IUCN Red List Assessment
Thulin et al. (2019) preliminarily treated 
Boswellia occulta as Data Deficient under 
the IUCN Red List Categories and Criteria 
(IUCN 2012). The coordinates provided by 
Johnson et al. (2019b) indicate the presence of 
two adjacent populations near Ceel Dibir (Fig. 
34). Therefore, due to an area of occupancy of 
probably much less than 500 km2 and a number 
of locations lower than five, the species is here 
preliminarily assessed as Endangered B2a.

Taxonomic remarks
A single, sterile and misunderstood collection 
of this striking species, dating from 1945, 
was earlier interpreted as a simple-leaved 
form of Boswellia frereana (Thulin & Warfa 

1987; Thulin 2000). However, flowering and 
fruiting material obtained in 2018 made it 
clear that the plant is markedly different from 
B. frereana, not only by having simple (versus 
imparipinnate) leaves (Fig. 32C, 33), but also 
by having flowers with white (versus reddish or 
greenish red) petals (Fig. 33), a shortly tubular 
(versus flattened) disk, and 4–5-locular (versus 
(5–)6(–8)-locular fruits (Fig. 31A). In all of 
these characters it instead agrees with B. sacra, 
and this is likely to be the nearest relative.

Boswellia occulta differs from B. sacra 
by its simple (versus imparipinnate) leaves 
that are glabrous or almost so (versus more or 
less densely pubescent) with mostly markedly 
undulate-sinuate (versus crenate-serrate to 
subentire) margins, and by its unwinged (Fig. 
30B) pyrenes (versus pyrenes mostly surrounded 
by a persistent wing). Boswellia occulta is the 
only species of Boswellia with simple leaves 
known outside Socotra (Thulin et al. 2019).

In the analysis of pentacyclic triterpenic 
acids in gum-resins from different species of 
Boswellia by Schmiech et al. (2019), a sample 
from B. occulta showed similarities particularly 
to samples of B. sacra and B. papyrifera.

Collection other than type
Somalia. Sanaag Region, Biuyu Mboli, 20 Feb 1945, 
sterile, Glover & Gilliland 719 (BM, EA, K).

Fig. 34. Map showing the 
distribution of  Boswellia occulta.

10°N

50°E
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Trans. Linn. Soc. London 27: 146 (1870). – Type: 
Somalia, sterile, Playfair s.n. (K! [K000199598] 
lectotype, designated here (see below).

Notes on nomenclature

Hepper (1969:72) and Thulin & Warfa (1987: 494) 
cited Playfair s.n in K as “Type” and “lectotype”, 
respectively, of Boswellia frereana. However, there 
are in K three sheets of this species collected by 
Playfair. Therefore, a second-step lectotypification 

according to ICN Art. 9.17 (Turland et al. 2018) 
is made here specifying that the lectotype is 
K0001995598.

Etymology

The species is named after William Edward Frere 
(1811–1880), civil servant in British India and 
president of the Bombay Branch of the Royal Asiatic 
Society 1855–1864.

9. Boswellia frereana Birdw.

Description
Tree, up to 8 m tall, usually with a distinct 
trunk which is swollen and often ± disk-
shaped with a diameter of up to 80(–100) 
cm at the base; bark pale yellowish brown 
with some outer flaking papery layers and a 
thick reddish-brown inner resiniferous layer; 
young branchlets glabrous or tomentose. 
Leaves densely crowded at shoot-apices or 
alternate on young long-shoots, imparipinnate, 
(3–)9–13(–15)-foliolate, 10–30 cm long; petiole 
10–50 mm long; petiole and rachis glabrous 
or pubescent with short glandular hairs and 
somewhat longer eglandular hairs; leaflets 
opposite or subopposite, subsessile, 15–40(–80) 
× 10–35(–55) mm, broadly elliptic or the 
proximal ones often suborbicular, truncate to 
subcordate at base, obtuse at apex, undulate-
sinuate, both surfaces glabrous or glandular 
and with some eglandular hairs particularly 
along veins, upper surface usually dark 

green and shiny, lower surface paler. Flowers 
produced with the leaves, in glabrous to densely 
pubescent and/or glandular narrow raceme-
like panicles, 10–30 cm long and clustered 
at ends of shoots; peduncle 5–130 mm long, 
sulcate; pedicels 1–2.5(–4) mm long, glabrous 
to pubescent and/or glandular; primary bracts 
narrowly triangular, 1.5–6 mm long, glabrous 
to pubescent, lower ones sometimes much 
larger and resembling small leaflets; bracteoles 
0.8–1 mm long, ciliate to pubescent. Calyx 
cup-shaped, c. 2 mm long, with 5 short, 
broadly triangular, subacute lobes, glabrous 
except for minutely ciliate margins, or 
pubescent all over. Petals reddish or greenish 
red, 3.5–5 × 1.5–2.5 mm, spreading in open 
flowers, elliptic, cuneate at the base, with an 
acute incurved apex, glabrous to appressed 
puberulous on outer surface, papillose along 
margins. Stamens 10, inserted at the base of 
the disk; filaments c. 1.5 mm long, linear and 
slightly widened at the base, glabrous; anthers 
c. 1 mm long, oblong, glabrous or puberulous. 
Disk flattened, saucer-shaped, 3–3.5 mm in 
diameter, shallowly lobed, glandular, yellowish 
to greenish or purplish. Pistil c. 2 mm long, 
glabrous; style c. 1 mm long; stigma clavate, 
green. Fruits (5–)6(–8)-locular, 5.5–9 × 
3–7 mm, reddish-brown, glabrous; pyrenes 
2.5–4 × 1–2.5 mm, narrowing to both ends and 
sometimes somewhat shouldered in the upper 
part, trigonous, unwinged or narrowly winged. 
– Fig. 35, 36, 38.

Fig. 35. Boswellia frereana. A: Fruit, 6-locular, after 
dehiscence. B: Pyrenes, lateral views, diffe ent angles, 
the one to the right slightly winged.
Scales 2 mm (A), 1 mm (B).
From Thulin 4302. Photographs by Henrik Sundberg.
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Distribution and habitat
Boswellia frereana is restricted to northern 
Somalia (Fig. 37), where it grows in rocky 
slopes and gullies, often on limestone boulders 
and cliffs, even clinging to vertical rock-faces 
(Fig. 4), from near sea-level up to 750(–1000) 
m altitude. An upper limit of 1500 m as given 
by Hildebrandt (1878) is certainly exaggerated. 
Associated woody plants include Senegalia 
ankokib, S. somalensis, Adenium obesum, 
Boswellia globosa, Cadaba longifolia and 
Moringa peregrina.

Vernacular names and uses
The Somali name for the tree is Yagar or 
Yagcar, and the name of the gum-resin is 
Maidi or Meydi. However, the word Maidi may 
sometimes be used also for the tree (Guidotti 
1930). In Arabic the resin is called Luban meiti 
(Hildebrandt 1878) or Luban lami (A.Y. Farah 
1994). 

The resin of Boswellia frereana may be 
burnt as incense, but the fragrance is less 
ʻheavyʼ than that of B. sacra (Thulin & Warfa 
1987). Its main use instead is for chewing, to 
perfume the mouth and fortify the gums. Chief 
consumers are Saudi Arabia and other Middle 
Eastern countries (A.Y. Farah 1994), and the 
demand and price for the superior chewing 
qualities have increased tremendously since 
the early 1970s, following the oil boom 
(Coulter 1987; A.Y. Farah 1994).

Fig. 36. Boswellia frereana, from Somalia, Afgoi, 
a cultivated plant grown from a cutting from

S of  Mait, Nov 1985. Flowering and leafy shoot.
 

Photograph by Mats Thulin.

Fig. 37. Map showing the 
distribution of  Boswellia frereana.
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Chemically, the resin of B. frereana is unique 
in the genus by apparently being devoid of 
boswellic and lupeolic acids (Mathe et al. 
2004; Schmiech et al. 2019).

Boswellia frereana has been cultivated at a 
small scale in Somalia, the largest plantation 
probably being the one at Ufeyn in the 
northeastern part of the country (Mats Thulin, 
pers. obs.; Martinetz et al. 1989: 213). The 
species was also cultivated in Aden (Yemen) in 
the 19th century.

IUCN Red List Assessment
Boswellia frereana is endemic to Somalia 
and has a restricted range in the northern part 
of the country. The fragmented populations 
are estimated to have fewer than 10,000 
individuals together, and the species is likely to 

have a decline of over 10% in three generations 
due to over-exploitation and poor regeneration. 
The species is here preliminarily assessed 
as Vulnerable C1 under the IUCN Red List 
Categories and Criteria (IUCN 2012).

Taxonomic remarks
Boswellia frereana is a very distinct species, 
easily distinguished from the sometimes 
co-occurring B. sacra by its narrow much-
branched raceme-like panicles (versus racemes 
or little-branched panicles), flowers with 
reddish or greenish red (versus white or cream) 
petals and flattened and saucer-shaped (versus 
shortly tubular) disk (Fig. 36, 38A, C, D), and 
by its (5–)6(–8)-locular (versus 3–5-locular) 
fruits (Fig. 35) with unwinged or narrowly 
winged pyrenes. The disk-shaped bases of the 

Fig. 38. Boswellia frereana.
A: Top of  branch with 
inflo escences and leaves. 
B: Portion of  leafy stem.
C: Flower. 
D: Portion of  fl wer showing 
disk and pistil. 
E: Stamen. 
F: Fruit. 
G: Portion of  infructescence.

Reproduced from Birdwood 
(1870: Tab. 32).
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trunks of cliff-dwelling trees of B. frereana 
(Fig. 4B) are distinctive in the field. However, 
sterile herbarium material is not always 
easily determined, but the often glabrous or 
subglabrous (versus mostly densely pubescent 

or tomentose) young branchlets and leaves, 
and the undulate-sinuate (versus more or 
less serrate-crenate) margins of the leaflets 
(Fig. 36, 38A, B) in B. frereana are usually 
diagnostic.

Somalia. Few miles inland of Mait, 4 Nov 1954, sterile, Bally 10325 (EA, K); 6 km N of Baditir, 8 Oct 1956, 
young fl, Bally 10946 (EA, K); Hargaan Tug, 9 km SW of Mait, 27 Oct 1956, sterile, Bally 11230 (K); 22 km SSE 
of Las Khorei, 17 km NW of Haval Iswale, 14 Jan 1973, sterile, Bally & Melville 15897a (K); near Bargal, 29 
Nov 1970, Bavazzano & Lavranos s.n. (FT); above Togga Karin, 11°16ʼN, 50°17ʼE, 16 Jan 1981, sterile, Beckett 
758 (EA, K); Karin hills, 10°42ʼN, 49°25ʼE, 30 Oct 1929, young fl, Collenette 205 (K); Bursaireh hill, 25 Feb 
1945, sterile, Glover & Gilliland 708 (BM, EA, K); Leshida, 15 Feb 1945, sterile, Glover & Gilliland 756 (BM, 
EA, K); Warege, 7 Apr 1945, young fl, Glover & Gilliland 896 (BM, EA, K); 1.6 km E of Durbo, 28 Oct 1959, 
sterile, Hemming 1778 (EA, K); 40 km SW of Alula, 11°42ʼN, 50°30ʼE, 14 Nov 1980, sterile, Hemming & Watson 
3085 (EA, K, UPS); Sanaag, Mashalaid, 25 Jul 1978, Kasmi, Elmi & Rodol 882 (EA); S of Galgala, 28 Nov 1971, 
sterile, Lavranos 9046 (E, EA, K), 11 Jan 1973, buds, Lavranos & Horwood 10266 (E); Elayu, 11 Mar 1937, 
sterile, Peck 102 (K); Godharre near Bosaso, 7 Jul 1924, Puccioni & Stefanini 1033 (FT); from Ras Hafun to the 
Gulf of Aden, 1890, sterile, Robecchi-Bricchetti 484 (FT); Bosaso (Bender Cassim), 1954, Sacco s.n. (FT); 20 km 
S of Mait, near Togga Horgobble on slope of Mt Iddie, 10 Feb 1982, young fl and fr, Thulin 4302 (EA, K, UPS); 
near Bargal, 25 Nov 1985, fr, Thulin & Warfa 5514 (UPS); 60 km S of Bargal, Tug Giael, 26 Nov 1985, sterile, 
Thulin & Warfa 5559 (UPS); 5 km NE of Candala, 11°29ʼN, 49°54ʼE, 1 Dec 1985, fl and fr, Thulin & Warfa 5599 
(E, K, UPS).
Yemen (cult.). Aden, 1869, sterile, Tolbort s.n. (BM), Oct 1873, Birdwood 3 & s.n. (K), Oct 1877, fl, Collins 
s.n. (BM).

Collections other than type
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Ann. Ist. Bot. Roma 7: 16 (1897). – Type: Ethiopia, 
Bale Region, Web Kerenle, Jan 1893, sterile, Riva 
842 (FT! [FT001799] holotype).

Boswellia boranensis Engl., Bot. Jahrb. Syst. 34: 
316 (1904). Type: Ethiopia, Sidamo Region, near 
Gogorru, 23 Apr 1901, fl, Ellenbeck 2107 (B 
holotype, destr.).

Etymology

The species is named after the collector of the type 
material, Domenico Riva (c. 1856–1895), Italian 
botanist and explorer, botanical assistant at Bologna.

10. Boswellia rivae Engl.

Description
Spreading shrub or small tree, up to 7 m tall, 
often wider than high; bark yellowish to greyish, 
peeling in small papery flakes or in thicker 
irregular scales; branchlets divaricate, grey 
to brownish, longitudinally ridged, pubescent 
with eglandular spreading hairs up to 0.4 mm 
long mixed with minute glandular hairs. Leaves 
imparipinnate, 11–29-foliolate, 4–18 cm long; 
petiole 2–20 mm long; rachis densely pubescent 
with spreading eglandular hairs, not winged; 
leaflets subsessile, opposite or subalternate, 
7–23(–30) × 3–12 mm, elliptic- to ovate-oblong, 
the proximal ones small and often suborbicular, 
rounded to truncate and ± asymmetric at base, 
obtuse to subacute at apex, crenate-serrate, 
somewhat paler beneath, densely pubescent 
with spreading eglandular hairs and minute 
glandular hairs on both surfaces. Flowers in 
pubescent few-flowered racemes or panicles 
up to 6 cm long, appearing with the leaves or 
precociously; peduncle 2–25 mm long; pedicels 
3–10 mm long; bracts ± leaf-like, elliptic-
oblong, up to 4(–8) mm long, pubescent. Calyx 
cup-shaped, pubescent, c. 1.2 mm long with 
short broadly triangular lobes. Petals pink, 5–6 
× c. 2 mm, elliptic-ovate, with an acute incrved 
apex, densely pubescent outside. Stamens 
10, inserted at the base of the disk; filaments 
c. 3 mm long, tapering gradually from the 
base, pilose; anthers 1.2–1.6 mm long. Disk flat 
to concave, 2.5–3 mm in diameter, glandular. 
Pistil c. 4.5 mm long, pubescent; style c. 3 mm 
long, pubescent; stigma truncate-capitate. Fruit 
3(–4)-locular, 17–27 × 7–9 mm, angular, 
pyriform, pubescent; pyrenes up to 9.5–10 × 

6.5–7 mm, subcruciform in outline, with apical 
and basal horns, the lateral horns sometimes 
± curved downwards, not winged or surrounded 
at first by a fragile caducous wing. – Fig. 39–41.

Distribution and habitat
Boswellia rivae is known from eastern Ethiopia, 
Somalia and northeastern Kenya (Fig. 42). It 
grows in Senegalia-Vachellia-Commiphora 
bushland, often on hills or rocky ridges, usually 
on limestone, occasionally on gypsum, but also 
in red sandy soil over limestone at elevations of 
150–915 m a.s.l.

Vernacular names
Beyo, Mirafur, Mugoloh, Muqlay, Murchen 
(Somali). Also Chewder (Somali) recorded by 
Ermias Lulekal et al. (2012).

Boswelia rivae is locally harvested as incense 
and for chewing. In Ethiopia, the incense is 
used for religious ceremonies and as an insect 
repellent, and the wood is used for construction 
work and fencing (Ermias Lulekal et al. 2012).

IUCN Red List Assessment
Boswellia rivae is relatively widespread in 
eastern Ethiopia, Somalia and northeastern 
Kenya and although there is a gradual 
degradation of the bushland vegetation in 
these areas, there seems to be no significant 
decline in the populations. The species is here 
preliminarily assessed as Least Concern under 
the IUCN Red List Categories and Criteria 
(IUCN 2012).
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Fig. 40. Boswellia rivae. Pyrene, dorsal (left) and 
ventral (right) views. Scale 5 mm. From Gilbert & 
Thulin 1325. Photograph by Henrik Sundberg.

Fig. 39. Boswellia rivae.
A: Flowering and leafy branch.
B: Flower.
C: Flower in longitudinal section.
D: Calyx, disk and pistil.
E: Stamen.
F: Ovary in cross-section.
G: Fruit.

All from Ellis 311. 
Drawn by Maureen Church. 
© the Board of  Trustees of  the Royal 
Botanic Gardens, Kew. 
Reproduced with permission from 
Flora of  Somalia, vol. 2: 185 (2000).

of the petals (Fig. 39B) is a rare character, and 
pubescent pistils (Fig. 39D) and fruits (Fig. 
39G, 41B) are not found in other species on 
the African continent, except, to some degree, 
in B. microphylla. The numerous (11–29), 
relatively small leaflets, as well as the more or 
less leaf-like bracts, may indicate a relationship 
with the largely sympatric B. neglecta 
group (B. globosa, microphylla and neglecta). 
However, the leaflets (Fig. 39A) in B. rivae are 
mostly larger than the ones in the B. neglecta 
group, and their margins are distinctly crenate-
serrate (versus entire or almost so). The pyrenes 
in B. rivae, with both apical and basal horns 
and without a persistent wing (Fig. 40), most 
nearly resemble the ones in B. neglecta. In 
B. microphylla a basal horn is lacking, and in 
B. globosa the pyrenes have a persistent wing.

Taxonomic remarks
Boswellia rivae differs from all other species in 
the genus by its pilose (not glabrous or almost 
so) filaments (Fig. 39E). The pubescent outside 
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Fig. 41. Boswellia rivae. A: Branches with fl wers, fl wer buds and young foliage, from Somalia, SW of  
Garoowe, 5 May 2001. B: Fruiting and leafy branch, from Ethiopia, Sidamo, 4 Jan 2003.
Photographs by Mats Thulin (A) and Boris Vrškový (B).
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Collections other than type
Ethiopia. Between Gebredarre and Gherlogubi, 1 Nov 1967, Bally 12973 (EA); Wardere, 6°50ʼN, 44°40ʼE, 13 Oct 
1953, fl, Ellis 114 (K); SW of El Rago, 6°33ʼN, 45°43ʼE, 1 Nov 1953, fl, Ellis 178 (FT, K); WSW of Wardere, 30 
Oct 1954, fl and fr, Ellis 311 (K); Imi to El Kere, 10 km S of Imi, 6°26.44ʼN, 42°08.11ʼE, 14 Nov 2014, fr, Friis et 
al. 15495 (K, WAG); 7 km NE of Suftu towards Dolo, 4°00ʼN, 41°52ʼE, 19 May 1983, sterile, Gilbert, Ensermu & 
Vollesen 7554 (C, K, MO, UPS); 43 km along road from Dolo to Filtu and Negele, 4°24ʼN, 41°48ʼE, 20 May 1983, 
fl and fr, Gilbert, Ensermu & Vollesen 7635 (C, K, MO, UPS); 21 km N of Domo, 7°52ʼN, 46°51ʼE, 10 Jul 1958, 
sterile, Hemming 1541 (EA, K); Harar, Fich, Apr 1940, Predieri 9 & 11 (FT); Bir Hose, 18 Nov 1972, Rippstein 1124 
(P); Barrei to El Kere, 2 Dec 1972, Rippstein 1299 (P), Dolo to Barrei, 16 Nov 1972, Rippstein 2059 & 2085 (P); S of 
Scillave, 5°56ʼN, 44°55ʼE, 9 Apr 1956, fl, Simmons 116 (EA, K); 7 km from Gode on Kelafo road, 5°55ʼN, 43°38ʼE, 
22 May 2006, fl, Thulin, Hassan Kaariye & Wilhelmi 11292 (ETH, UPS); Gode experimental station, 6°00ʼN, 
43°30ʼE, 28 Nov 1969, fl and fr, J. De Wilde 5932 (K, MO, WAG).
Somalia. 69 km NE of Galkayo, 26 Oct 1983, fl, Aronson et al. 52 (EA, K); Bihendula, 10°10ʼN, 45°08ʼE, 31 May 
1949, fl, Bally 7275 (K); Kirit, 8°59ʼN, 46°09ʼE, 15 Oct 1957, fl, Bally 11874 (K); 48 km W of Dhuusamarreeb, 
5°35ʼN, 45°57ʼE, 5 Apr 1979, fl, Beckett 133 (EA, K); 9°29ʼN, 47°48ʼE, 9 Feb 1981, Beckett 848 (EA); Nogal valley, 
sterile, Drake-Brockman 782 (K); 2–3 km SW of Galkayo, 6°45ʼN, 47°25ʼE, 23 May 1979, Gillett, Hemming & 
Watson 21950 (EA); 7°24ʼN, 47°45ʼE, 25 May 1979, sterile, Gillett, Hemming & Watson 22002 (EA, K); 9 km S of 
Luuq, 3°33ʼN, 42°32.5ʼE, 21 May 1983, sterile, Gillett & Hemming 24285 (EA, K); 17 km N of Luuq on road to Yet, 
3°53ʼN, 42°37ʼE, 21 May 1983, sterile, Gillett & Hemming 24310 (EA, K); Ber – Kirit road, 22 Oct 1944, sterile, 
Glover & Gilliland 176 (BM, EA, K); Arfa Airfield, 7°20ʼN, 47°40ʼE, 24 Oct 1952, fl, Hemming 154 (EA, K); 74 
km from Galkayo on Garoe road, 15 Oct 1959, fl, Hemming 1710 (EA, K); Darkeingenyo, 20 Oct 1971, fl, Hemming 
3240 (FT, UPS); 13 km NNE of Luuq, 3°54ʼN, 42°35ʼE, 10 Nov 1983, fl, Hemming SRS 226/2 (EA, K); 20.5 km NW 
of Luuq, 3°52ʼN, 42°22ʼE, 12 Nov 1983, fl, Hemming SRS 236/4 (EA, K, UPS); 85 km NW of Las Anod, 9°05ʼN, 
46°50ʼE, 26 Nov 1980, sterile, Hemming & Watson 3300 (EA, K); 4 km NNW of Buqda Caqable, 4°06ʼN, 45°14ʼE, 
11 Oct 1986, fl, Kuchar 17167 (K); 29 km N of Buqda Caqable, 4°19ʼN, 45°15ʼE, 3 Dec 1986, sterile, Kuchar 17220 
(K, MO); 3 km S of turn off to Belet Uen on Mogadishu road, 4°42ʼN, 45°15ʼE, 9 Nov 1986, fl, Lavranos & Carter 
24551 (K); Erigavo Distr., Garadak, 25 Apr 1939, fl, McKinnon S/225 (K); 20 km W of Gardo, 9°33ʼN, 48°59ʼE, Oct 
1980, fl, Nugent 9 (EA, K); Lugh, 26 Oct 1913, Paoli 1000 (FT); Soban Alle to Usciacca Guran, 28 Oct 1913, Paoli 
1024 (FT); Bugde Acable, 7 Oct 1981, Pignatti s.n. (FT); Belet Uen, 27 Oct 1953, fl, Popov 1034 (EA, K); 35 km 
on the Belet Uen – Bulo Burti road, 19 Nov 1985, fl and fr, Thulin & Warfa 5349 (UPS); 28 km SW of Garoowe on 
Gaalkacyo road, 8.2°N, 48.2667°E, 5 May 2001, fl and young fr, Thulin et al. 10433 (K, UPS).
Kenya. Melka Cumbish, 3°56ʼN, 41°13ʼE, 10 Oct 1955, Adamson 82 (K); 18 km SW of Mandera on El Wak road, 13 
Dec 1971, fr, Bally & Smith 14580 (EA, K, UPS); 5–10 km SSE of Ramu, 3°53ʼN, 41°14ʼE, 2 May 1978, fr, Gilbert 
& Thulin 1325 (EA, K, UPS); 11 km on Mandera – Ramu road, 3°38ʼN, 41°46ʼE, 3 May 1978, Gilbert & Thulin 1387 
(EA); Ramu – Banissa road, 10 km from the turning to Banissa, 3°50ʼN, 41°07ʼE, 4 May 1978, fl, Gilbert & Thulin 
1425 (EA, K, UPS); Banissa – Ramu, 3°53ʼN, 40°46ʼE, 23 May 1952, Gillett 13275 (EA, K).

Fig. 42. Map showing the 
distribution of  Boswellia rivae.
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Description
Shrub or small tree up to 6 m tall; bark grey, 
smooth to rough, not peeling; branchlets 
divaricate, grey to brown, longitudinally 
ridged, glabrous to pubescent with short 
crisped ± appressed hairs or rarely more 
spreading hairs up to 0.4 mm long, mixed with 
minute glandular hairs. Leaves imparipinnate, 
(3–)5–17(–29)-foliolate, 1–4.5(–6) cm long; 
petiole 1–10 mm long; rachis usually pubescent 
with short crisped appressed hairs but 
sometimes subglabrous or pubescent with 
spreading hairs; leaflets subsessile, opposite or 
subalternate, 2–13(–18) × 1–8(–10) mm, elliptic 
to obovate, the proximal the smallest, cuneate 
to rounded and ± asymmetric at the base, obtuse 
to subacute at the apex, entire to shallowly 
crenate, somewhat paler beneath, glabrous to 
puberulous with appressed or spreading hairs 
on both sides. Flowers in glabrous to ± sparsely 
pubescent few-flowered racemes or panicles up 
to 4.5 cm long; peduncle 3–25 mm long; pedicels 
1–6(–8) mm long; bracts up to 5 × 2 mm. Calyx 
cup-shaped, glabrous or pubescent, c. 1.5 mm 
long, with 5 short broadly triangular lobes. 
Petals white or cream, 2–3 mm long, ovate, 
glabrous to medially sparsely pubescent. 
Stamens 10, inserted at the base of the disk; 
filaments 1–1.5 mm long, ovate with filiform 
tips, papillose, those opposite to calyx-lobes 
with broader filament-bases, evenly rounded 
at the top; anthers 0.8–1 mm long, papillose. 
Disk concave, c. 1.5 mm in diameter, greenish. 
Pistil 2–2.5 mm long; style 1–1.5 mm long, 
glabrous or pilose; stigma truncate-capitate. 
Fruits 3-locular, 13–20 × 7–8 mm, widest 
3–6 mm below the apex, angular and often 
with concave lower edges, pyriform, mostly 
rounded to truncate at the apex, glabrous or 

pilose particularly in apical part; pyrenes 4–6 
× 4–5 mm, with short apical horn, lateral horns 
directed ± downwards, and no basal horn, not 
winged. – Fig. 43, 44.

Distribution and habitat
Boswellia microphylla is fairly widespread in 
Somalia, eastern Ethiopia and northeastern 
Kenya (Fig. 45). It grows in Senegalia-
Vachellia-Commiphora woodland and 
bushland, usually on red sandy soil overlying 
limestone, but sometimes on rocky ridges 
or in gypseous or silty soils, at elevations of 
150–1450 m a.s.l., with the lowest elevations 
being recorded from southern Somalia and the 
highest from Ethiopia.

Vernacular names and uses
Beeyo-Madow, Bei Bei, Chewder, Mirafur, 
Moguli, Muqlo (Somali). Bei Bei, Mirafur 
and Muqlo are vernacular names also used 
for Boswellia neglecta, and Mirafur and 
Muqlo are also used for B. rivae, and Muqlo 

Fig. 43. Boswellia microphylla. A: Shoot with leaves 
and fruit. B: Leaflet. C: Py ene on inside of  fruit 
valve.
 
A, B from Gilbert & Thulin 1208; C from De Wilde 
7317. Drawn by Bryan Poole. © the Board of  
Trustees of  the Royal Botanic Gardens, Kew. 
Reproduced and modified with pe mission from 
Flora Trop. E. Afr. Burseraceae, Fig. 2 (1991).

Ann. Bot. (Rome) 13: 404 (1915), as “B. mycrophylla”. 
– Type: Somalia, Bay Region, between Dorianle 
and Oneiatta, 9 Oct 1913, fl and young fr, Paoli 
908 (FT! [FT001793] holotype).

Etymology
The epithet “microphylla” (from Greek, transliterated 
into Latin, small-leaved) refers to the small leaves and 
leaflets of this species.

11. Boswellia microphylla Chiov.
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Fig. 44. Boswellia microphylla, from 
Ethiopia, near Filtu, 3 Jan 2003. 
Fruiting and leafy twig. 

Photograph by Boris Vrškový.

for B. globosa. The vernacular names Dabeso, 
Dakara and Mok-lidi (Oromo) were reported by 
Sebsebe Demissew (1993).

The bark of B. microphylla is used for 
tanning, and the gum-resin is locally harvested 
as incense. Usage of fresh roots against 
diarrhoea in traditional medicine in Somalia 
was reported by Samuelsson et al. (1991). 
According to Wieland 4668, the plant is used 
in central Somalia as camel and goat fodder, 
with the wood used for making spoons, and 
the ground up and boiled bark used to colour 
calebasses. Uses of the gum-resin for chest 
problems and stomach complaints in Ethiopia, 
and of the wood for construction and for the 
making of various household items, were 
recorded by Ermias Lulekal et al. (2012).

IUCN Red List Assessment
Boswellia microphylla is relatively widespread 
in Somalia, eastern Ethiopia and northeastern 
Kenya, and although there is an ongoing 
gradual degradation of the bushland vegetation 
in these areas, there seems to be no significant 
decline in the populations. The species is here 
preliminarily assessed as Least Concern under 
the IUCN Red List Categories and Criteria 
(IUCN 2012).

Taxonomic remarks
Boswellia microphylla is a very variable species, 
closely related to B. neglecta with which it 
also often grows. Usually, B. microphylla is 
easily distinguished by its fewer and more 
cuneate leaflets (Fig. 43A, 44), and more 
sparse and appressed indumentum, but forms 
of B. microphylla with more than 20 leaflets 
and a more or less spreading indumentum 
are known from both Somalia and Ethiopia. 
Many collections of B. microphylla have a 
pilose style and sparsely pilose fruits. This is 
apparently never the case for B. neglecta, but 
forms of B. microphylla with glabrous styles 
and fruits are not uncommon either.

Due to the problems of separating forms of 
Boswellia microphylla with many leaflets from 
B. neglecta, the two species were merged under 
B. neglecta by Thulin (2000). Since then, I 
have had, in 2006 and 2007, the opportunity to 
study these plants in the field in the area around 
Kebri Dehar in eastern Ethiopia, where the two 
species are easily separated by differences in 
leaflet numbers and indumentum, just as they 
are in, for example, northeastern Kenya. The 
matter has therefore been reconsidered, and 
Boswellia microphylla is here again recognized 
as distinct from B. neglecta.
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Still, the separation of these two species 
over their entire range remains a taxonomic 
problem. In dubious cases, the only certain way 
to distinguish the two seems to be in the shape 
of the pyrenes, a difference pointed out by 
Vollesen (1990) and Gillett (1991). The pyrenes 
of Boswellia microphylla have no basal horn 
and the lateral horns are directed more or less 
downwards (Fig. 43C), giving the pyrenes a 
cordate shape (basal horn present and lateral 
horns more or less horizontal in B. neglecta). 
As a result, some sterile or flowering material 
is difficult to place with certainty.

There seems also to be a not previously 
noted difference in the shape of the filament-
bases between Boswellia microphylla and 
B. neglecta. In B. microphylla the stamens 

Fig. 45. Map showing the 
distribution of  Boswellia microphylla.

opposite to the calyx-lobes have filament-bases 
that are evenly rounded above, whereas in B. 
neglecta they are more or less shouldered (Fig. 
47). So far, however, it has been possible to 
check this difference in rather few instances.

Vollesen (1990) and Gillett (1991) mentioned 
other differences, such as lower edges of the 
fruit concave in Boswellia microphylla versus 
almost straight in B. neglecta, but these seem 
less reliable than the differences in the shape 
of the pyrenes. Gillett has annotated some 
material of B. microphylla with many leaflets 
and indumentum of more or less spreading 
hairs as var. plurifoliolata (an unpublished 
name). The variation in these respects is 
continuous, though, and there seems to be no 
good reason to validate the name.

Collections other than type
Ethiopia. Bulagere, 23 km SE of Gode, 28 Apr 1998, fl, Aman et al. D85 (K); 24 km E of Awareh, 8°16ʼN, 
44°09ʼE, 20 Oct 1954, fl, Bally 10122 (K); S of Bokh, 7°27ʼN, 46°33ʼE, 21 Oct 1954, fl, Bally 10144 (K); 10 
km E of Fich, 8°08ʼN, 42°17ʼE, 3 Nov 1962, fl, Burger 2301 & 2304 (K); W of Daletti above Gobelli R. valley, 
8°32ʼN, 42°07ʼE, 26 Oct 1963, sterile, Burger 3290 (FT, K); Neghelli, 26–29 Sep 1939, Corradi 8638 (FT); 
SW of El Rago, 6°33ʼN, 45°43ʼE, 31 Oct 1953, fl, Ellis 175 (FT, K); W of Scillave, 6°25ʼN, 44°42ʼE, Nov 1955, 
fr, Ellis 397 (K); 55 km SE Negele along track to Wolensu, 11 May 1982, fr, Friis, Mesfin & Vollesen 2779 
(C, K, UPS); 3 km S of Melca Guba, 14 May 1982, fr, Friis, Mesfin & Vollesen 2912 (C, FT, K, UPS); Melca 
Guba, 4°47ʼN, 39°22ʼE, 16 May 1982, fr, Friis, Mesfin & Vollesen 2999 (C, K); 50 km E of Negelle on road to 
Filtu, 5°11ʼN, 39°59ʼE, 11 Feb 2000, fr, Friis et al. 9888 (C, K, WAG); 15 km NE of Melca Guba, 4°53.80ʼN, 
39°25.50ʼE, 10 Dec 2012, fr, Friis et al. 14877 (K); 19 km N of Biddre, 6°00.94ʼN, 39°43.00ʼE, 20 Dec 2013, 
fr, Friis et al. 15321 (K); 10 km N of El Kere, 5°53.85ʼN, 42°07.68ʼE, 15 Nov 2014, fr, Friis et al. 15542 (K); 95 
km from Negele on Filtu road, 5°00ʼN, 40°12ʼE, 7 Apr 1975, fl, Gilbert & Jones 113 (K); 65 km from Negele 
on road to Filtu, 5°11ʼN, 40°08ʼE, 16 May 1983, fr, Gilbert, Ensermu & Vollesen 7426 (C, K, MO, UPS); 2 km 

0°

10°N

30°E 40°E 50°E



 Mats Thulin  –  The Genus Boswellia                 

77

before Sof Omar in Web Gorge, 36 km from Ghinir on road to Robi, 6°54’N, 40°50’E, 28 May 1983, fr, Gilbert, 
Ensermu & Vollesen 7861 (C, K, MO, UPS); 30 km E of Domo, 7°52ʼN, 46°51ʼE, 10 Jul 1958, fr, Hemming 
1539 (EA, K); Melka Guba, 4°50ʼN, 39°20ʼE, 30 Sep 1962, fl, Mooney 9917 (WAG); 18 km S of Scillave, 
5°58ʼN, 44°46ʼE, 16 Apr 1956, sterile, Simmons 205 (K); 87 km on the Negele–Filtu road, c. 1 km after turning 
towards Siro water holes, c. 5°13ʼN, 40°26ʼE, 12 May 1980, fl and young fr, Thulin, Hunde & Tadesse 3622b 
(K, UPS); 19 km on track from Kebri Dehar to Gode, 6°38ʼN, 44°10ʼE, 13 May 2006, Thulin, Hassan Kaariye 
& Wilhelmi 11099 (ETH, UPS); 22 km NW of Qarsonney along road to Kebri Dehar, 6°34ʼN, 44°36ʼE, 18 May 
2006, Thulin, Hassan Kaariye & Wilhelmi 11263 (ETH, UPS); 19 km N of Kebri Dehar, 6°53ʼN, 44°15ʼE, 27 
May 2006, Thulin, Hassan Kaariye & Wilhelmi 11368 (ETH, UPS); Neghelli, 20 Oct 1937, Vatova 70 (FT); Sof 
Omar, 6°55ʼN, 40°47ʼE, 7 Jan 1971, fr, J. De Wilde 7317 (K, WAG).
Somalia. 9°19ʼN, 48°36ʼE, 17 Jun 1981, fr, Beckett 1106 (EA, K); Boundary pillar 93, 8°37ʼN, 45°09ʼE, 6 Oct 
1932, fl, Gillett 4211 (FT, K); 17 km N of Bahadwein, 7°19ʼN, 47°36ʼE, 24 May 1979, fr, Gillett, Hemming & 
Watson 21993 (EA, K); E of Gawen, 5°19ʼN, 48°18ʼE, 30 May 1979, fr, Gillett, Hemming & Watson 22271 
(EA, K); 5 km N of Ad on road from Wisil, 5°02ʼN, 47°58ʼE, 8 Jun 1979, fr, Gillett, Hemming & Watson 22465 
(EA, K); 4 km W of Aburrei, 4°00ʼN, 45°40ʼE, 13 Jun 1979, fr, Gillett, Hemming & Watson 22628 (EA, K); 31 
km S of Adaan Yabal, 3°26ʼN, 46°12ʼE, 6 Jun 1981, sterile, Gillett, Beckett & Watson 23255 (EA, K); 111 km 
S of Garoe, 7°42ʼN, 47°52ʼE, 7 Jun 1981, fr, Gillett & Beckett 23335 (EA, K); Gardo – Hudun road, 9°28ʼN, 
48°05ʼE, 20 Jun 1981, fr, Gillett & Beckett 23547 (EA, K); 9°56ʼN, 44°23ʼE, 1 Jul 1981, fr, Gillett & Watson 
23686 (EA, K); 25 km E of Wajid on road to Oddur, 3°54ʼN, 43°27ʼE, 22–23 May 1983, fr, Gillett & Hemming 
24358 (EA, K); 26 km SW of El Dhere on road to El Baraf, 3°18ʼN, 45°52ʼE, 7 June 1983, fr, Gillett & Hemming 
24636A (EA, UPS); Baran, S of Las Anod, 8°14ʼN, 47°14ʼE, 27 May 1945, fl, Glover & Gilliland 982 (EA, K); 
16 km N of Darkeingenyo, S of Las Anod, 17 Oct 1960, fl and young fr, Hemming 2036 (EA, FT, K); Baran, 32 
km SW of Las Anod, 22 Oct 1961, Hemming 2184 (K); Bot (Mudugh), 14 Nov 1971, fl, Hemming 3326 (FT, K, 
UPS); 13km WNW of Luuq, 3°49ʼN, 42°26ʼE, 12 Nov 1983, fl and fr, Hemming SRS 235/1 (EA, K, UPS); 12 
km NNW of Garba Mai on Beled Hawo road, 3°35ʼN, 42°11ʼE, 17 Nov 1983, fr, Hemming SRS 253/2 (EA, K); 
58 km SSW of Beled Xaavo, 3°31ʼN, 41°41ʼE, 25 Nov 1983, fr, Hemming SRS 273/1 (EA, K, UPS); 8 km from 
Yasoomman on road to Maxaas, then 7 km NW along cutline, 24 Apr 1984, fl, Kuchar 16094 (K); 28 km from 
Bulo Burti to Halgan, 9 Jun 1984, fr, Kuchar 16166 (K); 20 km E on cutline from Bulo Burti, NE 2.5 km, then 
E 9 km, 3 Nov 1984, fl, Kuchar 16543 (K); 46 km SW of Garoe, 8°09ʼN, 48°14ʼE, 10 Nov 1987, fr, Lavranos 
& Carter 24589 (EA, K, MO, WAG); Lugh, 26 Oct 1913, Paoli 988 (FT); Bugda Acable, 7 Oct 1981, Pignatti 
s.n. (FT); Biaddo, 15 Jun 1924, Puccioni & Stefanini 803 (FT); Dubbo, 14 Sep 1929, fr, Senni 769 (FT); 7–8 km 
S of Luuq, 3°44ʼN, 42°33ʼE, 26 May 1988, sterile, Somali Medicinal Plant Project SMP 208 (UPS); 11 km on 
track to Uarsciek starting just S of Balad, 16 May 1983, fl and fr, Thulin & Warfa 4727 (EA, K, UPS); 49 km SE 
of Sinujiif, 8°10ʼN, 49°10ʼE, 6 May 2001, fl and young fr, Thulin et al. 10457 (FT, K, UPS); Lugh, 2 Nov 1983, 
fl, Wieland 1701 (EA, K); 18.2 km S of Xingod, 6°07.5ʼN, 48°24.8ʼE, 27 Jun 1987, Wieland 4668 (K, MO);
Kenya. 25 km E of Tarbaj on the El Wak road, 11 Dec 1971, fr, Bally & Smith 14544 (EA, K, UPS); 40 km on 
the El Wak–Wajir road, 2°35ʼN, 40°49ʼE, 29 Apr 1978, fr, Gilbert & Thulin 1208 (EA, K, UPS); War Gedud, 
3°11ʼN, 40°52ʼE, 1 May 1978, fl, Gilbert & Thulin 1284 (EA, K, UPS); Dandu, 3°26ʼN, 39°54ʼE, 19 Mar 1952, 
fl, Gillett 12590 (EA, FT, K); 20 km S of Moyale, 3°22ʼN, 39°04ʼE, 6 Oct 1952, fl, Gillett 14007 (EA, FT, K); 
10 km E of Wajir, 1°45ʼN, 40°15ʼE, 1 Jun 1977, sterile, Gillett 21300 (EA, FT, K); S of Wajir, 1°35ʼN, 40°00ʼE, 
17 Apr 1985, sterile, Teel 105 (K).
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J. Bot. 15: 67 (1877) – Type: Somalia (Somaliland), 
Ahl Mts at 500 m, Apr 1875, fl and young fr, 
Hildebrandt 1508 (K! [K000199591] holotype; 
BM! [BM000798772], L [L2132197]!, W-Rchb. 
[W1889-0183912]! isotypes).

Boswellia hildebrandtii Engl., Bot. Jahrb. Syst. 15: 
98 (1892). – Type: Kenya, Duruma–Teita, Jan 
1877, fr, Hildebrandt 2364 (B holotype, destr.).

Boswellia multifoliolata Engl., Ann. Ist. Bot. Roma 
7: 16 (1897). – Type: Somalia, Merehan, Jul–Aug 
1891, sterile, Robecchi-Bricchetti 681 (FT! 
[FT001792] lectotype, designated here).

Boswellia elegans Engl., Bot. Jahrb. Syst. 34: 314 
(1904). – Type: Kenya, Bura Hills, 26 Oct 1902, fl, 
Engler 1973 (B holotype, destr.; E! [E00016667] 
lectotype, designated here).

Notes on nomenclature

The holotype of B. neglecta was said to be in BM 
by Gillett (1991), but it is stated in the introduction 
to the paper in which the species was described 
that it is based on a set of Hildebrandt collections 
purchased by Kew. Therefore it seems obvious that 
the sheet in K (K000199591) is the holotype.

Two collections from Merehan in Somalia, 
Robecchi-Bricchetti 680 and 681, were cited in the 
protologue of Boswellia multifoliolata, both sterile 
and present in FT. One of these, Robecchi-Bricchetti 
681 (FT001792) is here designated as lectotype.

Etymology
The epithet “neglecta” (Latin, neglected) refers to 
the late discovery of this species.

12. Boswellia neglecta S.Moore

Description
Shrub or small tree up to 8 m tall; bark 
pale to dark grey, smooth to rough, not 
peeling; branchlets divaricate, grey to 
brown, longitudinally ridged, pubescent with 
spreading often ± crisped hairs up to 0.6 mm 
long or rarely glabrous. Leaves imparipinnate, 
(9–)11–47(–51)-foliolate, 2–11 cm long; petiole 
2–16 mm long; rachis densely pubescent with 
spreading often ± crisped eglandular hairs 
or rarely subglabrous, not winged; leaflets 
subsessile, opposite or subalternate, 3–13(–15) 
× 2–5(–8) mm, ovate or oblong-elliptic, the 
proximal ones small and often suborbicular, 
rounded to truncate or rarely cuneate and 
± asymmetric at base, obtuse or subacute at 
apex, entire, somewhat paler beneath, densely 
pubescent with spreading ± crisped hairs on 
both surfaces or rarely subglabrous. Flowers 
in pubescent usually few-flowered racemes 
or panicles up to 6(–10) cm long; peduncle 
3–25 mm long; pedicels 1–8 mm long; bracts 
up to 6 × 2.5 mm, pubescent. Calyx cup-
shaped, pubescent, 1.2–1.6 mm long, with 5 
short broadly triangular lobes. Petals white or 
cream, c. 2 mm long, ovate, medially pubescent 
outside, papillose inside. Stamens 10, inserted 
at the base of the disk; filaments 0.8–1 mm long, 

obovate and abruptly narrowed into a filiform 
tip, papillose, those opposite to calyx-lobes 
with broader and ± shouldered filament-bases; 
anthers 0.6–0.8 mm long, papillose. Disk 
concave, c. 1.5 mm in diameter, greenish. Pistil 
1.5–2 mm long; style 0.6–1 mm long; stigma 
truncate-capitate. Fruits 3-locular, 15–22(–25) 
× 8–11(–14) mm, widest c. 6 mm below the 
apex, angular and often with almost straight 
lower edges, pyriform, often retuse at the apex, 
glabrous, often reddish tinged; pyrenes up to 
10 × 7.5 mm, subcruciform in outline, with 
both apical and basal horns and ± horizontal 
lateral horns, not winged or occasionally with 
a ± caducous wing. – Fig. 46, 47.

Distribution and habitat
Boswellia neglecta is known from eastern 
Ethiopia, Somalia, northeastern Uganda, 
Kenya and northeastern Tanzania (Fig. 48). It 
grows in Senegalia-Vachellia-Commiphora 
woodland and bushland, usually on red sandy 
soil overlying limestone but also on basement 
rocks and on lava, at elevations of 130–1750 
m a.s.l., the lowest elevations being recorded 
from southern Somalia and the highest from 
Ethiopia.
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Fig. 46. Boswellia neglecta. 
A: Flowering and leafy branch.
B: Leaflet
C: Flower.
D: Centre of  fl wer in longitudinal section.
E: Tip of  fruiting shoot.
F: Pyrene on inside of  fruit valve.
 
Drawn by Bryan Poole.
© the Board of  Trustees of  the
Royal Botanic Gardens, Kew. 
Reproduced and modified with pe mission from
Flora Trop. E. Afr. Burseraceae, Fig. 2 (1991).

Fig. 47. Boswellia neglecta, from Kenya,
Meru National Park near Tana River,

28 Nov 2018. Flowering and leafy shoot.
Photograph by Tammo Reichgelt.
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Vernacular names and uses
Bei Bei, Muqlay, Muqlo, Muqlow, Murafur, 
Murchen, Murlo (Somali), Dakara (Oromo). 
None of these names is unique for Boswellia 
neglecta, but are also used for B. globosa, 
microphylla, ogadensis and rivae.

The bark is used for tanning, and the gum-
resin is locally harvested as incense (Mulugeta 
Lemenih & Demel Teketay 2003; Mulugeta 
Lemenih et al. 2003). Ermias Lulekal et al. 
(2012) recorded use in Ethiopia of the gum-
resin for skin disease and stomach complaints 
in traditional medicine, and also as an insect, 
snake and rat repellent, and use of the bark for 
the production of red dye for milk containers, 
and use of the wood for the making of various 
household items, etc. According to Mokria 
et al. (2017), B. neglecta has a high potential 
for the restoration of drylands in the Horn of 
Africa.

IUCN Red List Assessment
Boswellia neglecta is widespread in eastern 
Ethiopia, Somalia and Kenya, and marginally 
extends also into northeastern Uganda and 
northeastern Tanzania. Other than a general 
degradation of the habitat, there seem to be 

no particular threats to the species, and no 
significant decline in the populations has been 
recorded. The species is here preliminarily 
assessed as Least Concern under the IUCN 
Red List Categories and Criteria (IUCN 2012).

Taxonomic remarks
Boswellia neglecta is closely related to 
B. globosa and microphylla, these three species 
forming a tightly knit group characterized by 
leaves with an unwinged rachis and small and 
often numerous leaflets; and by having short, 
few-flowered inflorescences produced with 
the leaves, and unequal stamens with ovate or 
obovate, papillose filament-bases, with those 
opposite to the calyx-lobes being broader. 
Boswellia neglecta is the most widespread of 
these three, and differs from the very localized 
and parapatric B. globosa by its pyriform 
(versus subglobose) fruits and unwinged 
or sometimes narrowly winged (versus 
prominently and persistently winged) pyrenes.

Boswellia neglecta and B. microphylla 
have largely overlapping distributions, and 
B. neglecta can often be easily recognized by 
its leaves with more numerous leaflets (usually 
11–47 versus 5–9) and a more prominent 
indumentum (Fig. 46A, 47), but forms of 

Fig. 48. Map showing the distribution 
of  Boswellia neglecta.
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Ethiopia. 54 km SE of Yavello, 4°50ʼN, 38°06ʼE, 24 Dec 1974, fr, Ash 2797 (C, EA, K); Danot, 7°32ʼN, 
45°20ʼE, 20 Oct 1954, fl, Bally 10138 (EA, K); Ogaden, 29 km S of Bokh, Oct 1954, Bally 10144 (EA); Wardere, 
1959, Barnes in EA 11971 (EA); Il-Olo stream NE of Lake Rudolf, 1 May 1971, fr, Brown 100 (K); 5 km N of 
Fich, 8°08ʼN, 42°17ʼE, 3 Nov 1962, fl and fr, Burger 2309 (K), 4 Nov 1962, fl, Burger 2315 (K); W of Daletti 
above Gobelli R. valley, 8°32ʼN, 42°07ʼE, 26 Oct 1963, fl, Burger 3286 (FT, K); road to Farso, 8°38ʼN, 42°48ʼE, 
9 Nov 1963, fr, Burger 3326 (FT, K); Errer valley, 10–15 km downstream from the Harar–Jijiga highway, 24 
Nov 1963, fr, Burger 3381 (K); Lower Omo River Basin, Nkalabong Hills, Jul 1968, fr, Carr 292 (EA, K); El 
Banno (Tertale), May 1939, Corradi 6724, 6725, 6738–6741 (FT); Atana to Murle, 13 Jul 1939, Corradi 6776 
(FT); SE of Wardere, 1953, sterile, Ellis 54 (K); Wardere, 13 Oct 1953, fl, Ellis 115 (K); 55 km SE of Negele on 
road to Filtu, 5°15ʼN, 40°04ʼE, 3 Nov 1972, sterile, Friis et al. 967 (C, K); 55 km SE of Negele, along the track 
to Wolensu, 11 May 1982, fr, Friis, Mesfin & Vollesen 2778 (C, FT, K, UPS); 38 km S of Negele along road to 
Melka Guba, S slope of Cure Liban, 17 May 1982, fr, Friis, Mesfin & Vollesen 3033 (C, FT, K, MO, UPS); Bale, 
Sof Omar caves, 6°55ʼN, 40°50ʼE, 31 Oct 1984, fl, Friis, Gilbert & Vollesen 3673 (C, K); 60 km E of Yavello 
on road to Arero, 4°46ʼN, 38°35ʼE, 11 Dec 1997, fr, Friis et al. 8545 (C, K, WAG); 4 km N of Dimerki along 
road to Key Afer, 5°12ʼN, 36°32ʼE, 26 Dec 1998, fr, Friis et al. 9649 (C, K, WAG); 12 km E of El Leh towards 
El Kur, 3°46.24ʼN, 39°19.45ʼE, 18 Nov 2010, fr, Friis et al. 13731 (K, WAG); 80 km E of Agere Mariam on 
road to Shakiso, 5°19.10ʼN, 38°46.90ʼE, 21 Nov 2011, fr, Friis et al. 14092 (K, WAG); 2–3 km E of Beki Stock 
Pond, 5°00ʼN, 38°13ʼE, 13 May 1976, fr, Gilbert & Jefford 4475 (K); 65 km on the Negele–Filtu road, 5°11ʼN, 
40°08ʼE, 16 May 1983, fr, Gilbert, Ensermu & Vollesen 7425 (C, K, MO, UPS); 2 km before Sof Omar in Web 
Gorge, 36 km from Ghinir on road to Robi, 6°54ʼN, 40°50ʼE, 28 May 1983, sterile, Gilbert, Ensermu & Vollesen 
7862 (C, UPS); 47 km N of Mega on road to Agere Mariam, 4°27ʼN, 38°17ʼE, 9 Jun 1988, fr, Gilbert & Sebsebe 
8825A (C, K, UPS); Moyale – Mega road, 3°44ʼN, 38°50ʼE, 10 Nov 1952, fl and young fr, Gillett 14172 (BM, 
EA, FT, K); between Wardere and Walwal, 24 Nov 1944, sterile, Glover & Gilliland 335 (BM); 13 km E of 
Wardere, 29 Jun 1958, fr, Hemming 1457 (EA, FT, K); Ogaden, Daror, 8°15ʼN, 44°40ʼE, 14 Jul 1958, sterile, 
Hemming 1554 (EA, K); Wardere, Jun 1943, Hummel 138 (EA); Borana, Igo, 4°23ʼN, 38°25ʼE, 20 Oct 1962, 
Mooney 9781 (WAG); Kebri Dehar, 6°44ʼN, 44°17ʼE, 3 Sep 1941, fr, Peck 421 (EA, K); Fich, Apr 1940, Predieri 
9 & 11 (FT); 51–55 km from Jinka to Konso, 5°31ʼN, 36°44ʼE, 17 Dec 1982, fr, Puff & Ensermu 8212.17-4/12 
(K); 16 km from Moyale towards Mega, 12 Nov 1988, Sebsebe, Ermias & Solomon 2190 (MO); 87 km on 
the Negele–Filtu road, c. 1 km after turning towards the Siro waterholes, c. 5°13ʼN, 40°26ʼE, 12 May 1980, 
fr, Thulin, Hunde & Tadesse 3622a (EA, K, UPS); 7 km SE of Qarsonney along road to Kebri Dehar, 6°21ʼN, 
44°44ʼE, 19 May 2006, fr, Thulin, Hassan Kaariye & Wilhelmi 11269 (ETH, K, UPS); Gobelli R. Valley, W of 
Daletti, 8°32ʼN, 42°07ʼE, 1 Nov 1970, fr, J. De Wilde 7252 (EA, K, MO, UPS, WAG); 14 km along road to Fich, 
28 Mar 1971, fl, J. De Wilde & Gilbert 437 (EA, K, UPS, WAG).
Somalia. 18 km SSW of Dusamareb, 5°22ʼN, 46°26ʼE, 23 Jun 1979, Beckett 304 (FT); 8.5 km N of Dolondole, 
3°22ʼN, 44°12ʼE, 15 Mar 1982, sterile, Beckett & White 1784 (EA, K); 6 km SW of Deri, 4°18ʼN, 46°34ʼE, 12 
Jun 1979, fr, Gillett, Hemming & Watson 22593 (EA, K); 

B. microphylla with up to 27 leaflets are known 
in some areas; and thus the most reliable 
character to distinguish the two seems to be in 
the shape of the pyrenes. These have both an 
apical and a basal horn in B. neglecta and the 
lateral horns are more or less horizontal (Fig. 
43F), whereas in B. microphylla the pyrenes 
have no basal horn and the lateral horns are 
directed more or less downwards (see under 
B. microphylla).

There also seems to be a difference in the shape 
of the filament-bases between B. neglecta and 
B. microphylla. In B. neglecta the stamens 
opposite to the calyx-lobes have more or less 
shouldered filament-bases (Fig. 47), whereas 
in B. microphylla they are evenly rounded. 
However, this difference needs to be confirmed 
in a larger set of material. Note that the 
shouldered filament-bases are not apparent in 
Fig. 46 (C, D).

Collections other than types 
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Somalia (cont.): 11 km E of Dhanabo (El Dabbo), 3°54ʼN, 44°43ʼE, 24 May 1983, sterile, Gillett & Hemming 
24401 (EA, K, UPS); 63 km SW of Abudwak (Mudugh) near Ethiopian boundary, 22 Nov 1971, fr, Hemming 
3384 (FT, K, UPS); 2.1 km SSW on cutline from road junction above Yasomman, 17 Apr 1984, fl, Kuchar 16009 
(K); E from Bulo Burti to end of cutline, 14 Jun 1984, fr, Kuchar 16238 (K); from the highland of Somalia to the 
Gulf of Aden, 1890, sterile, Robecchi-Bricchetti 483 (FT); El Bur Saar, 2 Nov 1986, fl, Tardelli 76 (FT, K); 5 km 
from El Uak along road to El Bur Saar, 3 Nov 1986, fl and young fr, Tardelli 108 (FT, K, UPS); Gersale, between 
El Uak and Garba Harre, 4 Nov 1986, sterile, Tardelli 162 (FT, K); Ceel Cad (El Adde) along road from El Uak 
to Garba Harre, 5 Nov 1986, fr, Tardelli 233 (FT, K, UPS); 22 km SE of Xiis, near Dhabqadood village, 10°46ʼN, 
47°00ʼE, 5 Feb 2002, sterile, Thulin 10844 (UPS).
Uganda. Moroto R., s.dat., fr, Brasnett 87 (K), Feb 1936, Eggeling 3001 (K); Lutyen Pass near Moroto, 5 Mar 
1936, fr, Michelmore 1236 (K); 18 km Moroto Turn – Lodwar, 9 Oct 1952, fl, Verdcourt 804 (K, MO); Rupa, 
Aug 1955, Wilson 168 (EA).
Kenya. Tsavo East, Voi camping ground, 28 May 1965, Agnew 7317 (EA); Kitui Distr., 2 km N Zombe, 18 Dec 
1987, Alstrup K111 (C); 25 km E of Nguni, 6 Jan 1988, Alstrup K236 (C); Meru Nat. Park, Golo Circuit, 14 
May 1972, fl, Ament & Magogo 215 (EA, K), 25 May 1972, fr, Ament & Magogo 409 (EA, K), 27 Dec 1972, 
fr, Ament 555 (EA, K); Nzue Distr., 19 Jan 1943, sterile, Bally 1944 (K); Ukamba, near Nzue R., 20 Jan 1943, 
fr, Bally 1951 (K); Tsavo Station, 26 Dec 1945, sterile, Bally 4724 (EA, K); Mt Kulal, NE slope, 16 Oct 1947, 
sterile, Bally 5660 (C, EA, K); Lake Chala, 13 Oct 1952, Bally 8349 (EA); Voi, 6 Feb 1953, fr, Bally 8594 (EA, 
K); Kanziko – Mutha, 23 Jan 1942, Bally 11606 (EA); Muruethi Hill on Turkwel R., 11 Jun 1965, fr, Bally 
12820 (EA, K); 3 km S of the junction of the Galole road with the Nairobi – Garissa road, 28 Nov 1971, fl and 
young fr, Bally & Smith 14408 (E, EA, K, UPS); 5 km NE of El Wak on the Mandera road, 11 Dec 1971, fr, 
Bally & Smith 14550 (EA, K, UPS); S of Mt Kulal, 2°35ʼN, 36°58ʼE, 20 Feb 1979, Bamps 6625 (EA); Kora 
Nature Reserve, Kiume Hill, 0°04ʼS, 38°40ʼE, 15 Nov 1987, fl and fr, Beentje & Coe 3449 (K, WAG); East Lake 
Turkana, near base of Karari Escarpment, 11 Oct 1977, Benz 39 (EA); 12 km SW of Marsabit near Karsadera, 
2°19ʼN, 37°55ʼE, 24 Nov 1977, fr, Carter & Stannard 645 (EA, K); Tsavo, May 1960, Dale 1066 (EA, FT); Voi, 
Jan 1938, fr, Dale 3897 (EA, K); Maungu – Voi, 10 Apr 1982, Davey 36 (EA); Karasuk, Napau Pass, 2°28ʼN, 
34°57ʼE, 22 Feb 1953, fr, Dawkins 790 (K); Voi – Tsavo Nat. Park East road, 3°22.30ʼS, 38°34ʼE, 19 Mar 1974, 
fl, Faden & Faden 74/250 (EA, K, MO); Meru Nat. Park, 3–4 km SW of Kenmare Lodge, 19 Mar 1968, Fosberg 
& Adamson 49944 (EA, MO); 3 km from South Horr – Baragoi road on track to Ilaut, 2°01ʼN, 36°57ʼE, 30 Oct 
1978, fl, Gilbert, Gachathi & Gatheri 5235 (EA, K, MO); 10 km from Ngorinit on track to Logaloga, 1°49ʼN, 
37°22ʼE, 1 Nov 1978, fl, Gilbert, Gachathi & Gatheri 5272 (EA, K); Dandu, 3°26ʼN, 39°54ʼE, 12 Apr 1952, 
fl and fr, Gillett 12771 (BM, EA, FT, K); Meru Nat. Park, 0°25ʼN, 38°05ʼE, 24 Dec 1969, fr, Gillett 18912 
(EA, FT, K); 13 km E of Kula Mawe on Isiolo – Mado Gashi road, 17 May 1972, fl, Gillett 19697 (EA, FT, K); 
Garissa – Dabaab road, 15 km from Garissa, 0°20ʼN, 39°45ʼE, 11 May 1974, sterile, Gillett & Gachathi 20599 
(EA, K); 19 km E of Mtito Andei, 1 Dec 1959, fr, Greenway 9618 (EA, FT, K); E of Voi, 3°40ʼS, 38°44ʼE, 10 
Oct 1962, fl, Greenway 10815 (EA, K); Voi Gate camp site, 8 Dec 1966, fr, Greenway & Kanuri 12690 (EA, FT, 
K); Voi Distr., 12 Dec 1966, fl, Greenway & Kanuri 12731 (EA, FT, K); Korr, 1°58ʼN, 37°33ʼE, 30 May 1975, 
Grum 11 (EA); Lokori, 1°57ʼN, 36°06ʼE, 10 Aug 1970, Gwynne H15 (EA); Rainkombe, 7 Dec 1977, Hamilton 
196 (EA); Kangetet, 5 Jul 1954, sterile, Hemming 296 (EA, K); Wajir, Jan 1955, fr, Hemming 468 (EA, FT, K); 8 
km S of Campi ya Chui, 0°15ʼS, 38°46ʼE, 24 Apr 1983, Hemming 83/13 (EA); S bank of Tana R. at 38°45ʼE, 25 
Apr 1983, Hemming 83/14 (EA); 10 km S of South Horr, 12 Nov 1978, fl and fr, Hepper & Jaeger 6762 (EA, K, 
MO, UPS); Mt Kulal, 22 Nov 1978, fr, Hepper & Jaeger 7011 (EA, K); Mt Kulal, 1 Jul 1976, Herlocker ALP129 
(EA); Tsavo Nat. Park (East), Apr 1965, Hucks 287 (EA); Sala, 3°05ʼS, 39°10ʼE, May 1965, Hucks 421 (EA); 
Galas, 3°35ʼN, 36°25ʼE, Hussein Adan 1 (EA); Mattewʼs Range, 27 Nov 1976, Ichikawa 170 (EA); Voi Distr., 
Buchuma Exp. Station, Apr 1967, Ivens 2105 (EA); 18 km from Garissa towards Wajir, 0°20ʼN, 39°42ʼE, 9 Feb 
2003, sterile, Kirika et al. NMK364 (K); N end of Nyambeni Hills, 15 Dec 1974, Lavranos 11887 (MO); S of 
Embu, 13 Mar 1972, fr, Lawlin 1719 (K); Meru Game Reserve, 11 Jun 1963, Makenge 91 (EA); Archers Post, 
Samburu Park, Nov 1965, fr, Makin 197 (EA, FT, K); Lokori, 11 km S of Kangetet, 21 Jun 1970, fr, Mathew 
6318 (FT, K), 27 May 1970, fr, Mathew 6400 (EA, K); Kora Game Reserve, 11 May 1983, Mungai, Mutangah & 
Rucina 18 (EA), 22 Nov 1983, Mutangah & Muasya 292 (EA); Lokori, 16 Aug 1968, fr, Mwangangi & Gwynne 
1163 (EA, K, MO); Kalokumei Hill near Lokori, 28 Jul 1969, Mwangangi 1402 (EA); Kwʼolong Hill, 3 km SW 
of Lokori, 14 Aug 1969, Mwangangi 1456 (EA); Kakorinya Volcano, 22 Aug 1969, Mwangangi & Gwynne 1498 
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(EA); foot of Loriu Plateau, 4 Sep 1969, Mwangangi 1517 (EA); Ol Doinyo Lengio, 20 Dec 1958, fr, Newbould 
3306 (FT, K); Kaya Ejon, 2°25ʼN, 34°55ʼE, 29 Jan 1965, fr, Newbould 6845 (EA, K); Buchuma R. Station, 5 
May 1971, Nganga 7 (EA); Kwamuthisya Kisesin, 26 Apr 1977, Nguthu 112 (EA); Turkana Distr., Dec 1982, 
Ohta 126 & 142 (EA); Mwingi – Garissa road, 13 Aug 1973, Okwaro 46 (EA); 16 km W of Garissa, 15 Apr 1973, 
fl, Oxtoby in EA 15367 (EA, K); Kuwalathe, Lodwar Distr., 27 Sep 1963, fr, Paulo 1046 (EA, K); Solberawawa, 
1°03ʼN, 38°04ʼE, 27 Dec 1976, Powys 331 (EA); NW of Kamburu Bridge, 0°47.5ʼN, 37°39.5ʼE, 18 Nov 1973, 
sterile, Robertson 1923 (EA, K, MO); Taru old quarry, 3°44ʼS, 39°08ʼE, 18 Nov 1990, Robertson & Khayota 
6416 (EA); 11 km N of Hamayi on Isiolo road, 18 Apr 1934, fl, Sampson 83 (K); South Horr, Jul 1976, Sato 72 
(EA); Teita plains, Nov 1893, fr, Scott Elliot 6169 (BM, K); Taro – Maungu, Nov 1893, sterile, Scott Elliot 6181 
(BM, K); Tsavo Nat. Park East, 6 Mar 1962, fr, Sheldrick TNP/E/19 (EA, K); Lokori, 2 Aug 1982, Simonson 
1 (EA); 63 km S of Moda Gash, 0°14ʼN, 39°23ʼE, 12 Dec 1977, fr, Stannard & Gilbert 1002 (EA, K); Garissa 
road, 22 Nov 1946, Swards E66 (EA); Chemolingot, 0°58ʼN, 35°57ʼE, 24 Jul 1976, Timberlake 134 (EA), 12 
Aug 1976, Timberlake 404 (EA), 27 Dec 1977, Timberlake 1566 (EA); Voi – Mtito Andei, mile 25, 30 Dec 1954, 
fr, Verdcourt 1201 (EA, K, MO); 235 km from Mombasa on Nairobi road, 29 Aug 1959, Verdcourt 2387B (EA); 
237 km from Mombasa on Nairobi road, 15 Apr 1960, fr, Verdcourt & Polhill 2700 (EA, FT, K); Kora Game 
Reserve, 18 Jul 1983, Waterman 1068 (EA);
Tanzania. Mkomazi, S Pare Mts, 4°38ʼS, 38°04ʼE, 30 Nov 1935, sterile, Burtt 5343 (BM, K); Lushoto Distr., 
Kivingo, 4°25ʼS, 38°26ʼE, 26 Dec 1929, fr, Greenway 1970 (EA, K); Lake Chala, 3°19ʼS, 37°42ʼE, 21 Jan 1936, 
fr, Greenway 4445 (EA, K); Kimanga Hill, road between Himo and Lake Chala, 3°19ʼS, 37°41ʼE, 20 Feb 2003, 
Hemp 3854 (UBT); SE of Mkomazi, 4 Apr 1988, sterile, Pocs 88051/F (K); Umba steppe, below Mlalo, Dec 
1966, Procter 3391 (EA); Mkomazi Game Res., 10 Mar 1968, Robinette 1490 & 1531 (EA); Masandari Hill, 6 
km SSW of Same, 29 Mar 1975, Wingfield 2898 (EA).
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13. Boswellia globosa Thulin

Nordic J. Bot. 24: 373 (2007). – Type: Somalia 
(Somaliland), Sanaag Region, c. 20 km S of Mait, 
near Togga Horgobble on slope of Mt Iddie, 10 
Feb 1982, fr, Thulin 4309 (UPS No. V-688365! 
holotype; EA!, K! isotypes).

Etymology

The epithet “globosa” (Latin, globose) refers to the 
rounded fruits of this species.

Description
Small tree, c. 2.5–4 m tall; bark purplish 
black or dark grey, smooth; branchlets 
divaricate, young shoots greyish to purplish 
brown, longitudinally ridged, pubescent 
with spreading straight to ± crisped 
c. 0.1–0.4 mm long hairs. Leaves im-
paripinnate, (5–)11–21-foliolate, 2.5–6 cm 
long; petiole 2–12 mm long; rachis densely 
pubescent with spreading eglandular hairs, 
not winged; leaflets subsessile, opposite or 
subopposite, 3–6.5 × 1.5–4 mm, elliptic to 
obovate, the proximal ones often suborbicular, 
cuneate to rounded and ± asymmetric at base, 
obtuse at apex, entire, somewhat paler beneath, 
densely pubescent with spreading hairs on 
both surfaces. Flowers in pubescent few-
flowered racemes up to c. 4 cm long; peduncle 
up to c. 12 mm long, finely sulcate; pedicels 
2.5–7 mm long in fruit; bracts triangular, 
1–2 mm long, pubescent. Calyx cup-shaped, 
pubescent, 1.2–1.5 mm long, with 5 short 
broadly triangular lobes. Petals c. 2 mm long, 
medially pubescent. Stamens 10, inserted 
at the base of the disk; filaments c. 0.8 mm 
long, ovate with filiform tip, those opposite 
to calyx-lobes broader and ± shouldered, 
papillose; anthers c. 0.6 mm long, papillose. 
Style c. 0.8 mm long; stigma truncate-
capitate. Fruits 3–4-locular, 8–12 × 7–11 mm, 
with wings up to 5 mm wide, suborbicular in 
outline, glabrous; pyrenes 6.5–7 × 5.5–6 mm, 
subcruciform in outline, rugose, surrounded 
by a persistent wing and forming a broadly 
ovate to subcircular 8–12 mm long dispersal 
unit. – Fig. 49, 50.

Fig. 49. Boswellia globosa.
A: Fruiting and leafy branch.
B: Pair of  leaflet .
C: Fruit.
D: Pyrene, with wing.

A, C, D from Thulin 10996, B from Thulin 4309. 
Drawn by Rosemary Wise.
Reproduced from Nordic J. Bot. 24: 374 (2007).
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Fig. 50. Boswellia globosa, from Somalia,
SW of  Waqadariya, 20 May 2002. 
A: Portion of  plant. 
B: Fruiting and leafy twig.

Photographs by Mats Thulin.

Distribution and habitat
There are herbarium specimens of Boswellia 
globosa from two localities only, in the 
foothills of the escarpment north of Ceerigaabo 
in northern Somalia (Fig. 51, 52). These 
localities are about 60 km apart, but further, 
small fragmented populations are scattered in 
the area (pers. obs.). In the type locality, the 
species grows among limestone boulders in 
a gully in semidesert bushland with species 
of Senegalia, Vachellia and Commiphora, 
Boswellia frereana and Moringa peregrina 
at about 250 m a.s.l., whereas in the second 
locality it grows in open Senegalia-Vachellia-
Commiphora bushland on a rocky limestone 
slope at an elevation of 150 m a.s.l.

Other endemic woody species from the 
arid foothills of this escarpment include 
Senegalia somalensis, which grows associated 
with B. globosa in the type locality, Vachellia 
cernua, and Jatropha aspleniifolia.

Vernacular name and use
Muqlo or Moqlo. Muqlo is also the Somali 
name for Boswellia neglecta (Thulin 10844) in 
the area.

The bark of both Boswellia globosa and 
neglecta is used for tanning.

IUCN Red List Assessment
Boswellia globosa is endemic to Somalia and 
has a very restricted range in the northern part 
of the country. The fragmented populations are 
estimated to have fewer than 1000 individuals, 
and the species is here preliminarily assessed 
as Vulnerable D1 under the IUCN Red List 
Categories and Criteria (IUCN 2012).

Taxonomic remarks
The two collections known of Boswellia 
globosa are both in fruit, and the descriptions 
of floral parts above are made from flower 

A

B
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remains present on the fruits. The type locality 
of B. globosa is very close to the type locality 
of the widespread and more mesophytic 
B. neglecta (south of Mait at 500 m altitude). 
This has long been the only collection known 
of B. neglecta from the Sanaag Region, but 
another record was made in the area at 400 
m altitude in 2002 (Thulin 10844). Boswellia 
neglecta and B. globosa are very similar in 
leaf, inflorescence, flower and indumentum 
characters and in Flora of Somalia (Thulin 
2000), Thulin 4309 was treated as an extreme 
form of B. neglecta. However, the fact that 
plants corresponding to these two taxa were 
seen to grow in close proximity in 2002 led to 
their treatment as two species (Thulin 2006, 
2007). The subglobose fruits (Fig. 49C, 50B), 
not much longer than wide, and the broadly 
and persistently winged pyrenes (Fig. 49D) in 
B. globosa are distinctive. In B. neglecta the 
fruits are pyriform and about twice as long as 
wide, and the pyrenes are unwinged or with 
a narrow more or less caducous wing. The 
type of B. neglecta does not show ripe fruits, 

but the elongated young fruits present agree 
completely with those otherwise found in this 
species.

Two other species of Boswellia with 
subglobose fruits are B. aspleniifolia and 
B. socotrana on Socotra. Boswellia globosa 
differs from both these of species, e.g., in its 
unwinged (versus distinctly winged) leaf-
rachis, medially pubescent (versus glabrous) 
petals, larger fruits, and larger, persistently 
winged pyrenes (pyrenes unwinged in 
B. aspleniifolia and B. socotrana).

Vollesen (1985) treated Thulin 4309 as 
Boswellia bricchettii, but, as pointed out by 
Thulin (2000: 187), the type of this name is a 
sterile branch of Lannea obovata (see under 
Excluded species).

Collection other than type
Somalia. Sanaag Region: 12 km SW of Waqadariya, 
11°03ʼN, 47°44ʼE, 20 May 2002, fr, Thulin 10996 
(K, UPS).

Fig. 52. Map showing the 
distribution of  Boswellia globosa.

Fig. 51. Habitat of  Boswellia globosa,
Somalia, SW of  Waqadariya, 20 May 2002. 

Photograph by Mats Thulin.

10°N

50°E
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14. Boswellia ameero Balf.f.
Proc. Roy. Soc. Edinburgh 11: 505 (1882). – Type: 

Yemen, Socotra, “ubique per montes crescens”, 
Feb–Mar 1880, fl, Balfour, Cockburn & Scott 394 
(K! [K000199641] lectotype, designated here; 
E! [E00239356, E00239359], K! [K000199642] 
isolectotypes).

Etymology
The epithet “ameero” is taken from the Socotri 
name of the species.

Notes on nomenclature

In the protologue of Boswellia ameero, Balfour, 
Cockburn & Scott “349” (apparently an error for 
394) and Schweinfurth 540 (K000199638) are 
cited, both collections being present at Kew, the 
first also with duplicates in E and K. One of the 
specimens of Balfour, Cockburn & Scott 394 in K 
(K000199641) is here designated as lectotype of 
B. ameero.

Description
Tree, up to c. 8 m tall; bark yellowish brown or 
grey with flaking papery outer layers; young 
shoots tomentose. Leaves densely crowded at 
shoot-apices or alternate on young long-shoots, 
imparipinnate, (9–)11–17(–25)-foliolate, 
10–30 cm long; petiole 10–80 mm long; rachis 
tomentose with spreading eglandular hairs, 
not winged; leaflets subsessile, opposite to 
subalternate, 15–100 × 10–70 mm, broadly 
oblong to ovate, the proximal ones often 
suborbicular, broadly cuneate to truncate and 
often asymmetrical at base, obtuse to rounded 
at apex, with usually shallowly but sometimes 
fairly deeply crenate to serrate-crenate 
margins; both surfaces tomentose to sparsely 
pubescent with spreading soft hairs, green. 
Flowers produced before or with the leaves, in 
± dense racemes or little- to much-branched 
panicles 2.5–11(–15) cm long clustered at the 
ends of the shoots; peduncle 5–20 mm long, 
sulcate and tomentose to subglabrous; rachis 
sulcate, tomentose to subglabrous; pedicels 
3–10(–18) mm long, tomentose to puberulous 
or minutely glandular; bracts and bracteoles 
± narrowly triangular, 1–1.5 mm long, 
pubescent. Calyx cup-shaped, 1–1.5 mm long, 
with 5 short broadly triangular subacute lobes, 
glabrous except sometimes for puberulous 
basal part and papillose margins. Petals 
pink or reddish, 4.5–7 × 2–3 mm, spreading 
in open flowers, lanceolate to ovate, with 
an acute incurved apex, glabrous on outer 

surface, papillose along margins and on inner 
surface. Stamens 10, inserted at the base of 
and between the lobes of the disk; filaments 
2.5–3 mm long, subulate, subequal or the 
ones opposite the calyx-lobes slightly longer 
than the others, glabrous or almost so; anthers 
1.5–2 mm long, puberulous. Disk concave, 
c. 0.5 mm high and 2.5–3 mm in diameter, 
10-lobed, glabrous or glandular, reddish. 
Style 2–2.5 mm long, stigma truncate-
capitate. Fruits 4–5-locular, 10–15 × 8 mm, 
± broadly pyriform, glabrous; pyrenes c. 6.5 × 
6 mm, subcruciform in outline, trigonous, not 
winged. – Fig. 53, 54.

Distribution and habitat
Boswellia ameero is a relatively common and 
locally dominant tree on limestone or granite on 
north-central Socotra (Fig. 55, 56) at elevations 
between 110 and 970 m (mostly 250–600 m) 
a.s.l. Associated woody species include Buxus 
hildebrandtii, Dracaena cinnabari, Rhus 
thyrsiflora, Gnidia socotrana, Punica 
protopunica, Sterculia africana, and Dirachma 
socotrana. De Sanctis et al. (2012) recognized 
B. ameero woodland as one of seven types 
of woodland on Socotra. According to the 
classification of biotope types on Socotra 
by Habrová & Buček (2014), B. ameero is a 
predominant or admixed species in “debris 
forest”, “dragon s̓ blood tree woodland” and 
“deciduous frankincense woodland”.
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Fig. 53. Boswellia ameero. 1: Top of  branch with inflo escences and bases of  petioles. 2: Leaf. 
3: Flower in section. 4: Petal. 5: Portion of  fl wer showing disk and pistil. 6: Stamen.
7: Portion of  infructescence.

Drawn by H. Thiselton-Dyer. Reproduced from Balfour (1888: Tab. 9).
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Fig. 54. Boswellia ameero, from Socotra, between Skand ridge and Wadi Ayhaft, 24 Feb 2010.
A: Flowering and leafy branch. B: Inflo escences with fl wers and young fruits.

Photographs by Vít Grulich.
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Vernacular names and uses
Amaro (fide Wellsted 1835: 172); Ameero (fide 
Balfour 1882, 1888); Amedoh (fide Cronk 14); 
Em e̓iro (fide Smith & Lavranos 212 and 554); 
Hammiira (fide Schweinfurth 540). All of these 
names are obviously different transcriptions of 
the same Socotri name.

According to Balfour (1888), “ameero” is 
the chief gum-resin producing tree on Socotra, 
but its importance as a frankincense-producing 
tree belongs to the past. Further ethnographic 
information is provided by Miller & Morris 
(2004).

IUCN Red List Assessment
Boswellia ameero is listed as Vulnerable 
B2ab(ii,iii) under the IUCN Red List 
Categories and Criteria (IUCN 2012), based 
on an assessment made by Miller (2004a). 
The populations show signs of decline and the 
regeneration status is poor (Attorre et al. 2011). 
Attorre et al. (2011) therefore proposed the 
alternative assessment Endangered B2ab(v), 
and regarded the species to be of very high 
priority for conservation. The precarious 
situation for B. ameero has been reinforced by 
the cyclones hitting Socotra in recent years, 
and the preliminary assessment Endangered 
B2ab(v) is made also here.

Taxonomic remarks
Boswellia ameero is variable, particularly as 
regards the size and shape of the leaflets and 
in density of the indumentum on the leaves 
and inflorescences. Sterile herbarium material 
may resemble the probably closely related 
B. elongata, but the leaflets in B. ameero are 
comparatively broader (Fig. 53.2, 54) and the 
undersides of the leaves have an indumentum 
of more or less spreading hairs and give a green 
impression, as opposed to the white-tomentose 
undersides of the leaves in B. elongata. Also, 
the upper sides are pubescent with more or less 
spreading hairs, whereas they are glabrous, 
except for crisped hairs on the major veins, 

in B. elongata. Otherwise, B. ameero can be 
distinguished from B. elongata by its shorter 
and denser inflorescences (Fig. 53.1, 54), 
often produced before the leaves, with pink to 
reddish (not cream to yellowish) flowers.

Miller & Morris (2004) used the designation 
Boswellia sp. A for a population of cliff-
dwelling trees on the Firmihin plateau (Miller 
et al. 17144), said to be “clearly related to 
B. ameero”. Apart from herbarium material, 
photographs of this plant also have been seen 
(Lisa Banfield, pers. comm.), and it is here 
regarded as a form of B. ameero with unusually 
lax inflorescences. Otherwise, it seems to agree 
well with this species, but introgression from 
the co-occurring B. dioscoridis is a possibility.

A sterile collection from near the Muqadrihon 
pass (Thulin & Gifri 8805) differs from normal 
Boswellia ameero, which also occurs in the 
area, by having leaves with a narrowly winged 
rachis and comparatively small, numerous (up 
to 25) and sparsely hairy leaflets with fairly 
deeply serrate-crenate margins. This was 
treated as B. sp. A by Thulin & Al-Gifri (1998), 
and may be a hybrid B. ameero × B. socotrana. 
Miller & Alexander 14127, with pink flowers 
and from the same location, is more similar to 
normal B. ameero, but has a narrowly winged 
leaf-rachis. This might indicate introgression 
from B. socotrana.

In the herbaria of BM, E (E00239355) 
and K (K000199640), there are under 
Boswellia ameero specimens designated 
Balfour, Cockburn & Scott “394 bis”, but this 
designation is not used in the protologue or in 
Balfour (1888). These specimens deviate from 
normal B. ameero by having narrower leaflets 
and a denser indumentum on the underside 
of the leaflets with more or less crisped hairs. 
In these respects they approach B. elongata, 
and might indicate hybridization with or 
introgression from this species. Also, one of 
the specimens of Balfour, Cockburn & Scott 
394 in E (E00239358) is this deviating form, 
whereas another one (E00239357) is a mixture 
of typical B. ameero and the deviating form. 
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A more recent collection of this deviating 
form is Miller & Alexander 14131 from the 
Muqadrion pass, a 5 m tall tree with pink 
flowers. Some of the specimens of the deviating 
form in E were identified as B. elongata by 
Samuel Lvončík in 2017.

Balfour, Cockburn & Scott 565 was cited under 
Boswellia ameero by Balfour (1888). The 
specimen is a seedling that is here treated as 
B. bullata.

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Yemen. Socotra: without precise locality, Feb–Mar 1880, fl, Balfour, Cockburn & Scott 394 bis (BM, E, K), 
1897, fl, Bent s.n. (K); Muqhadrion pass, Nov 1985, sterile, Cronk 14 (K); Kishen, 11 Sep 1956, sterile, Gwynne 
336 (BM); Hajhir Mts, Wadi Qishn between the Hadibu plain and the Dihaal pass, 12°37ʼN, 54°04ʼE, 31 Mar 
1996, fl, Hein 96-480 (E); without precise locality, sterile, Hunter s.n. (E); Muqadrihon pass, 21 Feb 1989, fl, 
Miller et al. 8293 (E); wadi Daneghan, c. 7 km SSE of Hadiboh, 6 Mar 1989, fl, Miller et al. 8646 (E); Wadi 
Ayhaft to Muqadrihon pass, 12°36ʼN, 53°54ʼE, 9 Mar 1996, fl, Miller & Alexander 14127 (E, UPS), 9 Mar 1996, 
fl, Miller & Alexander 14131 (E, UPS); Dixan to Wadi Trubah road, 12°32ʼN, 53°56ʼE, 4 Apr 1996, fl, Miller & 
Alexander 14294 (E, UPS); Firmihin, 12°29ʼN, 54°01ʼE, 21 Feb 1999, fl, Miller et al. 17144 (E, UPS); without 
precise locality, 1898–99, fl, Ogilvie, Grant & Forbes 200 (E, K); Reiged, 4 Apr 1953, Popov So/374 (EA); “am 
Nordabfall der Rayal”, 24 Apr 1881, fl & fr, Schweinfurth 540 (K, P); Muqadrihon pass, c. 12°37ʼN, 53°58ʼE, 1 
Apr 1967, fl & fr, Smith & Lavranos 212 (K); between Adho Dhemalu and Kishen, 25 Apr 1967, fl & fr, Smith 
& Lavranos 554 (K); Diksem, 12°32ʼN, 53°56ʼE, 27 Jan 1994, sterile, Thulin & Gifri 8776 (E, FT, K, UPS); 
Muqadrihon pass, 28 Jan 1994, sterile, Thulin & Gifri 8805 (UPS).

Fig. 56.
Map of  Socotra archipelago 
showing the distribution of  
Boswellia ameero.

Collections other than type

Fig. 55. Habitat of  Boswellia ameero,
from Socotra, between Skand ridge
and Wadi Ayhaft, 24 Feb 2010.

Photograph by Vít Grulich.
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15. Boswellia elongata Balf.f.
Proc. Roy. Soc. Edinburgh 11: 505 (1882). – Type: 

Socotra, without precise locality, Feb–Mar 
1880, fl, Balfour, Cockburn & Scott 657 (K! 
[K000199645] lectotype, designated here; 
BM!, E! [E00239351], GH [GH00044371]!, K! 
[K000199643 and K000199644] isolectotypes).

Etymology

The epithet “elongata” (Latin, elongated) refers to 
the long inforescences and leaflets of this species. 

Notes on nomenclature

Hepper (1971) cited Balfour, Cockburn & Scott 657 
as “lectotype” of Boswellia elongata, explicitly 
excluding Balfour, Cockburn & Scott 153, which 
is B. popoviana. However, in the protologue only 
Balfour, Cockburn & Scott 657 is cited, so this is 
the obligate type collection. Of this collection, 
duplicates have been seen in BM, E, GH and K, and 
one of the specimens in K (K000199645) is here 
designated as lectotype.

Description
Tree, up to 8 m tall; bark pale brown, flaking; 
young branches finely tomentose with straight 
hairs. Leaves densely crowded at shoot-apices 
or alternate on young long-shoots, im-
paripinnate, 13–29-foliolate, or some leaves 
occasionally simple, 18–40 cm long or simple 
leaves with blade up to 20 × 4.5 cm; petiole 
10–30 mm long; petiole and rachis tomentose 
with short crisped hairs, not winged; leaflets 
subsessile, opposite or subopposite, 30–100 
× 7–35 mm, narrowly linear-lanceolate, the 
proximal ones shorter and often suborbicular, 
shortly cuneate to truncate or subcordate and 
often somewhat widened and ± asymmetric 
at base, obtuse at apex, with rather deeply 
serrate-crenate and slightly revolute margin; 
upper surface dark green, with prominent 
reticulate venation, finely pubescent on major 
veins only; lower surface whitish, densely 
tomentose with short crisped hairs and with 
major veins ± prominent. Flowers produced 
with the leaves, in finely tomentose to glabrous 
racemes or panicles 6–35 cm long clustered at 
ends of the shoots; peduncle 10–40 mm long, 
sulcate; rachis sulcate; pedicels 2.5–8 mm long, 
glabrous or sparsely puberulous; bracts and 
bracteoles linear, 1–1.5 mm long, or lowermost 
ones larger, ciliate. Calyx cup-shaped, glabrous 
or sparsely puberulous, 1.5–2 mm long, with 5 
short, broadly triangular lobes, papillose along 
margins. Petals cream, yellowish, pale greenish 

pink or tinged with pink, 6.5–7 × 2–2.5 mm, 
spreading in open flowers, linear to narrowly 
elliptic, with an acute incurved apex, glabrous 
on the outer surface, minutely papillose at 
margins and on the inner surface. Stamens 
10, subequal, inserted at the base of the disk; 
filaments 2.8–4 mm long, narrowly triangular-
oblong, glabrous or sparsely pubescent; 
anthers 1.5–2.5 mm long, oblong, puberulous. 
Disk flat, c. 0.5 mm high and c. 3 mm in 
diameter, shallowly 10-lobed, glabrous. Style 
2–2.5 mm long; stigma truncate-capitate. 
Fruits 4–5-locular, 10–13 × 7–11 mm, broadly 
pyriform, glabrous; pyrenes 5–8 × 5–6 mm, 
subcruciform in outline, trigonous, not winged. 
– Fig. 57, 58.

Distribution and habitat
Boswellia elongata is fairly widespread and 
common mainly on northern Socotra (Fig. 59), 
and grows on both limestone and granite at 
elevations of 15–650 m a.s.l. in vegetation with, 
e.g. Croton socotranus, Jatropha unicostata, 
Buxus hildebrandtii and Vachellia pennivenia. 
De Sanctis et al. (2012) recognized B. elongata 
woodland as one of seven types of woodland 
on Socotra. According to the classification 
of biotope types on Socotra by Habrová & 
Buček (2014), B. elongata is a predominant 
species in “deciduous frankincense forest” and 
“deciduous frankincense woodland”.
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Fig. 57. Boswellia elongata. 1: Top of  branch with inflo escence, leaves and bases of  petioles. 2: Flower.
3: Flower in section. 4: Petals, back and front view. 5: Stamens, back and front view.
6: Portion of  inflo escence with bud and young fruit.

Drawn by H. Thiselton-Dyer. Reproduced from Balfour (1888: Tab. 10).
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Vernacular names and uses
Luban (fide Cronk 41 and Smith & Lavranos 
227); Em e̓iro fide Smith & Lavranos 290. 
Luban is the general word for frankincense in 
Arabic, and Em e̓iro is one of the transcriptions 
of the Socotri name for B. ameero.

Boswellia elongata has been a main 
frankincense-producing species on Socotra, 
the gum-resin being used for house cleansing 
and in traditional and veterinary medicine 
(Attore et al. 2011).

Fig. 58. Boswellia elongata, 
from Socotra, Homhil, 
20 Feb 2010. Flowering and 
leafy branch.

Photograph by Vít Grulich.

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 59.
Map of  Socotra archipelago 
showing the distribution
of  Boswellia elongata.

IUCN Red List Assessment
Boswellia elongata is listed as Vulnerable 
B2ab(iii) under the IUCN Red List Categories 
and Criteria (IUCN 2012), based on an 
assessment made by Miller (2004d). According 
to Attorre et al. (2011) and Brown & Mies 
(2012), the species shows signs of decline and 
has a population structure characterized by 
poor regeneration. Therefore, Attorre et al. 
(2011) proposed the alternative assessment 
Endangered B2ab(v), and regarded the species 
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to be of high priority for conservation. The 
precarious situation for B. elongata has been 
reinforced by the cyclones hitting Socotra in 
recent years, and the preliminary assessment 
Endangered B2ab(v) is made also here.

Taxonomic remarks
Boswellia elongata is a fairly uniform species, 
with comparatively long and narrow leaflets 
(Fig. 57.1, 58) with an indumentum of white 
crisped hairs beneath contrasting with the 
more or less dark green and subglabrous upper 
surface. Some trees, along with the normal 
imparipinnate leaves also produce simple 
leaves or various intermediate leaf types. 
An example of this is the collection Miller & 
Alexander 14294C. Miller & Morris (2004) 
and Banfield et al. (2011) suggested that this 
variation in leaf form could be the result of 
hybridization, notably with B. popoviana, 
which occurs in close proximity. As shown 
by Eslamieh (2011, 2017), juvenile plants of 
B. elongata have simple leaves, imparipinnate 
leaves usually appearing after the second year. 
An alternative explanation could therefore 
be that the occurrence of simple leaves is a 

juvenile trait that may sometimes be retained 
to various degrees in mature plants.

The collection Miller & Alexander 8633 is a 
small tree with large simple leaves and cream 
petals with pink tips, and has previously been 
treated as a form of B. nana (see under this 
species) or B. popoviana. It is here regarded 
as a simple-leaved form of B. elongata, in 
agreement with a determination made in 2017 
by Samuel Lvončík of the specimen in E, but it 
could possibly be a hybrid between B. elongata 
and B. nana. Miller & Alexander 8631 from the 
same locality is normal B. elongata.

Boswellia elongata is probably closely 
related to B. ameero, but is mostly easily 
distinguished from this: in addition to the 
shape and indumentum of the leaflets (leaflets 
comparatively broader, sparsely to densely 
tomentose with spreading hairs on both sides and 
green beneath in B. ameero), it differs also in the 
longer and laxer inflorescences (Fig. 57.1, 58) that 
are normally produced with the leaves, and in 
the flowers with cream to yellowish petals (Fig. 
58) occasionally tinged with pink (petals pink 
or reddish in B. ameero). Possible hybridization 
with B. ameero is discussed under that species.

Collections other than type
Yemen. Socotra: without precise locality, 1897, sterile, Bent s.n. (K); W side of Hamaderoh, 18 Nov 1985, 
sterile, Cronk 41 (K); between Hadibu and the Mumi plateau, 1 km W of Girbuhu, 12°31ʼN, 54°17ʼE, 28 Mar 
1996, fl, Hein 416 (E); Mumi plateau, 1 km NW of Shilhin, 12°32ʼN, 54°19ʼE, 28 Mar 1996, fl, Hein 418 
(E); near Di-Ishal, 20 km SE of Hadiboh, 1 Mar 1989, fl, Miller et al. 8550B (E, UPS); N facing escarpment 
cliffs below Dihoof, c. 17 km W of Ras Mumi, 4 Mar 1989, sterile, Miller et al. 8631 (E), fl, Miller et al. 8633 
(E, K); western end of Zahr Basin near Bandar di-Saʼab, 12°31ʼN, 53°28ʼE, 3 Mar 1996, sterile, Miller & 
Alexander 14062A (E, UPS); Zahr basin, 12°25ʼN, 53°48ʼE, 4 Mar 1996, fl, Miller & Alexander 14069 (E, 
UPS); Nogad to Hadiboh road, near Gizfoh, 12°30ʼN, 54°09ʼE, 8 Mar 1996, sterile, Miller & Alexander 14124, 
14125 (E, UPS); Jebal Maʼlih, 12°33ʼN, 53°32ʼE, 21 Mar 1996, sterile, Miller & Alexander 14212 (E, UPS); 
Jebal Maʼlih, 12°35ʼN, 53°28ʼE, 21 Mar 1996, fl, Miller & Alexander 14223 (E, UPS); road from Dixan to 
Wadi Trubah, 12°32ʼE, 53°56ʼE, 4 Apr 1996, sterile, Miller & Alexander 14294C (E, UPS); escarpment above 
Rigeleh, 12°36ʼN, 54°17ʼE, 6 Mar 1996, fl, Miller & Alexander 14295 (E, UPS); Hadiboh, 12 Mar 1953, fl & fr, 
Popov So/218 (BM, EA), 1 Apr 1953, fl & fr, Popov So/323 (BM, EA); lower part of Muqadrihon pass, 1 Apr 
1967, sterile, Smith & Lavranos 227 (K); Hamaderoh plateau, 12°35ʼN, 54°17ʼE, 6 Apr 1967, fl and fr, Smith & 
Lavranos 290 (EA, K, P); between Momi and Hamaderoh, 12°35ʼN, 54°19ʼE, 19 Apr 1999, Tardelli & Baldini 
5/15 (FT); between Mori and Diksem, 12°35ʼN, 53°55ʼE, 27 Jan 1994, sterile, Thulin & Gifri 8788 (E, K, UPS).
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16. Boswellia bullata Thulin
Kew Bull. 56: 983 (2001). – Type: Yemen, Socotra, 

Jebel Maʼali, above Qaysuh, 27 Mar 1967, fl & 
fr, Smith & Lavranos 134 (K! [K000199582] 
holotype; E! [E00068807], EA!, FI! [FI010383], 
PRE!, UPS No. V-134824! isotypes).

Etymology

The epithet “bullata” (Latin, blistered or puckered) 
refers to the uneven surface of the leaves of this 
species.

Description
Small tree, up to c. 5 m tall, but usually smaller; 
base of trunk ± swollen; bark pale brown to light 
grey with outer papery flaking layers; young 
shoots densely pubescent with short spreading 
straight hairs. Leaves densely crowded at 
shoot-apices or alternate on young long-shoots, 
imparipinnate, (9–)11–19-foliolate, 7–15 cm 
long; petiole c. 10–20 mm long; petiole and 
rachis densely pubescent with short spreading 
straight hairs, sulcate, not winged; leaflets 
subsessile, opposite or subopposite, 10–40 
× 5–15 mm, narrowly lanceolate to narrowly 
elliptic or oblong, the proximal ones often 
suborbicular, broadly cuneate to rounded 
and ± asymmetric at base, obtuse at apex, 
rather deeply and irregularly serrate-crenate, 
± bullate, upper surface ± dark green, ± densely 
hirsute with spreading hairs, lower surface 
pale green to whitish, densely pubescent with 
short spreading hairs. Flowers produced with 
the leaves, in narrow many-flowered panicles 
4–12 cm long, densely pubescent with short 
spreading straight hairs, clustered at ends of the 
branches; peduncle c. 10–20 mm long, sulcate; 
rachis sulcate; pedicels 0.8–5.6(–8) mm long; 
bracts and bracteoles ovate to lanceolate, 
c. 0.5 mm long, densely pubescent with 
spreading hairs. Calyx cup-shaped, densely 
pubescent, 1–1.2 mm long, with 5 short, 
broadly triangular lobes. Petals cream or 
greenish yellow, 3.5–4 × 1.5–2 mm, spreading 
in open flowers, narrowly elliptic, with an 
acute incurved apex, densely pubescent with 
appressed hairs on the outer surface, minutely 
papillose on the inner surface and along 
margins. Stamens 10, inserted at the base of 
and between the lobes of the disk; filaments 

1.5–2 mm long, narrowly triangular, glabrous 
or sparsely puberulous; anthers c. 1.2 mm long, 
oblong, puberulous. Disk concave, c. 0.5 mm 
high and 2–2.5 mm in diameter, 10-lobed, 
glandular, reddish. Pistil 2–2.5 mm long, with 
c. 5 furrows, glabrous; style c. 1 mm long; 
stigma truncate, green. Fruits 4–5-locular, 6–8 
× 4.5–6 mm, ± broadly pyriform, glabrous; 
pyrenes 5.5 × 2.5 mm, subcruciform in outline, 
trigonous, not winged. – Fig. 60, 61.

Distribution and habitat
Boswellia bullata is restricted to the western 
part of Socotra in the area around Qalansiyah 
(Galonsir) (Fig. 62). The species grows on 
limestone cliffs and boulders at 5–250 m 
altitude. Other woody plants in the surroundings 
of Thulin & Gifri 8698 were Croton socotranus, 
Jatropha unicostata, Boswellia aspleniifolia, 
Vachellia edgeworthii and V. pennivenia. 
However, B. bullata is the only species that 
actually grows on the cliff-faces. Miller 14028 
was growing in succulent shrubland dominated 
by Croton socotranus, Jatropha unicostata, 
Adenium obesum, Ballochia amoena and 
Commiphora socotrana. According to the 
classification of biotope types on Socotra by 
Habrová & Buček (2014), B. bullata is a species 
of “limestone rocks”.

Vernacular names and uses
Luban (fide Smith & Lavranos 134); this is the 
general word for frankincense in Arabic (luban 
= milk). Semano (fide Thulin & Gifri 8698); 
this is a Socotri name that in this or similar 
forms is used for some species of frankincense 
trees on Socotra.
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IUCN Red List Assessment
Boswellia bullata is listed as Vulnerable D2 
under the IUCN Red List Categories and 
Criteria (IUCN 2012), based on an assessment 
made by Miller (2004b). Attorre et al. 
(2011) proposed the alternative assessment 
Endangered D1, and regarded the species to be 
of very high priority for conservation. It is here 
preliminarily assessed as Endangered D.

Taxonomic remarks
The sterile specimen Balfour, Cockburn & 
Scott 724 (K) was treated as “Boswellia sp.” 
by Balfour (1888), who thought that it might be 
a juvenile form of B. ameero or B. elongata. 

Balfour, Cockburn & Scott 565 (K), a seedling, 
was cited under B. ameero by Balfour (1888). 
Both of these specimens are here referred to 
B. bullata.

In its habit, as well as in its ability to grow 
on rock-faces (Fig. 61A), Boswellia bullata 
resembles B. sacra in Somalia and southern 
Arabia, but it is easily distinguished from 
this species by its petals that are appressed 
pubescent (versus glabrous) on the outside. 
Among the previously known species on 
Socotra, it most resembles the likewise 
cliff-dwelling B. popoviana, but differs from 
this in its indumentum of spreading (versus 
crisped and more or less appressed) hairs, 
imparipinnate (versus usually simple) leaves, 

Fig. 60. Boswellia bullata.
A: Portion of  branch with leaves,
     fl wers and fruits.
B: Flower.
C: Fruit.
D: Pyrene.

All from Smith & Lavranos 134.
Drawn by Louise Petrusson.
© the Board of  Trustees of  the Royal 
Botanic Gardens, Kew.
Reproduced with permission from
Kew Bull. 56: 985 (2001).
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cream or yellowish (versus reddish) petals that 
are pubescent (versus glabrous) outside, and in 
its more broadly pyriform fruits.

However, the nearest relatives of Boswellia 
bullata are the little-known B. scopulorum 
and B. samhaensis. These three cliff-dwelling 
species with allopatric distributions in the 
Socotra archipelago form a close-knit group 
characterized by having pubescent outsides to 
the petals.

Miller & Alexander 14028 from northestern 
Socotra was treated as a red-flowered form of 
Boswellia bullata by Thulin & Gifri (1998), 

Thulin (2001), Miller & Morris (2004), and 
Lvončík et al. (2014), but it is here recognized 
as B. scopulorum. Boswellia samhaensis was 
discovered on the neighbouring island of 
Samha in 2006, and has been seen as another 
form of B. bullata until now.

Boswellia bullata differs from both 
B. scopulorum and samhaensis in its cream 
or greenish yellow (vs reddish) petals. From 
B. scopulorum it also differs in its indumentum 
of ± spreading and straight (vs crisped) hairs, 
and from B. samhaensis in its more or less 
broadly pyriform (versus subglobose) fruits.

Fig. 61. Boswellia bullata, from western Socotra, 12°38ʼ52”N, 53°24ʼ32”E, 12 Mar 2013. A: Tree clinging 
to rock face. B: Shoot with leaves and young inflo escences. C: Undersides of  leaves. D: Inflo escences.

Photographs by Petr Madĕra.

DC

A B
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Yemen. Socotra: without precise locality, Feb–Mar 1880, sterile, Balfour, Cockburn & Scott 565 (K); on the hills 
SW of Galonsir, Feb-Mar 1880, sterile, Balfour, Cockburn & Scott 724 (K); above Qaysoh, N flank of Maʼala 
massif, 12°38ʼN, 53°27ʼE, 30 Mar 2002, Kilian et al. 2360 (B, W); Qaysoh escarpment 12°39’N, 53°28’E, 23 
Mar 1996, fl & fr, Miller & Alexander 14239 (E); 3 km NE of Qalansiyah, 12°43’N, 53°31’E, 23 Jan 1994, fl, 
Thulin & Gifri 8698 (Aden Univ., E, FT, K, MO, UPS).

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 62.
Map of  Socotra archipelago 
showing the distribution of  
Boswellia bullata.

Collections other than type
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17. Boswellia scopulorum Thulin, sp. nov.
Type: Yemen, Socotra, Bit Gobehit, 12°38ʼN, 

54°09ʼE, 27 Feb 1996, fl, Miller & Alexander 
14028 (UPS No. V-945997! holotype; E! 
[E00693190] isotype).

New species differing from Boswellia bullata by 
its sometimes 3-foliolate or simple leaves (versus 
leaves always 9–19-foliolate), in its indumentum of 
more or less crisped and appressed (versus more or 
less straight and spreading hairs) on young shoots, 
leaves and inflorescences, by its leaflets that are 

white-lanate with crisped hairs (versus pale green 
to whitish with spreading hairs) beneath, and by 
its red (versus cream or greenish yellow) flowers 
in panicles with long spreading branches (versus in 
narrow elongated inflorescences with short lateral 
branches).

Etymology

The epithet “scopulorum” (Latin, of the cliffs; from 
“scopulus”, cliff) refers to the cliff-dwelling habit 
of this species.

Description
Small tree, up to c. 5 m tall; base of trunk 
± swollen; bark smooth, light grey, sometimes 
flaking; young shoots finely pubescent with 
± crisped short hairs. Leaves densely crowded 
at shoot-apices or alternate on young long-
shoots, imparipinnate, 3–15-foliolate, or 
occasionally simple, 3–18 cm long; petiole 
5–22 mm long; petiole and rachis finely 
pubescent with eglandular and glandular 
± crisped short hairs, sulcate, not winged; 
leaflets subsessile, opposite or subopposite, 
10–40(–65) × 5–25(–30) mm, narrowly 
lanceolate to narrowly ovate or broadly 
oblong, the proximal ones often suborbicular, 
broadly cuneate to rounded or cordate, and 
± asymmetric at base, obtuse at apex, rather 
deeply and irregularly serrate-crenate, 
± bullate, upper surface ± dark green, ± densely 
pubescent with crisped hairs, lower surface 
lanate with whitish crisped hairs. Flowers 
produced with the leaves, in many-flowered 
spreadingly branched panicles up to 11 cm long, 
finely pubescent with eglandular and glandular 
± crisped and appressed short hairs, solitary 
or clustered at ends of the shoots; peduncle 
4–40 mm long, sulcate; rachis sulcate; pedicels 
1–5 mm long; bracts and bracteoles lanceolate, 
c. 0.5 mm long, pubescent with ± crisped short 
hairs. Calyx cup-shaped, finely pubescent 
with eglandular and glandular ± crisped short 
hairs, 1–1.2 mm long, with 5 broadly triangular 

lobes. Petals red, c. 4 × 1.5–2 mm, spreading in 
open flowers, narrowly elliptic, with an acute 
incurved apex, pubescent with appressed hairs 
on the outer surface, minutely papillose on the 
inner surface and along margins. Stamens 10, 
inserted at the base of and between the lobes 
of the disk; filaments 1.5–2 mm long, narrowly 
triangular, glabrous; anthers c. 1.2 mm long, 
yellow, glabrous. Disk concave, c. 0.5 mm 
high and 2–2.5 mm in diameter, 10-lobed, 
glandular. Pistil 2–2.5 mm long, with c. 5 
furrows, glabrous; style 1–1.5 mm long; stigma 
truncate-capitate. Young fruits subglobose. – 
Fig. 63, 64.

Distribution and habitat
Boswellia scopulorum is known only from 
a small population on northeastern Socotra 
(Fig. 65), where it grows on limestone boulders 
and cliffs at elevations about 120 m a.s.l. The 
succulent shrubland in the surroundings is 
dominated by Croton socotranus, Jatropha 
unicostata, Adenium obesum, Ballochia 
amoena and Commiphora socotrana.

IUCN Red List Assessment
Due to the very small and restricted population 
of probably less than 50 mature individuals, 
Boswellia scopulorum is here preliminarily 
assessed as Critically Endangered D.
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Fig. 63. Holotype of  Boswellia scopulorum 
Miller & Alexander 14028 (UPS).

Photograph by Mats Hjertson.
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Fig. 64. Boswellia scopulorum, from Socotra.
Tree clinging to rock face, Dibni, opposite
Bit Gobehit, 13 Dec 2007.
 
Photograph by Lisa Banfield
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Taxonomic remarks
The collection Miller & Alexander 14028 
from Bit Gobehit on northeastern Socotra 
was treated as a form of Boswellia bullata by 
Thulin & Gifri (1998) and Thulin (2001), the 
main reason being the distinctly pubescent 
outer surface of its petals, a character not 
known in other species on Socotra. However, 
it was pointed out that it also differed from 
the main form in western Socotra by having 
red (not yellowish) petals and more densely 
white-felted undersides to the leaves (Thulin 
2001). Miller & Morris (2004) similarly 
treated the plant on northeastern Socotra as a 
form of B. bullata, but added that it tended to 
have fewer and more regularly and less deeply 
crenate-serrate leaflets than the typical form. 
Lvončík et al (2014) placed the populations 
of B. bullata from western and northeastern 
Socotra in different “seed areas”.

The matter has now been reconsidered, 
and the red-flowered form is here treated 
as a distinct species, B. scopulorum. Apart 
from the difference in colour of the petals, 
B. scopulorum and B. bullata also differ in a 
number of other respects.

The leaves of Boswellia scopulorum 
vary from 15-foliolate to 3-foliolate or are 
occasionally simple (Fig. 63), whereas in 
mature plants of B. bullata they are not 
known to have fewer than nine leaflets. The 
indumentum of young stems, leaves and 
inflorescences consists of more or less crisped 
and appressed hairs in B. scopulorum, whereas 
in B. bullata the hairs are more or less straight 

and spreading. The leaflets in B. scopulorum 
are white-lanate with crisped hairs beneath, 
whereas in B. bullata they are pale green to 
whitish with spreading hairs. In B. scopulorum 
the flowers are arranged in panicles with long 
spreading branches, whereas in B. bullata the 
inflorescences are narrowly elongated with 
short lateral branches only.

Boswellia scopulorum agrees with 
B. samhaensis on Samha by having reddish 
petals that are pubescent outside. However, 
it differs in the leaflets that are white-lanate 
with crisped hairs beneath (versus pubescent 
with straight, spreading hairs) and in the 
inflorescences that are panicles with long 
spreading branches and an indumentum of 
more or less crisped and appressed hairs 
(versus flowers in racemes or narrow panicles 
with short lateral branches and an indumentum 
of straight, spreading hairs).

In its white-lanate lower surfaces of the 
leaflets and the red flowers in spreadingly 
branched panicles, B. scopulorum resembles 
B. popoviana. However, B. scopulorum differs 
from B. popoviana in the mostly imparipinnate 
(versus mostly simple) leaves, in the leaflets 
that are densely pubescent (versus glabrous 
or almost so) above, and by the petals that are 
pubescent (versus glabrous) outside.

Collection other than type
Yemen. Socotra: Bit Gobehit, SW facing limestone 
cliffs, 4 Nov 2008, sterile, Banfield et al. EB52 (E).

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 65.
Map of  Socotra archipelago 
showing the distribution of
Boswellia scopulorum.
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18. Boswellia samhaensis Thulin & Scholte, sp. nov.
Type: Yemen, Socotra archipelago, Samha, 

12.1569°N, 53.0238°E, 1 Apr 2007, fl & fr, 
Scholte 1151A (UPS No. V-952954! holotype).

New species differing from Boswellia bullata by its 
reddish (versus yellowish) flowers and narrowly but 
distinctly winged (versus unwinged) pyrenes, and 
from B. scopulorum by having the flowers arranged 
in compact racemes or shortly branched panicles 
(versus panicles with long, spreading branches) 

with an indumentum of straight, spreading (versus 
more or less crisped and appressed) hairs, and by its 
leaflets that are pubescent with straight, spreading 
hairs on both sides (versus white-lanate with more 
or less crisped hairs beneath).

Etymology

The species is named after the island Samha in the 
Socotra archipelago, from which it originates.

Description
Dwarf tree, up to 1.5 m tall; base of trunk 
± swollen; bark smooth, greyish to yellowish-
brownish, flaking and with ± greenish under-
bark. Leaves densely crowded at shoot-apices, 
imparipinnate, (7–)11–19-foliolate, 4–11 cm 
long; petiole 3–15 mm long; petiole and rachis 
densely pubescent with short spreading 
straight hairs, sulcate, not winged; leaflets 
subsessile, opposite or subopposite, 10–35 
× 4–16 mm, lanceolate-oblong, the proxma 
ones often suborbicular, broadly cuneate to 
truncate and ± asymmetric at base, obtuse at 
apex, deeply and irregularly serrate-crenate, 
± bullate, upper surface usually ± dark 
green, densely hirsute with spreading hairs, 
lower surface pale green to whitish, densely 
pubescent with short spreading hairs. Flowers 
produced with or before the leaves in compact, 
many-flowered, shortly pedunculate reddish 
racemes or shortly branched panicles 3–8 cm 
long, densely pubescent with short spreading 
straight hairs, clustered at end of the shoots; 
peduncle 5–12 mm long, sulcate; rachis sulcate; 
pedicels spreading, 2–7 mm long, pubescent 
with short spreading straight hairs; bracts and 
bracteoles ovate to lanceolate, 0.5–1 mm long, 
densely pubescent with spreading hairs. Calyx 
cup-shaped, densely pubescent, 1–1.2 mm long, 
with 5 broadly triangular lobes. Petals reddish, 
c. 4 × 1.5 mm, spreading or reflexed in open 
flowers, with an acute incurved apex, ovate-
elliptic, densely pubescent with appressed hairs 

on the outer surface, minutely papillose on the 
inner surface and along margins. Stamens 10, 
inserted at the base of and between the lobes 
of the disk; filaments 1.5–2 mm long, narrowly 
triangular, papillose; anthers c. 1.2 mm long, 
oblong, yellowish, puberulous. Disk flattened 
or concave, c. 0.5 mm high and 2–2.5 mm 
in diameter, 10-lobed, glandular, dark red 
or greenish. Pistil c. 2.5 mm long, with 
c. 5 furrows, glabrous; style c. 1.5 mm long; 
stigma truncate-capitate, green. Fruits (4 to) 
5-locular, 5–7 × 4.5–5 mm, subglobose to 
± broadly pyriform, glabrous; pyrenes 3.5–4 × 
2.5–3 mm, subcruciform in outline, trigonous, 
narrowly winged. – Fig. 66, 68, 69.

Distribution and habitat
Boswellia samhaensis is restricted to a few 
huge boulders (Fig. 68A, 69) on the southern 
limestone escarpment of the island Samha 
in the Socotra archipelago (Fig. 67), at 
elevations of 100–300 m a.s.l. The vegetation 
on the boulders is a sparse succulent shrubland 
dominated by Euphorbia arbuscula.

IUCN Red List Assessment
Plants of Boswellia samhaensis are found on 
seven adjacent boulders on Samha, with 5 to 50 
individuals on each boulder and a total of 164 
individuals (Paul Scholte, pers. comm.). The 
plants are normally out of the reach of grazing 
goats and sheep, but it seems that their leaves 
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instead get stripped off by herders. Due to the 
already very small total population in 2006 and 
2007, a projected decline, and the number of 
mature individuals in each subpopulation being 
50 or less, B. samhaensis is here preliminarily 
assessed as Critically Endangered C2(a).

Taxonomic remarks
The presence of a member of the genus 
Boswellia on Samha was first discovered 
during a visit to the island in March 2006 
by Paul Scholte, Ahmed Saed Suleyman and 
Abdulraqeeb Al-Okaishi. The plants were 
then in fruit only. Based on photographs, 
Mats Thulin regarded them as most similar 
to B. bullata among the species known from 
Socotra; but pending herbarium material, also 

in flower, the identity of the Samha plants was 
uncertain. During a visit to Samha in April 
2007 both flowering and fruiting trees were 
seen and photographed, and collections were 
made. However, it has not been possible to 
study any of this material until now.

Boswellia samhaensis is apparently closely 
related to both B. bullata on western Socotra 
and B. scopulorum on northeastern Socotra, 
all three being cliff-dwelling species with 
imparipinnate, more or less bullate leaves and 
petals that are pubescent outside. They all have 
very small areas of distribution.

Boswellia samhaensis agrees with 
B. bullata in indumentum characters (leaves 
and inflorescences pubescent with straight, 
spreading hairs), but differs by the reddish 

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 67.
Map of  Socotra archipelago 
showing the distribution of
Boswellia samhaensis.

Fig. 66. Boswellia samhaensis (Scholte 1151B). A: Fruit, 5-locular, after dehiscence, with pyrenes still attached.
B: Pyrene, ventral view. Scales 1 mm.
From Scholte 1151B. Photographs by Jennifer Anderson and Mats Thulin.
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Fig. 68. Boswellia samhaensis, from Samha, southern limestone escarpment. A: Boulder with vegetation 
dominated by Euphorbia arbuscula and with scattered dwarf  trees of  B. samhaensis, Mohamed Nageb on 
top and Ahmed Saed and Raqeeb holding the “ladder”, 26 Mar 2006. B: Tree with old leaf  and young 
inflo escences, 1 Apr 2007. C: Inflo escence, 1 Apr 2007. D: Tree with leaves and fruits, 26 Mar 2006.
Photographs by Paul Scholte.

A
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(versus yellowish) flowers (Fig. 68B, C) and the 
narrowly but distinctly winged (vs unwinged) 
pyrenes (Fig. 66B). From the reddish-flowered 
B. scopulorum, B. samhaensis differs in having 
the flowers (Fig. 68B, C) arranged in compact 
racemes or shortly branched panicles (versus 
panicles with long, spreading branches) with 
an indumentum of straight, spreading (versus 
more or less crisped and appressed) hairs, and 
in its leaflets that are pubescent with straight, 
spreading hairs on both sides (versus white-
lanate with more or less crisped hairs beneath). 
Boswellia samhaensis also differs from both 
B. bullata and B. scopulorum in its small size, 
the trees usually being only about 1 m (versus 
up to about 5 m) tall.

Despite its very small area of distribution, the 
variation within Boswellia samhaensis seems 
to be considerable, even among plants growing 
on the same boulder. For example, Scholte 
1151A (the type) has flowers and subglobose 
to broadly pyriform fruits arranged in narrow 
and shortly branched panicles with pedicels 
mostly 2–4 mm long, whereas Scholte 1151D 
has infructescences that are compact racemes 
with less broadly pyriform fruits on pedicels 
up to 7 mm long.

Collections other than type
Yemen. Samha: southern limestone escarpment, 
12.1569°N, 53.0238°E, 1 April 2007, fr, Scholte 1151 
B–D (UPS).

Fig. 69. Boswellia samhaensis, dwarf  tree with inflo escences and fruits, on huge boulder,
from Samha, southern limestone escarpment, 1 Apr 2007. 

Photograph by Paul Scholte.
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19. Boswellia popoviana Hepper
Hookerʼs Icon. Pl. ser. 5, vol. 7(4): Tab. 3677 

(1971). – Type: Yemen, Socotra, above path to 
Qadhub on the N slopes of Rejid, 13 Apr 1967, 
fl, Smith & Lavranos 364 (K! [K000199636] 
lectotype, designated here; K! [K000199637], 
FT! [FT001798], PRE isotypes).

Notes on nomenclature

Hepper (1971) cited the material of Smith & 
Lavranos 364 at Kew as holotype of Boswellia 
popoviana, but there are two sheets of this 
collection at K, K000199636 and K000199637. 

K000199636 is the better sheet and is here 
designated as lectotype.

Etymology

The species is named after George Basil Popov 
(1922–1998), Russian-British entomologist working 
as Locust Control Officer in the Middle East and 
Africa. He collected material of this species of 
Boswellia on Socotra in 1953, and directed Alan 
Radcliffe-Smith to the locality at his subsequent visit 
there in 1967 (Hepper 1971). Popov also published 
the first detailed description of the vegetation of 
Socotra (Popov 1957).

Description
Slender tree, up to 6 m tall; bark papery and ± 
peeling; young shoots subglabrous to tomentose 
with straight to crisped short hairs. Leaves 
densely crowded at shoot-apices or alternate 
on young long-shoots, simple, but sometimes 
irregularly and sparsely lobed to the midrib 
or almost so, 2–16 × 0.8–9 cm, oblong-elliptic 
to ovate or obovate, cuneate to truncate or 
subcordate at base, obtuse at apex, or occasionally 
leaves imparipinnate, up to 30 cm long, with 3–9 
leaflets 20–90 × 10–45 mm, the terminal the 
largest, irregularly crenate, crenate-undulate or 
sinuate at the margin, glossy green and glabrous 
to sparsely and minutely puberulous at least 
on the nerves above, ± densely greyish-white 
lanate beneath with ± crisped hairs and with 
a ± prominent brownish reticulate venation; 
petiole 3–32 mm long, minutely puberulous. 
Flowers produced with the leaves, in minutely 
puberulous many-flowered panicles up to 
17 cm long clustered at the ends of the shoots; 
peduncle up to c. 60 mm long, slightly sulcate; 
rachis slightly sulcate; pedicels 3–10 mm long, 
minutely puberulous; bracts and bracteoles 
lanceolate to ovate, c. 0.5 mm long, puberulous. 
Calyx cup-shaped, minutely puberulous, with 
ciliolate margin, c. 1 mm long, with 5 short 
broadly triangular teeth. Petals pink, reddish 
or cream tinged with pink, 4.5–5.5 × 2–3 mm, 

spreading in open flowers, lanceolate to ovate, 
with an acute incurved apex, glabrous outside, 
minutely papillose on the inner surface. Stamens 
10, subequal, inserted at the base of the disk; 
filaments 2–3 mm long, narrowly triangular, 
glabrous or minutely papillose; anthers c. 1.5 mm 
long, oblong, glabrous or puberulous. Disk 
flat, c. 0.5 mm high and 2–3 mm in diameter, 
glandular, red. Style 1.5–2.5 mm long; stigma 
truncate-capitate, green. Fruit 3–5-locular, 
9–14 × 4–5 mm, narrowly pyriform, glabrous, 
purplish brown; pyrenes c. 4 × 2 mm, narrowly 
obovate in outline, acute at both ends, trigonous, 
narrowly winged. – Fig. 70–72.

Distribution and habitat
Boswellia popoviana has a fragmented 
distribution in north-central and southern 
Socotra (Fig. 73), where it generally grows 
on limestone cliffs and boulders, although it 
has also been recorded from granite. It occurs 
in succulent shrubland and woodland with 
Dendrosicyos socotranus, Adenium obesum, 
Cissus subaphylla, Croton socotranus, 
Jatropha unicostata, Buxus hildebrandtii, 
Vachellia pennivenia and Sterculia africana, at 
elevations from near sea level up to about 600 m 
a.s.l. According to the classification of biotope 
types on Socotra by Habrová & Buček (2014), 
B. popoviana is a species of “limestone rocks”.



 Mats Thulin  –  The Genus Boswellia                 

111

Fig. 70. Boswellia popoviana. 
1: Flowering branch.
2: Leafy shoot.
3 and 4: Leaves, unlobed and lobed.
5: Flower.
6: Flower in longitudinal section.
7: Calyx, disk and pistil.
8: Stamen.
9: Ovary in cross-section.
10: Fruit after dehiscence.
11: Old fruit in cross-section.

1, 2, 5–9 from Smith & Lavranos 364;
3, 4, 10 and 11 from Smith & Lavranos 354. 
Drawn by Mary Grierson.
© the Board of  Trustees of  the
Royal Botanic Gardens, Kew.
Reproduced with permission from Hookerʼs 
Icon. Pl., ser. 5, vol. 7(4): Tab. 3677 (1974).

Vernacular name
Semaanu (fide Smith & Lavranos 354 and 364); 
this Socotri name, or variants of it, is also used 
for Boswellia bullata and B. dioscoridis.

IUCN Red List Assessment
Boswellia popoviana is listed as Vulnerable D2 
under the IUCN Red List Categories and Criteria 
(IUCN 2012), based on an assessment made by 
Miller (2004f). Attorre et al. (2011) proposed 
the alternative assessment Endangered D1, 
and regarded the species to be of medium 
priority for conservation, because of its relative 
abundance, moderate regeneration status and 
comparatively large number of saplings. It is 
here preliminarily assessed as Endangered D.

Taxonomic remarks
Boswellia popoviana is usually easily recog-
nized by its simple leaves with white lanate 
lower surfaces (Fig. 70.2, 71B), although 
deeply lobed leaves (Fig. 70.4) may sometimes 
give the impression of having a basal pair of 
pinnae.

The species is closely related to the likewise 
simple-leaved Boswellia nana, but differs from 
this, apart from in the white tomentose (versus 
glabrous or subglabrous) lower leaf surface, 
also by having flowers (Fig. 70.1, 72) in many-
flowered panicles (versus flowers solitary or in 
short racemes), and by its more or less narrowly 
pyriform fruits (Fig. 70.10, 71B) that are 9–14 
× 4–5 mm (versus c. 10 × 6–7 mm in B. nana).
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Fig. 72. Boswellia popoviana
inflo escence from cultivated 
plant.

Photograph by Jason Eslamieh.

Fig. 71. Boswellia popoviana, from Socotra.
A: Trees clinging to rock face, Hebaq, 26 Nov 2007. 
B: Leaves and fruits, between Mahfirhin and M tyef, 
5 Nov 2007. 

Photographs by Lisa Banfield
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Two main forms were recognized and depicted 
by Miller & Morris (2004), one in north-central 
Socotra with more or less lobed and sinuate 
leaves, and one along the wadis draining to the 
south of the island with entire rather regularly 
crenate leaves. The northern form corresponds 
to the type of the species (Fig. 70, 71A, 72), 
whereas the southern form is represented by 
Fig. 71B. An additional difference seems to 
be that the flowers of the northern form are 
all reddish or pink (Fig. 72), whereas in the 
southern form they are cream and tinged with 
pink, as in the plant depicted as form 2 by 
Miller & Morris (2004: 249).

A single fruiting collection from Jebel 
Derafonte (Miller & Talib 19100) has fairly 

Yemen. Socotra: Mahfirhin to Matyef, 12.43417°N, 54.24454°E, 5 Nov 2007, photographic record (Lisa 
Banfield, pers. comm.); without precise locality, Feb–Mar 1880, sterile, Balfour, Cockburn & Scott 153 (K); 
between Hadibu and Muri airport, 1.5 km E of Qadub, 12°38ʼN, 53°58ʼE, 29 Mar 1996, fl and fr, Hein 450 (B, 
E); 10 km E of Ras Katanahan, 12°20ʼN, 53°44ʼE, 18 Mar 2003, Kilian et al. 4167 (B); Ras Hebaq, c. 7 km W 
of Hadiboh, 27 Jan 1990, fr, Miller et al. 10120B (E, K, UPS); Nogad plain, wadi Irih c. 1 km from mouth, 6 Feb 
1990, fl, Miller et al. 10298 (E, K, UPS); from Dixan to Wadi Turbah, 12°32ʼN, 53°56ʼE, 4 Apr 1996, sterile, 
Miller & Alexander 14294B (E, UPS); Jebel Derafonte, 12.6467°N, 54.1417°E, 5 Feb 2000, fr, Miller & Talib 
19100 (E); Reiged, 4 Mar 1953, fl and fr, Popov So/197 (BM, EA); N slope of Rejid above Rhiy di Hebaq, 12 
Apr 1967, old fr, Smith & Lavranos 354 (FT, K, PRE).

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 73.
Map of  Socotra archipelago 
showing the distribution of
Boswellia popoviana.

large imparipinnate leaves with 3–9 leaflets, 
but in other respects matches Boswellia 
popoviana. It is included here as a form of this 
species, in agreement with a determination 
made by Samuel Lvončík in 2017, but further 
study is desirable.

Sterile material of Boswellia popoviana was 
collected by the Balfour expedition back in 
1880 (n. 153), and was cited by Balfour (1888) 
with a query under B. elongata.

The dwarf form with prostrate stems 
from the extreme west of Socotra, which 
was depicted and attributed to Boswellia 
popoviana by Miller & Morris (2004), is 
here treated as a provisional new species, 
Boswellia “hesperia”.

Collections and records other than type
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20. Boswellia nana Hepper
Hookerʼs Icon. Pl. ser. 5, vol. 7(4): Tab. 3676 (1971). 

– Type: Yemen, Socotra, Majhah escarpment, 8 
Apr 1967, fl, Smith & Lavranos 323 (K! holotype; 
FT! [FT001790] isotype).

Etymology
The epithet “nana” (Latin, dwarf) refers to the dwarf 
habit of this species.

Description
Dwarf tree, up to 2 m tall, sometimes prostrate 
or hanging, with up to 1 m long branches; bark 
greyish, not flaking; young shoots subglabrous 
to puberulous with crisped hairs. Leaves 
densely crowded at shoot apices or alternate 
on young long-shoots, simple, but sometimes 
irregularly and sparsely lobed to the midrib 
or almost so, 2–9(–11) × 0.8–3.8(–4.5) cm, 
oblong-elliptic, truncate to subcordate at base, 
obtuse at apex, irregularly crenate-undulate 
at the margin, minutely puberulous with 
crisped hairs on the nerves above, glabrous or 
subglabrous and prominently veined beneath; 
petiole 3–20 mm long, minutely puberulous. 
Flowers produced with the leaves, solitary or in 
minutely puberulous few- to several-flowered 
racemes up to 4 cm long clustered at the ends 
of the shoots; peduncle up to c. 15 mm long, 
slightly sulcate; rachis slightly sulcate; pedicels 
3–10 mm long, glabrous to minutely puberulous; 
bracts and bracteoles lanceolate, 0.5–1 mm 
long, puberulous. Calyx cup-shaped, glabrous, 
1–1.5 mm long, with 5 broadly triangular 
teeth. Petals reddish, 4.5–5.5 × 2–2.5 mm, 
spreading in open flowers, narrowly ovate-
oblong, glabrous outside, minutely papillose 
on the inner surface. Stamens 10, subequal, 
inserted at the base of the disk; filaments 
c. 3 mm long, narrowly triangular, glabrous 
or minutely papillose; anthers c. 1.5 mm long, 
oblong, glabrous. Disk somewhat cup-shaped, 
c. 2.5 mm in diameter, glandular, reddish. 
Pistil 2–4 mm long, with 3–4 furrows, 
glabrous; style 1.5–2.5 mm long; stigma 
truncate-capitate, green. Fruits 3–4-locular, 
c. 10 × 6–7 mm, ± broadly pyriform, glabrous, 
purplish brown; pyrenes c. 6 × 4 mm, rhombic 
in outline, narrowing at both ends, trigonous, 
not winged. – Fig. 74, 75.

Distribution and habitat
Boswellia nana is known with certainty only 
from a few localites on northeastern Socotra 
(Fig. 76), where it grows in small populations 
on limestone cliffs or boulders at elevations of 
210–550 m a.s.l. According to the classification 
of biotope types on Socotra by Habrová & 
Buček (2014), B. nana is a species of “limestone 
rocks”.

Vernacular names and uses
There is no information on vernacular names 
or uses of Boswellia nana on Socotra, but with 
its dwarf growth the species has become an 
interesting ornamental (Eslamieh 2017).

IUCN Red List Assessment
Boswellia nana is listed as Vulnerable D2 
under the IUCN Red List Categories and 
Criteria (IUCN 2012), based on an assessment 
made by Miller (2004e). Attorre et al. (2011) 
proposed the alternative assessment Critically 
Endangered D1, and regarded the species to 
be of very high priority for conservation. It 
is here preliminarily assessed as Critically 
Endangered D.

Taxonomic remarks
Boswellia nana is, along with B. popoviana and 
B. “hesperia”, the only normally simple-leaved 
species of Boswellia on Socotra. Outside 
Socotra, the only known simple-leaved species 
is B. occulta. Boswellia nana differs from the 
latter, apart from in its dwarf growth (B. occulta 
is a robust tree), also by having leaves with 
irregularly crenate-undulate (versus mostly 
strongly undulate-sinuate) margins, and 
flowers with reddish (versus white) petals that 
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are solitary or in more or less few-flowered 
(versus 10–20-flowered) racemes. In the 
protologue, the flowers of B. nana are said 
to “occur in small fascicles rather than on an 
inflorescence”, but Miller & Alexander 14298, 
which is undoubtedly B. nana, shows flowers 
in up to 4 cm long racemes, and various 
intermediate conditions are found in other 
specimens.

The most striking character of B. nana is its 
habit, being a dwarf tree, sometimes prostrate 
(Fig. 75A) or hanging, and with non-flaking 
bark. Boswellia popoviana, on the other 
hand, is usually a slender erect tree, 1.5–6 m 
tall, usually with peeling bark. The leaves of 
B. nana are glabrous or subglabrous beneath, 

whereas in B. popoviana they are densely 
greyish-white lanate beneath. The flowers in B. 
nana are solitary and clustered (Fig. 74.1, 75B) 
or in short racemes, whereas in B. popoviana 
they are in many-flowered panicles. Finally, the 
fruits of B. nana (Fig. 75C) are comparatively 
shorter and broader than in B. popoviana 
(c. 10 × 6–7 mm versus 9–14 × 4–5 mm).

Thulin & Gifri (1998) chose to include 
Boswellia nana in a widely circumscribed 
B. popoviana. This was mainly due to the 
collection Miller & Alexander 8633 from 
northeastern Socotra, a 4 m tall tree with simple 
leaves, which was believed to be intermediate 
between B. popoviana and B. nana in, for 
example, indumentum characters. Miller & 

Fig. 74. Boswellia nana.
1: Flowering and leafy branch.
2: Flower with some anthers fallen.
3: Flower in longitudinal section.
4: Calyx, disk and pistil.
5: Stamen.
6: Pistil.
7: Ovary in cross-section.
8: Leafy shoot from a cultivated plant.
9: Leaf-base and petiole.

All from Smith & Lavranos 323. 
Drawn by Mary Grierson. 
© the Board of  Trustees of
the Royal Botanic Gardens, Kew.
Reproduced with permission from Hookerʼs 
Icon. Pl., ser. 5, vol. 7(4): Tab. 3676 (1974).
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Fig. 75. Boswellia nana.
A: Dwarf  plant growing on limestone rock, Socotra, near Momi, 13 Mar 2008.
B: Flowers and leaf, cultivated plant.
C: Fruits and leaves, cultivated plant.

Photographs by Lisa Banfield (A) and ason Eslamieh (B, C).
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Fig. 76.
Map of  Socotra archipelago 
showing the distribution of
Boswellia nana.

Morris (2004) instead included this specimen 
in B. nana, still keeping this as a species 
distinct from B. popoviana. None of these 
alternatives is followed here, where Miller & 
Alexander 8633 is treated as a simple-leaved 
form of B. elongata.

Another interesting collection from 
northeastern Socotra is Miller et al. 17045, 
collected in Dracaena cinnabari woodland 
on steep limestone slopes. As noted by Miller 
& Morris (2004: 461) this plant, which is 
a small tree 2 m tall, has both simple and 
imparipinnate leaves with the pinnate leaves 
having the winged rachis otherwise diagnostic 
of Boswellia socotrana, which also occurs in 
the area. The flowers were described as pale 
pink within, dark pinkish red outside. The plant 

was interpreted as a probable hybrid between 
B. nana and B. socotrana by Miller & Morris 
(2004: 461, photo p. 249) and is also cited as 
such below.

Finally, Miller & Morris (2004), under 
Boswellia popoviana, mentioned a dwarf 
prostrate form similar to B. nana, found in the 
extreme west of Socotra. This was illustrated 
as “B. popoviana (form 3)” by Miller & Morris 
(2004: 249), and at that time it was apparently 
only known from sterile plants. Photographs 
by Lisa Banfield (pers. comm.) from 2007 of 
such plants from westernmost Socotra (Fig. 78) 
show inflorescences (1-flowered) and fruits 
that rather agree with B. nana, but not with 
B. popoviana. This form is treated below as 
B. “hesperia”.

Collections other than type
Yemen. Socotra: middle slopes of coastal north-facing limestone escarpment, 12.54138°N, 54.46893°E, 9 Apr 
2007, sterile, Banfield et al. LP1326 (E); southern flank of Hamadero massif, 28 Mar 2002, fl, Kilian et al. 
2324 (B, K, W); Hamaderoh, 12°35ʼN, 54°17ʼE, 8 Apr 1996, fl and fr, Miller & Alexander 14298 (E, UPS); 
Hamaderoh, south-facing slope above the plateau, 7 Apr 1967, fl, Smith & Lavranos 306 (FT, K).

Boswellia nana × B. socotrana (see above)
Yemen. Socotra: Hamaderoh, 12°06ʼN, 54°27ʼE, 8 Feb 1999, 570 m, Miller et al. 17045 (E).
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21. Boswellia “hesperia”, sp. prov.

Etymology. The epithet “hesperia” (Latin, western) refers to the restricted distribution in westernmost Socotra.

13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 77.
Map of  Socotra archipelago 
showing the distribution of
Boswellia “hesperia”.

Description
Dwarf tree, ± prostrate; bark greyish or 
whitish, smooth, not flaking. Leaves densely 
crowded at shoot apices, simple or sometimes 
pinnately lobed, strongly and irregularly 
crenate-undulate at the margins, dark green 
above, densely pubescent and whitish beneath. 
Flowers produced with the leaves, solitary 
on long reddish glabrous pedicels. Calyx 
cup-shaped with 5 broadly triangular lobes, 
glabrous. Petals reddish, spreading in open 
flowers. Stamens 10, equal, inserted at the 
base of the disk; filaments narrowly triangular, 
reddish; anthers oblong, cream. Pistil with 
reddish subglobose ovary; stigma truncate-
capitate, green. Fruits 3–4-locular, broadly 
pyriform to obovoid. – Fig. 78.

Distribution and habitat
This apparently new species, provisionally 
named Boswellia “hesperia”, is known only 
from a few small populations close to the 
westernmost tip of Socotra (Fig. 77), at about 
360 m a.s.l. It grows on limestone rocks, in 
which the usually prostrate stems tend to fill out 
holes and crevices (Fig. 78A, C).

IUCN Red List Assessment
Due to the very small and restricted populations 
of probably less than 50 mature individuals in 
total, Boswellia “hesperia” is here preliminarily 
assessed as Critically Endangered D.

Taxonomic remarks
Boswellia “hesperia” was mentioned and 
depicted as a dwarf form of B. popoviana 
by Miller & Morris (2004). Apparently only 
sterile plants had been seen and photographed 
at Heger above Bandar Shuʼub in western 
Socotra, and the similarity in habit with 
B. nana was also pointed out.

The population above Neet found by Lisa 
Banfield and Tony Miller in 2007 included 
both flowering and fruiting plants (Fig. 78). 
However, again no material seems to have 
been collected and only photographs have been 
seen for this study. Lvončík et al. (2014) treated 
these western populations as B. popoviana, but 
in a “seed area” of their own.

The dwarf habit and solitary flowers 
of B. “hesperia” agree with B. nana, but 
“hesperia” differs in the dense and whitish 
indumentum of the lower leaf surface. In 
B. nana, the lower surface of the leaf is glabrous 
or subglabrous. Also the leaf margin is more 
strongly crenate-undulate in B. “hesperia” 
than in B. nana (cf. Fig. 78A, C and Fig. 75A).

The indumentum of the leaves in 
Boswellia “hesperia” agrees better with that 
in B. popoviana. However, B. “hesperia” 
differs from B. popoviana in its dwarf habit, 
in the inflorescences with solitary flowers 
only (versus flowers in panicles), and in the 
proportionally shorter and wider fruits. Also, 
the strongly crenate-undulate leaf margins 
differs from anything seen in B. popoviana.
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Fig. 78. Boswellia “hesperia”, on limestone rocks, Socotra, above Neet, 31 Oct 2007.
A: Plant in fl wer. B: Fruits. C: Flowering and fruiting plant.

Photographs by Lisa Banfield

Photographic records
Yemen. Socotra: limestone ridge at Heger, photograph in Miller & Morris (2004: 249);
cliffs and plateau above Neet, 12.45916°N, 53.45515°E, 31 Oct 2007, fl & fr (Fig. 78, Lisa Banfield).
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22. Boswellia dioscoridis Thulin
Kew Bull. 56: 984 (2001). – Type: Yemen, Socotra, 

Taukak village, above Hasen, 12°28ʼN, 54°10ʼE, 
19 Jan 1994, fl and fr, Thulin & Gifri 8602 (UPS 
No. V-064493! & V-657271! holotype; Aden 
Univ., E?, FT! [FT003996], K? isotypes).

Notes on nomenclature

The holotype of Boswellia dioscoridis is mounted on 
two cross-labelled sheets in UPS, V-064493 (sheet 1) 
and V-657271 (sheet 2), in accordance with ICN Art. 

8.3 (Turland et al. 2018). The isotypes sent to E and 
K in connection with the publication of this species 
could not be located in November 2018 and may be 
lost.

Etymology

The epithet “dioscoridis” is derived from Dioscorida, 
the name given to Socotra by the ancient Greeks.

Description
Tree 3.5–7 m tall, often with an expanded trunk-
base; bark flaking, yellowish brown; young 
shoots glabrous. Leaves densely crowded at 
shoot-apices or alternate on young long-shoots, 
imparipinnate, (9–)11–17-foliolate, 10–20 cm 
long, glabrous; petiole 4–25 mm long; rachis 
not winged; leaflets subsessile, opposite or 
subopposite, 12–40 × 8–30 mm, ovate-oblong 
to broadly ovate, the proximal ones often 
suborbicular, truncate to shallowly cordate and 
± asymmetric at base, obtuse at apex, crenate-
serrate, glaucous, with ± prominent venation. 
Flowers produced with the leaves, in glabrous 
narrow many-flowered panicles or racemes 
8–30 cm long clustered at ends of short shoots; 
peduncle 4–10 cm long, sulcate; rachis sulcate; 
pedicels 3–15 mm long; bracts and bracteoles 
linear-lanceolate, up to c. 1 mm long, glabrous. 
Calyx cup-shaped, glabrous, c. 1 mm long, 
with 5 short, broadly triangular subacute 
lobes. Petals white or cream, sometimes 
flushed pinkish, c. 5 × 2.5–3 mm, spreading 
in open flowers, narrowly ovate, with an acute 
incurved apex, glabrous on the outer surface, 
minutely papillose on the inner surface and 
along margins. Stamens 10, inserted at the base 
of and between the lobes of the disk; filaments 
1.5–2 mm long, linear and slightly widened at 
the base, glabrous; anthers 1.2–1.8 mm long, 
oblong in outline, glabrous. Disk concave, 
c. 0.8 mm high and 3–3.5 mm in diameter, 
shallowly 10-lobed, smooth, reddish. Pistil 
c. 3 mm long, with 3–5 furrows, glabrous; 
style 1.5–2 mm long; stigma truncate-capitate, 

green. Fruits 3–5-locular, 7–12 × 4–5 mm, 
narrowly to broadly pyriform, glabrous; 
pyrenes 5.5–7 × 2–4 mm, subcruciform in 
outline, narrowing to both ends, trigonous, not 
or narrowly winged. – Fig. 79–81.

Distribution and habitat
Boswellia dioscoridis is known from scattered 
localities on east-central Socotra (Fig. 82). 
In the type locality near Hasen it grows on a 
limestone plateau at elevations of 400–480 m 
a.s.l. The trees often cling to rocks or boulders 
and then have an expanded trunk-base, 
approaching that found in B. sacra and B. 
frereana in northern Somalia. However, there 
are also trees growing on flat ground that do 
not or scarcely develop a swollen base (Fig. 80). 
More than 100 trees were seen scattered over a 
large area in the type locality, and associated 
woody species included Dracaena cinnabari, 
Anisotes diversifolius and Ballochia amoena. 
Miller & Alexander 14119, from the escarpment 
overlooking the west-central Nogad Plain, was 
collected in succulent shrubland on limestone 
slopes with Croton socotranus, Jatropha 
unicostata, Cissus subaphylla, Adenium 
obesum and Maerua socotrana. The known 
altitudinal range of the species is 200–750 m 
a.s.l. According to the classification of biotope 
types on Socotra by Habrová & Buček (2014), 
B. dioscoridis is a predominant or admixed 
species in “dragon s̓ blood tree forest”, 
“dragon s̓ blood tree woodland”, as well as of 
“limestone rocks”.
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IUCN Red List Assessment
Boswellia dioscoridis is listed as Vulnerable 
D2 under the IUCN Red List Categories and 
Criteria (IUCN 2012), based on an assessment 
made by Miller (2004c). Attorre et al. (2011) 
recorded a “comparatively large number of 
saplings” (22), and regarded the regeneration 
status of B. dioscoridis as medium. An 
alternative assessment Vulnerable D1 was 
proposed by Attorre et al. (2011), who 
considered the species to be of medium 

priority for conservation. Due to the small 
total population (number of mature individuals 
below 1000) and a projected decline in two 
generations, B. dioscoridis is here preliminary 
assessed as endangered C1.

Vernacular name and uses
Samano (fide Thulin & Gifri 8602); this Socotri 
name, or variants of it, is used for some different 
species of frankincense trees on Socotra.

Fig. 79. Boswellia dioscoridis.
A: Portion of  fl wering
     and leafy branch.
B: Flower.
C: Fruit.
D: Pyrenes.

All from Thulin & Gifri 8602.
Drawn by Louise Petrusson.
© the Board of  Trustees of  the 
Royal Botanic Gardens, Kew.
Reproduced with permission
from Kew Bull. 56: 987 (2001).
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Fig. 80. Boswellia dioscoridis,
Socotra, above Hasen,
19 Jan 1994.
Tree with local climber. 

Photograph by Mats Thulin.

The resin of Boswellia dioscoridis was said 
to be collected and locally used in various 
ceremonies, particularly funerals, in the area 
of the type locality.

Taxonomic remarks
Boswellia dioscoridis is the only species of 
Boswellia on Socotra with completely glabrous 
leaves and inflorescences. Obviously, it is part 
of the radiation of species that has evolved on 
Socotra (see page 15: “Phylogeny and dating” 

and the “The Socotra archipelago radiation”), 
but it is very distinct from all the other species 
on the island. In the protologue it was compared 
with the likewise often glabrous B. frereana in 
northern Somalia, the two species agreeing also 
in, e.g., the flaking bark, truncate to subcordate 
leaflet bases, unwinged leaf-rachis, glabrous 
calyx, and often slightly winged pyrenes. 
However, B. dioscoridis differs markedly from 
B. frereana in its crenate-serrate (not undulate-
sinuate) margins to the leaflets (Fig. 79A), 
flowers (Fig. 79A, B, 81) with longer pedicels 
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Fig. 82.
Map of  Socotra archipelago 
showing the distribution of
Boswellia dioscoridis.

Yemen. Socotra: Hoq, 12°38ʼN, 54°01ʼE, 26 Feb 1996, fl and fr, Miller & Alexander 14017 (E, UPS); escarpment 
overlooking west-central Nogad Plain, 7 Mar 1996, sterile, Miller & Alexander 14119 (E, UPS); wadi N of 
Nogad Plain, 12°26ʼN, 54°09ʼE, 4 Oct 1998, fl, Miller et al. 16137 (E); Firmihin, 12°29ʼN, 54°01ʼE, 24 Feb 
1999, sterile, Miller et al. 17145A (E); Dirhur, 12°28ʼN, 54°05ʼE, 27 Jul 1999, fl, Alexander et al. in Miller 
18040 (E); Adla, 22 Mar 1953, fl and fr, Popov So 278 (BM, EA); Dixsan, 12°31ʼN, 53°57ʼE, 24 Apr 1999, 
Tardelli & Baldini 8/16 (FT).

Collections other than type

Fig. 81. Boswellia dioscoridis,
Socotra, above Hasen, 19 Jan 1994.

Portion of  inflo escence.

Photograph by Mats Thulin.

(3–15 mm versus 1–2.5(–4) mm long), white or 
pinkish flushed (not reddish or greenish-red) 
petals, glabrous (not puberulous) anthers, and 
in its 3- to 5- (not (5) 6 (to 8)) locular) fruits 
(Fig. 79C, D) with larger pyrenes (c. 5.5–7 × 
2–2.5 mm versus 2.5–4 × 1–2 mm).
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23. Boswellia socotrana Balf.f.
Proc. Roy. Soc. Edinburgh 11: 505 (1882). – Type: 

Yemen, Socotra, without precise locality, Feb–
Mar 1880, sterile, Balfour, Cockburn & Scott 
466 (K! [K000743721] lectotype, designated 
by Lvončík & Řepka 2020: 18 (see below); 
BM!, E! [E00239350 and E00239354], GH 
[GH00044372]!, K! isolectotypes).

Notes on nomenclature
Two collections were cited in the protologue of 
Boswellia socotrana: Balfour, Cockburn & Scott 
466 and Schweinfurth 530. Balfour, Cockburn 
& Scott 466 in K was designated as lectotype by 

Kokwaro & Gillett (1980: 759). This action is here 
regarded as a first-step lectotypification according 
to ICN Art. 9.17 (Turland et al. 2018), as there are 
two specimens of Balfour, Cockburn & Scott 466 
present in K, K000743721 and one that has not been 
imaged. K000743721 is the better sheet, and the 
citing of this as lectotype by Lvončík & Řebka (2020) 
is here regarded as a second-step lectotypification.

Etymology
The species is named after the island Socotra in 
Yemen, from which it originates.

Description
Tree, up to c. 9 m tall, or sometimes as dwarf 
plants on limestone rocks; bark greyish or 
reddish, smooth or rough, not or somewhat 
flaking; young shoots reddish brown or 
greyish, puberulous with minute curved hairs. 
Leaves densely crowded at shoot-apices or 
alternate on young long-shoots, imparipinnate, 
7–31-foliolate, 1–10 cm long; petiole 1.5–10 mm 
long, winged; rachis minutely puberulous, 
distinctly winged; leaflets subsessile, opposite 
or subopposite, 1.5–10(–20) × 1.5–7(–12) mm, 
elliptic-oblong to suborbicular, cuneate and 
± asymmetric at base, subacute to obtuse at 
apex, with entire margins or with a few short 
teeth, the terminal one often larger than the 
others, upper surface dark green or purplish, 
sometimes with whitish venation, minutely 
puberulous, lower surface pale green, sparsely 
and minutely puberulous, with prominent 
midrib and 1 to 4 pairs of lateral veins. Flowers 
produced with the leaves, in 1–3(–6) cm long 
few-flowered glabrous racemes or panicles 
at the ends of short-shoots; peduncle up 
to c. 10(–30) mm long, sulcate; pedicels 
up to c. 3 mm long; bracts and bracteoles 
0.5–1 mm long, ciliate. Calyx cup-shaped, 
glabrous, c. 1.2 mm long, with 5 short broadly 
triangular lobes. Petals pale yellowish, 3–4 × 
2–3 mm, elliptic, with an acute incurved tip, 
glabrous outside, minutely papillose inside and 

at the margins; stamens 10, the ones opposite 
the calyx-lobes with broader filament-bases 
than the others, inserted at the base of the 
disk; filaments c. 0.8 mm long, ± oblong and 
abruptly narrowed into a filiform tip, glabrous 
or papillose; anthers 0.8–1 mm long, oblong, 
minutely papillose. Disk concave, c. 0.4 mm 
high and c. 1.5 mm in diameter, 10-lobed, 
glandular. Pistil c. 1.6 mm long, glabrous; style 
c. 0.8 mm long; stigma truncate-capitate. Fruit 
3(–4)-locular, 6–8 × 4.5–6 mm, subglobose 
to broadly ovoid, glabrous; pyrenes 3–4 × 
2.8–3.2 mm, rounded on the back, angular in 
front, with apical point only, otherwise without 
horns or awns, not winged. – Fig. 83, 84.

Distribution and habitat
Boswellia socotrana is fairly widespread 
in north-central and northeastern Socotra 
(Fig. 85) in woodlands on limestone 
between 300 and 660 m a.s.l. (150–550 m 
a.s.l. according to Lvončík & Řebka 2020). 
Associated woody plants include Dracaena 
cinnabari, Boswellia elongata, B. ameero and 
Rhus thyrsiflora. When growing on limestone 
rocks it may form dwarf plants. According to 
the classification of biotope types on Socotra 
by Habrová & Buček (2014), B. socotrana is 
a predominant or admixed species in “debris 
forest”, “deciduous frankincense woodland” 
and “debris woodland”.
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Fig. 83. Boswellia socotrana. 1: Branch with leaves, inflo escences and fruits. 2: Leafy branch. 3: Flower bud
4: Petals, dorsal (left) and ventral (right) view. 5: Stamens. 6: Flower in longitudinal section. 7: Fruit.
8: Valve of  fruit with pyrene attached.

Drawn by H. Thiselton-Dyer. Reproduced from Balfour (1888: Tab. 11).
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Vernacular names and uses
Haliof or Haliuf (fide Balfour 1888: 51 and 
Schweinfurth 530); Luban (fide Cronk 17), this 
is the general word for frankincense in Arabic; 
Telieh (fide Thulin & Gifri 8821), this is a 
vernacular name that has also been recorded 
for Boswellia aspleniifolia.

The trees are often heavily lopped for goat 
fodder in the dry season. Balfour (1888: 51) 
recorded the use of the resin as incense in 
the mosques of Socotra, and the use of the 
bark for tanning. According to Attore et al. 
(2011), Boswellia socotrana has been a main 
frankincense-producing species on Socotra, 
the gum-resin being used for house cleansing 
and in traditional and veterinary medicine. 

IUCN Red List Assessment
Boswellia socotrana is listed as Vulnerable 
D2 under the IUCN Red List Categories and 
Criteria (IUCN 2012), based on an assessment 
made by Miller (2004g). This is in agreement 
with Attorre et al. (2011), who considered the 
species to be of high priority for conservation. 
According to Lvončík & Řebka (2020) 
regeneration is generally poor, and there has been 
a sharp drop in the number of mature individuals 
in most populations in the period between 2012 
and 2018. Therefore, the preliminary assessment 
Endangered C1 is made here.

Fig. 84. Boswellia socotrana,
from Socotra.
A: Leafy branches, 
Hamaderoh, 6 Dec 2007.
B: Portion of  branch with 
leaves, fl wer buds and 
young fruits, near Hadibu, 
cultivated plant, 3 Jan 2003.

Photographs by
Lisa Banfield (A) and
Boris Vrškový (B).

Further ethnographic information is provided 
by Miller & Morris (2004).
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13°0′

12°0′

51°0′ 52°0′ 53°0′ 54°0′ 55°0′

Fig. 85.
Map of  Socotra archipelago 
showing the distribution of
Boswellia socotrana.

Taxonomic remarks
Boswellia socotrana is, along with the now 
segregated B. aspleniifolia (see under that 
species), unique in the genus by having leaves 
with distinctly winged rachis and petiole (Fig. 
83.1, 2). These two closely related species also 
agree by having subglobose fruits (Fig. 83.7), 
short, few-flowered inflorescences appearing 
with the leaves (Fig. 83.1, 84B), and by having 
filament-bases of the stamens opposite the 
calyx-lobes broader than the others.

The leaves of Boswellia socotrana are 
distinctly puberulous, particularly on the 
upper surface of the rachis, dark green or 
purplish above, and with mostly entire leaflets 
(Fig. 83.1, 84). In B. aspleniifolia, in contrast, 
the leaves are glabrous or sparsely puberulous 
only, glaucous above, and with mostly crenate-
serrate or lobed leaflets. Boswellia socotrana 
is also ecologically distinct, occurring in 
woodlands at elevations of 300–660 m, 

whereas B. aspleniifolia is a species of 
succulent shrublands at elevations up to about 
250 m.

Boswellia socotrana and B. aspleniifolia 
both resemble the members of the B. neglecta 
group (B. globosa, microphylla and neglecta) 
on the African mainland by having leaves with 
small leaflets, few-flowered inflorescences 
appearing with the leaves, and by having 
filament-bases of the stamens opposite to the 
calyx-lobes broader than the others. However, 
as B. socotrana and B. aspleniifolia are part of 
the radiation of species on Socotra (see under 
“Phylogeny and dating”), these similarities 
have probably evolved in parallel.

Balfour (1888: 52) cited the collection 
Balfour, Cockburn & Scott 708 as “Boswellia 
sp.”, asking whether this can “be the young 
condition of ... B. socotrana?” This specimen 
is still present at K and indeed represents 
B. socotrana.

Yemen. Socotra: without precise locality, Feb–Mar 1880, sterile, Balfour, Scott & Cockburn 708 (K); Muqadrihon 
pass, 17 Nov 1985, sterile, Cronk 17 (K); SW of Hadibu, c. 2 km N of Muqadrihon pass, 12.62°N, 54.01°E, 7 
Apr 2002, Hein et al. 2604 (B); southern flank of Hamadero massif, 28 Mar 2002, fl, Kilian et al. 2323 (B, K, 
W); Wadi Ayhaft, 4 Apr 2002, Kilian et al. 2588 (B, W), 14 Mar 2003, Kilian et al. 4068 (B); Rewget, 12.58°N, 
53.96°E, 16 Mar 2003, Kilian et al. 4107 (B); Muqadrihon ridge to Wadi Ayhaft, 12°36.454ʼN, 54°00.073ʼE, 
19 Mar 1997, sterile, Mies 754 (UPS); Muqadrion pass, 21 Feb 1989, sterile, Miller et al. 8308 (E, K, UPS); 
Muqadrion pass, 9 Mar 1996, sterile, Miller & Alexander 14129 (E, UPS); Aduna slopes, 21 Dec 1898, sterile, 
Ogilvie, Grant & Forbes 139 (E); Wadi Dilal, 24 Apr 1881, fl, Schweinfurth 530 (P); Hamaderoh, 12°35ʼN, 
54°17ʼE, 7 Apr 1967, fl and fr, Smith & Lavranos 304 (E, K, UPS); Hamaderoh, 12°35ʼN, 54°17ʼE, 20 Apr 1999, 
Tardelli & Baldini 6/7 (FT); Hamaderoh, 12°36ʼN, 54°19ʼE, 21 Jan 1994, sterile, Thulin & Gifri 8683 (K, UPS); 
between Ayhaft and Tinire, 12°36ʼN, 53°59ʼE, 31 Jan–1 Feb 1994, sterile, Thulin & Gifri 8821 (UPS).

Collections other than type
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24. Boswellia aspleniifolia (Balf.f.) Thulin, comb. nov.
Odina aspleniifolia Balf.f., Proc. Roy. Soc. Edinburgh 

11: 508 (1882), as “O. asplenifolia”. – Calesiam 
aspleniifolia (Balf.f.) Kuntze, Revis. Gen. Pl. 
1: 151 (1891), as “Calesium asplenifolium”. – 
Lannea aspleniifolia (Balf.f.) Engl., Bot. Jahrb. 
Syst. 24: 499 (1898). – Boswellia socotrana 
Balf.f. subsp. aspleniifolia (Balf.f.) Lvončík, 
Novon 28: 20 (2020). – Type: Yemen, Socotra, 
without precise locality, Feb–Mar 1880, 
young fl, Balfour, Cockburn & Scott 710 (K! 
[K000199635] lectotype, designated by Lvončík 
& Řepka 2020: 21; BM! [BM000798776], E! 
[E00436149] isolectotypes).

Notes on nomenclature

Balfour, Cockburn & Scott 710 is the only collection 
cited in the protologue of Odina aspleniifolia. 
Duplicates are in BM, E and K. The K specimen 
(K000199635), has flower buds (the other specimens, 
are sterile) and was designated as lectotype by 
Lvončík & Řepka (2020).

Description
Tree, up to c. 8 m tall, usually with a distinct 
trunk, or sometimes as dwarf plants on 
limestone rocks, sometimes with subspinescent 
short-shoots; bark grey or reddish brown, 
smooth to rough, sometimes flaking; young 
branchlets reddish brown or greyish, glabrous 
or sometimes sparsely puberulous with minute 
± curved hairs. Leaves densely crowded at 
shoot-apices or alternate on young long-
shoots, imparipinnate, 7–23-foliolate, 1–7 cm 
long; petiole 1.5–10 mm long, winged; rachis 
glabrous or sometimes minutely puberulous, 
distinctly winged; leaflets subsessile, opposite 
or subopposite, 1.5–10 ×1.5–5 mm, lanceolate 
or elliptic-oblong to suborbicular, narrowly 
to broadly cuneate and ± asymmetric at base, 
subacute to obtuse at apex, with 1–4 teeth or 
lobes on each side or margin subentire, the 
terminal leaflet often ± deeply lobed and larger 
than the others, upper surface glaucous, often 
with whitish venation, glabrous or sometimes 
sparsely puberulous with minute hairs along 
margins, lower surface pale green, glabrous 
or sometimes sparsely puberulous with minute 
hairs, with midrib and 1–4 pairs of lateral veins 
prominent. Flowers produced with the leaves, 
in 1–2(–3) cm long few-flowered glabrous 
racemes or panicles at the ends of short-shoots; 
peduncle up to 15 mm long, sulcate; pedicels up 
to c. 5 mm long, bracts and bracteoles 0.5–1 mm 
long, lanceolate, ciliolate. Calyx cup-shaped, 

1–1.5 mm long, with 5 short broadly triangular 
lobes, glabrous or lobes with ciliolate margins. 
Petals cream or pale yellow, elliptic, 2–2.5 
× 1.2–1.5 mm, with an acute incurved tip, 
glabrous outside, minutely papillose inside and 
along margins. Stamens 10, inserted at the base 
of the disk, the ones opposite the calyx-lobes 
with broader filament-bases than the others; 
filaments 0.8–1 mm long, oblong-triangular and 
abruptly narrowing into a filiform tip, papillose; 
anthers 0.8–1 mm long, oblong, minutely 
papillose. Disk concave, c. 0.4 mm high and 
c. 1.5 mm in diameter, 10-lobed, glandular, 
orange. Style 0.8–1 mm long; stigma truncate-
capitate. Fruits 3(–4)-locular, 6–7 × 5–6 mm, 
subglobose to broadly ovoid, glabrous, reddish 
brown when ripe; pyrenes 3.5–4 × 2.5–3.2 mm, 
rounded at the back, angular in front, with an 
apical point, otherwise without horns or awns, 
not winged. – Fig. 86–88.

Distribution and habitat
Boswellia aspleniifolia is fairly widely 
distributed in the northwestern and north-
central parts of Socotra (Fig. 89), where it 
occurs on coastal plains and rocky slopes, in 
succulent shrubland with Croton socotranus, 
Dendrosicyos socotranus, and Jatropha 
unicostata, at elevations from near sea level 
up to about 250 m a.s.l. Normally it is a 
tree (Fig. 87A), but when growing on limestone 
rocks it may form dwarf plants (Fig. 87B).

Etymology
The epithet “aspleniifolia” (Latin, with leaves as in 
Asplenium) refers to the resemblance of the leaves in 
this species to fronds of the fern genus Asplenium.
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Vernacular names and uses
Luban (fide Smith & Lavranos 115), the general 
word for frankincense in Arabic; Telieh (fide 
Thulin & Gifri 8743, 8746 and 8790). Telieh 
seems to be used mainly for Boswellia 
aspleniifolia, but it has also been recorded for 
B. socotrana (see under that species). 

The resin is used within traditional medicine 
locally in the area around Qalansiyah (fide 
Thulin & Gifri 8743), and the trees are heavily 
lopped for fodder in the dry season.

IUCN Red List Assessment
According to Lvončík & Řebka (2020) the total 
number of mature individuals can be estimated 
at 1000 to 1500. During the period 2012 to 2018, 
no successful regeneration was observed, and 
a sharp drop in the number of individuals was 
recorded. Boswellia aspleniifolia is therefore 
here preliminary assessed as Endangered 
C1 (IUCN 2012), in agreement with the 
assessment made of B. socotrana.

Taxonomic remarks
Balfour (1882) treated this species as Odina 
aspleniifolia in Anacardiaceae, believing it to 
have tetramerous flowers. It continued to be 
treated as a member of Anacardiaceae for many 
years, mostly as Lannea aspleniifolia, until 
Kokwaro & Gillett (1980: 758–759) realized 
that the species has 5-merous flowers and is a 
Boswellia. Kokwaro & Gillett compared the 
type of Odina aspleniifolia with material of 
Boswellia from Socotra, and concluded that it 
should be treated as a synonym of B. socotrana. 
This taxonomy was adopted also by Thulin & 
Gifri (1998), who noted, however, that “the 
plants from the western part of the range 
usually grow at lower altitudes and tend to have 
practically glabrous leaves and fewer and more 
lobed leaflets than the eastern populations”. 
Thulin & Gifri (1998) also noted that the type 
of O. aspleniifolia agrees with the western form 
of B. socotrana. Similar statements were made 
by Mies, Lavranos & James (2000) and Brown 
& Mies (2012), whereas Miller & Morris (2004) 

Fig. 86. Boswellia aspleniifolia, from Socotra. Branches with leaves, fl wers and fl wer buds.
Near Hadibu, cultivated plant, 3 Jan 2003.  Photograph by Boris Vrškový.
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Fig. 87. Boswellia aspleniifolia, from Socotra.
A: Tree, Shibereh, 22 Dec 2007.
B: Dwarf  plant growing on limestone rock, 
showing leaves with lobed leaflet .
Dibni, opposite Bit Gobehit, 13 Dec 2007.

Photographs by Lisa Banfield

B

A
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Fig. 89.
Map of  Socotra archipelago 
showing the distribution of
Boswellia aspleniifolia.

treated Lannea aspleniifolia as a synonym 
of B. socotrana without further comments 
[it should be noted that their citing of Odina 
aspleniifolia as a synonym of Lannea transulta 
(Balf.f.) Radcl.-Sm. is an unintentional mixup]. 

Lvončík & Řepka (2020) instead recognized 
this entity as  B. socotrana subsp. aspleniifolia.

There is little doubt that Boswellia asplenii-
folia and B. socotrana are closely related, 
both having leaves with distinctly winged 
rachis (a unique character in the genus) and 
subglobose fruits, but after considering all 
available evidence, I find that the ecological 
and morphological differences justify treating 
them as different species. 

Boswellia aspleniifolia is a species of the 
succulent shrublands at lower elevations (up to 
c. 250 m a.s.l.), whereas B. socotrana occurs in 
woodlands at about 300–660 m a.s.l. The leaves 
of B. aspleniifolia are glabrous or sparsely 
puberulous, glaucous above, and with mostly 
crenate-serrate or lobed leaflets (Fig. 86, 87B, 
88), whereas the leaves of B. socotrana are 
distinctly puberulous, particularly on the upper 
surface of the rachis, dark green or purplish 
above, and with mostly entire leaflets.

Yemen. Socotra: Dibni, opposite Bit Gobehit, 12.64790°N, 54.14054°E, 13 Dec 2007, photographic record 
(Lisa Banfield, pers. comm.); without precise locality, 1897, sterile, Bent s.n. (K); Hadibu to Qalansia, 12.64°N, 
53.57°E, 29 Mar 2002, Kilian et al. 2336 (B, W); 12 km E of Qalansiyah, 12°37.035ʼN, 53°38.364ʼE, 20 Mar 
1997, fl, Mies 769 (UPS); c. 12 km W of Ghubba on road to Qalansiyah, 22 Feb 1989, sterile, Miller et al. 8348 
(E); Wadi Trubah approaching Jebel Rughid from the SW, 8 Feb 1990, sterile, Miller et al. 10325 (E); Zahr 
basin, 12°31ʼN, 53°42ʼE, 1 Mar 1996, fl, Miller & Alexander 14044 (E, UPS); Qalansiyah plain, 12°39ʼN, 
53°31ʼE, 24 Mar 1996, fl and fr, Miller & Alexander 14242 (E, UPS); Wadi Trubah, 12°34ʼN, 53°55ʼE, 4 Mar 
1996, sterile, Miller & Alexander 14294D (E, UPS); Qalansiyah (Kallansiya), 20 Feb 1953, sterile, Popov 
So/153 (BM, EA); Qalansiyah (Galonsir) plain, 12°40ʼN, 53°29ʼE, 25 Mar 1967, fl and fr, Smith & Lavranos 
115 (EA, K); 11 km SE of Qalansiyah, 12°38ʼN, 53°34ʼE, 24 Jan 1994, fr, Thulin & Gifri 8743 (E, K UPS); 
3 km NE of Qalansiyah, 12°43ʼN, 53°31ʼE, 25 Jan 1994, sterile, Thulin & Gifri 8746 (K, UPS); between 
Mori and Diksem, 12°35ʼN, 53°55ʼE, 27 Jan 1994, sterile, Thulin & Gifri 8790 (UPS); Ras Hebak, 12°38ʼN, 
53°58ʼE, 2 Feb 1994, sterile, Thulin & Gifri 8894 (UPS).

Collections and records other than type

Fig. 88. Boswellia aspleniifolia, from Socotra. 
Branches with leaves, fl wers and young fruits.
Near Hadibu, cultivated plant, 3 Jan 2003.

Photograph by Boris Vrškový.
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Boswellia balsamifera (Willd.) Spreng., Syst. 
Veg., ed. 16, 2: 313 (1825) ≡ Canarium 
balsamiferum Willd.

Boswellia bricchettii (Chiov.) Chiov., Bull. 
Misc. Inform. Kew 1941: 132 (1941). – 
Commiphora bricchettii Chiov., Fl. Somala 
2: 58 (1932). – Type: Somalia, between Ras 
Hafun and the Gulf of Aden, 1890, Robecchi-
Bricchetti 485 (FT! [FT002074] holotype)

 = Lannea obovata (Hook.f. ex Oliv.) Engl.
 Note: Commiphora bricchettii is based on 

a sterile collection of Lannea obovata from 
NE Somalia (Thulin 2000: 187). When 
transferring the name to Boswellia, Chiovenda 
in Hutchinson & Bruce (1941) also cited 
Gillett 4211, which is B. microphylla. Vollesen 
(1985) cited under B. bricchettii the collection 
Thulin 4309, which is B. globosa (see under 
this species).

Boswellia hirsuta (Willd.) Spreng., Syst. Veg., ed. 
16, 2: 313 (1825), nom. illeg., non B. hirsuta 
Sm. (1819) ≡ Canarium hirsutum Willd.

 See Leenhouts (1956: 287).

Boswellia integra Blanco, Fl. Filip., ed. 2: 242 
(1845) = ?Dysoxylum.

 See Merrill (1918: 210).

Boswellia javanica Turcz., Bull. Soc. Imp. 
Naturalistes Moscou 36: 612 (1863) 

 = Garuga floribunda Decne.
 See Leenhouts (1956: 215).

Boswellia madagascariensis Capuron, 
Adansonia, n. s. 2: 268 (1962). – Type: 
Madagascar, Massif de lʼAndavakoera, 
north of Angodromena, 11 Nov 1958, 
female fl and fr, Capuron 18944-SF (P! 
[P00061397] lectotype, designated here; 
K! [K-000381644], MO-251544!, TEF! 
[TEF000053], WAG [WAG0132110]! 
isotypes) ≡ Ambilobea madagascariensis 
(Capuron) Thulin, Beier & Razafim.

 Note: Capuron 18944-SF was designated as 
“Typus speciei” in the protologue, without 
mention of any particular herbarium. Three 
sheets of this collection (P00061395, 
P00061396 and P00061397) are present in P, 
and they were together treated as a holotype 
by Thulin et al. (2008), with a duplicate in 
TEF as an isotype. Duplicates of Capuron 
18944-SF are also present in K, MO and 
WAG, and, to clarify the matter, one of the 
specimens in P is here designated as lectotype.

Boswellia obliqua Blanco, Fl. Filip., ed. 2: 243 
(1845) = ?Dysoxylum.

 See Merrill (1918: 210).

Index to nomenclatural novelties in this volume

Boswellia aspleniifolia (Balf.f.) Thulin, comb. nov. p. 128
Boswellia samhaensis Thulin & Scholte, sp. nov. p. 106
Boswellia scopulorum Thulin, sp. nov.  p. 102
Boswellia “hesperia” sp. prov.   p. 118

         *

Excluded species
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Accepted names of Boswellia taxa are in bold
and their synonyms in italics.
Main entries to Boswellia species are in bold.

Adenium obesum s.l. 67, 98, 102, 110, 120
Ambilobea 15
  madagascariensis 132
Amyris 13
  papyrifera 13, 36, 38
Anisotes diversifolius 120
Aucoumea 21
Ballochia amoena 98, 102, 120
Beiselia 21
Boswellia 17
  ameero        13, 15, 18, 19, 21, 22, 27, 88ff, 

97, 99, 124
  aspleniifolia 18, 26, 87, 98, 126, 127, 128ff
  balsamifera 132
  bhaudajiana 13, 14, 52, 54, 59
   var. serrulata 52
  boranensis 14, 70
  bricchettii 14, 87, 132
  bullata     14, 15, 18, 19, 27, 93, 98ff, 105, 

107, 109, 111
  carteri 13, 14, 19, 52, 54, 55, 57, 59, 65
   var. subintegra 52
   var. undulatocrenata 52
  chariensis 14, 36
  dalzielii 14, 18, 21, 22, 27, 36, 40, 42ff
  dioscoridis 14, 15, 18, 19, 27, 91, 111, 120ff
  elegans 14, 78
  elongata     13, 15, 18, 19, 21, 22, 24, 27, 91, 

93, 94ff
  floribunda 36
  frereana   13, 14, 15, 18, 19, 20, 21, 22, 24, 

27, 55, 57, 60, 65, 66ff, 85, 120, 122
  glabra 28, 30, 31
  globosa     14, 18, 19, 21, 22, 26, 67, 71, 75, 

80, 84ff, 127, 132
  “hesperia” 18, 19, 26, 113, 114, 117, 118ff
  hildebrandtii 14, 78
  hirsuta (Willd.) Spreng. 132
  hirsuta Sm. 28, 132
  integra 132
  javanica 132
  madagascariensis 14, 15, 132
  microphylla   14, 18, 19, 21, 22, 24, 26, 51, 

71, 74ff, 80, 81, 127, 132
  multifoliolata 14, 78

Boswellia cont. 
  nana         14, 15, 18, 19, 21, 26, 97, 111, 

114ff, 118
  neglecta    13, 15, 18, 19, 20, 21, 22, 24, 26, 

51, 71, 74, 75, 76, 78ff, 85, 87, 127
  obliqua 132
  occidentalis 14, 36
  occulta 14, 18, 19, 21, 24, 26, 59, 62ff, 114 
  odorata 14, 36, 45
  ogadensis 14, 15, 18, 19, 22, 27, 48ff, 80
  ovalifoliolata 14, 15, 18, 20, 21, 22, 27, 31, 

32ff 
  papyrifera 12, 13, 14, 15, 18, 19, 20, 22, 24, 

27, 36ff, 45, 47, 57, 65
  pirottae 14, 18, 19, 22, 27, 40, 46ff, 51
  popoviana 14, 15, 18, 19, 20, 21, 26, 94, 97, 

99, 105, 110ff, 114, 115, 117, 118
  rivae 14, 15, 18, 21, 22, 27, 70ff, 74, 80
  sacra    5, 13, 14, 15, 16, 18, 19, 20, 21, 22, 

24, 27, 52ff, 64, 65, 67, 68, 99, 120 
  samhaensis 18, 19, 21, 27, 100, 106ff 
  scopulorum 18, 19, 27, 100, 102ff, 107, 109
  serrata   13, 15, 17, 18, 20, 21, 22, 27, 28ff, 

32, 33, 38, 57 
   var. bivalvis 28, 31
  var. glabra 28
  socotrana 13, 15, 18, 19, 21, 26, 87, 91, 117, 

124ff, 129, 131
   subsp. aspleniifolia 128, 131
  thurifera 28, 52
  undulatocrenata 14, 52, 57
Bursera 20
  microphylla 19
Buxus hildebrandtii 88, 94, 110
Cadaba longifolia 67
Calesiam aspleniifolia 128
Canarium 15, 20
  balsamiferum 132
  hirsutum 132
Cissus subaphylla 110, 120
Combretum 34, 47
  glutinosum 42
  nigricans 42
Commiphora 50, 70, 74, 78, 85
  bricchettii 132
  gileadensis 12
  guidottii 22
  myrrha 22
  socotrana 22
  wightii 19

Index to scientific name
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Croton socotranus 94, 98, 102, 110, 120, 128
Dacryodes 15, 20
Dendrosicyos socotranus 110, 128
Dirachma socotrana 88
Dracaena cinnabari 88, 117, 120, 124
Dysoxylum 132
Echidnopsis 15
Euphorbia arbuscula 106, 108, 109
Garuga 15, 20, 21
	 	floribunda	 132
  gamblei 21
  pinnata 21
Gnidia socotrana 88
Helichrysum 15
Jatropha aspleniifolia 85
Jatropha unicostata 94, 98, 102, 110, 120, 128
Juniperus 12
 lycia 12
Lannea aspleniifolia 128, 129, 131
Lannea microcarpa 42
Lannea obovata 14, 87, 132
Lannea transulta 131
Libanotus 17
  asiaticus 17, 28
Libinhania 15

Maerua socotrana 120
Moringa peregrina 67, 85
Odina aspleniifolia 128, 131
Ploesslea 17
  floribunda 13, 17, 76
Prosopis africana 42
Pseudodacryodes 20
Pteleopsis suberosa 42
Pterocarpus santalinus 32
Punica protopunica 88
Rhus	thyrsiflora	 88,	124
Santiria 15
Senegalia 50, 70, 74, 78, 85
  ankokib 67
  somalensis 67, 85
Sterculia africana 88, 110
Syzygium alternifolium 32
Terminalia 37, 47
Trattinnickia 15
Triomma 15, 21
Vachellia 50, 70, 74, 78, 85 
  cernua 85
  edgeworthii 98
  pennivenia 94, 98, 110
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