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The genera Eleusine and Pennisetum are represented in Uganda by four and 14 wild species
respectively. Herbarium specimens were studied as part of a review of their distribution.
Range-restricted species were then identified, and new collections were made to update
information about their distributions. Seed are kept at the Plant Genetic Resources Centre
with duplicate samples at Svalbard. New localities were recorded, all of which led to
increases in the Extent of Occurrence (EOO) and Area of Occupancy (AOO). The greatest
additions to the EOO were for Pennisetum macrourum, P. ramosum, P. mezianum and
P. procerum, in that order. Pennisetum ramosum, P. procerum, P macrourum and P.
mezianum registered the greatest additions in AOO. The vast majority of records were
outside protected areas. Eleusine kigeziensis, is restricted to the Kigezi region, while
Eleusine jaegeri is restricted to the Kigezi and Mbale regions. Pennisetum riparium and P.
trisetum are the rarest and most range-restricted species in Uganda.

""Makerere University Herbarium, Department of Biological Sciences, College of
Natural Sciences, PO Box 7062, Kampala, Uganda. Corresponding author: jkalema@
cns.mak.ac.ug.

2 Entebbe Botanic Gardens, Plot 2-4 Barkeley Road, Entebbe, Uganda

Introduction

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

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

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

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

Eleusine kigeziensis is an erect tufted
perennial to 60 cm high. The inflorescence
is digitate, composed of 2—6 racemes. The
spikelets are olive-grey. Its altitudinal range is
2000-2700 m. It is known to occur in Uganda
(Kigezi), DRC Kivu Province), Rwanda and
Burundi. It grows in upland grassland and path
sides.
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Pennisetum hohenackeri Steud. is an erect
tussocky perennial to 150 (occasionally 200)
cm high. It has a linear panicle to 25 cm long.
It is known from Uganda (Ul,2,4), Kenya
(K3-6), Tanzania (TIl), Madagascar and
Western India (Clayton & Renvoize 1982). Its
altitudinal range is 1100 to 2400 m. It grows in
upland grassland, and flood plain grassland at
lower altitudes.

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

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

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

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

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

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

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

Methods and materials

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

Ten species with restricted range in
Uganda were selected for further study, eight
Pennisetum and two Eleusine. Most of the
localities identified were visited and surveyed.
Any other encountered areas of occurrence
for the selected species were recorded and
geo-referenced. Voucher specimens are in
Makerere University Herbarium. Germplasm
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Species Number of | Potential | Previous | Potential |Potential |Previous | Potential | Potential
previously | current | EOO (sq | current change in | AOO (sq | current | change in
known localities | km) EOO (sq |EOO (sq |[km) AOO (sq | AOO (sq
localities km) km) km) km)

E. jaegeri 7 10 5,429.54 |5,875.91 |+446.37 [49.93 59.91 9.98

E. kigeziensis |7 17 746.66 781.36 +34.70 69.90 89.87 +19.97

P. macrourum |10 24 34,404.01 |42,239.55 |+7,835.49 [99.86 179.74 | +79.88

P. mezianum |10 23 8,998.69 |13,773.41 |+4,774.72 |89.87 169.76 | +79.89

P. procerum 9 32 7,970.60 |10,353.68 |+2,383.08 |89.87 209.70 |+119.83

P. hohenackeri |4 6 4,857.71 |4,857.74 |+0.03 39.94 59.91 +19.97

P. ramosum 11 53 5,406.47 |12,792.22 |+7,385.75 |109.84 [289.58 |+179.74

P, riparium 2 NA Cannot be |NA NA 1 NA NA

calculated

P. mildbraedii |8 NA 303.87 NA NA 79.88 NA NA

P, trisetum 1 NA Cannot be | NA NA 1 NA NA

calculated

Table 1 Past and presently known localities and area of occurrence of the study species of Eleusine and

Pennisetum

in the form of mature grains was also collected,
and deposited at the Plant Genetic Resources
Centre, Entebbe, which is the national plant
gene bank in Uganda, with duplicate samples
at Svalbard (NordGen). Three species,
Pennisetum  riparium, P. trisetum and
P. mildbraedii, were not found.

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

The calculated EOO, AOO and number of
collecting localities are only potential, because
we did not have the resources to verify the
current occurrence of all of the species in all of
the previously known localities in the country.
Some of the old collection sites may not contain
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the species any more. This gap will need to be
filled to make these calculations actual.

Results

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

Trends in Extent of Occurrence, Area of
Occupancy and number of localities

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



Distribution of Eleusine and Pennisetum in Uganda 97

species has increased from 7 to 10, and this
resulted in an increase in its potential Extent
of Occurrence (EOO) by more than 400 sq
km (Table 1, Fig. 2a). This species was found
growing along path sides, and it appears to
be capable of resisting moderate levels of
disturbance.

Eleusine kigeziensis, an Albertine Rift
endemic, is now known to occur in Muko,
Mafuga, Nyamagana, Bwindi, Kachwekano,
Bufundi-Behungi and Rwenzori. Accordingly,
the number of localities increased to 17, more
than double what was previously known (Table
1, Fig. 2b). The potential EOO is more than 780
sq km, an increase of 30 sq km. The potential
AOO was increased by almost 20 sq km.

Pennisetum hohenackeri has a highly localised
distribution in Uganda, only occurring along
the Kafu River at Kafu and along the Aswa
River. Our surveys added a couple of localities
to those previously known, which resulted
in little change in its EOO (Table 1, Fig. 2c¢),
as the new localities were situated within the
previous distribution polygon. The potential
AOO was increased by c. 20 sq km. One of
the two added localities is within the protected
Karuma Wildlife Reserve (Fig. 2c). In all
cases, this species was growing in grasslands
with seasonal flooding, on sites with impeded
drainage.

Pennisetum mezianumisrarein Uganda, known
only from the Karamoja region, including Mt.
Moroto, Kaabong-Lomusio, Kidepo Valley
National Park, Moroto, Toror Hills, Kacheliba,
Cholol, and River Kunyao. The species’
potential EOO changed substantially to over
4,700 sq km (Table 1, Fig. 2d). The AOO was
increased by nearly 80 sq km. Karamoja is a
marginal area of high conservation priority,
because of its aridity with less than 900 mm
annual precipitation and prolonged droughts
with high temperatures. During drought
periods, P. mezianum appears to survive under
the protection of thorny shrubs. Its tufts were
often found growing in the middle of scrub
vegetation, far from the reach of potential

grazers. It may be worth investigating this
association and bringing it to the attention of
communities, so that the nurse vegetation may
be protected for survival of the species. It also
grows on ruderal sites such as road sides, and
may thus survive disturbances.

Pennisetum macrourum is known to occur
on Mt. Elgon, Amua, River Nyawa (Moyo),
near Mbale, River Aswa (Gulu), Kilak, and
River Kacheliba (Teso). Our surveys led to a
substantial addition to the species’ potential
EOO of nearly 8,000 sq km (Table 1, Fig.
2e). The AOO was increased by nearly 80
sq km. The species survives along river and
stream margins that are usually uncultivated.
It is a robust perennial that was also often
encountered growing on small islands in river
beds.

Pennisetum procerum is found in Kenya and
a number of places in Uganda: Karamoja
region (Kaabong, Mt. Moroto, Amuda, Noyon,
Kotido-Koputh, Lokapeliethe), and Sipi,
Buligenyi, Tororo Rock. Our findings added
a total of more than 2,400 sq km and nearly
120 sq km to the potential EOO and AOO,
respectively (Table 1, Fig. 2f).

Pennisetum ramosum in Uganda is known
from Karamoja (Maninmani River, Nabilatuk,
Loliakat, Moroto and Kangole), and the Teso
region (Adachal, River Apendura in Toroma,
Opeta wetland and Kapiri). Our studies
increased the number of known localities five
times, and substantially extended the range
of geographical distribution by adding over
7,300 sq km to its previous EOO and nearly
180 sq km to its AOO (Table 1, Fig. 2g). This
species is capable of tolerating low to moderate
disturbance, and it often appears in pioneer
vegetation following land use change.

Pennisetum riparium could not be found in its
only Uganda locality, Mt Elgon. Pennisetum
trisetum is known from only a single locality in
Uganda in Sebei (Fig. 3). This site was found to
be degraded, and the species was not located.
Pennisetum mildbraedii was not encountered
in the field.
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nisetum procerum

Fig. 2. Previous (left) and new potential (right)
distribution of Eleusine and Pennisetum species
in Uganda.

Fig. 3 Pennisetum riparium (triangles), P. mildbraedii (solid circles) and
P. trisetum (cross) in Uganda
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Occurrence in the protected area network

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

Discussion

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

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

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

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

Symb. Bot. Upsal. 38



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

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

Mt. Elgon is Uganda’s only home to
Pennisetum  trisetum and P. riparium,
rendering it critical for conservation of the
gene pools of these two species. Pennisetum
trisetum 1is Critically Endangered (CR) and
Possibly Extinct (PEx) in Uganda, based on our
recent expeditions and the available collections
in the Makerere University Herbarium. It is
known from only one herbarium voucher, and
has not been collected since 1938. This locality
is now under cultivation, thus making it very
unlikely that P. trisetum still occurs in the area.

Most species studied still occurred in their
previously known localites, except Pennisetum
trisetum whose habitat was found to be badly
degraded. Pennisetum mildbraedii was not
found, but one of its habitats (wetland in
Echuya Central Forest Reserve) was in good
condition. It is therefore likely to still be there.
Our addition to some of the studied species’
Extent of Occurrence and Area of Occupancy,
e.g. Pennisetum mezianum, P. hohenackeri
and P. ramosum, indicates that further surveys
are likely to increase the geographical range
of distribution of the species in Uganda. The
most rare and range-restricted species are P.
trisetum, P. riparium, P. mildbraedii, Eleusine
kigeziensis and E. jaegeri in that order. Future
surveys should thus prioritize these species.
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