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ABSTRACT

Termites are widely distributed, and the highest number of genera are documented for the Afrotropical region. Nevertheless,
data or species lists for southern Africa were mainly compiled by a few scientists during several field surveys between the
1950s and 1970s. However, knowledge about the diversity and endemism of termites in highland areas was not collated during
these surveys and has not been assembled to date. Since then, different scientists used these datasets to measure the species
richness or the endemic species richness for single countries, e.g., South Africa. Termite species lists for Angola are scarce
and were compiled for only a few regions, where 10 of 93 species were found to be endemic. Our current knowledge about
the termite species diversity in Namibia is substantially better, with 8 of 54 species from four families being endemic. However,
recent molecular studies on single termite species show high genetic diversity. More research on the currently available
material in collections as well as molecular studies on species from southern Africa is needed.

Keywords: Angola, diversity, endemism, highlands, Namibia, termites

INTRODUCTION

Termites are eusocial insects systematically
classified as roaches based on morphology, anatomy
(Handlirsch 1903, 1904, Desneux 1904, Lameere
1909) and molecular studies (Lo et al. 2000, Inward
et al. 2007b, Krishna et al. 2013). Within the roaches,
termites belong to the epifamily Termitoidae;
preferably, the term Isoptera is used as an unranked
clade name (Krishna et al. 2013, Janion-Scheepers et
al. 2016). The monogeneric family Cryptocercidae
(genus Cryptocercus) is the sister group to the
Isoptera (Eggleton 2001, Krishna et al. 2013).
Approximately 3,000 extant termite species have
been described worldwide in about 280 genera
(Eggleton 2000, Kambhampati & Eggleton 2000,
Uys 2002). Eggleton (2000) analysed the global
termite diversity pattern and could show the highest
value of genera in the Afrotropical region due to the
high habitat diversity. Five termite families are
represented by 54 genera in southern Africa,
excluding Angola (Uys 2002). These values indicate
that this region is rich in genera because the
Termitidae originated in Africa (Bourguignon et al.
2016). The highest generic diversity of termites
occurs in the Congolian rainforest (Jones & Eggleton
2010, Janion-Scheepers et al. 2016, Lind et al. 2022).

Termites alter their environment and soil properties
by collecting litter, through their feeding behaviour
as decomposers and due to their nest construction
(Jones et al. 1994, Dangerfield et al. 1998, Sileshi
et al. 2010, Juergens 2013, Jirgens et al. 2021).
Additionally, they greatly impact nutrient cycling and
plant species diversity (Donovan et al. 2001, Adams
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& Otarola-Castillo 2013, Erpenbach 2015, Jouquet et
al. 2016, Wildermuth et al. 2021). Therefore, they are
known as ecosystem engineers. Examples from
southern Africa are Macrotermes michaelseni
(Dangerfield et al. 1998, Wildermuth et al. 2021,
2022), Psammotermes allocerus (Juergens 2013) and
Microhodotermes viator (McAuliffe et al. 2019).

TERMITE SPECIES DIVERSITY IN
SOUTHERN AFRICA

The knowledge about termite families, genera and
species in southern Africa, excluding Angola, was
mainly gained between the 1950s and the 1970s (e.g.,
by Sands 1957, Coaton 1958, Williams 1966, Ruelle
1970, Coaton & Sheasby 1972, 1973). These
publications were based on more than 35,000
samples from Namibia, South Africa, Zimbabwe and
Eswatini (formerly Swaziland) (Uys 2002, Janion-
Scheepers et al. 2016). The most detailed and
comprehensive distribution maps, information about
nest structures and biological observations were
mainly collected and published by Coaton and
Sheasby in national surveys of the Isoptera of
southern Africa from 1973 to 1980 and published in
the journal Cimbebasia (e.g., Coaton 1958, Coaton &
Sheasby 1973, 1974, 1975, 1980). Mitchell (1980)
published a survey of the termite diversity occurring
in Zimbabwe. Uys (2002) compiled the documentation
of 54 genera occurring in South Africa, Zimbabwe,
Mozambique, Botswana, Eswatini, Lesotho and
Namibia in her guide to termite genera. She identified
165 species in the 54 genera, of which 25% of the
species could be endemic. The family Termitidae
comprises the highest number of genera (Uys 2002).
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These surveys did not collect data such as distribution
maps or species diversity lists concerning termite
endemics in highlands and escarpments of Angola
and Namibia (the HEAN zone, Mendelsohn &
Huntley 2023).

Research topics on termite phylogenies, reproductive
biology, mound architecture, gut microbial communities
and others were compiled by several scientists in
different volumes (Krishna & Weesner 1969, 1970,
Abe et al. 2000, Bignell et al. 2011). Krishna et al.
(2013) arranged all termite species and their general
distribution range in seven volumes, the ‘Treatise on
the Isoptera of the World’. A detailed termite
literature list was published in subchapter 3.2.1
‘Isoptera’ by Janion-Scheepers et al. (2016).

Several scientists used the datasets from Coaton &
Sheasby in the past. Zeidler (1997) investigated the
distribution patterns of generic termite species richness
from Namibia by implementing a Geographic
Information System and could show that some
species occur in specific annual precipitation ranges,
e.g., Psammotermes allocerus occurs from 30 mm to
100 mm. The same dataset was recently used by Lind
et al. (2022) to identify feeding groups of termites
that consume wood, grass, detritus and soil organic
material (Eggleton & Tayasu 2001) in relation to
rainfall gradients in southern Africa.

From 2000 onwards, termite species richness was
investigated in smaller study areas, e.g., by Zeidler et
al. (2002). They investigated the diversity on five
farms in southern Kunene Region of Namibia and
could show a difference in diversity depending on the
land-use intensity. Termites were also documented
within the Biodiversity Monitoring Transect
Analysis (BIOTA) in Africa project (Grohmann ef al.
2010, Jirgens et al. 2010) on 45 sites from Namibia
to South Africa. Schyra et al. (2018) investigated
termite community structures from six sampling sites
using phylogenetic analyses and revealed that species
composition changes along a climate gradient. Other
studies focused on single termite species regarding
their spatial pattern (Grohmann et al. 2010,
Wildermuth et al. 2021, 2022), nest structure
(Tschinkel 2010), ecological relationships and fairy
circles (Juergens 2013), physiology (Grube &
Rudolph 1995), phylogenetic diversity (Gunter et al.
2022a, 2023, Jiirgens et al. 2023) and morphological
diversity (Gunter et al. 2022b).

The treatise by Krishna ez al. (2013) and a few recently
published data are the main sources for this paper.

TERMITE ENDEMISM IN ANGOLA AND
NAMIBIA

Detailed biogeographical information on termite
species that could be endemic in the HEAN zone is
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scant and can be obtained only by checking the
literature by Krishna and colleagues (Krishna &
Weesner 1969, 1970, Krishna et al. 2013) or the
original maps published by Coaton and Sheasby
(1972, 1973, 1974, 1975, 1980). The published maps
by Coaton and Sheasby show that they are mainly
focused on study sites near the main roads and do not
focus on specific areas, e.g., highlands in Namibia
(Coaton & Sheasby 1972). Therefore, information on
the occurrence of termite species in the HEAN zone,
as defined by Mendelsohn and Huntley (2023), was
not mentioned.

Angola

Silvestri  (1914) described the first termite
observations for Angola near San Paolo de Loanda
(Weidner 1956). Later, Weidner published three
volumes about termite diversity in Angola (Weidner
1956, 1961, 1974). All information about species
lists, morphology and nest descriptions are based on
surveys by A de Barros Machado from the area of
Dundo in northeast Angola. Weidner also compiled
observations from other entomologists (e.g., M Burr)
who stated that the most frequently encountered
insects in the highlands (900-1,200 masl) are
termites. Termites also occur on the highest
mountains, first recorded during the Jessen survey in
1931-1932 (reported in Cosar 1934, Weidner 1956).
Other authors who contributed to the study of these
collections are Harris (1954), Noirot (1955),
Emerson (in Weidner 1956) and de Carvalho (1971).
Jirgens et al. (2021) recently discovered a new
Hodotermitidae termite species in Angola; it is of an
unknown genus, occurs mainly in the coastal region
near the town of Baba and creates the largest known
fairy circles (Jiirgens ef al. 2021).

In total, 93 species from three families -
Hodotermitidae, Termitidae and Rhinotermitidae —
are recorded and documented for Angola (Weidner
1956, 1961, 1974, Krishna et al. 2013, Jiirgens ef al.
2021). The family Termitidae presents the largest group
and comprises 87 species from seven subfamilies.
Only ten of 93 species are endemic to Angola (see
Table 1). No other occurrences of these ten species
are yet documented from other localities or countries.
The endemics belong to the Hodotermitidae and three
subfamilies of Termitidae. Molecular data have only
been published for the Hodotermitidae (Jiirgens et al.
2021), but not yet for the other nine species.

Namibia

The Namibian termite species are better documented
and understood than Angola's termite diversity. The
main fieldwork on species diversity in southern Africa
was done by Coaton and Sheasby, as described above.

In Namibia, four termite families (Hodotermitidae,
Kalotermitidae, Rhinotermitidae and Termitidae) are
represented by 13 genera and at least 54 species, but
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only eight species were listed as endemic by Uys
(2002) and Krishna et al. (2013). The eight species
belong to three subfamilies of the Termitidae (see
Table 2). The sand termite species Psammotermes
allocerus occurs in southern Africa. However,
recently published data show a high genetic diversity
based on mitochondrial markers (Gunter et al. 2022a,
2023, Jirgens et al. 2023) and morphological
diversity (Gunter et al. 2022b). The authors conclude
that P. allocerus is a species complex. Some genetic
groups occur only in Namibia (e.g., P. allocerus
'Northern Namib') based on the current dataset and
the studied area. The other listed species occur in the
western parts of Namibia and are not known to be

endemic in the HEAN zone. To date, there are no
molecular data available for these species.

COMPARISON OF TERMITE ENDEMISM

Detailed species lists for southern Africa exist only
for Namibia and South Africa. These lists were
mostly compiled over 25 years, from the 1950s to the
1970s. The species lists for Angola are based on only
a few field studies, mainly around Dundo (Weidner
1956, 1961, 1974). In the following years, scientists
used the datasets compiled by these individuals (e.g.,
Muller et al. 1997, Uys 2002, Lind et al. 2022). More
information on endemics was compiled only for

Table 1: Endemic termite species of Angola.

Family Subfamily Species Locality in Angola Reference
Hodotermitidae Hodotermitidae sp. nov. Baba and Virei Jiirgens et al. (2021)
Termitidae Cubitermitinae Basidentitermes trilobatus | Luimbale Il(gr:)s%na et al. (2013, p.
. . . . . Krishna et al. (2013, p.
Termitidae Cubitermitinae Crenetermes elongatus Type locality: Cameia 1910), Weidner (1974)
Type locality: “Vallée
. . .. . marécageuse de la riviere Krishna ez al. (2013, p.
Termitidae Cubitermitinae Crenetermes mandibulatus Chonga, affl. Lumege, 1910), Weidner (1974)
100 km a I’est de Vila Luso”
Type locality: source of .
Termitidae Apicotermitinae Hop lognqthotermes Cuilo River, 400 km SSE of Krishna e/ 'al. (2013, p.
angolensis 1394), Weidner (1974)
Dundo, near Coemba
. . - . . o . Krishna et al. (2013, p.
Termitidae Cubitermitinae Noditermes angolensis Type locality: Alto Chicapa 1962), Weidner (1974)
. . . . . . Krishna et al. (2013, p.
Termitidae Cubitermitinae Ophiotermes gracilis Alto Chicapa 1966), Weidner (1974)
. . . . . Krishna et al. (2013, p.
Termitidae Termitinae Pericapritermes machadoi | Hoque 2294), Weidner (1974)
. . - . . o .. Krishna et al. (2013, p.
Termitidae Cubitermitinae Thoracotermes grevillensis | Type locality: Muquitixe 1982), Weidner (1974)
. . . . . . Krishna et al. (2013, p.
Termitidae Apicotermitinae | Trichotermes machadoi Type locality: Dundo 1421), Weidner (1974)

Table 2: Endemic termite species of Namibia.

Family Subfamily Species Locality in Namibia Reference

Termitidae Macrotermitinae | Microtermes dubius giﬁ?ﬁ;gjﬁ%ﬁfgg;k Ifgi956h)na et al. (2013, p.
Termitidae Macrotermitinae | Odontotermes fockianus ?ézzﬁ%%ja (29°59°S, If{;il;na et al. (2013, p.
Termitidae Macrotermitinae | Odontotermes okahandjae 1061("215}?’1115?3 (29°59S, Il(zréi‘soh)na et al. 2013, p.
Termitidae Macrotermitinae Zii’;?;;gzi‘; Rehoboth Ifzrés;)na et al. (2013, p.
Termitidae Apicotermitinae | Skatitermes psammophilus g;skl:g ex Gobabis— Ifiilsoh)na et al. (2013, p.
Termitidae Apicotermitinae | Skatitermes watti 2}6rlosolt{frcl)l nﬁ;:ilfl{unduf Il(iilslh)na et al. (2013, p.
Termitidae Cubitermitinae Lepidotermes amydrus g}ijﬁlslél?;u\zﬁ::sl;gzﬁg If;;sil)na et al. (2013, p.
Termitidae Cubitermitinae Unguitermes unidentatus é(;;(;?f:;gﬁndu_ If;ii;h)na et al. (2013, p.
Rhinotermitidac | Psammotermitinac fgﬁ:;;};o{termes species ilgrgig;a, Namibia, South g}(;l;;sr etal. (2022a,
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South Africa (Muller ef al. 1997, Janion-Scheepers et
al. 2016). Muller et al. (1997) used distribution maps
of 25 species published by Coaton and Sheasby and
reported that five of these 25 species are endemic to
South Africa. Janion-Scheepers et al. (2016) analysed
39 genera and 126 species in South Africa, of which
a third are said to be endemic.

The species lists and studies compiled to date indicate
that further research in the field is needed to
investigate the termite species diversity in Namibia
and Angola. Additionally, more species from these
countries should be included in molecular studies.
This should be done especially for Angola, where
only very few termite species have been investigated
in molecular and phylogenetic studies, and further
field surveys are necessary. Very few, if any, detailed
distribution maps are available for the species
mentioned in this study.

MOLECULAR STUDIES

Based on molecular studies, termites were grouped
with roaches (Lo et al. 2000, Inward et al. 2007a,
Legendre et al. 2008, Bourguignon et al. 2015). Only
a few termite samples from southern Africa were
used in molecular studies. Schyra et al. (2018)
collected termites from five farms in central eastern
Namibia and studied the termite community based on
mitochondrial data and environmental factors.
Gunter ef al. (2022a, 2023) collected samples of sand
termites, P. allocerus, at 113 study sites in
Angola, Namibia and South Africa. The DNA
(deoxyribonucleic acid) barcoding results found high
genetic diversity, leading to the conclusion that
Psammotermes is a species complex. Similar results
were shown by others focusing on termite species
from eastern Africa. Gunter ef al. (2022b) could also
show morphological differences within the sand
termite complex that might show the sand termite to
be more than one species. A new termite species for
the Hodotermitidae was investigated in Angola with
DNA barcoding and detailed morphological methods.
These studies with these methods show that a
revision of termite diversity in southern Africa,
especially, is important. Janion-Scheepers et al. (2016)
point to other termite genera, e.g., Odontotermes and
Microtermes, that should be revised.

THREATS AND CONSERVATION

Currently, no termite species from southern Africa is
listed on the IUCN (International Union for
Conservation of Nature) Red List of threatened
species. Based on the taxonomic status of the
endemics, there is insufficient information and
further research is essential.
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CONCLUSION

As Janion-Scheepers et al. (2016) mentioned, future
revisions of termite genera from southern Africa
should first focus on current collections because there
are thousands of unidentified samples. However,
recent new sampling has helped with the molecular
classification and determination of the genetic
diversity of individual genera. A start was made by
Gunter et al. (2022a, 2023). Additionally, modern
measurement methods (geometric morphometrics,
GMM) and digitisation can help to reclassify
previous morphological determinations (Jirgens et
al. 2021, Gunter et al. 2022a, 2022b, 2023, Jirgens
et al. 2023). The literature review shows that Angola
has the largest gap in termite sampling and
knowledge of species diversity. To make additional
statements about endemic occurrences of termites in
southern Africa, further field studies need to be
carried out.
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