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ABSTRACT

The amphibians of the highlands and escarpments of Angola and Namibia are a diverse group containing fifteen highland
endemic or associated species. Both species richness and endemism are highest in the central and northern highlands of Angola,
corresponding with higher rainfall. The Angolan highlands contain seven highland endemics, while the arid Namibian
highlands contain only one. Few baseline data are available for much of the highlands, leading to an inadequate understanding
of species occurrence patterns, population trends and conservation status. Recent surveys and phylogenetic revisions have led
to the discovery of several previously undescribed species, and new species descriptions are still in progress. Both the species
richness and endemism reported here are probably underestimates.

Keywords: amphibians, Angola, distribution patterns, diversity, endemism, escarpments, highlands, Namibia

INTRODUCTION number of African amphibians (~788 species), while
caecilians (~23 species) are restricted to wet
Amphibians are the most ancient tetrapod group and equatorial and tropical Africa, and salamanders
are comprised of three extant orders: the legless (~4 species) to northern Africa (Channing & Rdodel
Gymnophiona (caecilians), the tailless Anura (frogs) 2019). Frogs live in a wide range of habitats in Africa
and the tailed Urodela (salamanders and newts). Over including, notably, the sand dunes of the southern
8,400 extant species are described (Frost 2022) and Namib Desert. Most species’ distributions are limited
many remain unknown. Over the last decade, an by their requirement for specific aquatic habitats for
average of 150 new species were described per year breeding.
globally and, contrary to most other tetrapod groups,
the rate of new descriptions appears to be increasing African amphibian species richness is positively
(Streicher et al. 2020, Womack et al. 2022). correlated with rainfall, similar to the global pattern
Amphibians are also the most threatened tetrapod (Pyron & Wiens 2013, Ochoa-Ochoa et al. 2019).
group, with 36% of assessed species being Equatorial Africa has the highest amphibian richness
threatened, compared to 23% of mammals, 19% of (e.g., Tanzania ~215 species, Cameroon ~225), while
reptiles and 13% of birds (IUCN 2021). drier southwestern Africa (Namibia and Angola) has
Approximately 2.5% of modern species are already only recorded 144 species (Channing & Rédel 2019).

extinct or presumed extinct (IUCN 2021).
Highlands and the associated habitat and climate

Amphibians persist on every continent except heterogeneity can increase localised amphibian
Antarctica (although they historically occurred there; species richness (Poynton 2000, Behangana et al.
see Mors et al. 2020) and the high Arctic. More than 2009), and may cause small-range endemism or
815 amphibian species are reported from continental habitat specialisation (Poynton et al. 2007). A large
Africa (Channing & Rddel 2019), a number that is number of small-range habitat specialists are
expected to grow in the coming years due to new associated with African highlands. Notable highland
species discoveries. Frogs comprise the largest habitats include highland forests, often with montane
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streams or seepages (Rose 1962, Boycott & de
Villiers 1986, Largen 1991, Menegon & Salvidio
2005, Malonza et al. 2010, Loader et al. 2011,
Sandberger-Loua ef al. 2016, Channing et al. 2017,
Conradie et al. 2018, Becker ef al. 2022), and high-
altitude grassland or semi-open habitats (e.g.,
Armstrong 2001, Becker & Hopkins 2017, Ceriaco et
al. 2018).

Within southwestern Africa (Namibia and Angola),
the highest species richness (~47 species) is found
in wetter arcas of northern and eastern Angola
(Marques et al. 2018, Channing & Rddel 2019, Ernst
et al. 2020; Figure 1), which have more permanent
aquatic habitats and forests. Richness decreases

5, Namibia

i”'___%g- |
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Figure 1: Amphibian species richness throughout Namibia
and Angola based on IUCN distributions, showing an
overall positive relationship with annual rainfall. Average
annual rainfall (mm) is indicated by labelled isohyets; the
outline of the highlands and escarpments of Angola and
Namibia (HEAN) is indicated in cyan; species richness is
indicated by coloured shading (key on map). Species
richness in northwestern Angola is expected to be the
highest in the region, similar to that of the Cabinda
Province enclave in the far northwest. However, it is
underrepresented in this map due to incompletely mapped
species distributions and thus vastly underestimated here.
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southwestwards, with arid southwestern Namibia
hosting only three to five species, and most of the
Namib Sand Sea (Namibia) being void of
amphibians. Approximately 132 amphibian species
are recorded for Angola, of which a staggering 24
(around a sixth or 18%) are regarded as country
endemics (Marques ef al. 2018, Baptista ef al. 2019,
2021, 2023, Ernst et al. 2020, Nielsen et al. 2020,
Ceriaco et al. 2021), several of which are associated
with highlands. However, many of these species are
only known from single localities and need
taxonomic revision to validate their status (Baptista
et al 2019). Namibia may contain up to
64 amphibian species (Griffin 2003, Herrmann &
Branch 2013, Channing & Becker 2019, Becker
2022, Rodel et al. 2023), with the highest number
(~40 species) in the mesic Zambezi Region in the
northeast (Figure 1). Four species are strict country
endemics and two more are regarded as near-
endemics (Becker 2022, Rodel et al. 2023).

The highlands and escarpments of Angola and
Namibia (HEAN), described by Mendelsohn and
Huntley (2023), contribute significantly towards
amphibian endemism in southwestern Africa, with
~45% (15 of 33) of the region’s endemics being
associated with these highlands. The HEAN includes
the western escarpment regions which are broken into
a series of inselbergs, while more substantial
mountain ranges and plateaus occur farther inland
(see Lautenschliager et al. 2023). The Southern
Escarpment (Namibia and Angola) and the Karstveld
(Namibia) have been highlighted as a centre of
endemism for herpetofauna (Laurent 1964,
Herrmann & Branch 2013, Baptista et al. 2018,
Branch et al. 2019). However, these findings were
primarily based on reptile data, while patterns of
amphibian endemism in the HEAN are not as well
understood. Hence, only preliminary patterns can be
reported.

HIGHLAND ENDEMIC TAXA

Highland endemic taxa are briefly discussed below.
Most of the distributions are poorly understood and
very few localities have been recorded. Therefore,
potential or projected distributions are displayed
alongside the published records. These are projected
occurrences based on the current knowledge of
expected habitat requirements and proximity to
known records, not on statistically modelled species
distributions.

Leptopelis (Arthroleptidae)

Tree frogs are robust climbing frogs usually
associated with forest or woodland, while some are
grassland specialists. They lay eggs in a terrestrial
nest and the tadpoles wriggle to water when they
hatch (Du Preez & Carruthers 2017, Channing &
Rodel 2019). They occur primarily in lowlands, with
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Table 1: Amphibian species endemic to or associated with the highlands and escarpments of Angola and Namibia (HEAN).
Highland status indicates their status in HEAN; IUCN status indicates the most recent IUCN status.

Family and species Common name Highland IUCN status
status

Arthroleptidae

Leptopelis anchietae Bocage, 1873 Anchieta’s tree frog Endemic Least Concern

Leptopelis jordani Parker, 1936 Congulo forest tree frog Endemic Data Deficient

Leptopelis marginatus Bocage, 1895a Quissanje forest tree frog Endemic Data Deficient

Bufonidae

Poyntonophrynus fernandae Baptista et al., 2023 Fernanda’s pygmy toad Endemic Not Evaluated

Poyntonophrynus hoeschi (Ahl, 1934) Hoesch’s pygmy toad Endemic Least Concern

Poyntonophrynus nambensis Baptista et al., 2023 Namba pygmy toad Endemic Not Evaluated

Poyntonophrynus pachnodes Ceriaco et al., 2018 Serra da Neve pygmy toad Endemic Not Evaluated

Poyntonophrynus dombensis (Bocage, 1895b) Dombe pygmy toad Associated | Least Concern

Poyntonophrynus grandisonae (Poynton & Haacke, 1993) | Grandison’s pygmy toad Associated | Data Deficient

Poyntonophrynus jordani (Parker, 1936) Jordan’s pygmy toad Associated | Not Evaluated

Hyperoliidae

Hyperolius chelaensis Conradie et al., 2012 Chela Mountain reed frog Endemic Data Deficient

Hyperolius cinereus Monard, 1937 ashy reed frog Endemic Least Concern

Ranidae

Amnirana parkeriana (Mertens, 1938) | Congulo white-lipped frog | Endemic | Data Deficient

Ptychadenidae

Hildebrandtia ornatissima (Bocage, 1879) | Angola ornate frog | Associated | Data Deficient

Microhylidae

Phrynomantis annectens Werner, 1910

| marbled rubber frog

| Associated | Least Concern

at least 12 species in Angola (Baptista et al. 2019,
Ermnst et al. 2020) and only one in Namibia. Three
Angolan species are national endemics and are also
considered here as highland endemics (Table 1;
Figure 2). The taxonomic status of many of the
Angolan species is challenging and still under
investigation (Baptista ef al. 2017, Jaynes et al. 2021,
Vaz Pinto et al. unpubl. data). Several cryptic species
may therefore exist along the escarpment, while some
previously recognised taxa may not be valid.

Leptopelis anchietae (Anchieta’s tree frog; Figure
6a) is a highland endemic. A few historical records
fall outside highland regions (Marques et al. 2018)
but may contain misidentifications. Recent collecting
efforts suggest that the species is strongly associated
with high-elevation (more than 1,900 metres above
sea level [masl]) grasslands and savannas in the
central and southern Angolan highlands (Baptista et
al. 2017, 2018, Vaz Pinto et al. unpubl. data). The
species was assessed as Least Concern (IUCN SSC
Amphibian Specialist Group 2013a).

Leptopelis jordani (Congulo Forest tree frog; Figure
6b) is described from moist coffee plantations at
Congulo, at mid-elevations along Angola’s Central
Escarpment (Mendelsohn & Huntley 2023). The
species was recently rediscovered (Baptista ef al.
2017), but the relationships with other Leptopelis
populations present along the escarpment are still
unresolved (Vaz Pinto et al. unpubl. data). This
species has been assessed as Data Deficient I[UCN &
SA-FRoG 2020b).
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Leptopelis marginatus (Quissanje Forest tree frog)
may be a highland endemic, but its taxonomic status
remains challenging and it is often not recognised as
a valid species (Channing 2001, Channing & Rodel
2019). It was described in the 19" century from
Quissanje in mid-elevation along the Angolan
Central Escarpment, but the holotype was lost in the
fire that destroyed the zoological collections of
Museu Bocage in 1978 (Frost 2022). Topotypical
material was recently collected (Vaz Pinto et al.
unpubl. data) and may assist to clarify its taxonomic
status. This species was assessed as Data Deficient
(IUCN & SA-FRoG 2017b).

Hyperolius (Hyperoliidae)

Reed frogs are small, usually colourful species
typically associated with large waterbodies, where
males produce loud calls from elevated positions on
vegetation. Lowland habitats contain most species,
while a few are associated with highlands elsewhere
in Africa (Channing & Rdodel 2019). Four species
occur in northeastern Namibia. In Angola, reed frogs
are much more diverse and widely distributed, with
29 species listed, nine of which are endemic (Baptista
et al. 2019). However, several of these species are
only known from the original descriptions and some
of the type specimens have been lost. Rediscovery of
these ‘lost’ species can help infer if they represent
valid taxa. Taxonomic treatment in this genus is
complex. For instance, various colour forms may
occur within a species, or may be used to differentiate
species (Portik et al. 2019, Channing 2022). The
genus Alexteroon is now considered a subgenus of
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Figure 2: Occurrence records (symbols) and possible highlands occupied (cyan area) by three highland endemic Leptopelis
species in Angola: L. anchietae: cyan and diamonds, L. jordani: dark blue and triangle; L. marginatus: green and circle.

Figure 3: Occurrence records (symbols) and possible highlands occupied (cyan area) by highland endemic amphibian species
in Angola: Hyperolius cinereus: cyan and diamonds; H. chelaensis: dark blue and circle; Amnirana parkerina: green and
squares.
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Hyperolius (Ernst et al. 2021) but future revisions
may result in new generic arrangements. Only two
currently recognised Hyperolius species, both
Angolan endemics, are considered to be highland
endemics (Figure 3).

Hyperolius chelaensis (Chela Mountain reed frog;
Figure 6¢) is only known from one mountain torrent
in arelict Afromontane forest gorge of Serra da Chela
on the Humpata Plateau, above 2,000 masl. This
habitat is unusual for the genus, and this species is
expected to have a highly restricted and fragmented
distribution. Males call from water level and tadpoles
occur in large rocky pools (Conradie et al. 2012).
Although assessed as Data Deficient (IUCN SSC
Amphibian Specialist Group 2017), its restricted
distribution and habitat requirements suggest that it is
at high risk of extinction. Two recent surveys in the
vicinity of the type locality failed to locate the
species. Further surveys and population monitoring
are critical conservation priorities.

Hyperolius cinereus (ashy reed frog; Figure 6d) is
closely related to H. chelaensis, but it is much more
widely distributed across higher elevations of the
Angolan Planalto (Conradie et al. 2013). It seems to
be tolerant to some habitat disturbance, and it is
assessed as Least Concern (IUCN SSC Amphibian
Specialist Group & SA-FRoG 2017a).

Amnirana (Ranidae)

White-lipped frogs are represented by five species in
Angola, and one in Namibia (Jongsma et al. 2018,
Baptista et al. 2019, Channing & Rddel 2019). They
generally breed in large waterbodies or forest
streams, are mainly terrestrial and produce powerful
skin toxins. They are usually associated with lowland
habitats, although one Angolan endemic (Figure 3) is
also a highland endemic (Channing & Rodel 2019).

Amnirana parkeriana (Congulo white-lipped frog) is
only known from the type series collected in the
Cuanza-Sul Province (Mertens 1938) and is
apparently restricted to swampy forest at mid-
elevations (1,000-1,250 masl) in the Central
Escarpment (Parker 1940). It has been assessed as
Data Deficient (IUCN SSC Amphibian Specialist
Group & SA-FRoG 2020a). Surveys to establish
areas of occurrence and basic population monitoring
are priorities for this species.

Poyntonophrynus (Bufonidae)

Southwestern Africa is the hotspot for pygmy toads
(Ceriaco et al. 2018, Baptista et al. 2023), with more
than half (eleven) of all recognised species occurring
in the region, including three species which are
endemic or near-endemic to Namibia, four Angolan
endemics, and one species endemic to the region
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(Channing & Rddel 2019, Baptista et al. 2023). They
are generally associated with arid climates, and lay
strings of eggs in temporary pools, normally breeding
after heavy rains. Four highland endemic species are
thus far recorded (Figures 4 and 6). This group has
many similar-looking species and taxonomic
confusions have been common (Poynton & Broadley
1988, Baptista et al. 2023). Morphological features
appear to be less reliable than genetic and call data
for identifying species in this genus (e.g., Rodel et al.
2023, Baptista et al. 2023). Further phylogenetic
studies may uncover additional cryptic species in
both countries and change the current species
distributions.

Poyntonophrynus pachnodes (Serra da Neve pygmy
toad; Figure 6¢) appears to be restricted to Serra da
Neve (Figure 4), an isolated inselberg in northern
Namibe Province, Angola. It is associated with
miombo woodland at elevations above 1,400 masl,
but little is known of its natural history (Ceriaco et al.
2018). Although the species was thought to be closely
related to P. fenoulheti (fide Ceriaco et al. 2018),
phylogenetic results revealed a closer relation to the
western, more arid-adapted P. dombensis and
P. damaranus (Baptista et al. 2023). It has not yet
been assessed by the [UCN. There are no identifiable
threats documented in this remote location, but
population monitoring for this species is a priority
considering its limited distribution.

Poyntonophrynus fernandae (Fernanda pygmy toad,
Figures 6g and 6h) contains two divergent lineages:
P. fernandae sensu stricto in the north and P. cf.
fernandae in the south. Poyntonophrynus fernandae
s.s. occurs in Angola’s Central Escarpment at
elevations of 520—1,303 masl (Figure 4). It appears to
be strongly associated with large granite boulders in
moist escarpment forest and secondary miombo
habitats. It may be more widely distributed along the
western escarpment and large rock outcrops in central
Cuanza-Sul Province. Portions of its habitat are
threatened by deforestation, agriculture and
encroachment of invasive species (e.g., Inga vera).
Poyntonophrynus cf. fernandae has only been
recorded from Serra da Namba (1,730 m), in
syntopy with P. nambensis (Figure 4). Clear sexual
dichromatism, unusual for the genus, is present in
P. fernandae (sensu lato). Breeding males are yellow
(less so in P. cf. fernandae, see Figures 6g and 6h),
while females tend to be duller. However, some
females of P. fernandae s.s. also display shades of
bright green, red, orange and small patches of yellow
(Figure 6g). It was suggested that P. fernandae sensu
lato should be listed as Data Deficient (DD) (Baptista
et al. 2023), but it has not yet been formally assessed.

Poyntonophrynus nambensis (Namba pygmy toad,
Figure 6i) is only known from the region of Serra da
Namba (also known as Mt Namba) in the Angolan
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highlands, at 1,730-1,840 masl (Figure 4). Despite
targeted surveys, it has not been found in the
escarpment zone or elsewhere in the highlands,
suggesting that it may be endemic to Mt Namba. The
species appears to be locally common and its
rupicolous habitat is probably not threatened. It has not
been formally assessed, but a listing of Data Deficient
(DD) has been suggested (Baptista et al. 2023).

Poyntonophrynus hoeschi (Hoesch’s pygmy toad,;
Figure 6f) occurs in Namibia’s Central-Western Plains
and adjacent inselbergs (Figure 5). Foraging adults
are normally found in the mountains or inselbergs
themselves, while breeding sites tend to be in adjacent,
lower-lying streams or rivers. It was assessed as Least
Concern (IUCN SSC Amphibian Specialist Group
2013b), although its occupied range is more restricted
than previously assumed (see Rodel et al. 2023). A
phylogenetic comparison across the species’ range is
a priority for conservation and research.

Poyntonophrynus damaranus (Damaraland pygmy
toad) is currently thought to be a highland endemic
that occurs on the Waterberg and the northern
Namibian escarpment (see, e.g., Ceriaco et al. 2018).
However, preliminary  evidence, including
phylogenetic sequences and call data (Becker et al.
unpubl. data), suggests that taxonomic confusion
with other morphologically similar species has led to
a misinterpretation of its habitat and range. It is most
likely a widespread species associated with the
Kalahari lowlands.

HIGHLAND-ASSOCIATED SPECIES

Several other species are associated with highlands,
although a large portion of their habitat extends into
the lowlands as well. Notable species include the
Angola ornate frog, Hildebrandtia ornatissima, an
Angolan endemic. Most of the historical records of
this poorly known frog were collected in the Angolan

Figure 4: Occurrence records (symbols) and possible highlands occupied (shaded area) by highland endemic
Poyntonophrynus species in Angola. Poyntonophrynus fernandae s.s.. cyan and diamonds; cyan star = P. c¢f. fernandae;,
P. nambensis: dark blue and circle (note syntopic occurrence with P. ¢f. fernandae); P. pachnodes: red and triangle.
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Figure 5: Occurrence records (diamonds) and possible highlands occupied (cyan-shaded area) by the highland endemic
amphibian Poyntonophrynus hoeschi in Namibia.

Planalto, but it was also recently recorded from
miombo savannas at lower elevation (Vaz Pinto
unpubl. data).

Phrynomantis annectens (marbled rubber frog) is
commonly found on arid mountain tops throughout
Namibia and southwestern Angola. It appears to be
associated with arid rocky habitats rather than with
the highlands themselves, occurring more frequently
in the lowlands (GBIF 2021). Different populations
show considerable variation in colour pattern, which
is taxonomically relevant for the genus (Ceriaco et al.
2021). Thus, a phylogenetic revision of this species
may yet identify highland-associated cryptic taxa.

Poyntonophrynus dombensis (Dombe pygmy toad) is
similarly associated with arid rocky habitat, and
occurs both on and around the arid highlands of
southwestern Angola and northwestern Namibia
(Ceriaco et al. 2018, GBIF 2021).

Poyntonophrynus grandisonae (Grandison’s pygmy
toad) occurs almost entirely within the HEAN in
southwestern Angola, but has primarily been
collected from low (40 m) to mid (700-800 m)
elevations, and is therefore not considered a true
highland endemic species.
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Poyntonophrynus jordani (Jordan’s pygmy toad) is
apparently associated with high- and mid-elevation
sedimentary rock formations in arid southern Namibia
(Rodel et al. 2023). Little is known about this species,
although the call has been recorded and breeding
occurs in temporary rocky pools (Rddel et al. 2023).

DISCUSSION

Amphibian highland endemism within the HEAN is
most pronounced in Angola’s Central Escarpment
and Marginal Mountain Chain. Most of the highland
endemics occur in Angola where amphibian diversity
is also high, while Namibia contains only one
highland endemic and three highland-associated
species. (See Figures 2—4.) The Angolan Planalto
hosts two widespread highland endemics (Figures 2
and 3) and additional highland-associated species.
The Southern Escarpment in Angola and
northwestern Namibia hosts at least two highland-
associated species, but only one highland endemic in
southwestern Angola (Figures 3 and 5). The Khomas
Hochland in Namibia hosts one highland endemic
(Figure 5), and the Nama Karoo Basin hosts
one highland-associated species. Most highland
endemics are limited to a particular mountain range
or inselberg, while some are more widespread, but
none occurs throughout the HEAN. This is probably
because there is a considerable north—south rainfall
gradient that requires very different adaptations.
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Figure 6: Highland endemic amphibians from Angola and Namibia. A) Leptopelis anchietae. Photo: NL Baptista.
B) L. jordani. Photo: P Vaz Pinto. C) Hyperolius chelaensis. Photo: W Conradie. D) H. cinereus. Photo: B Branch.
E) Poyntonophrynus pachnodes. Photo: J Lobén-Rovira. F) P. hoeschi. Photo: F Becker. G) P. fernandae s.s. (female and
male). Photos: P Vaz Pinto. H) P. c¢f. fernandae (male). Photo: B Branch. 1) P. nambensis. Photo. B Branch.
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Amphibian endemism in the HEAN is lower than
might be expected, compared to other taxa such as
birds in Angola (Mills 2010, Mills ez a/l. 2011, Mills
et al. 2013, Dean et al. 2019) and reptiles, plants and
scorpions in Namibia (e.g., Bauer et al. 2006,
Prendini 2005, Craven & Vorster 2006, Bauer 2010).
This is likely to be due to the understudied status of
amphibians, resulting in a severe dearth of
knowledge spanning from basic levels, such as
species inventories or surveys (Clark et al. 2011,
Baptista et al. 2018), to more complex levels such as
clarifying taxonomy, distribution patterns and
phylogenetic relations (Herrmann & Branch 2013).
Not only is the level of highland endemism of
amphibians likely to be underestimated, but
conservation and scientific assessments based on
current data are inaccurate. Of the 15 notable
highland species mentioned in this paper, most lack a
thorough phylogenetic investigation, the processes
driving their speciation are unclear, and their biology,
conservation status and threats are poorly
understood. Further surveys and studies may reveal
some highland endemics to be more widespread,
while others are likely to uncover additional cryptic
highland taxa (e.g., Ernst et al. 2014). Two new
highland endemic species were described in the last
year (Baptista et al. 2023), and additional species
discoveries are likely to be made (Baptista et al.
unpubl. data, Harvey unpubl. data). Preliminary
phylogenetic studies on amphibians of northwestern
Angolan forest fragments also revealed the
evolutionary potential of the area, with phylogenetic
lineages in several groups being distinct and showing
signs of recent speciation, or speciation in progress
(see Lautenschliger et al. 2023).

Amphibian endemism patterns in the region may be
similar to those in better-studied groups, which could
indicate priority areas for baseline research to
mitigate the knowledge gaps. For instance, western
Angola is a hotspot for bird endemism (Dean e? al.
2019, BirdLife International 2022), and even though
several amphibian endemics are already known from
here, it remains a priority for further surveys. The
Northern Escarpment is particularly poorly surveyed,
and also displays a lower overall amphibian richness
than can be expected based on rainfall (Figure 1).
Specific highlands to be prioritised include the
mountains of Serra do Méco, Soque, Serra do Mepo,
Ebanga and Mt Namba, and the northern and central
escarpment ridges. In Namibia, notable hotpots for
plant richness and endemism include the Kaokoveld
or Southern Escarpment and Karstveld, the Khomas
Hochland, Brandberg, Otavi Mountains and Naukluft
Mountains (Maggs et al. 1998, van Wyk & Smith
2001, Craven & Vorster 2006), whereas the entire
western escarpment has been predicted to be a centre
of endemism for most vertebrates and plants
(Simmons et al. 1998). The more northern highlands
have higher rainfall and therefore greater potential for
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unknown amphibian endemism. However, the
Khomas Hochland has been comparatively well
surveyed and the Otavi Mountains do not offer a
major elevational gradient. One small-range endemic
is known from the South African portion of the
Huns—Orange Mountains, and the wider area here is
also poorly surveyed.

Beyond more intensive surveys, there are several
research priorities for the HEAN (for a more detailed
discussion, see Clark ef al. 2011). The first major
priority is phylogenetic and biogeographic studies,
including a broad geographic scope from across
species’ known areas of occurrence. Such data will
also serve as the basis for identifying areas of
major conservation priority. For species with
small distributions, population monitoring studies
are a priority. Amphibian populations at high
elevations appear to be especially vulnerable to
chytridiomycosis, a fungal disease, and to “enigmatic
declines” (Stuart et al. 2004). Currently, no baseline
population data exist for these species to assess such
threats, similar to the pattern elsewhere in Africa
(Rodel et al. 2021). We recommend repeated surveys
of known high-elevation populations to understand
basic demographic trends over time, and surveys of
multiple sites to understand changes in occupied
range. Finally, the drivers of speciation within these
highlands are still unclear. The known distribution
patterns indicate that shifting climatic gradients and
vicariance probably play a major role.

Few official conservation measures are being
implemented to protect amphibian populations in the
HEAN. In Angola, the evergreen mist forests in
Cabinda are now contained within the Mayombe
National Park, which was proclaimed in 2011, but
most of the important highland areas still fall outside
protected areas. Sections of the Afromontane and
escarpment forests have frequently been proposed to
be officially protected since before independence
(Huntley 1974, 2010, 2017, Huntley & Matos 1994,
Mills et al. 2013), but only recently has the Angolan
Government taken concrete steps towards the
protection of some key highland forest areas
(Ministério do Ambiente 2018). In addition, studies
commissioned by the Angolan Government have
been conducted at Serra do Moco, Cumbira and Serra
do Pingano (see Lautenschliger et al. 2023), and
formal proposals to demarcate these three areas as
reserves are currently pending final approval. Critical
highlands which remain unprotected include the
Humpata Plateau, Serra da Neve and Mt Namba. In
Namibia, much of the highlands fall outside the
protected area network on privately owned land
(Atlas of Namibia Team 2022). Private lands contain
largely intact wilderness, but offer less certainty of
long-term protection (Barnard et al. 1998). While
Namibian legislation does protect species from
exploitation and habitat destruction, the lack of
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baseline data on amphibian populations hinders the
effective implementation thereof.

Despite the clear potential for high levels of
amphibian endemism and diversity in the HEAN,
these areas are severely understudied, similar to other
tropical Aftrican highlands (see Liedtke et al. 2022).
Based on the observed patterns, the Angolan Central
Escarpment and Marginal Mountain Chain are the
main hotspots for endemism and diversity in this
region.
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