ResearchGate

See discussions, stats, and author profiles for this publication at:

Avian diversity and endemism in
Namibia: patterns from the
Southern African Bird Atlas
Project

ARTICLE /1 BIODIVERSITY AND CONSERVATION - MARCH 1998

Impact Factor: 2.07 - DOI: 10.1023/A:1008827628666

CITATIONS DOWNLOADS VIEWS
18 81 50

4 AUTHORS, INCLUDING:

JARO Consultancy

24 PUBLICATIONS 307 CITATIONS

SEE PROFILE

€ University of Cape Town

94 PUBLICATIONS 724 CITATIONS

SEE PROFILE

Available from: Robert Simmons
Retrieved on: 17 July 2015


http://www.researchgate.net/publication/227115789_Avian_diversity_and_endemism_in_Namibia_patterns_from_the_Southern_African_Bird_Atlas_Project?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_2
http://www.researchgate.net/publication/227115789_Avian_diversity_and_endemism_in_Namibia_patterns_from_the_Southern_African_Bird_Atlas_Project?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_3
http://www.researchgate.net/?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_1
http://www.researchgate.net/profile/Alice_Jarvis?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_4
http://www.researchgate.net/profile/Alice_Jarvis?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_5
http://www.researchgate.net/profile/Alice_Jarvis?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_7
http://www.researchgate.net/profile/Robert_Simmons5?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_4
http://www.researchgate.net/profile/Robert_Simmons5?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_5
http://www.researchgate.net/institution/University_of_Cape_Town?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_6
http://www.researchgate.net/profile/Robert_Simmons5?enrichId=rgreq-d8a93b9b-c645-410b-b0a9-cfaeec073f40&enrichSource=Y292ZXJQYWdlOzIyNzExNTc4OTtBUzo5OTI5MTEyNTI1NjE5MkAxNDAwNjg0MjU4MTEy&el=1_x_7

Biodiversity and Conservation 7, 495-511 (1998)

Avian diversity and endemism in Namibia:
patterns from the Southern African Bird
Atlas Project ‘
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Directorate of Environmental Affairs, Ministry of Environment and Tourism, Private Bag 13306, Windhoek,
Namibia

R. E. SIMMONS
Ornithology Section, Ministry of Environment and T ourism, Private Bag 13306, Windhoek, Namibia

Namibia supports a highly diverse avifauna of 644 species, including over 90 species endemic to the
southern African subregion and 13 species endemic to the country. Patterns of species diversity in
relation to protected areas and habitat types were analysed using data from the Southern African
Bird Atlas Project. A modified Shannon index appropriate for atlas data was used to derive an index
of diversity for all species, wetland, terrestrial, threatened, and regional endemic species. Species
richness for Namibian endemics was mapped. Overall species diversity is highest in the northeast of
Namibia where wetland and riparian habitats coincide. Both wetland and terrestrial species show
highest diversity in this area. The greatest diversity of southern African endemics falls within the
Savanna-Karoo systems. Several key areas are identified for red data species, including the Caprivi
Strip, Kunene and Orange Rivers, coastal wetlands and ephemeral river mouths and pans. This
highlights the pressures operating on wetland and riparian habitats in arid environments. Concen-
trations of Namibian endemics are found in the northwestern (Kaoko) escarpment of the country.
Although much of the area of high diversity of wetland, terrestrial and red data species falls within
protected areas, national and regional endemics are poorly represented within national parks.

Keywords: avifauna; diversity; endemism; Namibia; red data species; SABAP.

Introduction

Namibia is sub-Saharan Africa’s most arid and agriculturally marginal nation (Brown,
1992), yet it supports a highly diverse avifauna ranging from arid-adapted species to
globally threatened wetland species. Of the over 900 species found in the southern African
region (i.e. south of the Kunene and Zambezi rivers), a total of 644 have been reported in
Namibia to date (Brown, 1997). The number and diversity of species reflects the array of
habitats present which include a nutrient rich coastline and adjacent desert strip, interior
escarpment, woodland and wetland systems, and associated riparian belts.

High levels of speciation and endemism have occurred in southern Africa in association
with the arid conditions of the Southwest Arid\Zone, which includes all of Namibia except
the Caprivi Strip (Crowe and Crowe, 1982; Clancey, 1986). Seventeen percent of birds
occurring in Namibia are Southwest Arid Zone endemics, and Namibia supports sub-
stantial proportions of the global populations of many of these species. Thirteen of these
species have over 90% of their known population range within the country, and are thus

*To whom correspondence should be addressed.
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classed as Namibian endemics or near-endemics (hereafter referred to as endemics). Three
of these species are confined to the Namib Desert zone within the Namib Biome (Fig. 1):
one to the sandsea and interdune hummock areas (dune lark Certhilauda erythrochlamys:
Boyer, 1988), one to the gravel plains (Gray’s lark Ammomanes grayi: Maclean, 1993), and
one to a narrow coastal strip (Damara tern Sterna balaenarum: Simmons et al., 1998). A
fourth species, Riippell’s korhaan Eupodotis rueppellii, occurs throughout the Namib
biome (Jarvis and Robertson, 1997). The other nine endemic species are found within both
the Savanna and Namib biomes.

At a national level, approximately 14% of bird species are considered threatened and
are designated red data species (C.J. Brown, A.J. Williams and P. Barnard, in prepara-
tion). Levels of threat have been based on an evaluation of habitats and area occupied,
population size, breeding rate, population trends and impacts of human activities.

Although nearly 14% of the land area of Namibia currently falls within state-owned
conservation areas, these areas may not always coincide with those important for priority
species (Jarvis and Robertson, 1997). The availability of Namibian data from the Southern
African Bird Atlas Project (SABAP; Harrison et al., 1997) provides a simple means to

Major Biomes

- Savanna
- Woodland

Minor Biomes

- Okavango

' Etosha Pan

Avi-vegetational Zones

1 Namib Desert

2 Namibian Escarpment

3 Mopane Savanna

4 Arid Savanna

5 Northern Kalahari Woodland
6 Central Kalahari Savanna

7 Southern Kalahari Savanna
8 Nama Karoo

9 Succulent Namib

Figure 1. Biomes and vegetation zones within Namibia designated on the basis of botanical com-
position and presence of characteristic avifauna (after Allan et al., 1997).
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investigate and compare patterns of species richness for selected bird groups. In this paper
we use these data to identify areas most important for overall avian richness and diversity,
for wetland and terrestrial species, and for threatened and endemic species, and we relate
these to the existing network of protected areas.

\

Methods :
Patterns of diversity of Namibian birds were assessed using data from SABAP (Harrison
et al., 1997). These data were collected at the resolution of quarter degree grid square
(QDS; approximately 27 x 27 km) and calender month, using a record card to indicate the
presence of all species observed. Data were collected in Namibia between 1977 and 1995.
Due to the remote nature of many parts of the country almost half (47.6%) of QDS have
five cards or fewer. Therefore, to minimize bias associated with the variability of sampling
effort, records were amalgamated into half degree squares (HDS) for the analyses pre-
sented here. This reduced to less than 7% the percentage of sample squares with five or
fewer cards (Fig. 2). In order to derive an appropriate index of diversity based on both the
occurrence and relative abundance of species, the modified Shannon index (H*) developed
by Harrison and Martinez (1995) was calculated for the amalgamated SABAP data. This
index was designed for use with SABAP data to minimize distortions and to remain stable
with low or variable numbers of samples.

H* = “'Zpi In p;

.

where p; = n;/N
n; = number of cards for the ith species
N = total number of cards for all species

This index was calculated for (a) all species (n = 644), (b) terrestrial species only
(n = 407), (c) wetland species only, i.e. species dependent on wetlands for breeding and/or
feeding (n = 146), (d) red data species (n = 86; Table 1) and (e) southern African en-
demics (n = 103). The classification of southern African endemics was based largely on
Clancey (1986) with some exceptions (Table 2). Species with less than 40% of their
population range within Namibia were excluded. This essentially arbitrary limit was im-
posed to include only those species with a significant proportion of their population within
Namibia, thereby focusing attention on only those species of potential national conser-
vation importance. Additionally, species which occur in other parts of Africa but which
have a discrete population within Namibia (e.g. pygmy falcon Polihierax semitorquatus)
were included as southern African endemics as these populations were considered likely to
be genetically distinct. For (f) Namibian endemic species (n = 13; Table 2), the number of
species recorded per HDS was mapped to provide a simple measure of species richness.

Result

The locations of Namibia’s major national parks are presented in Fig. 3, together with
information on altitude and mean annual rainfall, to assist in the interpretation of figures.

Overall avian diversity

Overall species richness and diversity are highest in the high-rainfall (500-750 mm) regions
in the northeast of Namibia, where wetland habitats and belts of riparian woodland
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17 15 18 21 24

Number of Cards

>50
11-50
-10
-5
Jo
2% _ {_:'_'_3 National Parks and
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29°__

Figure 2. Number of Southern African Bird Atlas Project (SABAP) reporting cards per half degree
square (HDS). Only one HDS (1717A), which falls only partially within Namibia, has no record
cards.

associated with perennial rivers such as the Okavango and Zambezi occur (Fig. 4). Many
QDS in this area have over 300 species recorded by SABAP, with a maximum of 412 in the
Mahango Game Reserve on the Okavango River. Other important areas include the
moderate rainfall (300-500 mm) mopane and arid savanna zones, which support a higher
diversity than either the more arid areas to the west and south or the higher rainfall Kalahari
woodland areas to the east. Avian diversity is also enhanced where there is additional
habitat complexity introduced by wetlands, such as in the Tsumkwe (Bushmanland) and
eastern Etosha areas, or by mountains with cliffs and scree slopes, such as in Waterberg
Plateau Park. Similarly, the escarpment represents a transitional zone between the Savanna
and Namib biomes and supports particularly rich avifaunal diversity where wetlands or
ephemeral rivercourses incise mountainous terrain (e.g. the Kunene River, Hoanib River
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Table 1. Species classified as (a) critically endangered; (b) endangered; and (c) vulnerable in Namibia (after
Brown et al., in preparation)

Avian diversity and endemism in Namibia

(a) Critically endangered (n = 12)? Hadeda ibis Bostrychia hagedash

Jackass penguin

Great crested grebe
Whitebacked night heron
Saddlebilled stork

Egyptian vulture

Cape vulture

Western banded snake eagle
Wattled crane

Crowned crane

African finfoot
Blackcheeked lovebird

Pel’s fishing owl

(b) Endangered (n = 22)®

Spheniscus demersus
Podiceps cristatus
Gorsachius leuconotus
Ephippiorhynchus
senegalensis
Neophron percnopterus
Gyps coprotheres
Circaetus cinerascens
Bugeranus carunculatus
Balearica regulorum
Podica senegalensis
Agapornis nigrigenis
Scotopelia peli

White pelican
Pinkbacked pelican
Cape gannet
Crowned cormorant
Slaty egret

Black stork

Greater flamingo
Lesser flamingo
Whitebacked vulture
Bateleur

Black sparrowhawk
African goshawk
Blue crane

Stanley’s bustard
Damara tern
African skimmer
Greyheaded parrot
Ground hornbill
Olive woodpecker
Rufoustailed palm thrush
Greyheaded bush shrike
Cinderella waxbill

(c) Vulnerable (n = 52)°

Pelecanus onocrotalus
Pelecanus rufescens
Morus capensis
Phalacrocorax coronatus
Egretta vinaceigula
Ciconia nigra
Phoenicopterus ruber
Phoeniconaias minor
Gyps africanus
Terathopius ecaudatus
Accipiter melanoleucas
Accipiter tachiro
Anthropoides paradiseus
Neotis denhanii

Sterna balaenarum
Rynchops flavirostris
Poicephalus suahelicus
Bucorvus leadbeateri
Mesopicos griseocephalus
Cichladusa ruficauda
Malaconotus blanchoti
Estrilda thomensis

Bittern

Marabou stork
Yellowbilled stork
Sacred ibis
Glossy ibis

Botaurus stellaris
Leptoptilos crumeniferus
Mycteria ibis )
Threskiornis aethiopicus
Plegadis falcinellus

Hooded vulture
Lappetfaced vulture
Cuckoo hawk\

Bat hawk .

Tawny eagle

Ayre’s eagle

Martial eagle

African fish eagle
African marsh harrier
Grey kestrel
Rednecked francolin
Crested guineafowl
Blackrumped buttonquail
Blackbellied korhaan
African black oystercatcher
Chestnutbanded plover
Redwinged pratincole
Rock pratincole
Hartlaub’s gull
Caspian tern

Swift tern

Schalow’s lourie
Emerald cuckoo
Copperytailed coucal
Wood owl

Cape eagle owl

Natal nightjar

BShm’s spinetail
Narina trogon

Pygmy kingfisher
Trumpeter hornbill
Crowned hornbill
African broadbill
Arnot’s chat

Natal robin

Greater swamp warbler
Redfaced cisticola
Croaking cisticola
Sousa’s shrike
Yellowbilled oxpecker
Malachite sunbird
Coppery sunbird
Purplebanded sunbird
Lesser doublecollared sunbird
Goldenbacked pytilia
Broadtailed paradise whydah

Necrosyrtes monachus
Torgos tracheliotus
Aviceda cuculoides
Macheiramphus alcinus
Agquila rapax
Hieraaetus ayresii
Polemaetus bellicosus
Haliaeetus vocifer
Circus ranivorus

Falco ardosiaceus
Francolinus afer
Guttera pucherani
Turnix hottenotta
Eupodotis melanogastor
Haematopus moquini
Charadrius pallidus
Glareola pratincola
Glareola nuchalis
Larus hartlaubii
Hydroprogne caspia
Sterna bergii

Tauraco schalowi
Chrysococcyx cupreus
Centropus cupreicaudus
Strix woodfordii

Bubo capensis
Caprimulgus natalensis
Neafrapus boehmi
Apaloderma narina
Ispidina picta
Bycanistes bucinator
Tockus alboterminatus
Smithornis capensis
Thamnolaea arnoti
Cossypha natalensis
Acrocephalus rufescens
Cisticola erythrops
Cisticola natalensis
Lanius souzae
Buphagus africanus
Nectarinia famosa
Nectarinia cuprea
Nectarinia bifasciata
Nectarinia chalybea
Pytilia afra

Vidua obtusa

*Critically endangered: in danger of extinction in Namibia if causal factors limiting populations continue to operate.
® Endangered: likely to become critically endangered if limiting factors still apply.
¢Vulnerable: those with small, localized or declining populations, but which are not yet endangered. (A further 76 species
are classed as ‘lower risk’ and require regular monitoring because of low numbers, restricted distribution, high international
responsibility or specialized requirements and sensitivity).
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west of Etosha). The highland savanna contained within the Khomas Hochland area
around Windhoek also supports high diversity, situated at the interface of the Kalahari
system to the east, Karoo biome to the south, and escarpment zone to the west. Numerous
dams in this area act as artificial wetlands, enhancing diversity indices (Simmons, 1996a).

\

\

Table 2. Species included in analyses of southern African endemics. This list excludes species with < 40% of their
range within Namibia and includes those with disjunct populations in Namibia

Ostrich

Jackass penguin

Cape gannet

Cape cormorant

Bank cormorant
Crowned cormorant
Slaty egret

South African shelduck
Cape shoveller

Maccoa duck

Pale chanting goshawk
Pygmy falcon

Orange River francolin
Redbilled francolin
Hartlaub’s francolin®
Kori bustard

Ludwig’s bustard
Riippell’s korhaan®
Whitequilled korhaan
African black oystercatcher
Chestnutbanded plover
Burchell’s courser
Doublebanded courser
Hartlaub’s gull
Damara tern®
Namaqua sandgrouse
Burchell’s sandgrouse
Doublebanded sandgrouse
Riippell’s parrot®
Rosyfaced lovebird
Bradfield’s swift
Whitebacked mousebird

Southern violet woodhoopoe®

Ashy tit

Carp’s black tit*

Cape penduline tit
Southern pied babbler
Barecheeked babbler®
Redeyed bulbul
Shorttoed rock thrush
Mountain chat
Tractrac chat
Sicklewinged chat
Karoo chat

Southern anteating chat

Struthio camelus
Spheniscus demersus
Morus capensis
Phalacrocorax capensis
Phalacrocorax neglectus
Phalacrocorax coronatus
Egretta vinaceigula
Tadorna cana
Anas smithii
Oxyura maccoa
Melierax canorus
Polihierax semitorquatus
Francolinus levaillantoides
Francolinus adspersus
Francolinus hartlaubi
Ardeotis kori
Neotis ludwigii
Eupodotis rueppellii
Eupodotis afraoides
Haematopus moquini
Charadrius pallidus
Cursorius rufus
Smutsornis africanus
Larus hartlaubii
Sterna balaenarum
Pterocles namaqua
Pterocles burchelli
Pterocles bicinctus
Poicephalus rueppellii
Agapornis roseicollis
Apus bradfieldi
Colius colius
Phoeniculus damarensis
Parus cinerascens
Parus carpi
Anthoscopus minutus
Turdoides bicolor
Turdoides gymnogenys
Pycnonotus nigricans
Monticola brevipes
Oenanthe monticola
Cercomela tractrac
Cercomela sinuata
Cercomela schlegelii
Mpyrmecocichla
formicivora

Karoo robin
Kalahari robin
Herero chat?®
Titbabbler
Layard’s titbabbler
Karoo eremomela
Barred warbler
Cinnamonbreasted warbler
Rockrunner®
Greybacked cisticola
Blackchested prinia
Spotted prinia
Rufouseared warbler
Marico flycatcher
Chat flycatcher
Prirt batis
Grassveld pipit
Longbilled pipit
Crimsonbreasted boubou
Bokmakierie
Whitetailed shrike*
Southern yellowbilled
hornbill
Bradfield’s hornbill
Monteiro’s hornbill?
Acacia pied barbet
Monotonous lark
Clapper lark
Sabota lark
Longbilled lark
Barlow’s lark®
Dune lark®

Spikeheeled lark

Pinkbilled lark

Sclater’s lark

Stark’s lark

Gray’s lark*

Greybacked finchlark

Blackeared finchlark

Greater striped swallow®

South African cliff swallow®

Southern whitecrowned
shrike

Burchell’s starling

Palewinged starling

Erythropygia coryphaeus
Erythropygia paena
Namibornis herero
Parisoma subcaeruleum
Parisoma layardi
Eremomela gregalis
Calamonastes fasciolatus
Euryptila subcinnamomea
Achaetops pycnopygius
Cisticola subruficapilla
Prinia flavicans

Prinia hypoxantha
Malcorus pectoralis
Melaenornis mariquensis
Melaenornis infuscatus
Batis pririt

Anthus cinnamomeus
Anthus similis

Laniarius atrococcineus
Telophorus zeylonus
Lanioturdus torquatus
Tockus leucomelas

Tockus bradfieldi

Tockus monteiri
Tricholaema leucomelas
Cerrthilauda passerina
Certhilauda apiata
Certhilauda sabota
Certhilauda curvirostris
Certhilauda barlowi
Certhilauda
erythrochlamys
Chersomanes albofasciata
Spizocorys conirostris
Spizocorys sclateri
Spizocorys starki
Ammomanes grayi
Eremopterix verticalis
Eremopterix australis
Hirundo cucullata
Hirundo spilodera
Eurocephalus anguitimens

Lamprotornis australis
Onychognathus nabouroup
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Whitebellied sunbird
Dusky sunbird

Cape white-eye
Redbilled buffalo weaver
Sociable weaver

Cape sparrow
Scalyfeathered finch
Chestnut weaver

Nectarinia talatala
Nectarinia fusca
Zosterops pallidus
Bubalornis niger
Philetairus socius
Passer melanurus
Sporopipes squamifrons
Ploceus rubiginosus

Violeteared waxbill
Redheaded finch
Shafttailed whydah
Blackheaded canary
Yellow canary
Whitethroated canary
Cape bunting
Larklike bunting

Uraeginthus granatinus
Amadina erythrocephala

Vidua regia

Serinus alario
Serinus flaviventris
Serinus albogularis
Emberiza capensis
Emberiza impetuani

*Denotes those species endemic to Namibia.

b Breeding endemics.

®Barlow’s lark has over 80%

therefore not included in the analyses presented here.

Sandwich Harbour,

Figure 3. Elevation, mean annual rainfall and major protected areas within Namibia. For further

Orange River

B Okavango River

information on all protected areas see Barnard ef al. (this issue).

of its range within Namibia and is largely restricted to Succulent Karoo in the southern
sector of the Namib biome (Ryan,1996). However, this species was recognized after the completion of SABAP and is

Zambezi
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10 Mudumu National Park
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Figure 4. Distribution of avian diversity in Namibia: rank of half degree squares after calculation of
a modified Shannon Index. Low ranks indicate high diversity.

Terrestrial and wetland species

By examining these two groups separately, it is possible to assess their relative contribu-
tions to overall diversity. Little difference is evident between the general patterns and
ranking of squares for overall (Fig. 4), terrestrial (Fig. 5) or wetland species diversity
(Fig. 6). Both wetland and terrestrial species show highest diversity in the northeast,
emphasising the general importance of this area. The contribution of terrestrial species to
the diversity of the highland savanna is evident. Additionally, the role of the many arti-
ficial and natural water bodies throughout the country, as well as numerous coastal sites,
in supporting a diverse wetland avifauna is apparent in Fig. 6.

Red data species

Red data species fall into a number of clearly defined ecological groups, namely wetland
birds, coastal birds, scavenging birds of prey and a group of birds which occur in the
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Figure 5. Distribution of diversity of terrestrial birds in Namibia: rank of half degree squares after
calculation of a modified Shannon Index. Low ranks indicate high diversity.

forested riparian belt of the far northern rivers, referred to as ‘peripheral’ species. These
four ecological groups account for over 85% of threatened species (Fig. 7). The areas of
high diversity for red data species illustrate the importance of several key areas for the
ecological groups identified (Fig. 8). The Caprivi Strip, which includes the confluence of
several perennial rivers in the Okavango minor biome (Zambezi, Chobe, Linyanti), and
the numerous ephemeral pans in the northern Kalahari, support the highest diversities.
Red data species found in these areas are predominantly from the wetland and peripheral
groups. High diversity is also apparent along the Kunene and Orange rivers, at the mouths
of ephemeral rivers along the coast, and particularly at Walvis Bay and Sandwich Harbour
(see Fig. 3 for locations). Red data species found in these areas are predominantly coastal
and wetland species. The remaining area of high diversity extends along the northwestern
section of the Savanna biome in the moderately high rainfall region (400-550 mm), which
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Figure 6. Distribution of diversity of wetland birds in Namibia: rank of half degree squares after
calculation of a modified Shannon Index. Low ranks indicate high diversity.

encompasses a number of ephemeral pans including Etosha Pan. Artificial impoundments
serving the Windhoek area also feature as areas of increased diversity of these species.

Southern African endemics

The southern African endemic species which occur in Namibia are predominantly arid-
adapted, though very few species occur within the hyper-arid Namib desert zone. The
greatest diversity of regional endemics therefore falls within the Savanna and Karoo
systems, and extends into the escarpment region. of the Namib biome (Fig. 9). The core
area containing the highest ranking squares receives an annual average rainfall of 100—
400 mm and ranges between 600 and 1800 m in altitude. In the north of their distribution
in Namibia, the southern African endemics are limited by the levelling of the topography
below 1200m (see Fig. 3) and in the east, by the Kalahari system which ranges from
vegetated dunes in the south to nutrient-poor woodlands in the north (Main, 1987).
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Figure 8. Distribution of diversity of Namibian red data species: rank of half degree squares after
calculation of a modified Shannon Index. Low ranks indicate high diversity.

Namibian endemics

Concentrations of Namibian endemics are found in the Namibian escarpment zone ex-
tending into the western sector of the Savanna biome (Fig. 10). This represents the
transition zone between the Savanna and Namib biomes, from the Kuiseb valley in the
south to the Angolan border in the northwest. Of a potential maximum of 13 species, the
majority of squares contain between three and six species, with the greatest overlap of ten
species occurring in only two HDS (1914D, centred on Kamanjab, and 2015D, north of
Omaruru). These two HDS occur at the transition of two or more vegetation zones, and
both contain major river courses. The majority of HDS containing seven or more of these
species are situated within the escarpment zone, which is characterised by numerous small
gullies and small-scale topographical features resulting from the presence of major river
systems.
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Figure 9. Distribution of diversity of birds endemic to southern African within Namibia: rank of
half degree squares after calculation of a modified Shannon Index. Low ranks indicate high diversity.

Discussion

The application of the modified Shannon Index provides a useful means of investigating
patterns of diversity of bird groups using atlas type data. While there are some important
limitations to the use of a Shannon Index (Turpie, 1995), the relative abundance scale (i.e.
reporting rate) produced by SABAP avoids bias introduced by order of magnitude dif-
ferences in actual bird numbers between species. The modified version of the index applied
here (Harrison and Martinez, 1995) on data grouped to half degree square level is rela-
tively insensitive both to problems of over-sampling and the high degree of variability in
the number of record cards between squares. Despite this, some effects of sampling effort
are still apparent. An example is at Okaukuejo, the site of the Ecological Institute in
Trosha National Park (HDS 1915B) where, for terrestrial species, the ranking of this
sgrare is accentuated in relation to adjacent squares (Fig. 5). However, as our intentions
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Figure 10. Distribution of species richness of birds endemic to Namibia: number of species per half
degree square.

were primarily to highlight broad scale patterns in avian species diversity, we consider the
methodology applied to be suitable for these purposes.

Overall avian diversity is highest in the northeast section of the Woodland biome where
mean annual rainfall is relatively high (>600mm), supporting wetland systems and
perennial rivers. The wetland systems range from permanent rivers and marshes to
ephemeral pans, and are proportionally very speciose, covering about 4% of the land area
yet supporting almost a quarter of all species. The associated narrow riparian belt along
the perennial rivers in the north supports additional species which are restricted to this
better developed woodland. The importance of this northeastern region is evident for all of
the bird groups assessed, with the exception of the arid-adapted endemic species. Due to
the more specialised requirements of those species associated with wetland and riparian
habitats, their susceptibility to environmental damage is high. Effective protection of these
habitats and the riverine systems influencing them is therefore crucial for the conservation
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of these species, and a substantial proportion of the Caprivi region is included within
protected areas.

The importance of several stretches of coastline, particularly the Kunene River mouth,
Walvis Bay, Sandwich Harbour, Liideritz and the Orange River mouth, to wetland and
red data species is highlighted in Fig. 6 and Fig. 8. Although much of the ca 1450 km long
coastline is exposed, these sites are sheltered by rocky promontories or sand spits, and
support high densities of marine invertebrates due to the intense upwelling cells of the
Benguela system (Simmons and Cordes, unpublished). These areas provide crucial feeding
grounds for large numbers of migratory and resident shorebirds (Williams, 1986; Noli-
Peard and Williams, 1991; Simmons et al., 1993). Twelve percent of Namibia’s birds fall
within the coastal and marine biomes, between 0 and 200 nautical miles offshore. Twenty
percent of these species are threatened, with substantial declines in population sizes since
the 1950s which have been attributed to competition with an increasing Cape fur seal
Arctocephalus pusillus population, overfishing of pilchards, and habitat alteration on
breeding islands due to guano harvesting (Crawford et al., 1989, 1995). Industrial devel-
opment in vulnerable coastal areas may impose additional pressure on these species.

In addition to wetland and coastal species, red data species include those that are
hunted for food, shot or poisoned because they are thought to prey on livestock, occur
naturally at low density with patchy distributions, or are vulnerable to changing stock
management practices. Seven species of scavenging raptors are particularly at risk from
persecution and poisoning (Brown, 1991; Simmons, 1996b). Monitoring of the population
size, structure and levels of trade of species currently illegally traded, such as Riippell’s
parrot Poicephalus rueppellii, is also crucial if these species are not to become severely
depleted (R. Selman, pers. comm.).

The importance of the northwest region of the country for both southern African and
Namibian endemics is highlighted in Fig. 9 and Fig. 10. The importance of the escarpment
zone to those endemic species not restricted to the Namib biome is apparent. This zone is
characterized by sparsely vegetated, rocky terrian with many minor gullies and undula-
tions resulting from the east-west development of several important ephemeral river
systems. Altitude ranges from around 400 m in the west to 1800 m in the east. The
escarpment zone appears to have been a centre for speciation (Simmons et al., this issue)
and further work is required to identify the key aspects of the ecological significance of this
zone. Genetic studies are currently underway to assess the status of one controversial
Namibian ‘endemic’ species: the southern violet woodhoopoe Phoeniculus damarensis
(M. du Plessis, pers. comm.). This species and several other birds and mammals have
closely related subspecies in the arid regions of East Africa (Coe and Skinner, 1993).
Contraction of the mesic woodland corridors that previously joined southwestern and
eastern Africa has been suggested as the most likely isolating mechanism leading to
speciation in these arid-adapted species (Brain, 1985; Simmons ez al., this issue).

The Skeleton Coast National Park and Namib-Naukluft National Park offer important
protection to many desert species, including four of the country’s endemics. However, it is
apparent from Fig. 9 and Fig. 10 that the locations of Namibia’s largest parks do not
coincide with the areas of highest diversity of either southern African or Namibian en-
demics. A similar situation is apparent in South Africa’s endemic avifauna (Siegfried,
1992). A large proportion of the Namibian escarpment vegetation zone (59%) falls within
communally owned land, while the remainder comprises commercially owned farmland
and ranches (Jarvis and Robertson, 1997). The importance of this zone to national and
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regional endemic birds is evident, and the level of overlap in high diversity areas between
these groups introduces the potential for Namibia to play an important role in the con-
servation of species both unique to the southern African subregion and to Namibia itself.
In order to assess the level of protection required, the potential detrimental impacts of
population growth, ecotourism, and uncontrolled farming practices on the avifauna in this
area first need to be assessed. Although human population densﬁy in the areas containing
the endemic species is low, at between 0.25 and one person pet km?, annual population
growth rate is estimated at over 3% and is already putting extreme pressure on the arid
landscape and its resources (Brown, 1992). Combating desertification would be a first step
in preventing habitat quality from declining further.

In conclusion, the northeastern section of the country shows highest overall species
diversity, while the central and escarpment areas are most important for those species
endemic to southern Africa and Namibia. The high congruence between centres of avian
endemism and those for other taxa (Simmons e? al., this issue) suggest that the conser-
vation of endemics in several taxa could be achieved in a minimal set of priority sites. The
promising results obtained from an overall analysis across six South African taxa
(Lombard, 1995) using a complementarity reserve selection algorithm points the way to a
similar analysis for the major taxonomic groups in Namibia, once complete and com-
patible data sets have been compiled.
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Sandwiched between the Namib and Kalahari Deserts of southwestern Africa are the karooid and
escarpment biotopes of Namibia which are rich in endemics of many taxa. Most plant, invertebrate,
amphibian, reptile, mammal and bird species endemic to Namibia are found in a zone running
through, and to the west of, Namibia’s escarpment region. There is also an important region of
endemism for succulent plants, reptiles and invertebrates in the Succulent Karoo biome. Congruence
between endemism hotspots, particularly on rocky substrates, is remarkably high for most taxa,
implying broadly similar speciation processes. Possible speciation mechanisms in different parts of
the country include the spatial isolation of rupicolous taxa such as insects and reptiles by the
formation of large coastal dune fields; the expansion and contraction of wooded savannas during
pluvial and interpluvial periods; and global temperature shifts which created highland refugia for
frost-susceptible plants and poikilotherms. Areas of endemism and species richness overlap poorly
for Namibia’s mainly arid-dwelling endemic vertebrates, as richness is highest in the mesic wetlands
and woodlands of northeast Namibia. The overlap for succulent plants, insects and arachnids,
however, is relatively high. Centres of endemism for plants and vertebrates fall mainly outside
protected areas, as few parks were established with biodiversity indices in mind. Our analysis of
endemism congruence provides a strong platform for the promulgation of new protected areas to
safeguard Namibia’s unique biota. Furthermore, analysis of speciation patterns and processes is a
useful predictive tool for the identification of other biotically important sites.

Keywords: centres of endemism; Namib Desert; species richness; speciation.

Introduction

The analysis of patterns of endemism and species richness in southern Africa is a daunting
task, given the enormity of riches that the region offers. For example, almost 10% of the
world’s flora occurs in southern Africa (Cowling and Hilton-Taylor, 1984), 30% of the
world’s fishmoths (Lepismatidae) are endemic to the region (Irish, 1994), more tortoises
occur in southern Africa than anywhere else (Branch ez al., 1995), and 93% of all geckos
are found nowhere else (Bauer, 1993). Namibia also supports the greatest richness of
solifugae in the world (R.E. Griffin, this issue). Crowe (1990) and Bibby e al. (1992) found
that hotspots of endemism for African birds, mammals and amphibians overlap in West
African rainforest, the East African Rift Valley and the southwest arid zone of Namibia
and South Africa. Analysis of species unique to Namibia is therefore not only essential in
national and regional contexts, but also for continental and global perspectives on bio-
diversity. Part of this process, highlighting areas rich in endemics and looking for con-
gruence among taxa, is crucial for conservation prioritization both inside and outside
Namibia. Moreover, congruence of endemism in different taxa can shed light on the

*To whom correspondence should addressed.
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mechanisms of speciation in this arid zone. This allows predictions about (i) priority areas
in which to search for endemics new to science (recently averaging one new reptile per year
in Namibia), (ii) where original founder populations of such species may occur, and, by
reference to the protected area network, (iii) how effectively this unique diversity is con-
served in Namibia.

This paper brings together data on endemic and near-endemic plants, insects, arach-
nids, amphibians, freshwater fish, reptiles, mammals and birds to answer the following
four questions. (i) Are endemics in different taxa clustered in certain congruence zones of
Namibia? (ii) Do patterns of endemism suggest waves of speciation that could have re-
sulted from known climatic changes? (iii) Is there a geographical correlation between
endemism and species richness? (iv) Are such areas adequately protected in conservation
areas? We further investigate whether speciation patterns allow us to predict where other
centres of endemism might occur. Specific data on each of the taxa included here can be
found in other papers in this special issue (see Robertson ez al.; M. Griffin; Maggs et al.;
R. E. Griffin) and in an entomological paper in preparation by E. Marais and J. Irish. Our
focus is on reaching broad preliminary conclusions from patterns emerging from across
taxa in Namibia.

Methods

Broad-scale analyses of biodiversity patterns in such a richly endowed region must con-
tend with methodological constraints. First, the operational definition of endemism varies
between taxonomic disciplines in Namibia. Second, data accuracy and completeness vary
substantially between taxa. For example, only about 24% of all spiders occurring in
Namibia, and about 18% of the estimated 35 000 insect species, are described. At the
other extreme, the Southern African Bird Atlas (Harrison et al., 1997), comprehensively
summarises the distributions of all southern African species and has allowed micro-dis-
tribution analysis of Namibia’s near-endemics (Robertson et al., 1995; Jarvis and Rob-
ertson, 1997). Information quality for all other taxa falls between these two extremes.
In this paper, we define endemic species as do Namibian specialists in each field. Frogs,
reptiles and mammals are classed as endemic if 75% or more of the species’ total range
occurs in Namibia. For birds the limit is set at 90%. For insects, arachnids, flowering
plants and freshwater fish, endemism is defined strictly as 100%. In all cases except fish,
many of the endemics are arid-tolerant residents of the Namib Desert or escarpment zone.
Since this ancient desert stretches marginally into both southwest Angola and northwest
South Africa, political boundaries dissect otherwise well-defined ecological boundaries,
and Namib Desert endemics are not necessarily completely contained within Namibia. We
also note that due to political instability in Angola, the Namibian near-endemics that do
occur there are essentially unprotected, so that Namibia must assume the primary mantle
of responsibility for their conservation. We thus take this broader definition of ‘Namibian
endemics’ for two reasons: (i) it includes species that might remain unprotected elsewhere,
and (ii) if all countries strictly conserved only country-specific endemics, many cross-
boundary species would remain unprotected whatever the conservation abilities of their
host countries. We thus aim to help prevent numerous species falling through the cracks of
narrow, nationally-bound biodiversity conservation programmes in the absence of an
effective regional programme. The proportions of endemics stated in this paper are
probably conservative estimates, as many as-yet undescribed taxa (particularly insects and
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arachnids) probably occur as small, isolated populations which are likely to be endemic.
Maps presented here are based on species richness patterns of endemism.

To describe the degree of congruence in endemism for all five taxa for which we have
appropriate data (plants, amphibians, reptiles, mammals and birds), we first expressed the
importance of each quarter-degree square (QDS) for individual taxa as the proportion of
endemics in QDS i, relative to the total number of endemic species known (i.e. if 68 of 683
endemic plants known occur in QDS i, it is assigned a value of 68/683 =10%). Proportions
for each taxon are similarly computed and summed for QDS i as a single proportion. The
maximum theoretical value is 500% if all five taxa had every endemic species present in
square i. To ensure evenness in this total proportion, we intended to multiply the total
proportion for QDS i by the fraction of taxa represented therein. Hence if QDS i had a
total proportion of 200% but only two of the five taxa occurred there (i.e. it was rich in
endemic birds and mammals but no other taxa), the proportion would be reduced to 2/5 of
200%, or 80%. However, data inspection showed this to be unnecessary, as the five taxa
share very similar distribution patterns across western Namibia. The resulting map gives a
more even picture of taxon-rich hotspots. To reduce collecting bias in the maps produced
for plant richness, we have presented data in half-degree squares (HDS, 60 x 60 km),
rather than QDS. This reduces bias where plants are likely to occur in regions adjacent to
frequently collected areas, and is known to reduce bias in the best known data set, birds
(Robertson et al., this issue).

For some taxa (birds, mammals, frogs) we are confident that sampling has been suffi-
cient to reveal most or all endemic species. Other taxa, which are unevenly sampled or
include cryptic species, may reveal additional endemics with more sampling and genetic
analysis. In reptiles, for example, field coverage is good, but genetic work is revealing
cryptic species (Gordon and Griffin, 1989). Even with birds we cannot be complacent, as
recent genetic work on the arid-zone larks (Alaudidae) in the winter-rainfall area of
Namibia has promoted a subspecies of the dune lark Certhilauda erythroclamys to a new
species, C. barlowi based on a genetic divergence of about 2% and an inferred speciation
date of about 1 million years (P. Ryan, pers. comm.). Much of the country’s terrain is
rugged, arid and remote, so more endemics will certainly come to light in the future.

Results and discussion
Endemicity

The degree of endemism for plants, invertebrates, reptiles (mainly lizards) and frogs is
relatively high (Table 1), whereas mammals, birds and fish exhibit levels of endemism
below 10%. Fish are a special case as their main habitats are the perennial rivers bordering
Angola and South Africa, so even species endemic to these rivers are by definition not
Namibian endemics. This is exemplified by the Orange River, where 42% of the 15 species
are endemic to the river but not to Namibia alone (Hay et al., in press). Fish diversity is
treated in detail by Curtis ez al. (this issue).

Distribution patterns for plants, frogs, reptiles, mammals and birds are shown in Fig. 1.
Each shows a pattern of distribution closely associated with the Namib and Karoo
Biomes. Further sampling on mountains, especially inselbergs, will almost certainly reveal
more species of insects, arachnids, reptiles, and possibly plants and frogs. In this case the
geographic patterns of endemism (Fig. 1) are probably not biased, but the total number of
species is certainly underestimated for invertebrates. The same may apply to flowering
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Table 1. Numbers and proportions of known endemic and near-endemic taxa found in Namibia®

Endemics All species Endemism (%)

Fungi Unknown® Unknown -

Plants 683 4334 17
Insects 1541 6331° \24
Arachnids 164 13314 12
Frogs 6 51 +5 12
Fish 3 113 3
Reptiles 59 250 24
Mammals 14 200° 7
Birds 14 644 ' 2

* Figures are based on studied taxa, which, in some cases, represent less than 20% of the expected
total. Endemism levels are therefore conservative estimates.

®As fungi are often specific to endemic host species, numerous endemic fungi are expected
(Mannheimer and Jacobson, 1997).

°This figure represents about 18% of the expected 35 000 insect species in Namibia (E. Marais).

9 This figure represents about 24% of the expected 5650 arachnids (Scorpions, spiders and allies). in
Namibia. Mites are little known and endemism will increase with further study (R. E. Griffin, this
issue). :

¢ Only terrestrial mammals; excludes 40 marine mammals in Namibian waters (M. Griffin, this issue).

plant species in Namibia, as many are associated with montane areas, where higher
rainfall and protection from adverse desert conditions and grazing may promote specia-
tion in isolated populations (Cowling and Hilton-Taylor, 1994). Specialization in such
environments may increase where substrates foster the survival of certain varieties of
mineral-tolerant plants (P. Craven, pers. comm.), and special adaptations have arisen to
tap the limited moisture sources, such as fog, on Namibia’s coast, or to attract specific
pollinators.

Patterns of endemism

Invertebrates. Given that invertebrates form the vast majority of species and biomass
(Groombridge, 1992) it is not surprising that less than a quarter of Namibia’s insect and
arachnid species are described, despite a programme of description and categorization at
the National Museum of Namibia dating from 1968. Even so, we can make preliminary
estimates of both levels and geographic patterns of endemism (see also R.E. Griffin, this
issue). Namibia is highly speciose, with about 35% of the roughly 100 000 southern
African insect species occurring within its borders. From the subsample of 6331 recorded
insect species, we know that at least 1541 (24%) are endemic, with a high concentration
occurring in western Namibia along the escarpment and in the Namib gravel plains
(E. Marais and J. Irish, in preparation). Many of these endemic insects are plesiomorphs,
that is, phylogenetic relicts isolated for millennia following climate change (Endrody-
Younga, 1982a). If each genus contains only a few species, a long history of residence and
isolation can be-inferred. Plesiomorphs are commonly found in Namibia’s escarpment
region (Holm, 1990). Such regions with phylogenetic relicts are often characterized by high
endemism and relatively low species richness, whereas regions with a history of oscillating
climatic conditions, favouring speciation, feature many endemics and higher overall
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richness (Marais and Irish, in preparation). Both conditions are found along the Namib
Desert and surrounding ecotones. '

Plants. Southern Africa contains almost 10% of the world’s flora, concentrated in eight
distinct hotspots, defined as the concordance of endemism and high species richness
(Cowling and Hilton-Taylor, 1994). Two of these occur mainly in Namibia: the Succulent
Karoo biome in the winter rainfall area or ‘Sperrgebiet’ (forbidden zone) of southwestern
Namibia, and the Kaoko region of the far northwest (Cowling and Hilton-Taylor, 1994;

- Maggs et al., 1994). For example, the well-sampled 2606-m Brandberg massif in the
Kaoko region, Namibia’s highest mountain, supports 90 Namibian endemic plants and
eight of its own (Maggs et al., this issue). Based on present data, endemics are clustered in
the Brandberg region; the Hartmann’s and Otjihipa Mountains (33 endemics); the
Sperrgebiet (62 endemics) which is an extension of South Africa’s Richtersveld hotspot;
and the Khomas highlands around Windhoek (68 endemics). The Windhoek hotspot may
reflect a potential bias arising from uneven sampling effort, as many botanists are based
there. However, it also follows the pattern of high-altitude endemism established for other
taxa and plants (Fig. 1), since the Khomas highlands around Windhoek contain Na-
mibia’s second highest mountain (2479 m) in a transitional arid region (Maggs et al., this
issue), representing ideal conditions for speciation in deserts.

Reptiles and anuran amphibians. As with plants, endemism in reptiles is related to rocky
(rupicolous) habitat in the western deserts. Of the 59 recognized endemic reptiles in Na-
mibia, 83% occur on and around th- Brandberg massif, suggesting relict populations
(Fig. 1). Another hotspot of 21 endemics occurs in the Sperrgebiet, which includes an
unusual rock-dwelling endemic tortoise, the Namba padloper Homopus bergeri. Of the six
species of Namibian endemic frogs, four occur sympatrically in the escarpment regions of
the Brandberg, the Erongo mountains (2350 m) and in the Kamanjab area (Fig. 1). Tt is
likely that others will be discovered in future years, as many species are visible above
ground only for short periods when exceptional rains allow reproduction in otherwise
harsh environments. Therefore, endemic reptiles and amphibians are found on rocky
substrates, with higher mountains supporting the highest species richness. Similar
‘mountaintop’ patterns of anurans endemic to South Africa have been reported by
Drinkrow and Cherry (1995).

Mammals and birds. We find a similar pattern of occurrence of rock-dwelling species
among Namibia’s 14 endemic mammals, comprising mainly bats, rodents and small car-
nivores. The only large mammal endemic to Namibia is the mountain zebra Equus zebra
hartmanni, historically found south of the Orange River (Smithers, 1983). About 60% of
endemic mammals are rock-dwelling species, and the only ultrapsammopbhilous species is
the Namib dune gerbil Gerbillurus tytonis (M. Griffin, 1990). All other endemics occur in
escarpment regions, with hotspots in the northern escarpment and especially in the
southern regions east of the Namib sand sea (Fig. 1). One of the highest and most isolated
points in this southern region is the extinct volcano, Brukkaros (1586 m), where 64% of
the 14 endemics potentially occur (Fig. 1); one mammal is endemic to the volcano itself.
The distribution suggests relict populations isolated perhaps by low desert temperatures
allowing speciation to occur on thermally benign rocky islands. Similar patterns of
mammalian endemism are found in the Cape fold mountains of South Africa (Gelderblom
and Bronner, 1995). )
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Finally, for the best known group, birds, ten of the 14 near-endemics in Namibia are
escarpment zone species (Fig. 1) whose distribution is defined largely by altitude, most
occurring at 600-1200 m (Robertson et al., 1995; Jarvis and Robertson, 1997). Only two of
the ten escarpment-zone species are not rupicolous. These are the Riippell’s parrot
Poicephallus ruppelli and violet woodhoopoe Phoeniculus damarensis, which are com-
monest along the ephemeral rivers in this region (Jarvis and Robertson, 1997) but have a
highly restricted range within the catchments of these rivers. Others, such as the rock-
runner Achaetops pycnopygius, are so rock-specific that vegetation type explains nothing of
their distribution (Robertson ef al., 1995). Modified Shannon diversity indices are highest
where the rivers dissect the escarpment and both riverine and rupicolous groups occur
(Robertson et al., this issue). The remaining endemics (larks, korhaan and the Damara
tern Sterna balaenarum) are found in the dunes, vegetated dunes or gravel plains of the
Namib. Only the Cinderella waxbill Estrilda thomensis, with a highly restricted range in
southern Angola and along the Kunene River, does not fall into the arid zone category
(Barnard, 1997).

If we consider endemic birds from a regional perspective, we find that no less than 18%
(166) of the approximately 900 southern African bird species are endemic to the arid or
semi-arid zones. Of these, 70% (116) can be classified as strictly Southwest Arid Zone
endemics, a term which includes South Africa’s Karoo Basin (Clancey, 1986; Brown,
1997), although most are not rupicolous. Therefore, like other taxa, most endemic Na-
mibian birds are escarpment-loving species, but are more restricted to northwestern
Namibia than other taxa. Both Namibian and southern African endemics are mainly arid-
dwelling.

Our conclusion from this summary of endemism across better-known Namibian taxa is
that hotspots are closely associated with rocky substrates, especially inselbergs and
mountain ranges, for all vertebrates and plants. Insect and arachnid endemism is more
closely tied with gravel plains and sand dune movement. All endemics are to some extent
associated with arid zones.

Congruence between species richness and endemism. Of the taxa so far investigated, only
plants and arachnids show an association between richness and endemism. The association
for plants holds in southern Africa generally (Rebelo, 1994) and Namibia specifically
(Maggs et al., 1994). Among arachnids, areas of richness and endemism overlap for
solifuges and scorpions, but not for spiders, which are more speciose in mesic regions and
show higher endemicity in arid regions (R.E. Griffin, this issue). Aquatic and terrestrial
insects also show a poor richness-endemism correlation, as richness declines with aridity in
terrestrial insects (Marais and Irish, in preparation) and most endemic aquatic insects are
associated with specialised desert and karst wetlands (Curtis, 1991; Curtis et al., this issue).

Amphibians show perhaps the most pronounced peak of species richness in the Caprivi
wetlands of northeast Namibia, where a mean rainfall of 600 mm year ! supports 38
species (M. Griffin, this issue). The same pattern is found to a lesser extent with mammals,
which show the highest richness in these wetlands (Griffin and Grobler, 1991). Hence, both
taxa show little overlap between areas of high richness and endemism. Reptiles show two
regions of high species richness, one in Caprivi where snakes are particularly species rich
due to the influence of wetlands, and one in the west where reptiles are associated with
rocky habitat. The richness-endemism correlation is thus higher for reptiles because of this
overlap in the arid west (M. Griffin, this issue).
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For birds, species rich areas are mesic areas harbouring tropical species from central
Africa (Fig. 1), such as the Okavango River basin. The Mahango Game Reserve is the
major hotspot for avian species richness (see Fig. 1 in Barnard et al., this issue), while the
wetlands and floodplains of eastern Caprivi support two thirds of all Namibian bird
species (Schlettwein et al., 1991). There is thus no overlap between the mesic high-richness
zones and arid high-endemism zones. In an attempt to separate the contribution of wet-
land and terrestrial birds to avian diversity in northeastern Namibia, diversity indices were
calculated separately for these two groups. Robertson et al. (this issue) found that species
diversity of both terrestrial and wetland birds is high in the Caprivi region, indicating that
high diversity cannot be attributed solely to an increase in the wetland bird component.

We conclude that for most water-dependent taxa, there is little or no correlation be-
tween species richness and endemism, while for those taxa that have successfully adapted
to adverse arid conditions (e.g. succulent plants) or prefer warm rocky substrates and are
independent of surface water (arachnids, reptiles) there is relatively strong overlap of
richness and endemism. The key ingredient differentiating the two categories thus appears
to be water dependence. The lack of correlation between species richness and endemism
hotspots is a common phenomenon among many vertebrates in other parts of southern
Africa (Siegfried and Brown, 1992; Lombard, 1995a,b) and is also apparent elsewhere
(Prendergast et al., 1993). In South Africa, the poor correlation reflects the influence of
tropical species increasing species richness values in the northeast of the country, whereas
endemism is concentrated in the small but enormously rich Cape Floral Kingdom in the
southwestern Cape Province (Siegfried and Lombard, 1996).

Evolutionary processes

Shifting sands. As the majority of Namibia’s endemics are (i) arid-adapted, (ii) found in
the west of the country, and (iii) associated with escarpment, inselberg or dune habitat, we
can draw some tentative conclusions regarding processes that led to their evolution. We
assume throughout that speciation occurs allopatrically, such as when climatic change
shrinks and divides existing populations into small and isolated sub-populations in which
genetic change can occur rapidly. Of course this is not the only mode of speciation (Vrba,
1980, 1985; van Valen, 1973), but it is most consistent with present-day distribution
patterns. We also note that Namibian ecologists often fall into two camps in their inter-
pretation of speciation processes. Entomologists favour speciation through isolation
caused by micro-climatic factors such as extreme aridity (Marais and Irish, in prepara-
tion), while vertebrate ecologists tend to favour speciation through larger-scale climatic
shifts which inhibit gene flow, through the expansion and contraction of woodlands (e.g.
Vrba, 1985; Kingdon, 1990). The two explanations differ in scale, but are not mutually
exclusive.

Much of the Namib Desert is a mosaic of dune fields, gravel plains and inselbergs.
Many closely related species of arachnids, insects and lizards differ morphologically be-
tween coastal gravel plains or rocky areas separated by dune fields (Haacke, 1982; End-
rody-Younga 1982a; E. Griffin, 1990; Irish, 1990; M. Griffin, this issue). These rocky
‘jslands’ have been isolated by a sea of sand, a relatively inhospitable habitat for most
species. However, where taxa such as insects, spiders and lizards have specialised in dune
habitats, the surrounding rock has become the inhospitable habitat. Clear evidence for this
is seen in species found in fast-moving barchan dunes, which can move some 50m per year
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with the dominant southerly winds, taking their fauna with them. Where such dunes have
separated from well-defined coastal dune fields, dune-specific endemics are both predicted
- and found (Endrédy-Younga, 1982b; Irish, 1990). Coastal gravel plains and inselbergs
became surrounded and isolated by these shifting sands, providing ideal conditions for
speciation in rupicolous taxa, especially flightless species which have reduced opportunities
for gene flow back to source populations. In several insect taxa, including tenebrionid
beetles, older species occur in the southern Namib and more recent species in the north,
taken there by barchan dunes (reviewed by Irish, 1990). Sand-dwelling or psammophilous
species frequently evolved from rock-dwelling ancestral ones, as shown for several insect
genera (Penrith, 1979; Endrédy-Younga, 1982a; Irish, 1987). The palaeodesert evolved as
the southern Atlantic Ocean opened up about 80 My (Ward and Corbett, 1990). It then
became more arid when the Benguela Current formed 10 million years. Newly evolving
conditions associated with the Benguela, such as coastal fog belts, also promoted speci-
ation and endemism in the post-Gondwana biota.

Does this ‘shifting sand’ hypothesis, originally proposed for insects, explain patterns of
speciation in other Namibian fauna and flora? Some of the strongest evidence comes from
Aporosaura lizards found in dune habitat either side of extensive gravel plains (Gordon
and Griffin, 1989). These gravel plains start in the central coastal regions and end at
Terrace Bay, ca 300km north. Genetic evidence from these sand-diving lizards reveals
genetically distinct but morphologically similar populations that diverged about 5.1 mil-
lion years (Gordon and Griffin, 1989), a period when sea levels dropped and dune fields
expanded along coastal regions, later to be divided as sea levels rose again (see Ward and
Corbett, 1990). Isolation of populations therefore can be traced to sea level changes about
5 million years (Gordon and Griffin, 1989). As with insects, northerly forms are derived
from southerly forms, since sand dune movement is south to north. This scenario is only
likely for coastal areas, as large dune fields probably did not extend far inland. What other
processes associated with aridity may have isolated populations, especially in montane
regions, promoting speciation?

Rainfall and global temperature change. At least two other factors, rainfall and tempera-
ture, may have influenced speciation processes in Namibia. Interpluvial corridors, dry
savannas that spread across south-central Africa, joined east and southwest African
faunas (Balinsky, 1962; Kingdon, 1990). These allowed two-way movement of arid-
adapted taxa, until wetter periods again promoted continuous mesic woodland, separating
savanna-dwelling taxa from parental stock and allowing speciation (Cooke, 1962; Irish,
1987). Supporting evidence for rapid changes in rainfall near the Namib coast within the
last millenium is given by Vogel and Rust (1987). This explains some of the insect species
groups in southern Africa which clearly have a northern origin (Irish, 1990) and many
other insect taxa with disjunct distributions (Marais and Irish, in preparation). It also
explains, for example, the disjunct distributions of two bird species, the violet wood-
hoopoe Phoeniculus damarensis and spike-heeled lark Chersomanes albofasciata in
southwest and east Africa, and mammals such as black backed jackal Canis mesomelis and
oryx Oryz gazella (Kingdon, 1990; Coe and Skinner, 1993). It may also explain the ex-
istence of a hunter-gatherer people of Khoi-San descent, which occur as an isolated group
in northern Kenya (Pfeiffer, 1977), and nowhere else until Namibia and Botswana.

The second possible mechanism promoting speciation in the desert is global tempera-
ture changes associated with consecutive ice ages over the last 60 My and deduced from
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deep sea cores (Brain, 1985). For example, between about 20 and 10 million years ago
mean temperatures dropped by about 10°C, resulting in a major Antarctic ice cap. Marked
oscillations have occurred 17 times over the last 1.7 million years, or approximately once
every 100 000 years (Brain, 1985). In southern Africa this explains well the distribution of
some plants such as the mopane tree Colophospermum mopane whose Namibian distri-
bution is separated by a cool (5°C isotherm) corridor from those in south-central Africa. It
also explains the distribution of South African grassland and some of its associated ver-
tebrates (Brain, 1985). For frost-intolerant species such as desert-dwelling poikilotherms,
low temperatures could as easily explain their distribution on mountain ranges as does
surrounding sand acting as a habitat barrier. This remains to be explored, but could be
quickly tested using overlays of minimum temperatures and species’ ranges.

While the shifting sand scenario may explain patterns of evolution in insect and reptile
faunas, especially gecko speciation within isolated rocky islands (Haacke, 1982; Bauer,
1993), it cannot explain endemism patterns in other Namibian taxa. For birds we do
indeed find rock-dwelling, escarpment-clustered endemics (Fig. 1). Many of the distribu-
tion patterns of ten endemic bird species are well explained by altitude alone (Robertson
et al., 1995; Jarvis and Robertson, 1997). Many also have higher population densities in
more northerly escarpment regions (Hall, 1960; Jarvis and Robertson, 1997). However,
because these northern highland areas were too far inland to be affected by the pre-
dominantly coastal dune fields, the expansion and contraction of woodland and savanna
in pluvial and interpluvial periods may be the simplest explanation. Expansions of
woodland towards the coast may have isolated the rocky uplands into habitat islands for
arid species where speciation was promoted. For frost-intolerant species, oscillations in
global temperatures, particularly decreases in minimum temperature, may have broken up
the contiguous distribution of some species, leading to speciation. This is more likely if the
refugia (highland massifs) act as heat sources or provide physical or thermal shelter within
crevices and fissures in the rock.

Another group of avian endemics are clustered in the interdune gravel substrate. These
include the Damara tern and Gray’s lark Ammomanes grayi. Three other southwest arid
endemics are strictly sand or dune-dwelling species: Barlow’s lark, dune lark, and in South
Africa, the red lark Certhilauda burra, found exclusively on red Kalahari sands (Dean
et al., 1991). These species then may have evolved in habitat islands created when pluvial
periods surrounded dune areas with wooded savannas, divided perhaps by ephemeral
rivers that once reached the coast (Jacobson et al., 1995). Only Barlow’s lark, with a
speciation date tentatively put at 1 million years (P. Ryan, pers. comm.), gives any idea of
when the most recent processes may have taken place.

Predicting unmapped hotspots of endemism

We have concentrated on speciation processes because they allow us to make tentative
predictions of where other, undescribed endemics may occur, based on the speciation
processes thought to have produced the present distributions. Predicted sites for new
endemics include large mobile sand dunes, particularly those isolated from major dune
fields; isolated gravel plains; large but little-known inselbergs; highland peaks, wetlands
and valleys in the Kaoko escarpment and other mountain ranges; and possibly rain
shadow pockets within the Succulent Karoo biome. Since Namibia still possesses remote
and inaccessible areas where even the most adventurous biologists have not collected, and
since many species only reproduce (or indeed appear) in times of high rainfall, such regions
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should be targeted for further enrichment of Namibia’s list of endemics. Further genetic
analysis of potential cryptic species will aid this process.

Congruence between endemic taxa and predicted hotspots

To get a first-order approximation of taxon-rich hotspots of Namibian endemics, as an
index of priority conservation sites, distribution patterns in Fig. 1 were amalgamated in
one map based on the number of taxa represented in any one QDS (see Methods). The
resultant distribution from the five taxa combined (Fig. 2) shows clustering in the Kaoko
escarpment, plains and inselbergs of the northwest, particularly at Brandberg; at Bruk-
karos volcanic crater in the south; and in the winter-rainfall Succulent Karoo biome of the
southwest. These areas are the richest endemic regions in Namibia. Importantly, they all
fall outside formally protected areas (Fig. 2). Ironically, the Kaoko escarpment was once a
major part of ‘Game Reserve No. 2’, now the Etosha National Park, providing protection
for endemics and acting as a corridor for large mammals such as elephant Loxodonta
africana and lion Panthera leo to migrate down ephemeral riverlines to the Skeleton Coast.
The Kaoko portion of the reserve was deproclaimed in 1963 for political-ideological
reasons (Barnard et al., this issue). By proclaiming the four top endemic-rich areas as
protected sites, a large proportion of endemic plants, amphibians, reptiles, mammals and
birds would be protected. Considering that the highest population densities of endemic
birds occur mainly in the northern regions (Robertson et al., this issue), viable populations
_of many endemic birds may also occur within such areas. Quantitative analysis is now
" required to determine the minimum area that would afford protection to all endemic taxa
described in this paper. Our analysis identifies the priority hotspots of endemism as a first
step toward appropriate conservation area selection.

Where would protected areas best be sited?

Most of southern Africa’s protected areas were chosen either because they contained large
ungulates of interest to big game hunters, or because the land was of little use to the
government of the day (Brown, 1992; Siegfried and Lombard, 1996; Barnard et al., this
issue). Even when these parks did fortuitously cut across regions rich in endemics, some
areas were later deproclaimed for dubious political reasons (Schoeman, 1996; Barnard
et al., this issue). While conservationists and systematists of the day may not have had
access to sophisticated mapping, databases and genetic analyses, they could have provided
a fairly accurate intuitive guide to areas rich in species and endemics.

For plants, much of the work on optimal design of protected areas throughout southern
Africa is that of Rebelo (1994). This study, which includes all plant species, serves onlyasa
first approximation for Namibia because it relies on limited and somewhat outdated data
for Namibia. The pattern of endemism depicted in Fig. 1a is updated from Rebelo’s work,
but is still far from complete. Rebelo (1994) found through an iterative selection process
that 22% of the land of southern Africa is required to include all flora in protected areas.
However, half the taxa can be protected in just 0.4% of the land area (mainly the Cape
Floral Kingdom) and 10% of the land area can preserve 93% of all taxa. For Namibia, the
important points to emerge from this analysis were that the Succulent Karoo and Kaoko
escarpment are badly in need of protection. The total number of QDS units (ca
30 x 30 km) required to protect all southern Aftrican plants within just one QDS is 145
additional squares over and above the 13.6% of the land area then protected by the
Namibian government. Since about five of these squares identified by Rebelo were in fact
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already inside protected areas, the number required is about 140 extra QDS. This repre-
sents an additional 11.1% of the land area of Namibia, slightly less than the additional
protection required in South Africa ( 13%). Note that this analysis is for all plant species in
southern Africa, and the required area may be less for endemic species within Namibia.
Barnard er al. (this issue) discusses the highly skewegl representation of biomes and veg-
etation types in formal and informal protected areas within Namibia.

In summary, the near-endemic plants, terrestrial insects and arachnids, amphibians,
reptiles, mammals and birds of Namibia are predominantly arid-adapted, confined either
to the rocky escarpment or to the dune fields and gravel plains of the Namib Desert. The
mobility of sand on the coastal plains provides the best explanation of speciation: rocky
habitats became isolated islands in mobile sand seas, promoting speciation. Oscillating
patterns of regional rainfall and global temperature may have isolated species on rocky
islands and inselbergs further inland through intolerance to low temperatures. The arid
habitat of Namibia’s endemics means that in many cases there is no overlap between
species richness and endemism hotspots, since richness is associated with mesic and wet-
land habitats for most taxa. For taxa independent of surface water, however, this overlap
is high. There is strong congruence in the distribution patterns of endemic plants and
animals in western Namibia, and four regions (the Kaoko escarpment, the Sperrgebiet or
Succulent Karoo, the extinct volcanic crater Brukkaros, and the Brandberg massif) are top
priority areas for urgent biodiversity protection measures. Namibia’s endemic species are
inadequately known, and intensified field and genetic sampling in habitats predicted to
contain undescribed endemic species, particularly during high rainfall events, will certainly
add to the country’s list of endemic species.
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Figure 2. Hotspots of endemism for five taxa in Namibia. The map is an amalgamation of ende-
mism in plants, reptiles, amphibians, birds and mammals in Namibia (Fig. 1), with proportions for
each taxon plotted and summed across all taxa per half-degree square. The richest squares represent
those that possess the greatest proportion of endemic biota in Namibia, and are thus conservation
priorities. Note the clustering in the highland region centred on the Brandberg inselberg, Namibia’s
highest mountain.
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