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Abstract 

Floristic re!otionshiJ!S het11'een iso!uted 1110untoins (i.e. inselhergs) und odjocent 
11/0lllltoin lwbitms \\'ere in l'estigotl:'d in on urid lond.\cure in Nwni/Jiu. :j_ix dolerite 
ridges, three the B.!J.!!.I!}JJ_erg und the Erongo_M_(!Jjj lfOin (os the t\\'0 
"11winlond" 1110untoin lwbitot.1) ll'ere included in this wwly.1is. ,<)f!Otiol (/1"/Ungelllent, 
correlation ll'ith geolog\' O!l{l lmu/j(nllz us tt ·ell os ollri!Jutes olthe .1pecies shored 
between inselbergs wul the IIWllll toins were mzulysed Olrelemnce to identij)>ing 
ecological pol!ems all(/ processes ol i111portwzce fo r consen·otion plonning in this 
area ore the j(;llo ll'ing findings.· (I) Granite insei/Jergs .\h(med closer links to 
mowztuin habitats thun dolerite ridges. (2) Higher inselbergs hod closer links with 
IIWwztcun hohitats than lot\' insel/;ergs. (3) Monv SJ!ecie.\, lurgely \t'itll brood hubitat 
require111ents, ore shored !Jet11'een inselbergs ond IIIOU!ltuin lwbituts. ( 4) Likelv more 
tmnsient populutions of short-lived species ure shored betll'een do lerite ridges ond 
potentiul 111ainlond, COIIZJ!Ured to lorzger-lil ·ed plollls ./(mning 111ore sroble 
comllzwzities on grwzite insei!Jergs. As a result, the .function o{gronite inselbergs und 
dolerite ridges in this orid lwul.\cujJe IIZU\' diff"er. _Q_mnitt:: inselbergs OfJJ!eur to be 
i!.!_zportmzt sources ol rellznwzt poJ!ztlotion.\ .fi"ollz perlzops 11·euer conditions in tlze JWSt, 
while dolerite ridges IIZU\' /}(: 1110re illlj)()ltwzt os SfJecies J!ools o{ploin SfJecies, //WilY 
of which ore of mngelund iiiZfJOrtwzce. fnJ;ro cticulter!lls gmnite inselbergs per se as 
well as "l_jnkoge" conidors jiDIII tlzese inselberf.Js to other 111011ntoin areas should be 
included as i11zpol"!wlf I'Oriohles indicative o{ ecologicol jJmcesses in consen 'otion 
p rio rit ism ion fJ mcedures. 

Zusammenfassung 

Die Lmzdsclwjr der zentmlen Nwnib zeicluzet sich du rch eine Vielfo lt \ 'Oil fn selhergen 
wzd relative Niilze zu z. wei pro111inenten Berg11wssi1'en ous. In dieser Studie \I'Urden 
jloristisclze Venl'(lndtsclwjf z.tvischen fn selhergen der Sp itzkoppegegend und 
Brandberg und Erongo Mossiv untersucht. Seclzs Dolerit und drei Gmnitinselbcrge, 
dos Erongonwssil' und der Bmndherg dienten ols Untersucluuzgsgehiete. Die 
Arrem.usam 11zensetzzuz g der Gmnitinsei!Jerf{e ist iilznlicher zu Emngohergen und 
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Bmndberg, a!s die der Do!oritinsc!/Jerge. !111 Verg!cic/1 ::11 den lJo!eritinse!hcrgcn, 
herrschen auf den Gmnitinse!!Jergen Pflonzengcsc!!.lclwfien 111it lcinger lc/Jenden 
Arten vor (z.B. Bdume und Striiucher). Gronit- und Dolcritinselhergc sclleincn son1it 
eine unrerschiedliche F11n ktion in der Lonrlsclwji ein ::.unclnnen. \Viihrend die 
Granitinselberge viele A rten IJeher!Jergen, die clwmktenstilcfl .fiir 11/efu· hu111 ide 
Bedingungen sind, scheinen Oi(f' den Doleritinsei/Jelgen 111chr Pjlonz.cn des 
u111gebenden Flach/andes z11 \t-·ochsen. Die DoiCI'itillsci!Jergc /..:iinntcn .1o111it Rejitgio 
fiir Arten darstellen die durch U!Je rtt eidung in da Un1gelmng clnnin ien 11 uulen . 
wdlnend die Gronitinsei!Jerge Rejitgio .fiir i\ncn. die durc/1 Klinlm·eriindemng 
beintrdchtigt tverden kiinnten, !Jictcn. Gm nitin.lclhcrgc .1te!lcn duhn tt·icfll ige 
Korridore Z.ll Berggegcndcn dor, die /Jc i No/11.\Chllt ::p lwlllng 11111 cin!Jc::ogcn \t·crdcn 
so!! en. 

Keywords: Brandberg, conservation, Erongo. Nami bia. plant diversit y. spec ies 
pools, Spitzkoppe 

Nomenclature follo ws Craven ( ll)<:Jl) ) 

Introduction 

Arid regions, particularl y at the interface or biumcs. arc putcntia ll v first to be allec tcd ----
Q.y__gj_Qbal climate chan_g_e (Hoffman et of. l l)l)(): Stdfen er o f. l l) l)(1 ) Mounta ins. 
through their altitude gradient. have often been considered to_prm ide :1 hll lln in the 
event of climate change (Bond & Ricl!ardson 1990) . Iso lated mountains in a desert 
landscape could thus prove of considerable im portance by either {a ) maintai nin g 
adequate species pools to suppl y drying up lowlands m (h) nruv idin.f! shelter for 
species no longer able to survive 011 increasingly arid pl ai11s coll lwc ted 
species pools are thus important (Comell Jl)9 :1 : Zobel IY97) 

Understanding the linkages and thus potenti al ge ne now bet\\een popul ation s will 
prov ide a solid framework for deve loping practi cal guidelines aimed at retai ning 
ecological patterns and processes in an ideal conservation ne twork (Cowli ng et of. 
1999). It is in this context that the current stud y pn.wides a cont ribution by 

(a) the linkages between inse lberg and neighbou ring mountain plant 
species pools and (b) attributes of spec;ies shared bet\veen these habita ts to elucidate 
po tential mechanism of spec ies migrati on and gene llow. 

The central Namib Desert is charac teri sed by a steep coast-in land climatic gradient 
(Ji.irgens et al. 1997), continuous aridi ty since the late Tertiary (Ward ('/ of. 1983 ) and 
a varied landscape with vast grave l plai ns, dotted wi th isolated mountains (i e. 
inselbergs) and dissected by a network o f' dry ri vers (Giess Jl)81 ). The northem tip of 
the central Namib is framed by two ex tensive mountains to the north (13 randbe rg /l\ 
Mountain) and (Erongo Mountain ). This area forms a mosai c- like transi ti on 
between the Desert, Nama Karoo ami Savanna biomc in NanJ.i.l.llil( lli sh 1YY4 ) l11 thi s 
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· complex, ar id landscape the ques tion of relationships between biological 
communiti es of · iso lated mountains with larger mountain complexes (i.e. the 
Brandberg and Ero ngo Mountains) is not onl y of academic interest but may also 
provide directives for conservation planning. 

In Namibia outcrops and granite mountain areas had been ident ified of 
conservation importance due to _hi gh level of endem ism and hi gh species diversit y 
amongst all groups of taxa (Ba rnard 1998). In practical terms conse rva ti on planning 
on regional and national leve l is currentl y in progress in Na mibia with particu lar 
emphasis on the stud y area. A master (land use) plan for th e Erongo Region is in 
prog ress, conservancies and a resea rch fie ld stati on with th e view to become part of 
Namibia's Long- term Ecological Research Netwo rk are planned in th e Erongo 
Mountains (P. Barnard, pers. comm. ) and communit y-based touri sm ve ntures are 
presentl y expanded in the Spitzkoppe area, whi ch is very popular with tourists. All 
these activities ca ll for an integration of biodiversity research with wise 
environmenta l and conservat ion planning. 

At the background of the broad ques ti on of eco log ica l pattern s and processes that 
deserve particular attention in conse rva ti on planning in thi s area, the following 
ques ti on were asked: 

•What are th e linkages between inse lbergs and the spec ies poo ls of larger 
mountain compl exes'l 

• Are these linkages affected by eleva ti on of inse lberg, di stance to mainland , or 
lithol ogy andlandform'l 

•What are th e attributes of spec ies shared between in se lbergs and potential 
main land 'l 

Methods 

Study area 

The stud y area is positi oned in the northern part of the central Na mib Desert and 
compri ses ,Ln se lbergs in the Sp it zkoppe area as we ll as the Hrandberg and Erongo 
Mountains (Figure I ). The centre of the stud y area is approximately at 2 1 °30' latitude 
South and I 5°00' longitude Eas t. The Brandberg ri ses to 2573 m, with an eleva ti on 
of 'll?proximately 1800 111 above th e surrounding plains. The Erongo Mountains' 
hi ghes t peak is 23 10 m, ri sing some 1200 m above the plains at its wes tern edge . The 
studi ed inse lbergs range from I 0 to 460 m in eleva tion (Table I ). 

The stud y area li es in a transiti onal zone between th e dese rt, a narrow strip of the 
Na ma Karoo and the savanna biome in Namibia (Iri sh 1994 ). Rainfall decreases fro m 
east to west, with a long-term annual average of 290 mm at Omaruru, eas t of the 
Erongo Mountain s, dropp ing to 134 mm at Usa kos and decreasing to as littl e as IS 
111111 near th e coast (Weather Bureau , Windhoek). Most rains fall in the late summer 
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months (January - March} and rains are unpredictable. hi ghl y var iabl e between years 
and ex tremely patchy. 
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Figure 1: Position of study area in Namibia and investigated inselbergs (triangles) (1 00 m 
contour lines and main roads are indicated). 

Table 1: Studied inselbergs in the Spitzkoppe area, thei r posi tions and rock type. 

Name of inselberg I Geographic position Lithology 
I Black Range J 21 °57' S / 15° 1 0' E 

1 21 °49' S / 15°09' E granite 

___ o ___ p ____ e_e - I 21°51' s / 15°03' E granite 
21 o33' S / 15°01 · E granite 
21 °54 ' S J 14 °53' E dolerite 

Spitzkoppe 21 °39' S / 15°08' E dolerite 
Small Schwarz Spitzkoppe 21 °42' S / 15°06' E ______ 
Small Black Range 2 1_0 56' S / 15°12 ' E · 

_ ___ _ _ 2 1 o 45' S I 14 °57' E dolerite 

Gravel plains and inselbergs of different lithology provide the 111ain landfor111s in the 
study area. The studied inselbergs arc either granite do111cs or doleritc dykes or 
Cretaceous origin (Geological Survey 19<)7). The granite insclbcrgs arc characterised 
by steep slopes wi th an qverall rounded appea[illlCe and 111 an y bou lders. particula rl y 
around the bases of these mountains. The dolerite rid ges are al igned in a south-west 
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-: to north -easterl y direc ti on, and , apart from contrasting chemical co mposition of the 
substrat e !13urke 2002b) , form narrow ridges with steep slopes covered with loose 
10cks and stones. Three granite inse lbergs and six dol erite ridges we re se lec ted for 
thi s stud y. The Brandberg is largely composed of granit e, whil e the Erongo 
Mountains are composed of· vo lcanic material, large ly rh yo lite and undifferentiated 
basalt lava flo ws as we ll as granite (Geo logical Survey 1997). 

The zo nal vege tation in thi s area has been desc ribed as Cu!icorL'nw UljJ itutu and 
Euplwr/){{ i dwnumnu zo ne ( Hachfeld 2000) with savanna spec ies, such as Acuciu 
rL'jicien1 becoming more prominent to 'vv ards the eas t (pers. ohs.) 

Data preparation and analysis 

Included in thi s anal ys is we re data from fi e ld surveys of t'lora undertak en by the 
author of Sp it zkoppe inse lbergs and in the Erongo Mountains during the growin g 
season of 1998 and /()() I , publi shed sources and database informati on. The 
rn ethocl ology of th e fi eld surveys has been desc ribed in detail in earlier publica ti ons 
and will thu s not be repeated here ( Burke 2002a). Ho wever, summari sed brie fl y, 
plant spec ies abundance was recorded along transec ts from bottom to top of inse lberg 
or mountain . Spec ies occurring in the ge neral area, but not directly on th ese transects 
were also recorded. For the purpose of thi s study, detailed information on plant 
spec ies- abundance, available from th ese fi e ld surveys, was summari sed to present 
spec ies li sts per in se lberg. A spec ies li st for th e Brandberg was based on publi shed 
informati on (C ra ve n & Crave n 2000 ), while a spec ies li st for th e Erongo Mountains 
was ge nerated using own observations and data from th e spec imens database of the 
National Botanical Resea rch Institut e. 

To in ves ti gate the re lationship betwee n inse lbcrgs am! potential mainland sources 
similarity matri ces were prepared wi th th e co mputer programme PRIMER (Carr 
1997) using the Bray Curti s similarit y index am! 4111 root transformation of the 
original data. The influence of (a) elevation and (b) clistance to mainland was 
ex plored by regress ion anal ys is, the influence of (c) geo logy usin g Anal ys is of 
Variance (Za r 1984 ). P- tes ts we re used to determine whether or not differences 
between similariti es of inse lbergs with (a) the Brandberg or (b) the Erongo 
Mountains we re signifi cant (Zar 1984) 

As an indi cat ion for potential processes of spec ies mi grati on and exchange, attributes 
of plant spec ies shared between inse lbergs and the mountain compl exes (i. e. 
Brandberg and Erongo Mountains) we re in ves ti gated with regard to di spersal spec tra 
and grow th form. Q_row th form s we re c lass ifi ed into th e simpl e catego ri es stem-
succ ul en t, s.b..lli.Q, leaf-succ ul ent, herb , grass, geophyte, eve rgreen and dwarf stem-
succ ul en t ( < 0.2m). Di spe rsa l mode was defin ed according to obv ious 
adaptations (va n der Pij l 1069) ami also included dual di spe rsa l modes. 
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Results 

Inselberg- mountain relationships 

Overall , 770 plant species were included in this anal ysis This presen ts 18 ?r percent 
of the total fl ora of the country, a remarkable di versity within a11 approx imately 60 
km radius of land surface. Distances from inse lbergs to poten tial main land ranged 
between 30 and 120 km, with inse lbergs being overa ll close r to the Erongo 
Mountains than the Brandberg. The similarity indices ranged l'ro111 tu perce nt 
plant species shared between inse lbergs and respec ti \'e mou11tai 11 areas. 

With regard to the arrangement of rlori stic a!li nit ies in the spati al landscape. patte rn s 
were remarkably similar when the similarity indices with the Bramlberg ami those or 
the Erongo Mountains were eo mpa1·ed (Figure 2) In both instances the gran ite 
inselbergs (s ites 3, 7 and 8) had the hi ghest affiniti es '' ith the potentia l mainl and 
sources (26 - 35 % for the Brandberg: 25 - 34 7r !'or Erongo). low do lerite ridges the 
lowest (3 - 20 % for Brandberg: 4 - 20 'lr !'or Erongo). The 'alues only dille red 
slightly and were not signi ficantl y di!lerent (l'or dolcrite F= I 08 . p > OAC1: for gran ite 
F= 0.99, p>0.49). The ran ki ng of affinities fro m hi gh to ]m, re111ained identical. The 
Branclberg and Erongo Mountains shared approximately 56 r1r or their plant species . 
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Figure 2: Percent similarity of individual 
inselberg floras with mountain floras of 
the Brandberg and Erongo Mountains. 

Are rlmi sti c al'l'initi es related to e levation'1 

Yes. elevation of imelberg influenced 
a!lin iti es with pute11ti al 111ainl and sources. 
This was stati st ically supported for both , 
Brandberg (r"=O 86. p< () 0004) and Ero ngo 
Mountains (r:> =O 88 . p< () 0002 ), with 
hi ghe r inse lbergs (those abo ve 140 111 ) 
showing closer affiniti es than lower 
inselbergs. 

Are r! ori st ic affini ties related to distance to 
mainland '/ No. as emerging from the 
interpretati on of spatia ] patte l'llS, distance to 
main land in thi s st ud y did not al'fect 
similariti es bct\\Ten inse lberg and poten ti al 
mainland rl oras. Correlation coefficients 
were low and not siunificant for both, 
Brandbc1g (r:>=0.02. p:o ()85) ami Ero ngo 
Mountains (r"=O 23 . p=0.19 1) However, a 
sligh tl y better relationshi r \vas indicated 
for the Erongo Mountains. 

Are fl oristic affinities affected by geo logy'/ Yes , geo logy in r!ue nced the relations hip 
with potential mainland sources in thi s st udy, l'or both Brandbe rg (!\NOVA : F= 18.3. 
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"' p< 0.0004 ) ami Eron go Mountains (AN OY A: F= I<J .O, p< 0.0004) the difference was 
signifi cant . As indi cated above, the fl ora of granite inselbergs shared a remarkabl y 
hi gher number of spec ies with the potential mainland sources than do lerite rid ges. 

Attributes of shared species 
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Figure 3: Number and attri butes of spec ies shared 
between inse lbergs and potent ia l mainland a) Number 
of species and Namibian endemics (hatched top), b) 
dispersa l spectra (a,z = wind and animal , a,h = wind 
and water), c) growth form s (ss =stem-succulent; Is = 
leaf succulent; geo = geop hyte; ev = evergreen; dss = 
dwa rf stem-succulent < 0.2 m) , (BB-do l = 8 randberg -
dolerite ridg es, BB-gra = Brandberg - granite 
inse lbergs , Ero-do l = Erongo - dolerite ri dges, Ero-gra 
= Erongo -g ranite inse lbergs). 

Oinlerio 2X ( 201!.1 I 

A total of I <Ji:) spec ies were 
shared be tween the 
mountains and the 
in ves ti g<tt ed inselbergs . 
These included man y 
wides pread, opportu nisti c 
spec ies, such as A ristidu 
w l.\cen.1ionis and GeigNiu 
ulutu , weedy spec ies, for 
ex am ple Geige riu om ut ii•a 
and Zygo;J!n-1/unz sin ljJ/ex, 
but al so Na mi bian endemi cs 
such as Elcplwn tonhiza 
.\uffi·uticoso . Petulidiwn 
CWICSCC/IS and l\1onec/l/ /l ({ 
gcn istij(J/iunl (A ppendix I). 

The num ber of sr ec1es 
shared betwee n granit e 
inse lbergs and mainland was 
173, that of dolerite ridges 
I I I . Further broken clown as 
per individual mountai n 
area, dolcrite ridges shared 
97 spec ies with th e 
Brandberg and I 02 spec ies 
with the Erongo Mountains. 
The gran ite i nsel bergs 
shared 149 spec ies with the 
Brandberg and I 52 spec ies 
with th e Erongo Mountains 
(Figure 3a). The proporti on 
of Namibi an enc!emics 
amongs t th e shared sr ec ies 
was sli ghtl y lower for 
spec 1es shared with the 
Ero ngo Mountains th an fo r 
th ose shared with the 
Branclberg. Although some 
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of the shared spec ies (36 %) occurred in both mainland areas. til e remainin g spec ies 
were only shared with one of tile potential mainland areas. Some exa mples for 
species only shared between th e Brandberg and insclbergs are 1\/oe diclwtonw, 
Anthiphiona fragrons and 1-fe/ichn·sunl roseo-ni,·eunl: ex ampl es fur species onl y 
shared between Erongo Mountains and the in se lbergs are !Jicilro.\tucil\ ·s c inerea, 
Helinus spartioides and Tolin11111 coffiwn. Interes ti11 gly. 68 c1r. of th e shared spec 1es 
also occurred on plains and in dry ri ve r habitat s surroumlin g the in se lhergs. 

Deso ite the fact that total numbers and the composition of the species differed, 
di spersal spectra of shared spec ies were remarkabl y similar (Figure Spec ies with 
no obvious adaptation for seed di spersa l comprised th e larges t gro up. fullmved by 
animal and wind di spersa l. Self di spersa l and th e comb inati on of animal and wi nd 
di spersa l were ev ident. whil e wate r and the combin;ltion of water and wi1 1d dispersal 
was only found in few species. 

Growth forms of shared spec ies, however, differed bet\.vee n the gro ups The spec ies 
from dolerite ridges shared with both. Erongo Mountain and Bra11dberg. were large ly 
herbs, followed by shrubs and grasses, and then guilds of plants whi ch we re less well 
represented such as trees, geo ph ytes , stem-s uc culent s. e\'e rgree n shrubs and dwarf 
stem-succulents. Species shared betwee n granite and poten tial mainland h<lbitat s on 
the other hand , were foremost shrubs, followed by herbs and th en grasses and trees 
(Figure 3c). 

Discussion 

Inselberg- mountain relationships 

Irrespect ive of position in th e local landscape. granite in se lbergs showed the hi ghes t 
floristic affinities, dolerite rid ges ami lowe r 1nountain s th e lowes t affinities with 
potential "mainland" habitats (Figure 2) . This was stati sti ca ll y supported fm both, 
lithology and elevation. Unfortunately no iso lated. lo w granite inselbergs occu rred in 
the study area to enable a clear separation of th e eflec t of ele\'at ion from lithol ogy 
(only medium and hi gh, iso lated granite inse lbergs we re present). hut it is expec ted 
that thi s would not change the detected trends. There was a sli ghtl y better co rrelati on 
with distance indicated for th e Erongo Mountains. This could mean that those 
inselbergs closer to th e Erongo Mountains ma y be more si milar in flori sti c 
composition than those furth er away from th ese mountain s. But thi s trend was not 
statistically supported and could also be related to a sam plin g effect. as hi gher 
inselbergs (more likely to show better correlation) were ove rall closer to the Erongu 
Mountains. 

A study on basa lt mesas (flat-topped inse lbergs) to th e north of the stud y area shO\ved 
in one respec t a similar, in another an opposing trend. Di stance had no errcct Oil 

floristic affinities between these mesas and the esca rpment. the closes t si milar 
mountain habitat, but neither had eleva tion (/\ Burke. unpubli shed data 2001 ). 
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However, similariti es were overall much hi gher, averaging at about 50 %, and 
although the st ud y area was comparab le in size, it presents generally a more 
mountainous landscape where mesas are far less iso lated than tile inse lbergs in the 
Spitzkoppe st ud y area. Closer links amongst the fl oras of neighbouring mesas may so 
have resulted in the persistence of a mesa flora very similar to the escarp ment to the 
eas t. 

The fact th at hi ghe r inselbergs showed close r affinities with th e potential mainland 
can likely be exp lained by a large r continge nt of in se lberg spec iali sts (i.e. spec ies 
adapted to mountain habitats) which were less frequent on lower inse lbergs (A. 
Burke, unpubli shed data 200 1 ). Altitudinal eflec ts may also play a role on hi gher 
in se lbergs, providing coo ler and perhaps moiste r condition s in th e hi gher reac hes of 
th ese mountains. Convectiona l rains , but also fog cou ld contribute to thi s effec t. 
Although at 70 km distance fro m the coast, fog influence is lo w (Hachfelcl 2000), fog 
was observed occas ionall y durin g the fi e ld surveys, particularly covering th e top of 
the inse lbergs. 

Hi gher affinities between granite inselbergs and potential mainland habitats cou ld 
well be related tu similari ty in lithology and derived substrate. The Brandberg is 
large ly composed of granit e, whil e granite intrusions are also present in the Erongo 
Mountain s, although accompa ni ed by rh yo lit e and basalt la va fl ows (Geo log ical 
Survey 1997) The che mi ca l and physical properties of so il s derived from th ese rocks 
are likely sim ilar to those on gra nite inse lbergs, and could thu s support a sim ilar 
assemblage of plant species. The spec ifi c lanclfonn of granit e in se lbergs, as compared 
to the dolerite dykes , is believed to provide more favourable microhabitats throu gh 
intensive re-d istributi on of runoff (S hmida et nl. 1986) as we ll as shady and sheltered 
habitat s beneath and in the vicinity of the large boulders. On gra nite in selbergs water 
runs off bare rock su rfaces and co ll ec ts in depressions and channels where moisture is 
stored for many months into the dry season. Although th ese roc k su rfaces are not 
co loni sed, plants growi ng in rock crev ices between these granite sheets and in 
depressions and channels so receive additional moist ure. Thi s may enable species 
normall y growing in hi gher rainfall regimes to survive on th ese inse lbergs. Runoff on 
the steep slopes of th e clolerite dykes is believed to be re-d istribut ed in a different 
fa shi on. Here no exte nsive rock sur faces are present and run off wi ll like!) be more 
eve nl y distributed. Moisture condition s on the dolerite ridges ;Ire still more 
favourable than on the surrounding plains, but moisture stored at a particular spot 
may be less than in soi l pockets on gra nit e inselbergs. So il s derived from dolerite are 
much finer than the coarse , grani te deri ved soi ls (Burke 2002b), perhaps an additional 
factor resulting in less storage of so il moisture under arid conditions (Seely 199 1 ). 

The in ves ti gated fl oras are likely examp les of unsaturated, nOli -interac tive 
com muniti es and may thus prese nt "s ink" habitat s for species at the edge of th eir 
distribution ranges (Corne ll 1993) The fact that rainfall cond iti ons large ly determine 
:;pec ies compos ition in the broader area (Hachfeld 2000) and man y spec ies of the 
mountain habitats in the stud y area ha ve onl y been recorded in except ionall y good 
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rainy seasons (Craven & Craven 2000) support s such a notion . A reasonab le ove rlap 
between species of inse lbergs, parti cularl y hi gher gra nit e dom es . ;1nd til e larger 
mountai n mass ifs (approximatel y a quart er to one third o! th e spec ies) indi cates th at 
thert' are certa inl y rl or isti c links. However. with ou t longe r term monit ori ng of 
populations of selected spec ies, it will be diffi cult to ex plain wheth er 01 not "source-
sink" effec ts ex ist and in whi ch way these ope rat e. 

Attributes of shared species 

With regard to attributes that may enabl e spec ies mi gratiu11 and ge ne !lo'' hetwee 11 
populations, about half of the spec ies shared hctwec11 in sc lher.us a11d 11 cig hhou rin g 
mountain habitats showed adaptation s for long-ra11 ge seed di spersa l. sucl1 as \\'i lld 
and an imal di spersa l (Figure 3b). Amo ngs t those that \\ere restricted to mountain 
habitats (i.e. not occurrin g 011 plains) we re al so equal pmtiom ul spec ies '' itil lon g-
range and short-range di spersal. If seed di spersal was tile main Ltctor res pon sible for 
determining which spec ies are common to both imelbergs ami neighbouring 
mountain mass ifs, one would ce rtai11l y ex pect long- ran ge di spe rse rs to he til e most 
prominent group. Thi s is not th e case, but a nea r equal di stributi on occ urred which. 
(a) cou ld be a refl ec tion of the reg ional spec ies poo l in th e a1ea tCa ley & Sch luter 
1997), (b) indicate that oth er factors such as ecu logical ami habitat req uirement s or 
the spec ies in vo lved may be more importa nt ( 8ana7 I <JlJ I ) or (c) point tu wards oth er 
intrinsic selec ti ve rorces that impose O il seed di spersal ( Dl ed; n1a l111 ('/of. l l)<)C) ). 

More th an two thirds of til e spec ies shared hetwce11 i11 se lhergs allll neighboming 
mountain habitats al so occ urred on til e plai11 s ami dry ri\ Cis st lrrou11di11 g tile 
inselbergs. Thi s indicates that most or these are acbpted to gm\\ in m;u1y dillerent 
habitats and thus ha ve broad eco logica l tol eran ce li111it s. In a11 idea l scena rio spec ies 
most ab le to "migrate" (i.e. co lo11ise 11ew habitat s) would he th ose "ith lon g- ra11 gc 
di spersal and broad h;tbitat and eco log ical requi rc1ne11t s. 

With regard to growth Corms. hi gh proportions of short -Ji,c cl spec ies arc ex pec ted to 
indi cate flu ctuating, more tra11 sient populations. thu s poi11tin g tu\\ ;ud s a "source-
sink" effect (e .g. Kaclmo11 & Shmida ISJSJO: Dias I t)<JCJ) m a dy11ami c lnetapopul;tt ion 
(e.g . Tilman et al. I t)97). The result s of thi s stud y di!ler het,, ec n in se lbergs of 
different lithology, however. On dol erite rid ges silort -11\'ed spec ies suc h as herbs. 
grasses and geophytes (Co r conve ni ence included. althou gh it is rccog 11i sed that so n1e 
geophytes can be fairl y long- li ved) dominate. On gra nit e in sc lbergs long- li ved 
species, such as shrubs and trees were clearl y more pm111i11 ent (Figure ]c) One could 
hypothesise th at spec ies composition on dolcrite rid ges is more tran sie11L whil e 
communities on granite inse lbergs may Corm more stabl e commLIIliti es . with c lose r 
fl oristi c links to neighbouring lllOlllltaill hab it ats. A stud y· or cha nges I ll C0 1111llllnit y 
composition over time would be abl e to answer thi s que sti on. 

Althou gh thi s has not bee n the rocus or thi s stud y. a close r loo!,; ;t t ti iC species sha1·ed 
between in se lbergs ami tile two dillercnt 111 Uu1 1t ain mass ifs rC\cal ed that different 
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• fl oral elements are involved (on ly some 56 % of the species are common to the 
Brandberg and the Erongo Mountains). The Brandberg harbours many Namib Desert 
elemems as we ll as spec ies occurring in the Cape and Nami bia (Nordensta m 1974; 
Cra ven & Crave n 2000). Savanna elements, such as various Acucio spec ies are more 
prominent in the Erongo Mountains. 

Implications for conservation and land use planning 

The study area is characteri sed by comparati ve ly hi gh plant species di versity that 
emphasises its importance for conservation. Amongst the stu died inse lbergs it was 
confirmed that g ranite areas showed higher di vcrsi t y and I i nkages to other mountain 
habitats further emphasis ing thei r conservation import<lnce (13amard ll)CJ 8). The 
granite inse lbergs showed closer links with 11e ighbouring mountain habitats and may 
thus provide an important gene poo l for species at the edge of their dis tribution range. 
In view of on-go ing land use and CO il servati on planning ac ti viti es in the stud y area 
the findin gs of this study res ulted in three main recommendations. (I) To adequately 
preserve ecologica l patterns ami processes granite areas should receive a hi gh priority 
rating amongst habitat s. (2) As floral linkages with other mountai n habitats in the 
area ex ist, and are likely import an t in maintaining inselberg commun ities, " linkage" 
corridors between inse lbergs and larger mountai n areas, idea ll y containing several 
inselbergs and/or sma ller rock outcrops should be ii1cluded as important variables 
indicat ive of eco logical processes in iterati ve conservati on prioriti sat ion procedures 
(Cowling et ul. 199<)) (3) The establi shed sit es in the Sp itzkoppe area provide an 
idea l base line for studi es of environmen tal change ami should be formali sed (i.e. 
receive protecti on), expanded to include perm<lnent sites in the Erongo Mountai n 
conservancy area, <1 ncl monitored. At the same time inclusion of other taxa such as 
indicators fo r insec t com munities should also be cons idered 

Due to increasing pressure the semi -nomadic pastorali sm practi sed in the parts of the 
stud y area, increasing influx of peop le and their li ves tock is expected to negati vely 
affect the grazing resources in this area in the long- term . lnse lbergs harbour many 
pa latable grazing and foclcler species prov iding a "back- up" source pool should these 
dec line on the surrounding plains. lnse lbergs shou ld thus receive a hi gh protection 
status including protec tion from grazing, espec iall y where deg radi ng conditions in the 
surrounding may force li ves tock to move into reasonabl y accessible mountain areas. 
At present li ves tock grazing onl y affects the more accessible bases of these 
mounta ins, as the upper reaches are inaccessible to li vestock ami populati ons of 
inse lberg and mountain-adapted plant spec ies are so naturall y protec ted. However, 
some grani te inse lbergs have become popular des tinations for rock clim berS' and 
commerc ial mineral coll ec tors. Particularly acti viti es of the latter may negati vely 
impact on the gran i tc i nse I berg vegetal ion. 
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Conclusion 

In summary, the foll owing findin gs may be of relevance to resource and conse rva ti on 
plat111ing: 

•granite inselbergs showed closer links to the nearb y mountain hab ita ts th an 
dolerite rid ges. 

•Higher inselbergs had closer links with mountain hab itats than low in se lbe rgs 
•Many spec ies, largely with broad habitat requirement s. are shared be twee n 

inselbergs and potential mainland habitats. 
•Likely more transient populations of short-li ved spec ies are shared between 

dolerite rid ges and potential mainland, compared to longe r-li ve cl plant s on 
granite inselbergs . 

The function of granite inse lbergs and dolerite rid ges in thi s ari d landscape may thu s 
differ fund amentall y. q ranite inselbergs appear to be import ant for maintenance of 
remnant populations, whil e £!olerite rid ges may be more important as source poo ls of 
elain species. To adequately address conserva ti on of pattern s and processes, granite 
areas and "linkage" corridors betwee n inse lbergs and neighbouring mo untain s should 
be prioritised in conservati on planning ac ti viti es. 
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?.ppendix 1. Plan t species shared between Spitzkoppe inselbergs (1998 survey) and 
Brandberg (BB) and Erongo (Ero) (x = indicating occurrence on Spitzkoppe inselbergs and 
respecti\'9 mountain area; ss = stem-succulent, Is = leaf succulent, geo = geophyte, ev = 
evergreen, dss = dwarf stem-succulent; a,z ::: wind and animal dispersal, a,h = wind and 
water dispersal). 

Plant species Dolerite Granite Growth Dispersal 
fo rm 

BB Ero BB Ero 
Abutilon pycnodon Hochr. X X X X shrub none 
Acacia erioloba E.Meyer X X tree animal 
Acacia erubescens Welw. ex Oliver X tree animal 
Acacia reficiens Wawra ssp. reficiens X X X X tree animal 
Adenia pechue/ii (Engl.) Harms X X ss none 
Adenolobus garipensis (E.Mey.) Torre & X X X X tree none 

Hillc. 
Adenolobus pechuelii (Kuntze) Torre & X X shrub none 

Hillc. subsp. pechue/ii (Torre & 
Hi llc.) Brummit & Ross 

Aloe dichotoma Mass. X ss none 
Amaranthus praetermissus Brenan X X herb animal 
Amphiasma divaricatum (Eng l. ) Bremek. X shrub none 
Anth1phiona fragrans (Merm.) Merxm . X shrub wind 
Anthephora pubescens Nees X X grass a,z 
Anthephora schinzii Hack. X X X X grass a,z 
Anticharis ebracteata Schinz X X herb none 
Anticharis imbricata Schinz X shrub none 
Aptosimum arenarium Engl. X X shrub none 
Aristida adscensionis L. X X X X grass a,z 
Aspilia eenii S. Moore X X shrub wind 
Barleria lancifolia T.Anders X X shrub self 
Berkheya spinosissima (Thunb ) Willd. X X X X shrub wind 
subsp spinosissima 
Blepharis grossa (Nees)T .Anderson X X X X herb self 
Blepharis obmitrata C.B. Clarke X X shrub self 
Boerhavia coccinea Mill. X X shrub animal 
Boscia albitrunca (Burchell) Gilg & X X X X tre e animal 

Benedict 
Boscia foetida Schinz subsp. foetida X X X X ev animal 
Bulbostylis hispidula (Vahl) R. Haines X grass none 
Cadaba aphylla (Thunb.) Wild X ev animal 
Calicorema capitata (Moq.) Hook.f. X X X X ev wind 
Cardiospermum pechuelii Kuntze X X shrub wind 
Catophractes alexandri D.Don X shrub wir1u 
Chamaesyce glanduligera (Pax) Koutn X X X X herb none 
Chamaesyce inaequilatera (Sond )Sojak X X X X herb none 
Chascanum garipense E.Mey. X X shrub none ---- -· 
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Chloris virgata Swartz 

- X X 

grass wind 
Citrullus eccirrhosus Cogn . X geo animal 
Cleome angustifolia Forsskal subsp. X herb none 

diandra (Burchell) Kers 
C/eome suffruticosa Schinz X X X X herb none 
Clerodendron dekindtii Guerke X shrub animal 
Coccinea rehmannii Cogn. X X X X geo animal 
Codon schenkii Schinz X X ev none 
Commiphora glaucescens Engl. X X X X tree an imal 
Commiphora pyracanthoides Engl. X X ss an imal 
Commiphora saxicola Engl. X X X X shrub animal 
CommicArpus squarrosus (Heimerl) X X X X shrub animal 

Standley 
Commiphora tenuipetiolata Engl. X X X X tree animal 
Commiphora virgata Engl. X X X X ss animal 
Coral/ocarpus welwitschii X X X X geo animal 

(Naud.)Hook.f.ex Welw. 
Corbichonia decumbens (Forssk.)Exell X X X X shrub none 
Cordia sinensis Lam. X X tree animal 
Grata/aria damarensis Engl. X X X X herb none 
Croton gratissimus Burchell var. X X tree none 

gratissimus 
Cucumella aspera (Cogn.) C.Jeffrey X X X X geo animal 
Cucumella cinerea (Cogn.) C. Jeffrey X X geo animal 
Cucumis sagittatus Peyr. X X geo animal 
Curroria decidua Planch. ex Hook.!. & X X X X shrub wind 

Benth. 
Cuscuta planiflora Ten. var planiflora X X herb none 
Cyperus marginatus Thunb. X grass none 
Cyphostemma currori (Hook. f.) Desc. X ss an imal 
Cyphostemma omburense (Gilg.& Brand!) X X shrub animal 

De se. 
Dactyloctenium aegytium (L.) Willd . X grass none 
Dactyliandra welwitschii Hook. f. X X X X geo animal 
Dichrostachys cinerea subsp. africana X tree an imal 

Bren. & Brum . var. africana 
Dicoma capensis Less. X herb wind 
Dicoma tomentosa Cass. X X X X herb wind 
Dipcadi glaucum (Burchel/ ex Ker Gaw.) X X X X geo none 

Baker 
Dombeya rotundifo/ia (Hoechst.) Planch . X X tree none 
Dyerophytum africanum (Lam.) Kuntze X X X X shrub wind 
Elephantorrhiza suffruticosa Schinz X X tree animal 
Emilia marlothiana (O.Hoffm.)C.Jeffrey X X X X herb wind 
Enneapogon desvauxii Beauv. X X X X grass none 
Enneapogon scaber Lehm. var. scaber X X X X grass none 
Eragrostis annulata Rendle ex Scott X X grass none 
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Eragrostis nindensis Fical.& Hiern X X X grass none 
Eragrostis rattier Rend le X X grass none 
Eriocepha/us dinteri S.Moore X ev a,z 
Euclea pseudebenus E.Mey. ex ADC. X X tree animal 
Euclea undulata Thunb. var. myrtina X X ev animal 

(Burch.) Hiern 
Euphorbia gariepina Boiss. subsp. X X dss none 

gariepina 
Euphorbia guerichiana Pax X X X X tree none 
Euphorbia mauritanica L. var mauritanica X X ss none 
Euphorbia virosa Willd. X X X X ss none i 

Ficus cordata Thunb. ssp. cordata X X tree animal 
Ficus ilicina (Sonder) Miq. X X ev animal 
Forsskaolea candida L.f. X X X X herb animal 
Galenia africana L. var. africana X ev water 
Geigeria acaulis Benth. & Hook. f. ex X X X X herb water 

Oliver & Hiern 
Geigeria alata (DC) Benth.& Hook. f.ex X X X X herb a,h 

Olivier & Hiern 
Geigeria ornativa O.Hoffm. X X herb water 
Gisekia africana (Lour.) Kuntze var. X X herb none 

africana 
Grewia bicolor Juss. X X shrub animal 
Grewia tenax (Forssk.) Fiori X shrub animal 
Heliotropium hereroense Schinz X X X X shrub none 
Heliotropium ovalifolium Forsk. X X herb none 
He/ichrysum roseo-niveum Marl.& X herb wind 

O.HoHm. 
Helinus spartioides (Engl.) Schinz ex X shrub none 

Engl. 
He/ichrysum tomentosulum (Kiatt) Merxm. X X X X shrub wind 

ssp. tomentosulum 
Hermannia modesta (Ehrenb.) Mast. X X X X ev none 
Hibiscus e/liottiae Harv. X X shrub a,z 
Hibiscus engleri Schum. X X herb none 
Hirpicium gazanioides (Harv .) Roessl. X X herb wind 
Hoodia currorii (Hook.) Decne subsp. X X dss wind 

currorii 
lndigofera auricoma E.Mey. X X herb self 
lndigofera pechue!ii Kuntze X X shrub self 
Ipomoea verbascoidea Choisy X ev none 
Kissenia capensis Endl. X X X X ev wind 
Kleinia longiflora DC. X X ev wind 
Kohautia caespitosa Schnitzl. subsp. X X X X herb none 

brachyloba (Sond.) D.Mant. 
Lapeirousia coerulea Schinz X geo none 
Launea intybacea (Jaqu.) Beauv. X X X X herb wind 

Oinrer ia 21! 1 21!03 J 35 

.• 



nurkc 
---- -- - ---- --r----

Lepidium africanum (Burm.F.) DC. subsp. X herb none 
divaricatum (Ai ton) Jonsell 

Leucosphaera bainesii (Hook. f.) Gilg. X X shrub a,z 
Limeum argute-carinatum Warwa & Peyr. X X X X herb none 

var. argute-carinatum 
Limeum dinteri Schellenb. X X shrub none 
Lotononis platycarpa (Viv.) Pic.Serm. X X herb sel f 
Lycium eenii S.Moore X X shrub animal 
Lycium oxycarpum Dunal X X ev an imal 
Mae,-ua parvifolia Pax X X X X tree an imal 
Maerua schinzii Pax X X X X tree animal 
Marcel/iopsis splendens (schinz) Schinz X shrub a,z 
Melhania damarana Harv. X X shrub none 
Melinis repens (Willd .)Zizka ssp. repens X X grass wind 
Merremia bipinnatipartita (Engl.) Hallie r f. X geo none 
Microloma calycinum E. Meyer subsp. X ev wind 

calycinum 
Microcharis disjuncta (G.B. Gillet) Schrire X X X X herb none 

var. discuncta 
Mollugo cerviana (L.) Ser.ex DC. var X X X X herb none 

cerviana 
Monechma cleomoides (S . Moore) X X X X shrub none 

C. B. Cl. 
Monechma genistifolium (Engl.) C. B. X X shrub none 

Clarke ssp. genistifolium 
Mansonia umbellata Harvey X X X X geo wind 
Montinia caryophyllacea Thunb. X X shrub none 
Moringa ovalifolia Dinter & Berger X X X X ss none 
Myrothamnus flabellifolius Welw. X X X X shrub none 
Nelsia quadrangula (Engl.) Schinz X X herb animal 
Obetia carruthersiana (hiern) Rendle X tree none 
Ondetia linearis Benth . X X herb wind 
Osteospermum microcarpum (Harv.) Norl. X X X X herb wind 

ssp. septentrionale (Norl.) Norl. 
Othonna brandbergensis B.Nord. X ss wind 
Oxalis purpurascens Salter X X geo non'3 
Ozoroa crassinervia (Engl.) R.& A. X tree animal 

Fernandes 
Parkinsonia africana Sond. X X tree anima 
Pavonia rehmanii Szysyi. (Pax) S.Moore X X shrub none 
Pegolettia oxyodonta DC. X X herb wind 
Pegolettia senegalensis Cass. X X herb wind 
Pelargonium otaviense Knuth X siHub wind 
Peliostomum leucorrhizum E. Mey. ex X X herb none 

Benth. var. leucorrhizum 
Pennisetum foermeranum Leeke X X grass a,z 
Pentatrichia petrosa Klatt X X shrub wind 
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Pergularia daemia (Forssk .) Choiv. var. X X ev wind 
daemia 

Petalidium canescens (Engl.) C.B.Ciarke X X shrub se lf 
Petalidium variabile (Eng l. ) C.B.CI. var. X X X X ev self 

variabile 
Phyllanthus pentandrus Schumach. & X X X X herb none 

Thonn. 
Polygala guerichiana Engl. X X shrub none 
Portulaca oleracea L. X X herb none 
Protasparagus denudatus (Kunth.) X X shrub animal 

Oberm. 
Ptycholobium biflorum (E. Mey.) Brummit X X shrub self 

subsp. biflorum 
Pupal/a lappacea (L.) A.Juss. var. X herb a,z 
lappacea 
Rhus marlothii Engl. X X shrub animal 
Ruellia divers/folia S.Moore X shrub self 
Salvia ganpensis E.Mey.ex Benth. X X X X shrub none 
Salvadora persica L. X X X X shrub animal 
Sarcocaulon marlothii Engl. X X X X shrub wind 
Sarcostemma viminale (L.) R.Br. X X ev wind 
Seddera schizantha Hallier f. X X shrub none ' 

Senecio alliariifolius 0. Hoffm . X X shrub wind 
Senna italica Mill . subsp. arachoides X X herb none 

(Burch.) Lock 
Sericocoma heterochiton Lopr. X X shrub a,z 
Sericorema sericea (Schinz)Lopr. X X X X herb a,z 
Sesamum capense Burm.f. X X herb none 
Sesamum marlothii Engl . X X herb none 
Sesamum rigidum Peyr. subsp. rigidum X X shrub none 
Setaria appendiculata (Hack.) Stapf X X grass none 
Solanum capense L. X shrub animal 
Solanum rigescentoides Hutch. X X X X shrub animal 
Sterculia africana (Lour.) Fiori X X tree none 
Stipagrostis ci/iata (Desf.) De Winter var. X X X X grass wind 

capensis (Trin.& Rupr.) De Winter 
Stipagrostis hirtigluma (Trin. & Rupr.) De X X X X grass wind 

Winter ssp. hirtigluma 
Stipagrostis hochstetteriana (Beck ex X X X X grass wind 

Hack.) De Winter var. 
hochstetteriana 

Stipagrostis hochstetteriana var. secalina X X X X grass wind 
(Hern.) De Winter 

Stipagrostis obtusa (Del.) Nees X X grass wind 
Stipagrostis uniplumis (Licht.) De Winter X X X X grass wind 

var. intermedia (Schweik) De 
Winter 
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Stipagrostis uniplumis (Licht.) De Winter X X X X grass wind 
var. uniplumis 

Talinum caffrum (Thunb.) Eckl. & Zeyh . X X geo none 
Tapinanthus o/eifolius (Wendl.)Oanser X X X X shrub animal 
Tephrosia dregeana E. Mey. X X X X shrub self 
Tephrosia monophylla Schinz X X shrub self 
Tephrosia oxygona Welw. ex Baker X shrub sel f ' 

subsp. oxygona 
Terminalia pruinoides Lawson X X tree wind 
Tetragonia arbuscula Fenzl X Is wind 
Thamnosma africana Engl. X X shrub none 
Trianthema parvifolia E.Mey. ex Sond. var X herb wate r 

parvifo/ia 
Trianthema triquetra Rottl .ex Wi lld. X herb water 
Tribulus terrestris L. X X herb animal 
Tribulus zeyheri Sond. subsp. zeyheri X X X X shrub animal 
Trichodesma africanum (L.) Lehm. X X X X herb none 
Tricho/aena capensis (Licht. ex Roem.& X grass wind 

Schult.) Nees subsp. arenaria 
(Nees) Zizka 

Triraphis ramosissima Hack. X X X X gr·ass wind 
Vernonia obionifolia O.Hoffm . subsp. X X shrub wind 

obionifolia 
Xerophyta viscosa Bak. X X shrub a,z 
Zygophyllum simplex L. X X X X herb none 
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