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Ecology of a Livi11g Desert: 
Twenty Years of Research i11 tile Natnib 

The Namib Desert loca ted o n the south-
western coast of Africa, is unique in the 
world of dune deserts for it is only in the 
Namib th at a fauna thrives in the 
vegetationless parts of the dune eco-
system. Wind-blown seed s and o ther 
plant detritus th a t collect at the base of the 
slipfaces are the trophic base for this 
fauna composed mainl y of tenebrionid 
beetles , arachnids and several reptile 
species . I- 4 As an ecological and evo-
lutionary laboratory. the Namib dunes 
are paralleled only by such unique areas 
as the Galapagos Islands . Wh y has such a 
fauna developed onl y in the se dunes ? 

It was to investigate this questi on that 
the Desert Ecological Research Unit 
(DERU) was established by the CSIR at 
the Transvaal Museum's Namib Desert 
Research Station at Gobabeb in 1966 . 
This station was or iginally built in 
1962/ 63 by Dr Charles Koch. ento-
mologist of the Transvaal Museum , 
with the encouragement of Dr V. Fitz-
Simons, then director of the museum. Dr 
Koch had been the first to recognize and 
then publicize the distinctive nature o f the 
Namib desert fauna and was a strong 
advocate of establishing a desert station to 
facilitate further field research. Today 
scientists at Gobabeb are continuing the 
\VOrk on aspects of the ecology of the 

. Namib dune fauna with funds from the 
University Research Division of the 
CSIR. The facilities, now called the 
Namib Research Institute. have been 
enlarged and are now maintained by the 
Division of Nature Conservation and 
Tourism of South West Africa. In 
addition , many visiting scientists from all 
over the world contribute expertise and 
back-up facilities to enhance the overall 
programme. 

The selection of the site followed much 
deliberation on possible alternatives and 
reflects Dr Koch 's deep understanding of 
the ecology of the central N ami b. 
Gobabeb is located on the ephemeral 
Kuiseb River , an ecosystem in itself, 
which sharply separates the dune 
ecosystem to the south from the gravel 
plains to the north, thus providing easy 
access to all three ecosystems. 

In a desert water is often the most 
important limiting factor. In the central 
Namib, summer rain dominates in the east 
and fog in the west along the coast. The 
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occurrence o f these two wa ter sources is 
reflected in the distributi on of the 
vegetation on an east-west g rad ient. 
G o babeb. situ ated 56 km inl and fr om 
the coast. is loca ted in th e 8rea where 
perenni a l rai n-induced plant li fe ? nd 
fog -influenced vcgetatic)n are bo th 
at a minimum. Measu re ment s of rai n 
and fog -wate r preci pi tat io n. a lth ough 
avai lable for onl y 14 years . confirm th at 
Gobabeb receives a minimal a m oun t of 
precipita tion in co mpariso n with other 
sites studied in tiJe central Namib . T hi s 
location. wit hin th e tr a nsiti on zo ne 
between th e two moisture sources. has 
provided excell ent opportuni ties for the 
stud y of the effect o f both fog a nd rain on 
a n ecosystern. 5- R 

Unre iling of a plaque at th e Namih R esearch 
In stitut e at Gobabeb, to commemorate the lai C' 
Dr Charles Koch, (ounder o( til e station. 
L eft to right : Mr B·. de la Director of 
Na tu re Con serration and Tourism. S . fVA .. 
Dr C. r. d . . H. Brink, Pres ident of the CSJ.R., 
Professor C. A. d 11 Toil, fann er Chairman (!( 
the DER U steering commillee, and Professor 
F. C. E/o.fj; Chairman of the Board of Tru st-
ers of the Tra nsmal Museum. I Photo : C. K. 
B rain/ 

The central Namib also offers the 
opportunity for the study of relatively 
simple ecosys tems. For example. the 
Kuiseb River with its underground water 
is a linear o as is extending from the interio r 
highlands to the sea. Along its usuall y dry 
course many non-desertic elements enter 
this desert region, although the number of 
species and indi viduals involved is m uc h 
less than th a t of wetter neighbouring 1 

areas. For some animals sufficient food 
and water are available only a long this 
oasis, thus resulting in a linear distributi o n 
of territories for these ri ver-restricted 

anima ls such as the baboon, steenbok and 
klipspr in ger. 9 - 12 Other conditions peculiar 
to th e K ui seb lead to special study 
situations such as the possibility of 
observing th e beh avio ur of hyena and 
j ackal in th e absence of other hrge 
predators. J.l Similarly, limited and only 
pa rti a ll y ove rl app ing food and water 
supplies have led to a study of differential 
mort ality of ge msbok at water holes , some 
which th ey themselves excavate.14 

O n the dun es and plains vegetation is 
limi ted to o nl y a fe\v species, although 
concentratio ns of plants occur where 
wate r is more readily avai lable, for 
example o n the isolated rock y hills. The 
faun a . beca use of its use o f detritu s as well 
as li ving plants for food. is less limited. 
The nature o f the lightl y vegetated 
substrate allmvs for ease of observation 
a nd captu re of th e many element s of this 
fauna. T he laborato ry facilities of the 
N amib R esearch Institute, altho ugh not 
ex tensive, are well situated to provide the 
necessary se rvices to a mplify and 
supplement the field studies in these three 
relati vely simple ecosystems. 

Resea rch in the central Namib is a 
coo perative effort betwee n resid ent 
research ers employed by the DERU and 
visit ing sc ientists from far a field . To 
publ icize thi s research. Or Koch in iti ated 
th e S ciem{(ic Papers of the Na mib Desert 
R esearch Station. Some of the early 
reports were reprinted from the A nna!s of 
the Transma! Museum, Cimbebasia and 
th e Journal of the South West Africa 
Scient(fic Society, while th e later papers 
\Vcre origin al publiccttions of current 
resea rch . W hen th e Di visio n of Nature 
Conservati o n and Tourism assumed 
responsibility for th e fac il ities of Gobabeb 
in 1970. they took over the Scientific 
Papers and incorporated this series into 
th e jou rn a l Madoqua . As a res ult of 
the Division' s policy of encouraging 
publication in Madoq ua , m a ny of the 
current research papers from the DER U 
appea r in that j ourn a l. More recentl y. th e 
DERU has initiated the Namib Bulletin as 
a supplement to the Transl'Qa{ Museum 
Bulletin. This publicCition. which appears 
irregularly. was des igned as a n aid to 
coordination of research and thus 
provid es summaries of current projects 
and bibliographies li sting recent Namib-
re lat ed research publ ications . In addition 
to publication of scientific material , 
information is m ade available to the 
public . a traditi on Dr Koch established . 
Hence several films have been made with 
th e assistance of th e D ERU and a number 
of popular articles have appeared in 
various and books. 

Orientated towards the special op-
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portunities afforded by the Namib, the 
centrai aim of the DERU is to accomplish 
an understanding of the geomorphologi-
cal and climatological environment and 
to relate these ph ys ical factors to an 
understanding of the biological 
rel ationships. 15 Strictly biological inter-
actions are less significant in extreme 
desert environments but are investigated 
when relevant. In addition , basic in -
formation is also being generated for use 
by the Division of Nature Conservation 
and Tourism in managing the Namib-
N aukluft Park. 16 As a result of the nature 
of the N amib ecosystems and particular 
components therein, several major 
research themes , within the context of the 
main objectives , have been more 
thoroughly investigated than others . The 
following is an outline of several of these 
themes ; it is not a complete listing of all 
research carried out through the DERU. 
nor does it refer to all the scientists who 
have been associated with the unit 
through the years. 

Geomorphology and climatology 
Geomorphological studies provide 

clues to the distribution of present and 
past environments and hence indicate 
possible directions of evolutionary 
pathways of the contemporary life 
systems of the N ami b. In an extreme 
environment, as is experienced by the 
N amib, climate is a controliing factor of 
both landscape format ions and life systems 
Of particular significance and interest, but 
difficult to interpret, is the role of long-
return events , especially rainfall. Because 
of its relevance to the region, research by 
visiting scientists working in such fields is 
encouraged and assistance is given when 
possible, although , as yet, a DERU staff 
member has not been found to work in 
this important area. What the DERU 
does do , with the assistance of Nature 
Conservation staff at Gobabeb, is 
maintain a series of meteorological 
stations across the Namib. These data are 
made available both in their raw form and 
as basic compiiations , 17 - 19 and have been 
used in many of the following studies. 

The very arid state of the N amib is 
generated, in part, by the presence of the 
cold Benguela Current along the western 
shoreline and recent evidence suggests 
that the current developed only in the Late 
Miocene. Subsequently the climate of the 
N amib has fluctuated , although always 
remaining arid . Evidence of these previous 
climatic differences is very obvious in the 
N amib rrnd is the subject of many studies. 
Wieneke and Rust , working on the coast 
and central Namib plains , have 
recognized three phases: arid activity, arid 
stability and humid activity and have 
published their conclusions in a series of 
papers. 20 - 24 They have recently included 
the northern N amib in their endeavours. 
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Others have recognized specific pieces of 
evidence in the dune environment25 - 28 and 
Selby has presented support for 
palaeowind directions on the plains. 29 

General geo morphic histories have been 
synthesized by Ollier30 and Hovermann. 31 

Other studies have been of a more local 
or descripti ve nature. for example 
Goudie32 on geomorph ology and Scholz 33 

on soils near Gobabeb. Specifi c eve nts. 
such as the only recorded f1 owing of a 
desert river. 34 and descripti ons of specific 
phenomena, for example the occurrence 
of patterned ground. 12..1 5·11i and the 
charac teristics of an ephemeral desert 
lake.37 ha ve recei\·ed a ttention. Of 
particular use to the ecologis t is Besler's 
synthes is of clim ate and geornorph ology 
on a transect across the central N amib 
fr om the coast to the eastern border. 3 8 

Although the geomorphology of the 
dunes and plains is not entirely distinctive 
they are often treated as separate units . 
The varying dune patterns and their 
rel a ti onship to present and past wind 
regimes have called for explanation, 39 - 41 

as have the underlying structure and the 
movement of the dunes. 4 2 - 44 Besler has 
recently carried out extensive studies in 
this environment. 45 The Kuiseb Ri ver, 
with headwaters several hundred ki lo-
metres away from the Namib. has a 
history onl y dist antl y related to that of the 
desert itself but is. neverth eless. of interest 
to desert geomorph ologis ts. This interest 
m ay be generated in part because of the 
very obvious evidence for pas t climatic 

changes. Several people have wo rked on 
aspects of its past histo ry and present 
gco morph ology. 43 •46 - 4R 

Co mparison of simil ar processes 
and/ or formations occurring in vas tl y 
different areas has formed a part of 
several of the papers listed and is the main 
subj ec t of several stud ies .49 - 53 Because 
a thorough understa ndin g of the en-
vi ronm ent and its hi story is essential to 
understanding the present biological 
relations hips of the Namib, further studies 
of the climatology and geomorphology of 
the region are encouraged and several 
important aspects are currently under 
investigation. 

Bio logy 
C lass ical desert biology usually con-

cern s it self wit h ad aptations of plants 
and an imals and is orientated around the 
major themes of therm al relatio nships and 
water loss and gai n. This is because of 
the conditions prevailing in continental 
deserts where most research has been 
carri ed out. There ex treme temperatures 
and low relative humidi ties, intense solar 
radiation and dry winds prevail and little 
rainfall occurs . In contrast and because of 
its coastal situation. the N a mib , although 
it experiences little rain. enjoys frequent 
fog. and othe r climatic conditions are 
much less extreme. Hence research in the 
N amib has no t been as sharpl y focused on 
the classica l themes and, in fact, several 
Narnib 'desert' orga nism s have been 
found to exhibit apparently ' non-desertic ' 
characteristics. 54 - sn 

A rie 11· of the Namib ReseMch Institute at Cobobeb. looking tm mrds the bed of th e Ku iseb 
R irer and to the dunes bey ond. ! Photo: C. K. Bm in / 
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Namib D,ese rt Park 

Location of the research station at Gobabeb in 
the Namib Desert Park . 

Age as an explanation for fauna! 
richness. The first papers written by 
people associated with the DERU 
concerned the richness and unusual 
nature of the Namib dune fauna. 1- 4 One 
explanation, first conceived by Dr Koch , 
was that 0f the great age of the N amib 
ecosystem. Since this idea was first 
proposed, further information has become 
available from a variety of disciplines, 
estimates of the age of the N amib have 
been revised and its importance as the sole 
reason for the richness of the Namib 
fauna has been rejected. 57 This intriguing 
subject remains a topic of discussion. 58 

Opportunism. Opportunistic behaviour 
is characteristic of desert organisms living 
in an extreme environment but here the 
discussion will be restricted to those 
organisms found outside the desert and 
entering it only because of particular 
circumstances and using special ad-
aptations to cope. Willoughby studied 
larks (Alaudidae) which enter the desert 
after rain has fallen. 59 He suggests that the 
basis for their success in arid regions is 
tl1.eir ability to tolerate rapidly and 
severely changing environmental con-
ditions by virtue of their lack of rigid 
specialization. This applies to many other 
ahimals and plants as well. In the Namib 

-plasticity of feeding habits has been 
described for the jackal,60 hyena,61 

starlings62 and baboons. 12 Behavioural op-
portunism has been found in baboons 
as displayed by defensive stoning. 63 

Water balance. Edney, in perhaps the 
only study carried out on classical lines, 
measured water loss in several N amib 
beetles and concluded that they have 
among the lowest rates recorded for any 
arthropod. 64 In contrast, because of the 
character of the cuticle and stomata, 
water loss may be higher than expected in 
the 'non-xeromorphic' plant, Welwitschia 
mirabilis, 55 and the dune succulent Tri-
anthema hereroensis. 56 

Koch 2 was the first to suggest that fog 
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may possibly have an effect on the Namib 
ecosystem, and Louw and co-work-
ersfis-6R were the first to demonstrate 
the use of fog-water by an assortment of 
N amib animals. Tschinkel69 measured the 
sorption of fog-water by wind-blown plant 
detritus and its consequent availability to 
the dune fauna that consume this material 
as their primary food source. Bornman 70 

demonstrated uptake of fog-water through 
the leaves of Welwitschia mirabi!is, a 
plant living on the Namib plains, and later 
the same was shown for Trianthema 
hereroensis56 in the dunes . Recently, three 
student projects were concerned with 
water balance of dune tenebrionids 71 - 74 

and Kuiseb vegetation. 75 

Further work has been carried out 
describing the unusual be ha vi our 
associated with fog-use and quantifying 
fog -water uptake by individuals of several 
tribes of tenebrionid beetles. - 79These 
studies involve a new approach to the 
investigation of the water relations of 
desert arthropods and are pursued effect-
ively because of the accessibility and 
abundant insect fauna of the Namib. The 
conclusion has been drawn that the 
adaptations for uptake of fog-wate r 
by tenebrionids are predominantl y 
behavioural in nature and do not in-
volve obvious physiological or mor-
phological changes. Because of the 
extensive contribution DERU scientists 
have made in this field, C:1. review of the 
ecology of fog in the N amib is to be 
included in a new book entitled Th e 
Role of Fog in Ecosystems, edited by J . 0. 
Juvik. 

Temperature adaptation. Studies of 
temperature regulation have emphasized 
the range of temperature available to the 
smaller desert organisms , either above and 
below the sand surface in the dune 
ecosystem or in the shade and open sun of 
the dry riverine habitat. Therefore. in 
these desert habitats the animals need 
move only between surface and sub-
surface or between sun and shade to find 
suitable temperatures at any time of the 
day or night. Edney80 noted that for 
Namib beetles the upper lethal limits of 
temperature are re:narkably higher than 
for non-desertic species. Hamilton,81 - 83 as 
a result of extensive observations on many 
tenebrionid species in many parts of the 
N amib, developed the concept of 
'maxithermy.' That is, these beetles have a 
high preferred temperature range between 
38-40°C which they maintain by 
behavioural means. This elevated 
temperature places them at a competitive 
advantage because of the increased energy 
flow. Study of the unique 'white' 
tenebrionids, which occur only in the 
northern N amib desert, also contributed 

the formulation of this 
hypothesis. has pro vi ded 
further evidence m support of the 

'maxit hermy ' concept working on two 
black beetle species common in the 
vicinit y of Gobabeb . His experimental 
field work was backed up by simulation 
studies in the laboratory. 

Surriral strategies. The aim of most 
studies undertaken by the DERU staff 
and visitors is to explain how organisms 
survive in the desert environment. The use 
of opportunistic behaviour, maintenance 
of wa ter balance and use of ther-
moregulatory beha viour are just three 
of the more readily defined categories of 
strategies used. As stated by Noy-Meir86 

at the most recent International Congress 
of Ecology, species in deserts operate as 
separate systems with minimal links and 
feedbacks. Survival strategies are instead 
closely related to the periodic pulses of 
food availability which in turn are 
depend ent on occasional rainfall. In the 
N amib dunes dependence on these 
periodic pulses of food is modified by the 
continual presence of wind-blown plant 
detritus and fog as a source of food and 
water for elements of the dune fauna. 8 

Beh avioural and physiological adapt-
at ion s to so me clim atic factors have 
alreCJdy been mentioned but many other 
studies have touched upon these aspects 
m the course of pursuing broader 
objectives. 

Holm87 •88 conducted the first extensive 
study of this nature, which involved pit-
trapping every possible dune invertebrate 
during one yea r. Activity of the in-
ve rtebrates. mainl y tenebrionicl beetles 
and sil verfish, was correlated with daily 
and annual climatic characteristics and 
with di stribution within the dune habitat. 
Studies already mentioned by Hamilton 

White tenebrionid beet les are unique to the 
Nam ib Desert and srudr of these species has 
led to o grea ter understanding of this eco-
system. 
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·a nd Louw approach the survival of these 
organism<= from a broad point of view. 
na mt..:l y ph ys io log ical. morph olog ical and 
behav ioural. Oth er studi es have either 
dea lt with the integrated strategies 
empl oyed by si ngle o rganisms . for 
example the chamclcon.R9·90 the side -
winding addcr. 91 bats.92 tenebri onid 
beetles.9.1 - 90 a nura ns .97 •n J11efll'it schia 

70 ·99 · 100 or gro ups of org<ln -
ISms sur h as the gc kk onid li za rd s. 101 

Metabolic ada ptatio ns have been stud -
ied 1n tcnebrio nid a nd 

Rcproducti on10'·106 a nd 
diet 107 of seve ral dune anim <ll s have <l lso 
been investigated. 

The rem a rk ab le set of c ircum stances 
prevailing in the cen tral Na mi b have led to 
some unexpected sc ientifi c in sight s. While 

. se tting up an ex periment to determin e th e 
rate o f weathering of bones in an arid 
en viro nment. Brain 108 - 111 made a stud y of 
goa t bones which had been di sca rd ed bv 
H ottento ts in their ' ill ages along the 
Kui seb Ri ve r banks. The composi ti on of 
thi s sa mple. in terms o f ske letal parts. has 
proved to be of grea t signi fi ca nce. Only 
the most robu st parts of the goat skeletons 
survi ved th e feeding action of the 
Hottcn to ts and their dogs . a nd Bra in' s 

of these bones ha ve elucidated the 
reasons for th e remark ab le sl\.clctal dis -
proport ions fou nd 1n th e aus tr<ll op ith -
ccine foss il assemblages of the Transvaa l. 

General and future 
In addition to specific researc h projects 

the D ER U supplies material fo r 
a nd o ther 

As the DER U has deve lo ped . the 
taxo no mic papers. which numeri ca lly 
used to dominate the Sciem(!lc Papers t!( 
the Na mib Desert Research Srurion , arc 
now bein g outnumbered by those dealin g 
more directl y with eco logi ca l topi cs. 

This trend continues as the pos t-
docto ral research associates of the D ER U 
carry o ut in -depth projects of o ne 
or two yea rs· dura tion. Recentl y studies 
of Namib vegetation. 11 5·11 fi reptile 
ecology.9o 91 , IOfi, 107, 117 and Kuiseb C anyo n 
ecologyfi2, 11 8- 120 a nd solifuge bio logy 
h;1ve yielded and are yielding interes tin g 
results. Similar types of projects fo r hi gher 

are also in -
cluded in the ove rall progra mme a nd arc 
actively encouraged. 

As the Namib is one of th e least known 
of the world's dese rts. baseline data arc 
relat ively scarce. Thus supporting data 
necessa ry fo r th eo reti ca l wo rk are being 
generated by the D ER U support staff in 
coll aboration with other grou ps anci 
indi vidua ls. These data includ e. but 
are no t limited to. climatologica l a nd 
microc limato log ical analyses. long-term 
measures of vegetat io n and inve rtebrate 
populations. information o n the breedin g 
1-:Ji ology of characteristic spec ies espe-
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.- I s:1n S{Jic/cr. r-..lct ' ' s1 1l Pllt'<l Sfl.. 1 hcr111nrcg 
uluting 1111 u hnt du1· in the .\ 'u111ih neur 
Guhuheh . .l) ier mnning .fin· u hric:( period 
on the h(l/ gmrc/ l·lu/(u·c. the Sllll ·Sflida 
cools n(( 1111 I he tn{J n( u gm ss 11{/i. I f>hntn: 
C. A:. Rmin l 

c iall y as reproduct io n relates to the en-
vironm ent. and observat io ns o f c ha nges 
in th e ve ry nature of the so il subs tratc. 
past and present. 

F uture objec ti\TS include fu rther 
clucidat iPn of hcha' ioural ;1nd phy 
sio logic;li ad apllttions of pl a nts ;tml 
an im als to th e de se rt em ironment. the 
re spcc ti\ e roles of irrcg ul ;t r rainf;t ll ;tnd 
mo re rqc ul ;tr <idn-cl i,·c in the str ucturr: 
and function in g of the dune ;tnd pl;tins 

and the possihlc pn,c-cs,es 
lctding t(l th e e' (ll uti ('!l of these eco -
syste ms. Needless to th e con trihuti (l !l 
uf co ll ;tboratin g scie nti st'> \\i ll be es -
senti;li to ca rry t1Ut th ese objccti' cs. 

Th e programme of th e DERU is thus a 
'ari cc.l unc. partly by des ign <tn d partly 
becau se of the large input from visit in g 
sc ienti sts of many di sc iplines. To date . 
particular disciplines have been under-
represe nted but. where po ss ibl e. ste ps <lrc 
being take n to remedy th ese deficienc ies. 
Ra th er than being a n unwi eld y situ atio n. 
the combination of the DERU staff 
carrying o ut lo ng-term projects. 'i sitin g 
sc ienti sts p<l rti cu lar aspects on a 
shorter-term basis. and the t\Hl groups 
cooper;t ting c1n rna ny projec ts lws turned 
into a mos t product ive <1rra ngc rn cnt. fh 
st udyin g o ne geog rap hi cal :1rc:t Ill · 
tcn c; i\'cly. sup ple mented h\· C<' lllp ara ti ,·c 
work in other areas. a body (lf bas ic 
1\.nowlcdge is bcg innin f!. to accum ulate 
whi ch gre a tly faci litates furth er rcsc;trc h 
bo th bas ic and theo ret ica l. nut the 

are so vas t th at it ''- ill be 
man y c.lec8dcs bcft,re sc ien ti sts can C\ en 
beg in to co mprehen d al l th e ramifi cat ic1n s 
of th e n uct uatin g stem that is the 
Nam ih. 

Th e C SIR a nd Trans vaa l 1\ lu sc um arc 
th anked fur fin a nc ial support ami the 
Di,·ision of Nature Conscn at inn ;tml 
Tou ri sm for f<tc iliti cs a t Gt,bahcb: the 

( l I 

Directo r of the Tr;tll S\ ;t;tl 1\ l usc um . Dr 
C. K. Brain. is th;tnl\.cd fur a 
sec ti on to th e m;ll1l! Sr.: ript ; llld f(lJ" hi s 
co nt inu ed support ()f the Unit m-er the 
ye;1rs. 
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