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t\ ll ST R ;\ C I 

The major ri ve rs of the Namib Naukluf! Pa rk were surveyed to de!L'1 mine the degree of infcslatinn nr a lien in ,asi\T plan ts. 
The Swakop and Rivers had the densest infcslalinm. the '' '""fah and Ri\Trs h<1d less dl'I I'C' infcsl:ttinns. " h il<· 
no alien plants \Ve rc round in the t\wasib and Koi c hah Ri\TI" . natura innoxia and /'v';cnt iana g /aunt \\'C i l' the !llf) '-: \ :liHlllda nt :di c n 
plant species. 
While it may not be possible to eradicate f). innoxia. an er lwtnera l spec ies. using mechanical met hods. it is I ha! thi s sp e -
cies may have li!!le impact o n the indigeno us vcgc1:1t ion and thetcfnt e is of less impo1 lance tha n the pcrenn i:il :!lien species. I he 
perennial species, Prasopis spp., N. Rlauca and Rici11us cr"nnnmis appear tn ha,·e a )!re:ll cr i1npac1 on indie<'IIPII' ''l'!!.CI :ll iPn 1 
the emphemeral species and priori ty shnnld be given tn their conl n>l. 

INTRODUCTION 

Conservation of biotic divers it y is one of the nwin 
aims of The ex istence 
of alien.invasive species within natural pa rks p oses a 
threat to indigenous communities. 

Invas ive alien plant species have been introduced to 
southern Africa both directly and inacl vertantly, often 
as seeds in imported fodder (13rown & Guhb I9Ro). 
Some species have now spread throughout muc h o f 
South West Africa/Namibia, coloni7.ing, in rarti cular. 
areas which have been disturbed either by man's 
ti es or through natural causes. 

At present little is known of the distribution, densi ty 
or competitive abilities of alien invasive species in the 
Namib Desert. This paper is intended to provi de a 
synopsis of the occurrence of these s pec ies, and the ir 
levels of infestation, within the major river systems in 
the Nainib Naukluft Park. 

METHODS 

The major rivers of the Namib Naukluft Park (Figure 
I) were surveyed using the river transect method 
loped by the South African Botanical Resea rch 
lute (Henderson & Musil 1984). The m ethod used was 
to record alien plants fro m a s low m oving vehicle, 
trave lling, with the excertion of a small secti o n of the 
Koichab River, in the centre of the riverbed. All 
were surveyed from west to east. 

Three rivers, the Tsondab, Tsauchab and the eastem 75 
km of the Kuiseb Rive r were surveyed during 
ber 1987. These rivers had all last flowed at the 
ning of 1987. The Koichab and Awasib Ri vers, wh ic h 
a part from some local run-off had not flowed for a 
number of yea rs, were surveyed in February 19RR. The 
western section of the Kuiseb Rive r, a 54 
downstream of Gobabeb, a nd the Swakop Ri ver we re 
surveyd in_April 1988, three m o nths after they had las t 
flowed . 

The Swakop Ri ve r was sur vcved from the \\'es le rn 
bo und a ry or th e park to th e caslem hnumlar \', ;t 
lance nf Ro k111.. The Kui seh w;1s sm veycd fru111 the 
weste rn par k boundary to the JW int where vc hi cu l;n 
trave l is no longer ross ihl c (1 29 km) 

The l s auch;1h and Ri ve rs we re s tll \C\ed frntn 
their vlei s to the eastem bounda ry of the p:tr k (70 and 
49 km respectivel y). The sm:JII lonp of lhc Ts;1t1clwb 
Ri ve r out side the park was lltl l s t1n·cvcd . 

The Awasih Ri ve r w:'ls sur veyed rmm a pni111 ;Jhou l 
km cast of th e Awas ib Pan to the castcm park 
ar y; a to tal of I(J km . 

The Knichab lkpress ion (20 km) and wcstem scc lion 
or the Koich :1h Ri ver (21 ktn} we re sm vcycd from 
tracks a longs ide lhc watercou rse. The ri ver 
veycd in th e wat e r comsc fro n1 I he main Wal e r ;\fla irs 
pumring eastwards to the park bonmla rv (63 
krn). 

Abnndan cc ami frequency rat ings were rel'o rd cd ror 
each I km or ri\er tr:tver.sed ;-JtHIIhese arc rcpmt ed as 
m ean ra ti ngs for scc linm of the ri ve r. F.ach sec tio n was 
normall y 10 km in length except lnt lhc la st sec li on of 
each r iver. Vl cis were reported scpcralel y. Abund a nce 
ratin gs were I hose used by 1\·1 Id & Noli ( 19R7) 
a nd a re summa ri 7.ed in l h hle I. 

l't\ lll.l '. 1: t\hu u<hncc rat ings used 1'111 ""'eyi ng pl<lnl .<pcc ics 
in r in:11 (l'rn111 & N<.>tt I<JR7). 

Rt\TIN(; 

') 

R 

(, 

.\ 

.) 

I 

llFI ·IN I'IIO N 
·------ ---------------·--- -·--

Specie<\ a ;l lm o st 
rnnn' '' l'r cific stand a t k <l '-' l 1 h :t in <."\l ent. 

SpcL" i c<.: cn-dnrnin:uJt in :1 \'irlnallv contin uous 
' '"'"I at k<1st I ha in C\ lcnt. 

2fl PI rnnrc pl :u ll" pr1 I 
Ill 111 plan ts pc1 I ''" ·'cc·ti o ll 

'I pl;111! .s per I k 111 -<cc·t in n 
·I plan! ' per I hn -<cc linn 

l'lant per I knl -<cction 
--1-- - -----



52 HOYER & 00\TH 

Walvi s Bay 

fff{ 

NAMIB NAUKLUFT 

PARK 

50 km 

FIGURE 1: The six major rivers o f !he Namib Na11klufl Park . 
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Mean abundance ratings (A) were th en calculated for 
each species within each 10 km-section of each ri ve r, 
using tl'le formula: • 
Az = Sum of 1 km abundance ratings o f spec ies Z / sect inn 

Numbe r of I km -sect ions ha ving spec ies 7. 

Two frequency ratings were calcu lat ed. The freqti CI1cy-
of occurrence (f0 ) is the percentage of I km -sections 
within which a species was found to occur, and was 
calculated as follows: 

Fo(z) = No. of I km-sections in w hi c h spec ies Z occurred x 100 
Number of km traversed (no r m a ll y 10) 

To give an indication of the management impli ca tions 
involved in co nt rolling each species a rat e of frequency 
of occurrence of dense infestations (Fi) was calculat -
ed . A dense infestation was taken as any sec tion with 
an abundance rating of 5 or greater (more than 20 
plants per I km traversed) of that particular spec ies. 

This was calculated using the formula: 

Fi(z) = No of 1 km -sec t io ns where Az > 4 x I 00 
Number km tra ve rsed (norma ll y 10) 

All original data are stored at the Namib Resea rch In -
stitute, Namib Naukluft Park. 

RESULTS 

The genus Prosopis is currently under rev tston and 
specific names cannot be given with any confidence. 
The species found in the Namib arc therefore rc fcn cd 
to as Prosopis spp. 
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Swa kop Ri ve r 
Thi s ri ve r had the tnos t alie n invasive species ol all the 
ri ve rs surveyed, a total of si .'< spec ies Clhblcs 2 & )), i.e . 
/ lr?,CIII0/1(' ochm/('uca Swee t (Mex ica n Thi stl e), N ico · 
tiana ?, lauca R.C. Cir<1ham (Wild Thbacco ). Ricinus 
COIII/111111is L. (Castor Oil Bush), /}alum innoxia 11>'1ill. 
(Whit e Thom Apple), U stramonium L. (Purple 
Thorn Apple) and Pmsopis spp. (M esqtJit e). 

D. innoxia had the greatest ab11ndancc ratin g and oc · 
curred mo re frequentl y tlwn th e other spec ies. Except 
for the upper 20 km or th e ri ve r, thi s spec ies occurred 
throu ghout at a mte of more than 20 plant s/ knL U 
slratii0!1illln a nd Pmsor1is spp. also occurred less fre-
quentl y in th e upper reg io n. N ?,lauca was found 
throu ghout the river, IYith dense infes tation s in about 
one third of a ll th e I km -sec tion s. Whil e R. comnnlllis 
was found throu ghout til e ri ve r, it on ly occurred at low 
densiti es. /1. ochro/('uca was rarely seen . 

Twenty-one palm trees (!Jomssus aerhiop11111 and Plwe-
nix reclinata) were recorded. Whil e th ese spec ies arc 
probably no n-in vas ive in the Namib, th ey arc, hOIYCvc r, 
a li en to thi s regio n. 

Kui seb Ri ve r 
Five alien spec ies were det ec ted in thi s ri ve r Clhbl cs 4 
& 5). N glauca and D innoxia \\'e re fo und in mos t of 
the 1 km -sec tion s (Tabl es (, & 7), and occmrcd more 
dense ly t ilan any of t il c ol her alien spec ies. / 1. 
ochro/('uca and,/?. conllllllllis occ urred most frequ ent -

TABLE 2: The abundance ra tin gs (;\) ol ali e n plant s in the sectio n Cl f the Swak np Ri,·cr 11·ithin th e N;uuih N:111klurt 1':11 k . 

1Distance from we.sf Atf!,(' IHOII (' !Jat unt natura .1\/ic ·r,liollfl ! )ros·fJ/Jis f?icinus 

(km) ochroleuca innoxh1 stran1 onitnn glauca sp p. CfJ/11 1111111iS 

0 - 10 - 7 .0 5,4 5.2 (l,(j 4,R 
11 - 20 - 7, 0 5.6 li,O li , (i 4 .J 
21 - 30 3 ,0 7. 0 5 ,3 6.0 6, 7 J .J 
31 - 40 - 7 ,0 5,2 6.5 (, , t J.9 
41 - 50 3,0 7,0 !i,4 5.R 7 ,I 4.4 
5 1 - 60 3,3 7 .0 !i.R 5.R 7.5 J ,9 
61 - 70 - 7 .0 li ,(i 6.4 '.R .\,6 
71 - 80 - 6,3 5 .0 5,9 4 .. J .0 
81 - 85 (east b o und ary ) -· ·' ,0 4,0 5 .R 4 . .1 4 . . 1 

Mean 3, I o,R 5,1i 5,9 li, l 4,0 

TABLE 3: The percen ta ge fr eque ncy o f occur re nce (F0 ) and perrc nla ge fr equ ency nf den se orct 11re ncc t1 il of ali en plant s in the sec t inn of 
the Swakop Ri ve r within the Namib Nauklurt Par k . 

Di stance Argem one Dall tra Datum N icntiana r'rosr>fJis Ricinus 
from west ochroleuca innoxia s tra!11(Jftirll11 g/atiC(I spp. COI1111 1111 1iS 

(km) F 0 Fi Fo F· ' F 0 F· I Fo Fi Fi F· I 

0 - 10 - - 100 100 - 100 20 100 lOO 60 RO 
11 - 20 - -- 100 100 100 J() l OO 20 lOO (il) .1(1 

21 - 30 10 - l OO 100 90 20 IilO JO IilO 70 40 
31 - 40 - - 100 100 100 20 lOO RO 100 S() 9() 

41 - 50 10 ·- 100 100 100 50 100 .10 lOll .10 90 
5 1 - 60 10 - 100 100 100 RO lOO 20 10(1 90 7() 
61 - 70 ·- -· 100 lOO 100 (tO lOO 50 RO 20 50 
71 -80 - - 100 70 50 \ - 90 20 70 40 
81 - 85 - - 100 17 100 IIlO .so .1.\ .so 
Mean 3 - lOO 92 YJ J3 99 35 90 52 (l(i 
-

__ _, 
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Ti\ ll l. L -1: The abullllance ratings (;\) uf a lien pla nts in a 53 kn1 section of the Kui seb Ri ver, downstream from Gobabeb . 

fro1u west • Argemune Datum Datura Nico/iana Ricinus 
(kill) oc!t ruleuL·u innoxiu s traJJIUilillllt glauca C0/11/II lllliS 

0 - I U 5, 3 \ 6,3 5,4 6,7 3,0 
I I 20 -1 ,8 6,5 4,5 .6,8 4,0 
21 30 6,6 6 ,3 5,2 7,0 -
3 I -10 5,3 7,6 7,0 7,0 5,0 
-1 1 ... 50 5,0 6,5 6,7 6,9 3,0 
SI 5-l ({iubabcb) 5 ,8 -1 ,0 .. 6,5 --

I\ lean 5,6 6,6 6,0 6,9 3,7 

fA BLE 5: T he abnndance ra tings (A) o f a li en plant s in a 75 kn1 sec tion of the Kui seb Ri ver, upstream from Gobabeb. 

IJi sl<li iCC fro111 G obabcb / l rgenlOIU! L!atura Datura Nicotiana Ricinus 
(kil l) ocilro leuca iJuto.ria SltWnOnilllll glauca CO!Il/lllll l iS 

0 01 5,7 6,7 3,8 6 ,0 3,0 
I I 20 h,6 (>, 0 3,8 6 ,6 4,0 
21 30 h, 5 7, 0 4,0 4,6 6,9 
3 I -10 3, 5 7,0 -- 3,0 6, 1 
-1 1 50 6,-1 7,0 --- - - 3,0 5,8 6,7 
5 I .. 60 (> ,5 7,0 3,3 6,3 6,2 
61 70 ( , ,') 7, 0 -1 ,7 6,7 5,4 
7 1 75 7,0 7, 0 4 ,8 6,8 6,0 
1\ lca11 6,3 6,l) 4,2 6, I 5,9 

·lAB I L 6: The pe rce ntage frcq ucn"cy of ucc trrrcttce (F0 ) a nd perce ntage lrcquency or dense occurrence (F i) of alien p lant s in a 54 km sec tion 
o f the Kni scb Ri ve r, duwnstrcan1 o f Uo babcb. 

Distanc-e 
from 1wst 

(kill) 

) - 10 
20 
30 
-10 
50 

I 

I I 
21 
3 I 
-11 
5 I - 5-l ( ( inbabcl>) 

I'. I c: a11 

Argt'IIJ CJ Jit_) 

o L·h rolt!uca 

Fo J·i 

-10 20 
60 10 

J(l() 80 
-10 10 
50 20 

l Oll 10 
hi 27 

/Jatura 
inno.\ ·ia 

F u F· I 

')(I 70 
80 70 
l)O 60 

100 lOO 
80 50 
-

81 65 

Dalura N icotiana R icinus 
SI10111Uf1itll11 g/auca CO/IllllUlliS 

F 0 Fi F 0 F· I Fo Fi 

70 20 100 90 20 -

-10 10 100 80 10 -
50 10 100 100 - -

100 100 100 100 10 -
60 50 100 90 20 -
-- - 100 30 - -

59 35 100 87 11 -

1.-\ Ill L 7: I lt c pc rcc trt <lgc frcqucll cy u f ucu n rctln: (1 ·0 ) at rd pctc·c lllagc frcq ucll cy of den se occurre nce (1-'i) of a lien p lants in a 75 km section 
of the Ku isd 1 Rivn , II J"Ircalll fro111 (iobabcb. 

Dista ucc il Dutllrct Da111ra Nico t iana R icinus 
fw n1 liobabcb fJ<·hrolcuca inncniu S II"OIIIOili t l / 11 g fal/CG CO!Il/1/ lll liS 

(kill) l·o l·i F l·i Fo Fi F F· F . Fi ll 0 I " ll 

IJ IIJ 70 40 60 5(1 -10 - · 80 40 20 -
I I 20 'JO KO 70 50 40 - lOO 70 60 -

21 .1 11 60 50 100 'JIJ 30 - 80 - 100 90 
.11 -10 -10 100 100 - 10 - 80 50 
-11 50 70 -10 lOO 100 10 90 40 100 HO 
5 I ()O 100 50 100 100 30 l OO 60 100 40 
hi 70 l)O HO J(J() 100 ')() 90 70 100 30 
7 I 75 lOO 100 lOO 100 100 -- 100 80 100 60 

76 52 ')J H5 3'! - ()8 43 81 43 
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ly in the upper regio n of the while D. st ranwni-
um was more freque ntly fou nd ii1 the lower regio n. 

Prosopis spp. occurs in this river, downstream of the 
western boundary. However, no Prosopis spp. were 
fo und in the sectio n o f the Kuiseb within the park. 

Tso n cla b a n d Tsa u c h a b R ive r s 

D. innoxia was the most common alien pla nt species 
in these rive rs, occurring wi th high ab unda nce ratings 
in all regions (Tables 8 & 9). A. ochroleuca and f?. 

;\ I II'N 1'1 ·\ N I SIN 1111' 55 

co!lllllllllis wrre found in both rivers hut n nll lcil lower 
abu ndance ratings. !?. COIII!IIIII Iis occurred n1ost fre-
quent ly in the upper region of each ri ve r (T;1hles 10 & 
11 ). 

rour ProSOf liS spp. t rees were found in the 
River, but thi s species was no t detected in the lsondah 
Ri ver. N. g/aum occurred at fa ir ly low abuii(\;Jnce ra t-
ings throughout the Tsomlab Ri ver, but "'"' not de -
tected in the Tsauchab Ri ver.!\ very small infesta tion 
of n. slmti/OII illl ll occurred in til e middle region o f t il e 
To;ondab River. 

TA BLE 8: T he ab unda nce ra l ings (i\) of a li en p lan ls in Jlic sccl i"n of l li c ·rs:111 cliah Ri1cr 11i11iin ili c N:unih Nankl u fl l ':u ' 

Distance from vlei l f l'f!,l'/11()//(' llnlum /)IDSOfJiS Ricinur.. 
(km) ochroleuca inno.ria ' I' I'· COI/1111111/iS 

--·- ·--
0 - I ·- R.IJ .1 ,0 
2 - 11 - 4, 7 

12 - 2 1 -- (,, 7 
22 - 3 1 -- 7,0 J.O .1 .0 
32 - 4 1 - (,, 7 _1,0 
42-5 1 - 7 ,ll .1.0 r •. R 
52 - 6 1 _1,0 7 .ll 1.·1 
62 - 70 4.3 (,, 7 ,1,1) _1,0 

Mean 4,0 (,,_1 _1 ,0 5.1 

TABLE 9: :The· abu ndance rat ings (i\) o f a li en p la nl s in I he sccl ill n nl I li e T<;omi:Jb Ri1-cr 11 ithin the N:uuih l'a r ' . 

D istance from vlei 11rRemone /)a /Ttm 
(km) ochml c>uca innoxia 

0 - 13 -- (,,5 

14 - 23 3,0 7 ,0 
24 - 33 3, 7 7,0 
34 - 4J - 7,0 
43 - 49 -- 7,0 

Mean 3 .5 (,,lJ 

Onium N icnt iona 
SIU11110il i lll11 f!./aucu 

.1.R 
_1,0 _1,'! 

.1 .0 

.1,0 

3.0 1 , 7 
----

/lici 
('(111111 

------

1, 

1. 
4. 
1 

1, 

11/fS 

111111\ 

() 

() 

I) 

() 

TABLE 10: The percentage frequency o f occurrence (F0 ) and i'!e?p1cncy or cl cn 'c l'l'l' llrrcnce (Fil of' alie n pl:nll s in the 'ecli1•n of' 
the Tsauchab River wi th in t he Na mi h Nauk luft !'ark. 

Dis ta nce 11 I'RCIIIone /Jatlll'fl f'rrJSf1f1iS U icinus 
from vlei ochroleuca innoxia ' PP-

(km) r 0 Fi 1-o Fi Fo F; F· I 

0 - I - -- lOO lOO ) (I() 

2 - 11 - -- 90 20 
12-21 - 100 RO 
22 - 3 1 - -· JOI) 100 10 10 
32 - 4 1 - - lOO 90 20 
42 - 5 1 - __ , - J(l() lOO 10 Xll 
52 - 6 1 10 -- 100 100 '0 
62-70 50 -- 100 7R 11 20 

Mean 8 -- 99 R4 4 - 27 

TABLE 11 : T he percentage freque ncy of ocu rrcnce (F0 ) and prccen tagc frequency of' d emc occ ii i'ICncc (1.- il of ;Jiien plant.<; in rile 'ccr io n o f-
the Tsondab River w ith in t he Na mi b Nauklurt Pa rk . 

Dis ta nce Argemone lJal1tra f'ro.HJtTis Nh·n t inna Rici1111S 
from vlei ochroleuca inno.\·ia spp. Rlm11·a COill!llllfliS 

(k m ) Fo F· I Fo F· I r 0 F· I Fo F · I Fo F i 

0- 13 - - RS 54 -- R 
14 - 23 10 - 100 lOO RO 
24 - 33 30 -- 100 lOO 'tO 90 10 
34 - 43 - 100 lOO 10 r.o 
44 - 49 - - 83 RJ - 17 17 
Mean 8 -- 95 R9 2 .19 20 
-----
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/\wa .· ib and Koich,ab River s 

No invasive plants were found in these rivers. 
One of the tributaries of the Koichab ,River on the 
farm Alabama (No. 140) was noted to contain several 
plants of U innuxia just outside of the park boundary. 

DISCUSSION 

The limitations of thi s type o f census must be recog-
ni zed and the results are presented with this in mind. 
No attempt has been made to determine precise densi -
ty counts of alien plants. One transect along the cent re 
of each river yielded data on the visible plant s. Vari -
able river widths, multiple channels, di llerent sa JJI -
pling times and conditions and a multitude of other 
factors rule o ut precise counts. 

lt is also possible that small, less obvious species may 
have been overlooked. For example one Prusupis spp. 
tree and a kw LJ. ferux L. (Large Thom Apple) plants 
have been recorded in the Kui seb River subseq uent to 
this census. 

The data presented do, however, give an indication of 
the status of alien plants in this region and can be used 
by managers in making decisions regarding the control 
0 r ali en species. 

In addition thi s type o f survey has the advantage of 
repea tability. Each ri ver took a day o r less to smvey 
a nd further surveys will be possible even in the abse nce 
of ex perienced o bserve rs. 

Eco log ical a s pect s 

In the upper region of the Kuiseb River D innoxia, A. 
uchruleuca and R. CUIII/1/Illlis occurred with high abun-
dance and frequency of occurrence ratings. This sec-
tion of the river flood waters more frequently 
than the lower regions and the higher density of these 
alien plants may be related to this. Similarly the in-
creased frequency and abundance of R. communis and 
A. ochroleuca in the upper regions of the Tsondab and 
Tsauchab Rivers may be due to the more frequent 
availability of surface water. 

D. innoxia was the most common alien species in the 
Tsondab and Tsauchab Rivers, having similar abun-
dance and frequncy of occurrence ratings as ir. ilte 
Kuiseb River. Other species were less common in the 
Tsondab a nd Tsauchab Rive rs tha n the Kuiseb River, 
with the exception of Prosopis spp. which was not 
found in the Kuiseb River. 

While the Awasib and Koichab Rivers appear to be 
free o f alien plants a t present, the occurrence of D. in-
noxia o n the park boundary in the Koichab River 
ca tchment area a nd of many Prosopis spp. trees on the 
farms within the catchment areas of both of these 
rivers, suggests that under suitable conditions infesta-
ti o ns could occur. 

T he results of a similar census of the Swakop River 
and a portion of the Kuiseb River performed in 1984 
(Macdona ld & Nott 1987) can be compared to the 
present census. 

In the Swakop River Prosopis spp. occurred at the 
same frequency in both censuses, but appeared to be 
m o re abundant in the present survey. 

O f the rivers surveyed, the S wa ko p a nd Kuiseb Ri vers A . ochroleuca occurred at the same rating, whereas D. 
had the highest abundance ra tings of a lien plants. innoxia, D. stramonium and R. communis were not 
In the uppe r 25 km of the Swakop River Prosopis spp. recorded in 1984. N. glauca has increased in both fre-
was almost absent , the result o f manual removal or-------q uency a nd a bundance. 
thi s species between 1985 and 1988. The red uced ocur- Prio r to the 1984 census (Macdonald & Nott 1987) ser-
rence o f other a lien species in this reg io n may also be vera! small flows of surface water were recorded in the 
due to huma n ac tivit y and remova l, despite being no n- Swako p River, upstream of the eastern park boundary 
ta rget species . (Unpubl. d ata, Division Hydrology, Dept. of Water 

In the Kui seb Ri ver two species, D. innoxia a nd N.. 
culllllllllli.!>; occurred less frequentl y a nd a t lower ab un-
dance rates in several sectio ns th,an in other areas. In 
m ost o f these sectio ns Tbpnaar goats a re kraaled and 
watered and the reduced abundance, and o ft en ab-
sence of these two species in areas close to the goat 
kraa ls suggests a co rrel a tion . R. collllllunis is heavily 
browsed by goa ts a nd D. innoxia seedlings appea r to 
su ffer from the tra m pling effect of the goat-herds 
(Yinje\'o ld et ul. 1985). 

In the upper portions of the Kui seb Ri ver a nd in the 
other rivers su rveyed where goa ts a re absent, in -
digenous large herbivores are m ore common, but 
b ro wsing a nd tra mpling o f a li en plants has no t been 
observed. Uaboons f>ap rio ursinus utilize N. glauca (C. 
Brain pers. comm.), but this impact is very loca lized 
and probably has little effect on the viab ilit y o f thi s 
speCies. 

1\ff.airs, S.W.A./Namibia). Whether these floods 
reached the park is unkown, but if so, they were likely 
to have had little e ffect on the river vegetation. Apart 
from 1 he se srnall floods no o ther floods were recorded 
in the Swako p River between 1977 a nd 1984. Since 
1984 scrveral la rge floods have passed through the 
pa rk , in 1985 a nd in 1988, while a small flood was 
recorded east o f the park in 1986 (Un publ. d a ta , Divi-
sion Hydrology, Dept. of Wa ter Affairs, 
SW. A . / Namibia) . 

It is there fore sugges ted tha t a large a mo unt of the 
va ri a tion between the 1984 and the present surveys can 
be a ttributed to the different a mounts of flood wa ters 
received prior to each survey, reflect ing the depen-
dence o f these a li en species o n wa ter. 

T he secti o ns o f the Kuiseb River censussed by Mac-
do na ld a nd No tt (1 987) co rrespond to the first 20 km 
oft he region upstream of Goba beb. All species reco rd-
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ed i,n the present census were found in the 1984 ce nsus. 
A. ochroleuca and D. innoxia occurred more frequent -
ly and in greaFer abundance, D. stramonium was 
less common in the present survey than in 19R4. 

The Kuiseb River flowed for the first tim e in six years 
in i984 (M. Seely pers. comm.), and has fl owed every 
year since (D.C.B. pers. obs .). 1\s both censuses oc-
curred following a flood the similarity of the results is 
not unexpected. 
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m ore important ami eas ie r to cont ro l than a nnual s. 
They occur m a inl y on th e banks of th e main ri ver 
channels, usuall y in association with th e indi genou s 
vegeta tion. The potential for competitive impact is 
therefo re present and ad hoc observations indica te 
that in some areas the loca l vegetation ha s suiTcred 
from the presence of th ese alien species (D.C. B. pers 
obs.). 

R. communis occurred in all four of 1 he nor! he rn 
rivers, but dense infestations were found o nly in the 

Management r eco mmendations Kui seb Ri ver. R. comm1mis now occurs throughout the 
One of the main aims of natural parks is to "maintain Kuiseb Ri ve r and may be actively invading sectio ns 
biotic diversity" a nd therefore the introduct ion and where it was absent serve ral years ago (D.C.R pcrs. 
continued existence of any alien flora or fauna should obs.). This could also be a result of changes in the en-
be prevented if at all possible. While alien plants, par- vironment enab lin g a succession of plant communities 
ticularly if they are invasive species, are considered un - to occur. Between 1979 and 19RJ the Kuiseb rece ived 
desirable in any conserved area, some species may be little flood water (M. pe.rs. co mm_. ). R. C0/1111111-
so abundant and occur with such frequ ency that their ms to requ1rc fa1rly mo.Jst comht10ns a nd from 
removal cannot be economically justified. In such in- 1984 until the the Klll.seb has fl ?wed regulary 
stances indigenous species from the previously natmal obs.) providing an . id ea '. envmmrn ent for 
plant community may be lost. v1goro us grow th and ex pansi o n o f tins spcc1es. 

Most of the alien plant species occurring in thi s regio n ___ T he statu s of R. com1111111is is under ques tion , with 
have originated from river catchment areas on the es- some authorities maintaining th a t it is indi ge no us to 
carpment (Brown & Gubb 1986). Th ese areas are o ut - the area (Lenssen in prep.) /\rchaeo logica l evidence 
side of the park and constitute a seed source over suggests that thi s species occurred in th e Namib over 
which the a1,1thorities have little control. /\s ali.en 3000 years B.P. (Sa ndelowsky 1977). Deaco n (19R6) 
plants are unlikely to be eradicated from these areas, sugges ted th a t it was introduced by ston cagc man and 
reinfestation of conserved areas will be a continual therefore sho uld still be considered alien. Until its sta -
problem. Unless biological control is introduced, tus has been d etermin ed, any populations which arc 
manual control of alien plants must be an annual ac- shown to be in vadi ng an area should be co ntrolled . 
tivity in order to be effective. The central river bed region of desert ephemeral ri vers 
At present, the manual removal of alien plants a nd is being occupied by annual or relatively short -lived 
chemical poisoning of indivdual plants are the only perennial alien species; D. innoxia, D. stramonium and 
feasible control methods accepted within the Na mib A . ochroleuca. 1\s thi s area normally co ntains few in -
Naukluft Park. As these are time-consuming and ex- digenous plants (D.C.B. pers. obs.) th ese alien spec ies 
pensive, research into other methods of control, such are thou ght to have littl e direct impact on indigenous 
as biological control, should be encouraged. Ad hoc vege tation. 
observatio?s .suggest that Prosopis spp. can out - D. innoxia is beyond mechanica l control in a ll of the 
compete mdtgenous vegetation (VinJ·evold et at . . . . . . . . · northern nvcr sys te ms. Dense mfcs tat1on s occurred 111 
1985). Thts has effort bcmg more 1 han 800Jo of all river sec t ion s. Bi o logi ca l coni ro l 

to .eradtcate th1s spec1es the .s':akop of thi s spec ies is th e only ,_. 0 ntrolmcthod that 
R1ver. Ltttle. IS known of abilities of is acceptible in co nserva ti o n areas. !\ potentially new 
the other alien plant spectes occunng m the Na mllJ, infestation of IJ innoxia m ay he imminent in th e 
and ecological studi es on these plant s are req uired. Koichab sys tem. E nco urage ment and ass istan 1-c 

Some alien species may now forrn part of a climax should be give n to boundary fa rm ers in this regio n to 
vegetation community, as Prosopis spp. appears to do erad ica te thi s spec ies bcl'orc it enters the p:uk . 
in parts of the Swakop River. If a species is found to 
be actively invading a community, it s remova l mu st be 
of highter priority than the removal of those species 
which already form part of a climax community. 
Studies to determine which species should be given 
highest management priority are urgently req uired. 

In general the perennial alien species N. gfauca, R. 
communis and Pro.r;oJ7is spp. occurred at lower abun -
dances and had lower frequen cies of occurrence than 
the annual species. Perennial species are slower g row-
ing and· the mere fact of their greater longevit y and 
potential impact on the local vegetation makes th em 

l'vl acdonald and Nott (19R7) sugges ted that as n. 
stramonium ma y be co mpel it ive ly infe rior to its con -
ge ner U. innoxia erad ication is 11nncccssa ry. The 
present survey yielded no evidence that /J. stramonium 
occurred in greater densiti es in areas of red uced D. in-
nox ia abundance as would be expec ted, although abi-
otic condition s may have masked such processes. /\ s 
n. s/ra111onium was absent from the Tsa uchah River 
a nd only one plant was fo und in the Tsondab Ri ver, it 
sh'o uld be eas il y co ntroll ed in these rivers. D. stmllwni-
11111 had a fairl y hi gh freq uency of occuncnce in th e 
Kuiseb and Swakop Ri vers, but dense infestations oc-
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only in the lat,ter. However, until it is shown to 
have .some impact on. the indigenous vegetation 
removal of this species should not be g\ven priority. 

As dense infestations of A. ochroleuca occurred in 
uvcr 50% ur the sections or the Kuiseb River it WCH'-!e- -
be difficult to eradicate. In the other rivers this species 
occurred with very low abundance ratings or was ab-
sent. It may be possible to control in these rivers, but 
until it has been shown to have an impact on the in-
digenous vegetation, removal should be considered to 
be of a low priority. 

SUMMARY 

The populations of alien plants in rivers of the Namib 
Naukluft Park were investigated and the rivers were as-
sessed for degree of infestation. Management recom-
mendations based on these results suggest that highest 
priority should be given to the removal of the perenni-
al species; Prosopis spp., N. glauca and R. com111w1is 
(Table 12). These species should be removed immedi-
ately from the Tsondab and Tsauchab Rivers and rein -
festations searched for 11nd removed annually. 

If maintenance of natural species diversity is to be ac-
corded high priority for the Namib Naukluft Park, 
these three species should be removed from the 
Swakop and Kuiscl.J Rivers. 
Resea rch into the. competitive_ ability and impact of 
alien plant species on the indigenous vegetation 
sho uld be initiated. 
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TABLE 12: A sumtnary of management recommendations to eradicate a lien invasive p lants from the rivers of the Namib Naukluft Park . 

Annual/ Probable Present method Priority Species eL'l)logi..:til 
Pcrenuial cl"fcct of eradication rating 

fJI'O .'i iJfl/.'i :-, pp. Perennial lligh Mechanical /chemical High 
N. l 'UIIliii/UiiS l'crcnnial tvkdiunt Mechanical Medium 
N g/1/l/C{/ Perennial 1\tedium Mechan ica l Medium 
D innoxiu Annual Locally high None Locally high 
u. Slrl/111 0 1/IUIII Annua l Little None Low 
.·!. Ol'hrc)/ett£'{1 Annual Little None Low 
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