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ABSTRACT 

The rate of evaporation and transpiration along the Kuiseb River bed was measured. Maxirmil transpiration rates (at noon) of _ 
Acacia a/bida Del., A. erioloba E. Mey., Euclea pseudebenus E. Mey. ex A. DC. and Tamarix usneoides E. Mey. ex 
X Ramosissima Ledeb. were respectively found to be 1,50; 1 ,03; 0,54 and 1,07 g hi\ Total transpirationalloss by all 
the vegetation was estimated to be about 2,02 x 105 m3 km·• annually. 

A model was constructed to account for the annual water loss from the river bed, as well as the depth of dry sand which would 
result from such losses. The accounting model was run with an iteration time of one week, for a period of 51 weeks. . '. 

The model estimated that the total volume of water in the aquifer comprises 10,7 x 105m3 water krn-1 immediately after flooding; . 
with 2,59 x 105 m3 km·• (24%) being lost due to evapotranspiration. 2,02 x lOS m3 km-1 (78% of the loss) is due to transpiration 
with 0,57 x 105 m3 km·• (22%) due to evaporative losses from the sand. This amount result in a 'dry depth' of2,92 m 
by the end of 51 weeks . If the capillary fringe was taken into account the observed 'dry depth' would be greater than 2,92 m.· 

INTRODUCTION 

The Kuiseb River rises in the Khomas Hochland of 
Namibia, south of the capital city, Windhoek. Its many 
initiating tributaries join as they flow west to the escarp-
ment, from where the river then flows across the Namib 
Desert to its present estuary at the southern edge of 
Walvis Bay (Fig. 1 ). 

Although it is basically a "dry" river, it tloods in most 
years to below Gobabeb, the Namib Desert Research 
Station. Surface water, however, last reached the sea in 
1963 (Braune 1991 ). The Khomas Hbchland is 

NAMIBIA 

KUISEB 

SCALE 
32 km 

FIGURE I. 1\-lap of the Kui s.: b Ri \·.::r and the , lllJy ,i t.: ( \ 1 in relati on to ;\amibia. 

topographically highly dissected and rugged. It is 
ing country and a myriad of small farm dams, for 
watering purposes, have now reduced the run-off into 
Kuiseb by a considerable amount. 

Below the escarpment, the river runs through a steep .... · 
gorge (the Kuiseb canyon) and eventually emerges to 
flow across the desert for some kilometres, dividing the , · >;•t5':{.'f''r.i,:,::( 
desert into the gravel plains to the north and sand dunes . 
to the south. The dunes end abruptly at the river's edge . 
and, although there is some controversy regarding the 
cause-and-effect nature of the position of the edge of 
dunes and the river, it is an observed fact that sandfrorri :.:·L .. 
several dunes which move into the river each year, is·: :· 
scoured out and washed away during floods (Bush 1991 ). · 

Surface water in the river lasts for only a few days a 
but flows in large quantities in the sand aquiferoftheriver · 
bed and, for example, the annual recharge to the Swartbank 
A-area is estimated to be 1,2 x 106m3yr1 (Department of ·t · 
Water Affairs and Forestry 1991). This water gives rise to ':, ' 
a riverine fringe of woodland, c<;msisting of four 
species, viz. Acdcia albida, A. erioloba, Euc 
pseudebenus and Tamarix usneoides, decreasing in 
and in proximity to the river bank in approximately 
order. These trees supply vital forage to many desert ' "' ' 
animals during times of extended drought. 

Water in the area served by the Kuiseb River is in short . 
supply and increased utilization by industry (e.g. mines) 
and human consumption (Swakopmund and Walvis Bay) 
is producing an increased demand for water from the·sand 
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reserv-oir of the Kuiseb River. There was. at one time , a 
propo"sal to removf all the trees alohg the Kuiseb in order 
to save water and the South African Council of Scienti fie 
and Industrial Research i1'1itiated a research programme 
in the late I 970's to determine the effects of the vegeta-
tion along the Kuiseb River. 

The transpirational water loss by Acacia a/hido, /\. 
eriolo!Ja, Euclea pseudc!Jcnits and Tanwri.Y usneoidcs 
was determined since these four species make up ap-
proximatel y 80% of the vegetative biomass along the 
Kuiseb River and, therefore , account for the bulk or 
transpirational water use. These transpiration va lues. 
together with leaf dry mass, \-ve re used to determine the 
waterloss per unit area of land on an annual basis. In order 
to arrive at a realistic assessment of water loss from the 
aquifer, all available data were included into an account-
ing model designed to incorporate such features as tem-
perature changes, relative humidity and radiation level. 
To reduce the length of this report , much detail has been 
omitted; full details of the methods and the accounting 
model are described in Bate and Walker ( 19RO). 

GENERAL METHODOLOGY 

Our approach was to develop a water budget model. \Ye 
used a standard I km stretch of the river in the vicinity of 
Gobabeb and modelled the dynamics of wt1ter through 
this section. The parameters of the model constituted our 
research programme. The information required to meet 
our objectives consi sted of estimates of i) the si7.e or the 
aquifer, ii) the infiow of water i.e. the rate and frequency 
of recharge of the aquifer , iii) evaporation loss from the 
surface of the sand and , iv) transp irational loss from th e 
vegetation. 

Very briefiy, we obtained these estimates as follows:-

i) The size of the aquifer. The average width was obtained 
from several measured transects of the vege tation across 
the river, and was found to average 307 m, thus I km of 
river length represented an area of 30.7 ha. The depth was 
estimated to average l 0 m. This value was accepted after 
discussions with several other workers familiar w ith the 
Kuiseb and from knowledge of a fevv extract ion bore hol es . 
Thus the volume of sand storage included in the model 
was 3,07 x 106 m3. 

ii) Aquifer recharge. The presence of si lt and clay lenses 
in the river bed prevents rapid recharge when the river 
floods . Indeed , it takes several clays of flooding to achieve 
complete recharge. In most years the river noods at least 
once (Seely er al. J 981) and we have assumed that 
recharge takes place . It is important to note, though . that 
this is by no means always the case and that the vegetation 
occasionally has to utilize deeper resources . 

The Dooding period was taken to be one week in the 
middle of summer. At the end of a one week flood , the 
aquifer was assumed to be filled to its water holding 
capacity. This involved the assumption that the annual 
flood volume was greater than the annual removal of 

water and also. that it continued for a sufficiently long 
period to completel y recharge the sand and that percola-
tion was not res tricted in any way by impermeable layers . 
We assumed. furthermore . that the basin was '\Vater-
tight ·. and that there was . thus, no loss from the aquifer by 
percolation verti ca ll y down or laterall y. 

The \\·ater holding capacity of th e so il was measured to be 
34.7 S"{- by \'Olume or 21 % by mass. In thi s way the amount 
or\\ at er in the aquifer was determined and the water loss 
expressed as ;l proportion or the total volume. 

ii i) The wate r budget was based on inputs which included 
the noml and sub-surface lateral outflow. Evaporation 
\\·as based on an evaporation factor under conditions 
similar to those in the Kuiseb River. See ly & Stuart 
(I 976) report eel standanJ class A evaporation rates 
for Gobabeb to be 3.5 111 . Thi s value, expressed on an 
hourl y basis for a 12-hour ave rage day was the maximal 
evaporation factor . 

Evaporation \\'as measured in the laboratory under simu-
hlted field conditions as \veil as directly in the field . Soil 
lys imeters were employed in the laboratory, either as 
co lumn s of different lengths or as pots filled w·ith sand. 
The lys imeter surface s were subjected to various tem-
peratures and wind conditions using atmospheric humid-
it y and air temperatu re va lues measured in th e field. 

iv1aximum evaporation rates from a sa turated so il we re 
determined by maintaining the water level in the columns 
at th e surface. E,·aporation rates at different soil dry-
depth s \\"Cre measured by adjusting the saturation water 
leve l wi th respect to the surface. . 

In the fi e ld , different sites were chosen to represent 
shaded. se mi -shaded and exposed conditions. The soil 
was th oroughly soaked with water to ensure field capac-
ity to a-depth or 250 cm. After a period of 4 days the 
moi sture cont ent of the soi 1 was measured gra vi metrically . 
No ro<ils " ·ere prese nt in these laye rs of the soil. 
thus th e \\ ater loss was presumed to be the result of 
evaporation. 

iv) Transpirational water loss was estimated in four 
stages. First. transpiration rates \ve re obtained for each of 
the four species per unit leaf mass. Secondly, leaf mass 
was related to stem area by allometry. Density, by size 
class. of each of the four species for the I km stretch of 
river and the proportion of the canopy in each size class 
whi ch consisted of dead branches were al so determined 
for eac h spec ies. 

OF TRANSPIRATIONAL 
\VATER LOSS: 

T\VO metl10ds we re used for obtaining indi vi dual tnmspi-
ration rates: the Cut-Shoot-Mass-Loss method (CSivlL) 
and lysimetry . the latter being considered the absolute 
value . A balance accurate to 10 mg was used . Transpira-
tion rates were measured in the field using the CStvlL 
method over the first three minutes (Powrie 1979). 

.. : 
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Transpirational water loss per hectare was calculated for 
each species as follo.ws: 

Tr = t .b .n.365.c s s 

where Tr is the transpirational water loss (m3 ha-1 annum1) 

t
5 

is the mean daily transpiration rate (g g·1 hr-1) 
bs is the dry leaf mass (g ha-1) 
n is the mea.n number of hours sunshine per day 
365 is a constant to convert days to a year and 
c is a constant to convert g l-1

2
0 ha·1 to m3 ha·1 

Information so obtained was synthesized by means of a 
simulation model, iterating on a daily basis, using re-
corded values for climatic variables (Seely & Stuart 
1976) and deterministic flooding events . 

DETERMINATION OF LEAF BIOMASS: 

The technique involved the determination of a relation-
ship between stem basal area and the leaf dry biomass 
subtended by a given stem diameter. The data were 
obtained by destructively sampling numerous medium-
sized trees (up to 3 - 4 m) until a clear relationship 
between stem size and leafbiomass subtended by a given 
stem diameter was obtained. These data were used to 
estimate the leaf dry biomass per unit area in the river bed. 
Total stem basal area at ground level was estimated using 
28 separate belt transects chosen at random within a two 
kilometre stretch of river at Gobabeb. Each belt transect 
was l 0 m wide and ran the width of the vegetation which 
averaged 307 m. 

The destructive technique produced data from the small-
est twig of each tree, progressively getting larger until all 
the leaves on the tree from the trunk upwards were 
included. The data are, therefore, an extrapolation of 
smaller tree values but, since they also include branches 
and twigs, we believe the data set are reasonable . 

RESULTS 

To determine whether the CSML method was suitable for 
use in the field, transpiration rates from whole potted 
saplings were detem1ined by lysimetry . These rates were 
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Figure 2 . Water loss from the e:-;cised shoots (Q\Vl of :lcc1ciu alhiclil compared 
to actual transpiration (L) fo r the same species . 
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Table l. Comparison of transpiration rates by the CSML method and the 
lysimeter method as detem1ined in the laboratory under high light and 
saturated soi I conditions. 

Mean trans;piration rates and standard errors (g g·' hr-1) 

Species Lysimeter Cut-off-mass-loss Cut-off-mass-loss 
using the first · using the maximum 

interval (3 min) rate in any 3 min 
time iHterval 

A . alhida 2,21 +/-0122 2,36+/-0,12 2,45+/-0,13 

A . erioloha 3,52+/-0,32 3,60+/-0,31 3,70+/-0,29 

then compared \Vith transpiration rates from the same 
plants by removing twigs and employing the Cut-Shoot-
tvlass-Loss (CSML) method . The most acceptable method 
determined from these experiments was later used in the 
field to determine the rates of transpiration from trees in 
the Kuiseb River. 

Transpiration rates determined for the first three-minute 
interval after cutting (Slavik 1974) using the Cut-Shoot-
tvlass-Loss method (CSML) showed the best correlation 
to the rate determined by lysimetry (Drews 1979). The 
mean transpiration rates for the Iysimeter method and 
CSML method are given in Table 1. Plants betweep4 and 
R months old which were grown in a greenhouse were 
used in these trials. The rates obtained in these trials were 
higher than the rates obtained for field-grown Acacia 
plants as might be expected . 

Transpiration rates of detached plant parts decreased with 
time after excision (Figs. 2 & 3). The Ivanov effect 
(lvanov I 928) was not observed, this is probably due to 
the· woody nature of the material (Slavik 1974). The 
decrease in measured transpiration with time was be-
cause the material was drying out. All subsequent field 
work employed mass loss over the first three minutes 
after excision, to prevent errors due to this feature. 

Transpiration rates varied with light, temperature, rela-
tive humidity and wind conditions, which generally are 
functions of the time of clay . Thus transpiration rates are 
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Figure 3 . Water loss from the excised shoots (QW) of !1. erioloba compared to 
the actual transpiration (L) for the same species. -
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!he liniCS bclwcen 121t(XJ ami l-1h(Xl. and rc rcrs !n titm·s be t "Ten 1-llt .lO and 
17lt30). rcpn:scn! 2.SE. 

given as functions of the time ord;ty in Figs. 4 <tnd 5. 
transpiration rates or leaves of all l'uur spec ies in th e Slln 
were higher than those of leaves in the shade . hut the 
extent of the difference varied with each species (Table 2 ). 

In the field , using the CS ML meth od. sun IC<I\'eS or i\ . 
erioloha showed a decrease in the rat e or lran spir<ttion 
with time over a day. Thi s may be the re sult of a decrease 
in the water potential of the lea ves due to the rcsi stancc s 
to uptake and flow of w;tter in the xylem. Desp ite thi s 
latter suggestion, the plants vvere not wa ter stressed si nce 
leaf water potential was ne ve r less tha11 -500 kPa ror <lilY 
of the species. The dail y t imc-course or lc<tf water poten-
tial was not measured but random measurements \\'e re 
taken over several months and covered morning. IHJO!l 

and afternoon readings. Howe ve r. sh;1dc lea ves of ;\ . 
eriolo!Ja showed the same general characteri stic s as those 
of A. al/;ida. 

For E. pseude!Jcnus , sun leaves showed a depress ion at 
noon vvhi le the shade leaves had th e hi ghest tran spiration 
at noon . At high radiation level s. it seems that these lea ves 
control their rates of transpiration biolngi cctll y. probabl y 
by decreasing stomatal aperture (Fig . 6) . 
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Figure 6. Transpiralicm ra! es r(11" !he sun and leaves or ; \ . !'SI'/Iclr·hcll/1.\ ill 
different limes of !he da y, show in!! !he ra!c in each case :md !he mtnthcr n f 

const it ut ing !he pl c (n ). ( 1\ 1nrnin!!. noon am\ aftrrtHHlll IT fer In lhl' I i tli C' 
given in fig . 3 ). 
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lill lc'' n! tit ,· d:t \. lh l' lll l', lll r:IIL' in L':t l·it Ci'C :111d !he lllllllhcr nr lrials 
c••n'i tlt r ' <illl!'k 111 ). I \ 11 1> <'11 :lllli itflc t tHHlll rckr In !he litn rs )!i "cn 
in Fi).' . . <1 

Tahk Tr:tll ' J'ir:tlit•n t:tlc c;. <; !:t tHI:tnl errors :t lld s:t 111ple si 1.cs used i11 
lil t: tk lcrllli ll :t!intl o i' !r:tll <; pir;t\ion r;I! C<; i'or !llc i'tllll' lll:till spec ies in 
lilc Kui c;ch Ri ' cr :lllllil'cr. 

SpLTi L' ' Tran-;piration r;1t c I h I) 11 (s;nnple) 
1 g g ' In ' 1 

: \ . ,i/h i,/(1 l .. 'i ll 0.0:" 14.') 
.- \ . ,-,.;,.f, ,f>, t I .01 (1 .0.\ 22(i 
l- . f l.\ ('l(f/d>t "/1{1 \ (J . .'i -1 ().().! 202 
r. /lsilc " i.tt' .l 1.07 o.w 234 

r. usneoides slH1\\Cd til e s;unc pattern as ; \ . (1//Jic/o . hut 
" ·itlll ()\\ 'CI ;thsolut c r;ttcs ol' tran spi r<1tion (Fig. 7) . 

In th e determi na ti on ol'tlle rel<tti onship between the stem 
h;t sa l <II'C<I <llld lea!' dry hi()lll(ISS. V<tlll eS for <I <llld b. ill the 
reg ress iu1 1 lmmul<1 : 

LIJB = a+h tSB i\ l 
where <1 =a u>nq <tl lla ml b =tile slope or the relationship , 
toge th er wi th th e corre lati on coellicicnts for each spec ies 
\\'Cre ctlcul;ttcd. The \';tlues ora and b for each of th e four 
main species ami the regression codficients for th e leaf 
hiomass on the stem basa l area are gi\·cn in Table 3. 
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given in rig ) ) 
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Table 3. Regression codficients and (r2) correlations for the leaf dry 
mass on srem basal area for the four maj or tree species in the Kui seb 
River. 

Species a b r' 

A. alhida 1,1 O.lJ4 0,8l) 

A. erioloha I ,59 0.<-Jl) O,lJ4 

E. pseudehenus I .:n 0,52 

T. usnc•oides 1.04 o.xx 0.96 

The relationship between the stem basal area ami leaf 
mass changes seasonally due to leaf fall. This is particu-
larly the case with A_ alhidu . An estimate of the seasonal 
variation ofthis species (minto max) was therefore made, 
by assessing percentage of ma ximum canopy density at 
the different times . The estimated leaf biomasses incor-
porating all these features are prese nted in Table 4. 

Table 4. Basal areas and leaf dry mass biomass per heu are fur the 
four major tree spec ies in the Kui scb Ri,·er_ 

Spec ies Basal area Leaf SE 
( 111 2 ha 1) (IOillleS ha 1) (tllllllCS ha 1) -

A. olhiclo 4.541 U . .\Cl-1.!12 (1.05 
A. criolohu 2.0(JlJ 0.7 1 0.10 
f _,)_\·c·ur/c>hnl/(s 0.521 0. 11 O.OX 
T. {( .\'lli'Oicl£'S O.lJX(l 11.23 O.O:'i 

Total 1.--l 1- 2.!17 

The annual mean day length used in the calculati ons was 
10 ,3 hours (Seel y & Stuart 1976) . Thi s gave a 
transp irati onal water use of I ,61 I 0_-; 111 1 h;m 1 anmtally , 
using a biomass value of 2.07 tonnes h<t 1 for the four 
species . All other species were considered to consiitute 
20% of the total biomass with transpiration rates equal to 
the mean rate of the other four species measured . On this 
basis, the total estimated transpirational water usage for 
all the vegetation was a maximum of 2.02 x !0_-; m3 knr1 

annually. 

(
Evaporation rate from a saturated sa nd surface was esti-
mated at around 7 m per year, based on a 12 hour da y. If 
the sand was not 1-;ept saturat ed . there was a distinct break 
in the rate or evaporation when the \\'atcr ccmtent reached 
8,5% v/v. Presumably thi s was the point when capillary 
action ceased to ensure an unbroke n suppl y of water to th e 
surface . When the dry depth o r the sand reached abouq\ 
120 cm, no further wa ter loss occurs by evapo rati on.\\ 

CTotal evaporative water loss from the Kuiseb was esti-
mated to be 5,7 X I m1 km-1 yr 1

• 

DISCUSSION 

Mean maximum transpirati on rates for the four species , 
in g g-1 hr, were around I ,5 for A . ulhida, I ,0 for T. 
llsneoides and /\. eriolohu and 0.5 for £. fJSeudehcnus. 
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Standard errors of the means in each case were of the 
orderof0,04. A. albida and A. erioloba had more than five 
times the leafbiomass of the other two species. Corrected 
for the amount of dead material in the canopy, the total 
leaf biomass was somewhere between 1,0 and l ,5 t ha-1• 

The simulation output indicated that the total dry-depth 
accounted for by evaporation and transpira tion was in the 
region of2.92 m per annum. Observations of the depth of 
the water table at Natab (south-east of Gobabeb) showed 
it to be at a depth of almost 3 m one year after the previous 
Clood. Furthermore, due to the capillary fringe above the 
water tabl e, the table itself should be slightly deeper than 
calculated by our dry-depth . 

or the total dry-depth , 2,27 m was contributed by 
transpiratory losses and 0,62 m by evaporation. This 
transpirational and evaporative water loss was equal to a 
water vo lume of 2,59 x I 05 m3 km -1 yr-1• The total volume \ 
of the w<tter in the aquifer was estimated to be l 0,7 x 105 \\\ 

m 1 km 1 yr- 1
• l!ence, the proportion lost by 

ev apotranspiration in one year was in the region of 24%. 
. ? 

The total ,,·ater loss ca lculated by the model is considered 
an overestimate for one or more of the following reason s: 

A) The depth to which evaporation occurs was taken as 
the depth to which it was measured in a uniform column 
or sand with a surface temperature of about 60 oc. Clay 
and other irregularities due to bedding may reduce this 
depth. 

f3) The evaporalive loss ass umed a uniform bed without 
sh<tdc . 

C) The cvapurali\'e loss exc luded the input of water along 
a temperature gradient into the soi l on nights when there 
was a precipitating l'og . 

D) The water holding capacity was based on values for 
compacted sand laye rs only . The degree of compaction 
by comparison with the natural condition is not known. 
Also. the clay layers , which have a greater water holding 
capacity, have been ignored due to their limited presence. 

E) Transpiration rates, due to the method employed in 
their determination, may be si ightl y high, particularly the 
value for ·'other spec ies". 

F ) The csiimatcs of biomass are variabl e with the time of 
the yea r and th e particular locality, so that apart from 
shortcomings or the technique, it becomes a complex 
entity to estimate. Comparison with other published data 
(Rutherford 1979) indicates that the total biomass esti-
mate may be an overestimate of about I 0- I 5%. 

G) Day length has been taken as the annual mean day 
length for th e month and is based on the number of hours 
ot· sunshine . On mornings after precipitating fogs, the 
vegetation remain s wet for as long as 30 minutes after the 
l'og has lifted. This may significantly alter transpirational 
water loss ror such days. 
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(A more realistic estimate of the water lost annually is 
I • ! probably somewhere •between I 5-20%, rather than the 
\. 24% indicated by the model. Apart from these features 

above, and to refine estimates, there are t vvo other factors 
included in the model which need investigation: 

a) The width of the aquifer was taken to be the mean 
vegetation width. It is. however, possible that the aquifer 
is either narrower or wider than that. Studies of rooting 
indicate that the water is abstracted from vertically below 
the plants, suggesting that the aquifer is either the same 
width as the area that the vegetation occupies. or wider. 
It is possible that the aquifer extends beneath the sand 
dunes on the south side but we still did not have the means 
to investigate this aspect 

b) The mean depth of the aquifer needs to be determined 
accurately over the whole length of the river <1fkcted hy 
pumping. 

From the estimates made in this study the aquil'cr, after a 
flood of several days, theoretical! y holds sufficient water 
to maintain normal tree growth for about five years. This 
estimate makes three important assumptions: 

i) that the aquifer has a mean depth or· I 0 m and is 
section, ii) that the tree roots reach all parts of the a qui kr. 
and iii) that the trees take up water at a const;mt (maxi-
mum) rate until it is all depleted . 

Pumping can only remove "free" water ami it reduces tl1e 
water content until the water potential of the su i I is around 
0 kPa. The total volume of water in the full aquifer is I 0.7 
x m' km·1 and , based on the difference between the 
saturated water volume and field c1pacity, pumping can 
reduce the water in the aquifer to 5.22 x 1 0" m1 km 1

• 

leaving the sand at field capacity. Tran spiration and 
evaporation annuall y account for so mething less than 
50% of this amount and we theref'ore conclude that. in a 

/

section of the river which is beir.lg pumped.the vegetation . 
1 could survive for two years without recharge . A third year 
J would likely prove fatal with long term e!Tects on the 

ecosystem. 

//
,Pumping also results in an increased rate of dry-depth 

() development, which effects seedling survi va l. ;\. o/hidu. 

I with a root growth rate of I 0 cm week 1 c111 ly keep up 
with the rate of decl .ine in both unpumped and pumped 
aquifers. A. eriolo!Ja. howeve r. grows much more slo\\ly 
and appears to establish only in years of above average 
flooding (Bate er. al . in prep .). lt is therdore likel y that its 
establishment will be reduced if' an exhausting pumping 
programme is permitted . 

If the level of the water table is dropped rapidly by 
pumping , the total volume of the water available t<1 the 
trees is reduced. Normally , the volume is such that 
removal of water from the capillary fringe causes a 
gradual decline in the water table such that there is always 
water left by the time the next noocls take place . 1\ rapid 
removal of free ( < 0 MP a) water after a nood could lead 

·, 

to the trees continuing to remove water but depleting it in 
the event of a season without nonds (as. for example. i11 

The trees will then begin to die and a new (lower) 
long-term equilibrium density will then be established. 
The probability exists that, if more than two ye ars were to 
elapse bet we en noods. the new density could be zero. 
Thus pumping less water than enters the system could still 
lead to a decline in. poss ible collapse of the Kuiseb 
riv erine vegetation. 

In 1991 a meeting in \Val vis Bay (Department or Water 
Affairs ami Forcqry. 1991 ) reached the consensus that 
excessive pumping of the Kuiseb <lquifer vvould have 
detrimental crrccts on the woody veget<ltion which. in 
turn . would cause the ecology of the Namib Desert to 
suffer. The meeting further identified that certain critical 
issues regarding the vegetation still needed to be solved 
before sustained ami environmentally acceptable pump-
ing rates can be determined. 

ACKNO\VLI: I)GEivlEN·rs 

The dat<l presented here were collected by a number_· of 
people working: on site for periods up to three months at 
a time . \V hi le all th e \\'ork is acknowledged special thanks 
are clue to J.G . Bolton. D. du Preez andJ. Roger for their 
contributions . 

W e ,,·ish tu thank [\I iss R. Cllomse \\'ho undertook much 
of the computer programmir1g aml Dr P. Furniss who 
ga,·e much \'aluahle advice and who wrote the interactive 
rnodel (Fumiss l\l77). " ·hich was used on the IBM J50/ 
computer at the Uni,crsity of the f\·liss S. 
Strydom ami 1\liss t\ . \Vil so n as:-; istcd with the prepara-
tion of the final 111<111\IScripl. 

Thi s "urk was supported by a grant from the CSIR and 
support fctcilities pnwidcd by the Department of Nature 
Conscn ati<lll. N;unihia ;\dministration. 

The generous support nr Dr M. K. Seely and stall of the 
De sert Ecological Research Unit is gratefully acknowl-
edged . 

R EFEI< ENCES 

BATE. G.C. & \\' ,\LKER B.ll. l9XO. \Vater use by the 
\Tget<ltion in the lo \\'er Kuiseb river. South West 
Africa. and the possible effects on thi s vegetation of 
water e\traction . Report to the CSIR Typescript. 72 
pp. 

Ci.C .. W;\LKER B.ll . & ELLERY . W.N. in prep . 
Tile puS!- n()od cs tabl islllllCilt st ratcgy of;\cacio alhida 
and ,- \coria criolohu in the Kuiseb . 

BRAUNE. E. I SJl) I . Hydrology of the lmver Kuiseb 
River . Report to Walvis Bay workshop, February 
1991. Department of Water Affairs and 1-orc_stry. 
Typescript. 21-4 I. 



BUSH, R. A. 1991. Geohydrology of the lo\\'er Kuiscb 
River. Report ·to Walvis Bay f'ebruary 
1991, Departme•nt of Water Afl'airs and Forcsli-y. 
Typescript. 43-50. 

. Department of Water Affairs Forestry : Water 
. . sourc:e De\•e/opmentfor VVafl•ts Bay. Report on \Val VIs 

': ·:,J3ay workshop. February .1 In prep. I 

;DREWS, B .. K: A, coin{nirison of techniques 
determining transpiration in whole plants. Hono(Irs 
Project, Department of Botany, University of 
Witwatersrand, Johannesburg . 

FURNISS, P. 1977. Description and 1nanual for the 
DRIVER an interactive modelling aid. South AFiu111 
National Scientific Progrtll/llltes Report 17 : 1-23. 

IVANOV,L.S . 1928. Zur Metodik dcr Transpira-
tionbestimmung am Standort (!Jer dcttl hot Ges 46: 
306-31 0) (as quoted by Weinmann & le Roux 1945 ). 

POWRIE, L.W. 1979. Determination or environmental 
under which the best correlation ex 

between potometry, weight loss and lysimetry i·or 

WATER RELATIONS OF VE(iET/\TION IN TilE Nt\MIIJ 91 

estimating transpiration rates in plants. Honours 
Project. Department of Botany , University of the 
Wit waters rand, Johannesburg . 

RUTHERFORD, M.J. 1979. Aboveground biomass sub-
divisions in woody species of the savanna ecosystem 
project area, Nylsuley . South A(rican National Scien-
tific Programme Report No. 36: pp. 

; 

i 

SEELY, M.K . & STUART, 0. 19?6. Namib climate: 2. 
The climate of Gobabeb, ten year summary 1962/72. 
Namib bulletin, Bulletin of the Desert Ecology Re-
search Unit : 7-Y. 

SEEL Y, tv1. K. , 13USKIRK, W. H., HAMILTON, W. J. & 
DIXON, J. E. W. 1981. LowerKuiseb River perennial 
vegetation survey . .louma/ oft he South West African 
Scicnr(fic Society 34/35 : 25-54. 

SLAVlK, B. 1974 . Methods of studying Plant Relations. 
Prague Academia. Berlin: Springer Verlag. 

WEINMANN,11. & LE ROUX M. 1945. A critical study 
or the torsion balance or measuring transpiration. S. 
l\ji · . ./ . Sci . 147-153. 

',, 
' 

;.: 


