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TABU- 7 ,— A com parison o f  chemical trea tm en t costs fo r the different w ater quality 
types in  the Vernon Hooper Dam, prior to  and following the re tention o f  
ca. 2 0  ha o f  w ater hyacinths behind a floating boom  and the in troduction  o f  
harvesting, according to  Howes (1983)

W ater classification

Normal Algal laden Manganese Hyacinth C ont. Hyacinth C ont. 
Chemical Unit ( ] )  (2 ) (3 ) (4 ) (S)

mg/8 C o st/t (50/m £) (0 ,2  mg/8) (1st 6  m onths) (2nd  6  m onths)

Alum R 200  35 S5 90 6 2  80
C hlorine R 940  4  8 21 5 9
Lime R 110 Nit 15 55 Nil Nil
CuS � �  R115S 1,5 1,5 Nil Nil Nil
C ost/m 3 R0.013 R 0.022 R0.044 R0,017 R0.024

the population. Luxury uptake of N and P by the 
water hyacinths during growth, however, would re­
sult in greater quantities of N and P removed by the 
population than actually estimated.

Water quality
A comparison of chemical treatment costs re­

ported by Howes (1983) for the different ‘water 
quality types’ in the Vernon Hooper Dam, prior to 
and after retention of ca 20 ha of water hyacinths 
behind a floating boom and the introduction of har­
vesting are presented in Table 7. A reduction of 61% 
in chemical treatment costs was achieved initially 
through the introduction of harvesting. The cost re­
duction dropped to 45% during the second six 
month period of harvesting due primarily to in­
creased nutrient loading and poor rainfall. Cost of 
harvesting and disposal of water hyacinths varied be­
tween R600 and R1 000 per day which was initially 
justified by savings in chemical treatment costs when 
treating in excess of 37 M/ d-i. Justification no longer 
exists financially. However, the resultant reduction 
in algal concentrations, i.e. improvement in quality 
of the ‘Aleal laden' water, is highly beneficial 
(Howes. 1983).

Whether the ca 20 ha of water hyacinths presently 
confincd in the impoundment could reduce nutrient 
concentrations in the water to levels limiting for al­
gae and account for the observed reduction in algal 
concentrations is difficult to ascertain. The average 
N : P ratio in the water is ca 25.5 (Archibald & War­
wick, 1980) suggesting that P may be the nutrient 
most frequently limiting for algae in the impound­
ment. Furthermore, it was predicted that a 20 ha 
moderately crowded population in the impound­
ment during the period August, 1979 to July, 1980 
could generally remove larger quantities of P daily 
than those entering the system that were readily 
available for plant growth (Table 6). However, this 
does not necessarily mean that the present popula­
tion could reduce P concentrations in the water of 
the reservoir to levels limiting for algae. This would 
be dependent on a number of factors, viz: (i) rate 
and efficiency of P uptake by water hyacinths, (ii) 
magnitude of P inflow loads, (iii) residence time of 
inflowing water beneath the water hyacinth mat, (iv) 
extent of mixing between inflowing water and reser­
voir water and (v) influence of the water hyacinth

population on chemical and biological transforma­
tions in the impoundment. It is clear that a large pro­
portion of the P entering the impoundment is re­
tained by adsorption onto sediments (Hepher, 1958; 
Hayes & Phillips, 1968). This source of P is poten­
tially available to plants for growth, since sediment P 
and dissolved P exist in equilibrium (Hepher. 1958; 
Pomeroy et al., 1965). The equilibrium concentra­
tion increases with increased P content in the sedi­
ment (Pomeroy et al., 1965). Removal of P from the 
water by hyacinths during growth could, therefore, 
displace the P equilibrium allowing additional P to 
be released from sediments into the overlying water. 
In addition, anoxic conditions that might be pro­
duced beneath the water hyacinth mat could also 
provide conditions conducive for the release of sedi­
ment P (Mortimer. 1941; Vollenweidcr, 1972).

Available chemical and hydrological data for the 
impoundment after July, 1980 are incomplete. How­
ever, they do indicate that since the end of 1981, 
when ca 20 ha of water hyacinths were retained be­
hind a floating boom in the impoundment and har­
vesting was initiated (Howes, 1983), the magnitude 
of the monthly P inflow loads have generally not 
been very much different from those during 1979 
and 1980 (Table 8), Consequently, if one extrapo­
lates from the predicted quantities of P that could be 
removed by a 20 ha population, relative to the esti­
mated available inflow loads, for the period August. 
!979 to July, 1980, it would appear that the 20 ha of 
water hyacinths confined in the impoundment since 
the end of 1981 could have removed those propor­
tions of P inflow loads not removed by processes 
other than water hyacinth uptake in the system. Fur­
thermore, during summer the reservoir is stratified 
and a well defined thermocline develops at a depth 
of 6 to 8 m (Archibald & Warwick, 1980). There­
fore. one may speculate that the development of this 
thermocline and consequent density gradient in the 
impoundment could allow the water hyacinth popu­
lation to reduce P concentrations in the epilimnion 
to levels that could be limiting for algae, at least dur­
ing summer when maximum algal growth rate and 
production would be expected. Any P released from 
sediments into the hypolimnion would theoretically 
be restricted from diffusing into the epilimnion by 
the thermocline. This may partly explain the ob­
served reduction in algal concentrations in the reser­
voir since the introduction of harvesting.
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TABLE 8. — Inflow and P loading d ata  for th e  V ernon Hooper Dam 
(m on th ly  averages)

M onth

1976 •1 9 7 9 /1 9 8 0 1982

In (low 

MB

T otal P 
inflow load 

kg

Inflow

Mi'

T o ta l P 
inflow  load 

kg

Inflow

MS

T otal P 
inflow load 

kg

Jan. 19421 2410 2718 224 2434 450
Feb, 22530 3292 2921 578 1214 692
Mar. 32007 409"? 954 187 1840 1063
Apr, 23103 3269 1006 221 - -

May 5844 687 833 306
Jun. 2909 428 519 128 1001 402
Jul. 2360 551 974 581
Aue, 2921 822 *6509 * 1598 843 1314
Sep. 2484 890 *6104 *1484 931 1520
Oct. 22191 3259 *6034 *1275 . •

Nov. 5337 864 *3045 * 785 -

Dec. 3291 692 *3857 * . - -

-  data incom plete o r unavailable

Under conditions of increased inflow and P load­
ing, evident from monthly inflow and P loading data 
for the impoundment for the period January to De­
cember, 1976 (Table 8), a larger population would, 
however, generally be needed in the reservoir to re­
move those proportions of P inflow loads not re­
moved by processes other than water hyacinth up­
take in the system. This is evident from the predicted 
specific growth rates, potential yields and N and P 
removal potentials of a 20 ha moderately crowded 
population in the impoundment for this period 
(Table 9). The results indicate that such a population 
would, at least during 8 months of the above-men­
tioned period, remove smaller quantities of P daily 
than those entering the impoundment that were 
readily available for plant growth. The predicted 
quantities of P that could be removed daily by the 
population, expressed as percentages of the esti­
mated available P inflow loads, ranging from 21,4 to 
97,8% , except during March, June, September and 
December, 1976 when they ranged from 104,3 to 
115,2%. Using the model, the population sizes that 
would be required in the impoundment to remove 
the estimated available P inflow loads were pre­
dicted. These ranged from 20,6 to 93,4 ha, except 
during March, June, September and December, 
1976 when they ranged from 17,3 to 19,2 ha only 
(Table 9). An example of the derivation is as fol­
lows: during January, 1976 the daily P inflow load 
was 77,7 kg P d-> of which 39,7 kg P d-' was esti­
mated to have been readily available to plants for 
growth (Table 9). The potential yield (Xpy) of water 
hyacinth during this month would be:

Xpy = 39,7 X 17 248
= 684,7 metric tonnes of fresh water hya­

cinths d_1

The population size required to produce this poten­
tial yield at a predicted specific growth rate of 0,0449 
g fresh mass g-1 d_! for a moderately crowded popula­
tion (Table 9) would be:

Xo + 684,7 =  Xoe * i
=  14 910,7 metric tonnes of fresh 

water hyacinths

Assuming an average stand density (dry mass basis) 
of 11,7 metric tonnes ha-1 for a moderately crowded 
population and a mean water content of water hya­
cinth of 94,75%, the area occupied by the popula­
tion would be:

14 910,7 x 5,25
11,7 x  100 

= 66,9 ha

CON CLU SION S

Harvesting water hyacinth growing in eutrophied 
aquatic systems directly addresses the problem of 
nutrient enrichment of water and not only the ex­
cessive aquatic plant growth which is a manifestation 
of the problem. In designing an effective harvesting 
strategy for water hyacinth, the model serves as a 
useful aid for identifying the limiting nutrient and 
predicting population sizes, yields, growth rates and 
frequencies and amounts of harvest, under varying 
conditions of nutrient loading and climate, to control 
both nutrient inputs and excessive growth in eutro­
phied aquatic systems. However, accurate predictive 
estimates using the model will require the incorpor­
ation of mathematical expressions from which those 
proportions of N and P inflow loads retained or lost 
by chemical and biological transformations in such 
systems can be predicted. Such mathematical ex­
pressions will also need to integrate the influence of 
the water hyacinth population on these transforma­
tions, Furthermore, the relationship between maxi­
mum specific growth rate of water hyacinth and den­
sity of the population will need to be mathematically 
formulated, since this presents a potential constraint 
to the model’s application. It is clear that the nutri­
ent removal capacity of water hyacinth is a function 
of the population size, its density and growth rate. 
An inverse relationship exists between the two latter



IF. 9 .— Predicted yields, growth ra tes and nutrient removal potentials o f  a 20  ha  population  o f  w ater hyacinths confined in m oderately crowded situations
in the Vernon Hooper Dam (January  to  D ecem ber, 1976)

Jan. Feb. Mar. Apr, May Ju n . Ju l. Aug. . Sep. Oct. Nov. Dec.

:en tration  in water ug N 8 ''
iccific growth rate as %  o f  m axim um  specific growth rate 
en tra tion  in water ug P 8" I
iccific growth rate as %  o f  m axim um  specific growth rate 

;rient

iomass o f  20  ha  population  m ctric tonnes o f  fresh water 

lir tem perature °C
ecific growth rate fresh m a s s g 'ld 'l  (X 100 =  % d 'l )  
itential yield o f  the population  m etric tonnes o f  fresh 
inths d" I

arve sting interval days (assuming 100 m etric tonnes o f 
hyacinths harvested daily)

lantities o f  N removed by th e  population  kg N d 'l  
)w load kg N d"'
i o f  N inflow load retained o r  lost by chemical and 
ransfonnations
roportion o f  N inflow  load readily available for plant 
M d’ i
antitics o f  N rem oved as %  o f  estim ated available N

antities o f  P removed by the population kg P d 'l  
w load kg P d 'l
i o f  P inflow load retained o r  lost by chemical and 
ransformations
:oporiion o f  P inflow  load readily available for plant 
P d *
antities o f  P removed as % o f  estim ated available P 

pulation size required to  remove th e  estim ated available
3d

1545
61,3
121

56,2

1244
56,0
69

42,3

1505
60.7 

76
44.7

2477
71,7
103

52,2

2355
70,7
59

38,S

2238
69,6
58

38,1

P P P P P P

4457,1
22,5

0,0449

4457,1
22,6

0,0340

4457,1
22,2

0,0349

4457,1
20,8

0,0367

4457,1
18,4

0,0225

4457,1
16,0

0,0185

204,7 154,1 158,3 166,6 101,4 83,2

0,5 0,6 0,6 0,6 1,0 1,2
115,7
790,1

87,1
995,8

89,5
1332,3

94,2
1552,3

57,3
397,1

47.0
216.0

35,8 46,0 86,8 78,4 22,9 18.1

507,2 537,7 175,9 335,3 306,2 176,9

22,8 16,2 50,9 28,1 18,7 26,6

11,9
77,7

8,9
117,6

9,2
132,2

9,6
109,0

5,9
22,2

4,8
14,3

48,9 74,6 93,3 87,2 65,4 68,0

39,7 29,9 8,8 13,9 7,7 4,6

30.0 29,8 104,5 69,1 76,6 104,3

66,9 66,9 19,2 28,8 26,2 19,1

2335
70,5
53

36,0

2686
73,3
65

40,8

2732
73,7
75

44,3

2383
70,9
99

51,3

1971
66,9
81

46,2

1539
61,2
78

45,3

P P P P P P

4457,1
15,5

0,0168

4457,1
16,5

0,0206

4457,1
18,1

0,0253

4457,1
19,7

0,0331

4457,1
21,1

0,0332

4457,1
22,0

0,0348

75,5 92,7 114,2 150,0 150,5 157,8

1.3 1,1 0 ,9 0,7 0,7 0,6

42,7
259,8

52,4
313,5

64,6
207,2

84,8
1567,4

85,1
339,9

89,2
241,1

22,7 26,3 *-6,5 37,7 32,1 37,3

200,8 231,0 ? 976,5 230,8 151,2

21,3 22,7 7 8,7 36,9 59,0

4,4
17,8

5,4
26,5

6,6
29,7

8,7
105,1

8,7
28,8

9.1
23.1

74,4 78,9 79,5 61,4 67,1 65,7

4,5 5,6 6,1 40,6 9,5 7,9

97,8 96,4 108,2 21,4 91,6 115,2

20,6 20,8 18,4 93,4 21,8 17,3

value indicates export 
inable
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factors, i.e. the higher the population density the 
lower its specific growth rate (De Busk eta l., 1981), 
However, the productivity of waterhyacinth, the 
product of specific growth rate and density, defines 
a bell-shaped curve with maximum productivities be­
ing achieved at intermediate densities (De Busk et 
a /., 1981). A regular harvesting programme could 
maintain water hyacinth populations confined be­
hind floating booms in large water bodies in moder­
ately crowded situations and intermediate densities, 
although the strict control of population density 
would probably only be feasible on a small scale.

It would appear from the predictive estimates 
made using the model that, under present conditions 
of reduced inflow and nutrient loading in the Vernon 
Hooper Dam which have persisted since the intro­
duction of harvesting, i.e. from ca December, 1981 
to ca August, 1983, the ca 20 ha of water hyacinths 
confined in the impoundment has been adequate to 
remove those proportions of P inflow loads that are 
readily available for plant growth and account for 
the observed reduction in algal concentrations. 
However, the 100 metric tonnes of fresh water hya­
cinths harvested daily from the impoundment, al­
though adequate during winter, would appear to be 
insufficient during summer. It is estimated that 
about two to three times as much fresh plant ma­
terial (ca 161 to  288 metric tonnes) would need to be 
harvested daily from the impoundment during sum­
mer, under reduced nutrient loadings, to contain the 
predicted potential yields of the population. Under 
conditions of increased inflow and nutrient loading, 
such as those prior to 1979, the population size and 
the daily amounts of harvest would have to be in­
creased accordingly. These can be predicted from 
the nutrient loading data using the model.
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UITTREKSEL

’n Model wat vir Eichhornia crassipes (Mart.) 
Solms ontwikkel is, is gebruik om die beperkende 
voedingstof in die Vernon Hooperdam te identifiseer 
en om  bevolkingsgroottes, opbrengste, groeitempo’s 
en die frekwensies en hoeveelheid van oeste onder va- 
riërende toestande van voedingstoflading en klimaat 
te voorspel. Voorspelde data is gebruik om  die doel- 
treffendheid van oesmaatreëls wat huidig vir die be- 
heer van beide voedingstofinsette en die bevolkings- 
grootte in hierdie dam gebruik word, te evalueer. 
Voorspellings van die bevolkingsgrootte voor die oes 
begin is, vergelyk oor die algemeen gunstig met die

wat op n visuele skatting gebaseer is. Voorspellings 
van die hoeveelhede P wat daagliks deur ’n 20 ha be- 
volking verwyder kan word, dui aan dat sodanige be- 
volking in hierdie dam P konsentrasie in die epilim- 
nion gedurende somerstratifikasie tot vlakke kan ver- 
minder wat alge beperk. Dit kan die waargenome ver- 
mindering in algkonsentrasies sedert die instelling van 
oes verduidelik. Skattings van die hoeveelheid en fre- 
kwensies van oeste benodig om te verklaar vir die 
voorspelde potensiële opbrengste van 'n 20 ha bevol- 
king, dui daarop dat die 100 metrieke ton vars water- 
hiasinte wat tans daagliks uit die dam geoes word, on­
der huidige toestande van verminderde voedingstof­
lading, gedurende die winter voldoende is, maar nie 
gedurende die somer nie.
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