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SUMMARY

In Vernon Hooper and Hartbeespoort Dams it was observed that
low concentrations of algae and beiter water guality were

asgociated with the occcurrence of Eichhornia crassipes

(Mart.) Sclma. In Vernon Hooper Dam in the first six months
following the introduction of hyacinth control a reduection in
the cost of water treatment of 61% was reported (Anon, 1984).
Musil {1983) ecaleulated that nutrisnt removal by a population

of Eichhornia of the sisze that occurred in Vernon Hooper Dam

{EE 20 ha) would not have ©been sufficient to account for the
.obeerved reduction in water fresatment costs. Also, the arsa

occupied by Eichhornia (10 to 20% of the surface area at full

supply level) was too small for shading to account for the
reduction in water treatment costs. These observations led

to the suggestion that Eichhornia was produclng a substance

which inhibited algal growth (allelopath¥}, therefore an
investigation of the effects of water hyacinth on algal
growth and water quality was Jinitiated. This study included
a review of allelopathy between aquatic plants, an
experimental investigation of the zllelopathic potential of
hyacinth, case atudies of VYernon Hooper and Hartheespoort
Dams and an assessment of the prospects of using hyacinth

to improve lake water guality.

The literature review of allelopathy with particular

reference to aquatic macrophytes showed +that, in common with
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nost other supposedly gllelopathic interactione, the avidence
is limited and often contradictory. The data confirmed the
hypothesis that allelopathy occure in aquatic ecosystems but
its general significance could not be established. Rather
little research has addressed allelopathic interactions
involving water hyacinth and that whieh has (Sharma, 1985)

suggests that algae inhibit the growth of Elchhornia.

The experimental investigaticon of +the allslopathic potential

of Eichhornis in Vernon Hooper Dam, underteken hetween April

1984 and May 1985, provided no evidence of allelopathy

between Bichhornia and algae. Inhibiteors were found on only

two occasions, apparently not associated with the presence of

Bichhornia. Such infrequent occurrence of inhibit%tion could

hardly significantly reduce algal standing cropa snd thus

treatment costs.

Contrary to earlier estimates (Musil, 1983), Musil and Breen
(1985) calculated %hat in Vernon Hooper Dam a 20 ha

population of EBichhornia could remove sufficient nutrients to

affect algal growth. In addition to 1%s effect on nutrient

_availahility Bichhornia alsc tends o reduce the algal

standing crop principally by shading and increasing
sedimentation rates. However, the Vernon Hooper case study
indicated thet since the introduction of hyacinth centrol in
September 1581, the =zlgal standing crop increased, water

guality deteriorated and chemical treatment coste inereased.
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Thus it seems unlikely that Eichhornia produces significant

quantities of sn algal inhibitor and although the population

of Fichhornia on Vernon Heoper Dam probably improves water

gquality, its effect is not sufficient %0 limit the algal
gtanding crop and maintain water quality within accepiable

levelz.

In Hartheespoort Dam at the peak of +the infestation,

Eichhornia occupied ca 60% of the surface area. Compared

with periods before and after, +the period of high Eichhornia

cover was associated with lower chlorophyll a concentrationg
and - an- -altered phytoplankton species composition.. .. These
changes were not due to Teduced mmtrient loeding rates and
nutrient availability, and were probably due to the eiffect of

Fichhornia on other chemical and physical conditions in the

impoundment. In Hartbeespocort Dam the exponentizl increase
in algal numbers following the submergence of large areas of

Bichhornia killed by the application of herbicide, suggests

that the major effect of Eichhornia on the phytoplanikton was

probably to act as a barrier to light penetration, resulting
in light limitation of algal yroduction. In common with the

inveatigation of the allelopathic potential of Eichhornia and

the Vernon Hooper Dam case study, the Hartbeespoort Dam cass

study suggested +that allelopathy between Eichhornia and

phytoplankion was of 1it¥le or no significance. However a
broader based ' approach to the investigation of  the

allelopathic potential of Eichhornia i1s needed before it 18
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posEibls to meke a  conclusive statement regarding fthe

significance of allelopathy hetwsen Bichhornia and

phytoplankton.

The prospect of using Eichhernia to improve the water guality

of lakes was assessed. Although allelopathy does mnot appear

to play a role, Eichhornia tendas to lmprove water quality

primarily by removing nutrients, causing light limifation of
algal production and increasing sedimentation rates. IUse of

complete Eichhornia cover in lakes doces not appear to be an

economically viable option as it would prevent recreational
use - of - the waterbody and the reduced - rate of - oxygen -
replacement would tend o reducs water quality and increzse

water +treatment cosats. Partial cover of Eichhornia would

pernit the recreational wusee of the waterbody and allow
gaseous exchange between the atmosphere and the water. In
Vernon Hooper Bam, a sevearely eutrophic impoundment, the

partial cover of Eichhornia iz net sufficient to contain

water quality problems within acceptsble limits, however in
waterbodies of lower trophic status & partial cover of

Eichhornia could he sufficient to significantly improve water

quality especially if the ilmpoundment was relatively shallow.

Eichhornia could be most effectively used <for nutrient

removal and water quality impprovement if grown on artificisl
ponds at point sSource mnuirient inputs. Provided diifuse

source nutrient inputs to downetream waterbodies were =small

tiv)



to point source inputs. However further research into the

potential of wusing Eichhornia to improve water quality in

nesoirophic or meso-eutrophic lakes 1s required.
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1. INTRODUCTION

During recent years it has been noted at hnfh Yernon Hooper
{Shongweni) and Hartbeespoori Dams that the cecurrence of
high concentrations of algae, normally =assaciated with
excessive ewirophication, was dramatically reduced when water

hyacinth (RBichhornia crassipes) became dominant 1in these

damz. Conaequently, =&t Vernon Hooper Dam, the Durban City
Council initiated an experimental programme for managing
water quality through the controlled growth of hyaecinth on
ahout 10 to 20 percent of +he dam's surfece by restricting
the hyﬁﬁinth to one arm of the dam with & floating boom.
Hyacinth is harvested at the rate at which it grows and is
composted on s8ite. This experiment proved so successful that
it was decided to mzintain a population of water hyacinth at
Yernon Heoper Dam. Pigures obiained from the City Engineesr's
Department in Durban showed that the introducticn of hyacinth
control initially achieved & reduction of £1% in chemical

treatment costs (Anon., 1984).

Since algal production is light dependent, the develocpment of

a surface covering of flosting Bichhornia plants could reduce

algal gruwfh. Because the population of Eichhornia on Vernon

Hooper Dam occupies a small proportion of +the total surface
area of the impoundment this is certainly not the only and
probably not the major factor which accounts for the apparant

reduction in the algal standing crop. In addition, Musil



(1983) reported %hat in the VYernon Hooper Dam the area
covered by water hyacinih was foo small for nutrient uptake

by Eichhornia to account for the reported reduction in the

algal standing crop.

An alternative explanation is that hyacinth produces a
substance which inhibits =algal growth. The inhibition of
germination, growth or metabolism of one plant because of the
release of chemicals by a different plant iz termed
'allelopathy'. The plliencmencn is well documented,
particularly amongst highsr plants of terrestrial
environmenis. It has also heen reported in algae and other
aquatic plants where its principal function appears to be to
provide advantage by suppression of competitors. The dilution
gffect in aguetic environments tends to reduce the activity
of algal +toxins so that they are effective only 2t or near
the site of production. For +this reason the best documented
examples of allelopathy ameng aquatic plants are the
inhibition of algal epiphyton growth on leaves, stems and
roots of aquatic plants. This may also apply to hyacinths
since observetions have shown  that when growing well,
hyacinths are largely deveoid of epiphyton. There is less
cértainty gbout the effeciiveness of the *1nhibitors; acting
at sites removed from the plant, but it is not unlikely, as
evidence suggests that the inhibitors in terrestrial
environments are often waste products which can be active at

low concentrations.



In vwview of the above, a preliminary stuly was initiated,
dimed at establishing whether future research in %his

connecvion was justified.

The research programme cowprised three main tasks, namely:
. A review of zlleippathy with particular reference
t0 aguatic macrophytes.
An 1lnvestigation of the allelopathic potential of
hyacinths. This task involved laboratory experimenis
in which water was assayed for its allelopathic
potential by alzal bicassay technigues.
An assgessment of the evidence that water hyecinth
reduced algal bloom= in Vernon Hooper and
Hartbeespoort Dams. With the Vernon Hooper and
Hartbeespoort Dam case studies it was atiempted to

anawer the following guestions:

- Is there any =vidence that the algal standing
crop in Vernon Hooper Dam has declined since thé
intreduction of hyacinths?

- If a reduction is evident, to what extent can
1t be attributed to altered nutrient loading,
inflow of toxic materisl and nutrient uptaks
by hyacinth?

- Is there any evidence that algal problems at
Hartbeespoort Dam were reduced by the

presence of hyacinth?



- What are the prospects of using Eichhornia

f0 improve waier quality in Vernon Hooper Dam

and other impoundments?

The case studies were post event studies and thus were
anlyses of data that were not collected for this particunlar
project, making it difficult to arrive at a2 conclusive

statement.



2. REVIEW OF ALLELOPATHY IN AQUATIC PLANTS

1. IRTRODUCTION.

There has, over the past twenty years and more, been
considerable speculation on the potential significance
of the inhibiticn of germination, growth or metaboliem
of one planti or species by the release o0of chemicals
from sanother. Interest in +this phenomencn, termed
allelopathy, stems from the intuitive feeling that i+
might explain a varisty of freguently observed
' processes such as the success of certaln weeds and the’
pattern of biclogical succegsion observed in aquatic

and terrestrizl environments.

Most attention has been directed at terrestrizl plants
where although the presence of =llelopathic chemicals
has fregquently been demonstrated, they have seldom
been shown to exert a significant effect under nstural
conditions. Thus for exeample, although Muller {1966}
was able to demonstrate that potentially toxic

substances from Salviza leucophylla were absorbed by

the =20il and could be retzined there for months, and
that they were able to enfer sseds and seedlings, he

was not able to detect them in sﬁfficient quantity to



produce inhibition as measured in the laboratory. In
a number of studies of 3uccession {Keever, 1950,
Pinder, 1975 and Allen and Pormam, 1976) it has been
concluded that allelopathic inferactions were rarely
important. However, although allelopathy may-be less
common than oace thouzhit, there is coavineing evidence
that in some instances 1t plesys a decisive ‘role in
determining vegetation gtructure B2 Conyza

canadensis (Keever, 1950) and Adenostoma fasciculatum

{Christensen and Muller, 1975).

The role - of allelopathy in aguatic plants has been
less well researched despite the fact that there are
just as many reasons to intuitively expect allelopathy
to beg an important strategy in avoiding and/or

reducing compatition.

2. ALLELOPATHY BETWEEN SPECIES OF PHYTOPLANKTOR

Phytoplankton in natural water bedies show
congsiderable temporal variation in 8pecles composition
and abundance. The causes of this succcession, where
one species gives wWay to another only toe return as a
dominant some time later, are undoubtedly wvaried and
reflect boeth +the physico-chemical environment and

interaction between species. Rice (1974} has



suggested that fluctuwations in phytoplankion numbers
during succession is conirolled, at least in pari, by

allelopathic interactions.

Szeczepafski (1977) concluded that although there is
congiderable evidence of allelopathy among
phytoplankten, thers ie =2 lack of confirmatory
eavidence that it 1is a significant phenomencn in
natural waters. This is perhaps not surprising hecause
of the very considerable diluticon conseguent upon
release of a chamical from a cell into the

"aurrpunding water. ~ To be effective, +the c¢chemical

would require one or more of the following properiies:

- be produced in large amounts, which i1s unlikely
in sm&ll unicellular plents because the energy
loss would be too great;

- be highly azctive at very low concentrations. This
is not unlikely since many =lgas are kKnown 1o re—
lease compounds which coordinate sexual
reproduction;

~. be highly specific, advefsely affecting target
gpecies at very low congentrations;

- be persistent =0 that the chemical is not rapidly
denatured and can therefore accumulazte to

sufficiently high concentrations.



It is only during the paat few years +that attempts
have been made to correlate laboratory studies of
allelopathy with observations in the field (Keating,
1977; 1978 and Blinn, Burley and BProkaw, 1981).
Keating reported that the =sequence of phytoplankton
species during development of algal blooms in
entrophic Lineley Pond was related to the effects of
cell free filtrates from the dominant cyancbacteria.
43 might be expected the filtrates were observed %o
either have Tno effect (neutral effect) oT an
inhibitory effect (negative effect) on bloom forming
algae that preceded them in the suecession, implying
that they gained competitive advantage by suppressing
the growth of dominant algae. The effect of filtrate
on bloom-forming species which succesded them werse
either neutral or positive, implying that =zs the
poepulation develeoped it actually stioulated growth of
gome competitors which would ultimately rveplace them
as the dominant species. In situ observations over a
period of five years showed that diatom hloom
populations varied inversely with the extent of
development of +the cyanobacteria populations which
preceded them [Keatiﬁg, 1978 . Implication of
allelopathy was confirmed by showing that cell-ires
filtrates from ecwltures of the dominant cyancbacteria
inhibited growth of diatoms iscolated from the lake

water during bloems of ¢yanobacteria.



Allelopathy hes also been implicated in  the spatial
zonation of alpsse in streams. Blinn, Hurley and

Brokow (1981) found that Thalesssiosira pseudonana

replaced Chaetocercs muelleri at downstresm sites and

preliminary culture studies indicated that =2llelopathy

may he operative.

Although Juttner & Faul (1984) did not attempt to
relate the results of their lsgboratory studies to
field observations, +their resulis show that the

interzctions betiween mnlgae sre complex. They used five

‘algal species to assay the growth inhibiting or

stimulating properties ef nutrient supplemented,
fractionated and unfractionated water faken from a
ghallow sutrophic lake in SW-Germany between May and
Qctober 1982. During this period the chlerophyll
concentrations were high {zenerally sbove 100 mg/m’).
There were marked differences in the response of the
different algsl species znd in the growth inhibiting
or stimwWlating sctivity of the fractionated and
unfractionated lake water. Often, inhibiting as well

815 stimulating proparcties were observed in  the same
water zample. Thus, in many cases the growth sffects
cbserved with wunfrectionated 1lake water were the

result of the sum of opposing individual affects.



These data imply that allelopathy is invelved in the
complex interactions which determine algal succession
but stress also that there can be a wide range of
responses To the same chemical : in some species
growth may be retarded whilat in others it is
ghimulated. The ecclogical significance is therefore

difficult to sassess.

3. ALLELOPATHY BEIWEEN AQUATIC MACROPHYITES AND
MICROFLORA

Aquatic macrophytes are regarded as macroscopic slgse
‘and higher plants cclonising aquatic environments.
These plants provide a surface on which other
organisms, particularly microscoplce planis, can become
attached and remeain in the illumineted part of the
water column. In saddition, since planti cell membrancss
always allow some material to diffuse out, these sites
al so provide potential benefits for grganisms
colonizing submerged plants. However, as these
surfaces, particularly laaves and photosynthetic
argans become colonized and gcovered hy  these
microscopic organisms (epiphyton), so  the 1light
reaching fthe photosynthetic apparatus of the host
plant is progressively reduced, and growth of the

plent may be depressed. Since it has {frequenily bezn
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ohserved that not all submerged plants or plant organs
develop epiphyton (Howard - Williams, 1978; Anthoni et
al., 1980), it 1is tempting *o speculate on the
involvement of allelopathy in the control of epiphyton
development, and possibly alse in the growth of

phytoplankton within the macrophyte community.

Conover and Sieburth {1963 ) demonstrated

anti-beacterial activity in Sargassum natans and §.

fluitans with meximum activity helng observed in
plants from communities in  the centre of distribution
-of these species. They suggested thet perhapa the
dynamics of the whole community of plants, snimsls and
bacteria might be controlled by +the interplay of
allelopathic chemicals. Extracts from another warine

brown =algs, Fucus wvesiculosus, have been shown to

inhibit the growth of unicellulsar marine =slgae

{Melachlan and Craigie, 1964).

In freshwater environments  the macroalgae have
received most atteantion. Anthoni et 2l. (1930

demonstrated that crude extracts of Chara globularis

depressed the rate of photnsjntheéis of the diatom

Nitzschia palea and mnaturally occurring phytoplankton

populationzs. The active components 90 far isolated
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are elemental sulphur and two organic sulphur -
containing compounda. The iwo organic sul phur
compounds have alsc been isclated from other related

freshwater algae: Chara hispida, C. baltica, Fitella

translucens and Tolypella nidifica (Wium-Andersen ei

al., 1982). Elemental sulphur, the most potent of the
three substances extracted from C. globularis has
recently glse been found to occur in the submerged

vascular mactrophyte Ceratcophyllum demersumn

(Wium-Andersen et al., 1983). Extracts from floating

duckweed (Lemna minor), have been shown %o have =2

-hacterioszstatic effect on SBphaerotilus natans, but not

ot other bacteria ftested.

A number of studies have shown reduced phytoplankton
development in areas supporting agquatic mzcrophytes
(Hasler and Jones, 1949; Goulder, 1969; McVea and
Boyd, 1975 and Brammer, 1979). Sharma {1985) has
shown reduced growth of the =acquatic macrophyte

(Bichhornia craggipes) in a tank suppoerThing

phytoplankton. However, these data could not
mneguivoceally be related 1o allelopathy 2ince
éompetitian for nutrients, 1light =nd other factﬂfs
could also explain these observations. At the present
time therefore it is not possible to assess the
ecological significance of alleleopzthy between aguatic

macrophytes and microflora.
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4. ALIRLOPATHY BETWEEN AQUATIC MACROFHYTES

Although allelopathy is generally regarded as an
interaction hetween two or more species, this is not
alwayzs so aince allelopathy may result in inhibition
of a stage in the 1ife cycle (e.g. germination) of a
gingle apecies. In such & c¢ase, inhibhition of
germination ensures the presence of a viable seed-bank
which can re-establish the population should it Yhe

disturbed. Aquecus extracts of Typha laflifolias leaves

and soil water emanating from Typha - dominated
- marshes have heen shown to inhibif zermination and
reduce seedling growth of T. latifolia {McHaughton,
1968}. More recently, Grace (1933) has shown that T.
latifolia does not inhibit +the germination of its
seeds by the release of allelopathic substances, hutf
that high concentrations of litter sxtract inhibit
germination temporarily wwhen water wmould populziilons
are allowed to develcop. Decaying aerial organg of

Typha latifolia and T, augustifolia, =and other

emergent aquatic macrophytes (Eleccharis palustris,

Glycera aguatica, Schoencplectus lacustris and Acorus

calamus) have been reported to reduce growih and kill
seedlings of the reed Phragmites communis (Szczpaﬁska,

1971) .
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The common observation that agquatic wmacrophytes tend
to occur in monotypic (monospecific) stands (Anthoni
et al., 1980; Wium-Andersen et al., 1982; Kulshreshtha
and Gopal, 1983) make it tempting to speculate that
sllelopathy betwesn aguatic macrophytes may hold
conslderable significance for the structure and
functioning of these communitles.  Although HNajas

marina usually occurs in mized stands, Myriophyllum

apicatum seldom ccecurs in these stands (Agemi, 1982;
cited in Acami & Waisel, 1985). Lt sppears that the
growth of both N. marina and M. spicatum is inhibited
by the presence of the other species (Agami & Waisel,
1985). FKulshreshtha and Gopal (1983} showed that

growth of shoots of  Ceratophyllum muricatum was

stimutated by extracts of its own shocts but was
adversely affectad by extracts of other rooted

macrophytes (Hydrilla verticilliata and Hygrorhiza

sp.}. Growth was affected very little or only slightly
stimulated by extracts from three floating aquatie

plants viz. Bichhornia crassipes, Pigtia stratiotss

and Salvinia molesta.

Some floating wmacrophytes are, however, known o
relegse inhibitory metabolites into the water. Wolsk
{1974; cited in Szczpaﬁski, 1977) reported +that high

concentrations of me tabolites relsased inte the
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nutrient culture media from Lemna miner, I. aibba,

Spirodela polyrrhiza end Wolffia arrhizz were

inhibitory %o other members of the family Lemnsaceas.
bt low concentrations, however, the metaholites had a
stimulatory effect. A more detailed analysis of the

interaction between Spirodela polyrrhiza and Wolffia

arrhiza confirmed that inhibitory metabolites were

released into the culiure media (Welek, 1979).

These data show +that in common with m@most other
supposedly allelopathic interactions, fthe evidence is
gcattered and sometimes contradictory. Rather little:
research appears to  have addressed allelopathic

interactions invoelving the water hyacinth, Eichhornia

C-I‘&EEiEES .

5. NATURE OF ALLELOPATHIC CCMPOUNDE

Very 1little research has been directed at the
identification of compounds associated with
allelopathy. 'Most chemical inhibhitors are compounds
that have hean termed 'secondary’ substances
{ Fraenkel, 1959; and Whittaker and TFeeny, 1971)

because they are of sporadiec occurrence. It seems
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probable that research will show that allelepathy is
based on the same or related compounds in a variety of
organisms (Whittaker, 1970 and Whittaker and Feeny,
1571}, Too 1little is currently known to permit

generalization.
6. CORCLUSILIONS

The ecological significance of chemical allelopathy
(allelochemics, Barbour, 1973) iz still not clsar and
much of the evidence is circumstantial, being based on
correlation. To establish chemical allelopathy
unequivocally the fellowing sequence of ateps are

recommend ed :

1. negative association between the two species must
ba shown;

2. c¢ause and effect should he established througzh ex-
perimentation;

3. where a chemicsl is involved its identity and the
nature of its effect should be established;

4. the presence of the factor(s) should be demon-
strated in the fisld, and should be shown to be
cperative;

5. the viability of the factor{s} in the field should
be established.
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There does not appear to he & single instance in the
literature where all of these requirementa have been
met. The work of Wium-Andersen and his colleagues on

Chara globularis is perhaps the wost complete for

squatic plants. Their data confirm the hypothesis
that allelopathy does take place in aquatic ecosystems
but its general significance has not yet Theen

established .
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3. ALLELOPATHIC POTERTIAL OF EICHHORNIA IN VERHON HOOPER

DAM

1. INTRODUCTIOR

Bichhornia crassipes first ©became a serious problem in

VYernon Heooper Dam in 1974 when it covered the entire water
surface {EE 80 ha} for the <first time. During the winter
of 1975 1t was completely remcoved manuelly, only to he
washed into +the dam agzin as a result of heavy rains in
December 1975. Continued manual removzl could net contain

the Eichhernis. By January 1981 Eichhornias sgain covered

the entire surface (ca 80 ha) and by Sepbtember 1981 it had
been completely removed manually (Figure 5.3; Anon, 1384;.
As a result of tests by the Durbdban City IFnginsers on the

nukrient uptaks capacity of Eichhornis, ths Durban City

Engineer's Department dscided to retain a population of

Fichhornia in the impoundment. A flemting boom was

suapended across the Mlazi sector of the impoundment
{Pigure 3.1) 1in September 1981, confining +Hhe Eichhornia
to an area of ¢a 20 ha at full supply level. The Umgeni
Water Board's staff at the dam attempt %o maintain

Eichhornia cover at between & and 15 ha; however, rapid

growth during summer wusually results in the expansion of

the population te 20 ha.

Three chservatlons relating to the presence of Eichhernia
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Figuype 3.1:

Map of Vernon Hooper Dam showing the positicons of sampling stations and

floating hoom used te confine Eichhornia to the Mlazi sector of the impoundment.
The five sampling stations are the Lake station (L), Eichhornia (E), Mlazi River
{M}, Sterkspruit river (5} and the Wekeweke river (W). All the water from the
Mlazi river is usually diverted into the MIazi canal and enters the impoundment
at the Mlazi river station.
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on Vernon Hooper Danm suggested that Eiehhornia

produced a substance which inhibited algal growth:

1. there was a large decrease in water trestment costs
following the introduction of hyacinth control in
September 1981. In the first six months following
the introduction of hyacinth conitrol water trestment
co8te were reduced by 61% and by 45% in the second
six months;

2. Musil (1983) calculated that a 20 ha population of

Eichhornia was %too small for nutrient uptake by the

plants fto account for the improved water quality;

3. the srea occupied by Eichhornia (between 10 and

25% of the surface area of the impoundment) was
generally too smell for shading to be of

gigniticance.

A number of bioassays were performed between March 1984
and May 1985 to test for +the presence of inhibitors
associated with the inflows or the Eichhornia in ¥ernon

Hooper Dam.

2. METHODS

The Selenastrum capricornutum Printz algzal assay was used

t0 test for the pressnce of inhibltors in a} water from

Vernon Hooper Dam, b) medium in which Eiechhornia had grown
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and e} extracts of roots and decaying petioles of

Eichhornia. The bhiocassay involves the measurement of the

response of Selenaatrum in batch culiures %o the

c¢hemicals preseni in the sample.

a. Preparation of nuirient mediz

The FProvieional Algal Assay Procedure medium (PAAP;
Hational PFuirophication BResearch Program, 1971) referred
to as complete PAAP, waz used %o grow the algae and

Fichhornia in the laborafory prior +to bioassay. PAAT

medium without nitrogen and phosphorus {PAAP-NF) was
prepared - for resuspending centrifuged eslgsl inoculaz and
for the preparation of root extracts. Stock oulture
solutions of PAAP, PAAP without nitrogen (PAAP-N) and PAAP
without phosphorus {PAAP-P) were prepared at ten times %he
congcentration of completse PAAP for sdditicn to some of the
bipassay flasks. The PAAP-N was prepared by excluding the
NaNO, stock solution and +the PAAP-P was prepared by

replacing the K:HPCustock solution with a KC1 solution.

b. Preparation of algal incculs

Selenasirum capricornutun strain number LWR 100]), was

ohteined from the Hational Institute for Water Resesrch,
CSIR. The alge was maintained in active growih phase by
regular subculturing into fresh mediuvm and cultures wers

saintained at 24 *1°C in continuous light (90 uB/w?/s).
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Prior to wuse in & bioassay, one litre of a one-week cld
cul ture was centrifuged at ca 2 500 x g fer five minutes.
The supernatant was discarded and the algal pellst
resuspended in 250G ml of PAAP-NP. One millilitre of this
c¢ulture was useé¢ as the algal inoculum of each bicassay

flask.

¢. Lake water bloassay

In this bloassay surface samples, integrated over =z depth
of one metre, were collected from five stations in Vernon
Hooper Dam. The positions of the five stations (Lake,

Eichhornia, Wekeweke, Sterkspruit and Mlazi) are shown in

FPigure 3.1. Samples were transported to the laboratory
within five hours of collsction and if they could not bhe
agsayed immediately, they were stored overnight in the
dark st 10°C. The procedure used is shown schematically
in Pigure 3.2, Initially, four +treatments were used visz.
filtered sample, filtered sample plus stock PAAP to give
the final concentration of complete PAAP, filtered sample
plus stock PAAP-N and filtered sample plus siock PAAP-P.
In later bicaseays the number of ireatments was increassd
by adding different amounts of stock PAAP %o s=ome of the
flasks. Also, a portion of fthe sample was first
antoclaved, then filtered, divided into 50 ml aliquets and
various stock solutions =dded. The range of treatmenis
included in each bioassay are evident in the figures

showing the results (Figures 3.3 to 3.9). After two weeks
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Distillied water Surface sample integrated
over 1 m

dutaclavad {120°C far
20 mins)

|

Filtered {glass fibre) Allowed to cool

Filtered (glass fihra)

S0 nl aliqueot pleced in flasks 50 ml aliquote pleced in
flaoka
Bivassay treatmentbs;: .. . Bioasgay treatments:
{5 replicates cach) {% replicates esach)
Szmple water + 5 ml siock PARP (+150) +5 ml stock PAAP (+100)
n " 3 5 pl stock PAAP {+lﬂﬂj +0 [Asw)
" 4+ 3 ml stock FPAAP (+80) +5 ml stock PAAP-N {A-H;
" " 4+ 2 ml stock PAAF (+40) +5 ml stock PAAP-P (A-P
" " + 0 {Faw)
n " + 5 pl stock PAAP-N {(-H)
" " + 5 nl 2tock PAAP-P (-F)

Distilled watepr + 5 m) stock PAAP {control)

+ 1 ml algal medium

|

Incubete for 14 days

|

Peterming dry mes=2 produced.

"Figure 3,2: Flow diagram showing the procedure used for the
lake water bioassays. A key te the abbreviations
used is given in Appendix 1,



of growth in continuous light (90 uR/w?/s) at 24 + 1°C and

with continugus asration, the dry mass of GSelenasirum

produced was determined gravimetirically wusing prewashed,
predried and preweighed Whatwen glass fibre filters. The
yield {as dry mass produced per 1itre)} of each of the five
replicates was determined and mesns and Least Significant
Differences at the 95% level of eonfidence (L.8.D. 95%)
were calculated. The increassed number of treatmentis since
August 1984 permitted the anelysis of the relationship
between yield and amount of PAAP medium supplied. With
this approach it was thus possible to ensure that tLhe
harvest interval was appropriate and that the evidence of
inhibited growth rate was not confounded with the effect

of too short a growth period.

d. Assay of media in which Eichhornie had grown

Eichhornia plants were grown in 20 litres of complete PAAP

for up to two weeks, after which the media were assayed
for evidence of allelopathy. In all these bicassays,
except the first, the 20 1 of PAAP was prepared using
distilled water (Teble 3.1} in 25 1 buckets which were
painted black. The surface of the control treatments (no
piants added) were covered with black plastic fo reﬁuce
light penetration. In the experiments in which marginal
form (small} plants were wused the buckets were covered
with black plastic and three %o four plants, sach bearing

six to eight-leaves, were introduced through holes in the
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Table 5.1: Variations in the method used for the bloassay of
media in which Eiehhornia had grown.

—— - JE— A Y e o o v 2y kT

Form of plent Marginal Margzinel Marginel Marginal Centrel
used
Water umed o Tap water Dietilled Distilled Distiiled Dizmtilled

malke medium

No. of bucketa:
with Eiechhornia

{experimental} & b b & 4
without Elchhornia
{control] 2 2 4 4 4
Weecks after which
spmples taken 1 1 12 1%2 2
Treatments uaed:* 5 S 8 3 S+100
3+100 8+100 8+100 B+100 3+75
F+60 3450 S+50
S+40 S+25
Ho. of replicates
per ireatment 1{n=1) lin=1) lin=1} 1{n=1) 4{n=4)
*3 = filtered sample + algal incculum

S+100 = filtered sample + 5 ml stock PAAP to give the concentration
of conmplets PAAP + algsl inoculum.

5+75 = filiered sample + 3,75 al stock PAAP to give a conceniration
of 75% of completa PAAP + algal invculum.

B+ = filtered sample + 3 nl etock PAAF to give & concentration of
0% of complete PAAF + mlgal lacculum.

5450 = Filtered szmple + 2,% al stock PAAP to give a concentration
of 50% of complete PAAP + algal incculum.

S+40 = filtered sample + 2 ml stock PEAAP to give & concentration of
40% of complete FPAAP + algal inoculum.

5+25 = filtered sample + 1,25 ml atock PAAP to give 2z concentreticn
of 25% of complete PAAF + algel ilnooulum.
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plastic. When central form (large} plants were used (May
1985} only one plant could be placed in each bucket. 1In

March, April, June and August 1984 Elchhornie plants were

grown =zt 24 = 19C in continuous 1light {90 vE/e® /s).
Bz=czuse of their large size, the central form plants used
in the May 1985 bioassay had to he grown in a greenhouse
at Piletermaritzburg. In this greenhouse ths M=y 1985 eir
temperatures ranged between 10 and 29°C and on an overcasst
day the light was reduced from ca 430 uE/m?/s to ca 90

uB/m*/s.

After a period of up to twe weeks the plants were rgmovad
from the buckets, the culture solution was stirred well
and Ffiltered through washed glass fibre filters and
agsayed. In later bioassays a dilution series was
included in which varying amounts of PAAP were added
(Table 3.1). Means were caleuwlated, but because of
insufficient data ({(except in the May 1985 biocassay)

confidence limits could not be attached to the means.

e. Hoot extract bicassay

Twenty central form Eichhernia plants wers used to obtain

20g of fresh root material, one grem from esach plant. The
material was blended for five minutes in 500 ml of PAAP-HP
at room temperature {EE 222 C) before filtration through
glass Tibre filters. In the first bicassay (April 1984)

four serial ten-fold dilutions of this stock extract were



27

prepared and used iIn the bloassay. Resulta of this
bicassay indicated that more detailled examination of
extracts of lowsr concentrations would be more ugeful.
Thus, in subssquent biocassays {June, August and September
1984), the stock extract wag diluted to 1% and then
further te 0,75; 0,%; 0,25 and 0,1%. In the April and
June 1984 bicassays the treatments included a contrel (no

extract + PAAP) and for each dilution thers was one flask
to which stock PAAP was added to give the concentration of
complete PAAP and one o which no FAAF was added. In
addition to the treatments described above the August and

September 1984 bioassays had three additional treatments:

2 m1 of stock PAAP was added to 50 ml of extract to

give a concentration of
3 ml of stock PAAP was added
give a concentration of
8 ml of stock PAAP was added

give m concentrztion of

Selenastrum was added and the

continuous light (90 uBE/m?/s) at 24+1°C.

the dry alzal nass

gravimetrically.

40% of complete PAAP;

to 50 ml of extract to
60% of complete PAAP; and
to 50 ml of extract to

160% of complete PAAP.

el tures were aerakbed under
After two weeks

produced Was determined
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T. Decaying matier bioassay

Submerged, decaying petioles of central form Eichhornis
plants were ccollsected from Vernon Hooper Dam in May 1985.
Five.hundred grams [ fresh weight) of +this material was
ptaced in 5 1 of distilled water, mixed well with a glass
rod and allowed to stand in the dark at lDDG for ca 15
hours. The liquid was strained through cheesecloth; some
was autoclaved and cooled and %both fresh and autoclaved
extracts were <filtered through glass fibre filters. The
extract was then divided into 50 ml aliguots and =seven

treatments, each with five replicates, were applied:

A = autoclaved filtered extract + mlgal inoculum

A+100

antoclaved filtered extract + 5 ml stock PAAP %o

give the concentration of complete PAAP + algal

inoculum

F = filtered exiract + algal incculum

+160; +100:; +60 and +40 = filtered exiract + stock PAAP 4o
give concentrations of 160%, 100% (complete); &0%
and 40% of complete PAAP respectively +
algal inoculum

d+160; d+100; d+60 and 4+40 =-as above but distilled water

was substituted for the filtsred extract.

The cultures were asrated and incubated at 24 : 1° ¢ in
continuous 1light (90 E/m?/=s) for two weeks, after which

the dry algel mass produced was measured gravimetrically.
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Means and Least Significant Differences (95%) were
caleulated. The slopes of plets cof algal yield against
amount of PAAP added for control and experimental
treatments were compared with the expected glope

{calculated from yield coefficients of Selenastrum and the

amount of PAAP added}.

Z. RESULTLS

a. lLake water bicassay

March 1984 (Pigure Z2.3}: The addition of FALAF 1o

Sterkspruit water resulted in a significant inecrease in
the algal yield compared with the filtered Sterkspruii
water whereas the incerease in yield at the Eichhornia and
Lake stations was not significant. However, in this
bivassay a very concentrated PAAF stock solution was added
0 the filtered sampls water and scme precipitation later
became evident in the gtock PAAPF. Uze of this
concentrated PAAFP stock was discontinued. The low yield
of the conirel and +the presence of precipitates in the
concentrated PAAP stock made the results wunreliable and
conclusions about the preaence of inhibitors could not

he drawn.:

April 1984 (Figure 3.4}: At all stations the algal yields

ef the filtered samples with complete DPAAP  were

gignificantly (p<0,05) higher than the filtersd unsplked
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Figure 3.3: Besults of the lake water hiocassay of samples collected
from Vernon Hoopar Dam in March 1984, A key to the
abbreviatione used iz givan in Appendix 1.
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Fiqure 3.4: Results of the lake water bicaszay of samples collected
from Vernon Hooper DPam in April 1984, A kKey to the
abbreviarions used is given in Appendix 1.
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sanple yields. Also, a% all stations the combined yields
of the filtered sample water and the control were not
significantly different from the yields of the filtered
sample water with complete PAAP, indicating that

inhibifors were net prezent.

June 1984 (Figure 3.5): The yields of the filtered sample
water with complete PAAP treaiments were significantly
{p<0,05) higher +than the filtered sample yields at =all
stations despite the magnitude of the L.3.D. The combined
yields of the filtered sample water and the control were
not significantly different Ifrom the yieslds of the
filtered sample water with complete PAAP, indicating that

inhibitors were not present.

August 1984 (Figure 3.6): The yields of the filtered

gample water with complete PAAP treatoents were
significantly {p<0,05) higher than +the Tiltered sample
yields &t all stationz. The combined yields of the
filtered sample water and the control were not
gignificantly different from the yields of +the filtered
sample water with complete PAAP. Also, the mean slopes of
the algal yield against smount of PAAP added (Table 3.7
of the sztations and control were not significantly

(p<0,05) different, indicating that no inhibitors werse

present.



An0-
3 — -
E 500- _
=] _—
'
w
}-
o 100
f
1
|
<

- J ! ]
+I00 480 A0 Fsw ~N =P |00 +50 +403 Fsw -H -P 00 450 +40 Fsw -MN  -F
LAKE EICHHORRE A MLAZL
_ 300+ .50 9%5% [comparing 2 Ireqimenis}
oy —
E "] m L.5.0 95% {(camparing 3 treqimente)
g 200 —
tu ] B
[
-
< 100
o
par]
q H
0
<400 ~60 +90 Frw -H - I3 50 +40 Fww -H -P CONTROL
STERKSFPRUIT WEXEWEKE

JUNE 1984

Figure 3.5: Results of the lake water bivassay of samples collected from
Vernon Hooper Dam in June 1984, A key to the abbreviations
used is given in Appendix 1.
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Figure 3.6: Results of the lake water bioassay of samples collected from Vernon
Hooper Dam in August 1984. A key to the abbreviations used is given
in Appendix 1.
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Table %.2: Mozn slopes of algal yield asgainst amount of
PAAP added for the August 1984 bioassay.

o —— — i S — i T ——— — — — — —— ] ] ' il Gl o M T —

Station Mean slope (n=5)
Iake 1,58
Eichhornia 1,46
Mlazi 1,45
Sterkspruit 1,82
Wekewske 1,87
Control 1,69

S ————— R e e e

September 1984 (Figure 3.7): The yields of the filtered

sample water with complete PAAP were significantly
(p<0,05) higher than those of the filtered sampls water
treatments =at all staticns except the ILake station,
indicating that inhibitors may have been present at the
lake station. The combined yields of the filtered sample
water and the control of the Lake and Mlazi stations were
significantly {p <0,0%) lower than the yilelds of the
filtered wsier samples with complete PAAP Tor these
stations, =uggesting the presence of inhibitora at the

Lake and Mlasi stations. However, an analysis of variance
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Figure 3.7: Results of the lake water bioassay of samples collected from Vernon Hoaper
llam in September 1284, A key to the abbreviations used is given in Appendix 1,
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of the slopes of algal yield against amount of PAAP added
(Table 3.3) indicated +that only the slope of the ILake
station was significantly lower than +the other slopes.
This suggests that inhibitors were present in the Lake

station only.

Table 3.3%: Mean slopes of algal yield against amount of

PAAP added for the September 1984 biocassay.

Station | Mean slope {n=5%)
Lake D! 54-
Bichhornia 1,14
Mlazi 1,10
Sterkspruit 1,00

Wekewz ke 1,14

v e el el e . S S T . . ————— T — . P il . S — . W W T — ———
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The yields of autoclaved filtered Lake water with compleie
PAAP and with PAAP-P were significantly {p<0,05) higher
than the yields of all other Lake water treatments,
suggeating that the putztive Iinhibitor was heat-labile and
when it was destroyed by autoclaving, the algal yield was

determined by nitrogen availabiliiy.

December 15984 (Figure 3.8): The addition of complete PAAP

to filtered water from =all stations resulted in a
significant {p<0,05) increase in the algal yield relative
to the filtered sample treatments. At all stations except
Wekewske, the combined yields of filtered samples and the
contreols were not significantly different from the yislds
of +the filtered samples plus complete PAAP. Also, whe
Wekeweke slope of the algal yield against the amount of
PAAP added was significantly lower Than the slopes of the

other stations {Table 3.4).
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Figure 3.8: Results of the lake water bioassay of samples cecllected from Vernon
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Table 3.4: Mean slope of algsel yield ageinst smount of
PAAP added for the December 1984 biocassay.

ok S ———————— o — —— — — o k wrk w) T r — — rftwral O e wrh T T T ek —

Station Mean slope {(n=5}
Lake 1,28
Eichhornia 1,25
Mlazi 1,10
Sterkspruit 1,15
Wekeweke 0,77

These data suggest strongly that an inhibitor was present

at the Wekeweke atation.

May 1985 (Figure 3.9): The slopes of the slgal yield
against amount of PAAP added of all the stations were not
significantly different from the control; however, 1ithe
measured slopes ({Table 3.5) were considerably lower than
the expecied sglope of 1,50 calculated from nitrogen and

phosphorus yield coefficients of 3. capricornutum and the

smount of PAAP added. This suggests that there were
inhihitors in 2all stations and in the ceontrol. The
presence of inhibitors in the gontrol indicated
gxperimental error, and therefore, no reliasble conclusions

coild be drawn from the data.
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Table 3.5: Mean slope of algal yield against amount of
PAAP added for the May 1985 biovassay.

e . . S o L . o

————————— — o e ot

Station Mean slope (n=5)
Lake 0,78
Eichhornia 0,67
Mlazi 0,73
Sterkspruit 0,41
Wekeweke 0,61

il Y P L L S — T T——— k. . R

b. Assay of media in which Eichhornias had grown (Table 3.6)

March 1984: The alzgal yield= of the media with Eichhornia
plus complete PAAP {111 mg/l) and the control {139 mgfl)
were much higher than ths yield of the treatments without
Eichhornia, =and with and without compleie PAAP. The
addition of PAAP to the freatment without Eichhernia
resulted in a very small increase (19 mg/l} in the algal
yield relative to the increase in the treatments with

Eivhhornia {96 wmg/l}. This suggests  that there were

inhivitors in ths wmediz without Eiechhornia, whereas,

inhibiters were zosent from +%the media with Fichhornia.
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Table 5.6; Results of the bicamssys of medis in which

Bichhornia had grown.

Mean algal yield {opg/l)

e e el ol A S el A N P P N e s G s ks

Jrowth after Weak 1 Growth after Weel 2

R —————————— Y 3 F T L Pl Ll b T e

With Without With Hithout
Eichhornia Eichhoernia Eiehhornie Eichhornias

.-.___--...-.—___-_--.-.-.—.—.—--__-—-.———_-___|...-.-.-———_......--—————-ﬁ---n———-.—--m-p.-_--

MARCH 1924

] 15 4
2+100 111 23
Matilled water
+ 100 139
APRIL 1984
a8 105 215
g+100 278 457
JUNE 1984
5 41 219 4 T3
5+40 111 267 =7 120
S+610 142 309 &5 153
3+100 229 567 128 182
AUGHST 1934
a5 28 120 1% T0
S+50 a5 157 43 10
B+100 125 159 T9 183
HAY 1985
5425 a0 a7
S+50 B& a8
5+79 17 a3

S+104 g2 92

—— - Al - - - ——
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This suggests that the RBichhorniz made the mediz (which had

been prepared using tap water) more suitsble for the growth

of Selenastrum. One explanation might be ithat the plants

released nuwirisnts into $he water, although fthis is
probebly not the only explanation as the yield of the media

without BEichhornia %¢ which PAAFP was added was much lower

than the yield of the media with EBichhornia +to which PAAP

wvas added. Inhibitors may have heen present in the tap

water and Eichhornia wmway have removed them, meking the

media suitable for the growth of Selenastrum.

April 1984: The algal yields of media without Eichhornia

(controls) were much higher (ca 170 mg/l} than those of

med ia with ZEichhornia {experimental media). The addition

of PAAP to both contrel and experimental media resulted in
increases in the yields, indicating that inhibitors were

net present.
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June 1984: After hofth one and two weeks growth, the

addition of PAAP? to the media resulted in increased yields,
the magnitude of the increase being proportional %o the
amount of PAAP added. After one week +the difference
between the control and experimental media was ca 150 mg/l
but after two weeks it was smaller. From week 1 to week 2
the ability of beoth control and experimental mediz <o
enppert algal growth decreased although therez was no

evidence of inhibitors.

dugust 1984: After both one and two weeks of growth, the

addition of PAAP to the media resulted in increased yields.
The increases were larger when more PAAP was added. After
pne and two weeks the average difference between conirol
and experimental media were similar but the yields after
the first week were higher suggesting nutrient removal by

Eichhornia. Again, ne evidence of inhibitors could be

found .

May 1985: The addition of increasing amounts of PAAP did
npt produce higher yields &and the difference between
control and experimental media was not significant.  As
shown in Section 3.1 the results of the biozssays periormed
in May 198% were egrronecus: therefore, ne reliable

conclusions could be drawn.
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Although the medium with ZEichhornia produced lower algal

yields, because wuptake by Eichheornia had reduced nutrient

aveilability, there was no evidence of allelopathy.

a. Root extract bicassays (Table 3.7). In all cases except

the stock extract {100%) of April 1984 +the yield of the
extract with no PAAP added was lower than that of the
extract with complete PAAF. The algel yields from the
stock extracts (100%) in April 1984 were probably not
determined by nutrient availability; hence, the lack of
response to nutrient addition. The yields of the controls
of Sepiember 1984 were considerably lower than those

predicted from +the yield coefficients of Selenastrum and

the amount of PAAP added, indicating experimental error.

These data are therefore not reliable and conclusions
cannot be drawn regarding the effects of root extracts of

Eichhorniaz on the growth of Selenastrum. In 211 other

cases, except +the 0,1% extract +to which 160% of complete
PAAP was added in August 1984, +he yieid of the (flasks
containing root exiract was greater than that of the
controls to which the same amount of PAAP had been added.
Since almost a2ll +the  treatment yields ({i.e. those
containing extract) were higher than the contrel yields,

extracts of Eichhornia rocts appear to stimulate the growth

of Selenastrum, perhaps only as a result of the additional

nutrients and vitamins present in the extracts.



Table 3.7: Resulis of rood extract bDloasaasys
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Treatment

Mgal yiedd (mg/l)

Control

o o vy

April '84

June '34

Auguat '34

September
=¥ |

+0

+100

+1040

+40
+60
+1.00
+160

+0
+0
+60
+100
+160

120

191

T2
130
125
354

20

28
56

o,0L 0,1 0,25 0,5

22
143

25
18

I8
241

26
106
140
228
282

12

28

46
0

34
263

50
132
144
182
310

69
235

A=
122
202
312
358

0,75

10l
271

86
174
226
300
312

28
36
44
o4
16

1 10 100%

85 407 1793
238 GE% 1680

192
320

92
154
242
320
402

54
&4
a2

100
Y6
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d. Decaying matter bicassay

Figure 3.10 shows +the mean algal yield szgainst the
concentration of PAAP added to the seven +treatments. The
mean algal yield of the autcclaved, filtered extract with
complete PAAP was lower than the autoclaved flltered
extract with no PAAT added. The mean algsl yisld of the
filtered exiracts increased with incregaaing smount of PAAP
added {slope = 0,87). The mean algal yleld of the control
also increased with increasing amount ¢f PAAP added, but
the increase wae meore gradual (slope = 0,54} indicating
depressed growth in the control (Figure 3.11). This
indicates experimental error; therefore, no reliable
conclusions can be drawn regarding the presence of
inhibhitors in the submerged decaying patioles of

Bichhornia.

4. DISCU3BION

The hypothesis that Eichhornia in Vernon Heoper Dam may be

releasing a subsiance which inhibited algal growth was

. developed largely as a result of three observations:

1. the repertedly large (61%) reduction in water
treatment costs in the first six omonths fellowing the
introduction of hyacinth control in 3eptember 1881
and a reduction of 45% in the second six months

{Anon., 1984);
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2. the observation by Musil (1983} that & 20 ha
Bichhornia population would have besn too smell to
reduce algal growth rates by nutrient removal; and

3. the observaticn that Fichhornia was confined to &

relatively small area of the lake surface, thus light

limitation of algal growth rates was unlikely.

It has since bsen Bhown that the reported reduction in
water treatment costs did not in fact ecccur (Chapter 4,
Seetion 2.3). In addition algal-related water treatment
problems (chlorophyll a concenirations and algal numbers)
increased from 1975 to 1984/85. Also, Musil & Breen (1985)
have since shown that a 20 ha population of Eichhornia
would be sufficient to reduce algal growth rates in Vernon

Hooper Dam. Although +the Bichhornia population is not

always as large as 20 ha, the combined effect of Eichhornia
on nutrients, light and sedimentation rates would reduce
the algal standing crop o levels lower than wouid cccur

without Eichhornia. Thus there are now no longer reasons

to postulaie the existence of an algal inhibitor produced
by Eichhornia. Bicazsays to test for the presence of
inhibitors in water from Vernon Hooper Dam, in media in

which Bichhorniaz had grown and in exirects of Eichhornis

root wmaterial provided no coneclusive evidence for the
existence of an algal inhibitor produged by Eichhornis.
The only apparently conclusive evidence ¢f an inhibitor was

found at the Lake station in Septsmber 1984 and at the
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Wekeweke station in December 1984. Such infrequens
manifestations of inhibition, if indeed they are ceorrect,
are wnlikely to significantly reduce the algal growth and
thus alse water treatmeni costs. As this was a preliminary
study of relatively short duration, there were many aspects

ef the interaction between Fichhornia and algae which could

not be examined. Since inhibitors may be species specific,
heat-labile, associated with particulate matter and/or only
be produced when plants are under stress; a broader hased
experimental approach 1is necessary before zllelopathy can

be ruled out completely.

5. CONCLUSIONS

Although evidence of algel growth inhibition was found in
Vernon Heoper Dam on two occasions, thers was no evidence

that inhibition was due to the presence of Eichhornia.

Thus, it seems that any effsct of Eichhornia on conditions

in Vernon Hooper Dam was naot due to allelopathy. Vernon
Heoper Dam was probably a poor site to fest for zllelopathy
because of the considerable inflow of organic and inorganic
pollutants from the Sterkspruit which was not examined

during this study (Archibald & Purness, pers. comm.).
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4. VYERNON HOQFER DaM CASE B3TUDY

1. INTRODUCTICON

Yernon Hooper Dem is 2 small, monomictic impoundment situated
25 km west of Durban (Figures 3.1, 4.1la snd b and Table
4.1). The dam was built in 1327 1in a deep rocky gorge below
the original confluence of the Mlazi, S3Sterkspruit and
Wekeweke [Ugede) rivers. The mean annusl rsinfsall is 830 mm
{34 year average; Howes 1976}, most rain occurring in the
summer months. Winds are predominantly south-ezsterly and

ambient temperatures vary between 13 and 30°C {Howes, 1976).

The Mlazi River drains 81% of the catchment {Archibald &
Warwick, 1980). The predeminant activity In this area is
agriculture (dairy, stock and sugar cane farming) although
there is a large KwaZulu township, Mpumulanga, =«pproximately
10 ¥m upstream of the dam. After conventicnal treatment,
effluent (3,6 M1l/d in 1984; Forsyth, pers. comm.) from the
Mpumulanga Domestic Sewage Works {completed in 1969) is
irrigated over terraces of kikuyu grass prior to entering the

river (Howes, 1976).

The flow from the Mlazi River c¢an bypass the dam via a
diversion canal and tunnel (Figure 3.1). The diversion is
usually used during periods of high flow to reduce the input

of suspended inorganic solids to the impoundment. Mean annual



Depih {m)

Depth (m)

52

Figure 4.la: Depth time isotherm plot (9C) in Vernon Hooper
Dam during 1976 {shaded area indicates the extent
of the anaerobic zone; after Archibald & Warwick,
1980).

Figure 4.lb: Distribution of dissolved oxygen {(mg/l) in
Vernon Hooper Dam during 1976 {(aftex Archibaild
& Warwick, 1980}).



run off (MAR) into the dam is ca 40 x 10°=’/a and because of

the small storage

volume {7,16 x 10%m? at full supply level)

in relation to the MAR, %the impoundment has a short hydrauniic

replacement period (73 days, Table 4.1).

Table 4.1: Characteristics of Vernon Hooper Dam (data from

The Sterkspruit

land

Archibald and Warwick, 1980 & Howes, 1976)-.

Location

Altitude

Catchment area

gurface area {(at *P.3.T.)

Capacity {at F.5.%L.)

Mean depth {at F.S.L.)

Maximum summer surface
water temperature

Minipum winter surface
water temperature

Water retention time

uses include

20°52'3; 30°43'E
%00 m =zbove sea level.
785 kn’
0,81 km?
7,16 ©x 10* m?
8,82 m
27°C

14°C

13 days

1968 and 1984).

{average between

River drains 15%

an intensive battery

e A L ——— —— ——— T ——— ——

of the catchment in which

system of poultry

farming and the developing textile industries at Hammarsdale.

This

led %o the construction

of a wastewater treaitment plant
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in 1963% (Archibald & Warwick, 1980). After treatment, the
effluent from this pilant (9Ml/d in 1984; YForsyth, pers.

comm.) is discharged into the Sterkspruit River.

The Wekeweke FRiver drains a smzll rurzl catehment in which
sugar cane cultivation is the main agricultural activity

{ Archibald & Warwick, 1980).

Data supplied by +the Umgeni Water Board were used to
calculate the water and nutrient (N and P} inputs of the
three rivers during +the period 1975 to 1985. Unfortunately,
the river stations (particularly the Wekeweke Station) are
not situated in places suitable for accurate estimation of
riverine nutrient loads. The Wekeweke River Btation is ca
3,5 km upsiream from the lake, close to the major source of
nusrients in that catchment and therefore provides a better
estimate of export from this catchment then load to the dam.
However, based on +the data available for the period 1975 to
1985, the Mlazi River contributed ca 65% of the inflowing
water and total dissolved phosphorus (TDP) load and ca 55% of
the +total dissolved nitrogen (TDN} load to the dam. The
Etérkspruit River contributed ca 30% of the inflowing water
and TDP lcad and ca 40% of the TDN load and the Wekeweke
River contributed ca 5% of the inflowing water, TDP and TDN
loads. Clsarly, the losad received by the lake is determined

principally by the Mlagi and Bterkspruit rivers {PFigure
4.2a and b).
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Figure 4.2a: Total dissolved nitrogen load (t/annum} from the three rivers flowing
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into Vernon Hooper Dam. Data from Umgeni Water Board.
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Vernon Hooper Dam has been an important supply of pofable
water for +the Queenshurgh, Chataworth and Umlazi areas of
Durban though its quality has deteriorated in recent times
(Howes, 1976}. In 1976 Howes stated that i%s continued use as
a water resource was seriounsly threatened by waste waier

disposal into the Mlagi and Sterkspruit Rivers.

The first real indication of the eutrophisd state of Vernon
Hooper Dam was %he appearance of a prelifiec zlgel Dbloom
during <the severe drought of 1568 (Howes, 1976). On the
bagis of the algsl growth potential of glass fibre filtered
wvater collected during October 1973, Toerien et al. {1975)
clagsified Vernon Hooper Dam as seriously eutrophied and
Archibald & Warwick {1976} described Vernon Hooper Dam as the

most eutrophic of the 25 major Hatal lopoundments studied.

The +temporal variation in Eichhernia cover, phytoplankton

populations and water gquality were examined to determine
whether +the algal 3standing crop had decreased and water
gquality improved since +the introductien of hyacinth. The

gffects of Elchhorniz on the phytoplankion populaztion were

agsessed in an =attempt +Ho est=blish the mechanismis)
involved. Unfortunately the date were discontinuous sco the
statistical significance of most the apparent trends could

not be established.
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2. TEMPORAL VARTATION TN EICHHORNTA COVER, PHYTOPLANKTON

STANDING CROF AND SPECIES COMPOSITION AND WATER QUALITY

2.1 EICHHORHIA COVER {Pigure 4.3)

Eichhornia was first noticed on Vernon Hooper Dam in the late

1960s/early 1970s {(Upfold, pers. comm.}. For many years it
was not a problem but, in 1974 the in-iske phosphate levels

reached 100 pgf/l for the first +ime and during that year

Eichhornia covered the entire water surface {(ca 80 haj.
Intensive wmasausl harvesiing during the winter of 1975
achieved complete removal by early spring of that year
(Anon.,1984). However, the theavy rains in December 1975

waahed & dense population of FEic¢hhornis that had become

astablighed helow the Mpumulanga sewage dischargse point, down
the Mlazi River and dinte ihe impoundment (Howes, 1876).
aAfter the 1975/76 rains, there was a considerable amount of

Eichhornla in the Mlezi, Sterkspruit and Wekeweke sectors of

the impoundment {Archibald, pers. comm.). Despite continued

manual removal, the growith of FEichhornia was not contained

( Anon., 1984). During 1979, Eichhornia spread extensively

and by March 1380 covered ca 46 ha (Bverett, 1980: cited in
Musil & - Breen, 198%). By January 1921 cover was again
complete {ca B0 ha} and full scale mechanical removal was
gtarted. By June of that year, cover was reduced to ca 40 ha
and by September complete removal had been achieved. Az a

result of pilot scale tests on the phosphorus and potassium
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Figure 4.3: Temporal variation in visually estimated Eichhornia cover (ha) on Vernon

Hooper Dam. Although‘Eichharnia was present throughout 1975 to 1980/81 the
extent of the population was not recorded. At full supply level the surface
area of Vernon Hooper Dam is approximately 80 ha.
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uptake capacity of Fichhornia, the Durban City Englneer's

Department decided to retain Eichhornie ©behind a 1floating

boom enclosing c¢a 20 ha of The Mlazi sector of the
impoundment. The boom was placed in position on 4 Beptember

1981. In Qetober 1981 Eichhorniz was sgein  washed down the

UUmlazi River and the entire water =urface of +%he enclosure
was covered within a short time. By harvesting approximately

100 tonnes per day Eichhornia cover was reduced to 10 ha by

the Dbeginning of 1982 and to 8 ha by nid-February 1982
(Anon., 1984}. The staff at the Dam attempted to keep the

Eichhornia cover at ca 8 ha {Spark, pers. coms.) but this was

usually not possible during summer when growth rates are

high. Bichhornia is not harvested for the <four to five

winter months of the year (between May and September) but
harvesting is resumed in August or September once the cover
has inceased to ca 15 ha. Unfortunately, the amounis of
plani material harvested are not monitored. A mobile crane is

used to remove the Eichhornia throughout the summer at the

rate at which it grows (Spark, pers. comm.) and at the
present time (1985} the standing crop varies between 8 and 20

ha during an annual cyecle.

Based on & density of 11,7 % dry weight/ha (moderately
crowded population; Musil & Breen, 1985) a molsture content
of 995% (Scott et al. 1979) and an average nitrogen and
phoaphorus content of 1,56 and 0,43% respectively (Sharma,

1971); the fresh weight and nitrogen and phosphorus content
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of 8 =and 20 ha populations were calculated. The standing
erop would vary between 1 870 and 4 680 $ fresh weight during
an annual cycle. The nitrogen content of the populations was
caleulated to wvary between 1 498 and 3 744 kg and the
phosphorus content hbetween 402 and 1 Q06 kg. However it is
not possible to obtain an accurate estimate of nutrient
removal and turnover as neither the sigze of the harvest nor

the size of the hyacinth populstion is monitored.

2.2 PHYTOPLANKTON ABUWDANCE AKD SPECIES COMPOSITION
i. Standing crop

Pigure 4.4 shows +he temporel variation in algal numbers in
the surface water from Vernon Hooper Dam. Batween 1975 and
1978, algal numbers were significantly lower (p<C,05} than in
1979 which were, in furn, significantly lower than the algal
numbers reported for 1984. The data are, however, incomplete
and biased because prior to 1984 algal nupbers were not
determined routinely {(Table 4.2), but rather only when
numbers were high or +there appeared to he a sizeable
difference between the surface and bottom samples ( Peters,
pers. comm.}. Alsg, the average algal number determined for
1984 iz an underestimate ¢f total algal numbers since in
eleven of the thirty one samples, the dominant alga (usually

Microcystis) was too numerous to be counted and could,

therefore, not b%e included. Dezpite these limitations, and
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Temporal variation in algal numbers (per ml) in the surface water of
Vernon Hoaper Dam. Data from Umgeni Water Board. The freguency of
dominance af the major algal groups is shown in Figure 4.7,
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because o©of the magnitude of the increase in numbers, the
results suggeat a general trend of increasing algal numberas
with time since 1977. Because of insufficient collectian of

data on 2lgal numbers &and Eichhornia cover, the effect of

Eichhornia c¢over on a2lgal numbers cannot be determined with

any certainty; however, it appears that the presence of

Eichhornla has not reduced algal numbers to within acceptable

levels.

Table 4.2: Number of surface water samples collected each
month from Vernon Hooper Dam for determination of

algal numhbers.

Total
Ho. Jan Febh Mar Apr May June July Aug Sept Oct HNov Dec

1275 9 2 3 0 a 0 g o a g g 3 1
1976 20 2 2 1 L 1 4 3 2 i 2 o 1
1977 13 o 0 0 2 2 3 ) 3 1 3 g 0
1978 21 g o ] 4] 1 ! 3 3 4 3 3 1
198023 0 ] a g Q 4] 0 0 ] ] o g Q
1984 n 2 4 o o 2 4 1 5 5 4 1 2

An analysis of the chlorophyll =z concentrations for 1976 and
1984/85 support the view that algal populationa in Vernon

Hooper Dam increased since 1975. During 1976 and 1977
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Archibald znd Warwick measured chiorophyll & concentrations
in +he impoundment (Figure 4.5). The mean chlorophyll &
concentration was 19,8 mg/m® and the coefficient of variation
204 . Chlorophyll a2 concentrations mesasured betwesen April
1984 and May 1985 are shown in Pigure 4.6. The mean
concentration (49,2 mg/m?} is significantly higher {p<0,05)
though the coefficient of variation is similar {(18%). Thess
data suggest that chiorophyll a concenirations more than

doubled between 1976/77 and 1984/85.

ii. Species  composition

Archibzald and Warwick {1980} noted +that prior to 1976,
particularly during the drier months folleowing the industrial

development of +the catchment, extensive Microcystis ‘blooms

were responsible for wmajor water treatment problems. During
1976, a particularly wet year, three diatom blooms occurred
and ne majoer bloom of ecyanobacteria (blue-green algae) was
recorded (Archibald & Warwick, 1980}. The frequencies of
dominance of a particular algal class (areen algae,
eyanobacteria and diatoms}, as a percent of the number of
algal counts per year, was determined for the period 1975 to
1934 (Figure 4.7). Since 1975 the fregu@ncy of dominance of
cyanabauperia increased with time. Although the freguency of
dominance and abundance of "nuisance" algae (the
cyanobacteria) has apparently increased in the last ten

years, extensive blooms of Microcystis also occurred prior to
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Figure 4.5: Temporal variatien in chlorophyll a concentration in the surface

water of Vernon Hooper Dam between January 1976 and Janvary 1977.
Data from Archibald {(pers. comm.},
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water of Vernon Hooper Dam between April 1984 and May 1985.

99




100 m 7] Diotoms ;
E - =] Cyonobacterio :
_ “ i) || Gresn alqae 3
% 0- 7 7
£ 9 : “ B
3 / / :
£ \ “ % 2
e BO- 4 9 % 3
E “ \ /4 u
: - “
b 4 2 ] 2
40+ / [/ 4
SR
[ =
3 / ‘ / u
& 20- [ 7 ] 4
= /B 7 /
1 7 ’ 7
o T ﬂ f T ﬂ _ T [ ¥ 7
ers | 76 | 77 | m | 75 | s | & | e | e | e | s

Figure 4.7: Temporal variations in the algal class dominance (%) in the surface
water of Vernon Hooper Dam. Data from Umgeni Water Board. The algal
spacies composition was not determined for the period 1980 tc 1983.

Ls




&8

1976 and czused major water treatment problems (Archibald &

Warwieck, 1980).

2.%. WATBR QUALLITY

Figures from the Durban City Engineer's Despartment show that
in the year following water Hhyseinth control, brought into
gffect in September 1981, there was 2 reduction in water
treatment costs despite poor rainfall and ilncreasing nufrient
loading. The reductionse were reported to be 61% in the first
six months {December 1981 to May 1982) and 45% in the second
gix wmonths {(Anon., 1984). However, the change in water
treatment costs folleowing hyacinth control was compared with
and expressed as a percent of the cost of freatment of
"manganese" water. "Manganese" water occurred following
oxygen depletion, either as a result of stratification or
full hyacinth cover reducing the rate of oxygzen exchange
between the atwmosphere and the water. In 1981 it cost 4,4
g/fm® to treat "manganeses” water; whereas, treatment of
"normal" water cost 1,3 ¢/ and algas laden water cost 2,2
¢/m? (Anon., 1984). Thus, slthough the figures for the first
and second six month periods following hyacinth centrol (1,7
and 2,4 cofm’ respectively) indicated an improvement in water
quality compared with the period when hyacinth cover was
complete, it was felt that & more detailed examination of the

available data was required ag thege data gave no indicatlion



of the frequency of cccurrence of each of the three different
types of water. To this end +the temporal variation - in the
quality of weter from the dam outlet and three depths of a

lake station was investigated.

i. Cutlet water gquality

Prom data collected by the Durban City Enginer's Depariment
and the Umgeni Water Doard, sumemer (October to March) and
winter means of the permanganate value, conductivity, B, coli
Type 1 numbers and manganese concentration of the outflow and

and asnnual mean water treatment costs were calculated.

a} Permanganate value (PV)

The PVY gives an indication of the organic content of a sample
ginee the PV is the amount of oxygen required to chemically
oxidize (by addition of potassium permasngenaie} the generslly
unstable organic compounds to  stable, relatively inert end
products. Other measures of the organic content of water are
the biochemical oxygen demand (BOD} and the chemical oxygen

demand (COD); however these were not determined.

Temporal variations 1in the summer and winter means of the
permanganate value of the outlet water from Vernon Hooper Dam
hetween 1975 and 1985 are shown in Pigure 4.8a. Betweean 1975
and 1978 PVs varied seasonally with summer values (ca 3,5
mg/l) higher than winter values (ca 2,5 mg/l}. Bestween 1978

and 1982 there was very little sessonal variation and BY
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0L

value {mg/l), conductivity {mS/m) and E. coli Type 1 numbers (per 100 ml} of the
outlet of Vernon Hooper Dam. Data from Umgeni Water Board.
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appears to have increased gradually from ca 2,5 mg/l in 1978
to ca 3,5 mg/l in 1982. Bince 1982, PVs have generally been
highsr than between 1975 and 1982. The msan PY¥ for winter
1983 (6,9 mg/l) and summer 1983/4 (8,3 mg/l) were two to
three times higher +than previous mesns. They were galso
higher in summer (3,3 and 5,4 mg/l in 1983/4 and 1984/85
respectively} than the corresponding valuss for the winters
of 1983, 1984 and 1985 (6,9; 4,3 and 3,8 mg/l respectively}.
There is thus some evidence of the reappsarance of seasonal

variation.

When the variation in PV is compared with the incidence of
water hyacinth it appears that the intreduction of hyacinth
control {in September 1981) did not significantly affect
water quality as evidenced by PVs since winter 198l1. At the
present time the only explanation that can be offered for the
marked increase during 1983 is an increase in the input of
organics from the Sterkspruit river. There seems no

justification in relating it te hyacinth cover.

b} Conductivity

The conductivity of & solution depends on the quantity and
t}pe of digsolved salts present and for dilute snluﬁions it
is approximately proporticonal to the total dissolved
ionizaﬁle solids content (Tebbuti, 19771}. The maximum
conductivity "recommended" by the BSouth African Buresu of

Standards (SABS) for water for domestic supplies is 70 mS/m.
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Between 1975 and 1978 the conductivity of +the outlet of
Vernon Hooper Dam was fairly constant {ca 30 nS/m; Figure
4.88) but after the winter of 1979, the mean conductivity of
the outlet water 1increased dramatically. But in the recent
paat (1984/85) levels were again low, though slightly higher
than 1978/79. Notwithstanding the marked ingrease in
conductivity TDbetween 1979 =and 1984, +the mean conductivity
values o¢f the raw lake watar exceeded the SABS acceptable
limit for domestic supplies on only four ocecasions.

furrently it i3 well below this limit.

Inspection of +the data before and after "ihitiation of
hyacinth control {September 1981} leads +to the conclusion
that hyacinth played an insignificant role in determining the
pattern of change in conductivity relative %o the role played

by other faciors, such as dry pericds as a result of drought.

¢c) E. coll Type 1

Bacherichia c¢oli, & normal bacterial inhabitant of the

mamnalian intestine, is used as &sn indicator of faecsl
contamination (Tebhbutt, 1977, and Cabelli, 1978). Of the

data available for Verunon Hooper Dam, the presence of E. coli

Type 1 is the hest indiecator of human excretal pollution.
Water contalning E. coli Type 1 was therefore considered
potentially dangerous in that other pathogenic organisas

might also be present (Tebbutt, 1977).
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The temporsl variation in summer and winter means of E. coli

Type 1 numbers in tHhe outlet water from Vernon Hooper Dam
between 1975 and 1985 is shown in Figure 4.8a. Between 1975
and winter 1979, E. coli Type 1 numbers sxhibited seasonal
variation with summer values {ca 60/100 ml)  higher than
winter values (ce 10/100 ml) because of higher run off in
summer . Betwsen 1979/80 and 1982/83 E. coli numbers were
generazlly low (EE 10/100 ml) and no distinet seasonal trends

were evident.

Since the beginning of 1983 E. coli TIype 1 nunbers in the
cutlet water have increased but remain below the peaks for
1975776 and 1976/77. B.coli Type 1 numbers in the ouilet vary
considerably, but wunlike the permanganate value and
conductivity, +they do not show a deterjioration in water
guality with time. The high wvalues for conduetivity, PV and
E. coli recorded during 1982/84 are particularly siriking
and imply a distinctly different 1lake behaviour, but one
which cannot be directly linked to the presence of water
hyacinth, perhaps because the effset of Eichhornia on the
whole lunke was reduced because it was confined to the Mlazi

leg only.

d) Manganese concentration

The concentration of managsnese in  the water indicates the
extent %0 which reducing conditions have developed. Thsse

conditions occur freguently in eutroghic lakes, saspecially
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when mixing of the water column is net complete. DBetween
winter 1975 and 1979 manganess concentrations in the outlet
{ca 0,05 mg/l; Figure 4.8b) were generally lower and less
variakle  than since  1979. The wvery high manganese
concentrasions during summer 1979/80 snd 1980/81 ecan be
attributed to complete hyacinth cover. Pollowing hyacinth
control in September 1981 the mean manganese concentration of
the outlet decreased. During winter 19835 and summer 1983/84
manganese concentrations were as high as during 1973/80 and
1980/81, although the hyacinth cover was relatively low {20
ha and less). During 1924/85 the manganese concentration was
not dissimilar from that during the period 1975 te 1879.
However, between 1979 and 1984 there were periods of very
high manganese concentrations (ca 0,2 mg/l). HNone of these
fluctuations can be clearly related to the presence of an
area of contreolled hyacinth thus it must he concluded that
the hyacinth control strategy has played a minor role in

determining the manganese conceniration of the outlet.

e} Cost of water treatment

Perhape the best index of water qgquality is the cost per unit
volume of treating the watef to achieve a specific water
quality. Prom the volume of water treated, the guantity of
chemicals used and the unit price of these chemicals during
1984 +the annual cost of chemically trezting water at the
Shongweni Treatment Works was calculated {Figure 4.9). Since

the unit cost of water treatment between 1976 to 1985 was
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calculated by using the cost of the chemicals at one
particular point in time (1984) the data are independent of
inflation. An additional factor which complicates the
interpretation of these datz is the use of different
approaches to the treatment of water during the study period.
Although the water supplied from +the Shongweni Treatment
Works requires further treatment before distribution +to the
consumer, it was felt that +the unit cost of chemically
ireating the water at Shongweni Treatment Works would be an

adequate index for assessing changes in water gquality.

The unit cost of chemical <restment at Shongweni Treatment
Works (Figure 4.9} was fairly constant until 198C. Since then
treatment costs per unit volume have been more variable and
higher and recently (after 19873} they have been approximately
double the costs between 1975 and 1979. Thus, 1t seems that
since 1980 the water guality of the outlet has deteriorated
quite significantly. It now cosats twice =25 much to treat the
water as it did in 197%9. Also, the cost of controlling the

hyacinth must be added to the chemical treatment costs.

Another feature of the resulis is that the lmprovement in PV,

conductivity , E. coli and manganese concentration during

1984/85 is not evident in the treatment costs.

Introduction o hyacinth gontrol did not appear to

gignificantly alter the increasing trend in water treatment
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costs. The hyacinth control programme introduced in

September 1981, entailed maintaining the Richhornia cover at

between B and 20 ha but it is likely that between 1974 (when

Eichhornia cover first increased to ca 80 ha} and September

1981, the average Eichhernia cover was greater than 20 ha. It

iz, therefore, desirable to extend the assessment of trends
in water quality to the pericd before 1975 i.e. when the

hyacinth population was building up.

Howes {1976) gave the average summer and winter water gquality
of the outlet water, for various pericds, up to 1975. From
data supplied by the Umgeni Water Board, five year =zverages
were calculated for the periocd 1975 to 1985 and, with the

data from Howes {1976) are presented in Table 4.3.

There ig no clear trend of deteriorating summer water gquality
with time, the mean summer water quzlity for the period 1964
to 1869 %being very sgimilar to that between 1980 and 1585%.
However, winter water guality does appear to have
deteriorated with +time. The lack of a consistent irend in
the water gquality of +%the outlet is dues %o &z number of
factors. The first, and probably the dominant factor, is
that there have besn numerous changes in the catchment which

would have influenced the quality of the watsr.
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Tshle 4.4 : History of changes ln Vernon Hooper Dam and its
catciment since 1963 {from Howes 1976 unless
indicated otherwise).

1963 - gstablishment of the Hammarsdsle Sewsge Works

(effluent discharged inte the Sterkspruit River).

1966 - introduction of echlorination of Hammarsdale
effluent to ensure a pathogen-free discharge.

1968 - severe drought and 2 prolific algal bloom
(Microcystis) appeared for the first time.

July 1968 to Pebruary 1969 - water qualiiy degenerated from a
PY¥ of 1,8 mg/l %o 5,6 mg/l and from a
conductivity of 34,5 mS?m to 56,0 nS/m.

1969 - hydrogen sulphide present in the outlet; chlorine
demand high; high zlum deose necessary; regular
use of copper sulphate as an algicide by ligquid .
dispersion from z boat.

- Mpumalanga Sewage Works completed (effluent
discharged into the Mlazi River).

1970 - modifications to the Hammarsdale Sewage Works completed.

1970 40 1979 - improvement in water guality of ths
Sterkspruit River compared with 1964 to 13969.

1975 - water withdrawn from upper take-off valve to avoid
manganese-rich water.

- two algel blooms (both Melesira) oceurred
{in November and December).

1976 - Extensive distom blooms cccurred in Fsbruary,
September snd October {Archibald &% Warwick, 1980).
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Table 4.3: Average values of the summer and winter water
quality variables of the cutlet water from
VYernon Hooper Dam. Data prior to 1975 from
Howes {1976). The 1975-80 and 1980-8% averages

ware calculated from the Umgeni Water Board data.

P¥{mg/L) Conductivity  E.coli Type 1/
(aS/m) 100 ml

Summer Winter Summer Winter Summer Winter
Up to 1963 4,4 1,5 14,5 16,3 711 9
1964-69 a5 2,0 53,5 38,2 22 5
1970-75 2,7 3,2 26,1 31,4 46 45
1975-80 3,3 245 36,4 40,0 51 16
1930-85 4,8 4.4 66,6 5545 20 31

Some of these changes are liated in Table 4.4. 3econdly, the
changes affect the water guality variables differently.
Thirdly, by 1968 the impoundment was already eutrophic, as
evidenced by the appearance of a prelific algal bloom in that
vear (Howes, 1976): and fourthly, five year averages are
ingsensitive measures of water qualiiy variation. Although
recent (1980 to 1985} summer water quality has been as poor
as previously {1964 to 1969), winter water oquality has
deteriorated, possibly dus to increasing effluent discharges

from Hammarsdele.
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On the ©basis of summer PV and conductivity, water dgquality
wvetween 1970 and 1980 was bhetter than the  five year periods
hefore 1970 and after 1980. The influence of Eichhornise con
the water quality of the outlet is however, not clear and

cannot be separated from other effects.

The analysis of trends in water quality from the outlet is
further complicated by the fact that water can be drawn from
varlous depths. It was considered useful, thersfore, to
assess the aquality of water from three depths (surface, 6 m
below +the surface and at the bottom) of a central lake

station.

ii} Lake Water Quality

Water was collected approximately once a week from a lzke
station situated ca 300 m from the wall of Vernon Hooper Dam.
Surface water was creollected and using a Van Doorn dapth
sampler, water was collecied from &6 m below the surface
(middle) and from the bottom. Annual meansg of the fellewing
measurements were considered:

a. Permanganate value (PV)

b. Conductivity

c. Total dissolved phosphoTus cconcentration

d. Total dissolved nitrogen concentration

e. pH

f. Manganese concentreticon
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A consideration of the temporal warizition of each of these
parameters between 1975 and 1985, is followed by a discussion

of water qualigy.

a} Permanganate value

Throughout the periocd 197% fto 1985 the annual mean P¥= of the
surface and middle water were very simllar (Figure 4.10a).
The PY of the bottom water for any particular year was always
higher than that of the surface and middle water,
particularly since 1980. Higher P¥s 1in the hottom water
result from sedimentation and decomposition of organic
material produced in the surface layers of the laks.. Betweaﬁ
1975 and 1980 the mean P¥s of water {from all depths were
generally lower than the PVs of the respective depth between
1980 and 1985, +the difference betwesen 1975 to 1980 and 1980
o0 1985 being most marked in the bottom water.

On the ©basis of PV¥s of the lake, particularly of the botiom
samples, it appears that water quality bhas deteriorsted since
1980. However, a deterioration in the water quality of the
outlet (based on PV¥) was evident only later (during winter
1983 and summer 1983/84). The delay in the deterioration in
outlet water quality (PY) opossibly reflects the amelicrating
effect of the variable depth draw off. However, in winter
1983 and summer 1983/4 water levels {Figure 4.13a) would have

been too _ow Lo permit the use of upper orff-taks valve.
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b} Conductivity

Bach  year the differences  betweean the sannual meAn
canductivities of water from different depths were not
significant (p<0,05). However, the variation between years,
egpecially after 1979, was large {Figure 4.10b). Prior to
1980 the annual mean conductivities were generally low (<40
n3/m) and not very variable (range: 25 - 40 mS/m) but, sines
1980, annual mean conductivity has been higher {up to ca 105
m3/m in 1980 and ca 85 w3/m in 198%) and more variable (range
: 42 - 109 mS3/m). Values for 1984 and 1985 were only
s1lghtly higher than those before 1920.

Conductivity values indicate that the water quality of the
lake has deteriorated =since 1980, although apparently
improving in 1984 and 1985. The temporal variation in the
conduptivity of the lake station is very similar to that of
the outlet because the difference between the different

depths of the lake station is small and not significent.

e} Total dissolved phosphorus (TDP) concentration

The anhual mean TDF concentrations of the three depths show
gimilar trends, even though fhe concentraetion in the bottom
water was consistently higher than in middle water, which was
higher than in +the surface water (Figure 4.10c}. The lower
TDP concentrations in the surface water relative %o the
bottom water preobably reflect the high alga)l standing crop

which removes phosphorus from the watar. The higher
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concentrations in the botitom waters result from the processes
of sedimentation end decomposition which release phosphorus,
and the greater release of phosphorus compounds from the

gediments under znaerogbic conditions.

Far the period 197% to 19385 the TDP caoncentrations of surface
and bottom water of ¥ernon Hgoper Dam, measured by thé Ingeni
Water Board, were considerably higher than those recorded in
geveral South African impoundments (Table 4.%)},indicating that
hetween 1975 znd 198% Vernon Heooper Dam was highly eutrophic.
However, for 1976 the TOP concentrations were considerably
higher than those recorded by Archibeld & Warwick (1980),
possibly because the technique used by the Umgeni Water Board
was not as sensitive as that of Archibald and Warwick

(Archibald, pers. comm.}.
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Tahle 4,5:Mecan total disselved phosphorus concentrations
(mz/l) of surface and botiom water from lake
stations in some South African impoundments
{date from Walmsley & Butty, 1980}.
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Relative to the 1980 to 1985 pericd, the TDP concentration of
surface and middle waters between 1975 &nd 1980 were generally
low {ca 0,250 wg/l) and not very wvarizble. There were two
peaks in TDP concentration, & fairly small pezk occurring in
1976 and & larger longer-lasting peak, during the period 1982
to 1984. The peaks were most pronounced in the bottom waters.
In 1989 the TDE concentrations of the three sistions were the

lowest for the whole study period.

On the basis of total dissolived phosphorus comncentrations, it
is evident that by 1975 Vernon Hooper Dam was already severely
eutrophic. 'The higher TDP concentrations in the bottom water
during 1981 to 1984, relative to the periocd 1975 to 1980
indicate increasing eutrephication and deteriorating water
quality. However, in 198% TDP concentrations in the threse lake
stations deciined, indicating an lmprovement in water quality
ta levels observed between 1975 and 1979. There does aot
appear to be any clear relationship betwesn TDE concentration
and water hyacinth possibly bhecause other factors such as

drought were more important in determing the TDP concentration.

d) Total dissolved nitrogen (TDH} concentratian

The TDN concentration of water from the three depths 1is
variable, the bottom concentrztions generally being highest and
the surface lowest {(FPigure 4.10d). This probably reflects the

ntilization of nitrogern in the surface water by algae, sand
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gsedimentation and decomposition of dead organic matter into the
deeper parts of  the lzke. Pericds of low nitrate
concentrations since 1979 (Fipure 4.10e), suggest that since
1979 nitrogen Tfixation may have been an importani source of

nitrogen.

The trend in annual mean TDN concentration of the +three lake
gtations is different from that of +the previous wvariables.
Between 197% and 1935 TDN concentrations were highest in 1975
(eca 2,4 mg/l) and +then showed a general trend of decreasing

surface and middle TDN concentrations until 1880.

After 1980 TDN concentrations showed an incressing +trend
reaching ca 1,4 mg/l by 1985. Total disseolved nitrogen is,
therefore, the only variable which shows &a trend apparently
related to the introdwection of hyacinth contrel in Sepiember
1981. Hyacinth cover ({although not quantified) increased
markedly between 1976 and 1980 (Figure 4.3), theresafter it was
reduced to occupy & very small area (B to 20 ha). Thus, the
decreasing TDN concentrations were associated with a build up
of hyacinth and the iIncreasing concentrations with the decline
of hyescinth. This suggests further that harvesting since 1981
has not been effective in removing nitrogen to =2 degree which

regulates the TDN concentration in the lake.
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In 1976 +he algal grewih rate in Vernoan Hooper Dam were
frequently phosphorus limited (Archibald & Warwick, 1980).
Nitrogen requirements are ca 7 +imes greater than phosphorus
requirements (Goldman & Horne, 1983) and between 1975 and 1985
the TDH:TDP ratio was always less than 6,5 (Pigure 4.10f). This
suggests that, generally, primary production in Vernon Hooper
Dam was not limited by phosphorus availebility. The lower N:F
ratios since 1980 indicate that phosphorus limitation would be

unlikely at the present time.

e) pH

Each year the mean pH of the surface water was higher than that
of middle water which in turn was higher than that of bottom
water {Pigure 4.10g). This is expected since high pH values
are associated with bhigh rates of photosynthesis. Beiween 1975
and 1985 +the annual mean pH (7,68} was very variable (range

7,00 -~ 8,27} and ne general trend of pH with time was apparent.
This is probably because Vernon Hooper Dam was already
gutrophic in 1979 and supporied dense algsl growths (Howes,
1876 and Archibald & Warwiclk, 1980}.

£} Manganese Concentration

The manganese concentration in lake water is usuwally =
reasonable index of the water quality and trophic state of an
impoundment since it 13 =2 measure of the extent %o which

reducing conditions develop in the bottom waters. High
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manganese concentrations are Llikely +o occur first at the
gediment/water interface, but as the lake becomes inecreasingly
anoxic, high 1levels will alse occur cleser to +the water
surface. Generally, high levels are restrihted to the

hypolimnion in stratified systems such as Vernon Hooper Daum.

Each year the mean manganese conceniration of the botiom water
was considerably higher than that of the middle water which was
nigher than that of the surface water (Pigure 4.10h). Between
1975 and 1980 the mean manganese concentrations at all depths
were generally lower than at carrespﬁnding depths sinece 1580,
the difference between the two pericds being most marked in the
bottom watsr. The mahganese caoncentrations of surface and
middle water during 1984/85 were similar to those of the 1975
to 1980 pericd; however the bottom water does not show a
gimilar decrease during 1984/85. Although the lake was already
eutrophic in 1975, the data imply substantially worse
conditions since 198¢. The build up ef hyacinth up +to 1980
seems %0 have had li$tle discerrable effect on manganese
concentrations., Degpite restriction of hyacinth %o 20 ha and
less since September 1981, menganese cancgntratians increased.
Other factors, such as inflow wvolume, water level and flushing
rate probably played an important role in determining manganese

concentrations in the lake.
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iii. Conclusions

fhe temporal variation in several indicators of lake water
quality suggested that since +the 1975 to 1980 periocd, water
guality in Vernon Hooper Dam deteriorated. The periods of poor
water guality {often concomitant with drought and consequent
reduced flushing rates) seem to have Deen more severe in terms
of water treatment. The perlods of good water quality have not
shown any marked detericration. Since Vernon Hooper Dam 1is
already severely eufrophic and receives industrial effluents
from Hammarsdale, factors other than +$he presence of the
hyacinth are probably of overriding significaence in determining
the water qualisy. If hyacinth were no% present, the water
quality would be worse;however it is not poasible to quantify
this effect. The direct a2nd indireci effects of water hyacinth
on the phytoplankton populaiion are assesed in the next

section.
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3. INTERACTION BEIWEEN HYACINTH COVER AND PHYTOPLAWKTCW

3.1 INTRODUCTION

Chlerophyll & concentrations and algal numbers indicate an
increase in the phytoplankton standing crop in  Vernon Hooper
Dam since 1976. However, it iz difficult to establish +the
magnitude of the I1increase because whilst chlorophylil
concentration increased by cz 2,% times since 1976 {Figures 4.5
and 4.6), algel numhers showed a gubatantially greater
increase, from ca 200 cells/wl in 1976 to ca 170 000 cells/ml
in 1984 (Section 2.2.i). These discrepancies result from
differences in methodology, sampl ing hias and species

differences in the chlorophyll content per cell.

The phytoplankton species composition apparenily changed from
pepulations fregquently dominated by diztoms to more frequent

dominance by cyanobacteria (Section 2.2. ii}.

Notwithstanding +the low levels of sccursacy atiribufable to
these dafa, an increase in the phytoplankton standing crop and
a change in the phytoplankton apecies composition, is evidence
that suggests a significant detericoration in water quelity.

The impertance of FEichhgrnia in determining azlgal standing

grops and apecies composition in Vernom Hooper Dam is

considered helow.
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3.2 PHYTOPLARKTOF STANDING CROP

Nutrient Lloads

Total dissolved nitrogen and phosphorus loads %o Vernon Hooper
Dam between 1975 =z2nd 1984 are ghown in PFlgures 4.11 and 4,12
respectively. The TDN load decreased from ca 168 /& in 1976
to ez 30 t/a in 1980, after which loads followed a sliazht
decreasing trend until 1984 when the leoed more $han doubled,
reaching ¢a 75 t/a. The TDP load decreased from ca 46,5 t/a in
1976 to ca 10,5 %/a in 1980. Since 1980 TDP loads have
increased substantially +to ca 32,0 %/a in 1983 and later to
their highest level, ca B84 t/a in 1984. The changing N and P
lpads resulted in the ratio of HN:P losds heing less than one
since 1982, wmaking nitrogen limitation of algal productivity

more likely than phosphorus limitation.

Algal response to the nutrient load wilt be influenced by the
hydrology of the impoundment %Yecause this dJdetermines the
replacement period and Tflushing rate. The storage and inflow
volumes {Figures 4.13 a and b) are generally high in summer and
low in winter. B=tween 1979 and 1983 inflow volumes were
particularly low (ca 10 x 10°m*/six months), resulting in lower
storege volumes during this peried, the storage voelume reaching
ite lowest (ca 1,4 =% 10°m*) in winter 1983. Between 1976 and
1979 and in 1984 the replacement period (Pigure 4.13¢c) was
short {(less +than 0,lc years), but between 1980 and 1953 ths

replacement pericd was approximately double this value.



L)

80

20

Totol dissclvad nitrogen lood {fonnes /onnum)

wors | 76 | 77 | 78 | 79 | s0 | e | e | e 1 e | es

Fiqure 4.11: Total dissolved nitrogen leoad {(tonnes/annum} to Vernon Hooper Dam
from 1976 to 1984, Data from Umgeni Water Board.
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Figure 4.12: Total dissolved phosphorus load (tonnes/annum} to Vernon Hooper Dam
from 1976 to 1984, Data from Umgeni Water Board.
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Figure 4.13b: Summer {Octobar to March) and winter inflow wolumes (X 106m3) to
Vernon Hooper Dam from 1975 to 1985, Data from Umgeni Water Beard.
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Mean annual residence time {per annum) of Vernon Hooper Dam from
1976 to 1984. Data from Umgeni Water Board.
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A  number of eguations have  been davaloped to predict
chlorophyll a concentrations from %otal phosphorus losads and
hydrological data (e.g. Vollenweider, 197%; Lee, Rast & Jones,
1978 and OECD, 1982). Since phosphorus is not presently the
growth rate limiting autrient, it has had liﬁitad value for
prediction of algal chlorophyll a concentrations in recent
years at Vernon Hooper Dam. HNitrogen loads &are generally not
used to predict algal standing crops because of the potentiel
input by fixation of atmospheric nitrogsn. Congaquently,
currently avallable models use phosphorus loading to predict
change 1in algal etanding crop even though it is generally
accepted that phosphorus may not be %ha nutrient limiting algal
productivity. The equation described by ILee, Rest & dJones
(1278) was derived from data from a large number of temperate
Northern Hemisphere lakes. The OECD modified this equatien to

reduce an over-prediction error.
The OECD {1982) equation is:
. 0,79
Chl a = 0,37 [{L(P)/agd/(1 + /7}]

where Chl a

mean =nnual euphotic zone chloroephyll
& concentration (mg/m?)

L{P)

annual areal phospherus leoad (mgP/m?/a)
qg = hydrawlic loeding (m/a)

1, = hydraulic residence %ime (a&)
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This equation was used %0 predict the chlerophyld a
concentration and thus the potential effect of phesphorus loads
and hydrological conditiens of Vernon Hooper Dam on the

phytoplankton populations between 1976 and 1984 (Figure 4.14).

Predicted chlerophyll a concenirations between 1976 and 1930
were fairly constant and although low {ca 45 mg/w® ) relative to
those subsequent to 1980, they were high relative to
chlorophyll a concentrations neormally encountered, indicating
that by 1976 Vernon Hocper Dam was glready eutrophic. Since
1980 predicted chlorophyll incressed to & weximum of ca 175
mg/m® in 1983 and then decreased $o 112 mg/m® in 1984.. The
predicted chlorophyll a concentration for 1984 was ca 2,7 times
higher than that for 1976, indicating a petential increase in
the algal standing crop of ca 2,7 times since 1376 or a change
in species compoaition to species with higher chlorophyll =
contents per unit mass. The observed increese in chorophyll &
concentrations between 1976 and 1984/5 was of similar megnitude
(ca 2,5 times}; but on both cccasions ohserved values were less
than 50% of predicted values. This poor level of prediction
could imply that phosphorus has noet been the growth rate
lipmiting nutrient since 1976, a view which is supported by
the observed low MN:P ratios during this periocd {(Figure 4.10f).
That the equation wused had not bteen developed tazking seouthern
African data into account probeably contributed to the low level

¢f prediction obtained, as could poor sampling strategy.
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It seems that in recent years the algal growth rate in Vernon
Hooper Dam has been limited by nitrogen, thus the use of
phosphorus loads 3o predict algel standing crops is not
justified. In an atftempt te take nitreogen limitation into
account, predicted chlerophyll 8 concentrations were corrected
by the N:P ratle of the inflow based on an N:P requirement of
7:1 by weight (Goldwan & Horne, 1983). Garrected'ehlorapnyll &
concentrations {Figure 4.14) between 1976 and 1384 were fairly
constant and low (ca 15 mg/m?), In 1976 the observed (19,8
mg/m?® ) and modified predicted (21,2 mg/m’) concentrations were
gimilar; however, in 1984/5 +the observed concentration (49,2
mg/m?) was-ca 3,4 times higher than the predicted concentration
for 1984 (14,4 nmg/m’® ). The elevated chlorophyll a
concentrations and +the low nitrate congcentrations, especially
since 1980 (Pigure 4.10e) indicate access to additional
nitrogen, and a large input of nitrogen through aitrogen
fixation is implicated. It is evident therefore +that neither
phosphorus nor nitrogen river inputs can be used to accurately

predict algal standing crop in Yernon Hoopér Dam.

The detericration in water quality after +the 1975-80 period
probably reflects both increassd nutrient inputs reaching the
impoundment (from river loading and possibly atmospheric

nitrogen fixation) and a reduced effect of PFichhornia, as the

intredustion of hyacinth contrel in September 1981 reduced

hyacinth cover from ca 80 ha to less than 20 ha.
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Figure 4.14: Measured, predicted {(OECD) and modified predicted chleorophyll a

concentrations {mg/m3) in Vernon Hooper Dam between 1976 and 1984.
Chlerophyll data for 1976 from Archibald {pers. comm.}.
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Wutrient removal by Eichhornia

In 1974 Eichhornia covered ca 80 ha of Vernon Hooper Dam (i.e,
the entire surface area). By September 197% it had Ybeasn
completely removed and, although not monitored, 1t increased
markedly between 1976 and 1980 following its reintroduction to
the lake. Since 1981 populaticons heve besn maintained at
between ca 8 and 20 ha {Figure 4.3) by confining the hyacinth
to cne sgector of the impoundment and harvesting it

paricdically.

Musil & Breen (1985) used a growth kinetics model develeopsd for

Eichhornia +to identify +the limiting nutrient and predict

population =sizes, yields, growth rates and frequencies and
amounts of harvest necessary under varying conditions of
nutrient loading and <climate. They found that during the
period December 1981 to Angust 1983, when inflow and nutrient
loads were low, a 20 ha population of hyacinth would have been
sufficient to remove those fractions of the phosphorus infilow
loads that are readily available for plant growth. However,
during this perijiod the impoundaent was often not full;
therefore, less than 20 ha of surface would have been available
for hyacinth growth in the Mlazi arm. Since the Meazi arm 1is
relatively shallow (Figure 3.1} a decrease in the lzke volume
would result in a larger decreazse in +the surface area of the
Mlazi arm than in the rest of the impoundment. Also, estimates
of the emounts znd frequencies of harvest required to remove

the predicted yields of a 20 ha population indicate that during



Table 4.6: MHitrogen and phosphorus half satecation coefficiants

{Toarien, 1974).

Growth rats
Yimiting
nutrient

Half sestucetion
coefficient
fuefll Refsrence

Chlorella
E{fﬁﬂﬂiﬁcaa*
Chlorellsa
rencldosa®*
ﬁxﬁ algae

Selenegtrum

grace 1a

Eichhornia
crassipes

Chlorella
renoidoaa®
Ch%nreIIa
renoidosnt®
Eeienaatrum
reclile
Selenaatrum

Capr I CoT LU

Eichhornia

———
orassl EES

- o= m Mg

1 400 — 3 000 Shelef et al-(1968).
700 - 14 000 Shelef et 21.{1968).

450 Shelef et al. {1968)
154 Middlebrooks st al.
(1971}.

599,8 - 1509,6 Musil ({1382)

55 Zabat et al.{1970}
21-29 Zabat et al. {1970)
10 Middlekrooks et al,
(1971} .
3‘|T-5JT Taerien E_t- E-_l- :lg?l}

41,1 - 161,88 lMuail (1982}
{oean 44,1}

*+ High temperature strain

** Bmaraion atrain.



114

cover inereases the surface boundary layer thereby reducing
wind-induced 2ixing and increasing sedimentation rates.

However, the dominant phyeical effect of Eichhornia cover is

the barrier it oprovides %o the penetration of 1light.
Moderately crowded populations reduce the light to less than 1%
of the surface irradiance {Ashton, pers. comm.). Below a mat

of BPBichhornia, slgal photosynthesis is greatly reduced. In

addition, the decreased energy input would tend to lower
surface water tempsratures. However, in Vernon Hooper Dam in
1984/5 there was no significant difference (p < 0,05} in the

surface water temperatures of the inflow +to the BFBichhornia

(Mlazi}, the Bichhornia station and the lake station. The

effect of Eichhornia on light and tempersature since its control

in September 1981 is 1likely to have been small becauss the
plants are mwmaintained at e¢e& 10% of the surface area of the
impoundment inereasing to 2%% for short periods. Prior vo
September 1981, especially during maximum cover, its effect on
lizht and temperaturs would have heen more marked.
Unfortunately it is not possibie to differentiate Dbetween the
effects of nutrient remcoval and of shading, since the pericds

of maximum nutrient removal by Eichhornia coincide with those

of maximom shading.

Toxins
The observations, Ifellewing the introduction of hyacinth

control, that the standing crop of Fichhornia was smwall and the

reported reduction in chemical freatment costs was large, led
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to the guggeation that Eichhernia was producing a substance

which inhibited algal greowth. HResults of algal bicassays
during 1984/85 (Chapter 3), indicated that inhibitors did not
play a significant role in determining algal standing crop and
water quality in Vernon Hooper Dam. Since the reduction in
water treatment costs did not occur a2nd the algal standing crop
apparently did noct decrease, it is unlikely that an inhibitor

waz present.

%.3. PHYPOPLANKTON SPECIES COMPOSITION

" In addition %o removing nutrients and influencing light and

temperature, Bichhornia also lowers oxygen concentraticons, pH

and glkalinity and increases dissolved carben dioxide
concentrations (Ultsch, 1973; McVea & Boyd, 1975 and Gopal et
al., 1984 ). These changes and others, such as altered nuirient
loads, contribute to changes in the algal species composition
of an impoundment. In Hartbheespoort Dam diatomz dominated the
phytoplanktcen population when Eichhornia cover was high and

cyancbzcteria deminated when Eichhornia cover was low (Chapter

5}. In Vernon Hooper Dam the period of Eichhornia build up

{between 1976 and 1980) coincided with & periocd when diatoms
dominated the phytoplankton populztions ca 80% of the time and
cyanobactaria only ca 10% of the time. Unfortunately there are
no measurements of the algal species composition betwesn 1930
and 1983; however, in 19394, a pericd of relatively low

Eichhornia cover, cyanchacteria dominated the phytoplankton




more frequently (ca 42% of the time} and diatoms dominated less
frequently (ca 29% of the time) . This suggests that the
reduction in the hyacinth standing crop could have resulted in
a higher incidence of cyanobacteriz, but thg evidence is

inconclusive.

3.4 CONCLUSIONS

Although hyacinth coever influenced algal standing crop and

species composition whan ocover was high, recently {since

September 1981) the effect of Eichhornia on phytoplankton
populations =znd other conditions in Vernon Hooper Dam has

decreased bpecause Eichhornia c¢over has heen reduced %o 20 ha or

less.
4. GENERAL CONCLUSIONS

Water quality has deteriorated and chemicsal usage has increased
since the intreduction of hyacinth control to Vernon Hooper Dam
in September 1981. Increased nutrient inputs to the system and
detrimental hydrological c¢onditions were reflected .by the
deterioration in water quaiity after the 1975-80 period.
Furthermere, because hyacinth cover was restricted to 20 ha or
less within the Umlazi arm, the effect of the populstion on the
overall water guality of the impoundment was minimised. When

Eichhornia coversd the entire surface of Vernon Hooper Dam it

would +end %o reduce +the algal standing crop by nutrient



removal, shading, higher sedimentation rates and changes in
other factors which could result in a change in the species
compasition of the algae. TUnder the present conditions of

eusrophy and low Eichhornia cover, the presence of Eichhornia

decreases algal =standing crops, however, it i3 not sufficient
to maintain the algal standing crop within acceptable limits.
4lso, prior to the introduction of hyacinth control, chemicsl
treataent costs were much less than present water +trestment
costa, particularly since the cost of controlling water

hyacinih must be =dded te the cost of chemical treatment. It

is unlikely that Eichhornis preduces an algal growth inhibitor.
Algal stending crop has incressed markedly over the past few
years, principally =ss a result of clevated nutrient leoads from

the catchment and from within the impoundment.
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5. HARTBEESPOORT DAM CASE STUDY

1. INTRODUCTION
The purpose of this chapter is to study the efiects of

Fichhornia on the algal populations of Hartbeespoort Dam. The

recent report on the limnology of Hartbeespoort Dam (NIWR,
1985 }and the report on the chemicel control of water hyacinth
on Hartbeespoort Dam (Bcott e% al., 1979} were particularly
useful in this regard. Hartbeespoort Dam is 2 warm, menomictic
impounduent {(Scott et al., 1977; 1980; Robarts et al., 1982;
" Robarts, 1984 and NKIWR, 1985}, overturn occurring in April
(Scott et al., 1977; 1980 and Robarts, 1984 ). It is situated
40 km nerth of Johannesburg, South Africa. The dam is fed by
twe wmain river systems:; the Crocodile and Magalies Rivers
{Toerien & Walmsley, 1972). The C{rocodile River, draining the
urban and industrial areas of Johannesburg, contributas
approximately 90% of the inflowing water (Toerien & Walmsley,
1978 and Scott et al., 1980} and over 95% of the nutrient load
(Scott et al., 1980 and Ashton, 1985). The Magalies River
drains a predominantly agricultural area (Toerien & Walmsley,
1978). During 1971/72 the wall was raised by 2,44 m (Olivier,
1977) and in one week (end Jenuary 1975) following +the heavy
rains durinz ths summer of 1974/75, the enlarged lake filled
for +the first +time (8cott et al., .30 and Ashton, pers.
comm.}. BSome characteristics of the impoundment are given in

Table 5.1.
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Table %.1: Characteristics of Hartbeespoort Dam {after
Scott et al., & KIWR, 1985).

Location 25%43'3;: 27°51'E
Altitude 1 170 m above Bea lavel.
Catchment area 4 140 km?

Burface arez (at *7.3.5L.) 20 ¥m?

Capacity {at F.5.L.)

Mean depth {at P.S.L.}
‘Maxinum depth (at P.S.L.)
Maximum summer temperature
Minimum winter temperazture
Temperature stratificztion
Anaarobic hypolimnion

Water retention time

193 x 10% m?

9,6 m

Bé,ﬁ m

26 - 30°¢

9 - 11%

Preszent from Sept.-April.
Present from Oct.-April.
Variable, usuzalliy ©

months %o 1 year.

*F.53.1L. = Full supply level.

The mean annuzl rainfall in the catchment 1s approximately 70O

mm, heing concentrated zlmost entirely during the summer months
{Dotober to

March; Scott et al., 1977; 1980 and NIWR, 1985).

Irradiation commonly varies between 150 and 290 W/w {winter
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and gummer respectively; NIWR, 198%)., The measn annual air
temperature is about 19,59C {NIWR, 1985). The meen wind-speed
on the lake surface is generally low and varies gsasonally
between 3,6 km/hr Iin June and 9,0 km/hr in October (NIWR,
1985 ) .

Hartheespoort Dam wag originally built for Iirrigation
purposes (Steyn et al.,1975; Scott et al., 1980 and Robarts
et al., 1982}, Of the approximately 130 x 10° m® abstracted
from the lake annually, 82% is used for irrigation, 6% for
domestic consumption and 12% is reieased for othar usses by
downsiream consumers (NIWR, 1985). The lzke is also a major
centre for water sports, including fishing, beating and water

ski-~ing {Scott et al., 1977 and NIWR, 1985).

Hutehinson et al. (1932) reported on a visit $o Hartbeespoort
Dam during April 1928 and on the basis e¢f a low plankton
content desecribed it as cligotrophic. Thirty y=ars 1later, in
1958 Cholnoky likened +the dam %o an oxidation pond because of
its entrophic nature {cited in Stsyn et al., 1975; Scott et
al., 1977; 1980 and Robarts, et al., 19582). In 1961, Allanson
& Gieskes described the impoundment as very eutrophic (cited in
Robarts et =zl., 1332 ;. b2 a result of studiss conducted
between April 1972 and April 1975, Steyn et al. {1975) and

Scott et al. (1977) described  Hartbeespeort Dam as highly



eutrophie. It hes since been described as hypertrophic {Scott
et al., 1980; Robarts et al., 1982; Robartzs, 1984 and NIWR,
1985) and characterised by dense algal populations that are
maintained throughout the year (HIWR, 1985) due to =n abundant
supply of nutrients (Robarts, 1984 and NIWR, 1985), warm

temperatures and high insolation {NIWR, 198%).

2. TEMEORAL VARIATION IW EICHHORNIA COVER, PHYTOPLARKTON

STANDING CROF AND SPECIES COMPOSITIONW AND WUTRIENT
IOADING RATE

a. BRichhornia Cever

dccording +to the records kept hy the Department of Water

Affairs, Eichhornia was first noticed on Hartbeespoart Dam in

1959 (Scott et al., 1979). Tor a number of yesrs the plants
were controlled by mechaniecal means (Anon., 1971). The filling
of the enlarged lake in 1979 =nd the resultant inundation of
large partly vegetated areas that were virtually inaccessible

by hoat or vehicle, provided an ldeal environment for the rapid

proliferation of +the Eichhornia plants (Scott et al., 1979).

In &pril 1975, Bichhornia covered approximately 5% of the

surface sreas of the impoundment mostly in the marginsl
vegetation and beoat houses (Ashton, psrg. comm.}. In 1976

Eichhornia growth assumed troublescme proportions (3cott 2%
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al., 1979) and by October 1977 it occupied between 50 and 60%
of the surface area of the impoundment (8Bcott et al., 1979 and
Ashton, pers. comm.). Scott et al. (1979) estimated that by

mid-Qctober 1977 +the fresh mass of Eichhornia present in the

impoundment was 300 O0C tonnes.

Bince mechaﬁical control was inadegquate and biolegical conbrol
organiems were insufficiently tested for use in South Africe,

it was decided +that chemical control wouwld be the most

effective method of controlling Bichhornia on Hartbeespoort Dam
(Scott et al., 1979). Two herbicides were wused. A herbicide
with the active ingredient terbutryn (a triasine dsrivative),

was applied aerially on the following dates:

18 October 1977 {1250 ha sprayed),
3 December 1977 (320 hz sprayed)},
30 Januwary 1973 (240 hz sprayed) and

end of Mareh, 1978 {not monitored scientifically).

FPresh growth of ZEichhornia necessitated the resprayings in

Deesmber 1977 and in 1978. Bstween 1 Hovember 1977 and 31
March 1378, diguat was used 4o {treat approximately 100 ha of

marginal Eichhornia that were ineccessible to aircraft (Scott

et al., 1979). Terbutryn is partly a systemic herbicide,
affecting +the photosynthetic processes of plants. It was

relatively slow acting and caused the death and submergencs of



Eichhornia in four to five weeks (Scott et al., 1979), whilst

diquat was rapid-acting, killing Eichhornia plants within two

weeks (Ashton, pers. comm.}.

b. Phytoplankton Standing Crop and Species Composition

The temporal variation in phytoplankton chlorophyll a
concentrations is shown in Pigures 5.1a and b and 5.2a2 and b.
Unfortunately different sampling methods were employsd by the
the various workers. Sampling between 1973 and 1976 (Figure
5.1ls) was wonthly or bhi-menthly, whereas between 19280 and 1984
gsempling was weekly and therefore feaulta were more variable
(Figure 5.2a). To reduce the variability of the lQBD to 1984
data, moving sveragesa of four week pericds were caleulated
({Figure 5.2h). A& further problem is related to the technique
used to collect the water and the distribution pattern of the

dominant alga (Microcystis aeruginosa). This =2lga tends to

accumulate in the upper 2 to 4 m of the water and exhibits
lateral patchiness. The usg of 7 or 8 m hosepipes hetween 1973
and 1978 would have resulted in dilution of the upper water
with +the algal-poor lower water ({Ashton, and Scott, pers.
comm.}. Also during thiz period the diameter of the hosepipes
used were relatively =mall, capaing an underestimate of tThe

phytoplankion chlorophyll a concentration (Ashton, 1935).
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Figure 5.1b: Mean chlorophyll a concentrations [mgfm3, three
stations) and areas of Eichhornia sprayed in
Hartbeespoort Dam between September 1277 and
January 1978. Chlorophyll & concantrations are
the mean of three lake stations, Data from Scott
et al. (1979).
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Comparing Figures S.la eand 5.2h, it is apparent that the 197%
to 1976 and 1981 and 1982 periocds exhibited the =ame range of
phytoplankton chlorephyll a  concentrationa whereas, those
recorded during  1977/78, whan Eichhornia cover was
greatest, were generszlly lower than fThose of all the other
periods. However, the consecutive low velues prior to spraying
could have occcurred in any subsequent year (Figure S5.2a), and
recently, betwaen April =end Oectober 1985 chlorophyll =&
congenirations were low (betwsen 15 and 20 mg/m® Zohary, pers.
coum.)., The reason for tha continusd low concentrations after
spraying is not clear., Terbutyrym Lis known to 1nfluence the
growth of phytoplankton{Barnsley, 1974 and Robson et al., 1974;
cited in Scott et al., 1979}. It may also have increased the
sedimentation rate of the phytoplankten. However, since only

the EBichhornia was sprayed,and waost of the herbicide on the

dead sprayed Eichhornia would have been inactive by the time

+he planis sunk, the amount of terbutryn reaching the water was
small and because of the dilution effect, the concentration in
the water was low. Scott et al. {1979} stated that between
September 1977 and January 1978, totel algal counts were
generally low., The evidence availeble to Scott et al. (1979)

suggested .that the presence of Elchhornig plants, rather than

the spraying, was regponeible for the reduction in algal
numbers. Therefore, it secsms reasonable to conclude that the
effect of terbutryn on phytoplankton chlorophyll a

concentrations was negligible.
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Scott et al. {1979) observed that total algal counts increased
dramaticaily in mid-Januwary 1978 but decreased sharply in late
January 1978 because of heavy rains and floods. Chlorophyll a
concentrations ;xhihit similar trends (Figure 5.1b)}. By early
December 1977 (approximately six weeks afier the {first
spraying) ths Eichhornia plants sprayed and killed by the first
herbicide application would have sunk (EE BOO ha of plants had

sunk}. At this time live Eichhorniz covered slightly more than

16% of +the surface area of +the impoundment (sprayed area was
320 he; Scott et al., 1979). From 5 December 1977 to 16
January 1978, there was an exponential increzge in The
phytoplankton chlorophyll a concentrations of the three lake
stations (n=12: p < 0,001). Thus, it seems that during the

peried of high PEichhornia cover, the low phytoplankton

chlerophyll a concentrations were due to the presence of

Eichhornia. in explansztion for the exponentizal increase in

chlorophyll a concentrations 1s +hat the decaying Eichhornia

released nutrients. However, +fotal nitrozZen and phosphorus
concentrations in Hertbeespoort Dam water increased only
slightly from November 1977 to January 1978 (Section 3a, Table
5.4). An slternative explanation iz that the increase was due
to increased light penetration following the submerzgence of ce

800 ha of dead Eichhornia plants by early Dscember 1977.
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Before TFEichhorniz populatione were large (between September

1972 and February 1975} and agaein after they had been reduced

{1981 to 1984) $the scum forming blue-green alga, Microcystis

aeruginosa, dominated the phytoplankton (Toerien et al., 1976;

Scott et al., 1980; Robarts, 1984 and NIWR, 1985). During

these pericds diatoms (especially Melosira  egranulata)

gceasionally became dominent during winter and early spring
(3cott et al., 1980; Rebarts, 1984 and NIWR, 1985). Between

1981 and 1984, Melosire grenulata var. angustissima appeared

for short periods s&and in late winter and early spring
occasionally dominated +the phytoplankiton population for a few
weeks (NIWR, 1985). However, according to Scott et al. (1980)

and Ashton {(pers. comm.) Microcystis populations did not appear

in their wusual numbers during 1976 and 1977 when Bichhernia

COVer was increasing.

Beitween September 1977 and January 1978 +the phytoplankton
population was dominated by diatom specises, notably Cyclotella

meneghiniana and Melosira  granulata var. angustissima;

Micreocystis aeruginosa occurring on three cccasions, though

only in very low numbers (Scott et al., 1979). Thus, not only
were chlorophyll a concentrations 1lower, but the species
composition of +the phytoeplankton was alse different when
compared with periocdz berfore and after the period of extensive

Eichhornia cover. However, in some marginal parts of the lake

where Eichheornia plants were EKept ocut Dby booms, etec. heavy

concentrations of Microcystlis were found (Ashton, pers. comm.}.
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c¢. Nutrient Loading Rates

In aquatic ecosystems, phosphorus and nitrogen are the two
nutrients which most <frequently limit the growth rates of the
primary producers. Since the reduction in algal standing crop

during the periocd of high Eichhornia cover could have heen due

to reduced nutrient input, nitrogen and phosphorus loasding

rates have been examined.

Total phosphorus snd nitrogen loads are shown in Figures 9.3 to

5.6. The logding rates from 1973 $o Jenuary 1975 are bhased on
total dissolved phosphorus and nitrogen concentrations and are

therefore under-estimates of the total nutrient loading rate.

Where known, the total phosphorus and nitrogen leading before

and after the period of extensgive Eichhornisz cover was not

noticesbly different from that during extensive Eichhornisa

pover. Therefore, i+% cazn be postulazied that the lozds would

not have changed significantly during +the pericd of Eichhornia

build up and the apparent decline in chlorophyll =a
concentrations. Althoush the lower chlorophyll & concentrations
were probably not due to decreased nutrient losding, they may

have been caused by reduced nutrient availsbility.
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During 1973, 1974 and 1982 +to 1984 +the lake volume was more
variable and generally lower than during 1975, 1976, 1977 and
198) (Figures 5.7 and 5.8). Bince the effect of the nuwirient
load is influenced by the volume of the receiving water body
and the volume of the inflow, it 1is necessary to take these
parameters into account when comparing nutrient loads. One way
of doing this is t¢ use the OECD (1982) egquation to predict
chlorophyll = concentrations {3ee Chapter 4; Section 3.2).
This equation was used to predict chlorophyll & concentrations
in Hartbeespoort Dam and the annual wmean observed chlorophyll a

concentrations were calculated (Table 5.2},

The predicted chlorophyll & concentrations are all higher than
observed concentrations (Table 5.2), probably due in part to
the difficulty in obtaining a trus wean chlorophyll =a

concentration because Microcystis accumulates at the surface in

patches (Ashton and Scott. pers. comm.). Also, factors other
than the phosphorus leoad, such as light (Reobarts, 1984} may
have determined the algal standing <crop. The predicted
chlorophyll a2  concentiration for 1577 (the period when

Eichhornia cover was greataét} ig within thz range of +the

predicted chlorophyll & concentration fer the other years.
However, the observed chlorephyll & eoncentration for 1377
{based on data for four months) was approximately an order of
nagnitunde lower than the chlerephyll & concentrations observed

guring the other years.
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winter harvesting ca 100 © of fresh hyzcinth daily would e
gufficient, but during summer twoe to fthree times as much fresh
plant material (ca 161 to 288 1) would have to be harvestad.
However, following the intreduction of hyacinth control in
September 1981, +the population hasz often been maintained st
leas than 20 ha so0 it would not he large enough to remove the
nutrients brought in hy the river. In addition, growth
virtuelly ceases in winter and harvesting 1s stopped. Thus
during these months the hyacinth cannot significantly decresse

nutrient availebility in the impoundment.

~-Thus it seems <that since the introdﬁution of hyacinth control
the size of the population and +the amount of hyacinth
harvested, although not measured, would be insufficient %o
limit a2lgsl growth rates through nutrient rewoval, especially
during periocd of eleveted inflows and autrient loads. However,
during the pericd of hyacinth huild-up prior to the
introduction of hy=cinth econtrol, the considerably larger
populations could have been effective in reducing nuitrient

concentrations to levels limiting to algal growth rates.

Hutrient concentrations

Tatal dissolved nuirient concentrations reflect thel balance
between nutrient inputs, losses and uptake. The total
dissolved nitrogen and phosphorus concentrations in the surface
water of Vernon Hooper Dam between 1975 mnd 1985 are shown in

Pigures 4.10 ¢ and 4. The 138 concentration, but noet the TIF
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concentration, appears as if it could have been influenced by
hyacinth cover. The decrease in TDN concentration between 1976
and 1980 was associated with the build-up of hyacinth cover and
the subsequent increase in TDN concenirations with +the
reduction in hyacinth cover to between 8 and 20 ha. However,
the tread in aitrogen concentrations is also reflected in the
nitrogen loading data (PFigure 4.11}. The reduction may
therefore have 1little +to do  with +the standing crop of

Eichhernia, heing destermined more by the externzl losding rate.

Also, since ca Jeptember 197% there have been pericds of low
nitrate concentrations in the surface water (PFigure 4.10e)
" during which nitrogen fixation could have provided a source of
nitrogen. The TDH:TDP ratios (Figure 4.10f), nutrient
concentrations and the half saturation constants of a number of

algae and Eichhornia (Table 4.6) indicate that in VYernon Hooper

Dam nitrogen is most likely the growth rate limiting nutrient.
However, the extent to wnhich +the reduction in surface nitrogen
goncentrations between 1975 and 1979 was due to reduced

nitrogen loading or uptake by Eichhornia cannoit be determined

because PBichhornia growih and harvesting was neot adequately

monitored. Hyacinth harvesting was insufficient te reduce
nutrient concentrations to levels which maintzin chlorophyll a

concentrations within acceptable limits.

Ligh%t and temperature

Light is e=ssential for slgal growth and temperature affects the

rate of reaction =and thus the growth of algase.  Eichhernia
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Tahle 5.2: Observed predicted annual mean chlorophyll a

concenirations in Hartbeespeort Dam.

g . T s L S B S T S~ T T T o . NN S S S S T S T M S TN N N T S L S S L . B o B o S B B

e e S S T ————— T———— ——— ————— T T i 7=yl S AN LSS, M S S T S S S L i i eyt L.

Year Ubserved Predicted
(Jan-Dec)

1975%* 28,9 89,2%*
- 1974 34,8 75, 8%
1O ¥x% 4,7 72,9
1581 39,0 62,0
1982 45,8 92,0
1983 69,2 9,1

——— ——————— — — — v B S i S S " v s s s v b L i N T . S T T T T T ——— T ———— T ———— - ——

* hased on data from Fsbruary to December 1973
*#% ‘based on total dissolved phosphorus loads
*#%% pased on data for four months at the haight of ths

Fichhornia infestation {viz. September to December, 1977}
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This subetantiates +the egrlier conclusion +that +the lower

chlorophyll & concentrations that oeeeurred when Eichhornia

cover was greatest, were not due %o reduced nutrient loading
rates. They c¢ould, however, have been due to nuirient
limi%tation of phytoplankton growth rates as a result eof

matrient uptake by Eichhernia. This possibility is examined in

dection Ja.

%, EFPECTS OF EICHHORNIA COVER ON THE PYYTOPLANKION STANDIHG

CROP AND SPECIES COMECSITION OF HARTBEESPCORT DAM.

Eichhornia cover influences a nunber of conditions in =&

waterbody that deierminine both the biomass and species

compesition of the phytoplankion population. Some of these

" conditiocns and their effects are shown in Pigure 5.9.

2. Hutrient Concentrations

The likeliheed of nutrient uptake by FEichhornis resulting in
concentrations that would limit phytoplankton growth rates,

would have been greatest " when Eichhornia production was

greatest. This, presumsbly, would have ©been just bhefore the
herbicide spraying preogramme was initiated. Accordingly,

nutrient removal by Eichhornia in the month prior 4o the first

spraying, was estiimated.
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Scott et al. (1979) and Musil (1982) measured thz growth rate
of marginal plants grown in enclosures in Hartbeespoort Dam
during October 1977. Based on the wmean growih rate, <the
standing crop prior to spraying (estimated by Scott et 2al.,
1977), and +the nutrient content of plants, +the amounts of

phosphorus and nitrogen taken up by Eichhornia between 13

September and 18 October 1977 (date of first spraying) were
estimated (Table 5.3}. Although the use of these data
overestimates the amounts of nutrients removed, they give soms

weasure of the nutrient removal potential of Eichhornia. The

total phogphorus and nitrogen inputs and contents of the

impoundment are zlso shown in Table 5.3.

During October 1977 the phosphorus content of Eichhornia was
three +to four *%imes +that of +the impoundment; whereas, +the
nitrogen content of the Impoundment was greater than that of

the Riehhorniz. Since Eichhornis production was estimated (by

back extrapolation from the estimated standing crop and growth
rate) for the peried 18 September to 18 October 1977, the
average river loading for Beptember and Oetober 1977 would hest
reflect the nutrient inputs for +the peried during which
production was estimated. The average input of phusphcfuﬂ WA B
approximately the same as that estimated +to be taken up by

Bichhornia. The uptake of nitrogen by Eichhornle was greater

than the nitrogen input; however, the phosphorus and nitrogen
content of the impoundment d4id not change much from Septembar

to October. The lack of change in nitrogen content indicates



Table 5.3: Frealb mags and nutrlant content of Eichhornia and total phesphorus and nitrog=n

inputs and contents of Hartbeespoort Dam during Ssptembsr and Dectober 1977.

Elchherpiakxx River Inputs+t Impoundment Watert++
1B S=pt. 18 oot Uprtake Sept. Dok Ave. Sept. oct, (before
' spraying)
Fresh mass {t)#X 143 000 o0 0oon 157 0od - - - - -
Phosphorus {t) 3Bx- 34% 50% =71+ 12X gt 24 49 ay 17 2l
Nitrogen (t) 198+=222%  418%-458% 219%-245% 207 208 207 583 810

++
XX

Ipaged on daca from Musil [1582) for marginal plants

bazed on dets from Musil (1382) for central plants

kaged on data from Scott ek ai. {1579])

waighted averages based aon data for 12 - 30 September 1977.

baged on tha estimate of standing crop by Scott et al. (1979) on
18 October 1%77 and back extrapoclatlion from growth rates,

Evl




thet Eichhornia growth and nuirient uptake was overestimated
andfor there are other sources of nitrogen. Thus, the total
inflow of phosphorus would not have been taken wup by

Eichhorniza, sedimentation prohably accounting for the lack of

change in the phosphorus content of the impoundment. During
September and October the uptake of nutrients by Eichhornis was
not sufficient to alter the totzl phosphorus and nitrogen

content of the impoundment.

Phosphorus and nitrogen concentrations in the lake water (Table
5.4) appear not to hsve decreased from September to Oetober,
alac indicating that nutrient removal from the water was less
than nutrient inputs for +this period. The poessibility that
nutrient concentrations were sufficiently low to limit the

growth rate of the phytoplankiton has heen examined.

Half saturation coefficients {the concentration of the growth
rate Limiting nutrient that will result in the orgasnism zrowing
8% half i1ts maximum growth rate] can be used to predict whether
the growth rate of an organism will be limited by a particular
nutrient concentration if no other variables limit the growth
.Df that organiam. Toerien (1974) recorded the half saturation
coefficients of a number of algae. These, and the coefficients

for Eichhernia sare given in Table 4.6.
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Table 5.4: Mean monthly total phosphorus and nitrogen
concentraticns in Hartbeespoort Dam from
September 1977 to January 1978. Data from
Scott et al. (1979}.

Concentrations in lake water {mg/m’)

Month Total phosphorus Total nitrogen
Saptember g0 %010
Uctober :before spraying* 110 5 000
after spraying** 140 3 370
November 190 3 970
December 220 2 400
January 230 3 8T0

———— o —— —— —— o i~ ) S " v e A e S S . S B W S W LM N . T S S T S T T S T— T T T T T —— i —

* 17 October 1977 valus

*#% Aversge of velues determined on 24 and 31 October 1977

The half =aturzfion coefficients indicate that during
September, phoaphorus concentrations had the potential to 1limit

the growth rates of Eichhornia =nd the high temperature strain

of Chlorelle pyrencidosa. Hitrogen concenirations in September

had the potential to limit the growth rate of Wboth strains of

Chlorella pyrencidosa. For the other algae for which half

saturation coefficients are given, neither nitregsn nor

phosphorus concentrations would have been growth rate limiting.
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The half saturation coefficients indicate +that during
Yeptember, phosphorus concentrations had the petential fo limit
the growth rates of Eichhornisa and the high temperature sirain

of Chlorelle pyrencidoga. Nitrogen concentrations in Beptember

had the potentizl +to limit the growth rate of %doth strains of

Chlorella pyrencidosa. For +the other algae for waich half

saturatlon ceoefficients are given, neither nitrogen or
phosphorus concentrations would have been growth rate limiting.
Hence, it seems possible that between September 1577 and
January 1878, the growth rates of phytoplankton in

Hartheespoort Dam were not limited by nutrient concentrations.

It. Light and Temperature

Mats of Bichhernia weould reduce wind=induced mixing of the

surface waters (Scoit et al., 1979); thereby increasing
sedimentation rates, decreasing the suspended sclids content of
the water and decreasing the depth of mixing. The suspended
s0lids content of the water womld be further reduced by the
adsorption of particulate materiasl and organic debris arcund

EBichhornia roots (Scott et al., 1979 and Gopal et al., 1084).

In Hartbeespoort Dam during the perlod of high ZFEichhernia

cover, the lizht extinction cosfficients were approximately
half the valuss recorded by Scott et al. {1977). Lizht
extinction coefficients during 1981 to 1984 (NIWR, 1985) were

sl 50 higher than those recorded during high Eichhornia cover.

During high Eichhornie cover, the low attenuation of light in
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itemperatures occurred in Hartbeespoors Dam, leading Scott et
al. {1979) to state +that the effect of Eichhornia on water
temperature was possibly the cause of the wpeore gradual
development of +thermal stratification in 1977 compared with
1973. The decrease in water temperatures was probably not

sufficient to affect algal productivity.

g. Other Effects

i. Bacteria

Between Beptember 1977 and Januvary 1978, bacterial counts in
Hartbeespoort Dam were generally low, with occasicnal
fluctuations {Scott et =al., 1979 and Figure 5.11). EBacterial
counts at the river inflows without Bichhornia  were
significantly higher ({p=0,01) than +those from +the main lake
basin. This, according to Bcott et al. (1979), indicated that
hacterial growth in the lake itself was inhibited by the

presence of Eichhornia. Part of +{he reduction in bacterial

numbers conld have heen dus to Tthe econcentrztien of these

organisme iIin the rhizosphere of Eichheornisa plants =and  the

increased rates of sedimentation. During the peried of hizh

Eichhornia o¢over, nutrient concentrations were not reduced

appreciably, thus it scems that the effect of reduced bagterial

numbers on the phytoplankion was probably negligible.
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Figure 5.11: Bacterial counts {x 103/1} in Hartheespoort
Dam {mean of three lske stations) between
September, 1977 and January, 1978.
Data from Scott st al., (1979).
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clear =reas adjacent +to plant cover, associated with the
decreased suspended sclids content of the water, would increase
the samount of light availeble for algal production ({Figure
£.10)., In addition, the reduced wind-induced mixing in areas

covered by Eichhornis would decrease the depth of mixing and

thus incresse the proportion of time an algal cell would spend
in favourable light c¢onditicong. This would alsc tend to
increase algal production; however, the incressed sedimentation

rates would tend to decrease the algal standing crop.

However, mats of Eichhornia provide a physical bharrier against

the penetration of light (Scott et al., 1979 and Gopal et al.,
1984). At the density recorded on Hartbeespoort Dam (25 kg
fresh wass/m’ ; Scott et al., 1979) the Eichhornia, where
present, completely yprevented the penstration of light. The
pregence of this physical barrier to light penetration would
negate any improvement in underwater light climate caused by

the effect of Eichhornia on wind induced mixing. However,

Eichhornis covered only ca 50% of the lake surface & any one

time =nd wats of Eichhornia were blown back and forth daily,

resulting in continually changing light conditions and
preventing any scclimatisation of the salgse %o ths light

conditions in the impoundment.

Inder large mats of Eichhornla, Tsmperatures sare lower
{Ultsch, 1973 and Gopal et al., 1984) s 2 result of reduced

light penetration (Scott et al., 1979 & 1934). Iower water
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Figure 5.10: Effect of Eilchhornia cover on the

underwater light climate of
Hartbeespoort Dam, The extinction
coefficient {K) of 0,55 m~! is the
median of 50 values given by Scott et al. .
{1977) for Hartbsespoort Dam between May .
1574 and March, 1975. Tha &xtinction
coefficient of 0,3 m~1l is based on data
from Scott et al. (1979},
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ii. Physical conditions

In addition to the above effects, Eichhornia alsc lowers cxygen

concentrations, pH and alkalinity and increases dissclved
carbon dicxide concentrations {(Ultsch, 1973%; McVea & Boyd, 1975
and Gopal et al., 1984).

In Hartbeespoort Dam during high Eichhornia cover, oxygen

concentrations were generslly low, rarel: reaching 100%
gaturation. This contrasted merkedly with +the high values
recorded for the corresponding periocd in 1973/74 (Scott et al.,

1979). Bcott et al. (1979) staied that the low oxygen values

4in 1977 were due, in par%, %o the very low numbers of algas and

partly to the consumption of oxygsen by Eichhornia roots and
decaying organic debris. The veriation din +the alksalinity
results of Scott et al. {(1979) does aoct appear to be due 1o

Eichhornia cover. During high Eichhornia cover,the pH valuss

were more than one pH unit lower than those found Aduring
1973/74 (Scott et al., 1979). The increased sedimentation rates

would have favoured species which sediment out slowly such as

Cyclotella meneghiniana var. angustissima and Melecsira
granulata (Ashton, pers. comm.}. Eichhornia resulted in

changes in several physical and chemical conditions =ll of
which would have contributed to the change in the phytoplankion
gpacies composition from a population dominated by

cyancbacteria {Microcystis aerunginosa) to one dominated by

diatoms {(Cyclotells meneghiniana var. angustissima and Melogzira

granulatal.
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iit. Allelopathy
The reduction in phytoplankton standing crop could have been

due o the release of alzal inhibitors by Eichhorania

(allelopathy). The data do not permit the separation of this
effect Ifrom that of other changes due to the presence of

Eichhornia. However, the effect of Eichhernia on factors other

than alleleopathy was sufficient %o account for the observed
reduction In the phytoplankton standing crop, tThus it secems

unlikely that allelopathy played & role.



4. CONCLUSIONS

In Hartbesspoort Dam the peried of high Eichhornia cover was
agsgociated with lower chlorophyll a concentrations and an
altered phytoplankton species composition compared with pericds
before and after. These changes were apparently not dues to
altered nutrient loading rates and nutrient limitation. The
change in the phytoplankion populations was probably due to the

effect of Eichhornia on octher physical and chemical conditions

in the impoundment. Following the submergence of Llarge areas

" of dead Richhornia by esrly December 1977 the tfotal nitrogen

and phoaphorus concentrations increased only slightly, but
there was an exponential increase in chlorophyll A
concentrations. This indicates that the major effect of

Eichhornia cover on the phytoplankton population was due to its

effect on the underwater light climate as & result of it being

g physical barrier to light penetration.
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6. PROSPECTS QF USING EICHHORNIA TO IMPROVE WATER QUALITY

In aquatic ecosystems the growth rate limiting nutrient is
usually eithsr nitrogen or phosphorus and an increase in the
rate of supply of the limiting nutrient will often ceuss
eutrophication. Eutrophlcation results in & number of water
quality problems, most of which result frem the oceccurrences of
undesirable quantities of phytoplankiton in the water {Jones &
Lee, 1982 and ‘Toeriem, 1977}. Limiting water fertility,
preferably by contrelling phosphate, is generally regarded to
be the most desirable eutrophication control strategy (Toeriem,
1977)}. Wutrients enter impeundments from both point {discrete)
and non-point {diffuse) sources. Although point source
nutrient inputs can be reduced by advanced chemical treatment
systems; costs tend to be prohibitive (Kadlee & Tilton, 1979)
and in some catchments the contribution frem non-point sources
has heen s¢ high that removal of phosphate from point sources
wounld have negligihle effects on the trophic staitus, and hence
water quality, of impoundments (Pretorius, 1983). Thus, the
in-lake use of aguatic macrophytes fo remove nutrients and
improve water quality has attracted considerable atiention.
The warm climate of BSouth Africa is well suited to the use of

the free flozting aquatic macrophyte, Elchhornia cressipes.

Bichhornia apparently dces not inhibit phytoplankteon growth by

allelopathy, however, it does affect a nunber of factors whicn
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influence water quality. Not only does BEichhornia remove

nutrienta, it =al=o acts a2z a physical harrier, almost
completely preventing lighft penetration and reducing wind

induced mixing. Thus Eichhornia reducea the rate of algal

praoduction, incresses algal losses by increasing the rate of
sedimentation (Figure 5.9} and reduces the rate of gaseous

exchange betwesn the atmosphere and the water.

If the Eichhornia was permitted to incresse to completely cover

the impoundment, the recreational value of the impoundment

would decresse as  full Eichhornia cover precludes hoating and

fishing and decresases the acathetic appeal of the lmpoundment.
However, algal-related water problems would decrease sharply
hecause of shading and nuotrient removal. However, full

Eichhornia cover results in the develepment of reducing

conditions, resulting in the cecurrence of Mmanganese" water.
"Manganese" water is more eXxpensive to treat than "algal laden
water. In addition to the thigh cost of treating "manganeses"

water, the cost of controlling the Eichhornia and the loss in

recreational value of the lake must be considered, indicating

that the use of full Eichhornia cover to improve water quality

does not appear to be an economically viahle prospect.

One could, howsver, use a partial cover of Eichhornia to

improve water quality. This has the advantages of permitting
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boating and <fishing on the uncovered area ¢of the impoundment
and the population can be maintained at a size which will not
adversely affect oxygen exchange and thus water guality. In

order to prevent the uncontrolled increase in the FEichhornia

population during favourable conditions, it is necessary to

confing the Eichhornia te one section of the impoundment.

In Vernon Heoper Dam +the Eichheornia is confined behind a

floating boom and at full supply level it occupies up to 25% of
the surface area of the impoundment. This population does not
adversely affect pxygen exchange in  Yernon Hooper Dam.

Although the Eichhernia in Vernon Hooper Dam reduces the algal

standing crop and production by anuntrient removal and shading,
the reduction is not sufficient %o maintain water guality
problems within acceptable limits. This is probably because
Vernon Hooper Dam i3 already severely eutrophic, the nutrient
content of +the impoundment 1is high s¢ +the proportion of the

total nutrient content of the impoundment removed by Eichhernia

growth and harvesting is small.

In Vernon Hooper Dam a larger population of Eichhernia than the

present 20 ha would be required to reduce algal related water
quality problems to within acceptable levels. How quickly an
improvement in water guazlity would occur cannct be assessed,

but it is unlikely to be rapid as once a lake has become



eutrophie, it can rewmain sco for a very long ftime, even if the
source of external nutrients is cut off {(Hynes, 1971). The

effectiveness of partial Eichhornia cover in  improving water

quality is likely to he greater 1In lakes +that are not as

eutrophic as Vernon Hooper Dam.

The nutrient concentrations in sffluent from point sources is
usually reduced before reaching standing waterbodies because of
poth dilution and +the natursl self purifying property of
rivers. Thus nutrient concentraztions are lower at the input to
waterbodies than at the point sources upstream of the

waterbodies. BSince the growth rate of Eichhornia is reduced by

low nutrient concentrations, higher growth rates and hence

greater nutrient removal would be achieved at point sources.

Thug it seems that the in-lake wge of Eichhornia for water

gquality improvement in VYernon Hooper Dam iz not efficient and
is unlikely +to result in the required reduction in nutrient
availahility in other systems as ewtrophic as Vernon Hooper
Dam . An alternative approach, nutrient removal from point

sources involves growing Eichhornia in artificial po.:ds at the

point sources.
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This approach has sevaral sdvantages:

- nutrient concentrations are generally high;
- environmentsl parametere (such as temperature,
humidity and flow through the root system of

Eichhornia) are more easily manipulated to increase

the growth rates of Eichornia;

- the possibility of spreading Eichhorniz to lower

reaches of the catchment 1s reduced; and
- because the peollution load to the river will be
reduced, the gquality of water entering the lake

will be improved conaldersbly.

However, a disadvantage of thies approach is that there are
usually several point sources within one catchment and diffuse
source inputs may he large. The effect of the point source use

of Eichhornia in the Vernon Hooper Dam catchment cannot be

accuraftely assessed, however, as with the in-lake use of

Bichhernia, the effect 1is 1likely to be smail at least

initially, because of the severely sutrophic astate of Vernon

Hooper Dam.

Eichhornia could be mest efficiently wuwsed for nutrient removal
and water guality impreovement i1f grown in artificial ponds at
point sSources in cztchments where tha nuirient input from

diffuse sources 1is somall relative {0 the point source input.
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The in-lake use of Eichhornia to control or improve lake water

gquality is 1likely to be most effective - where the receiving

waterbody is of relatively low trophic status.

It must be noted that Eichhornia cressipes is a preoclaimed

noxious weed throughout South Africa. Eichhnrnia has the

potential for very rapid growth, particularly in eutrophic
conditions, and may cover vast arsas of standing and

slovwly-running water. Eichhornig prevente Tboating and

fishing, disrupts water flow in irrigation channels and blocks
sluices. It algs creates 1dezl conditions for wmalaria
mosquitoes and bilharzia snails to breed and may increass the
less aof water from the surface of a lake by ite transpiration
(Davies & Day, 1986). Because of +these problems extreme

caution is necessary if Bichhoraia is +to be used for water

quality improvement. It is recommended +$hat use of Eichhornis

be restricted to catchments in which  Eichhornia already

oceurs, thus reducing the risk of spreading it to catchments

presenily free of Eichhornia-
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7. RESEARCH NEEDS

It was the stated intention of this preliminary study to
aszess  fronm gevailable information, the evidence that

EBichhornis was implicated in improving the quality of water

stored in the Vernon Hooper and Hartbeespoort dams.
Unfortunately, digcontinuous monitoring and the use of widely
divergent technigues complicated interpretation t¢ the extent

that inferences could not be made with confidance.

Although the evidence was supportive of the view that

Eichhornia played an important role in the regulation of

water quality, the mechanisms invelved c¢ould net Dbe
establighed but they are likely +to be different in different
waterbodles. The case studies were of seversly eutrophic
impoundments in which <the super-abundance of nutrients

probably reduced the impact of Eichhornie on nutrient

availability., It 1s therefore suggesied that the potential

of using Eichhornia to improve water oquality under

mesotrophic ¢onditions warrants investigation.

The successful wuse of Eiechhornia in shallow ponds for

managenent of water quality may indicaie a potential for use

in small, shallow, mesoirophic impoundments.
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Data from the preliminary experiments on the allelopathic

potential of Eichheornia must be interpreted with caution.

The fact that convincing evidence of allelopathy with the
test organism was not found, should not be taken to imply
that allelopaihy does not occur. Inhibitors may be zpecies
gpecific, 1n which case they probably would escape deteciion
in a bicassay yet play =a significant role in Adetermining
phytoplankton sucecession in the waterbody. A TDbroader based

approach ig indicated.
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APPENDIX 1
Abbreviations nsed in PFigures 3.2 to 3.9 and 3.11:

+ 160 = filtered sample water + 8 ml stock PAAP to
give a concentration of 160%, complete PAAP
being referred to as 100% + algal inocculum.

+ 100 = filtered =ample water + 5 ml stock PAAP to
give the concentration of complete PAAP +
algal inoculum.

+ B0 = filtered sample water + 3 ml stock PAAP to

| give a concentration of 60% of complete PAAF
+ &#lzal inoculum.

+ 40 = filtered sample water + 2 ml stock PAAP to
Zive a concentration of 40% of complete PAAP
+ algal inoculum.

FEW = filtered sample water + algal inoculum.

-N = filtered samples water + 5 ml stock PAAP-H +
algal incculum

=P = filtered sample water + 5 ml stock PAAP-P +

algal incculum.

ASW = autoclaved filtered sample water + algal
inceulum.
A+100 = autoclaved filtered sample watar + 5 ml stock

PAAP + algz! inccwlun.
AR = zutoclaved filtered sample water + 5 ml stock

PAAP-N + algal iaoculum.



A-P

Control
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autoclaved filtered =sample water + 5 ml stock
PLAP-P + algsl incculum.
distilled water + 5 ml stock PAAP + algal

inooulum .



