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Abstract

The quality of the water entering two successive dams on a
farm (Meerlust) near Stellenbosch in the 5.W. Cape has
been found to be extremely poor. However, on entering the
dams, the quality of the water was found to improve
considerably. The smaller of the two dams (M3) supports

an extremely large macrophyte community (Potamogeton

pectinatus) in summer which dies back completely at the

beginning of winter. A preliminary study of the cause of
the improvement in water quality in M2 has been conducted
by measuring the concentrations of phosphorus in the water
(both Soluble Reactive Phosphorus as well as Total
Fhosphorus>0.45) , the sediment, as well as in the plant
macrophyte community in late summer (April) and late winter
(September) . The relation between these various
compartments has been discussed with particular emphasis

given to the effect of the seasonal die-back of Potamogeton

pectinatus on the system.
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1 INTRODUCTION:

The study site is located on the farm "Meerlust",
fa.

approximately 16 km out of Stellenbosch in the S.W. Cape.
P I P
0Of the two dams found on this farm, the dam on the east side
of the R3I10 "Lynedoch Road" to Stellenbosch is the larger one
and is fed seasonally hy the Eerste River via a concrete
channel. This dam will bhe referred to as M2. The second and
smaller dam (M3), was however the focus of study for this
project. It is found on the west side of the road and has an
appfoximate area of 24750m (See Figure 1). Water from M2

seeps into M3 and it is therefore indirectly supplied by the

Eerste River. The dam supports extensive reed beds,

Potamogeton pectinatus, some microscopic algae, a varied and
TN o e T g . -

et

3

healthy aquatic fauna and numerous co?:f. (See Figure 2).

ie l !

Water analyses of the concrete channel, as well as the dams

M2 and M3, were done in November 1983 (King, unpublished).

The quality of the incoming water was found to bgu exﬁremely ol

poor with high concentrations of nitrogen and phosphorus. On : 1 I
if

entering the dams, the quality of the water was found to ;o

i d i P
L

improve considerably. (See Table 1). /

£
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Table 1: The concentrations of nutients [pmoles 1'1 in the
conduit from the Eerste River, the large dam - M2,
and the s=smaller dam — M3 in November 1983.
(King, unpublished)

o e m e ——— tomm e n e —--—-— tomm—————— o ———- +
{ iConduit froam iLarge DamiSmaller Dam!
i iEerste River | M2 ! M3 '
o e ————— trmr e ———— e ——— o +
iSilicate : : : :
tp mol 17 ! 55.50 i 8.00 1 1,20 !
[l ] ] ' ]
i 1 ' ' )
L bl tadadad otk tor e - tormm— e~ tommre - +
lPhosphatF H i i i
ip mol 1° } 140.40 ! 26.60 9.00 !
1 ' ' 1 ] ]
EE R i R st At i L L e
iPhosphate i t b ‘ H
ipg 17 ! 4348.72 | 823.90 | 278.76 !
| ] 1 1 1
1 \ \ v I
X I r T I Y FE TP Y T T T2 F T E R E RS2 R T 3 3 3 E RN S S T L S 2 2 R
‘Ammonia_ i } H i
iy mol 1 ! 309.40 t 12,20 | 5.63 i
1 ] ] ) ]
) i 1 1 v
tem e m - ——— e, —- o frmeme - +
:Nitrate_‘ i } H :
iy mol 1 ! 46,48 i 2.17 0.22 i
' 1 ' 1 1
- e ————— e ————-—-— o —— tomme - +
INitrite ! ! ! !
iy mol 1 ! 269.79 t 11,44 0.61 i
§ ' 1 | 1
3 1 [ 1 '
o e - - ——————- Frmm e — - tom—m - tmmm e m, e - +

Several gquestions arose: Firstly, is the improvement in the
water quality due to a movement of the nutrients into the
vegetation and sediments? Secondly, what happens to the

nutrients when the Potamogeton dies back in late summer? Are

the nutrients released into the water or sediments, and is
this nutrient pool accumulating over the years? Thirdly,
with the continuous input of nutrients and no large apparent
loss of nutrients from the system, will it remain stable, or
is it 1likely to experience some type of collapse in the

future?
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Figure 1: Diagramatic representation of the smaller dam-M3 showing the
approximate dimensions of it’'s area.
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The aim of this project was to provide preliminary data to
act as a base for a more extensive research programme in the
future. The investigation was confined to a seasonal study
(late summer and late winter) of the major components of the

system, namely the water, the sediment and the community of
Fotamogeton pectinatus.

S
The concentration of phofphorus was determined for each of
these components, and the seasonal variation was eramined.
It is recognised that a future research programme should also

involve the study of other nutrients (such as nitrogen), and

that data collection should occur more frequently. The
summer {(April) and winter (September) collection of data for
this project was supplemented by a more regulaf monitoring of
the concentration of phosphorus in the water. MWater samples

were collected at monthly intervals.

Fhosphorus is an essential element for plant and animal
growth. It occurs in low concentrations relative to other
essential elements in the environment (Wetzel, 1973) and is
important as an element controlling bioclogical activity. It
may be combined into a variety of 1ionic, molecular and

colloidal forms, often mediated by biological processes

(Rigler, 1973). The dynamics of phosphorus exchanges and
transformations in aquatic environments are therefore
complex, and this complexity has led to widely divergent

results (Twinch, 1980). The limitations of analytical



techniques has also hindered the identification and
v
measurement of phosphorus fractions occuding in water as has

the confusion of terminology and lack of standardisation of

procedures,

Early analyses indicated that phosphorus levels in inland
waters were low and it was only after the intoduction of
colorimetric analyical procedures in 1923 that the presence

of a number of Hmsphorus fractions hecame apparent

(Hutchinson, 1957). The recent use of 0.435u membrane filters |

in limnology has led to greater standardisation of procedures

and terminology as the definitions of different phosphorus
O

fractions are based p4 the procedures of fractionation.

These fractions are outlined in the review of Rigler (1973)

as follows:

-Soluble reactive ghgsgbmus (SRP) refers to the value when

membrane filtered water is analysed by one of the variants of
the molybdenum blue technique. This term implies neither
that the orthophosphate measured was in solution before the
addition of the reagents nor that the intensity of the blue
colour is exclusively a function of orthophosphate
concentrations rather than that of interfering ions. When
orthophosphate phosphorus is used it will not refer to the
results of chemical analyses but to free orthophosphate in
solution, the concentration of which is assumed to be as vyet

unmeasurable in the trophogenic zone of most lakes.
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-Soluble phaosphorus (5FP) refers to the value obtained when

membrane filtered water (0.454) 1is analysed after being

digested with an oxidizing acid solution.

—Soluble unreactive phaosphorus (SUF) is the difference

between SF and SRPF.

-Total phosphorus (TF) 1is obtained by analysing the whole

lake water after acid digestion. It is assumed that the
values obtained by this technique are indicative of the true

phosphorus content of the sample.

Twinch and Breen (1980) state that changes in the
concentration of different phosphorus fractions result from
processes which can be categorized into three distinct but
nevertheless independent spheres of influence. These three

categories are:

1) Phosphorus cycling in the water;
2) Phosphorus exchange between sediment and water;

3) Allochthonous phosphorus loading.

Although the relative importance of biological components and
the macrophyte communities in particular are mentioned in the
first section, it 1is felt that this aspect warrants a
category of its own. Category 1) would then involve the
importance of abiotic particles in the exchange of phosphorus

between particulate, colloidal and soluble forms. This



aspect of phosphorus cycling is poorly understood at present.
A separate category would deal with the role of plankton and

macrophyte communities.

In this project, an attempt has been made to study these four
categories in order to obhtain an idea of their relations one

to another over time.



2. MATERIALS &% METHODS:

2.1 Samplings:

2.1.1 Potamogeton pectinatus:

Due to the key role that Potamogeton is assumed to play in

the overall thrient economy of the dam (M3), an attempt was
made not only to sample plant material for later phosphorus
analyses, but also to obtain a quantitative estimate of the

mass of Fotamogeton in M3.

A rotary sampler, designed and tested by Howard-Williams and
Longman (1976) was used to sample the Potamogeton. It is a
rotary cutter with a blade designed to cut all the erect
stems within &25cm at the sediment surface. Collecting hooks
are placed strategically to collect and wind in all the
shoots. A locafing pin below the blade keeps the device in

one place on rotation (See Figure 3).
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Figure Z: A diagram of the rotary sampler and a detailed
drawing of the cutting blade (from Howard-Williams and

Longman, 1976).

On the basis of the study by Howard-Williams and Longman
(1974) a wsample size of 24 was chosen for the purposes of
this study in the summer. For the summer sample, the dam was
not found to be deeper than 1-1.%5m and, as such, fell into
the "shallow" depthv category which was recognised at

Swartvlei by Howard-Williams and Longman (1974). Due to the

clumped distribution of Fotamogeton in shallow water, this

large sample size was found to be necessary in order  to




reduce the standard error to approximately 10% of the mean.

It was not found to be necessary to take as large a number of

samples in the winter as in the summer because the mass of

Fotamogeton in the dam was so reduced that the’ range of
variation was much smaller than in the summer. Lame areas of
the dam were completelyr clear of Potamogeton. It was
therefore decided that a number of line transects would be

taken through portions of the dam in order to estimate the

percentage cover of Fotamogeton. The presence or absence of

Fotamogeton was recorded at 1Im intervals for twelve 10m long

transects.

The harvested Potamogeton was washed with water in a bucket

in an attempt to rinse off any organisms which had been
living amongst the shoots. It must however be stressed that
these measures were fairly crude, and that when either the
mass or the phasphorus content of Potamogeton is referred to,
the values may include a contribution from material other

than Potamogeton. The samples were then oven dried for three

days at 80°C and the dry mass of each was determined.
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2.1.2 Sediment:

Sediment was collected with a spade from the surface of the
dam floor. Two samples were collected in summer (April) and
three in winter (September). The samples were collected with
the aim of measurimg the concentration of Total P present in
the samples and using this as an indication of the quantity
of decaying material present on the dam floor. The variation
betwéen summer and winter was anticipated to be(E}irly
substantial due to the large mass of FPotamogeton which has
been observed to die back during winter. The samples were

oven dried at 80 C for three days.

2.1.3 Water:

The water samples were collected at monthly intervals from M2
a

and M3. ldm of water was immediately filtered through ©0.45p

membrane filters. The filter papers were retained and

frozen, as was the water.

2.2 Phosphorus Analyses:
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2.2.1 otamoget ectina :

15 of the 24 samples were selected for phosphorus analysis.

A portion of each of the 15 samples was milled, first»thﬁgﬁgbx‘ -»

)20
7 T
a coarse mesh and then through a fine mesh. Finally, two
0.1g sub-samples were taken from each of the 15 dried and

milled portions.

The 0.1g sub-samples of plant material were placed in beiling
tubes and the phosphorus was solubilized from the plant
material by means of two-step acid digestion procedure

{Jackson, 1958).

After the tubes had cooled having been removed from the
digestion block, the acid digest was diluted with digtilled
water up to the 2Scet mark on the boiling tubes. The boiling

tubes were capped with parafilm and mixed thoroughly.

For the colorimetric assays of phosphorus, an aliquot of 2ml
of the diluted digest was dispensed into a S50ml volumetric
flask. Bml of the mixed colour reagent (Murphy and Riley,
1962) was added, and these were mixed well. Finally, the
solution was made up to S50Oml with the addition of distilled
water. The blue colour of the phospho-molybdate complex
develops immediately, but the absorbance readings {(measured
at 882nm on a qucéﬁféiﬁiﬁﬁaﬂspectrophotometer) were only

measured after approximately X@ minutes.

\ . . .

SN pdrtiinc e -



g

!fv ﬁi‘ ? "-lﬂ“
Using the concentation curve, (See Table 4 and Figure S5) the

9
Ii concentration of phos hogggwwiﬁggiégl was determined. The

concentration of phosphorus was then expressed as rg F gAdry
mass of sample. (See Tables 12 and 13). This conversion was
calculated from the following equation:

pM % dilution factor x At.wt.F

-\
pg F g dry mass samples—————————— T e e
dry mass sample(g)

2.2.2 Sediment Total P Analysis:

Two subh-samples of ©0.1lg were taken from each of the S
samples. The two-step acid digestion as well as the
colorimetric assays were conducted in precisely the same
manner as the procedure described +for the plant material
analysis except for the use of a 35Sml aliquot of the acid

digest instead of a 2m1vone.

2.2.3 Water P Analysis:

2.2.3.1 Analysis of Soluble Reactive Phosphorus (8.R.P.)

™~
10ml of the D.45p}membrane filtered water was dispensed into

~
a 50ml volumetric flask. 8ml of the mixed colour reagent
(Murphy and Riley, 1942) was added and these were mixed well,

The solution was then made up to 50ml with the addition of



distilled water.

The absorbance reading (measured at 882nm on a Unicam S5.PF.S00
Spectrophotometer) were measured after 40 minutes. Using the
concentration curve, (See Table 4 and Figure 5) the
concentration of phasphorus was determined. The
concentration of phosphorus was then expressed as pg F'Efu

(See Table 5 and & and Figwe 6&). This conversion was

calculated from the following equation:

pa F 1 = HPM x dilution factor x At.wt. of P.

2.3.3.2 Analysis of Total P >0.45u:

L
The 0.45p membrane filter papers were solubilized by means of

a two step acid digestion procedure (Jackson, 1938). A Sml
aliquot of the acid digest was uwsed for the colorimetric
aésay and the concentration was finally expressed as ng.ld.
(One litre of water had originally been filtered through the

n .
0.45p membrane filters). See Tables 7 and 8.

The conversion of the expression of concentration from pMolar

~{
to pgP.1l was calculated from the following equation:

-t
HgFP.l =molarity x dilution factor x At.wt.of P.
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3 RESULTS & DISCUSSION:

-

3.1 Geasonal Mass and %4 Cover of Potamogeton:

It has already been mentioned that Howard-Williams and
Longman (1%746) recommended a sample size of approximately 25
in order to reduce the “ZS5.E. to 10% of the mean for shallow
water. By shallow water, they implied a depth categaory of
0.75-1m. When the sumﬁ:r sample was conducted the dam was
not found to be deeper thaﬁ im. 24 samples were therefore
taken, but as a large area of the dam was even shallower than
0.73m, many of the samples were taken from a depth category
which had not been sampled by Howard-Williams and Longman.
It was subsequently discaovered that due to the fact that a
wider range of depths had been sampled {(all below 1m), the

variability of the samples was even greater than that

predicted by Howard—-Williams and Longman.

The 24 samples were therefore divided into two depth
categories, the first being 10-30Ocm depth and the second -
being S0-100cm depth, as a greater uniformity was found in
tbg"§amplg§ of the lattef Qroup. {(Despite thé fact that only
5 sampiés .hé; béénm taken at fhis depth, they had a lower
A5.E. than had te 1% samples taken at the shallower depth.

See Table 2).
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2: Mean Dry Mass FPotamogeton [g.625cm 1 for summer
and winter samples in M3.

e et et tmmmmm—em tom—m e ———————— tomm e n e pommm pmmmmm o +
i iNo {Mean i d 4 }
: {Samples iDry Mass(g) iStd. Dev { S.E. | US.E. 1
e ettt pommmmm - $ommmmmmmm e R pommmem R et +
' i i ' i i i !
i { Shallow | H i i i i
i i 10-50cm | 19 113,01 1 107.6 to24.7 %V 21.8 |
i 1 ] ] ] $ ] ¥
t t [ t ] ] ¥ ]
iSummer trrmmm - t——————- e ————— trmrmm - te—mm———— e —— +
] ] 3 ] 1 ] [} ]
] ] ] 1 1 ] ] ]
! i Deep H ! d : H i
H i 90-100cm § S ! 364.18 i 128.5 { §7.3 t+ 15.7 |
L P e e D e et T o pomemm o +
] ] ] ] ] ] ¥ ]
' { Shallow | ' : H H '
iWinter N - i 4,32 H 1.95 H 0.807 18.5 |
i i Deep : : : H i i
pommmmme - pommm e me - o ————— S e T L pommmmmm- pommmmm +

It should be mentioned that if a “Z8.E. of 10%Z of the mean is
to be achieved then a greater sample size would have to be

taken than was recommended by Howard-Williams and Longman.
~ et "
A4 { 7>
P
.vv»-kn\
In the summer 15/was found that wherever the rotary sampler
as placed, a quantity of Potamogeton was harvested. This

suggested that the percentage cover of the dam must have been

close to 100%.

In the winter however, vast areas of the dam were clear of

Fotamogeton. In order to obtain an estimate of the

percentage cover, twelve 10m long line transects were taken.
(See Table 3). In this manner, a percentage cover of 404 was

estimated. . -
N ?@V{q eﬂ@/ !

Wy

""0 L led
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Table 3: Raw data for calculation of Percentage Cover of
Paotamogeton in M3 in winter.

e ettt ettt L L S L L SRR +
i 12 line transects of 10m length :

Rt ath el TR R ey e D e D L

V1Y 20 30 41 S 61 70 81 91 101 110 121 Total |
et el D b T it et Sl T e B e e B e et +
Records of tHIT 120020 1) 21 31 41 51 31 4 ' H ! 36
cover at R et S T L R R B e A A et et LT T
lm intervalsg t MISS 81 81 9 81 71 &1 51 7% & } : i 84

R et L L L S R T et et et e A A h et L L L +

The winter samples were therefore only taken from a possible

407 of the total dam area and whereas the mean dry mass per
T

625cm of each of the two depth categories in summer represent

an estimate which may be extended over the area of the entire

r
[

dam, the mean dry mass per 62Scm of the winter samples may

only he extended over 40% of the total area of the dam.

Therefore, in a comparison of the mean dry mass of

Potamogeton present in M3 in summer and winter, a large

change can be seen. (See Figure 4).



ool

1
o~

"¢

J

N

N S: Summer
03 -~ W: Winter
L 300l

4

(@

et

il

g

O

=

-

O

o 200}

o

73]

L ¢

=

>

0

8 |

Z oo l

1]

=

, NPT 3
S ,
0 S

0-50¢m > 50em
S w

SEASON

Figure 4: Mean Dry Mass Fatamogeton [g.628cm 1 for summer and

winter samples in M3,
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Not only did the percentage cover of Pgtamogeton decrease

from approximately 1004 to 40%, but the mean dry mass per
7
625cm decreased fram 113.1g (at 10-50cm) or 366.18g (at

S0-100cm) in summer to 4.32g (both depth categories) in

winter.

i

¥ f w{’
S R R a/ [‘/f"/z o
{ /

2 /
e . ('
AN

3.2 Analyses of Phosphorus Concentrations in w&ter=

It has already been established that a large seasonal
turnover éf plant material occurs in M3. Such a large body
of plant material is likely to absorb a large quantity of the
nutrients from the systém during its growth phase. This
appears to be verified by the relatively low caoncentrations
of nutrients in the water of M3 in comparison with the

incoming water from the Eerste River. (See Table 1).

When the Fotamogeton dies back at the beginning of winter,

these nutients would be released inta the system. By
measuring the concentrations of both Soluble Reactive
Phosphorus as well as Total Fhosphorus > 0.45p in  the water
at monthly intervals, an indication of the rate and extent of

release of the nutrients is obtained.
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(882nm)

The Absorbance Readings [0.D.U. 3]
standard solutions of phosphorus [0-2(
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3.2.1 Analysis of Soluble Reactive Phosphorus (S.R.P.):

The concentrations of S5.R.F. were determined for both M2 and
M3. For the months April, May and June, the concentrations
of S.R.PF. remained fairly constant. {(See Figure & and

Tables 5 and &).



500
X
Loo|
T a0l
e.‘_\
a
o
X
L
Q:
e
»n
G W o M2
4
O
o
160
o
»
- X
ol ! | |
Apel Moy June July
TIME [ months |
Figure 6: Concentration of Socoluble Reactive Fhosphorus

(5.R.P.YLCpgF.1"'1 in M2 and M3 from April to July.
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Table S: The Concentration of Soluble Reactive Fhosphorus
(S.R.P.I[pMolard in M2 from April to July.
Calculated from the Absorbance Readings of the
samples (measured at 882nm) and converted to
Concentration expressed in ng.l'.

S il tmmmmmmmem e tommome e — e m e o T et pommmmmm +
i { Abs &EE:EEX {Dilution {Atomic wt. iConc. 4:
! { [882nm] ![f MolarliFactor lof P[g/Molelilpg.P 11}
oo ommmmmmmmam R i o ittt o +
tApril al 0.010 11.537¢ i i 1238.04911
H i 0,007 11.0917 19 130.9738 1169.0705¢
{ Avi 0,00835 11.3144 : H 1203.5598!
tommom e L et pomm e o R it e et +
‘May ai 0.010 11.5371 : i 1238.0491!
d bi 0.007 11.0917 {9 130.9738 1169.0705!
! Avi 0.0085 11.3144 : H 1203.5598!
4o $ommmmmmem e ettt et T Fommmm———— +
{June al 0.007 11.0917 : ! 1169.0705!
i bi 0,008 11.2402 ] 130.9738 1192,0485!
: Avi 0.0075 11.16595 ! i 1180.56951
e Rt e $mmmm e pommmmm e — e — e e el oo +
tduly al 0.002 10.3494 H : ! 54,1112}
H bi 0.003 10.4979 is 130.9738 1 77.10931
i Avi 0.0025 10.42365 } 1 65,6103
$ommmmem $ommm e $mmmmmm e emmmmmm e R tommmm +

Table 4: The Concentration of Soluble Reactive Fhosphorus
(S.R.F.) [pMolard in M3 from April to July.
Calculated from the Absorbance Readings of the
samples (measured at €82nm) and converted to
concentration expressed in ugP.l".

tmmm———— D ek R Fom e ———— L e ——— tom—————— +
: ! Abs W” {Dilution  !Atomic wt. IConc. _!
i | [B82nml i GlarliFactaor tof Plg/Molelilpg.P 11!
$ommmm $ommmm e e e et T o pommmmm o +
tApril al 0.001 10.2010 i i i 31.1287¢
' i 0.002 10.3494 iS5 130.9738 ! 54.1112%
: Avi 0.0015 10.2752 { i i 42.62001
i Lt CE P tommmmmm o tmmmmmmmm e D o +
iMay al 0.002 10.3494 ' ' P S4.11128
i i 0.002 10.3494 !5 130.9738 i S4.1t12d
! Avi 0,002 10.3494 ! ! Po94.11121
tommmme ettt e $ommm e m e $ommmmm e e +
idune al 0.001 10.2010 i : i 31,1287}
: bt 0.002 10.3494 15 130.9738 1 S4.1112¢
' Avi 0,001S 10.27525 i ] 1 42.6200!
s e e tommmme e R ittt o oo +
iJuly ail 0.021 13.1702 ! ! 1490.96571
! bt 0.019 12,8733 i5 130.9738 1444,98511
! Avi 0,020 13.02175 | : 1467.97541
R bt fommmmm e o ommmmm o fmmmm e R e e oo +
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M2, which was the larger dam with less Potamogeton, had a
relatively higher average concentration of S.R.P. than M3.
(195ng.14 in comparison to 4bugP.1ﬂ ). The lower
concentrations of S5.R.F. in M3 are attributed to the action
of the large macrophyte community in absorbing nutrients from

the water during their growth phase.

This hypothesis is further supported by the changes in
concentration of S.R.F. measured in July. Two weeks
previous to the collection of the water samples in July there
had been heavy trains and the water levels in the dams had

risen appreciably although they were not yet full. Fortions

of the dam were clear of Potamogeton.

In M2, the concentration of S.R.P. dropped to an average of
65ng.14. This dilution effect could be accounted for by the

influx of fresh rain water.

In M3 however, despite the influx of fresh rain water and the
consequent dilution of the nutrients in the system, the
concentration of S.R.P. was found to increase considerable

(from 42ng.1“in June to 467ng.f‘in July).

This ten—fold increase in S.R.P. concentration in M3 was

associated with the senescence of the Potamogeton. The

release of phosphorus inte the water in a soluble form

su*ksts that the decomposition rate of Potamogeton is

extremely rapid.
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In a more detailed study of this system in the future, it 1is
recommended that frequent water samples be taken over this

period. A study of the tate of decomposition of Potamogeton

would also be of interest.

3.2.2 Analysis of Total Phosphorus >0.45u in water:

Total Fhosphorus *0O. 4354 could include colloidal or

particulate phosphorus fractions.

In both M2 and M3, the concentration of Total P was found to

decrease from March to July. (See Tables 7 and 8 and Figure

7).
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Figure 7: Concentration of Total Fhosphorus »0.45p [ng_ld 1

in M2 and M3 from March to July.



This could be the result of a dilution effect although it is
improbable in the light of the fact that the concentration of

S.R.F. in M2 remained constant from April to June.

In M3 with senescence and decomposition of Potamogeton, an
increase in the amount of colloidal and particulate particles

might have been expected.

This would have reflected in an increase in the concentration

of Total F >0.45u in the water.

The opposite trend was however detected which would suggest

once again, the rapid decomposition rate of Potamogeton.

The decrease in the concentrations of Total F >0.45p might
also be the result of a seasonal decline in one or several

plankton populations. This is entirely speculative and

e, e 5 i e T iy

L

further worlk is required, because if the opposite was proved

R —

e e s

o~

o)

to be true, this could have serious consequences for the (ﬂﬂ&
- — Jy

long—-term stability of the system. Macrophytes are seldom
found to occur below a limit of 5~10% of surface light
intensity. (Howard-Williams and Liptrot, 1980). Baurne

(1232) found that Potamogeton pectinatus was limited in

growth to areas with 4% of surface illumination. A minimum
light intensity is therefore required for the growth of

aquatic macrophytes. The continual influx of water

x
e




containing high concentrations of nutrients might result in a
plankton bloom when the nutrients are released into the water
following the die-back of Potamogeton. If +this bloom was
large enough, it would reduce the light intensity below the

water surface, and might prevent the regrowth of Potamogeton.

3.3 Analysis of Phosphorus Concentrations in Sediment

The concentration of Total P in the summer and winter
sediment samples was determined. (See Tables 9,10 and 11 and
Figure 8). With the large amount of plant material senescing
and decomposing in early winter, the concentration of
phosphorus in the sediment might be expected to -increase at

some stage between senescence of the Potamogeton and complete

decomposition (which appears to result in an increase in
concentration of S.R.P. but no significant increase in the
phosphorus concentration in the sediment or in the

particulate water fraction).
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The sediment samples were collected in late summer (April)
and late winter (September). When the sediment sample was

collected in Septembher, the floor of the dam was completely

. . - . . » (l r(
clear of decomposing organic material and no significnt

difference at the 937 confidence level was detected in the
Total ¥ concentration of these samples and those taken in

April. (See Appendix A)

It is suggested that sediment samples should be taken at more
regular intervals between July and September. This would
provide some indication of the rate of decomposition of

Fotamageton.

2.4 Analysis of Phosphorus Concentrations in Potamogeton:

The concentration of Total Fhosphorus in the summer and

winter samples of Potamogeton was found to be significantly

different (at the 9%5% confidence level - see Appendix B).

v{

The winter samples ha%lan average concentr-ation of 323ng.d\

dry mass while the summer  samples had a higher concentration
-1 ) . .
of 388pgF.g dry mass. (See Tables 12,13 and 14 and Figure

.



Table 12: Concentration of Total Fhosphorus in Fotamogeton
[pMolar]l for summer samples in M3. Calculated from
‘Absorbance Readings of the samples (measured at
882nm) and converted to concentration expressed in

ugf.g’.
$ommmmm R et += -<;¥--+ ------------ pomm e oo o +
iSample | Abs {ganc) {Dilution iAtomic_ wt.PiDry wt.nfiEont._' i
{Na { [882nm] ! {Factaor {lg/maolel iSamplelglifugP.g 1!
pommmm pmmm e et T ittt e o et +
1542 a | 0.015 12.2794 10,425 130.9738 i0.1 1441.246 |
i b | 0.015 12,2794 | i ! 1441.26 |
' Av | 0,015 12.2794 | H ! 1441.26
P b tommmm e ittt D ittt R i pomm +
1543 a | 0.015 12.2794 10,625 130.9738 10.1 1441.246
! b i 0.013 11,9825 ! i : 1383.78 |
' Av | 0.014 12.13095 | ' H 1412.52 |
$ommemem L tmmm—mmmm e T e P e o +
iS#4 a | 0,010 11,3371 10.425 130,9738 0.1 1297.946 |
i b ! 0.011 11,6854 ! d i . 1326.31
! Av 1 0,0105 11.61135 | ' ! 1311.94 |
pomm—— e el L e LTt o pmmm e e +
1546 a | 0:012 11.8341  10.625 130.9738 10.1 1355.06
i b § 0.008 11.2402 | i ] 1240.09 |
! Av { 0.010 11,53715 | | i 1297.58 |
R it o m e o e e ettt tommmmm R +
i1S#8 a | 0,018 12,7248 10.4625 130.9738 10.1 1527.48 |
! bt 0.018 12.7248 | ' i 1527.48 |
H Av | 0.018 12.7248 | ! i 1527.48 |
oo o R $ommmm o o e et e +
15#21 a | 0.013 11,9825 10,425 130.9738 10.1 1383.78 |
i b { 0.013 11.9825% | i 1383.78 |
! fv 1 0.013 11.9825 ! i H 1383.78 |
Foemmme Fommmmmm e o o e T o b +
15422 a | 0.012 11.8341  10.429 130.9738 10.1 1355.06 |
' b i 0.013 11,9825 | : ' ©1383.78 |
! Av | 0,0125 11.9083 | H i 1369.42 |
tommm - pommmmmmmm e s R et e o  atatat et +
15423 a | 0.010 11.5371 10,425 130.9738 10.1 1297.56 |
H b | 0.013 11,9825 ! H | 1383.78 |
i Av | 0.0115 11.75%98 | ! i 1340.47 |
o e pomm————e ettt ettt pommmmm pommmmee +
15424 a | 0.015 12.2794 10.425 130.9738 10.1 1441.26
! b { 0.013 11,9823 | : ] 1383.78 |
' Av | 0.014 12.13095 | { d 1412,52 |
Fomm—m—— o o mm - pomm e N ettt o e +



Table 13:|Loncentration of Total Phosphorus in Potamogeton
[pMolarl for winter samples in M3. Calculated from
the Absorbance Readings of the samples (measured in
882nm) and converted to concentration expressed in

ng.gq.
o et E e e 3 e T ettt S e E T b mmmme e N it +
iGample | Abs iDilution !Atomiclwt.PlDry wt.of {Conc. H
iNo. { [882nm] iFactor i{g/molel {Samplelqg] ﬁtng.j']l
$m—mm—e e i atataktate tmmmmmm—mm $mmmmm e tpmmm————— +
TW#1 a1 0.009 10.7948  10.6295 130.9738 10.1 11593.86 |
' b i 0.007 11,0917 ! : 1211.34
i Av | 0.004 10.94325 | H : 1182.60 |
$m—m——— R R T atat pmm e ————— tommeemmmma R S ettt +
W82 a | 0.009 11.3887 10.425 130.9738 10.1 1268.83 |
: b 1 0.008 11.2402 | i i 1240,09 i
! Av { 0.0085 11.31445 | H ! 125446
o ————— $mmmmm—— e pmmmm——— tmmmmm i — ittt e m e e aduler +
W83 a 1 0.013 11,9825 10,625 130.9738 10.1 1383.78 |
i b | 0.011 11,6856 | 1 H 1326.31 |
{ Av { 0.012 11.83405 | d ! 1355.06
pmmm— - e ettt tommm———— tommmm———— e tommmm e b ——— tmm————— +
iW#4 a | 0.010 11,5371 10,623 130.9738 10.1 1297.36 |
H b { 0.014 42,1310 ! ! 1412,33 |
! Av | 0.012 11.83405 | i } 1355.06
e $ommmmm tommm—— e tommmm e fmmmmm e me e tommmem - e e +
W83 a | 0.010 11,3371 10.625 130.9738 10.1 1297.36 |
' b i 0.014 12,1310 | ! ! 1412,33 |
H Av i 0.012 11.83405 | ! i 1355.06 |
tomem——— R pommm R ittt pommmmm e pmmmme e b +
iN#6 a | 0.015 12.2794 10.625 130.9738 10.1 1441.26 |
: b ! 0.013 12,2794 | i i 1441,26 |
' Av | 0,013 12.2794 | i ! 1441,26 |
pomm o tommmmmmm— - I iaate R ettt T tala e e e iattate +
Table 14: Mean Concentration of Total Phosphorus in
Fotamogeton L[ugF.g'l for summer and
winter samples in M3.
s tommmm e R el pomm———— e ittt e s +
H iNo {Mean Conc.iStd Dev i5.E. 1%5.E. :
i iSamples {Total P | i ! '
{ : {tug.P.g'1! ! i !
R D e pommmmm o pomm—r i ——— e R et e s +
iSummer | H ' ! H {
' 118 1388.37 174.58 1 17.94 i 4.52 |
i i | b d i i
et omm e pommmmemme fommm———————— ittt o +
iWinter 1 H ! { i H
: P12 1323.91 195.29 i 27.91 i 8.49 |
1 ) 4 ] [} ] §
$o—m—m—— prm e ——— - ke R L prmm— e ————— e k2
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Figure %: Average Cmncéntration of Total Fhosphorus in

Fotamogeton CpgP.g dery mass Potamogetonl for summer and

winter samples in ME.



The reason for this decrease in phosphaorus concentration in
the plant material in winter (despite the increase in

available phosphorus in the water) was assumed to be the fact

that in summer, the Potamogeton is in a growth phase and
therefore, assimilating nutrients, whereas in September the

little remaining Potamogeton was already in a senescent

phase.



(. CONCLUSION:

The Macrophyte community (FPotamogeton pectinatus) plays an

oot cemass s

important role in nutrient cycling in M3. It is assumed that
the improved water quality in this system (in comparison with
that of the incoming water from the Eerste River) is due to

the uptake of nutrients by the macrophyte community.

Potamogeton pectinatus dies back in early winter and the

previously assimilated nutrients are released back into the
system. The rate of decomposition and theretore telease of
nutrients appears to be extremely rapid with little retention
of organic matter or phosphorus on the surface of the dam
floor. The concentration of phosphorus in the small amount
of plant material found in winter is lower than that of the
plant materialyin summer. The reason for this may be due to

the fact that ' the Potamogeton is in a senescent phase in

winter.

With the continuous influx of water with high concentrations
af nutrients from the Eerste River, the long-term stabiltiy

of the system might be in jeopardy.

Future research should determine whether nutrients are

removed from this system in any way and the possibility of
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harvesting the Potamogeton in order to remove nutrients from

the system is suggested.



Appendix A: One Tiled T Test for Summer

ond winter
Sediment SWPICS.

Sommexr : %, = 50F ‘02 §D," = 245526 F
N, = 4
Winker ¢ %, = 778 'y SO = 1343076

N, = O

whor ! X = Meam Conc . Toted P [/us P. 3" draw\ass]
"  spt= Stomdourd deviakon®
N

s Sam.ple 2L

degrees of freodom = 4 +6 -2 = g

tg = (;c"z "5‘") f(”a + Ny -Z)(N'M‘L>
j(w.s.’“ 4 N,5 ) (N, +N2)

bty ot 357 = 186, (One Taited)

£8 4 ‘%fﬁ*\'.

These is o differencs  behwean Hae womples.
ﬂ,‘ﬁ differenc® is dus to romdom error,



Appendix B One Tailed T-Test for Summel  and  (Dintel
Sediment Soump\es

Summer ¢ X, = 388 5% spl = 5502
N( = |8

Winter : x, = 339 S0, = 9080
N, = \Z

whae! % = Mean Gonc. Tokal P [ ugP g dry mass)
S0' = Skuwdard deviakion?
N = Sample Size

degees of freedom = 18412 -2 = 28

(:.,_g =_(5-°n - 5-“1) J(”l +N. "2-)(“|N7.>
ﬂw,s} + 1,52) (N, + NL)

= 2:00%

€y Uit ok 95% = 1701, (One Taited)

Lok > by ot

L Soumpes e different.
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