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Abstract

Basic features of the physical and biological limnology of Spioenkop, a large turbid impoundment on the Thukela River, were
studied between July 1989 and May 1990, following surveysinspring 1987 and 1988. Thelakeshowed atypical monomictic pattern
of summer stratification (November through April) and holomictic winter circulation (May to October). Water quality was
chemically good, with little evidence of nutrient enrichment (South African DWAF records). Biological production was confined
by high turbidity (SD around 25 cm, NTU values of ca 90) imposed by suspended sediments, limiting annual maximum surface
chlorophyll content to below 5 pg-¢%, and spring primary production to < 500 mg C-m2d 1.

Zooplankton was dominated (numerically and/or gravimetrically) by typical turbid-water fauna; the copepods Metadiaptomus
colonialis and Lovenula falcifera, and cladocerans Daphnia barbata and Moina micrura. These species and other taxa present
showed considerable seasonal periodicity, but maximal total abundance of the entire community (680 mg-m? DW) was attained
in mid-summer. Limited information regarding littoral zoobenthos and fish is provided.

Considerations of Spioenkop asamirror of its catchment, and in relation to the major Thukela-Vaal inter-basin transfer scheme
invite critical appraisal of the level of scientific knowledge and understanding. The pleaand challenge is made for more holistic
and integrated approaches to ensure sustainable environmental management.

Nomenclature

CPUE catch per unit effort

DwW dry weight

DWA Department of Water Affairs

DWAF  Department of Water Affairs and Forestry
K, downwelling extinction coefficient

MAR mean annual runoff

NTU nephelometric turbidity unit

PAR photosynthetically active radiation (400 - 700 nm)
P/B production to biomass ratio

P oo maximum volumetric primary production
SD Secchi depth transparency

Introduction

Man-made |akes dominate the limnetic landscape of South Africa
(Allanson et al., 1990), with some 520 major state dams capturing
50% of thenation’ SMAR (Uys, 1996). Asdamsarelogically sited
to maximise capture of river flow, the resulting impoundmentsare
rendered especially vulnerableto all land usesand devel opmentsin
their respective catchments; water quality is aimost inevitably
impaired (Marzolf, 1984). In South Africa, aselsewhereglobally,
eutrophication and chemical pollution represent major water-
quality threatsto river impoundments. Butin contrast to relatively
mesic conditions experienced in many nations, the aridity or semi-
aridity of South Africa rendersits impoundments especially sus-
ceptibleto two additional water quality problems. Firstly, elevated
mineral turbidity - a consequence of erosion of land surfaces with
limited vegetal cover, high intensity rainfall, etc. Secondly,
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sdlinisation arising through evaporative concentration (DWA,
19864).

Despitethelarge number of storagereservoirs(DWA, 1986a),
baseline limnological information is available for relatively few.
What does exist is often meagre, and based on once-off or short-
term studies. Seasonally comprehensivedataare seldom available
for acomplete year, let alone spanning sufficient time to encom-
pass the inherent hydrological variability of the region (Schulze,
1997). lronically, such deficiencies exist even in respect of
significant major impoundmentsin thiswater-limited nation. The
present study was undertaken as a preliminary attempt to improve
this deficiency in respect of selected reservoirsin the midlands of
KwaZulu-Natal. Thispaper considers Spioenkop, asystem highly
impacted by mineral turbidity. A parallel comparative study on
Wagendrift, a neighbouring and relatively clear-water impound-
ment on the Bushmans River, will be reported separately.

The primary objective of this study was to provide abaseline
limnological study of Spioenkop, with particular reference to the
seasonal abundance and community composition of itsplanktonin
relation to annual changes in thermal stratification and turbidity.
As such, it merely provides introductory documentation of the
limnology of thisreservoir, augmenting similarly descriptive stud-
iesundertaken elsewhere e.g. Sterkfontein (Dorgeloh et al., 1993).

Study site

Spioenkop is a large reservoir sited on the Thukela (formerly
Tugela) River near Bergville(KwaZulu-Natal), some 65 kmdown-
stream from this river's headwater sources in the Drakensberg
mountains (Fig. 1). It wasimpounded in 1972 by Spioenkop Dam
(28°38'S, 29°28'E), to regulate river flow for downstream users
following development of the Thukela-Vaa inter-basin transfer
and pumped storage scheme, but isoperationally divorced fromthe
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Figure 1

General geographic position (inset), and location of Spioenkop in relation to other Thukela-Vaal transfer scheme water-bodies
named in the text. Main outline map shows approximate positions of the routine mid-lake monitoring site (1), transect sites (4 ),
and other offshore (e) and littoral (0) sampling sites.

transfer schemeitself (DWA, 1986b). Relevant morphometricand

TaBLE 1 related attributes of the reservoir are summarised in Table 1.
MoRPHOMETRIC FEATURES OF SPIOENKOP AT FuLL
SuppLY LEVEL. DATA FROM NoBLE AND HEMENS Methods

(1978), DWA (19864), AND MIDGLEY ET AL. (1994)

Spioenkop was sampled approximately monthly between July
1989 and May 1990, following reconnai ssance studiesduring early
spring (September) in 1987 and 1988. Routinemonitoringin 1989/

Catchment attributes

Quaternary catchment number V1L 90 was undertaken around midday at adeep offshore stationinthe
Catchment area (km?) 2452 main basin of the lake (see Fig. 1), while sampling was done at
MAR from catchment (10 m®) 1800

varioustimes at several sites (Fig. 1) within the main basin during
the preceding spring surveys.

Vertical profiles of temperature (with dissolved oxygenin the
1987 survey), and underwater light intensity were measured using

Reservoir attributes

Surface area (ha) 1538 appropriateel ectronicmeters(Y Sl thermistor thermometer, Lambda
Maximum depth (m) 46.8 PAR radiometer). K PAR(m™)wasestimated conventionally as:
Mean depth (m) 18.2

Volume (10° m?) 280 Inl-Inl,

Elevation (m as.l.) 1071 K= ——

Mean hydrological retention time (d) 57 z

Water transparency was determined with a white Secchi disc (20
cmdiameter), whiledirect turbidity measurements of near-surface
(0to 2 m hose-pipe sampl er) and deeper water (Van Dorn sampler)
were made using a Hach turbidimeter.
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Chlorophyll concentration was determined from integrated
hose-pipe samples of water encompassing the upper 2 m of the
water column. Samples were filtered on site (Whatmans GF/F
filters); filters were briefly air-dried and stored in the dark during
transportation to the laboratory, where boiling 95% methanol
extraction was undertaken within 6 h of sample collection. Chlo-
rophyll content (ug-¢*) was determined from spectrophotometric
absorbances (E) read at 665 and 750 pm, using the conventional
formulation:

13.9x0.89x (E, - E,) XV

Chlorophyll a =
Vx1
where:
\Y volume of solvent (m¢)

\%
|

volume of samplefiltered (¢)
photometric light- path length (cm)

Values were not corrected for phaeo-pigments.

Attempts were made to determine phytoplankton abundance
and composition using hose-pipe samples preserved in the field
with Lugol’s iodine, and subsequent conventional (Utermohl)
inverted microscopy analysis (Lund et a., 1958). However, this
was unsuccessful in view of obscuring silt particles, and was
accordingly discontinued after two months.

Primary production was estimated during the 1987 and 1988
surveys. Changes in dissolved oxygen concentration over an
incubation period of around 6 hweremeasured by Winkler titration
(Mackerethet al., 1978), inlight and dark bottles suspendedinsitu
at 10 cm intervals through the upper 1 m of the water column.

Zooplankton was collected in a conical tow-net, with mouth
and reducing cone diameters of 25 and 50 cm respectively, and
mesh aperture of 53 um (seelegendto Fig. 6 for exception), hauled
vertically from just above the lake bottom to the surface. Samples
werebriefly (< 305) fixed by flooding with 95% ethanol, and then
preserved with formalin (final concentration of + 5%) for subse-
quent laboratory analysis of the entire sample (for adult calanoid
copepods, cladocerans, and Chaoborus) or variable subsample
fractions(1/5t01/50) for cyclopoidsandjuvenilecal anoid copepods,
androtifers. Biomasswas estimated from numerical countsusing
pre-determined values of individual speciesand stage-specificdry
mass.

Littoral benthic macro-invertebrates were collected during
1987 from representative marginal habitats (rocky, sandy and
muddy substrata), inwater depthsranging from 0to approximately
1 m, using a sweep net with 0.5 mm mesh aperture. These
qualitative sampleswereanalysed in entirety, to provideameasure
of relative abundance of the taxa collected. Semi-quantitative
sampling (25 cm x 25 cm quadrats) was used to examine the
distribution of this faunain relation to distance from shore (and
water depth).

Results
Thermal characteristics

Spioenkop showed atypical warm monomictic pattern of thermal
stratification, with holomictic cool season circulation (Fig. 2a).
While surface warming was evident by September, thermal strati-
ficationwasnot devel oped until December. Vertical penetration of
surface-heated waterswaspronounced, and seasonally continuous,
as reflected particularly in the plunging 18°C isotherm (Fig. 24).
Sustained summer surface water temperatures were 24°C and
above, with extreme surface heating evident in the mid-December
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Figure 2
A) Time-depth isopleth diagram (isotherms at 1°C intervals) for
Spioenkop during 1989/90. Broken lines reflect isotherm
extrapolations below a profile’s deepest point (A ), and/or
outside the period studied.
B) Seasonal variation in temperature in surface (—8— =0 m,
—e— =2 m) and deep waters (—A—), showing extent of
vertical heat transfer during an annual cycle (1989/90).

and early March profiles (see Fig. 2b). Turnover occurred during
April. Subsequent cooling to winter isothermy wasnot monitored,
but was presumably very rapid, requiring cooling of the entire
water column by some 6°C in little more than one month to return
totheisothermal temperature (ca. 12°C) observed at theonset of the
study. Such rapid heat lossisnotincompatiblewith the severity of
thelocal and neighbouring Drakensberg mountain climate(Schul ze,
1997).

Figure 2b compares temperatures in surface (0 and 2 m)
and deep waters (generally around 30 m). It illustrates both the
localisation of surface heating (thermal gradientsof upto5°C over
2m) and progressivevertical transfer of heat (hypolimnetic warm-
ing of some 6°C) in this turbid reservoir. Vertical profiles on
several consecutive days during the spring 1987 and 1988 surveys
indicated therapidity of surfaceheating over several hours(Fig. 3),
as well as considerable differences in isothermal temperatures
between thetwo years (also see Table 2). Strong thermal differen-
tiation (upto 4.5°C) betweentherelatively shelteredinflow region
and open waters of the lake was evident during spring 1988, when
respective temperatures of 19.5, 14.9, 16.5 and 15.0°C were
recorded at Stations d, ¢, band a(Fig. 1).

Underwater light climate and turbidity

Spioenkop was consistently very turbid throughout this study
period. Secchi depth transparency in the main basin was seldom
greater than 0.3 m, and K | PAR averaged 3.86 m™ (Fig. 4). The
turbidity was predominantly of amineral character, attributableto
fine suspended clay particles obviously eroded from the upper
catchment of the Thukela River.
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Figure 3
Vertical thermal profiles measured on consecutive days at a
range of stations illustrated in Fig. 1 during spring surveys in
1987. Open and shaded symbols distinguish “early” (ca. 09:00)
and “late” (ca. 11:00) morning profiles on successive days (viz:
O ande; V and ¥, 0O and m;$ and @) for illustrative purposes.
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Figure 4
Seasonal changes in water transparency (—— = K, PAR,
—A — = Secchi depth) and chlorophyll content (—O—) of near
surface waters through one hydrographic year (1989/90).

No turbidity gradation between inflow reaches and the open
waters of the lake was evident in early spring, when SD was
uniformly around 15 cm at Stations ato d (Fig. 1). However,
gradients would be expected to develop with the onset of stronger
river inflows following summer rains.  While the high mean
flushing rateof Spioenkop (Table 1) undoubtedly reduces prospec-
tive sedimentation of fine colloidal particles with inherently low
settling rates, somevertical turbidity differentiation wasevidentin
spring 1988 (see Table 2), prior to the onset of the rainy season,
perhaps reflecting sedimentation through the winter.

Water chemistry

Discounting high turbidity, the water quality of Spioenkop was
good (Table2), with noremarkable or unusual chemical attributes,
apartfromtheswitchinanionicdominanceof SO,>andCl -relative
to average river water (Ca?* >Mg* >Na* >K*; and CO,> >SO*
>Cl-) (Wetzel,1983). Waters were soft and circum-neutral, with
little evidence of either phosphorus or nitrogen enrichment, al-
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Figure 5
A typical primary production profile (——) in relation to
underwater light intensity (—®—)

thoughintermsof the Redfield ratio (Redfield, 1958), the average
N:Pratio of 11.2 reflects marginal relative enrichment of Pto N.
While no measurements of dissolved oxygen were made during
thermal stratification, serioushypolimnetic de-oxygenationiscon-
sidered unlikely, inview of theoligotrophic nature of thereservoir.

Not surprisingly, seasonal and inter-annual variability was
evidentin several water quality variables measured by DWAF, but
these are not examined here. A crude indication of some of the
inter-annual variability observed between the three successive
spring periods spanned by the present study isevident in Table 2,
which reflects particular disparities in water clarity. Thisincom-
plete data set isincluded merely to emphasise the redlities of such
variability.

Phytoplankton and primary production

Owing to sediment screening, only the relatively large diatom
Melosirasp. (= Aulacoseira sp.) wasevident in samplesexamined,
and inverted microscopy was abandoned. However, measured as
chlorophyll concentration, total phytoplankton abundance during
thestudy period wasreasonably high, particularly inregardto high
prevailing levels of mineral turbidity. Seasonally, chlorophyll
content varied nearly 3-fold, from winter lows barely greater than
1 pg4t to summer highs above 3 to 4 ug<¢* (Fig. 4). The
concurrence of chlorophyll minimawith transparency maximais
consideredtobecoincidental, reflecting reductionsintransparency
attributabl e to inputs of suspended sediment during summer rains
rather than as biogenic turbidity associated with phytoplankton
development.

Six primary production profiles determined in spring closely
mirrored changes in underwater light intensity, with photosyn-
thetic compensation points closely matching the depth reached by
1% of surfaceradiation. Figure 5 illustrates the most productive
profileobtained (withaP, _ valueof 750mgO,-m*h*) fromwhich
integral daily production was estimated as 500 mg C-m2.d?.
Valuesestimated for theother profileswere between 30% and 50%
lower. No concurrent chlorophyll estimates are available.
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TABLE 2

Major WATER QUALITY VARIABLES AND DissoLVED CONSTITUENTS DETERMINED
ON > 200 SampLING DATES BETWEEN MARCH 1975 anp JUNE 1988. MEDIAN
VaLues = 95 % Cu (In mg-£?, ExcerT WHERE OTHERWISE INDICATED). DATA
KiNDLY SuppLIED BY DwAF (GELDENHUYS ET AL., 1991). COMPARATIVE VALUES OF|
SeLecTED WATER QUALITY ATTRIBUTES DURING SPRING IN THREE
ConsecuTIVE YEARS (1987 1o 1989) ARE LISTED IN THE LOWER SECTION.

Electrical conductivity (mS:m1) 8.3 0.1
pH (pH units) 6.9 0.1
Total dissolved solids 61.0 1.0
Na* 3.0 <01
Mg?* 3.0 <01
Ca 7.0 <01
K* 14 0.1
S* 6.0 <01
Total (CaCO,) alkalinity 28.0 1.0
SOz 5.0 <0.1
Cl- 4.0 <01
F 0.12 0.01
PO,-P 0.026 0.002
NH, - N 0.05 <01
NO, + NO, -N 0.29 0.1
7-10 Sep 5-8 Sep 20 Sep
1987 1988 1989
Chlorophyll (ug<*) - - 13
Primary production
P (mgCm3h?) - 280 -
>P  (mgC-mr2-h?) - 60 -
> 5P (mgC-m2.d?) - 500 -
Conductivity (mSm 1) - 54-6.8 -
Turbidity (NTU)
<20m 60 92-112 -
>20m - 122 - 145 -
Secchi transparency (cm) 17-22 15-18 30
K,PAR (m?) 53-6.1 49-65 41
Temperature (°C)
Im 115-123 155-17.6 15.8
>20m 10.0-10.3 12.2-125 141
Dissolved oxygen (% saturation)
Im 95 - 100 - -
>20m 90- 95 - -
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TaBLE 3
SvysTEMATIC LiST oF PLANKTONIC CRUSTACEA
AND INSECTA CoLLECTED FROM SPIOENKOP

Crustacea

Cladocera
Daphnia barbata Weltner
Daphnia pulex Leydig
Diaphanosoma excisum Sars
Moina micrura Kurz
Copepoda
Lovenula falcifera (Lovén)
Metadiaptomus colonialis (Van Douwe)
Unidentified cyclopoid copepods

Insecta

Chaoborus ? flavicans

Zooplankton

Zooplankton species collected during the study
are listed in Table 3, while seasonal changes in
their composition and abundance are shown in
Fig. 6. All taxaapart fromthepredatory Lovenula
falcifera (Fig. 6¢) were very sparse at the start of
thestudy, reflecting thestrongly depressed winter
zooplankton populations. Subsequent seasonal
increasesof all zooplankton taxavariedin magni-
tude and timing, although copepods (Figs. 6ato c)
ingeneral showed lessseasondlity than cladocerans
(Figs. 6d to g) and other taxa (Fig. 6h).

Thefirst major increase during the study was
shown in spring by the rotifers (Fig. 6h), with
subsequent strong increases shown by cladoceran
taxain summer. A minor peak of Daphnia pulex
(Fig. 6e), and strong coincident peaksof D. barba-
ta (Fig. 6d) and Moina micrura (Fig. 6g) devel-
opedin early summer, followed by asecond peak
of D. pulex. Diaphanosoma excisum showed the
latest annual increase, only reaching its annual
maximum on the final sampling date in late au-
tumn (Fig. 6f), by whichtimeall other zooplankton
had virtually disappeared ahead of winter.

Unlikethegenerally sharp andrelatively con-
fined increases apparent in the cladocerans,
copepod popul ationsshowed slower but sustained
development. The cyclopoid copepod assem-
blageincreased until early March (Fig. 6b), peak-
ing concurrently with Chaoborus sp. (Fig. 6h),
and the second peak of D. pulex. Metadiaptomus
colonialis, arelatively small ‘herbivorous' cala-
noid, gradually increased through the study (Fig.
6a), reaching its annual peak after the joint
D. barbata and M. micrura maximum. Thevery
large and relatively scarce predatory calanoid,
Lovenulafalcifera, was commonest at the start of
the study, but declined thereafter until breeding
femalesappeared in spring. Itspopulation subse-
quently increased to a mid-summer peak coinci-

ISSN 0378-4738 = Water SA Vol. 25 No. 4 October 1999 523



- q Metadiaptomus colonialis Al

2 100 -2

o E

<] 3 B

=] 50—: .w 1
= : o

200 Cyclopoid copepods

T T T T
n

—40

5 T
. 4-| Daphnia pulex E [
» 5] [-1
g [
e 4 ﬁf:‘\\ :
1 L
0 ~0
6 T T T Y T T T T -

T T
4 Diaphanosoma excisum

T T
No

204 T g T T
3 Moina micrura

/\/4 |
G
0
g 10
£ 55
O—E T T T T T
&;

-

o

4003 Rotifers

N

Q
D
o
<3
2 -
&
(AN AN L S R
-

Jul'Aug' Sep. Oct Nov Dec Jan Feb Mar Apr May Jun

Figure 6
Seasonal occurrence and abundance (individuals m -2) of the

named zooplankton taxa during 1989/90. Abundance values of
breeding (—/\— right hand ordinates) and total (—e— left hand

ordinates) populations of the crustacean taxa listed are plotted
separately. Note that July 1989 estimates for small taxa (rotifers,
copepod nauplii) are conservative, owing to use of a coarse net

(158 um mesh, cf 53 um in all subsequent samples).

dent with peaks of D. barbata and M. micrura.

L. falcifera showed a pattern substantially different from that
evident in all other zooplankton taxa, in that the final autumnal
population was substantially lower than that apparent at the onset
of the study in late winter. If thisisaconsistent annual pattern, it
suggests that the early spring peak may be attributable to a very
early hatch of resting eggs, or emergence from a subsequent
diapausing stage. Demographic analyses showing that breeding
females were consistently present (except when densities were
very low) in populations of all planktonic crustacean species apart
from L. falcifera (Figs. 6ato g), is consistent with this. Although
small sample size compromisesthisanalysis, early populations of
L. falcifera predominantly comprised juvenile instars, with adult
stages only appearing subsequently.

Variation in fecundity was evident in all zooplankton species
(Fig. 7), during their tempora occurrence in the system. In the
apparently herbivorousM. colonialis, clutch sizedeclined progres-
sively and severely throughthefirst half of the (hydrographic) year,
and remained stable for the balance of the year (Fig. 7b), showing
no obviouscorrel ationwith chlorophyll content (Fig. 7a). For most
of the cladocerans (Fig. 7c), however, clutch size varied with
chlorophyll content, seemingly reflecting changes in food avail-
ability. In predatory Lovenula (Fig. 7b), clutch size weakly
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Seasonal changes in mean clutch size of (B) planktonic copepods
(Metadiaptomus colonialis (left ordinate; —4—) and Lovenula
falcifera (right; —®—)) and (C) cladocerans (left: - Daphnia spp.
(D. barbata (—A—); D. pulex (—O—); right: - Moina micrura
(—®—) and Diaphanosoma excisum (—O—)), in relation to (A)
chlorophyll content (—®—) and water temperature (—A—) and
(D) total zooplankton biomass during 1989/90.

parallelled changesintotal zooplankton biomass(Fig. 7d), perhaps
reflecting changesin its food supply.

Littoral zoobenthos

Limited sampling of the littoral benthic fauna revealed the exist-
enceof profound differencesbetween rocky and muddy shorelines
(Table4). Thelittoral zoobenthoswas dominated by insect larvae
- notably Ephemeroptera and Chironomidage - both in rocky and
muddy shorelines, athough species diversity and abundance of
macro-invertebrates was notably greater on rocky than on gently-
shelving muddy shorelines. Ephemeropteran larvae increased in
abundance offshore quite consistently (Table 4 - lower), with
chironomids showing aparallel trend on rocky shores, but no clear
pattern on muddy shorelines.

Although numerically sparse, bivalve molluscs (Unio caffer)
were conspicuous in some shallow margins of the reservoir.

Fish
No fish sampling was undertaken, but some appraisal of the fish

community ispossiblefromangling catchreturns, provided that the
inevitably strong sampling bias which exists therein is borne in
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mind. Table 5 show the existence of five indigenous and three
exotic species. While catches appear overwhelmingly dominated TABLE S
both numerically and by mass by the exotic Cyprinus carpio, REecREATIONAL FisHING EFFORT AND CATCH COMPOSITION,
indigenous species held the subsequent five ranking catches (by From SpioenkoP ANGLING RECORDS KINDLY SUPPLIED BY
mass). No information exists on the population structure of the M. Coke. VALUES SHOWN ARE THE ANNUAL MEANS AND
angling species/catches. RanGEs (Rounpep Up) For Six YEARs (1980/81 1o 1985/86).
Species RANKED AccoRDING TO CATCH BY Mass.
Discussion
Mean Range
Seasonality
Fishing effort
In keeping with the considerable annual climatic variability in the No. of anglers 1407 | 737-2124
reservoir basin and its surrounds, seasonal variability was quite No. of competitions 36 21-51
pronounced in Spioenkop. Theannual thermal range of morethan Man-hours fished 13489 |7710- 20565
10°C for the upper 5 m water column in Spioenkop broadly Total catch
corresponds in magnitude with changes observed in Vanderkloof Number 1074 579-1729
(Allanson et a., 1983), a comparably turbid but cooler reservair. Biomass (kg) 1071 632-1634
Vertical heat transfer was substantially greater in Spioenkop than Carp (Cyprinus carpio)
in Vanderkloof, leading to more pronounced seasonal changes for No 833 464 - 1388
the entire water column (Fig. 2b). This difference is unlikely to kg 932 532 - 1456
haveinfluencedbiological productivity, however, giventheturbid- Ed (Anguilla mossambica)
ity-generated light limitation in both lakes. No 60 14-117
Zooplankton abundance (as biomass) varied morethan 20-fold kg 51 7-85
through the year, while by contrast, annual variations in chloro- Scaly (Barbus natalensis)
phyll, water transparency and water temperatureweremuch lower, No 103 7-240
with respective ranges of approximately 5-fold, 2-fold, and barely kg 42 1-97
1v>fold (Fig. 7). Correlation analysis indicates that seasonal Catfish (Clarias gariepinus)
changes in zooplankton biomass were most strongly related to No 53 14-84
annual changesin water temperature (r2=0.509). In contrast, the kg 39 9-73
Mudfish (Labeo rubromaculatus)
No 7 0-20
TaABLE 4 kg 3 0-6
GENERAL Taxonomic CoMPOSITION AND RELATIVE ABUNDANCE Tilapia (Oreochromis mossambicus)
OF LITTORAL INVERTEBRATES ON Rocky AND MuDDY SHORE- No 6 0-13
LINES (UPPER), AND (LOWER) IN RELATION TO DISTANCE FROM kg 2 0-6
SHORELINE (AND WATER DEPTH), IN 1987 Bass (Micropterus salmoides)
No 2 0-8
Taxon Rocky Muddy kg <1 0-4
% % Bluegill (Lepomus machrochirus)

] ] ] No 11 0-61
Dlpterg_' Chironomid larvae 238 333 kg <1 0-2
Mosquito larvae 4.2 238
Ephemeroptera: larvae 48.3 28.6
Annelida Hirudinea 9.4 71 relationship with chlorophyll content wasmarginal (r?=
M_ollusca Gastropoda 38 4.8 0.332), while that with water transparency was barely
Miscellaneous taxa: (A) 1.0 0.0 apparent (r ? = 0.029).

(B) 24 0.0 In Spioenkop asin Vanderkloof (relevant papersin
© 52 0.0 Hart, 1994), zooplankton abundance peaked between
(D) i 17 0.0 mid and late summer, in contrast to the spring peak
Total sample size (n) 286 42 commonly observed in clear-water monomictic |akes
Distance offshore (m) 0-1 1.0 ”.3 3.4 (Sommer et a., 1986). The annual development of
zooplankton was furthermore unimodal, in contrast to
Sub- thebimodal pattern common intemperatelakes. Winter
stratum depression of zooplankton was strong in Spioenkop, but
lesspronounced thanin Vanderkloof, broadly inkeeping
Chironomidae | Rocky 50 210 510 1000 with theslightly warmer conditionsin Spioenkop during
Muddy | 2 13 12 4 winter.
Ephemeroptera | Rocky 20 80 70 105
Muddy 0 1 7 16 Influences (and implications) of mineral
turbidity
Total Rocky 70 290 580 1105 ) ) ) )
Muddy 2 14 19 20 Many if not most limnol ogical features of Spioenkop are
attributable to the prevailing high levels of mineral
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TABLE 6
COMPARATIVE PHYTOPLANKTON STANDING STOCKS AND PRIMARY PRODUCTION VALUES IN SOME
TureID SouTH AFRICAN IMPOUNDMENTS. THE SECOND Row FOR EAacH NAMED LAKE SHows
AVERAGE VALUES WHERE STATISTICALLY RELIABLE ESTIMATES ARE AVAILABLE.

Reservoir Year Secchi Turbidity | Chlorophyll Primary
depth production*
(cm) (NTU) ug-L* (mg C:m2.d?)

Gariep (Hendrik Verwoerd)? 1971-73 - - - 0.5-623

Wuras? 1977-80 - - 12-23f 190 - 2011

- - - 725
Vanderkloof (Le Roux)?23 1977-84 23-75 - 10-42 6-890
Spioenkop * 1988/89 22-30 90-145 13-45 240 - 500
27 - 2.7 -

T Most frequent range - extremes excluded.

* Hourly ratemeasurementsconvertedto daily estimatesassuming aconstant factor of 10, and oxygen
values converted to carbon using 1 mg C = 0.375 mg O,.

Sour ces

1 Stegmann (in Allanson et al., 1990)
2 Allanson et al. (1983)

% Hart (1986)

4 This study

turbidity, the strong or controlling influences of which on thermal
behaviour, water chemistry, biologica productivity and commu-
nity structure arewidely recognised (e.g. Marzolf, 1984; Allanson
and Jackson, 1983; Allanson et a., 1990; Hart, 1994). As the
general principals underlying these influences are familiar, only
selected points of contextual relevance, regional topicality, or
comparative value are discussed below.

A common interest and central concern with mineral turbidity
relatesto itsoverriding direct and indirect controls and influences
onprimary and secondary producersand their productivity. Inthis
context, however, quantitative dataareremarkably limited, both at
regional and global scales(Allanson et a., 1990). Table6 liststhe
comparative chlorophyll rangesand primary production estimates
availablefor minerally turbid watersin South Africa. Ideally, the
few oxygen-based primary production estimates for Spioenkop
reguire corroboration with more sensitive and accurate radio-
carbon assays. Despitethelimited reliancewhich can beplaced on
them however, thesevaluescompare broadly with datarecordedin
other lakes, and generally, the variables in this limited data set
(Table 6) exhibit asurprising level of internal consistency. Quan-
titatively, Spioenkop showssimilaritieswith Vanderkl oof, whereas
the Wuras data reflect the much shallower depth and commensu-
rately more favourable underwater light climate of that small
reservoir.

Consequent on the light-limited primary productivity of
Spioenkop, the abundance of secondary producer componentsis
limited. Atanannual averagelevel of 240 mg-m-2DW (around 13
mg-m-3), total zooplankton standing stocks (Fig. 7) werelow, and
remarkably similar to those recorded in Vanderkloof during years
of comparable turbidity (Hart, 1986).

Zooplankton clearly provides a rather limited resource base
for higher trophic levels, especially zooplanktivores. Based on
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a likely annua production to biomass (P/B) ratio of 50 (Hart
1987), zooplankton production in Spioenkop amounts to barely
12 g-m2at. At atransfer efficiency of 10%, this would support
annua productivity in a subsequent trophic level of a mere
1.2 gm? (12 kg-ha' ), some 7-fold less than the weighted mean
estimate of fish production/yield in South African reservoirs
(Allanson et al., 1990). A corresponding depression of secondary
production is implicit in the angling data, which reflects a low
average CPUE of around 0.64 kg per angler-day (Table 5).

Several of the zooplankton collected in Spioenkop are charac-
teristic of minerally turbid waters. Amongthe Cladocera, Daphnia
barbata is exemplary in this regard, although the large-bodied
D. gibba, another speciescharacteristic of many turbid waters, was
surprisingly absent. Largeindividualsof themoretypically clear-
water D. pulex were present, perhaps functioning as an ecological
equivalent. The presence of this large cladoceran, along with
L. falcifera, reflects the paucity of visual planktivory in turbid
waters (Hart, 1994).

Spioenkop as a mirror of the catchment, and
comments on inter-basin transfer

Transparency levels of Spioenkop were comparableto the charac-
teristic modal range of 0 to 50 cm encountered in South African
impoundments (Walmsley and Bruwer, 1980). However, the
existence of such highturbidity in alake so closeto the headwaters
of the Thukela River is very disturbing, particularly as these
headwaterslieintheRoyal Natal National Park natureconservancy
area, and the presence of Woodstock, effectively alarge upstream
‘pre-impoundment’ (Fig. 1). Whilesediment accumul ation statis-
ticsfor Woodstock (DWA, 1986a) imply littleinfilling, theboating
experiences of long-standing residents (e.g. Dowling, 1998) are
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directly contradictory, and indicate radical sediment infilling of
Woodstock.

Local geology, topography, and meteorology (Midgley et a.,
1994; Schulze, 1997) are natural factors pre-disposing the general
catchment to high erosion rates. But Spioenkop also appearsto be
reflecting (sensu Hynes, 1975) undesirable anthropogenic devel-
opments. While overpopulation, with concomitant utilisation and
overgrazing of steep and vulnerableupper catchment regionsof the
ThukelaRiver isalegacy of theformer socio-political climateand
“Triba Land” policy, sustainability of thisriver’' swater resources
requires prudent and judicious management. Limitations on fur-
ther or future devel opments, and theimplementation of restoration
measures, are environmentally warranted.  Reduction of the
agricultural livestock, especially inthe sensitive upper catchment,
is one obvious possibility to facilitate regeneration of the vegetal
cover, thereby reducing sediment erosion. An improved holistic
appraisal of the circumstances and i ssuesfacing thesereservoirsis
aclear necessity, requiring the incorporation of comparative data
on Woodstock.

Inter-basin transfers, with their associated environmental im-
pacts and costs, have become a significant management option to
cater for burgeoning water demandsin South Africa (Petitjean and
Davies, 1988). Although only a peripheral component of the
Thukela-Vaal inter-basin transfer scheme, Spioenkop merits pass-
ing consideration in this regard.

The only other reservoir in the scheme for which limnological
studiesexistis Sterkfontein. Lying at 1620 m a.s.l. on the edge of
the Drakensberg escarpment (Fig. 1), thisvery deep, high-capacity
impoundment in a very small natura catchment, stores water
pumped from the Thukela River into Driekloof, a small reservoir
whichabutsand overspillsdirectly into Sterkfontein. Despitetheir
commonwater source, Sterkfonteinismuch clearer than Spioenkop,
with Secchi depths averaging morethan 2 m at a deep open-water
site (Dorgeloh et a., 1993). This difference in water clarity is
remarkable, and remains largely inexplicable on available evi-
dence. Sediment settling in either Driekloof and/or Driel Barrage
can contribute only marginally to the difference in view of short
hydrological residence times in these small reservoirs. Further-
more, given the severe sedimentation observed in Woodstock
(Dowling, 1998), consequent both on natural effects and land-use
mal practicesinthe upper catchment, it appearshighly unlikely that
turbidity of the Thukela River at the Driel Barrage pump off-take
site (Fig. 1) can be radicaly lower than that downstream at
Spioenkop. (If itisindeed lower, it would severely inditethe land-
use practices and activities in the intervening catchment area.)

Species (or genetic) transfers or introductions represent a
pressing environmental concern associated with water transfer
schemes. On the basis of the limited biotic surveys presently
available, Sterkfontein and Spioenkop appear to support somewhat
distinctive faunas, although prospects of species introductions
remain. For instance, the low diversity of fishes collected in
Sterkfontein during 1984/85 was attributed by Dérgeloh (1987) to
the newness and artificiality of this reservoir, but he listed 13
additional species (including 5 exotics) known from the upper
ThukelaRiver, which could possibly reach Sterkfontein. Despite
their illegality, purposeful transfers remain an unfortunate reality.
Forinstance, theoccurrenceof Clariasgariepinusinthe Spioenkop
catches was attributed to an illegal introduction (Coke, 1985), in
view of thisindigenous species’ natural restriction to the Thukela
River below Colenso by the Thukela Falls at Hart’s Hill (Fig. 1).

While no comprehensive listing of invertebrates has been
published for Sterkfontein, mention of the presence therein of the
copepod Metadiaptomus meridianus (Dorgeloh et al., 1993) indi-
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cates the existence of distinct species within this calanoid genus
between the two reservoirs. By contrast, acommon species of the
massive predatory copepod Lovenula falcifera occurs in both
reservoirs (Rayner, 1992). Among the cladoceran zooplankton,
only D. pulexisnotedfor Sterkfontein (Dérgelohetal., 1993). The
apparent absenceof D. barbataisnot surprising, giventhisspecies
typical occupancy of turbid waters, related to its feeding adapta-
tions thereto (Hart, 1988).

Conclusions

Spioenkop exemplifies many of the common features and at-
tributes of turbid inland water ecosystems in Southern Africa
However, theinformation“transparency” implicitinthisstatement
obscures a major deficiency of knowledge and understanding.
Perhapsthemost important messageto emanatefromtheforegoing
discussion concerns the sparsity of information and holistic inte-
grated understanding about the reservoirswhich collectively com-
prise the ThukelaVaal scheme, despite its recognition as “un-
doubtedly the most important water transfer scheme in South
Africa’ (DWA, 1986b). Particularly needed in the limnological
arena are investigations extensive enough to incorporate and ad-
dress intrinsic seasona variability, the general predictability of
whichisseriously limited under theinherently variable conditions
which constitute the Southern African environment. While hard
evidence may be limited, clear indications of unsustainable land
management practices are evident in the foregoing account.
Holistically integrated catchment management is an obvious pre-
requisite for sustainability not only of pricelessly precious water
resources, but of the terrestrial ecosystem(s) from which these
watersdrain. Thisisan inescapable challenge for the New South
Africa
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Note added in proof

Inview of thelong delay in publication of these data, some update
on Spioenkop’ sstatuswas called for by onereviewer, and thelake
wasaccordingly visited andinspected on 23 May 1999. Thissingle
spot sample provided no basis to revise opinions expressed in the
foregoing discussion. With SD readingsof 25 cm, noimprovement
in mineral turbidity was evident; and conversely, prolific growths
of filamentousalgaeonrocksinthewave-wash zonesuggested that
significant nutrient enrichment may have occurred in the interim.
These observations collectively indicate that inferences regarding
catchment conditions made above still prevail, and may indeed
have deteriorated further. The collection of a freshwater shrimp
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(Caridinanilotica) invertical planktontrawlsduring thisvisit also
provided a new species record for the lake.
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