The zooplankton of Zeekoevlei and Princess Viei
(Western Cape) - A preliminary assessment
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Abstract

This paper provides a 3-year record of the zooplankton composition and seasonality in Zeekoevlei and Princess Viei, 2 coasta) lakes situated
on the Cape Flats of the Cape Peninsula, South Africa, Zeekoevlel (236 ha) is a poorly flushed, shallow hyper-eutrophic lake dominated year-
round by cyanophyte algal species with underlying diatom and chlorophyte assemblages. Princess Viei is smaller (33 ha), shallow and
eutrophic with significant hydraulic flushing during winter resulting in a clear water phase. The zooplankton composition and relative
abundance in Zeekoevlei and Princess Vlei were similar, In both lakes copepods contributed most to the total zooplankton standing stock.
In Princess Vlei this was enhanced by the presence of the calanoid copepods Metadiapromus purcelli and Lovenula simplex during the
winier clear water phase. Cladocerans were poorly represented and present in low rumbers in bath lakes, It appears that the abundance
of zooplankton in Zeekoeviei is controlled by factors other than phyteplankton tesource availability, In Princess Viei low algal densities
during the winter clear water phase appear to be advantageous to filter-feeders such as Daphnia spp. as well as calanoid copepods,

Introduction

Very few South African coastal lakes have been studied extenstvely
with special reference to zooplankton. Investigations have been
conducted in Natal in the estuarine or serm-estuarine systems of
Lake Sibaya(Hart, 1981)and Lake Mzingazi {Fowles and Archibald,
1587), in the southern Cape on the Wilderness Lakes complex
{Coetzee, 1980; 1981 and 1983) and recently, Lake Cubhu in
Zululand (Martin and Cyrus, 1994). Sparse data exist on the
zoopiankton of the principal coastal lakes of the Cape Peninsula
Zeekoevlei, Princess Vigi and Zandvlei (Hutchinson et al., 1932;
Harrison, 1962 and Van Wyk, 1970).

This report describes the zooplankton composition and relative
abundance during the period October 1989 to December 1992 of
Zeckoevlei and Princess Viei with the aim of establishing baseline
data for comparison with fuwre changes in the zooplankton
community structure in these 2 lakes.

Study area

Zeekoevlei (34°S {8°30°E)is a 256 ha, shallow (mean depth 1.9 m)
perennial, freshwater coastal lake situated 20 km south of Cape
Town on the Cape Flats of the Cape Peninsula (Fig. 1). The lake is
hyper-eutrophic as a result of high concentrations of nitrogen and
phosphorus (Table 1) introduced via carchment runoff, and iniernal
phosphorus loading from the considerable sediment accumulations
(Harding, 1992b). Zeekoevlei exhibits the effects of excessive
nutrientenrichment and is deminated year-round by the cyanophyte
alga Microcystis azruginosa (Harding, 1992b).

Princess Viei (34°S 18°30E) is a small (35 ha), shallow (mean
depth 2.4 m), permanent freshwater coastal lake (as defined by
Davies and Day, 1986) sitwated approximately 2 kim NW of
Zeekoevlei (Fig. 1). Princess Viet is fed by the Southfield Canal
and drains an urban catchment of approximately 800 ha and has
been described as eutrophic (Table 2) (Harding, 1992a).
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Materials and methods

Physical and chemical water sampling was previously conducted
on a fortnightly basis at each lake. These results, including the
phytoplankton composition and periodicity of Zeekoevlei and
Princess Viei, have been described in detail by Harding (1992a;
1992b).

Zooplankton samples were collected fortnightly from October
1989 from Siation 3 of both lakes (Fig. 1). A 34 Van Dorn sampler
was [owered vertically into the water to coltect subsurface samples
which were then filtered through a 60 pm Nitex screen to retain
small crustacean as well as roiifer species. The samples were
preserved following the method of Haney and Hall (1973) for later
taxonomic identification and enumeration (subr-sampled using the
method of Allanson and Kerrich, 1961) using a Zeiss low-power
binocular microscope. No distinction was made between capepod
larval stages and larval stages were simply counted as nauplii.
The results were seported as number of individuals-£'.

Three additional zooplankton samples were collected from the
same site between May 1990 and July 1991 in order to estimate the
total zooplankton community biomass. These samples were
preserved in 4% formalin and stored overnight at 4°C . This
allowed the buoyant algal species io float (o the surface of the
sample where they could be removed without disturbing the settled
zooplankton. Each of the zooplankion samples was then filiered
onto a preweighed 60 wm Nitex filter and dried at 103°C for 24 h.
A mean vatue was calculated in order to obtain the zooplankton
community biomass as mg-£' dry mass,

Between July 1991 and August 1992 the Van Dorn sampier
was replaced with a zooplankton coliecting net with a mouth
opening of 300 mm and inesh aperture of 74um, with the intention
of collecting a series of qualitative samples emsuring that no
zpoplankton species were missed due to the small sample volume
{36 of the Van Dorn Bottle. The net was towed horizontally
alongside the boat for a distance of 4.2 m, and the sampies treated
inthe same manner as described previously. These results, catculated
as per m™, were converted to number of individuals-£' and biomass
to mg-£! dry mass. The dense cyanobacteriat populaiions in both
lakes, however, cansed clogging of the sampling net and
consequently the Van Dorn sampling bottle technique was reswimed

ISSN 0378-4738=Water SA Vol. 20 No. 4 October 1994 299



300

TABLE BAY, |

Jamy $105A0%

Wostie,, &

Rondeviei

Figure {

Map showing position of
Zeekoeviei and Princess Viel
irt relation to the Cape
Peninsula (insert) and to other
SW Cape coastal lakes.
Station 3 at Zeekoeviei and
Princess Vel is marked
Wit a cross (X).

Q 1000 2000 mettes
TABLE. 1
SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR ZEEKOE VLEL OCTOBER 1939
TO DECEMBER 1992

Determinant Min Max Mean 5 N
Temperature °C 10.9 239 184 3.7 81
Dissolved oxygen mg-t! 3.1 20.5 ‘46 2.3 77
Oxygen saturation % 53 162 00 19 76
Secchi transparency cm 14 58 28 8 82
pH 8.2 10.8 9.5 0.5 82
Conductivity mS-m* 57 200 127 31 82
Total suspended solids mg-L 26 136 59 21 44
Total Kjehldah! nitrogen mg-d! 0.6 6.6 33 t.4 a4
Ammonia as N mgd! 0 0.98 0.09 0.15 48
Nitrare + nitrite N mg-L' 0 355 0.6G 0.34 48
Total phosphorus mg-L' 0.27 1.18 0.5¢ 0.23 49
Total dissotved P mg-£ 0.02 0.82 0.31 0.24 46
Soluble reactive P mg-& 0.01 0.76 0.27 0.23 51
Reactive silicon mig-d! 0.06 2.88 0.64 0.52 44
Tatal atkalinity mg-&! 92 212 156 33 45
Chlorophyll a pgd! 78 434 221 76 74
Phaeophytin ngt 0 133 46 30 71
KEY: §: Standard deviation; N : number of values
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TABLE 2
SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR PRINCESS VLEY, OCTOBER 1989
TO DECEMEER 1992
Determinant Min Max Mean S N
Temperature “C 11.6 24,5 18.6 39 61
Dissolved oxygen mg-£! 5.1 15.0 3.3 L5 61
Oxygen saturation % 60 180 89 19 59
Secchi transparency cm 18 137 60 30 61
pH 7.1 .6 8.5 0.7 60
Conductivity mS/m 28 72 55 10 61
Total suspendid solids mgd! 3 96 29 25 27
Total Kjehidahl nitrogen mg-£! 0.80 3.30 1.82 057 27
Ammonia as N mg-# o 0.74 0.19 0.20 28
Nitrate + mitrite N mg-¢! 0.01 1.61 0.36 40 25
Total phosphorus mg-t! 0.04 0.23 0.14 0.06 28
Total dissolved P mg-£ 0.01 0.10 0.04 0.03 28
Soluble reactive P mg-t! 0 0.09 0.03 0.03 30
Reactive silicon mg-£! 0 2.69 0.84 0.82 14
Total alkalinity mg-& 62 184 110 28 14
Chlorophyli a pgt! 2 150 52 35 41
Phaeophytin pg£ 0 57 15 12 41
KEY: §: Standard deviation; N : number of values
from Sepiember 1992 onwards. As a result of the Jarger mesh size
of the collecting net (74 pm), smaller zooplankton specimens, TABLE 3
especially ihe rotifer Kerarella sp., were not retained and therefore DIVERSITY OF ZOOPLANKTON SPECIES IN
not recorded during the period of zooplankton collection by net. ZEEKOEVLEI AND PRINCESS VLEI,
. . . . L. OCTOBER 1989 TO DECEMBER 1992
Correlation coefficients between various abiotic and biotic
co_mponents. in both Zeekoevlei and P.rinceSS V}ei were deti.tr- Rotifera Brachionus calyciflorus Pallas'?
mined by using Spearman Rank corcelation analysis {Statgraphics Brachi Jicatilis Miiller?
Version 5] rachronus picdhifis Mulle
Keratella sp.'?
Hexarthra sp.\*
Results Polyarthra sp.'?
Zeekoevei Asplanchna sp.*
Filinia sp.\?
The zooplankton community of Zeekoevlei comprised primarily Lecane sp.*
rotifers, cladqcerans and copepods (Table 3). The predgmmant Copepoda Thermocyclops schuwrmanae Kiefer'®
copepod species present throughout the 3-year study period was Metadiaptonus purcelii (Sars)"2
Thermocyclops schuurmanae. Occasionally the calanoid copepod . .
) ; . . Lovensla simplex Kiefer
Metadiaptomus purcelli occurred. The rotifer population was C p i
dominated by species of Brachionus, together with other typical Opepoc naupii
freshwater species (Table 3). Cladoceran numbers were always ’ , .
fewer than 4%?) individuais-&'. Both Daphnia pulex and Daphni'(a Cladocera Dap. hm,a L uleJ_r Lf:yd;g'f 12
longispina were identified.  Daphnia spp. reached Daphnia longispina ]\-d]uzller '
maxima (always fewer than 80 individuals-£') in spring. Species Cerfodap f:ma rzgaud:z-
of Moina and Ceriodaphnia co-existed from November to June for Mam‘f mlcnfrz'a Kurz"
each of the 3 years of the study period. A graphical presentation of Bosmina fg '
the relative abundance of the species recorded in Zeekoeviei during Alona sp.
this study period is given in Fig. 2.
Total zooplankton commupity biomass between May 1990 Ostracoda
and July 1991 averaged 2.04 mg-¢' dry mass (standard deviation =
1.05,n=31). Of the 3 groups of zooplankton present in Zeekoevlei, KEY: .
copepods, which were present throughout the year, contributed 1= Zeckoevlel
most tothe total standing stock. Rotifers, although ofien numerically 2 = Princess Vlel

abundant, did not significantly influence the total standing stock as
a consequence of their small size.
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Princess Viei deviation = 0.72, 1 = 29} for the period of May 1991 to July 1992,

The zooplankton community of Princess Viei was composed of the
cyclopoid copepad Thermocyclops schuurmanae and the calanoid
copepods Metadiaptomus purcefli and Lovenula simplex, together
with some cladoceran and rotifer species similar to those recorded
in Zeekoevlei during this study (Table 3. The cladocerans Daph-
niq pulex and Daphnia longispina reached their maximum during
the period of low cyclopoid copepod abundance. Ceriodaphnin
rigandi was recorded on 2 occasions only, re. 13 January 1990
(8 individuals£') and 7 January 1992 (34 individuals-£*), during
this study. Figure 3 presents a graphical account of the relative
abundance of zooplankton species in Princess Vlei during this
study.

In Printcess Vlei copepods contributed most to the total standing
stock, estimated at an average of 1.80 mg-£' dry mass (standard
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As was the case in Zeekoevlei, rotifers had little effect on biomass
due to their small size.

Discussion

The zooplankior species encountered in both Zeekoeviei and
Princess Vlei froin October 1989 to December 1992 were typically
freshwater forms Zeekoevles, althoughprobably a lake of estuarine
origin, contains r o zooplankton to suggest a historical iink with the
marine environnent. Similar zooplankton assemblages have been
recorded in Hartseespoort Dam (NIWR, 1985) and Rhenosterkop
Dam (Heath et ¢1., 1988; Robarts ¢t al., 1992), 2 man-made iakes
in the Transvaa’. The zooplankton compositions of these 2 lakes
are consistent vith the trophic states of Zeekoevlei and Princess
Vlei. Seaman et al. (1981) proposed a mean zooplankton dry niass
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of greater than 0.6 g-m™ for a eutrophic system. The estimated
zooplankton biomass of this study on Zeekoevlei and Princess Viei
zooplankton, fell well within this eutrophic category (2.04 and 1.8¢
g-m” respectively),

An early account of zooplankton identified ih Zeekoevlei and
Princess Viei is summarised in Table 4 (Hutchinson et al., 1932;
Harrison, 1962 and Van Wyk 1970). The harpacticoid copepod
Cletocampius trichotus, identified by Hutchinsor et al. (1932)
from Zeekoevlei, was not recorded during this study {October 1989
wDecember 1992). Harrison( 1962) also investigated a zooplankton
sarnple taken from Zeekoevlei in the summer of 1948 and reported
a similar assemblage (Tabie 4) to that of this survey (QOctober
1989 to December 1992),

In Princess Vlei Hutchinson et al. {1932), reported one
cladoceran species that no longer seems to be present in this lake,
namely Graptoleberis testudinaria. This species 15 not a true

component of the open water plankton and probably occurred in the
weed beds or bottom. Harrison (1962) reposted only 2 species of
zooplankton found in 2 sample collected in 1948, They were the
cladoceran Moina dubia and the ostracod Cypridopsis sp.
Moina spp. as well as unidentified Ostracoda were encountered
during this study.

Zeekoeviei

The zooplankton of Zeckoevlei was characterized by an annual
shift from the large-bodied cladoceran Daphnia species during
spring, to the smaller-bodied cladocerans Moina sp. and
Ceriodaphnia sp. during summer (Fig. 2). This shift in size-
structure towards smaller zooplankton in evtrophic waters was also
recognized by Palohetmo and Fulthorpe (1987). The annualchange
in zooplankton composition tmay indicate a combination of fish
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TABLE 4
COMPOSITION OF ZOOPLANKTON OF ZEEKOEVLES AND PRINCESS VLEL
FROM HUTCHINSON ET AL., 1932 ANI? HARRISON, 1962

Zeekoevlei

Hutchinson et al. (1932)

Harrison (1962}

Princess Viei

Hutchinson et a). (1932)

Br. cabyciflorus var. dorcas
Br. calyciflorus var. dorcas forma spinosa

Mesocyclops oblongatus
Cyelops cf. tenuisaccns

Rotifera Brachionus plicatilis
Brachionus calyciflorus pala
Pedalia fennica (currently Asplanchna sieboldii
Hexarthra)
Copepada Cletocamptus trichotus
Diaptomus capensis
Cladocera Moina dubia

Brachionus angularis
Brachionus calyciflorus
Keratella gquadrara

Mesocyclops schuurmanae

Ceriodaphnia rigaudi
Muoina brachiara
Graptoleberis testudinaria
Alona quadrangularis
Alpna affinis

predation pressure (Brooks and Dodson, 1963), food availability
(Porter and Orcnit, 1980; Vanni, 1987) and competition among
Cladocera{Smithand Cooper 1982). These factors together probably
have astrong influence on the relative abundance of the Zeekoevlei
zooplankton.

The abundance of Cerindaphnia sp., Meina sp. and Brachio-
rtws Sp. was positively related to surface temperature whilst the
cyclopoid copepods correlated significantty with chiorophylt
and phaeophytin content (Table 5). This may be an indication of a
possible food source, namely phytopiankton and dead organic
matter, to cyclopoeid copepods.

According to Harding (1992b) the phytoplankton perjodicity
in Zeekoevlet was atypical for this study period in a sense that in
this Jake Microcystis sp. blooms and reaches its maximum in
spring whereas classically Microcystis sp. usually becomes domi-
nant during summer to late summer. In Zeckoevlei the Daphnia
spp. spring bloom coincided with the peak cyanophyte algal
bioom. McNaught (1975) found that Daphnia has a high filtration
rate and can consume large and small algae (asreviewed by Ravera,
1980) and also cyanophyte colonies up to 100 im diameter (Jarvis
et al., 1987). As a consequence of the low nutritional quality of
cyanophyte algae, together with a possibility of toxicity to Daph-
nia spp., the population may remain small because the energy
production will not be sutficient for successful reproduction (Porter
and Orcutt, 1980). Data collected by Smith and Cooper (1982)
suggest that the degree of competition amongst Daphnia spp.,
Ceriodaphniaspp. andMoinaspp.. is dependent on food availability
and the age of the competitors. The shift from Daphria spp. 10
Ceriodaphnia sp. andMoina sp. in Zeekoevlei, supports the above-
mentioned finding,

Both herbivorous and carnivorous zooplankton are important
in the diet of planktivorous fish such as Oreochromis mossam-
bicus and Cyprinus carpio (NIWR, 1983), According to Hamman
et al. (1977) both these species occur in Zeekoevlei, with
Oreochromis mossambicus contributing only 91 kgha' of the
total biomass of 774 kg-ha’ compared to 683 kgha' by
Cyprinus carpio. This high biomass value is indicative of the
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advanced state of eutrcphication of this lake. Under zooplankui-
vorous fish predation pressure the larger or slower moving
zooplankton will be mere easily efiminated resuliing in the dami-
nance of smaller-bodizd and faster moving species (Hall and
Threlkeld, 1976), whi:h is in accordance with the findings of
Rudstam et al .(1993). Christofferson et al. {1 993) agree thatrotifers
tend to jncrease and cladocerans decrease in numbers in the
presence of planktivorus fish. This phenomenon appears to be true
in Zeekoevlei as this lake has a predominantly Thermocyclops
schuurmanae populition together with the dominant rotifer
Brachionus sp., both these species being present throughout the
year.

Brandl and Fernz ndo (1981) showed that cyclopoid copepods
could consume an average of 10% of the total zooplankton standing
stock at natural dens’ties in epilimnetic water during summer, The
prey included rotifers, Cladocera and naupliar stages of copepods,
This raptorial behav cur of copepods can result in a scenario where
the estimated mortzlity caused by invertebrate predators may be
equal to or even exceed the possible reproductive rate of a prey
population. This factor could help to explain why Zeekoeviei has
so few and mostly imall-bodied cladocerans.

The nutrient stitus of a lake ecosystem affects the importance
ofeach functional & oupofthe system. A nutrient-poor{cligotrophic)
lake will have a foodweb dominated by the phytoplankion-
zooplankton-fish-chain. In contrast a nutrient-rich (eutrophic)
system becomes dominated by algal species of low palatability to
zooplankton, This decreases the importance of the direct link from
phytoplankton to zooplankton (NIWR, 1985). The presence of so
few filter-feeding zoopiankton in Zeekoevlei may be attributed to
the poor palatability andfor nutritional valoe of Microcystis sp. the
dominant phytoplankier of Zeekoevlei. It would then appear that
the dominant pa'hways between phytoplankion and fish become
phytoplankton-d stritus-fish, or even phytoplankion-fish, and a
reduced popularion of zooplankton fulfilling a less important
function. The raduction of the mean size of the zooplankton
community redvices their grazing impact on larger phytoplankton
forms {Jarvis, 1J88).



TABLE 5
RESULTS OF SPEARMAN RANK CORRELATION ANALYSIS BETWEEN VARIOUS BIOTIC AND ABIOTIC FACTORS
IN ZEEKOEVLEL AND PRINCESS VLE], OCTOBER 1989 TO PECEMBER 1992
Zeekoeviel
Daphnia Cerig- Moina  Cyclopoid Copepod Copepod  Keratella Asplanchng

sp. daphia sp. copepods nauplii sp. sp. 8p.
Ceriodaphnia sp. -0.59*
Moina sp. -(r.49* 0.49*
Cyclopoid
copepods -1 -0.10
Copepod
nauplii 0.27 -0.43# -0.20 -0.13
Brachionus sp. -0.16 0.37% 0.33
Keratella sp. 0.12 -0.19 -0.14 0.65* 0.31
Asplanchna sp. 0.23 0.25 -0.18 0.12 0.11
Chiorophyll @ pgt! 0.21 -0.15 0.45% D.16 0.19
Phaeophytin pgdt 6.53* -0.16 -0.18
Temperature °C -0.22 0.54* 0.66% -0.16 -0.37* 0.35% -0.31
Dissolved
oxygen mg-¢! 0.21 -0.18 -0.43* -0.10 -0.30 .26
Secchi cm 0.20 Q.14 -0.20 -0.12 0.12 -0.14

Princess Viei
Daphnia Moina Cyclopoid Calanoid Copepod Brachionus Keratella Asplanchna

sp. sp. copepods  copepods nauplii sp. 5p. sp.
Moina sp. -0.72%
Cyclopoid
copepods -0.47* 0.54*
Calanoid
copepods 0.28 -0.35 -0.66*
Copepoed
nauplii -0.32 0.48* 0.42% -0.12
Brachionus sp. -0.37* 0.25 1.44* .22 0.52%
Keratella sp. 0.30 0.14 0.18 it
Asplanchna sp. -0.30 0.34
Chlorophyll a pgd! 0.77* 0.77* 0.65*% -0.30 0.64* 0.58*
Phaeophytin ng' -0.50% .31 0.56% 0.30 0.38% 0.46* 0.15 -0.39
Temperature °C -0.44* 0.20 Q.30 020 0.35 -0.29 0.38
Dissotved
OXygen mg-¢! -0.12 0.34 0.38* -0.39* .37+ 0.38* -0.38
Secchi tm 0.79* -0.70% -0.45% 0.25 -0.32 -0.42% 0.39%
KEY: * level of significance p < 0.05; Copepod nauplii: cyclopoid and calanotd nauplii;

Chlorophyll a: corrected for phaeophyting

Princess Vlei

The presence of the calanoid copepod Meradiaptomus purcelli
and Lovenula simplex in Princess Viei daring spring could be
artributed to a coincident clear water phase during winter-early
spring (September to November) each year, favouring the good
food collection ability and high ingestion rates of calanotd copepods
at Jow algal densities of small cell size (McNaught, 1975). The
calanoid copepod population reached its maximum in winter when
cyclopoid copepod and cyanophyte algal numbers were low (no

deiectible algal biomass {(Harding, 1992a and personal
commurmnication}) and water clarity was high.

In Princess Viei dissolved oxygen rather than temperature
seems to be the more important influencing factor judging from
positive comrelations (Table 5). Daphnia spp. preferred the clear
water phase (r = 0.79 between Daphnia spp. and Secchi
transparency). Cyclopoid copepods and copepod nauplti were
positively influenced by chlorophyll ¢ and phaeophytin conient
{Table 5), phytoplankton and dead organic matier, as in Zeekoevlei,
being a possible food source for these organisms.

ISSN 0378-4738=Water SA Vol. 20 No. 4 Ociober 1994 305



Conclusion

The standing stocks of zooplankton in Zeekoevlei and Princess
Vleij are high compared to other lakes in general but low compared
10 the high rates of primary production (Harding, in prep.) and high
chiorophyll values (Harding, 1992a; b). The relative abundance of
zooplankton in Zeekoevlei and Princess Viel was similar in seasonal
events even though Zeekoevlel has an atypical algal periodicity.
This, together with the lack of significant positive correlations
between some crustaceans and chiorophyll content, indicates that
the zooplankion of Zeekoeviei is controfied by factors other than
phytoplankton resource availability. Princess Viei, incontrast with
Zeekoevlel, is subjected to annual hydraulic flushing during winter
which prevents dense populations of nuisance algae from becoming
dominant (Harding, 1992a) resulting in an environment with
periodic low aigal densities more suitable for organisms with high
food collection ability such as calanoid copepods. In both lakes
cyclopoid and calanoid copepod predation on rotifers may have
occurred during this study, but the lack of significant negative
cotrelations between these species and some rotifer species
respectively, indicate that copepods do not copsistently affect the
votifer populations.

The ecological problems peraining to disturbed ecosystems
such as Zeekoevlei, are likely to become more commmon in Southern
Africa as a result of increased pepulation growth together with
increased pollution,
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