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A preliminary fish survey of the estuaries on the south-east coast of South Africa,

Kei Estuary to Mdumbi: A comparative study
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3Department of Ichthyology and Fisheries Science, Rhodes University, Grahamstown, 6140, South Africa

A preliminary ichthyofaunal and physico-chemical survey of estuaries on the south-east coast of South Africa
from the Kei Estuary to the Mdumbi Estuary was undertaken between October and November 1997. Twenty-
seven (27) estuaries were surveyed along this stretch of coastline and these were grouped into three estuary
types: small (< 10 ha) predominantly closed estuaries, moderate to large (> 10 ha) predominantly closed
estuaries and predominantly open estuaries. Multivariate analyses revealed significant differences between
predominantly closed estuaries and predominantly open estuaries in terms of both their physico-chemical
characteristics and their fish communities. There was no difference between small and moderate to large
predominantly closed estuaries. A significant relationship was also observed between the physico-chemical
characteristics of the estuaries and their fish communities. The estuaries in the study area fall within the warm-
temperate biogeographic region; temperate species dominated the fish communities of all the estuaries. This
survey represents one of the few fish surveys undertaken along this little-studied section of the coastline.

INTRODUCTION

Research into fish communities in the Eastern Cape Province of South Africa has excluded to a large
extent the former Transkei region of the province (Mbande et al., 2005), such that information on
most systems along this coastline is classified as poor or non-existent (Whitfield and Baliwe, 2013).
This paper focuses on the southern Transkei, which is regarded as falling within the warm-temperate
biogeographic region; the boundary between the warm-temperate and subtropical regions is situated
atthe Mdumbi Estuary (Harrison, 2002). The fish species diversity in South African estuaries increases
from west to east (Harrison, 2002) and, as such, the southern Transkei estuaries are expected to have
more species than the estuaries further south/southwest (e.g. James and Harrison 2010a; 2010b;
2011; 2016). As the southern Transkei estuaries are situated south of the biogeographic boundary,
estuaries in this region are likely dominated by temperate species with moderate numbers of
tropical species.

The overall ecology, including the fish assemblage, of the large predominantly open Kei (Plumstead,
1984; Plumstead et al., 1985), Mbhashe (Plumstead, 1984b; Plumstead, 1990; Plumstead et al., 1989)
and Mthatha (Plumstead, 1984; Plumstead et al., 1989) estuaries was studied in the 1970s and 1980s.
Limited information has been published on the fish fauna of the temporarily open/closed Nqabara
(Marais and Prinsloo, 1980), Ngoma/Kobule (Van der Elst, 1978) and Ngqusi/Inxaxo (Wasserman
et al,, 2010) estuaries. As part of a national assessment of South African estuaries, a fish survey was
undertaken along the south-east coastline between the Kei Estuary and the Mdumbi Estuary; basic
physico-chemical variables, fish community data and a comparative analysis are provided. Although
this survey was conducted more than 20 years ago, this data provides useful baseline information
on the fish fauna of this poorly studied region, particularly in the light of climate change related
distribution shifts.

STUDY AREA

The section of coastline between the Kei Estuary and Mdumbi extends some 117 km and is intersected
by 40 river outlets (Fig. 1). Along this section of the coastline, although rain falls all year, most falls
in summer from November to January, with a minimum in July (Emmerson, 2005). Extreme rainfall
events are common and are not only restricted to the summer rainfall season but may also occur in
winter and early spring (Plumstead et al., 1985). The coastline is influenced by the south-flowing
Agulhas Current (Shannon, 1989; Heydorn, 1991). Being tropical in origin, the waters of this current
are relatively warm; however, as it flows south it tends to cool, with inshore water temperatures along
the Eastern Cape coast varying between 17 and 20°C (Smit et al., 2013).

MATERIALS AND METHODS

The estuaries between the Kei and Mdumbi were sampled between October and November 1997.
Each system was sampled once and took 1-3 days to survey, depending on the size of the system.
Twenty-six of the forty estuaries were accessible for sampling.
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Figure 1. Coastal outlets between the Kei and Mdumbi estuaries.
Estuaries in red were inaccessible for sampling.

Physico-chemical

During each survey, selected physico-chemical parameters
were measured at various sites within each system, ranging
from the mouth area (Site 1) upstream; the number of sites
varied depending on the size of each system. Water depth and
transparency were measured using a 20 cm diameter Secchi disc
attached to a weighted shot line graduated at 10 cm intervals.
Temperature (°C), salinity (psu), pH, dissolved oxygen (mg-L"),
and turbidity (NTU) were measured using a Horiba U-10 Water
Quality Checker. Where water depth permitted (usually >0.5 m),
both surface and bottom waters were measured. The mouth state
of each system at the time of sampling was also noted.

Ichthyofauna

The ichthyofauna of each estuary was sampled using a 30 m long
x 1.7 m deep x 15 mm bar mesh seine net fitted with a 5 mm bar
mesh purse, and a fleet of multi-mesh gill nets. The gill nets were
either 10 m or 20 m in length and 1.7 m in depth and consisted of
three equal sections of 45 mm, 75 mm and 100 mm stretch meshes.
Seine netting was carried out during daylight hours in shallow
(< 1.5 m deep), unobstructed areas with gently sloping banks.
Fish caught were identified and measured to the nearest millimetre
standard length (SL) before being released. Where large catches of
a species were made, a sub-sample was kept and returned to the
laboratory where the fish were identified, measured and weighed
to the nearest 1.0 g; specimens that could not be identified in the
field were also kept and processed in the laboratory. All fishes were
identified by reference to Smith and Heemstra (1991) and Skelton
(1993); taxonomic identities of certain species were adjusted
using information provided in Whitfield (2019). The total fish
species composition, by number and mass, was calculated for
each system. The relative biomass contribution of each species was
calculated using actual recorded masses as well as masses derived
from length-mass relationships provided in Harrison (2001).
Fishes were also classified according to their biogeographic affinity
(endemic/temperate, temperate, tropical, widespread) and the
contribution of each group calculated for each estuary based on
the number of species, abundance, and biomass.
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Estuary classification

Estuaries were divided into two main groups on the basis of
predominant mouth condition, according to the classification
given in Harrison and Whitfield (2006a). The two main groups
were predominantly open estuaries and predominantly closed
estuaries. Predominantly closed estuaries were further sub-
divided into two groups based on surface area: small closed
estuaries with a surface area below 10 ha and moderate to large
closed estuaries with a surface area above 10 ha.

Multivariate analyses

Data were analysed using the Plymouth Routines in Multivariate
Ecological Research (PRIMER) package (version 6.0) with
PERMANOVA+ add-on (PRIMER-E, Plymouth Marine Lab-
oratory, UK). A principal component analysis (PCA) was
undertaken on the overall mean (surface and bottom) values of
the physico-chemical variables recorded in each system. Each
parameter was first examined for normality; turbidity, depth
and dissolved oxygen required log-transformation (In[1 + x]).
The data were also examined for any inter-correlations (Pearson r);
pH exhibited significant correlations with both dissolved oxygen
and salinity and was omitted from the analysis. Temperature
and depth also showed a significant correlation; however,
these parameters were retained in the analysis. A PCA was
performed based on the following normalised parameters:
depth, temperature, salinity, dissolved oxygen, and turbidity. An
analysis of similarities (ANOSIM) was also undertaken (using
the normalised Euclidean distance similarity measure) to test for
significant differences between estuarine types.

Specimens not identified to species level (e.g. Mugilidae) as well
as exotic species (e.g. Micropterus spp.) were excluded from the
analysis. Abundance and biomass data were first standardised and
then square-root transformed before calculating a Bray-Curtis
similarity matrix. Standardisation removed the effect of variable
sampling while transformation scales down the importance of
dominant species (Field et al., 1982; Clarke and Warwick, 2001). A
non-parametric multivariate analysis of variance (PERMANOVA)
(Anderson, 2001) was applied to both the abundance and biomass
data to examine differences in fish communities between estuary
types. A similarity percentages analyses (SIMPER) was also
undertaken to identify species that characterise estuary types as
well as those that discriminate between estuary types. Relationships
between physico-chemical and biotic resemblance matrices
were also investigated using the RELATE routine; the measure
of agreement is the Spearman rank correlation coeflicient (Rho)
between the corresponding elements of the two similarity matrices.

RESULTS

A total of 26 systems were sampled between Kei Estuary and
the Mdumbi Estuary. Two systems, (Sundwana and Thsani)
comprised small coastal streams and were not considered further.
Of the remaining systems, 8 were predominantly open estuaries
and 16 were predominantly closed estuaries. Of the predominantly
closed estuaries, 12 were moderate to large (>10 ha) systems and
4 were small (<10 ha) systems.

Physico-chemical
Small predominantly closed estuaries

The four small predominantly closed systems were all closed at the
time of sampling. All estuaries were relatively shallow, with average
water depths generally not exceeding 1.4 m (Table 1). Mean
water temperatures ranged between 20.2°C (Jujurha) and 22.7°C
(Ncizele and Mbhanyana). Mean salinities were almost fresh (0.5)
in the Mbhanyana and averaged from 16.3 (Kwa-Suka) to 27.2 in
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the Ncizele. Salinities were fairly uniform throughout most of the
systems with no clear horizontal or vertical gradients. Only the
Jujurha exhibited a horizontal decrease in salinity from 27.9 in the
lower reaches to 16.6 in the upper reaches. A vertical salinity and
temperature gradient was also recorded in the Jujurha in a 3.5 m
deep site in the otherwise very shallow system (Table 2). Average
dissolved oxygen values ranged between 4.0 mg-L' (Kwa-Suka) and
7.7 mg-L"' (Jujurha). Mean turbidity values were highly variable
and ranged from 15.3 NTU (Jujurha) to 85 NTU (Mbhanyana).
Average pH values were between 7.4 and 7.9 (Table 1).

Moderate to large predominantly closed estuaries

All 12 of the moderate to large predominantly closed estuaries
were closed to the sea at the time of this survey. Mean water depths
ranged from 0.5 m (Nenga) to 3.4 m (Qolorha) (Table 1). Water
temperatures averaged between 20.2 (Kumpenzu) and 24.2°C
(Cebe). Water temperatures increased from the lower to the upper
reaches of the estuaries. Vertical temperature stratification, with
a 1°C or more decrease in temperature from the surface to the
bottom, was only evident in the Ngadla, Ntlonyane and Nkanya
estuaries (Table 3). Mean salinities ranged from 16.5 (Qolorha)
to 31.6 (Nkanya) (Table 1). A pronounced horizontal salinity
gradient was present in the Qolorha, Ngqwara, Ngadla, Ntlonyane
and Nenga estuaries, with salinities decreasing upstream from the
mouth. These estuaries received marine water from overwash
events. Pronounced vertical salinity stratification was observed

in the Gxara, Qolorha, Ntlonyane, Nenga and Maphuzi estuaries
(Table 3). Mean dissolved oxygen values ranged from 4.5 mg-L™*
(Qolorha) to 10.7 mg-L* (Mapuzi), with most values exceeding
5.0 mgL' The water column in these estuaries was clear
(<10 NTU) to moderately turbid (<50 NTU). Mean pH values
ranged from 7.6 (Ngogwane) to 8.1 (Maphuzi) (Table 1).

Predominantly open estuaries

The predominantly open estuaries were all open at the time of
sampling. Mean water depths recorded in the eight predominantly
open estuaries ranged from 1 m (Qhorha and Shixini) to 3.1 m
(Mtata) (Table 1). Water temperatures averaged between 17.0°C
(Qhorha) and 22.4°C (Xhorha). Water temperatures in most
systems increased upstream of the mouth, except for the Inxaxo
arm of the Ngqusi/Inxaxo Estuary, where water temperatures
decreased upstream (Table 4). The Mbhashe and Mtata estuaries
were freshwater-dominated with mean salinities of 14.6 and 12.6
recorded in these systems, respectively (Table 1). In these systems
the surface water was predominantly fresh, with pronounced vertical
salinity stratification (Table 4). In contrast, mean salinities in the
other six predominantly open estuaries were all above 21 (Table 1)
and very little vertical salinity stratification was evident (Table 4).
Mean dissolved oxygen values ranged between 6.6 and 7.9 mg-L".
The Qhorha, Mbhashe and Mtata estuaries were very turbid (> 80
NTU), whereas the other estuaries were fairly clear (<23 NTU). The
mean pH in all estuaries was similar to seawater (7.9-8.1) (Table 1).

Table 1. Mean physico-chemical parameters measured in estuaries between Kei Estuary and the Mdumbi Estuary on the south-east coast of

South Africa, October-November 1997

Estuary Mouth Depth (m) Temperature (°C) Salinity Dissolved oxygen (mg-L")  Turbidity (NTU) pH
Small closed estuaries
Ncizele Closed 0.8 227 27.2 7.1 - 7.8
Jujurha Closed 1.4 20.2 237 7.7 15.3 79
Mbhanyana Closed 1.4 22.7 0.5 5.3 85.0 74
Kwa-Suka Closed 1.1 271 16.3 4.0 237 7.5
Moderate to large closed estuaries
Gxarha Closed 1.3 214 19.0 5.7 16.5 77
Ngogwane Closed 1.5 226 20.6 5.6 0.3 7.6
Qolorha Closed 34 21.3 16.5 4.5 43 7.8
Cebe Closed 1.2 24.2 25.7 6.7 1.3 79
Zalu Closed 1.1 20.6 20.6 6.3 4.3 8.0
Ngqwarha Closed 0.9 219 25.6 6.4 1.0 7.8
Ngadla Closed 0.6 235 289 74 37.0 79
Kumpenzu Closed 0.8 20.2 1.5 4.8 13.5 7.7
Ntlonyane Closed 1.0 20.5 309 6.7 29.3 79
Nkanya Closed 0.8 21.4 31.6 6.9 44.0 8.0
Nenga Closed 0.5 23.02 16.7 2.1 19.3 79
Maphuzi Closed 0.7 21.75 23.0 10.7 10.5 8.1
Predominantly open estuaries
Khobongaba Open 1.5 20.4 28.4 7.1 5.5 8.0
Ngqusi/Inxaxo Open 2.1 18.1 28.0 6.6 7.1 8.0
Qhorha Open 1.0 17.0 234 79 83.3 79
Shixini Open 1.0 18.8 30.9 7.8 14.3 8.1
Mbhashe Open 2.8 20.2 14.6 74 163.0 8.0
Xhorha Open 2.1 224 27.8 6.7 17.7 79
Mtata Open 3.1 214 12.6 7.6 100.2 79
Mdumbi Open 2.1 21.5 27.8 7.3 8.0 8.1
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Table 2. Physico-chemical characteristics of small predominantly closed estuaries between the Kei Estuary and the Mdumbi Estuary on the
south-east coast of South Africa, October-November 1997

System Site Depth (m) Temperature Salinity Dissolved oxygen (mg-L")  Turbidity (NTU) pHT
S B S B S B S B S B
Ncizele 1 0.1 223 22.3 27.6 27.6 74 7.3 79 7.9
2 0.8 22.5 22.5 27.3 274 7.5 7.3 7.2 8.0
3 0.6 23.4 23.4 26.4 271 6.7 6.6 7.8 79
Jujurha 1 0.4 20.3 279 74 7 79
2 3.5 22.7 14.6 19 31.2 7.7 8.2 14 395 7.8 79
3 0.4 233 16.6 7.6 25 7.8
Mbhanyana 1 0.1 233 233 0.9 0.9 59 5.8 122 122 7.6 7.6
2 19 23.8 219 0.6 0.4 54 1.0 85 45 74 7.0
3 1.3 22 22 0.1 0.1 6.9 7. 48 47 7.6 7.4
Kwa-Suka 1 0.1 26.4 26.2 16.5 18.5 4.9 3.6 33 18 7.7 7.6
2 1.5 27.5 26.4 16.1 16.5 5.2 4 33 22 7.6 76
3 0.9 28.2 27.7 14.9 15 3.2 3.2 5 5 7.3 7.3

Table 3. Physico-chemical characteristics of moderate to large predominantly closed estuaries between the Kei Estuary and the
on the south-east coast of South Africa, October-November 1997

Mdumbi Estuary

System Site Depth (m) Temperature (°C) Salinity Dissolved oxygen (mg-L")  Turbidity (NTU) pH
S B S B S B S B S B
Gxarha 1 0.5 20.6 20.6 17.7 17.9 6.8 6.7 79 79
2 1.6 21 21.5 171 25.1 7.0 3.2 23 44 7.8 7.6
3 1.8 22.3 22.2 17.1 18.9 5.7 4.9 10 12 7.7 7.7
Ngogwane 1 1.5 21.7 21.7 20.4 20.5 6.5 6.3 0 0 7.8 7.8
2 1.8 224 24.5 20.4 221 6.1 3.5 0 2 7.7 74
3 1.1 22.7 227 19.9 20.2 5.6 5.8 1 1 7.6 7.6
Qolorha 1 2.7 20.8 21.5 1 21.7 7.6 0.7 7 20 8.1 7.3
2 4.2 22.2 19.2 1.1 29.3 8.0 0.8 6 7 8.2 74
3 33 21.6 224 1 25 8.0 21 0 1 8.4 7.2
Cebe 1 1.8 241 239 25.7 258 6.9 7.0 5 6 79 79
2 0.6 24.6 24.6 25.5 255 6.6 6.6 20 24 7.8 7.8
3 1.2 243 238 25.5 26 6.7 6.7 9 10 79 79
Zalu 1 0.6 20.4 20.5 20.8 20.8 6.3 6.1 0 3 8.0 8.0
2 0.9 20.3 20.3 20.7 20.7 7.0 7.2 8 6 8.1 8.1
3 1.8 21.3 20.7 20.1 20.6 6.1 5.0 5 5 8.0 79
Ngqwarha 1 0.6 22.7 20.7 26 26 74 74 1 1 8.0 8.0
2 1.1 20.7 20.7 24.5 25.1 7.2 71 2 4 8.0 79
3 1 233 23.3 259 26 4.8 4.7 0 7.5 7.5
Ngadla 1 0.5 24.1 18.6 31.6 323 7.0 7.7 37 37 79 8.0
2 0.6 26.8 25.8 31.2 31.3 7.3 7.1 37 37 79 79
3 0.8 27.2 18.5 15.3 31.8 7.8 7.6 37 37 7.8 8.0
Kumpenzu 1 0.7 19.8 20 11.6 n.7 5.0 4.8 2 2 7.7 7.7
2 0.9 20.5 20.5 1.3 1.5 4.8 4.6 25 49 7.6 7.6
Ntlonyane 1 0.4 20.8 - 31.5 - 6.7 - 23 - 79 -
2 1.5 22.2 17.4 30.2 325 6.2 7.3 32 70 79 8.0
3 1 237 18.4 277 32,5 5.9 7.4 33 57 7.8 8.0
Nkanya 1 1 21.3 19.4 321 327 6.3 75 30 20 79 8.0
2 0.6 24.6 20.3 29.2 323 6.9 7.1 58 60 79 8.1
Nenga 1 0.3 214 14.9 7.5 - 22 - 8.0 -
2 0.5 22.3 22.5 23.5 259 6.6 6.8 19 14 8.0 8.1
3 0.6 24.1 24.8 6.7 12.5 7.2 7.0 17 17 7.8 79
Maphuzi 1 0.6 22.2 22 231 24 9.7 9.3 10 6 8.1 8.1
2 0.7 22.2 20.6 19.5 255 11.8 1.9 " 8.1 8.2
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Table 4. Physico-chemical characteristics of predominantly open estuaries between the Kei Estuary and the Mdumbi Estuary on the south-east

coast of South Africa, October-November 1997

System Site  Depth (m) Temperature Salinity Dissolved oxygen (mg-L") Turbidity pH
S B S B S B S B S B
Khobongaba 1 0.8 18.8 18.0 32.2 33.0 7.0 7.2 6 7 8.0 8.0
2 1.6 221 16.6 28.9 33.6 7.2 6.9 7 23 79 8.0
3 3.2 22.8 18.2 254 329 6.8 7.0 6 50 79 8.0
4 0.5 23.3 23.2 12.3 28.6 7.6 6.8 3 2 8.0 79
Ngqusi/Inxaxo 1 1.2 17.5 17.6 344 344 7.5 7.6 1 1 8.1 8.1
Ngqusi 1 19 18.0 18.1 33.2 34.2 7.0 7.2 10 24 8.1 8.1
2 1.8 16.7 18.4 26.1 34.3 71 5.6 n 47 8.0 8.0
3 1.6 18.6 19.0 31.6 34.2 5.8 4.9 10 35 7.9 8.0
Inxaxo 1 1.8 18.4 18.0 327 34.0 6.8 6.5 10 26 8.1 8.1
2 2.3 16.1 18.5 24.0 339 79 53 6 33 8.1 8.0
3 4.4 17.8 20.1 2.0 3.4 7.7 4.9 2 1 8.0 79
Qhorha 1 13 15.0 14.3 28.2 326 8.0 8.1 188 231 79 8.0
2 17 18.5 14.5 19.3 323 79 79 25 114 8.0 8.0
3 1.8 20.3 16.0 8.4 255 8.1 8.0 45 93 79 79
4 0.5 19.7 17.3 2.3 17.6 8.7 7.9 229 217 8.0 79
Qhorha arm 1 1.1 159 14.3 28.8 313 79 8.4 78 13 79 79
2 1.2 18.5 16.8 16.3 30.7 8.1 7.7 4 59 79 79
3 0.8 20.0 16.6 5.1 28.1 8.2 7.4 131 54 7.9 7.8
Shixini 1 17 17.3 17.2 31.6 317 8.0 7.8 10 10 8.1 8.1
2 1.0 22.0 18.3 289 315 7.8 7.6 13 14 8.1 8.1
3 0.4 19.4 30.6 8.0 20 8.0
Mbhashe 1 2.3 21.3 17.8 8.5 32.0 79 79 12 59 8.1 8.1
2 4.0 21.8 19.0 53 31.3 8.5 5.5 19 28 8.1 79
3 4.3 21.3 18.6 19 235 8.4 4.8 102 62 8.1 74
4 0.4 219 0.0 8.5 519 8.4
Xhorha 1 1.0 209 327 7.6 8.0
2 2.8 221 21.3 30.3 325 74 74 20 4 8.0 8.0
3 29 25.0 20.8 23.7 32.2 7.0 5.4 7 63 7.8 7.8
4 1.7 254 21.5 13.5 30.0 7.6 4.4 26 15 7.7 7.6
Mtata 1 5.8 22.0 16.6 10.6 29.2 7.6 79 41 133 8.1 8.1
2 13 23.6 18.0 9.0 21.0 75 73 53 28 8.1 8.2
3 2.3 24.6 17.3 54 253 7.8 7.5 54 38 8.1 7.6
4 4.1 24.8 18.7 0.7 24.7 7.8 7.0 177 305 79 7.6
5 1.9 24.2 24.2 0.0 0.0 8.0 8.0 176 175 8.0 7.8
Mdumbi 1 0.9 209 21.0 32.0 32.0 7.2 73 10 9 8.2 8.2
2 3.5 21.5 18.7 26.0 326 8.6 6.7 10 30 8.3 8.1
3 3.0 23.2 19.0 25.6 324 7.6 5.8 8 14 8.2 8.0
4 0.9 24.4 23.6 12.7 28.8 8.1 7.4 4 16 8.2 8.1
Multivariate analysis e
The PCA classification (Fig. 2) divided the estuaries based on
salinity (Axis 1) and depth, temperature and turbidity (Axis 2). The
first two axes accounted for approximately 64% of the variation 2
between the samples. Large predominantly open systems (Mbhashe,
Mtata, Qhorha) were situated towards the upper right section of the
plot associated with high turbidities, depth and dissolved oxygen T
(Fig. 2). The predominantly open Qhorha, Ngqusi/Inxaxo, Shixini, a8
Khobongaba, Xhorha and Mdumbi were situated towards the &
middle right associated with high salinities and low turbidities. The o7
predominantly closed estuaries showed a gradation from estuaries
with low salinities to estuaries with high salinities situated towards
the right of the plot (Fig. 2). Although there was overlap between T
estuary types, the marine-dominated predominantly open estuaries
were all situated towards the right of the plot. The ANOSIM test ol
revealed a weak but significant difference between estuary types 5 % B g . ! )
(Global R: 0.25; p < 0.05). Pairwise tests showed that there was no PC1

significant difference between small predominantly closed estuaries
and moderate to large predominantly closed estuaries (R: 0.26;
p > 0.05), however, significant differences were observed between
predominantly open estuaries and both small and moderate to
large predominantly closed estuaries (R: 0.24-0.35; p > 0.05).
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Figure 2. PCA ordination of physico-chemical variables measured
between the Kei and Mdumbi estuaries. SC = small closed estuaries,
MC = moderate to large closed estuaries, PO = predominantly open
estuaries (M = predominantly closed estuaries, O = predominantly
open estuaries).
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Fish communities
Small predominantly closed estuaries

A total of 28 species were captured in small predominantly closed
estuaries with between 11 (Kwa-Suka) and 19 (Mbhanyana) species
captured per estuary. Numerically important species captured
within this group of estuaries were Rhabdosargus holubi (mean
= 30.2%), Gilchristella aestuaria (mean = 24.7%), Pseudomyxus
capensis (mean = 18.9%), Atherina breviceps (mean = 8.4%),
Glossogobius callidus (mean = 3.2%), Oreochromis mossambicus
(mean = 2.8%), Mugil cephalus (mean = 2.5%), and Chelon dumerili
(mean = 1.5%) (Table 5). Estuarine-associated marine species
(Category II) dominated catches, numerically comprising 59% of
the catch, followed by estuarine species (Category I), comprising
38% of the catch, and freshwater species (Category IV - 3%).
Numerical abundance per estuary is given in Table A1 (Appendix).
In terms of biomass, important species included Oreochromis
mossambiccus (mean = 18.8%), R. holubi (mean = 15.5%),
P. capensis (mean = 12.9%), Moolgarda buchanani (mean = 9.4%),
Liza tricuspidens (mean = 9.8%), Argyrosomus japonicus (mean
= 8.2%), M. cephalus (mean = 6.2%), Chelon richardsonii (mean
= 4.5%), Pomadasys commersonii (mean = 3.7%), Planiliza
macrolepis (mean = 2.0%), and Torpedo sinusperci (mean = 1.6%)
(Table 6). In terms of biomass, estuary-associated marine species
comprised 79% of the catch, followed by freshwater species (19%)
and estuarine species (2%). Biomass of fishes per estuary is given
in Table A2 (Appendix). Endemic (temperate) and temperate
species dominated the catches and accounted for 50.0% of the
taxa, 65.6% of the biomass, and 93.3% of the overall abundance.

Moderate to large predominantly closed estuaries

A total of 41 species were captured in moderate to large
predominantly closed estuaries, with between 10 (Ngogwane)
and 29 (Qolora) species captured per estuary. The most abundant
species within this group of estuaries overall were R. holubi (mean
= 26.2%), G. aestuaria (mean = 19.8%), P. capensis (mean
12.3%), C. dumerili (mean = 9.3%), M. cephalus (mean = 6.5%
G. callidus (mean = 5.8%), Atherina breviceps (mean = 4.7%
Moolgarda robustus (mean = 2.5%), L. tricuspidens (mean
2.3%), and O. mossambicus (mean = 2.0%) (Table 5). Estuarine-
associated marine species comprised 66% of the catch, followed by
estuarine species (32%) and freshwater species (2%). Numerical
abundances per estuary are given in Table A3 (Appendix).
Dominant species overall in terms of biomass included R. holubi
(mean = 14.9%), C. richardsonii (mean = 11.3%), O. mossambicus
(mean = 10.5%), L. tricuspidens (mean = 10.4%), A. japonicus
mean = 10.3%), P. capensis (mean = 7.7%), M. cephalus (mean
= 6.9%), P commersonnii (mean = 4.9%), C. dumerili (mean
= 4.1%), Planiliza macrolepis (mean = 3.8%), Planiliza alata
(mean = 3.3%), Moolgarda buchanani (mean = 2.5) and Elops
machnata (mean = 1.7%) (Table 6). In terms of biomass, estuary-
associated marine species comprised 87% of the catch, followed
by freshwater species (11%) and estuarine species (2%). Biomass
of fishes per estuary is given in Table A4 (Appendix). Endemic
(temperate) and temperate species dominated the catches both
numerically (85.7%) and in terms of biomass (61.3%). In terms of
taxa, tropical species comprised 48.8% of the overall catches and
endemic (temperate) and temperate species comprised 43.9%.

)
)

Predominantly open estuaries

A total of 52 species were captured in the predominantly open
estuaries, with between 22 (Shixini) and 31 (Ngqusi, Xhorha
and Mtata) species captured per estuary. In terms of numbers,
catches were dominated by G. aestuaria (mean = 44.6%), R. holubi
(mean = 17.7%), M. cephalus (mean = 11.0%), C. dumerili (mean
= 4.5%), P. capensis (mean = 4.2%), G. callidus (mean = 3.8%),
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A. breviceps (mean = 2.4%), Caffrogobius gilchristi (mean = 2.0%),
P. commersonnii (mean = 1.9%), C. richardsonii (mean = 1.5%) and
A. japonicus (mean = 1.1%) (Table 5). Estuarine species dominated
catches numerically, comprising 54% of the catch, followed by
estuarine-associated marine species (45%). Freshwater species and
marine stragglers (Category III) together comprised 1% of the
catch. Numerical abundances per estuary are given in Table A5
(Appendix). The fish species mass in predominantly open estuaries
was dominated by M. cephalus (mean = 19.7%), Elops machnata
(mean =17.4%), A. japonicus (mean = 12.8%), C. richardsonii (mean
= 8.4%), P commersonnii (mean = 7.1%), M. buchanani (mean =
7.6%), Lichia amia (mean = 5.0%), L. tricuspidens (mean = 4.5%),
C. dumerili (mean = 3.6%), R. holubi (mean = 3.2%), G. aestuaria
(mean = 2.1%), P. capensis (mean = 1.9%) and Galeichthys feliceps
(mean = 1.9%) (Table 6). In terms of biomass, estuary-associated
marine species comprised 98% of the catch, followed by estuarine
species (2%). Biomass of fishes per estuary is given in Table A6
(Appendix). Endemic (temperate) and temperate species dominated
the catches numerically (82.8%); however, tropical species
dominated in terms of biomass (48.8%) and taxa (57.7%).

Multivariate analyses

The nMDS plot based on abundance produced a pattern where
predominantly open estuaries clustered together and separated
from predominantly closed estuaries, which were situated to
the left of the plot. There was no separation between small and
moderate to large predominantly closed estuaries (Fig. 3a). In
terms of biomass, the separation between predominantly closed
and open systems was less distinct, with one medium to large
predominantly open estuary (Ntlonyane) clustering together with
the predominantly open estuaries (Fig. 3b). The PERMANOVA test
based on abundance data revealed significant differences between
predominantly closed and open estuaries (Pseudo F = 3.1048,
p = 0.006). Biomass yielded similar results, with the two estuary
types being significantly different (Pseudo F = 4.0978, p = 0.003).

2D Stress: 0.17
a) MC

2D Stress: 0.16

b) MC

_ Mc sc
u u

Figure 3. nMDS ordination of fish communities in estuaries between
Kei Estuary and Mdumbi on the south-east coast of South Africa based
on (a) abundance, and (b) biomass; SC = small closed estuaries, MC =
moderate to large closed estuaries, PO = predominantly open estuaries
(® =predominantly closed estuaries, O = predominantly open estuaries)
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Table 5. Mean numerical abundance (%) of fishes captured in small closed, moderate to large closed and predominantly open estuaries between
Kei Estuary and the Mdumbi Estuary on the south-east coast of South Africa, October-November 1997, with an indication of biogeographic
affinity (origin) for each species and estuarine association category (from Whitfield 2019).

Species Estuary-association Origin Small closed Moderateto  Predominately
category large closed open
Acanthopagrus vagus lla Tropical 0.02 0.02 0.01
Ambassis ambassis | Tropical 0.01
Ambassis dussumieri | Tropical 0.01 0.57
Ambassis natalensis | Tropical 0.01 0.01
Argyrosomus japonicus lla Tropical 0.74 0.44 1.1
Atherina breviceps | Endemic (temperate) 8.42 4.69 2.42
Caffrogobius gilchristi | Endemic (temperate) 0.95 1.05 1.97
Caffrogobius natalensis | Endemic (temperate) 0.01 0.05
Caranx ignobilis Ilb Tropical 0.00
Caranx sexfasciatus b Tropical 0.06 0.04
Chelon dumerilii lla Endemic (temperate) 1.46 9.33 4.45
Chelon richardsonii b Endemic (temperate) 0.61 1.41 1.46
Clinus superciliosus | Temperate 0.00
Diplodus capensis llc Temperate 0.03 0.02
Elops machnata lla Tropical 0.06 0.42
Etrumeus whiteheadi 1] Endemic (temperate) 0.01
Galeichthys feliceps b Endemic (temperate) 0.07 0.04
Genion honckenii lic Tropical 0.03
Gerres methueni IIb Tropical 0.01
Gilchristella aestuaria | Endemic (temperate) 24.71 19.84 44.58
Glossogobius callidus | Endemic (temperate) 3.19 5.81 3.76
Heteromycteris capensis lla Endemic (temperate) 0.01 0.01
Hippichthys spicifer | Tropical 0.01
Leiognathus equula Ilb Tropical 0.04
Lichia amia lla Widespread 0.06 0.09
Lithognathus lithognathus lla Endemic (temperate) 0.06 0.01 0.05
Liza tricuspidens IIb Endemic (temperate) 1.14 2.28 0.58
Lutjanus argentimaculatus lic Tropical 0.01 0.01
Monodactylus falciformis lla Tropical 0.30 112 0.33
Moolgarda buchanani lic Tropical 0.48 0.13 0.24
Moolgarda cunnesius lla Tropical 0.09 0.20 0.10
Moolgarda robustus lla Tropical 0.73 2.49 0.35
Mugil cephalus lla Widespread 2.47 6.47 10.97
Oligolepis acutipennis | Tropical 0.08
Oreochromis mossambicus v Endemic (temperate) 2.77 2.04 0.01
Oxyurichthys keiensis | Tropical 0.02 0.12 0.23
Planiliza alata lla Tropical 0.05 0.13
Planiliza macrolepis lla Tropical 0.35 1.36 0.20
Planiliza melinoptera IIb Tropical 0.02
Platycephalus indicus lic Tropical 0.01
Pomadasys commersonnii lla Tropical 1.30 0.77 1.92
Pomadasys kaakan lic Tropical 0.02
Pomadasys olivaceus llc Tropical 0.46
Pomatomus saltatrix lic Widespread 0.02 0.02 0.22
Psammogobius knysnaensis | Endemic (temperate) 0.65 0.38 0.77
Pseudomyxus capensis lla Endemic (temperate) 18.90 12.30 417
Rhabdosargus holubi lla Endemic (temperate) 30.15 26.16 17.67
Rhabdosargus sarba IIb Tropical 0.01
Sardinops ocellatus 1] Temperate 0.02 0.09
Sarpa salpa lic Tropical 0.01 0.01
Secutor ruconius LI} Tropical 0.01
Solea turbynei lla Endemic (temperate) 0.25 0.27 0.67
Sphyraena jello llc Tropical 0.02
Stolephorus holodon lic Tropical 0.09
Terapon jarbua lla Tropical 0.05 0.36 0.07
Torpedo fuscumaculata lic Tropical 0.01
Torpedo sinusperci lic Tropical 0.07 0.00
Number of species 28 41 52

Estuarine-association category: | = estuarine species, lla = marine species with juveniles dependent on estuaries, Ilb = marine species with juveniles
mainly in estuaries, llc = marine species with juveniles sometimes in estuaries, lll = marine stragglers, IV = freshwater species. Numerically dominant
species in each estuary category are highlighted in bold.
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Table 6. Mean biomass (%) of fishes captured in small closed, moderate to large closed and predominantly open estuaries between Kei Estuary
and the Mdumbi Estuary on the south-east coast of South Africa, October-November 1997, with an indication of biogeographic affinity (origin)
for each species. and estuarine association category (from Whitfield 2019).

Species Estuary-association Origin Small closed Moderateto  Predominantly
category large closed open
Acanthopagrus vagus lla Tropical 0.28 0.18 0.1
Ambassis ambassis | Tropical 0.01
Ambassis dussumieri | Tropical 0.00 0.01
Ambassis natalensis | Tropical 0.00 0.00
Argyrosomus japonicus lla Tropical 8.15 10.34 12.77
Atherina breviceps | Endemic (temperate) 0.17 0.19 0.03
Caffrogobius gilchristi | Endemic (temperate) 0.02 0.08 0.13
Caffrogobius natalensis | Endemic (temperate) 0.00 0.00
Caranx ignobilis b Tropical 0.00
Caranx sexfasciatus b Tropical 0.22 0.97
Chelon dumerilii lla Endemic (temperate) 0.80 4.08 3.59
Chelon richardsonii b Endemic (temperate) 4.45 11.33 8.43
Clinus superciliosus | Temperate 0.00
Diplodus capensis llc Temperate 0.00 0.00
Elops machnata lla Tropical 1.65 17.37
Etrumeus whiteheadi 11} Endemic (temperate) 0.00
Galeichthys feliceps b Endemic (temperate) 0.08 1.86
Geneion honckenii lic Tropical 0.01
Gerres methueni lIb Tropical 0.03
Gilchristella aestuaria | Endemic (temperate) 1.38 1.43 2.07
Glossogobius callidus | Endemic (temperate) 0.14 0.46 0.18
Heteromycteris capensis lla Endemic (temperate) 0.00 0.00
Hippichthys spicifer | Tropical 0.00
Leiognathus equula IIlb Tropical 0.12
Lichia amia lla Widespread 1.32 4.95
Lithognathus lithognathus lla Endemic (temperate) 1.37 0.06 0.46
Liza tricuspidens b Endemic (temperate) 9.84 10.38 4.49
Lutjanus argentimaculatus lic Tropical 0.47 0.17
Monodactylus falciformis lla Tropical 1.22 1.23 0.47
Moolgarda buchanani lic Tropical 9.37 2.54 7.59
Moolgarda cunnesius lla Tropical 0.15 0.16 0.03
Moolgarda robustus lla Tropical 1.00 0.94 0.52
Mugil cephalus lla Widespread 6.19 6.88 19.74
Oligolepis acutipennis | Tropical 0.00
Oreochromis mossambicus [\ Endemic (temperate) 18.84 10.49 0.00
Oxyurichthys keiensis | Tropical 0.00 0.01 0.01
Planiliza alata lla Tropical 0.34 3.26
Planiliza macrolepis lla Tropical 1.95 3.82 0.70
Planiliza melinoptera b Tropical 0.21
Platycephalus indicus lic Tropical 0.06
Pomadasys commersonnii lla Tropical 3.65 4.94 712
Pomadasys kaakan lic Tropical 0.01
Pomadasys olivaceus lic Tropical 0.29
Pomatomus saltatrix lic Widespread 0.59 0.09 0.01
Psammogobius knysnaensis | Endemic (temperate) 0.03 0.04 0.01
Pseudomyxus capensis lla Endemic (temperate) 12.95 7.73 1.89
Rhabdosargus holubi lla Endemic (temperate) 15.45 14.92 3.24
Rhabdosargus sarba lIlb Tropical 0.19
Sardinops ocellatus 11l Temperate 0.00 0.01
Sarpa salpa lic Tropical 0.00 0.04
Secutor ruconius 1] Tropical 0.00
Solea bleekeri lla Endemic (temperate) 0.04 0.10 0.03
Sphyraena jello lic Tropical 0.31
Stolephorus holodon llc Tropical 0.01
Terapon jarbua lla Tropical 0.04 0.09 0.04
Torpedo fuscumaculata lic Tropical 0.16
Torpedo sinusperci lic Tropical 1.55 0.07
Number of species 28 41 52

Estuarine-association category: | = estuarine species, lla = marine species with juveniles dependent on estuaries, Ilb = marine species with juveniles
mainly in estuaries, llc = marine species with juveniles sometimes in estuaries, lll = marine stragglers, IV = freshwater species. Dominant species in each
estuary category are highlighted in bold.

Water SA 46(3) 366—382 / Jul 2020 373
https://doi.org/10.17159/wsa/2020.v46.i3.8647



SIMPER analysis based on abundance showed that predominantly
closed and open estuaries had an average dissimilarity of 39.12%.
Species such as G.aestuaria, M. cephalus, C. dumerili, E. machnata,
P. commersonnii and M. robustus, which collectively accounted
for 24.2% of the overall dissimilarity, were more abundant in
predominantly open than closed estuaries. Species such as
R. holubi, M. capensis, G. callidus and O. mossambicus (which
collectively accounted for 12.1% of the overall dissimilarity) were
more abundant in predominantly closed systems. In terms of
biomass there was a 45.4% dissimilarity between predominantly
open and closed estuaries. Elops machnata, M. buchanani,
L. amia, M. cephalus, C. richardsonii, P. commersonii and
A. japonicus comprised a greater proportion of the biomass in
predominantly open estuaries (collectively comprised 34.8%
of the dissimilarity). Oreochromis mossambiccus and P. capensis
comprised a greater proportion of the biomass in predominantly
closed estuaries (accounting for 9.3% of the dissimilarity). The
results of the RELATE analysis revealed significant relationships
between the physico-chemical similarity matrix and both the fish
abundance and biomass similarity matrices (Rho > 0.30, p < 0.05).

DISCUSSION

This survey provides baseline information on the estuaries and
fish assemblages found along a poorly studied section of the South
African coastline. Of the 26 estuaries considered in this study, 8
were predominantly open estuaries and 16 predominantly closed
estuaries. Only four of the predominantly closed estuaries were
small systems. Multivariate analyses suggested that predominantly
open and predominantly closed estuaries had distinctive physico-
chemical characteristics. The eight predominately open systems
comprised of two freshwater-dominated systems (Mbhashe
and Mtata) characterised by high turbidities and relatively low
salinities. The Mbhashe and Mtata estuaries are typically highly
turbid systems, with the high turbidity of the Mbhashe attributed
to highly erodible sediments present in the extensive catchment,
which extends from the southern Drakensberg to the coast. Poor
catchment management (e.g. overgrazing, bad farming practices)
has further increased the rate of soil erosion, also resulting in
elevated sediment to these estuaries (O’Keeffe, 1989; Plumstead,
1990; Le Roux et al., 2008). The other six predominantly open
estuaries were characterised by high salinities and low to moderate
turbidities.

The predominantly closed estuaries formed a gradation from small
estuaries with low salinities to small to moderate and large closed
estuaries with higher salinities. Closed estuaries usually breach
during periods of high fluvial discharge, particularly after rainfall
in the catchment (Perissinotto et al., 2000; Cowley and Whitfield,
2001). Although sampling was conducted during October and
November, with November normally representing the onset of the
high flow period (James et al., 2020), all the predominantly closed
estuaries were closed at the time of sampling, following a period
of low rainfall. Elevated salinities in many of these closed estuaries
may be due to wave overwash events, which introduce seawater
into these systems (Cowley and Whitfield, 2001).

Estuariesin this region are close to the warm-temperate/subtropical
biogeographic boundary (Harrison, 2002). Transition zones are
typically areas of rapid environmental variability (Attrill and
Rundle, 2002) and species turnover, resulting in increased levels of
species richness (Spector, 2002; Konar et al., 2010). Furthermore,
many tropical and temperate species reach their southern and
northern distributional limit, respectively, within South African
estuaries in the subtropical/warm-temperate transition-zone
(e.g. Maree et al., 2000; Harrison and Whitfield, 2006b). Indicative
of the high species richness in this region was the fact that 28
species were recorded in the four small predominantly closed
estuaries, 41 species in the moderate to large predominantly closed
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estuaries and 52 species in the predominantly open estuaries.
A comparable survey along the East London and surrounding
coastline documented 26, 34 and 44 fish species from small
predominately closed, moderate to large predominantly closed and
predominantly open estuaries, respectively (James and Harrison,
2016). Many of the species recorded in southern Transkei estuaries
and not in previous studies of south-east coast estuaries (James and
Harrison 2010a; 2010b; 2011; 2016) were tropical species that are
mainly confined to subtropical estuaries and whose distribution
is strongly linked to temperature (Harrison and Whitfield, 2006).
The southern Transkei coastline is located south of the break
between the warm-temperate and subtropical region (Harrison,
2002). Maree et al. (2000) suggested that the subtropical and
warm-temperate transition-zone for estuaries incorporates an area
where the contribution of tropical and temperate species is roughly
equal, i.e., 50%. In this study tropical species comprised between 43
and 58% of the number of species recorded and temperate species
(including endemic species) comprised 37-50% of the species.
Temperate species dominated all estuaries numerically (>80%),
while in terms of biomass, tropical species comprised 28-49% and
temperate species composed 26-66%. These findings are indicative
of the estuaries occurring within the subtropical/warm-temperate
transition-zone.

The nMDS plot based on abundance and biomass showed that
predominantly open estuaries clustered together and separated
from predominantly closed estuaries, which were situated to
the left of the plot. There was no separation between small and
moderate to large predominantly closed estuaries. Overall,
dominant species numerically in the predominantly closed
estuaries were Rhabdosargus holubi, Gilchristella aestuaria,
Myxus capensis, Atherina breviceps, Chelon dumerili, Glossogobius
callidus and Oreochromis mossambicus. Dominant species by mass
were R. holubi, Argyrosomus japonicus, Pseudomyxus capensis,
Mugil cephalus, Chelon richardsonii, Liza tricuspidens, Moolgarda
buchanani, O. mossambicus and Pomadasys commersonii. Although
species assemblages were similar between small and moderate
to large predominantly open estuaries, the number of species
recorded in the moderate to large estuaries (41) was much greater
than in the small estuaries (28 species). Species only recorded in
moderate to large and not in small predominantly closed estuaries
included Ambassis ambassis, Ambassis natalensis, Caffrogobius
natalensis, Caranx sexfasciatus, Diplodus capensis, Elops machnata,
Etremeus whiteheadi, Gerres methueni, Heteromycteris capensis,
Lichia amia, Planiliza melinoptera, Lutjanus argentimaculatus,
Pomadasys olivaceus and Sardinops ocellatus. Only two species,
Galeichthys feliceps and Torpedo sinusperci, were only found in
small predominantly closed estuaries and not in moderate to large
predominantly closed estuaries.

The greatest species richness was recorded in the predominantly
open estuaries. Species only recorded in predominantly open
estuaries included Ambassis dussumieri, Amblyrhynchotes
honckenii, Anguila mossambica, Caffrogobius nudiceps, Caranx
ignobilis, Clinus superciliosus, Hippichththys spicifer, Leiognathus
equula, Oligolepis acutipennis, Platycephalus indicus, Pomadasys
kaakan, Rhabdosargus sarba and Secutor ruconius. Many of these
species are stenohaline marine species that are not dependent on
estuaries (marine stragglers) (Whitfield, 2019). An increase in
the number of marine stragglers recorded in the lower reaches
of predominantly open estuaries often accounts for the greater
species richness in predominantly open estuaries compared to
predominantly closed estuaries (e.g. Bennett, 1989; Whitfield
and Kok, 1992; Vorwerk et al., 2003; James and Harrison, 2016).
Dominant species numerically in the predominantly open
estuaries were G. aestuaria, R. holubi, Mugil cephalus, C. dumerili,
P capensis, G. callidus, A. breviceps, Caffrogobius gilchristi and
P. commersonnii. Dominant species by biomass were M. cephalus,
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Elops machnata, A. japonicus, Chelon richardsonii, Moolgarda
buchanani, Lichia amia, L. tricuspidens, C. dumerili, R. holubi,
G. aestuaria, P. capensis and Galeichthys feliceps.

Although similar species were found to dominate catches in
estuaries of East London and the surrounding coastline (James
and Harrison, 2016), estuarine species such as Atherina breviceps,
Gilchristella aestuaria and Glossogobius callidus comprised a
greater proportion of the catch numerically in predominantly
closed estuaries in the later study compared to this study. Overall,
G. aestuaria and A. breviceps often represent a larger percentage
of the catch, numerically, in predominantly closed estuaries than
in predominantly open estuaries (James et al., 2007; Vorwerk
et al., 2003; James and Harrison, 2016). The lower numbers
of estuarine species recorded during this survey may be due to
prolonged closed conditions. During extended closed periods
fish populations in predominantly closed estuaries can decrease
considerably due to predation (James et al., 2007).

This study found a significant link between estuary typology
(and physico-chemical characteristics) and the fish communities
present. Predominantly open estuaries have a near-permanent
connection with the sea and are characterised by moderate to
high salinities and high species richness. Predominantly closed
systems have an intermittent connection with the sea and are
characterised by shallow, warmer waters. Species richness in these
systems is typically lower than predominantly open estuaries,
although marine species may be introduced into these systems
via barrier overwash. This study represents a unique survey of
multiple estuaries along a little-studied section of the South
African coastline.
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APPENDIX

Table A1. Numerical abundance of fishes captured in small closed estuaries between Kei Estuary and the Mdumbi Estuary on the south-east
coast of South Africa, October-November 1997 (n = number; % = percentage contribution)

Species Ncizele Jujurha Mbhanyana Kwa-Suku

n % n % n % n %
Acanthopagrus berda 1.0 0.1
Argyrosomus japonicus 9.0 2.5 8.0 0.5
Atherina breviceps 21.0 19 18.0 49 1.0 0.1 127.0 26.8
Caffrogobius gilchristi 13.0 3.6 4.0 0.2
Galeichthys feliceps 1.0 0.3
Gilchristella aestuaria 15.0 1.4 144.0 39.3 956.0 58.1
Glossogobius callidus 6.0 0.5 38.0 2.3 47.0 9.9
Lithognathus lithognathus 4.0 0.2
Liza alata 1.0 0.2
Liza dumerilii 2.0 0.2 20.0 5.5 1.0 0.2
Liza macrolepis 23.0 1.4
Liza richardsonii 3.0 0.3 8.0 2.2
Liza tricuspidens 13.0 1.2 7.0 1.9 7.0 1.5
Monodactylus falciformis 7.0 0.6 1.0 0.3 1.0 0.1 1.0 0.2
Mugil cephalus 61.0 5.6 12.0 33 17.0 1.0
Myxus capensis 319.0 29.1 16.0 1.0 216.0 45.6
Oligolepis keiensis 1.0 0.1
Oreochromis mossambicus 1.0 0.1 52.0 1.0
Pomadasys commersonnii 7.0 19 54.0 3.3
Pomatomus saltatrix 1.0 0.1
Psammogobius knysnaensis 4.0 1.1 21.0 13 1.0 0.2
Rhabdosargus holubi 649.0 59.1 105.0 28.7 474.0 28.8 19.0 4.0
Solea bleekeri 1.0 0.3 5.0 0.3 2.0 0.4
Terapon jarbua 3.0 0.2
Torpedo sinusperci 1.0 0.3
Valamugil buchanani 7.0 1.9
Valamugil cunnesius 6.0 0.4
Valamugil robustus 8.0 2.2 12.0 0.7
Total individuals 1098 366 1645 474
Total taxa 12 17 19 n
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Table A2. Biomass composition of fishes captured in small closed estuaries between Kei Estuary and the Mdumbi Estuary on the south-east coast
of South Africa, October—-November 1997 (g = mass; % = percentage contribution)

Species Ncizele Jujura Mbhanyana Kwa-Suku

9 %g 9 %g 9 %g 9 %g
Acanthopagrus vagus 206.4 1.1
Argyrosomus japonicus 2263.0 9.6 4286.0 23.0
Atherina breviceps 2.5 0.1 3.9 0.0 0.2 0.0 41.2 0.6
Caffrogobius gilchristi 7.5 0.0 5.8 0.0
Chelon dumerilii 26.6 0.9 203.1 0.9 108.0 1.5
Chelon richardsonii 429.0 14.1 859.3 37
Galeichthys feliceps 59.0 0.3
Gilchristella aestuaria 235 0.8 109.6 0.5 796.5 4.3
Glossogobius callidus 5.8 0.2 319 0.2 13.2 0.2
Lithognathus lithognathus 1019.2 5.5
Liza tricuspidens 221.7 73 5408.2 23.0 661.5 9.1
Monodactylus falciformis 130.2 43 29.0 0.1 30.0 0.2 22.0 0.3
Moolgarda buchanani 8824.0 375
Moolgarda cunnesius 112.8 0.6
Moolgarda robustus 16.6 0.1 731.6 39
Mugil cephalus 239.3 79 1206.3 5.1 2189.8 n7z
Oreochromis mossambicus 107.0 35 52464 71.8
Oxyurichthys keiensis 1.7 0.0
Planiliza alata 100.0 1.4
Planiliza macrolepis 1458.1 7.8
Pomadasys commersonnii 1417.6 6.0 1597.8 8.6
Pomatomus saltatrix 72.0 24
Psammogobius knysnaensis 2.3 0.0 214 0.1 2.2 0.0
Pseudomyxus capensis 1117.8 36.9 143.1 0.8 1034.1 14.2
Rhabdosargus holubi 657.0 21.7 1665.9 71 5989.7 321 69.3 0.9
Solea bleekeri 1.1 0.0 6.4 0.0 74 0.1
Terapon jarbua 273 0.1
Torpedo sinusperci 1461.1 6.2
Total mass 3032.23 100 23 537.36 100 18 655.66 100 730543 100
Total taxa 12 17 19 n

Water SA 46(3) 366—382 / Jul 2020 378

https://doi.org/10.17159/wsa/2020.v46.i3.8647



Sl Lz [44 (4 Ll (4 k4 cl AN 6¢C ol [44 sapads |ejoL
[43} LLL LLzL 0£9 L8 414" €99 €16 876 ozzl €8¢ ov/L s|enplAlpul [e3ol
€T 0'€ 10 oL L0 0's L'0 o'l 80 0L €0 oy L'0 o'l pnqup[uodpia|
L0 o'l l 00C L'0 o'l 7’0 0's o o'l 80 0L 7’0 0's L'0 o'l 1aufqunj pajos
0 ol pd|ps pdips
1'0 0'C L'0 ol snjpjja30 sdouipivs
9'0L ovlL 8'LL 0'¢6 €ce 0°€SS ol 0'v6 8 029 8'CL 0’868 L1 ocel 0'LE 0'€8¢C 7'SS ovLS 8'LE 0'88¢€ 9L 09 8'CC 026€ 1gnjoy snbipsopqoyy
s0C 0T 9€ 0'8¢ L'z 09¢ 0 0€ 6Tl 090L 0 0¢ 0 ol €9 08y 9€ 0€e 6'€l 00L 89.  0V6C '8 (234 sisuadpd snxAwopnasq
€0 0'S 0 0€ oL 08 60 oLl [4Y oL 60 08 10 oL [4 o€ 90 0oL sisuapusAu sniqobowwpsg
0 0T LI'o ol X11}D}[DS SNWOIDWOH
€S 0L 0 ol L'o oL $nas>pAIjo sAsbpouwiod
€T 0€ ol 08 0 0L 9l oLl 6l 0'€C 0 0T €0 0'€ oL 0zl ¥'0 0L luuosIawwod sAspppuiod
€0 0C piajdouljaw pzijiup|d
90L oL €T 0'8L L'o 0T 60 09 0 0€ 0 0C ¥'0 0C €l 09L 0 (0h4 sidajo.opwW Zl|1uD|d
L 06 L1'0 ol [4 o€ Dbio|p bzijlub|d
€0 0¢ It o€l 40 0T sisuaiay sAyy1nAxo
60 0L [4] 0€ €0 091 L0 08 L'z 08 €0 0'S SN2IQUIDSSOLW SIWOJY20310
6'€S o6l 90 oLl <l 08 S0 (\h4 (4 0T 8'GlL 068 0 (024 L'c 09Z oL (\h4 8L o'Le snjpydas 16njy
8'sT ove 'l 06 ol 0L L'0 o'l (4] o'l 'L 0oL 90 0L snjsnqos pivbjooy
L'0 oL L'0 0¢C L't 0'6 UL 0'€lL snisauund ppipbjoopy
Sl 00l [N0] oL 1ububysnq bpivbjoop
Sl 0T ol 08 ¥l (\h74 oL 08 ol 06 (44 08¢ o 0T 60 oLl €l 0's €0 0's siw0412]pj snjA1oppouoyy
L'0 oL snipjnopwiuabip snuofin
0€ (024 1o oL 10 0T 66 099 4 0¢C 'L oyl 0's 0'8C 80 0L S0 0'S [4 0¢C 9l 09 8y 0¥8 suapidsno bz
o ol snyapuboyyy| snyipuboyir]
90 (04 1'0 0oL DIWD bIYdIT
1'0 oL sisuadpd s1ia}2Awol2)aH
Tl 06 €S 0'L6 oL 0L LSy 0'SLE 8¢ 0Ly ol 06 08 0€L S0 0'S 4 0€ ol (044 €l 0€T snpjjjp2 sniqobossoj
(43 0's¢ ver  0Sh8 6'l o€l 6'C (044 134 0'€s (474 09¢lL L'ee 0c0E  0'€C 0€lT L'og 0£9¢ Lol oLy ¥'ss 0196 bLIDN}SAD D|[3}SHY3[1D
1o 0L 1UaNY3aW 531199
L'o ol 1pbaya)iym snawniyg
0 0'¢ 1'0 oL 1'0 0¢ pipuydLW sdoj3
0 o'l 0 o€ sisuadpd snpojdig
0€ [0h4 L0 0zl 10 ol 1'0 o'l oL 0L 08 oSy 1o oL o'l 0’6 'L oyl 9l 09 0 0€ luospipbysLi uojayd
1'6 ozl L'EL 0ol 0 09 £09 0L0¥% L'o oL Sl o6l 49 0'6C oLl ozol 68 0’601l 6l 0'€e Hjuawinp uojayy
80 ol SNIDIISDJX3S XUDIDD)
1’0 o'l L'o oL sISU3|pIbuU sniqoboiyp)
0€ ot L€ 0'6C 60 0'sl 90 (0274 8l 0ce ¥'0 0¢ ol 06 €0 0€ L0 06 0 (084 nsuyoib sniqoboiypd
Sl 0T 1o oL 9€ 029 60 09 s (034 €8 0oL LEL 0LL 9L 0€eL 8l 0ZL (%3 08¢ €¢C 06 oL /L sda1r2iq buliayly
8'0 o'l 90 0's S0 08 9L o'LL L'0 o'l €0 (04 60 0's 4] 0C 0 0¢ L'0 oL snojuodpf snwiosoibiy
1'0 0¢C SISU3DIDU SISSDQUIY
L'0 o'l La1unssnp sissoquiy
1'0 0T 1’0 oL snboa snibodoyjupdy

% u % u % u % u % u % u % u % u % u % u % u % u
1zndepy ebuap eAueyN asuekuoIN nzuadp-ny e|pebN esembbN njez ELT) e10|0D auembobN eieXD sapads

(uonnquiuod abejuadiad = 9, Jaquinu = u)
/661 J9QUISAON-I12G0ID0 ‘BILY YINOS JO }SEOD }SBa-YINos 9y} uo A1enys3 Iquinply 9y} pue £1enis3 19y Udamiaq salienysa pasold abae| 0} ajesdapow Ul painided saysy Jo aduepunge [edUaWNN *€y ajqeL

379

Water SA 46(3) 366382 / Jul 2020

//doi.org/10.17159/wsa/2020.v46.i3.8647

https



Sl L [44 0c¢ Ll (4 4 43 LL 6¢C oL [44 exe} [e10L
00L Zeosyy OOL 16/8€6 00L C¥888L 00L 8/ZZCve O00L €6£0¥L O00OL L'S80SL 00L 6C061lC O00OL 651905 00L 99¢5SL 00L 96¥99C 00L 8L'S9Y9 00L 8'SLE6L ssew [ejo]
€0 6ClL [4] 9'8C 4] 695 00 o€ €0 (4514 10 (44 00 L onqpfuodpiaj

00 'L 0 '8¢ 00 6l L'0 8L 00 6l 80 8’y 00 '8 00 €l 1aufqun} pajos
00 [ pd|ps bdips
00 L't 00 9l snjpjja30 sdouipivs
S6 vy l ovLL 00T 6'8/L¢ 90 S'/6l 86 8'¢8E L 89F ¥'9907 L'E 189 L'ec 80/ L €CC v99rE 8Ll 06ELE 'y 'z8e §'0C €v96¢€ 1gnjoy snbipsopqoyy
6°€l 6'€79 L€ €0S€ 66l S€66C TO L9 o€l toC8l 00 YL €0 £'8S L't SYS 80L 9%/91L 99 601l t'8L 998LL 68 8leLl sisuadpd snxAwopnasd
00 (a4 00 60 1o S8 1o s 00 L'l (4] 6Ll 00 60 00 143 1o S'SlL sisuapusAux sniqobowwpsq
90 09l 0 0's8 X14)D]|DS SNWOIDWIOH
S'€ VAT 00 g9 00 (o7 snas>pAljo sAsbpouwiod
(43} 0065 0€ G'€8T 60 0Ll 70 PEEL Ll €05¢ LT 8885 9CL 0661l T8L TT98Y 99 08Tl IUU0SIaWIWOD SASDpDOUWIO
ST 6'LEC piajdouljaw pzijiup|d
8L 8'96L A W44 60 SLLL 9T 8506 0C 14744 L't 8°0LL 0 '6€ €l Y'LSE (44 0'LL8 sidajonpw vzj1uvld
eE  0'logE 80 0°€LL (43 0'958 D1o|D DZ]jluD|d
00 9l 1'0 9'LL 00 ¥'T sIsualay sSAYIY2LINAXO
¥'GL 68Vl €S 89001 6GE  SYP0S 00L 90/9C ([€ 088T GSL 0666 SN2IQUIDSSOW S|W01Y20310
9'8 8'¢08 9L 'L0€ vy L1081 8ZLL 066¥C L0 yol L'8 rviel o 7Ll 69l 6'10S5Y 9’ (4413 08l S¥8rE snjpydad jibnyy
L 443 6l 9'6LL S0 8¢/l 00 L'e 00 3 L0 1'S0L oL 7'89¢C snysnqoJ bpivbjooyy
L'o L'z 4] 98¢ oL LovL L0 89/L snisauund bpipbjooyy
¥'8C  0'9¢/6 4 0vSS 1upupy>nq ppipbjooyy
T 0'60L 8l 0zl 6'€ LLTL L'l [434} 90 L'9€L L'o €€ €0 8'0¥ 9l LTy 8l 09LL €l 09%¢C SIwLI0412]0 SN|AI>DPOUOH
'S 06SISL snpjndpwipuabip snubfin
7'l 8'€9 0 9L 70 [R°74 (004 L'e8E L (3 (V8434 98l S66LT 9/l 7'8¥8€ €7CS  0LV9C (WA 9'00L L LS 09¢s L S'S L€S€E L'8 8789 1 suapidsnou bz
80 £°0LL snyipbuboyy| snyipuboyir]
L'8 0786¢C L'z o’loL L blwbp biydI7
00 9L sisuadpd s113)2AW013)9H
L'o Sl €0 8Ly 00 Lol 80 8'ELL 0 €65 00 6 S'€ L'9LL 00 YL 00 L'z L'o 06 (4] 6'€E snpljjv> sniqobosso|n
€0 [40}% 8'C €1es 00 L9 1'0 09l €0 (WA4 7’0 7.6 SL 7'18¢€ L0 LLLL <l ceee o 96l R 1'989 blIDN}SaD Dj[a)sliy3[I5
€0 0Z6 1uanyjaw saia9
00 L'0 1pbaya)iym snawniyg
8'6 ooveE € 09 0'ze6 L'y 0'88L pipuydLW sdoj3
00 00 00 8L sisuadpd snpojdig
6°€l 0979 €T7C 880ty tO &4 60 o'LEL LLL §999T €9¢ SO0v6L €V 0'6LC Tl 7688l 'S ToLel TOT  v'80€l ST 0681 lluospipydli uojayd
184 0ol 7’9 6,65 90 LLLL oz S'6069 L'0 6/l 9'L £'8€¢C €cC 0’861 L9 7’876 8'S 9CeES L L'l 7'LEE Hjrawinp uojay
LT 0ozl SNIDIDSDJXS XUDIDD)
00 'L 00 9L sISua|plpu sniqoboiyp>
L'0 8'¢ 0 S'le L'0 8'7C 00 143 €0 114 00 Sy L'0 L'y 00 (474 00 6¢Cl 00 '6 11s14y2]16 sniqoboiyp>
00 90 00 3 ¥'0 689 00 0C (4] LT (4] ST 0 444 80 L'6€ 0 474 €0 9'0L 00 9l 00 6 sdad|raiq buliayly
66 0Tvy 9'€ €6EE  0€T VvvveEr v8L €/0€9 €€l 0/98L €0L 0€SSL 89C 0098S VA I A 44 A N oLy L€ ovLL snojuodpf snwiosoibiy
00 9 SISUa|pIbU sIssbquuy
00 o€ L1unssnp sissbquiy
L'l L'66L L'l 8LLE snboa snibodoyjupdy

6% b b9 b b9 b b9 b b9 b b9 ) 6% 6 6% b 6% [ 6% b 6% 6 6% 9
1znydepy ebuap eAueiN auekuoIN nzuadwny e|pebN eysembbN njez ELT) eysio|0D auembobN eyJexp sapads

(uonnquyuod abejuadiad = o, 'ssew = b)
/661 J9QUWIAON-12G03D0 ‘BIIJY YINOS JO 15RO 1SBI-YINO0S 9y} UO A1en3sT Iquinp|p ay3 pue A1enis3 19y Uaamiaq salienisa paso|d abie| 03 d1esapowl uj painided saysy o uolisodwod ssewolq ‘yy ajqel

380

Water SA 46(3) 366382 / Jul 2020

//doi.org/10.17159/wsa/2020.v46.i3.8647

https



a4 [§3 [§3 14 44 €T [§3 14 sa1dads [ejo]
6/6C ool 768 00L €99 L 0oL 0sc L 00l €Ll L 00l 06/ 1 ool 069 ¥ 00L 68C C S|enplAipul |ejo]
1'0 0'¢C 0 0'C L 06l L'0 ol L'0 ol 'L 06l 00 ol snysnqo ppipbjooy
0 (74 L'0 oL €0 (VA4 snisauund ppipbjoopy
€0 06 1'0 oL ol 09l ¥'0 0'S 10 0T lububysnq bpipbjoopy
00 o'l 1243dsnuis opadio]
L'o ol 00 ol b3p|n>bWnIsny opadio]
0 0C 1'0 oL 0 0oL pnqup[uodpia]
00 oL €0 o€ 1'0 0¢C (4] 0T L1'0 0€ uopojoy snioydajojs
(4] 0's ojjal buaviAyds
L'0 o€ 90 0's S0 0L 90 0L S0 09 L'c 0'8€ L0 0'ze €0 08 1auAqin} pajos
L'0 oL $NIUOdNJ 10}N33S
00 oL pd|ps pdips
0 0'C 1'0 oL L'0 oL [4l0] oLl 1'0 0'€ snjpjja30 sdouipivs
00 oL DQJps snbipsopqpyy
9'8 0°£LS¢C el 0'8LL lad 0'vZe el 0'esl 8T 0'60€ 8'6€ ocLL '8 0'€6E oZL 0'88¢ 1gnjoy snbipsopqoyy
o 0's 60 08 €l 00z €l 0'sL <l 0ce €0 oyl 60 o'le sisuapusAu sniqobowwpsg
L'0 o€ €l 0zl Lo oL 00 oL X14}D3[DS SNWOIDWOd
1'o ol 1'0 ol ubypDY SASppPUWOY
1'0 o€ (49 09t o'l oSl 9'¢ 0'sy €l 0'slL e 0LS 1'0 0's 60 0'0c 1uuosIaWWo sAsbppuiod
L'o ol snoipul snjpydasAivj4
1'o oL SN2IQUIDSSOW SIWIOIY20310
90 0's 0 09 90 0L €0 0'S 00 o'l sisualay sAyay21nAxo
00 ol 90 0'S 10 oL siuuadiznop sidajobijo
€0 ool [4X4 0'20C 80 0zL 9 02S ST oyt 0T 0'€6 00 ol sisuadpd snxAwopnasd
€0 08 Lol oyl [4 0'L8 oYy 0'85S vl 09l 09 0801 L 0'ove 89 0'sSL snjpydas 16njy
10 o'l 1'0 0cC ol 0zl o 0T L0 oL 0 06l o (\h4 siw0jio[pj snif1>opouoy
L'0 o'l snipjnopwiuabip snuofing
Sl 09y o 0T S0 08 €0 oy 0 0's 60 o9l 00 0T 90 oyl suapidsnou) bzi]
o 0T 80 0€L €0 oy 8¢ oy 60 0Ll oL oSy 9t 0501 ltuospipbydli uojayy
L1'0 [0h4 €0 o€ 0 09 1o oL 1’0 oL €0 0's €0 o€l 00 ol sidajo.opw vZi|1uv|d
L'E o'LLL l o'LL oL 0'85L 08 0’00l S'S 0’19 L'L 0°0C L's 0'Lre L0 ozZL Hjuawinp uojayy
1'0 0t 1'0 oL [40) 0¢ 00 ol snyipuboyil| snyipuboyir]
00 oL 1'0 oL €0 oy 1'0 0€ €0 09 DIWD DIYIT
00 ol €0 0y pjnnba snyjpuboia
1'0 ol Ja4121ds sAyayoiddiy
L'0 oL L'0 0'¢ sisuadpd s113)2Aw013)9H
0€ 006 'z 08¢ Lo oL <l o€l 09l 098¢ L'y 006l €€ 09z snpljjp> sniqobossoj
S'SL 08T T 6'vC 0zee (4474 0£89 L6l 0'6€C 08y 0'veS €6l 09v¢ 6'€9 0'566 8'l9 ovly L D1IDN}S3D D|[3)S1YD[1D
0 0'C 00 oL luayduoy uoiauan
1'0 0L 0 (0874 sdadijay sAyayd1a/pD
0 oLl 1'0 o'l L 08l Lo oL (4] 0T 80 0'sL [4 0oL 0 06 plpUYILW SdojF
00 ol 1'0 0L sisuadp> snpojdiq
00 oL snsoly2Jadns snuijD
(4] 09 1'0 0¢C 00 o'l SNIDI>SDJX3S XUDIDD)
00 oL sijiqoubi xupip)
N0] ol €0 0z sISU3|plbu sniqoboiyp)
7'l o'cy L0 09 L'e 0’89 90 08 €T 0'9C 0'¢C 09€ 14 0'c0C L0 oSl 11s1y2]16 sniqoboiyp>
9'€ 00l <l oLl 6'8 0'8€lL 8l 0€T (44 \h74 L0 ocL 60 o'oY Lo o€ sdad|raiq buliayly
L1'0 0T 6C 09z 0] 0L ol 0'0C ST 08¢ L0 oL 10 0's 90 0€L snojuodp snwosoifbiy
L'0 oL SISU3DIDU SISSbQUIY
14 08¢ €0 0's La1unssnp sissbquiy
L'0 oL SISSDQUID SISSbquIy
1'0 0L snboa snibpdoyjupdy

% u % u % u % u % u % u % u % u
IquNpW eI eloyy syseq uIxiys eloyd oxexuj/isnbbN eqebuoqoy saads

(uonnquuod dbejULdIAd = 04 LIaquINu = U)

/661 J9QWSAON-IG0IDQ0 @1V YINOS JO }Se0D }sea-Yinos 9y} uo A1enis3 Iqunpiy 9y} pue K1en3s3 19y usamiaq saltenisa uado Ajpueuiwopaid u painided saysy Jo aduepunge [edUaWNN *§Y djqeL

381

Water SA 46(3) 366382 / Jul 2020

//doi.org/10.17159/wsa/2020.v46.i3.8647

https



Lc LE LE 9C [44 €C LE 14 sapads |ejoL

0°00L 6'€0€ 8¢ 000l £'106 ¥S 0°00L RA R 0’00l 1'5/6 98 0°00L 6'8LS L oool €70, 89 0°00L Sv8E Ty o'ool 7’158 96 ssewl [ejol
S0 0°00¢ 1242dsnuis opadio]
oL 0°00£ o 0'00L DpIpLIN>LWNISN) 0Padio]
00 6ClL 00 L €0 09¢€L pnqup[uodpia]
00 8l 00 €9 00 oL 00 68 00 L€l uopojoy snioydajojs
ST 0976 ojjal buapifyds
00 ol 00 6T 00 8 00 LYy 00 8T 00 L8l o 0L 00 ol 113X29]q D3|O§
00 90l SNIU0dNJ 103N3S
€0 026 0djps pdipg
00 0 00 0 L'0 ‘a4 00 L9 00 L0 xpbos sdoulpips
9l 0905 L pqups snbipsopqpyy
L'c 0'zeoL 90 ocie e €6CC L L'o 6'C8 6v ¥'920¢C 6L (4324 9 T8v6 L o€ €198¢ 1gnjoy snbipsopqoyy
Sl £'06S 8T L1181 'z ceeel 9l 6CSe L €T 1'65S L 9 S/S6 L 00 60 sisuadpd snxAwopnasd
00 ¥l 00 ST 00 9Tl 00 00 00 Ly 00 4] 00 €l 00 YL sisuapusAuy sniqobowwpsg
00 L'L 00 1374 00 1974 00 L'l X11ID}[DS SNWOIDWIOH
00 (N44 1’0 9T ubypDY SASLpPUWOY
6l L'evl 4 L'9€LL LT S8y L L'l 08817 L 8'cC 0'L6¥ 6 9L §'6C98 9t Lovs L 96 §'CSC6 luuosIWWo sAsbppuiod
] 8'68L sn2ipui snjpydasA1pjd
€cC 7798 00 (4 Ll 1’529 00 L'yl 0 181 80 8L8S 8'0 0'sve 00 8'¢t sidajosopw vzijiub|d
00 e 00 L'L 00 S9 00 SC 00 L0 sIsualay sSAYIY2LINAXO
00 9'CL SN2IQUIDSSOW SIWO0IY20210
00 €0 00 143 00 (4] siuuadinop sidajobijo
L'8 9'6YE € L'zL '9656€ L'S L'9€lL € §'SS L'L6T 8y (4 £'768 L'6 G'9€99 6'C IV L 'L L'ev0 L snjpydad j1bnyy
90 0'9¢C 00 SL o 6'8LL L'0 €SS o€ 0'0€TL €0 cole 00 ¥'6 snisnqou ppipbjooyy
L'0 6'vS 1'o 9'6¥ 1’0 699 snisauund ppipbjoopy
[(x44 0888 8'C 8L¥SL 9'st 7’60l ¥l 69 0'8¢09 v'e 0'6€€C lupupysnq bpipbjooyy
00 €0 L'0 6S 00 [4 S0 o6le 60 £029 0'¢ Le8 €0 0'59¢ sIw0412]0 snjA1>Dpouoy
€l 0ceL snipjndpwipuabip snuofing
8'C £°€80 L ol 1'0SS (4] /8 6T 901LS T L £'8lS €6l 0€rs oL 6T ovicl 96 6'€CE6 suapidsnaii pzi]
UL (474 o €781 vl 6585 60 L'/8€ snypuboyyy snyipuboyyy
L'€ oLov L (074 0'90¢¢C 0z 0'L/8¢ 8'S 0'S9r ¢ L6l ooLs 8l bjwp biyor]
Lo €9¢ 60 9'0LY p|nnba snyjpubola
00 1'0 Ja4121ds sAyayd1ddiH
00 L0 00 80 s1suadp) s11a12Awol23aH
4} €LL 1'0 L'es 00 9l 10 S'€C 90 414 0 8'LLL L1'0 0'€9 snplj|pa sniqobosso|
/A4 966/ L ¥'0 961 60 6Ly ¥'0 6'€LE €l 8'LES L0 9'ESy L'z §900 € Tl /8L bLIDNIS3aD D|[3}SHY3|ID
1’0 S'og 00 [4]! 11UYOUOY UO0IaUID
ocL 001 S 8T 080LC sdadijay sAyay213po
L'LE oLsL L Ll 0'6€6 9'€e 0'6€5 8L €T 0leoz 6v 0'€e0T 0T 0'596 8L §'se 0'€6/ 0L [44} ozes Ll pouysLW sdojg
00 0 00 YA sisuadpd snpoydig
00 €0 snsoj124adns snuijD
90 8'GlE 8¢ £'s0L ¢ 90 TLYS 00T 6'10€8 SoL S'SYe L 6L 141433 0ve 99T €T Hluospipbydii uojayd
1974 €vSo L 60 /A 744 [43 OvvL L ST ceiee €' S'66L C 6l 9lec L 96 S0S0 ¥ 'L STYo L Hjawinp uojayy
L'z L'TELT [4] 18zl 0 018l SNJDIDSDJX3S XUDIDD)
00 143 sijiqoubi xunip)
sdasipnu sniqoboiyp)
00 80 00 SL sISua|pIbu sniqoboiyp>
L1'0 6'€e 00 8L 1'0 LS 00 'z 00 90C 1’0 L9 L0 0'88C 00 6'CC nsuyoib sniqoboiypd
L1'0 (444 00 (44 1'0 89 00 9'S 00 S9 00 [0h4 00 09 00 0 sda|raiq buliayly
Sl 0'95S ¥'6 TELLS 9L 899l ¥ 6'vC §'669 LT €1le 1'820 €L ¥'8 €L S YL o6vL € 9Ll L1Lell snojuodpf snwosoifbiry
poIquIDSSOW bjjInbuy
00 9l SISU3IDIDU SISSDQUIY
L'0 6’67 00 SolL 1ajiunssnp sissbquiy
(0] LS SISSDQUUD SISSbquUy
80 8991 snboa snibodoyjupdy

[ b 69% b 69, ) 69 b 69% 5) 69% 6 69% 6 6% 6
quinppyy eleln elox ayseq uixiys elop oxexuj/isnbbN eqebuoqoy| sapads

(uonnguyuod abejuadiad = 9, 'ssew = b)
/661 19qWIBAON-190032( ‘Bd1}Y YINOS JO 1Se0D 15e3-U3N0s 3y} Uo A1enis3 Iquinp|y aYy) pue A1enis3 19y usamiaq salieniss uado Ajpueuiwopaid ul pasnided saysy jo uorsodwod ssewolq *9y a|qeL

382

//doi.org/10.17159/wsa/2020.v46.i3.8647

Water SA 46(3) 366382 / Jul 2020

https



