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1. WATER RESOURCE STATUS AUDIT
Prof C.G. Tally Palmer, Dr H.D. Davies-Coleman, ®lrvon der Meden and Ms P.N. Gola

2.1 EXECUTIVE SUMMARY

The ‘water resource’ is defined by the National gvaAct (Act 36 of 1998) to include all
water in the hydrological cycle. At the nationavée this includes rainfall and runoff; and
water in ecosystems including rivers, lakes or damstlands, estuaries and groundwater. At
the Makana level, this includes rivers, dams amdigdwater, with small pockets of wetlands.

Three main aspects to the water resource includervemantity (flow and storage); water
quality (chemistry and biotic indicators); and habstructure. Water quality related decisions
invariably involve water quantity effects and vigersa. These in turn relate to water use
decisions such as discharge of effluent and dewsdop of surface water resources.
Conversely, changes in flow patterns, re-routingnatter resources and changes to water
allocation profiles may all affect water quality.

The National Water Act legislates the resource mameent. There are two approaches:

. Resource Directed Measures (ROMyhich provide descriptive and quantitative
goals for the state of the resource; and
. Source Directed Controls (SDGyhich specify the criteria for controlling impacts

such as waste discharge licences and abstraatemcks.
Both of these require knowledge of the presene statthat ecological objectives can be set;
and use can be controlled. An audit is thereforsessary to determine what is termed the
‘Present Ecological State’

1.1.1 Water Quantity

Over-abstraction of surface and groundwater isyadomcern in Makana. The Department of
Water Affairs and Forestry (DWAF) are responsibte the monitoring of surface and
groundwater quantity. However the data from thesmitaring points are insufficient for

water resource planning and complete assessmevitoemental flows and water allocations
for domestic, agricultural and industrial use haverefore still to be determined. There is
also:

* no assessment of existing lawful use of water oholgy that used for agricultural use;

* no collated data on the present water reservesdemands, within Makana that has
been made accessible to the LEAP team, or is &@ila an accessible form to
stakeholders; and

* no model for projected estimates of domestic, efitutal (in particular Rhodes
University’s projected numbers of entrees), indaktand agricultural growth and
therefore water demands.

Auditing of water quantity within Makana is of cara in the Monitoring and
Implementation Plans presented. A hydrological hadd a water use model are therefore to
be suggested for the Implementation Plan.

1.1.2 Water Quality

Traditionally, the term ‘water quality’ has meanater physico-chemistry. However, water
quality is more than this, and the term ‘environtaéwater quality’ (EWQ) is now used. The



EWQ approach involves understanding how the chémiaigrobiological, radiological and
physical characteristics of water (water qualitgkIto the responses of living organisms and
ecosystem processes (environment). The primary tiabifactors that shape aquatic
ecosystems (water quality, flow, and physical doitad structure) provide the conditions for
the biotic processes. These combined biophysicatgsses link to social and economic
processes through the human use of water resources.

To obtain an integrated EWQ picture there are thmeén kinds of information required:
information about th@hysico-chemistrpf the water; the presence, absence and abundéance
biota in the ecosystembipmonitoring; and the responses of specific biota to specific
concentrations of chemicals or mixturescgtoxicology. The physico-chemistry and
biomonitoring together indicate whether there imeed for ecotoxicological assessments,
which was the case with the Grahamstown Sewagetresa Works. Analysis and
interpretation of all water quality data followeket ecological Reserve assessment method
(Palmeret al, 2004b).

1.1.3 Results of the water quality audit

» The Bloukrans River downstream of Grahamstown esgidl and industrial areas and
the sewage treatment works is irPaor ecological stateaccording to the physico-
chemical, biomonitoring and ecotoxicological dakae state of the River was also a
primary stakeholder concern.

* There wasno nutrient enrichment(total inorganic nitrogen and soluble ortho-
phosphates) at any of the DWAF water quality maiitp sites.However,there were
no DWAF water quality monitoring data available fitwe Bloukrans River to date
[input still ongoing by DWAF] but the algal growthithin the river is indicative of
enrichment.

 There was measurable ecotoxicityof the influent and effluents around the
Grahamstown Sewage Treatment Works (STW). Thisrpiredry study indicates the
outlet pipe into the STW dam wéssstoxic than the outlet pipe into tHeiver. An
ecotoxicity risk assessment is an urgent priofitye need for physico-chemical data
collection and collation around the Grahamstown &gaw Treatment Works is
therefore also a priority.

» At various sites on the Bushmans and Kariega Ritbeswater is togalty to irrigate
or for use in domestic or livestock consumption.

» There is significant evidence tfxic salt levelsat many of the DWAF water quality
sites within Makana, dominated by magnesium suéphand sodium chloride.
However, there is a need to determine whether thalses are just indicative of low
flows combined with abstraction and evaporatiord/anthe natural state, reflecting
the ancient marine shales underlying parts of Makdie introduction of reference
sites above possible point sources of pollutionldide of value.

» The Alicedale tannery effluents, and other poténtedfluents with recent
developments, are also of concern. More data paanés needed upstream and
downstream of Alicedale on the Bushmans River fothbwvater quality monitoring
(DWAF), in conjunction with biomonitoring sites thevill potentially facilitate any
red flag scenarios of concern.



1.1.4 Habitat Structure within the Rivers

This was assessed within the Bloukrans River aedctinfluence of the Berg and Palmiet
Rivers, as part of the biomonitoring assessmentgptzied. Alien vegetation encroachment, a
stakeholder concern, is included in the Biodivgrgection of the LEAP Comprehensive
Report.

1.1.5 Implementation Plan

The Implementation Plan will therefore include threain suggestions:
1) An ecotoxicological risk assessment, based afdbrahamstown and its Sewage
Treatment Works;
2) The development of hydrological and water useef®for Makana,
3) An assessment of the natural salinity levelsiwithe water resources.

Highlighted from this Audit has been the particulacessity, in addition, for:
4) Water quality and quantity data management byWf\BF and therefore] Makana
Municipality;
5) An understanding by both Makana Municipality asthkeholders of water
resources and water resource management; anddfeiteie implementation of
the Resource Directed Measures and Source Dir&uattols.

This comprehensive audit has been more extensare libdgeting allowed for, and we must
thank Unilever Foundation for partial sponsorsHipuman resources.

2.2 INTRODUCTION

The microbial, physical, chemical and radiologipabperties of water affect both ecosystem
health and the fitness for use of water. Managiragew quality requires attention both to
ecosystem health and the requirements of watelsusgeuatic ecosystems are not always
more sensitive to changes in water quality thanekiit, agricultural and industrial users. For
example faecal pathogens in water may have liffteceon the aquatic ecosystem health, yet
have a major effect on the human use of water forkishg. It is important however, that
aguatic ecosystems are preserved because by doitigese will be sustainable water for
domestic, agricultural and industrial users (Paletaal, 2004a; copies of which are available
from the Institute for Water Research, Rhodes Usitg.

The core indicators for freshwater resources r@gprhclude, amongst others:

« Total surface water demand - relates directly &rttonitoring required witRResource
Directed Measures (RDMyhich provide descriptive and quantitative goals the
state of the water resource; and

+ Effectiveness of water resource management - eetiitectly to the auditing required
with Source Directed Controls (SDC) which specifye tcriteria for controlling
impacts such as waste discharge licences and etimtricences.

Both of these require knowledge of the presene fatthat ecological objectives can be set;
and use can be controlled. An audit is therefocesgary to determine what is termed the
‘Present Ecological State’. The mandate of thistasdo focus on the Resource Directed
Measures.



Traditionally, the term ‘water quality’ has meanater physico-chemistry. However, water
quality is more than this, and the term ‘environtaénvater quality’ (EWQ) is now used
(Palmer et al, 2004a). The EWQ approach involves understandiogy Ithe chemical,
microbiological, radiological and physical charaistiics of water (water quality) link to the
responses of living organisms and ecosystem presg&svironment). The primary abiotic
factors that shape aquatic ecosystems (water guiditv, and physical structure) provide the
conditions for the biotic processes. These comblrieghysical processes link to social and
economic processes through the human use of weseurces.

To obtain an integrated EWQ audit of Makana Muratity water resources, there are three
main kinds of information required: information abéhephysico-chemistrpf the water; the
presence, absence and abundance of biota in theystem kiomonitoring; and the
responses of specific biota to specific concemnsti of chemicals or mixtures
(ecotoxicology. The physico-chemistry and biomonitoring togetimelicate whether there is
a need for ecotoxicological assessments. This@udsed in more detail below.

1.2.1 Classification of ecological health

South African water law and policy has undergonermsive review over the past decade, and
one of the new fundamental principles is that aitamability (National Water Act No. 36 of
1998 [NWA]). The concept of sustainability impli&sng-term maintenance of ecosystem
biodiversity, structure and function, and delivefyecosystem goods and services (Paleter
al., 2004).

The NWA legislates the protection of aquatic ectamys so that they can go on offering their
goods and services to future generations. Sustainee (which includes alteration of water
quality) is key. The NWA refers to the ecologicaderve which comprises descriptions and
guantitative definitions of the structure, watealify, and water quantity required by aquatic
ecosystems to maintain a defined level of ecosys$ieafth. Implementation of the ecological
Reserve requires numerical and descriptive cuesjgger values, that indicate a change of
ecological condition that may in turn be indicatiagchange in sustainability of the water
resource.

Different levels of water resource health are dbsdrby the following classification system:

Excellent or Natural: unimpacted

Good: slightly to moderately impacted
Fair: heavily impacted

Poor: unacceptably heavily impacted.

This classification is a key step in protecting atgiecosystems. Most of the trigger values
that mark the boundaries between these differersises have been determined in terms of
chemical concentrations.

In South Africa the trigger values for a suite okit variables are listed in the DWAF
Guidelines for the Protection of Aquatic Ecosystafotume 7 (1996), and were used for the
Preliminary Audit (Appendix 1). Since then, methidel/elopment has proceeded and Makana
inorganic salts data have been further assessedrims of ecological health (Jooste and
Rossouw, 2002; Palmet al.,2004b) (Section 3.1).



1.2.2 Physico-chemistry

Physico-chemical data provide some information easenal variability and trends, and the
analyses of these data are an important step grrdigiing the quality of water resources.
Physico-chemical variables potentially affectingiaiic ecosystems have been grouped as:

« system variableswhich are characteristics of particular sites regions e.qg.
temperature, pH, total dissolved solids, dissolvexi/gen concentration, total
suspended solids and total dissolved solids whicludes inorganic salts and ions;

« nutrients which are food for plants and microbesy phosphates, nitrates and
nitrites; and

+ toxic substances.g metal ions, ammonia, pesticides and herbicides.

Each variable has an effect either beneficial aridental, on aquatic organisms. The effect
of each variable on individual organisms is alsfluenced by the tolerance limits of the
organism. In addition to individual variables, atiu@cosystems are the ultimate receivers of
whole effluents, which consist of combinations after quality variables. The description and
value of each variable is considered below.

Surface water nutrients measure the ratio of tntaganic nitrogen to soluble orthophosphate
(TIN: PO4) together with the absolute orthophosphedncentration in a body of water.

Median values give a useful indication of the degoé change in the system. A decrease in
the ratio between total inorganic nitrogen and Islelorthophosphate (TIN: PO4) implies a
deterioration of the resource, while an increasth@ratio indicates an improvement in the
system. Higher P©Qconcentrations, however, indicate impacted cooati

High levels of nitrates in water can cause hedfécts in humans when ingested and can also
result in algal blooms, eutrophication and a decim water quality. When measured over
time, this indicator provides a measure of theideabr improvement of water.

The measurementf surface water nutrients does not allow evatuabdf the potential harm
contaminated water may have on both people andysioss. Instead, this indicator
highlights thepotential impactof impaired water quality on people and ecosystehe
indicator measures the percentage exceedance dh $dtican Water Quality Guideline
values in surface waters (DWAF, 1996) to give atidation of the potential toxicity of those
waters.

Not all DWAF monitoring stations measure actuakiream toxicity. In the Eastern Cape
Province, levels of aluminium, copper, iron, mareg® nickel, lead and zinc are not
measured or monitored in any of the water courgesulse there is very little activity that
may cause elevated levels of these metals (suahirasg). However, with the development
of tanneries in Grahamstown, DWAF are now monigchrome from river sites above and
below the Sewage Treatment Works (STW) on a moritagys.

1.2.2.1 pH

The pH of natural water is determined by geologaral atmospheric influences. Most fresh
waters are relatively well buffered and more osslegutral, with pH ranging from 6 to 8.

Human-induced acidification of rivers is normallyetresult of industrial effluents. Alkaline

pollution is less common but may result from certadustrial effluents and anthropogenic
eutrophication.



1.2.2.2  Electrical conductivity

Material dissolved in water is commonly measuredo#as dissolved solids (TDS), electrical
conductivity (EC) or salinity (where individual salare considered). Conductivity is a
measure of the ability of a sample of water to ecmhdan electrical current. TDS and EC
usually correlate closely for a particular typewaiter. Very little information is available on
the tolerances of freshwater organisms to incre&edGenerally it is the rate of change
rather than the absolute change that is important.

1.2.2.3 TIN (total inorganic nitrogen)

Nitrogen occurs abundantly in nature and is anrgsdeconstituent of many biochemical

processes. Nitrogen is one of the nutrients that required by plants for growth and

reproduction. However, it is also implicated in essive plant growth resulting from nutrient
enrichment (eutrophication) of aquatic systemsbdth natural and polluted waters, nitrogen
may be present in many forms but the forms thaimagasured by the common water quality
test include ammonia (NP, ammonium (NH"), nitrites (NQ) and nitrates (N©).

Ammonia and ammonium are reduced forms of inorgamicogen and their relative
proportions are controlled by water temperature @rdNitrite is the inorganic intermediate,
and nitrate is the end product of the oxidatiorofanic nitrogen and ammonia. Because of
their co-occurrence and rapid inter-conversiontitaitand nitrate are often measured and
considered together. The term total inorganic geroincludes both the dissolved forms of
inorganic nitrogen and those adsorbed onto suspeimdeganic and organic material, since
they are all available for uptake by algae and éiigiants. Inorganic nitrogen concentrations
below 0.5 mg/l are considered to be sufficientlw Ithat they can limit eutrophication and
reduce the likelihood of growths of blue-green aelgad other plants.

1.2.2.4  Soluble reactive phosphorus

Phosphorus can occur in numerous organic and inargarms, and may be present in waters
as dissolved or as particulate forms. Phosphorusnisessential macronutrient, and is
accumulated by a variety of living organisms. Stdutrthophosphate is the only form that
can be used by aquatic organisms. In un-impacted systems, phosphorus is readily taken
out of solution and used by plants. Phosphorusoissidered to be the principal nutrient
controlling the degree of eutrophication in aquaticosystems. High concentrations of
phosphorus are likely to occur in waters that nezeiewage and leaching or runoff from
cultivated land.

1.2.2.5 Fluoride

Fluoride is highly reactive and will attack most teréal including glass. It readily forms
complexes with many metals. However, most fluaides insoluble in water. Typically the
concentration of fluoride in unpolluted surface evats approximately 0.1mg/l. Drinking
water is estimated to contribute between 50% afd @bthe total dietary fluoride intake in
adult human beings. In domestic water suppliesiaddstrial supplies used in the food and
beverage industries, the fluoride concentrationthe water should not exceed 0.7mgl/l.
Excessive amounts of fluoride result in tooth dagnegyoung animals and bone lesions that
cause crippling in older animals. If fluoride isgested it is completely absorbed, and
distributed throughout the body. Most of the flderiis retained in the skeleton and a small



proportion in the teeth in vertebrates and highedasf fluoride interfere with carbohydrate,
lipid, protein, vitamin, enzyme and mineral metadrol

Temperaturds usually considered in water quality assessmétas/ever, there are presently
no sources of water discharges in Makana that patentially cause sudden temperature
changes of ecological significance, except for diéscharges. It is considered by the authors
that DWAF or Makana Municipality do not presentiavie the manpower to monitor
ecological effects relative to other more pressssyes and therefore temperature has not
been included in this audit.

Physico-chemical data on their own have limitationewever, in interpreting potentially
detrimental effects to the environment. They angallg based on monthly samples collected
at sampling points that have more to do with samgplconvenience than ecological
understanding. Because of the low frequency angeaf variables analysed, these data may
indicate that conditions are more ecologically faable than is the reality. Biomonitoring is
therefore a useful tool.

1.2.3 Biomonitoring

Biomonitoring is based on organisms always beirgg@nt in the water, experiencing the full
frequency and duration of extreme chemical coneéiotis. The presence or absence of
sensitive organisms, or a change in community &iraccan indicate the effects of change in
water chemistry, which may not be detected by thengcal data record. Organisms also
respond to different physicochemical concentrati@ams have different tolerance limits and
preferences. The presence, absence or abundancelarahces of organisms provide the
links between water physico-chemistry and biot&panses.

Biomonitoring indices used to assess changes ierwatality include the Fish Assemblage
Integrity Index (FAII), the Riparian Vegetation kexi(RVI) and the Index of Habitat Integrity
(IHI). The FAII categorizes fish communities acaoglto an intolerance rating which takes
into account trophic preference and specializati@guirement for flowing water during
different life-stages, and association with habitaith unmodified water quality. The RVI
determines the status of riparian vegetation witiwer segments based on the qualitative
assessment of a number of criteria — vegetatiomvamcultivation, construction, inundation,
erosion/ sedimentation and alien species of vegatathe IHI has been developed to assess
the impact of major disturbances on river reachBsese disturbances include water
abstraction, flow regulation, and bed and chanraification.

Invertebrates are the most useful to monitor bex#husre are so many of them and they have
a diverse range of tolerances. For the purposeki®iimited, initial investigation, only the
invertebrates have been monitored. Invertebrates lthe advantage, as biomonitoring
indicators, of being sedentary and remaining in anea.

Biomonitoring can be used for different purposasluding
« surveillance of the general ecological state ch@umatic ecosystem;
« assessment of an impact (both before and afterirtigact, or upstream and
downstream of the impact) — both diffuse and pemrce impacts;
« audit of compliance with ecological objectives egulatory standards; and
+ detection of long-term trends in the environmentaagesult of any number of
perturbations.



The SASS (South African Scoring System, Versio@Hutter 1998; and Version 5, Dickens
& Graham 2002) is one of the techniques that ik m@cognised measure of water quality in
South Africa. It is based on the presence of fawilof aquatic invertebrates and their
sensitivity to water quality changes. The SASS metlproduces three different and
complimentary scores, SASS Score, Number of TaxbABPT (Average Score per Taxon).
The ASPT is the least variable of the scores (BaB®00; Dickens & Graham, 2002) and
also provides the most reliable measure of an EeméNatural Class; with the other two
scores aiding interpretation. However, ASPT givesramnreliable results in “clean” rivers,
while in “polluted” rivers, SASS Score may be moeéable (Chutter, 1998). There are also
exceptional cases where, in polluted rivers, thd®AScore can be unreasonably high. In
these cases the SASS Score will indicate the pcesgipollution.

People with fairly basic training can undertake 8#®SS method. SASS assessments are
usually completed in conjunction with the Integdatdabitat Assessment System (IHAS)
which gives an indication of the number of habitatailable to invertebrates.

The advantage of biomonitoring indices is that tpeyvide an integrated indication of how
biota are responding to the presence of chemic&hlas that are not monitored by chemical
analysis. Although these variables may not be itlebke, this does prompt management and
decision makers to identify and manage these JasabHowever, while biological
assessments are useful indicators, they are me@lflags indicating a change in conditions.
Unless ecotoxicological tests are undertaken (s&mmM), it is not possible to predict to which
environmental stressors the organisms are respgndin

1.2.4 Ecotoxicology

Generally,toxicologyrefers to laboratory-based toxicity tests, wieitstoxicologyrefers to a
greater degree of environmental realism wherengss linked to ecosystem structure and
function. Ecotoxicology is the study of the effeofschemical solutions and mixtures such as
industrial effluents on living organisms. The infation provided by toxicity tests is a useful
link between physico-chemical data and biomonitpdata as it provides information on the
concentrations of chemicals at which the organisre affected. Physico-chemical and
biomonitoring data together may indicate a needaforecotoxicological assessment, as was
the case with the Grahamstown Sewage Treatment3\Vork

DWAF are working towards a change in policy regagdihe management of complex
industrial wastewater. Presently, water pollutisnonly controlled by managing levels of
single substances in wastewater. However, a salireeted control will be introduced by
legislation, possibly in 2005, in the form of congmry toxicity testing of complex industrial
wastewater (Direct Estimation of Ecological Effddbtential = DEEEP; DWAF 2003). A
complex wastewater discharge is defined as an induwaste discharge with the discharge
containing more than 10% complex industrial wastewaby volume. This DEEEP policy
involves looking directly at the effect(s) a mixurof substances may have on the
environment, principally through the process ofidity testing of the complex discharges. It
is therefore appropriate that toxicology is introed here as one of the steps in an integrated
environmental water quality management programmétfzkana.

Although there are numerous methods to use in itgxtesting, the 48-hour toxicity test,
where mortality is recorded using the standardratiooy test organisrDaphnia pulexis the



simplest and most appropriate for this initial audiultures of these small crustaceans are
maintained at the UCEWQ-IWR laboratories.

1.2.5 Stakeholder issues

A meeting was held with Stakeholders in March 26604 the following categories of issues
were raised:

1) Human Health
« Cholera risk: concern was expressed about theysafetiver water. This was in
respect to the direct drinking of river water adl\ae indirect contact.
« Municipal water purification standards: concern wasced that the purification
standards of the municipal water may be inadequate.

2) Water Services

« Improved access to safe drinking water: a call masle for the provision of taps to
new areas.

« Lack of sanitation infrastructure in townships: #iféect of poor structure on human
and ecosystem health was highlighted.

+ Poor water drainage system in townships: conceyarding its effect on erosion of
the landscape and resultant sedimentation in rivassrecorded.

« The need for increased education regarding watesezggation was also recorded.

3) Ecosystem Health
+ Pollution of the Bloukrans River: concern was vdiae/er the impact of the sewage
treatment works, and the dumping of rubbish inearrthe river.
« Indigenous vegetation removal: concern over theawhpf this on the riverine
ecosystem.
« Alien vegetation: the increase in alien vegetaiiithe riparian zone was seen as a
threat to the ecosystem.

Stakeholder issues categorized under Human Headthohaddressed in this audit except in

the context of water quality data from the watesorgces. Similarly, issues categorized under
Water Services are addressed in the Sustainablel@®went Framework. Indigenous and

alien vegetation issues are addressed in the Bicglly section of the LEAP Comprehensive

and Monitoring Reports.

2.3 METHODS

1.2.6 Water quantity / hydrological assessment

Ground and surface water quantities are monitoyeD\WAF, with data captured at either the
Cradock or Port Elizabeth offices. However stafbrséiges in both offices means up-to-date
data are not available to members of the publiddgt limitations did not allow analysis of
available data from the 12 DWAF monitoring weirdMakana.

1.2.7 Physico-chemistry assessment

Water quality data were obtained from the DWAF Hat® (Pretoria). A list of the DWAF
water quality monitoring points used are detailed able 1 and also appear in Figure 1. Five
water quality variables were selected for the psep®f this report as they provide



information on different aspects of water qualglinity (electrical conductivity [EC]), pH,
nutrient status (phosphates and total inorganrogen (TIN), and toxicity (fluorides). Water
qguality of the water resource is reported in tewhghree water user groups - domestic,
agriculture and livestock (Appendix 1), and in terof the river ecosystem health classes
(Table 2). Scatter plots with trend lines, and lboxl-whisker plots of monthly medians and
data within the 25% to 75% distribution of selectemter quality variables, were drawn using
Statistica to show historical and seasonal changes.

To define thePresent Ecological Statf@’ES), the DWAF guidelines used for the Prelimnar
Water Resource Audit (Appendix 1), which are bagedcipally on international data, have
been recently refined in terms of EC and individirbrganic salts, nutrients and the
ecological health classes (Jooste and Rossouw, Fadaeret al.,2004b). Both the EC and
Nutrient values are used to define the health elass
+ EC values >85mS/m are indicative of a potentia sapact, and identification of the
particular salt or salts involved is essential ffalet al, 2004b,c). EC data (85
percentile) and six individual inorganic salts wassessed using DWAF water quality
data from the past five years, where sample sigeslied or were greater than 60.
Individual salt analysis was based on the JoosteRossouw model (2002), where the
ionic data for the salt ions Ca, Mg, K, Na, Cl a88@,> were reconstituted to obtain
inorganic salt concentrations in mmols/l. Theseceantrations were then converted to
mg/l by multiplying each by the respective saltsniula mass. These values were then
used to classify each site by comparing the retates salt concentrations to the most
recent benchmark category boundary values (Pattadr, 2004b).
« For Nutrients, the median (8(ercentile) SRP and TIN values were calculatecbémh
site using DWAF water quality data, and comparethtodefault benchmark category
boundary concentrations (Table 2).

The overall water quality Ecological Health Clasgach Makana site was therefore classified
as follows (Palmeet al, 2004c):

1) Where EC < or = 85mS/m:

If EC < or =30 mS/m Natural
If ECis 31 - 55 mS/m Good
If EC is 56 — 85 mS/m Fair

2)  Where EC > 85mS/m, Classes were defined in tefms
Nutrients (lowest class between the TIN and SRR)DA
Inorganic salts (lowest class between all saltsh wilagnesium sulphate the
most ecologically toxic).
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Figure 1. Map of the water quality monitoring stag within the Makana Municipality

11



Table 1. Department of Water Affairs and Forestrgter quality monitoring sites. Those
listed without a DWAF number site are the sitesoidticed by Mr Pieter Retief (DWAF Port
Elizabeth) as extra monitoring sites sampled mgnfiok which no data are available at time
of audit. GHT=Grahamstown; STW=Sewage Treatmentka/or

Site DWAF Data
site Location Common name Latitude Longitude
code record
number
Q1 | Q9HO001 | Great Fish River Fort Brown 33.127778 | 26.613889 1987
Peninsula 2003
Q2 | Q9HO012 | Great Fish River | Brand Legte Piggot's 33.098333 | 26.445556 1972
Bridge 2003
Q10 | Q9HO018 | Great Fish River | Matomela's location | 33.237778 | 26.990278 1971
2004
Q6 P1HO03 | Boesmans River | Donkerhoek Alicedale33.329167 | 26.0775 1974
2003
Q16 | P3R001 | Howisonpoort Dam Thomas Baines 33.387778 | 26.4875 1972+
1999
Q14 | P1R001 | Jameson Dam Jameson 33.316667 | 26.4375 1978+
1998
Q9 Q9HO013 | Kap River Kap River Mt. Forest 33.355278 | 26.861944 1979
View 1991
Q8 P3HO001 | Kariega River Smithfield 33.554444 | 26.603611 1971
2003
Q15 | P1R002 | Milner Dam Jameson 33.311111 | 26.428889 1978
1985
Q7 P1R0O03 | New Years Dam | New Years Drift Wes$t33.303056 | 26.113889 1978
2004
Q5 | P3R0O02 | Settlers Dam Newingreen 33.412222 | 26.509167 1978
1999
Q17 | P4HO01 | Kowie River Bathurst Wolfscrag | 33.506 26.745 1971-
2003
Market St East GHT  Bloukrans River *
Market St West Bloukrans River *
GHT
Upstream GHT Bloukrans River *
STW
GHT STW Tributary of *
Bloukrans River
Down-stream GHT | Bloukrans River 33.1926 26.3559 *

STW
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Table 2. Trigger values for different water qualgriables used in this report, for determinatiéon o

ecological health classes, based on present guidetita (DWAF 1996; Palmer et al. 2004b).

Variables Domestic | Irrigation | Livestock Aquatic Ecsystems
Excellent/ | Good Fair Poor
Natural

pH 6.0-9.0 6.5-8.4 NR 6.5-8.0 5.75-6.465.0-5.7 & <5.0 or
& 8.05- 9.05-10.0 >10.0
9.0

F mg/l 0-1.0 <2.0 0-2.0 15 2.02 2.54 >2.54

NO; mg/| 0-100

EC mS/m 0-70 <40 0-153.85

Individual salts (95" %)

MgSO,mg/| 16 27 37 >37

Na,SO, mg/| 20 36 51 >51

MgCl, mg/l 15 33 51 >51

CaCl mg/l 21 63 105 >105

NaCl mg/l | 45 217 389 >389

CaSQmg/l 351 773 1195 >1195

Nutrients (median)

SRP mg/l <0.0051 0.0051 -| 0.0251 - >0.125
0.025 0.125

TIN mg/l <5 <0.251 0.251- [ 1.01-4.0 >4
1.0

1.2.8 Biomonitoring assessment
1.281

In November 2002 and September 2003, the Kowieht@at Campaign, represented by Dr
Ferdi de Moor and Ms Helen Barber-James (DeparsnanEreshwater Invertebrates) and Dr
Jim Cambray (Department of Ichthyology), all of thkakana Biodiversity Centre, Albany

Museum Grahamstown, undertook biomonitoring onBlaikrans River. Seven sites were
chosen for invertebrate and fish biomonitoring. Tveports were submitted to Makana
Municipality (de Mooret al.2002; Barber-James al 2003).

Sampling sites

Biomonitoring of invertebrates was repeated in 2094he LEAP water quality team at sites
1, 3, 4 and 5 in March; and sites 1-5 in Septen20&4 (Table 3; Figure 1). Sites 6 and 7
were dry and neither annual nor seasonal varighilftinvertebrates were recorded. Two
further sites were added for LEAP: at the confleeoé the Palmiet and Berg Rivers in
Thomas Baines Nature Reserve (B8) (sampled March September 2004); and at the
Double Drift Game Reserve causeway on the Gre#t Riger (B9) (sampled March 2004).
No suitable biomonitoring sites were found withire tvicinity of Alicedale on the Bushmans
River.

Appendix 2 records pictorial details of the sitestloe Bloukrans and Palmiet/Berg Rivers.
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1.2.8.2 Method

The SASS5 methods are clearly recorded in de Maaoal. (2002). Briefly, sampling of
different habitats allows groups of macro-invertgbs to be identified to family level; and
different scores are assigned to each group acwpri their tolerance and sensitivity to
water quality conditions. The total SASS Scores Aundrage Score Per Taxon (ASPT) were
used as the measures of ecosystem health.

At each site the Integrated Habitat Assessmene8ystas used to record habitat availability.

Chutter’s guidelines for interpreting SASS scoresidn-acidic waters (ph>6) (Table 4) give
combinations of Total SASS scores and ASPT whichvigde an indication of Present
Ecological State in terms of water quality. Witke thurther analyses of individual salts, these
guidelines have been refined in terms of ecologielith classes (Table 5; Palnedral,
2004b,c).

Table 3. Description of biomonitoring site locatso

Sampling site

Site location
code

Bloukrans River: Has its headwaters near Grahanmstafter which the river flows in a
south-easterly direction and later joins the KoRieer.

B1 Section of non-canalized river below small roadige near Matthew
Street and Fort England Hospital. 33°18'46"S 2&292E.

B2 Stream flowing out of the sewage farm (treated gewetfluent) into the
Bloukrans River (Fig. 3). 33°18'56"S 26°33'36” E.

B3 Section of river below farm-road bridge close to Nighway bridge
33°19'04"S 26°34'05” E.

B4 Section of river below Railroad bridge and immeeliatbelow road
bridge. 33°19°'26”S 26°36’00” E.

B5 Section of rive below road on Mr. Duncan’s farm. 33°19'40
26°38'35” E.

Confluence of Palmiet and Berg Rivers: In Thomam&aNature Reserve

B8 At confluence of the two rivers, 33°22'18"S 28°25" E

Great Fish River: Forms part of the north-easteumblary of the Makana Municipality. It
is one of the larger rivers in the region. One wiés chosen for sampling

B9 The Double Drift causeway, 33°05'18"S 26°46’H."
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Table 4. Guidelines for interpreting SASS4 scdresion-acidic waters (pH>6) (Chutter,
1998).

Total score ASPT Water quality
>100 >6 water quality natural, biotope diversitgthi
<100 >6 water quality natural, biotope diversitdueed

borderline case between water quality natural anoks
>100 <6 deterioration in water quality, interpretation shiblbie based on
the extent by which Total Score exceeds 100 and ASBT

50-100 <6 some deterioration in water quality

<50 Variable major deterioration in water quality

Table 5. The default benchmark category bounddoieshe biotic index SASS (Palmet
al., 2004b).

Class boundary Range of ASPT Scores
Excellent/Natural 7

Good 6

Fair 5

Poor <5

1.2.9 Ecotoxicological assessments

The 48-hour acute toxicity test usipphnia pulexwas based on the standard toxicity test
(Slabbertet al., 1998).

1.2.9.1 Sample collection

During 2004, several samples of sewage influentedfident were collected in 2-litre bottles
at the inlet point, the outlet pipe into the damg @he outlet point into the river, from the
Grahamstown Sewage Treatment Works (Table 15). Sdraples were brought to the
UCEWQ-IWR laboratory, filtered and stored at 4°@ought before being tested.

1.2.9.2 Exposure concentrations

100%, 50%, 25%, 12.5%, 6.25% whole effluent andrarol (0% effluent) were used for the
inlet point, withD. pulexculture medium as the diluent. 100%, 75%, 50%, 2526% and
0% effluent were used for the outlet pipe and théed point into the Bloukrans River
tributary.
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1.2.9.3 Test organisms

The UCEWQ laboratory at the IWR, Rhodes Univergigintains &. pulexculture, which is
regularly used in inter-laboratory proficiency tegt Neonates (less than 24 hours old) from
this culture were used in this study.

1.2.9.4 Test procedure

The standard protocol was followed (Slabbetrtal., 1998), with 20 neonates per effluent
dilution. Mortalities were recorded at 1hr, 2hrersl 8hrs, 24hrs and 48hrs. dg@alues were
calculated using the Probit or Trimmed Spearmarb&amodels (if the calculated chi-square
for heterogeneity was greater than the tabularevatihe p=0.05 probability for the Probit).

1.3 RESULTS
1.3.1 Water quantity / hydrological results

DWAF monitoring weir data are insufficient for wateesource planning and complete
assessment. Environmental flows and water alloeatifor domestic, agricultural and
industrial use have therefore still to be determhine

Makana does not have:

« an assessment of existing lawful use of water dioly that used for agricultural use;

« collated data on the present water reserves, andris, within Makana that has been
made accessible to the LEAP team, or is availableam accessible form to
stakeholders; and

+ a model for projected estimates of domestic, edutalt (in particular Rhodes
University’s projected numbers of entrees), indaktand agricultural growth and
therefore water demands.

The DWAF offices (Port Elizabeth) are presentlyabBshing a system of data capture called
Water Management Systems. This is not in use yeslbould in future provide a complete
dataset of hydrological (and water quality) dataMakana.

1.3.2 Physico-chemical results

Appendix 1 gives descriptions of water quality bé tselected sites in terms of three water
user groups; domestic, irrigation and livestockd d@nappropriate, ecosystem health. Data
accumulated over the complete period of collectidndata at each site by DWAF are

presented as box-and-whisker plots of monthly megjiand data within the 25% to 75%

range around the median. Interpretations of valinetjded in the Appendix, are based on the
DWAF aquatic ecosystem water quality guideline9g)9

Ecosystem health data and classification of DWARewguality monitoring sites are given
below. Table 6 shows the assigned ecosystem helaltises of the selected water quality
variables (according to the trigger values desdripeTable 2) for the selected DWAF sites,
based on the Jooste and Rossouw (2002) and Patnat. (2004b) methods. Due to
incomplete data sets or a lack of adequate sarizge for data from the last five years, only 7
of the 12 DWAF water quality monitoring sites sééetfor this study yielded data suitable
for Present Ecological State (PES) assessments.
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The analyses for each site are presented belowenfdarm of summary tables with brief
descriptions of the findings. Median values arespn¢éed for Total Inorganic Nitrogen (TIN)
and Soluble Reactive Phosphorus (SRP); the 95tteptie for Electrical Conductivity (EC);
and the reconstituted values for six inorganicsséiited in descending order of toxicity.

Analysis of water samples
Water samples were taken from each site and serfulfoinorganic and metal analyses to
DWAF had not yet had complete analyses at the eihseibmitting the audit.

Table 6. Summary of ecosystem health classifinatfcthe DWAF sites utilized in this study.
Fluoride = F; Total Inorganic Nitrogen = TIN; SolatReactive Phosphorus = SRP; Electrical
Conductivity = EC. * See individual salts classitions in following tables for each site.

Site . Variable category Nutrients Overall Overall [Inorganic salts
Location 8 *
code pH = TIN |SRP [Nutrient class| Salt class*|of concern
01 Great Fish River Good | NatufaGood | Fair Fair Poor NSCS:IOA’ N&SQ;,
Q2 Great Fish River Good | NatufaGood | Fair Fair Poor I|\\1A§(S;|OA’ N&SQ;,
Q10 Great Fish River Good | NaturaBood | Fair Fair Poor I|\\1A§(S;|OA’ N&SQ;,
. . MgSOA” MgClgv
Q8 Kariega River Good Naturdlaturall Good Good Poor CaCh, NaCl
. . MgSO4’ MgClZ’
Q17 Kowie River Good NaturalGood | Gooq Good Poor CaCh, NaCl
Q6 Bushmans River Good Naturbllatural Good Good Poor II\\I/Ich:IO4 CaCb,
Q7 New Years Dam Good Natufdlatural Fair Fair Poor | MgS@NaCl
Q16 Howisonpoort Dam  Poor NaturalNaturall Good Good
Q14 Jameson Dam Fair Naturshtural| Fair Fair
Q9 Kap River Good NaturgNatural Good Good
Q15 Milner Dam Poor NaturaNatural Good Good
Q5 Settlers Dam Good Fair Natur&ood Good

Table 7. Summary results for Site Q1 on the GFestt River. Total Inorganic Nitrogen =
TIN; Soluble Reactive Phosphorus = SRP; Elect@miductivity = EC.

: Data Source Site Descriptor.
Site Code Q1 DWAF weir Q9H001 | Great Fish River, NNE of Grahamstown
Variables Value Category

. TIN 0.62 Good
Nutrients 50% (mg/l) SRP 012 Fair
Electrical Conductivity 199 >85
(mS/m)

MgSQO, | 222.6 Poor
NaSO, | 298.2 Poor
Inorganic Salts 95% | MgCl, Undetectable
(mgll) CaCb Undetectable
NacCl 483.21 Poor
CasQ Undetectable
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TIN, MgCl,, CaC}h and CaS@ suggest that this site on the Great Fish River rbay
considered to be in a Good state. However the seoatrient variable SRP, with a value of
0.12mg/l, places this is a Fair Class. The inomgyasalts MgSQ@ (222.6mg/l), NaSO,
(298.2mg/l) and most notably NaCl (483.21mg/l vatlralue of more than double that of the
default benchmark boundary for a fair classificatiare of concern and place this in a Poor
Class for inorganic salts.

Table 8. Summary results for site Q2 on the GFeslt River. Total Inorganic Nitrogen =
TIN; Soluble Reactive Phosphorus = SRP; Elect@aiductivity = EC.

Site Code Q2 Data Souree: Site Descriptor.
DWAF weir Q9H012 | Great Fish River, NNW of Grahamstown
Variables Value Category
. [ TIN 0.48 Good
Nutrients 50% (mg/l) SRP 0.098 Fair
Electrical
Conductivity (mS/m) >85
MgSQO, | 249.02 Poor
Na,SO, | 323.76 Poor
Inorganic Salts 95% | MgCl, Undetectable
(mgll) CaCb Undetectable
NacCl 555.75 Poor
CaSQ Undetectable

There were insufficient data for any kind of prasecological state assessment based on EC
or individual inorganic salts. The TIN value of 8mg/| puts the site well within the bounds
of the Good category, but SRP, having a value @®&ng/l, means the site is classified as
Fair. For inorganic salts, the MggMNaSO, and NaCl are of concern and place this in a
Poor Class for inorganic salts.

Table 9. Summary results for site Q10 on the GIéstt River. Total Inorganic Nitrogen =
TIN; Soluble Reactive Phosphorus = SRP; Elect@miductivity = EC.

Site Descriptor:

Data Source: Great Fish River, eastern boundary

Site CodeQ10

DWAF weir Q9HO18 of the municipality
Variables Value Category
Nutrients 50% (mg/l) -SHFIQ\IP 06239 ?:c;?rd
Electrical Conductivity 211 >85
(mS/m)
MgSQO, | 2454 Poor
NaSO, | 262.7 Poor

MgCl, Undetectable
CaCb Undetectable
NacCl 582.1 Poor
CasQ Undetectable

Inorganic Salts 95% (mg/l)

In terms of SRP, the site may only be categorise@far. Magnesium and sodium sulphate
salt concentrations are far in excess of the Faggory benchmark value. Although the salts
MgCl,, CaCh and CaS@all put the site in the Excellent/Natural categatys the two most
toxic salts which have values exceeding the bendhwalue for the worst class (magnesium
and sodium sulphates). The site is therefore inax Btate.
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Table 10. Summary results for site Q8 on the KgxiRiver. Total Inorganic Nitrogen = TIN;
Soluble Reactive Phosphorus = SRP; Electrical Cciindty = EC.

: Data Source: Site Descriptor:
Site CodeQs8 DWAF weir P3H001 | Kariega River, South of Grahamstow
Variables Value Category
Nutrients 50% (mg/l) 'glé\lp 0610525 7 %((():ggent or Natural
Electrical Conductivity
(mS/m) 717 >85
MgSQO, | 252 Poor
Na,SO, | Undetectable

Inorganic Salts 95% (mg/l) E;Aggllj ggg igg;
NacCl 2517.3 Poor
CasqQ Undetectable

The TIN data classify the site as Excellent/Natukdwever for nutrients, the SRP value
places the site condition in the Good categoryhBbe MgSQ (the most toxic) and Mggl
values are well in excess of the default benchmvatbe for the Fair category. The median
NaCl concentration at this site was the highesalbthe sites analysed, being 2517.3mg/I,
compared to the Fair default benchmark categorntdary of 1195mg/l. Overall the site was
classified in terms of inorganic salts as Poor.

Table 11. Summary results for site Q17 on the KoRiver. Total Inorganic Nitrogen = TIN;
Soluble Reactive Phosphorus = SRP; Electrical Catndty = EC.

Site CodeQ17 Data Source: Site Descriptor:
DWAF weir P4H001 | Kowie River, SE of Grahamstown
Variables Value Category
. TIN 0.07 Excellent or Natural
Nutrients 50% (mg/l) SRP 0,025 Good
Electrical Conductivity (mS/m) 500 >85
MgSQO, | 222.6 Poor
Na,SO, | Undetectable
. MgCl, 221.1 Poor
Inorganic Salts 95% (mg/l) CaCh 3152 Poor
NacCl 1944 Poor
CaSQ Undetectable

The median TIN value (0.07mg/l) classes the sithéExcellent/Natural category. The SRP
median value (0.025mg/l) for the site is exactlg tdtefault benchmark value between the
Good and the Fair categories. Median values for mesigm sulphate (222.6mg/l),
magnesium chloride (221.1mg/l) and once again motdbly, sodium chloride (1944mg/l),
were found to be unusually high, thus classifyirgiew quality as Poor in terms of inorganic
salts.
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Table 12. Summary results for site Q6 on the Busis River. Total Inorganic Nitrogen =
TIN; Soluble Reactive Phosphorus = SRP; Elect@miductivity = EC.

: Data Source Site Descriptor.
Site Code Q6 DWAF weir P1H003 | Bushmans River, South of Alicedale
Variables Value Category

. TIN 0.081 Excellent/Natural
Nutrients 50% (mg/l) SRP 0,025 Good
Electrical Conductivity
(mS/m) 491 >85
MgSQO, | 391 Poor
Na,SO, | Undetectable
Inorganic Salts 95% | MgCl, 1.21 Excellent/Natural
(mgll) CaCb 183.2 Poor
NaCl 2042.82 Poor
CasqQ Undetectable

The nutrient data median values (TIN and SRP) pilaeesite overall in terms of Nutrients in
the Good Class. However, the magnesium sulphaten{@9) and the extremely high NaCl
(2042.82mg/l) median values place the site in ther lBategory.

Table 13. Summary results for site Q7 at the Nevar¥déam. Total Inorganic Nitrogen =
TIN; Soluble Reactive Phosphorus = SRP; Elect@miductivity = EC.

Site Code: Data Source Site Descriptor.
Q7 DWAF weir P1R003 | New Years Dam, NE of Alicedale
Variables Value Category
. TIN 0.097 Excellent/Natural
Nutrients 50% (mg/l) SRP 0028 Fair
Electrical Conductivity (mS/m 99.1 >85
MgSQO, | 50.64 Poor
Na,SO, | - Undetectable
. MgCl, - Undetectable
Inorganic 95% (mg/l) CaCh 703 Good
NaCl 313.6 Poor
CasQ - Undetectable

In terms of TIN data, water quality at the dam barclassified as Excellent/Natural. The SRP
median value places the site in the Fair categatty avvalue of 0.028mg/l, only slightly over
the benchmark for the Good category. In terms ofients, the site is therefore Fair. Unlike
most of the other sites, but possibly due to ingea dam site, only classifications based on
the magnesium sulphate and sodium chloride med#snes categorised the site as Poor,
while the remaining inorganic salts classified #ite as either Excellent/Natural or Good. In
relation to all other sites in the region, the naedvalues for magnesium sulphate and sodium
chloride at this site were the lowest. In termsimafrganic salts, the site was classified as
ecologically Poor.
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1.3.3 Biomonitoring results

The interpretation of SASS, ASPT and IHAS scoresréferably based on comparisons of
site data with reference sites (unpolluted) upstreaf potential pollution sources.
Regrettably within the Makana area, this is notsgs in the case of Bloukrans River with
Grahamstown containing the headwaters and alssdtece of pollution. Similarly, along
the Bushmans River in the vicinity of Alicedale, suatable biomonitoring sites were found.

Table 14 summarises all biomonitoring data colédtm the nine sites, on the Bloukrans
River, Great Fish River, and Palmiet/Berg Riverfa@nce. Scores for each habitat at each
site are included in Appendix 2. The average speretaxon (ASPT) values are compared
to the default benchmark values given in Table &riter to classify each site.

Table 14 ASPT, total SASS score and IHAS for eddh@nine Bloukrans, Palmiet/Berg and
Great Fish River sites sampled by the Kowie Catctir@ampaign (2002 and 2003) and the
UCEWQ-IWR (2004). B1-B9 refer to the numbers altedsto each biomonitoring site (Table
3; Figure 1).

Total Scores Bl1] B2] B3] B4 B5 B BJ B3 BY
ASPT NOV 02 2.6 36| 42| 50 6.1

ASPT SEP 03 36/ 35 38 56 4F 57 50

ASPT MAR 04 45 50| 45| 45 49 45
ASPT SEP 04 25| 31 53 43 4ah 412
SASS NOV 02 13 32 42 60 97

SASS SEP 03 25| 14| 23 51 42 120 90

SASS MAR 04 50 60| 77| 81 89 27
SASS SEP 04 23| 40 79 71 131 75

IHAS (%) MAR 04 50 51 | 52| 53 65| 24
IHAS (%) SEP 04| 29| 37| 43| 43 44 50

1.3.3.1 ASPT scores

Site B1, situated on the Bloukrans River closestGiahamstown, had no ASPT values
exceeding 5. This classifies the site as beingRoa@r ecological condition.

Data for site B2 obtained in September 2003 and} 20€re both well below the Fair default
benchmark value, thus classifying the site as Poor.

Site B3 shows an increase in ASPT over the timevéet the first sampling in 2002 and the
most recent in 2004. ASPT values for November 28002 September 2003 were 3.6 and 3.8,
putting the site in the Poor category; however Narch 2004 and September 2004 ASPT
increased to 5 and 5.3 respectively, allowing tteets be classified as Fair.

Except for September 2003, ASPT values for sitem@de found to be below 5 and put the
site in the Poor category. The score recorded ipteggber 2003 of 5.6 is close to the
benchmark value for the Good category and revealpotential for variability in river water
quality, possibly due to seasonality.
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At site B5 a steady decline in ASPT value can ensaver time. The ASPT recorded in
November 2002 of 5.0 classifies the site as Faoweler the values for September 2003,
March 04 and September 04 place the site in the €degory.

Due to the absence of flowing water at site B6 rysampling in 2004, biomonitoring data
for these times are unavailable. However for Noven®002 and September 2003, ASPT
values were 6.1 and 5.7 respectively. These ssuggest that the site is in a Good or Fair
condition.

The only data available for site B7 is from Septen003, at which time ASPT was found to
be 5.0, thus classifying the site as Fair.

For site B8, biomonitoring was not undertaken dyr2®02 or 2003. However ASPT values
recorded in March and September 2004 decrease4rdrto 4.2 placing the site in the Poor
category, suggesting either decreasing water gusthte over the year or seasonal variation.

Due to high flows, the habitats of Stones and Qraared Sand and Mud were unsuitable for
biomonitoring at site B9 (Great Fish; March 200Bjomonitoring was therefore limited to
vegetation habitat only, thus with low confidence interpretation. The vegetation does
however provide some idea of the ecological sthtthe river and suggests the site shows
some deterioration in water quality.

1.3.3.2 Total SASS and IHAS scores

ASPT values were used (above) to classify watelitgua each of the biomonitoring sites.
However, IHAS percentage values and total SASSesacg a useful aid to interpretation of
biomonitoring data and hence, Present EcologickEStssessment.

IHAS or availability of habitats may be relatedaalegree to seasonal flow variations. Sites
B1-B8 have low IHAS scores reflecting degraded dmmas over time, with few habitats and
therefore few niches for invertebrate habitation.

For “polluted” rivers, SASS scores may be moreat#é than ASPT (Chutter, 1998) and
therefore both have been considered in the int&xjioe of this data. Referring to Table 14
and using Chutter’s Guidelines for interpreting SA&Scores in non-acidic waters (Table 4),
Site B1 showed poor total SASS scores (50 or lowend ASPT values were relatively
variable. Water quality at the site therefore appéa have undergone, and remains in, a state
of major deterioration.

A similar case exists with site B2, although thare fewer data. For site B3, 2002 and 2003
revealed a similar interpretation as for sites B#l 82, with total SASS scores below 50.
However, the 2004 data suggest an improvement terwguality from “major” to “some
deterioration”.

This trend of slight improvement in water qualitgvwehstream from Grahamstown seems to
continue at site B4 and B5, with total SASS sceraeding 50 for the September 2003 and
both 2004 samples, although all ASPT values for dite were less than 6. Interpretation
based on Chutter’'s guidelines (Table 4) indicatatewquality at site B6 is likely to be in a

borderline condition between “natural” and “soméederation”.
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At sites B7 and B8, Chutter's guidelines classifgtev quality at the sites as having “some
deterioration”. Total SASS and ASPT scores suggjeste is some deterioration in water
quality (using SASS and Chutter’'s guidelines, 1988) the site can be placed in the Poor
ecosystem health class (Palmer et al. 2004 usihgABPT scores). In considering IHAS in
conjunction with the total SASS scores, Site B&renPalmiet/Breg River is the only site that
has relatively high IHAS scores. Therefore the poamdition is more likely to be linked to
water quality rather than poor habitat conditions.

Only one sample was undertaken for site B9 (Gresdt River, based on a vegetation habitat
sample). A total SASS score of 27 and an ASPT Dfsdggest there is major deterioration of
water quality at the site.

1.3.4 Ecotoxicology results

Probit and Trimmed Spearman-Kérber (TSK) modelsl dgethe analysis produced the 4,C
values shown in Table 15. The lower these valinesptore toxic the effluent.

Table 15. LGy (%) values from 48-hour acut@aphnia pulextoxicity tests of sewage
influent and effluent, calculated using Probit amimed Spearman-Karber (TSK) analyses.
The respective, higher Chi square or percentageualues indicate lower confidence in the
LCsp values.

48 hr Confidence .
Date Sewage source Method of|48-hr LCso limits Chi % Trim
analysis (%) square
Lower| Upper
26/04/2004 | Inlet Probit 23.86 19.99 28.48 0.8
16/05/2004 | Inlet TSK 14.03 9.93 19.83 43.75
09/06/2004 | Inlet TSK 58,8 48.81 70.84 36.67
21/07/2004 | Inlet Probit 4.97 1.41 6.87 0.27
01/09/2004 | Inlet Probit 30.02 23.87 37.91 6.68
17/06/2004 | Outlet pipe into dam| TSK 55.3313.79 69.93 42.5
31/08/2004 | Outlet into the river | TSK 48.131.0¢ 59.74 15
06/09/2004 | Outlet into the river | TSK 39\4327.87 55.79 20

The LG values give an indication of the level of dilutioequired for the effluent to be
unlikely to have ecologically toxic effects on tfieshwater invertebrates found in the water
resources. The lower the kg the greater the need for dilution of the testagce.

The LG values for the inlet point ranged from 4.97% ta888, with a mean value of
26.34%, indicating a high degree of likelihood a@blegical invertebrate toxicity. For the
outlet pipe into the Sewage Treatment Works Dar, lilso value remained lower than
expected, at 55.33% with upper and lower confiddingis of 43.79% and 69.93%. Of great
concern are the L{g values for the outlet point into the Bloukrans &ivwributary which were
found to be lower than the values for the outléd the dam.

2.4 CONCLUSIONS

Availability of water resources, both ground andface, is a key concern in Makana. The
data collated from the monthly Department of Wakdfairs and Forestry (DWAF)
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monitoring of surface and groundwater quantity iasaifficient for water resource planning
and complete assessment. There is also:

no assessment of existing lawful use of water uholy that used for agricultural use;
no collated data on the present water demandsirwitiakana that is available in an
accessible form to stakeholders; and

no model for projected estimates of domestic, emutal (in particular Rhodes
University’s projected numbers of entrees), indaktand agricultural growth and
therefore water demands.

The water quality audit gave the following concerns

The Bloukrans River downstream of Grahamstown eggidl and industrial areas and
the sewage treatment works is in a Poor ecologied. The state of the River was also
a primary stakeholder concern.

There was no nutrient enrichment (total inorganitrogen and soluble ortho-
phosphates) at any of the DWAF water quality mamitp sites. However, there were
no DWAF water quality monitoring data available fiore Bloukrans River to date
[input still ongoing by DWAF] but the algal growthithin the river is indicative of
enrichment.

There was measurable ecotoxicity of the influerdt effluents around the Grahamstown
Sewage Treatment Works (STW). This preliminary gtudlicates the outlet pipe into
the STW dam was less toxic than the outlet pipe the River. An ecotoxicity risk
assessment is an urgent priority. The need for ippachemical data collection and
collation around the Grahamstown Sewage Treatmemk$\is therefore also a priority.
At various sites on the Bushmans and Kariega Ritkeswater is too salty to irrigate or
for use in domestic or livestock consumption.

There is significant evidence of toxic salt levatsmany of the DWAF water quality
sites within Makana, dominated by magnesium sugphatl sodium chloride. However,
there is a need to determine whether these valteeguat indicative of low flows
combined with abstraction and evaporation; andha matural state, reflecting the
ancient marine shales underlying parts of Makartee ihtroduction of water quality
reference sites above possible point sources bitjl is necessary.

The Alicedale tannery effluents, and other potéwrtiluents with recent developments,
are also of concern. More data points are needstlegm and downstream of Alicedale
on the Bushmans River for both water quality mamigp (DWAF), in conjunction with
biomonitoring sites that will potentially facili@tthe indication of red flag scenarios of
concern.

The Implementation Plan will therefore include ghinciple suggestions:

1)

2)
3)

An ecotoxicological risk assessment, based ao@nahamstown and its Sewage
Treatment Works;

The development of hydrological and water useetsfor Makana;

An assessment of the natural salinity levelfiwithe water resources.

Highlighted from this Audit has been the particulacessity, in addition, for:

4)

5)

Water quality and quantity data management bWAHP and therefore] Makana
Municipality;

An understanding by both Makana Municipality astdkeholders of water resources
and water resource management; and therefore thkenmentation of the Resource
Directed Measures and Source Directed Controls.ir&mwmental Water Quality

(consisting of physico-chemistry, biomonitoring aadotoxicology) is soon to be
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incorporated more fully into water quality managemewithin Catchment
Management Agencies. UCEWQ-IWR therefore proposesaional workshops for
Makana Municipality are introduced before legislatbecomes effective.
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APPENDIX 1: Department of Water Affairs and Forgs(DWAF) data captured at each
DWAF water quality site are recorded graphicallye&@er detailed analyses of the Present
Ecological State of the sites are recorded in Sectil.

1. SITE Q1 (GREAT FISH RIVER)

ELECTRICAL CONDUCTIVITY

Domestic use

EC values at this site on the Great Fish Rivemaostly between 100 and 250mS/m (Figure
2a). The water is thus likely to have a markedydalste and would probably not be used due
to its appearance. It is not likely to produce adyerse health effects in the short term.

Irrigation
Moderately salt sensitive crops could be maintavngdg this water for irrigation.

Livestock
With EC values such as those recorded for this sdesignificant adverse effects on livestock
are foreseen, although there could be an initlattance to drink.

Ecological status
The Electrical Conductivity EC values are too highuse EC as an assessment criterion and
individual salts were assessed.

PHOSPHORUS

Ecological status

The site is located in the middle reaches of theaGiFish River. Phosphate levels are
generally high in this part of the river, probablye to the phosphate-rich sedimentary rocks
of the catchment, although land-use that may haagative impacts on the environment.

Phosphate concentrations are generally higher glwimmmer months, but drop from July to

September. This can be attributed to increasedfrdnang summer months.

pH

Domestic use

The pH values on this site of the Great Fish Rarerwithin the range of 6.0 — 9.0 throughout
the year no adverse effects on health are expedtkdre might be very slight effects on taste
noticeable on occasion.

Irrigation

Throughout the year on this site the higher linfithee pH range is higher than 8.4. Irrigation
with such water may cause foliar damage, potentiaffecting crop yield or quality of

marketable products. There may be problems withrustation of irrigation pipes and

clogging of drip irrigation systems.

Ecological status

Because pH values are mostly between 8.0 and $gQré~2c), this site is within the good
boundary.
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Figure 2a EC values for Site Q1 on the Great Risler
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Figure 2b Phosphate values for Site Q1 on the GiishtRiver.
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Figure 2d Fluoride concentrations (mg/l) for Sitké @ the Great Fish River
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Figure 2e TIN (mg/l) for Site Q1 on the Great Hidkier

°

FLUORIDE

Domestic use

The fluoride concentrations on this site (Figur¢ a&ce between 0 and 1.5mg/l throughout the
year with not much variation, and at the range fdothto 1.5mg/l a slight mottling of dental
enamel may occur in sensitive individuals, otheewtfsere are no other adverse health effects
expected.

Irrigation
The fluoride concentrations on this site (Figur¢ &a less than 2.0 mg/l throughout the year,
and therefore there should be no adverse effectsaps.

Livestock
The fluoride concentrations on this site (Figur@ @dl have no adverse effects on livestock
health.

Ecological status
This site is still in its natural ecological sta(iigure 2d).

TIN (Total Inorganic Nitrogen)

Ecological status

On site Q1, TIN values seem to increase from sumonetinter (January to June) and there is
a marked decrease from winter to spring (June paeBaer), with an increase again towards
summer (Figure 2e).
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2. SITE Q2 (GREAT FISH RIVER)

No electrical conductivity data

PHOSPHORUS

Ecological status

The site is also located in the middle reacheshefGreat Fish River. Phosphate levels are
generally high in this part of the river, probablye to the phosphate-rich sedimentary rocks
of the catchment, although land-use that may haagative impacts on the environment
(Figure 3a).

pH

Domestic use

The pH on this site (Figure 3b) ranges from 7.09.tbthroughout the year and this pH range
has no significant toxic effects on health. Theeg/rbe slight effects on the taste of water.

Irrigation

Use of this water for irrigation may increase pesb$ with foliar damage that may affect crop
yield and the quality of marketable products. Ther@y be problems with encrustation of
irrigation pipes and clogging of drip irrigationstgms.

Ecological status
This site is in a good ecological status with anaHge between 7.0 and 9.0 throughout the
year without much variation.

FLUORIDE

Domestic use

Drinking water from this site (Figure 3c), with dide concentrations between 0.5 and 1.5
mg/l may cause mottling of dental enamel in sersiindividuals, otherwise no other health
effects should occur.

Irrigation
Water from this site has low fluoride concentrasighroughout the year, which will have no
adverse effects on crops.

Livestock

The fluoride concentrations less than 2mg/l foumdhie water from this site (Figure 3c) will
not have adverse effects on livestock health.

Ecological status

This site is within the natural boundary with flider concentrations less than 1.5mg/l (Figure
30).

TIN (Total Inorganic Nitrogen)

Ecological status
There is no seasonal variation in TIN levels thioug the year.
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Figure 3b pH values for Site Q2 (Great Fish River)
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3. SITE Q10 (GREAT FISH RIVER)

Electrical Conductivity

Domestic

Like Site Q1, also on the Great Fish River, th& 25758" percentile EC values range from
approximately 90 to 250mS/m (Figure 4a). Thus watelity does not seem to have changed
significantly between the two sites. Adverse healfiects as a result of consumption of this

water are not likely.

Irrigation

Moderately salt tolerant crops could be maintaimeder irrigation using this water.

Livestock

No significant adverse effects on livestock areseen.

Ecological status

As EC values are higher than 85, in-depth analgtexlividual salts was necessary.
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Figure 4b Phosphate values for Site Q10 on thet@ish River.
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Figure 4d Fluoride concentrations (mg/l) of Site @8the Great Fish River
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Figure 4e TIN (mg/l) for Site Q10 on the Great Hidkier

PHOSPHORUS

Ecological status

Phosphate concentrations are generally higher glwimmer months, but drop from July to
September (Figure 4b). This can be attributed dcemsed runoff during summer months.

pH

Domestic use
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The water from this site (Figure 4c) is within ttlemestic use water quality target range of
6.0-9.0 where no significant effects on health barexpected, although there might be slight
effects on the taste of the water.

Irrigation

The upper limit of the range 8.4 (Figure 4c), mayse problems with foliar damage that may
affect crop yield and the quality of marketabledurcts. Irrigation pipes and drip irrigation
systems may have problems.

Ecological status
Similar to the sites Q1 and Q2 on the Great FiskeRithis site is within the good pH
boundary.

FLUORIDE

Domestic use

Fluoride concentrations in this site range frono(QLt5 mg/l throughout the year with little
variation (Figure 4d). Drinking water from this esitnay cause slight mottling of dental
enamel in sensitive individuals.

Irrigation
Water from this site has low fluoride concentrasighroughout the year, which will have no
adverse effects on crops.

Livestock
The fluoride concentrations (less than 2mg/l) (Fegdd) will not have adverse effects on
livestock health.

Ecological status
This site is within the natural boundary of flueidoncentration (less than 1.5mg/l) (Figure
4d).

TIN (Total Inorganic Nitrogen)

Ecological status

On site Q10 there is an increase in TIN levels feummer to winter, followed by a decrease
in spring (from June to September), and then ehsligcrease again from spring towards
summer (Figure 4e). The months, August, Septeniberember and January are within the
Excellent/Natural boundary. The months Februaryuty and October and November are
within the Good boundary.

4. SITE Q6 (BUSHMANS RIVER)

ELECTRICAL CONDUCTIVITY

Domestic

The EC values at this site can be seen to be migtiethan those recorded for most other
sites. At any time of year maximum EC values weseen below 400mS/m (Figure 5a). In
terms of domestic use, short-term consumption neaolerated, although disturbance of the
body’s salt balance is likely. At concentrationghtér that 450mS/m (seen for most months of
the year), effects such as corrosion or scalingease and noticeable short term health effects
should be expected.
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Irrigation
Use of this water for irrigation of selected crapstill possible, although yield decreases will
occur and management and soil requirements atlg tikdbecome restrictive.

Livestock
With such high EC values, use of this water foesitock watering (especially of pigs and/or
poultry), a significant decline in production ikdly. Exposure to such water should be kept to

a minimum.

Ecological status
The majority of EC values were well above 85mS/ngFe 5a). An in-depth study of

individual salts was necessary to determine théogmal impact.
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Figure 5e

PHOSPHORUS
Ecological status

The site is located in the middle reaches of thehifwans River closer to Alicedale. Generally

BegDate

TIN (mg/l) for Site Q6 on the BushmanegeRi

the phosphate levels were low (median fluctuatieigw 0.04) (Figure 5b).

pH
Domestic use

The pH range of this site (Figure 5c) will not haignificant effect on health. Slight effects
on taste may occasionally be noticed.
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Irrigation

The upper limits of the range higher than 8.4 (Fégbc), may cause problems of foliar
damage, affecting crop yield and the quality of ke#able products. There may also be
problems with encrustation of irrigation pipes atafyging of drip irrigation systems.

Ecological status
This site is within the good pH boundary betweénahd 9.0 (Figure 5c).

FLUORIDE

Domestic use

The fluoride concentrations at this site are gdhetselow 1.5 mg/l although many of the

non-outlier range almost reaches 2.5 mg/l. Drinkiveger from this site may lead to slight
mottling of dental enamel in sensitive individuatierwise no other health effects may occur.

Irrigation
Irrigation with water from this site will have natlverse effects on crops.

Livestock
Water from this site will have no adverse effectdivestock health.

Ecological status
This site is within the natural boundary of flu@idoncentration (<1.5mg/l) (Figure 5d).

TIN (Total Inorganic Nitrogen)

Ecological status

TIN levels on this site increase during the wintesnths (May to August), with the highest
TIN levels in August. The TIN levels decrease frAogust to December, and remain at low
levels from December to April (Figure 5c). TIN lév@are within the natural boundary from
September to May, and within the good boundary fdome to August.

5. SITE Q16 (HOWISONPOORT DAM)

ELECTRICAL CONDUCTIVITY

Domestic use

The EC values for water at this site lie betweerad® 90mS/m, and for most months values
are well below 70mS/m (Figure 6a). This water isréiore within DWAF target range for
domestic use.

Livestock
With such values, the use of water from this sii# ke suitable for livestock watering
purposes.

Agriculture
Although wetting of salt sensitive crops with thigter should be avoided, moderately salt
sensitive crops could be sustained using a lovguiacy irrigation system.

Ecological status

In ecological terms concern would be drawn to thentim of August EC when values are
higher.
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PHOSPHORUS

Ecological status

Howisonpoort Dam is on the Kariega River. It is rattéerised by very low concentration of
phosphates and therefore little nutrient enrichm@igure 6b). The site is in a ‘good’
condition.

pH

Domestic use

In January the pH range on this site is betweend47a5. In February and March the lowest
limit of the pH range is below 6, toxic effects asisted with dissolved metals are likely to
occur and the water taste is slightly sour. Ferrerst of the year, pH levels range between 6.0
and 9.0 with no significant effects on health altylo slight effects on taste may occasionally
be noticeable.

Irrigation

The lower limit of the pH ranges of the water isddghan 6.5 for most months of the year
(especially low for the first three months of theay). At pH levels below 6.5 there may be
problems with foliar damage when the crop foliagevet, giving rise to yield reduction or
decrease in the quality of marketable materialser& could also be increasing problems with
corrosion of metal and concrete in irrigation equgnt.

Ecological status
The pH range of this site is within the good bougdaxcept for January where the lower
limit of the range is less than 5, which is classifas poor.

FLUORIDE

Domestic use

The fluoride concentrations at this site are be® mg/l (Figure 6d) throughout the year,
and within this range no adverse effects or toaitmage may occur.

Irrigation
The fluoride concentrations at this site will haneeadverse effects on crops.
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Livestock
The fluoride concentrations at this site will have adverse effects on will have no adverse
effects on livestock health.

Ecological status
The fluoride concentrations at this site are withie natural boundary

TIN (Total Inorganic Nitrogen)

Ecological status

The TIN levels on this site increase towards wir{tday to July), and decrease towards
summer (July to December) (Figure 6e).

6. SITE Q14 (JAMESON DAM)

ELECTRICAL CONDUCTIVITY

Domestic

For much of the year, the EC range is well witltia DWAF guideline Target Water Quality
Range for domestic use of 0 to 40mS/m. For JaniNwyember and December however, EC
values were much higher. As these values did noeaetk 150mS/m no health effects are
likely (Figure 7a).

Irrigation
Similarly for agricultural purposes, it is only tf&C values above 90mS/m such as seen in
November that are of real concern. Irrigation df sansitive crops with such water should be
avoided.

Livestock
As far as livestock watering is concerned, thesev&lGes are well within acceptable limits.

Ecological status

Since for most of the year, EC values are less &nS/m, the water may be considered to
be in a natural state.
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PHOSPHORUS
Ecological status
The Jameson dam is also located in the New Yearsr Ri the upper reaches. Phosphate
concentration is small, especially in March, Juhd &ctober (Figure 7b). The site is in a
‘good’ condition.

pH

Domestic use

During January and February in this site, the loliveit is 6.0 (Figure 7c), there may be toxic
effects associated with dissolved metals, and taemmay have a slightly sour taste. For all
the other months the pH ranges between 6.0 andn8.&ignificant effects on health are
expected although there may occasionally be séffetts on the taste of the water.

Irrigation

On this site, most of the time during the year Ithweer limit of the pH is below 6.5 (Figure
7c), which may cause problems with foliar damagenvbrop foliage is wet, giving rise to
yield reduction or a decrease in the quality of katable materials. There could also be
problems with corrosion of metal and concreterigation equipment at such low pH levels.

Ecological status
At this site pH levels of the water would be cléssli as being in a good state, except for the
first two months of the year where the pH rangthefwater is in a fair state.
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FLUORIDE
Domestic use

Fluoride concentrations at this site are belowrdl (Figure 7d) throughout the year, and
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within this range no adverse effects or tooth dasmagy occur.

Irrigation

The fluoride concentrations in the water from gite will have no adverse effects on crops.
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Livestock
The fluoride concentrations in the water from tlige will have no adverse effects on
livestock health.

Ecological status
The fluoride concentrations at this site are belo® mg/l, and therefore within the natural
boundary.

TIN (Total Inorganic Nitrogen)
Ecological status
The TIN levels at this site are within the naturauindary throughout the year (Figure 7e).

7. SITE Q9 (KAP RIVER)

ELECTRICAL CONDUCTIVITY

Domestic use

The EC data for this site is relatively variabler Fhe first three months of the year, EC

values can be seen to fluctuate between approXyradenS/m to close to 200mS/m (Figure

8a). This means that at its worst the water willikely to have a salty taste and possibly have
some effects on plumbing and appliances such aeased corrosion. The water should be
safe to drink.

Irrigation
Moderately salt tolerant crops could be maintainsithg a low-frequency application of this
water without significant yield decreases.

Livestock
This water should be completely safe for livestocktering, apart from a possible initial
reluctance to drink in the case of poultry andigsp

Ecological status

As the median EC values were mostly between 558&nuS/m, for example in the months:

April, May, June; the ecological condition of sghould be fair. However, the presence of
values larger than 85mS/m at other times duringyter called for further investigation of

individual salts.

PHOSPHORUS

Ecological status

The site is located in one of the tributaries af tBreat Fish River. Individual salts were
investigated further.

pH

Domestic use

The pH levels on this site are range between 6d09%iM throughout the year (Figure 8c), no
significant effects on health are expected, althotigere may occasionally be effects on the
taste of the water.
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Irrigation

For most of the year on this site the lower linmfghe pH range are less than 6.5, except for
April, June and September, where the lower limitssightly higher (Figure 8c). At the pH
levels less than 6.5, there may be problems willarfaamage when crop foliage is wet
resulting in yield reduction or a decrease in tbality of marketable materials. There may
also be problems with corrosion of metal and caedreirrigation equipment.

Ecological status
The pH in this water is in the good ecological baany.
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Figure 8a EC values for Site Q9 on the Kap River
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Figure 8d Fluoride concentrations (mg/l) for Sit@ 6 the Kap River
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Figure 8e TIN (mg/l) for Site Q9 on the Kap River

FLUORIDE

Domestic use

The fluoride concentration levels at this site lass than 1.0 mg/l throughout the year (Figure
8d), and there are no adverse health effects tin tamage expected at this range.

Irrigation
The fluoride concentrations in the water from #ite will have no adverse effects on crops.

Livestock

The fluoride concentrations in the water from teite will have no adverse effects on
livestock health.

Ecological status

Fluoride concentrations at this site are below md/l, and therefore within the natural
boundary.

TIN (Total Inorganic Nitrogen)

Ecological status
The TIN levels on this site are within the natdratindary throughout the year.

45



8. SITE Q8 (KARIEGA RIVER)

ELECTRICAL CONDUCTIVITY

Domestic use

As with the Bushmans River, EC values are elevaedtative to DAWF target water quality
ranges. This water will have an extremely saltyetasd noticeable short-term health effects
are likely. Alternative sources of water shouldused for drinking.

Irrigation
As the EC values for this site are mostly betwe® 2nd 600mS/m (Figure 9a), the
likelihood of sustainable irrigation being possildenot high.

Livestock

Care should be taken when allowing stock to acttesse waters, particularly in the early part
of the year. With EC values of 450mS/m and 600m$Youltry, pig production will in all
likelihood, decline.

PHOSPHORUS

Ecological status

This site is located in the lower reaches of theid¢m River. The phosphate concentration
was very low throughout the year fluctuating aro@@4 mg/l (Figure 9b). The site is in a
‘good’ ecological state.

pH

Domestic use

The pH levels on this site are on the range betvée@rand 9.0 throughout the year (Figure
9c¢), no significant effects on health are expecadttipugh there may be occasional effects on
the taste of the water.

Irrigation

Water at this site is in the pH range between @& &4 for most of the year, except for
January, June and September where the pH randighlyshigher (Figure 9c). At the pH
range between 6.5 and 8.4, there are no adveesgtin crops expected. At pH levels higher
than 8.4, there may be problems with foliar damadfecting crop yield or visual quality of
visual marketable products. There may also bel@nabwith encrustation of irrigation pipes
and clogging of drip irrigation systems.

Ecological status
The pH of the water in this site is within the gaamblogical boundary.
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Figure 9b Phosphate values for Site Q8 on the Kark&iver

Box Plot (P3HO01 in P3H001&P3R001-2.5tw 3! Scatterplot (P3H001 in P3H001&P3R001-2.5tw 3
10 pH-Diss-Water (pH units) = 5.3356+7.801
10
o
’ @@E @@ E
z &
z 0
S €
I 6 E
& E 0
2 put
S g
P :
a 2 a
i a
o I
=3
2 2
0 O Median 0
12 3 4 5 6 7 8 9 10 11 12 L1 5%-95% 9/15/65 3/8/71 8/28/76 2/18/82 8/11/87 1/31/93 7/24/98 1/14/04 7/6/09
" Non-Outlier Ran¢
Month BegDate
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FLUORIDE
Domestic use

The fluoride concentration levels at this site lass than 1.0 mg/l throughout the year (Figure
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o
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9d), and there are no adverse health effects tin tmmage expected.

Irrigation

The fluoride concentrations in the water from #ite will have no adverse effects on crops.

Livestock

The fluoride concentrations in the water from tkige will have no adverse effects on

livestock health.

Ecological status

Fluoride concentrations at this site are below md/l, and therefore within the natural

boundary.

TIN (Total Inorganic Nitrogen)
Ecological status

This site has low TIN levels within the natural bdary, with little variation throughout the

year (Figure 9e).
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9. SITE Q15 (MILNER DAM)

ELECTRICAL CONDUCTIVITY

Domestic use

The EC values (Figure 10a) at this site are lowwitd the exception of August, fall within
target quality range for domestic use, this begsg fthan 70mS/m.

Irrigation
Water from this site is also suitable for agrictdlupurposes (irrigation) as EC values of less
than 40mS/m ensure that salt sensitive crops asergwithout yield decreases.

Livestock
Since EC values are all below 150mS/m this wateuldvdoe completely safe for livestock
watering purposes.

Ecological status
The EC levels on this site are within the targetewguality range.

PHOSPHORUS

Ecological status

The Milner Dam is also situated in the New YeargeRin the upper reaches. The phosphate
levels fluctuate around 0.02 mg/I (Figure 10b) vd#spite higher levels in July.

pH

Domestic use

The pH levels on this site are on the range 6.0f&.Onost months in the year, except for
January, February, October and December, wherpHheange is less than 6.0 (Figure 10c).
At the pH range between 6.0 and 9.0 no signifiedfgcts on health are expected, although
there might be noticeable effects on taste at tim&spH levels between 4.0 and 6.0 there
may be toxic effects associated with dissolved lsetad the water may have a slightly sour
taste.

Irrigation

At this site during February, March, October andc®aber, the pH range is less than 6.5
(Figure 10c), and this may cause problems withafaliamage when crop foliage is wet and
resulting in yield reduction or a decrease in thality of marketable materials. There may
also be problems with corrosion of metal and cdecie irrigation equipment. The same

could be the case in January and May and June winetewer limits of the pH range are less
than 6.5 (Figure 10c). In the other months, howewbere the pH range is between 6.5 and
8.4, there will be no adverse effects on the clieftlyand quality.

Ecological status

The pH on this site is within the good boundarycept in January where lower limit of the
pH range is below 5.0, which is classified as poor.
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FLUORIDE

Domestic use

The fluoride concentration levels at this site lass than 1.0 mg/l throughout the year (Figure
10d), and there are no adverse health effectsotin tamage expected at this range.

Irrigation
The fluoride concentrations in the water from gite will have no adverse effects on crops.

Livestock
The fluoride concentrations in the water from tBige will have no adverse effects on
livestock health.

Ecological status
The fluoride concentrations at this site are witiie natural boundary.

TIN (Total Inorganic Nitrogen)
Ecological status
The TIN levels on this site are low and within thatural boundary with no variation

throughout the year (Figure 10e).

10. SITE Q7 (NEW YEARS DAM)

ELECTRICAL CONDUCTIVITY

Domestic use

This site is located on the New Years River, clasdhe south-western boundary of the
Municipality. The EC plot below (Figure 11a), shothksit for the most part, EC values were
50mS/m and 100mS/m. According to DWAF guidelinéss water should not be likely to
have any adverse health effects in the contextoaias$tic use as EC values between 0 and
70mS/m form the target water quality range.

Irrigation

For agricultural use, EC values of less than oaétu40mS/M are the DWAF target water
quality range, at this for which values are higthem this, a 95% relative yield of moderately
salt-sensitive crop could be grown.
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Livestock
For livestock, any EC value less than 450mS/s ¢eptable, except for pigs and poultry for
which there may be a slight temporary decline mdpction.

Ecological status

Since the median EC values are all between 55 &nuS8n, ecologically the site may be
classified as fair. As there are maximum EC vahigher than 85mS/m, individual salts were
studied further.

PHOSPHORUS

Ecological status

The New Years dam is located in the lower reacligeeoNew Years River, just before this
river joins Bushmans River. The concentration abgghates is very low throughout the year
(less than 0.2mg/l) (Figurellb). For this reasan rilier on this site can be considered as
‘fair. However, there are extremes where phospletels increase, especially during wet
seasons. This may be due to phosphates washeditharriver during runoff.

pH

Domestic use

The pH values at this site are between 6.0 andt@dughout the year (Figure 11c), no
significant effects on health occur, although thmey be occasional effects on the taste of the
water.

Irrigation

The pH range at this site is within the range 6%+4Broughout the year (Figure 11c), no
effects on crop foliage are expected although theag be slight problems with the clogging
of drip irrigation systems.

Ecological status
The pH range at this site is within the good bouynda

FLUORIDE

Domestic use

The fluoride concentration levels at this site lass than 1.0 mg/l throughout the year (Figure
11d), no adverse health effects or tooth damagexarected.

Irrigation
The fluoride concentrations in the water from gite will have no adverse effects on crops.
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Livestock
The fluoride concentrations in the water from tBige will have no adverse effects on
livestock health.

Ecological status
Fluoride concentrations (Figure 11d) are withinlaéural boundary.

TIN (Total Inorganic Nitrogen)

Ecological status

The TIN concentrations on this site are within tegural boundary throughout the year
(Figure 11e).

11. SITE Q5 (SETTLERS DAM)

ELECTRICAL CONDUCTIVITY

Domestic use

The EC values (Figure 12a) are much the same as thiahe New Years Dam, with most of
the values lying between approximately 50 and 10@8m3he water at this site is thus safe
for domestic use.

Irrigation

Most values are higher than 40mS/m meaning thasticeess of salt-sensitive crops cannot
be assured. However, moderately salt-sensitivesccoplld be grown while using this water
for irrigation.

Livestock
Having EC values lower than 100mS/m, no significaherse effects should be expected.

Ecological status

This site may be classified as being fair for thpsdods when the EC values were between
55 and 85mS/m, but as the EC values exceeded 8idich of the year individual salt
concentrations were studied further.

PHOSPHORUS

Ecological status

The Setters Dam was constructed in the KariegarRRigosphate levels are very low (Figure
12b), probably because the site is located in @a aith low negative land-use impacts.

pH

Domestic use

The pH ranges at this site (Figure 12c) will hawe significant adverse effects on health
although there may be slight effects on the takteeowater.

Irrigation

For the first four months of the year the uppeiitliof the pH range is above 8.4 (Figure 12c),
there may be problems with foliar damage affectirgp yield or visual quality of marketable
products. There may also be problems with endiost®f irrigation pipes and clogging of
drip irrigation systems.
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Ecological status
The pH range at this site is within the good boupda

FLUORIDE

Domestic use

Fluoride concentrations at this site are below fmvhere no adverse effects are expected,
for the most part of the year. In May, where flderconcentrations go up to above 2.5
(Figure 12d), and the threshold for marked dentattling with associated tooth damage due
to softening of enamel is 1.5 mg/l. Above this @amtration mottling and tooth damage will
probably be noticeable in most continuous usetheivater.

Irrigation

The fluoride concentrations at this site will haneadverse effects on crop yield, although for
May fluoride concentrations are a bit higher thiae test of the year and these concentrations
are acceptable for irrigation of fine textured mauto alkaline soils.

Livestock

Fluoride concentrations at this site will have mlverse effects on ruminants throughout the
year. In May, where fluoride concentrations go tapabove 2.5mg/l, monogastrics may
experience chronic effects associated with dehialdsis in mature livestock. A decrease in
feed and water intake and a decline in productiwigry occur with continuous long-term

exposure, but unlikely if exposure is short-terrd &ed concentrations are normal.
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Figure 12e  TIN (mg/l) for Site Q5 on Settlers Dam

Ecological status

Fluoride concentrations at this site are within tla¢ural boundary, except for May where the
fluoride concentrations are slightly above 2.5maplid may be classified as fair.

TIN (Total Inorganic Nitrogen)
Ecological status

TIN levels on this site are within the natural bdary throughout the year (Figure 12e).
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12. SITE Q17 (KOWIE RIVER)

ELECTRICAL CONDUCTIVITY

Domestic use

The EC levels in this site are in the region betw2@0 and 400 mS/m (Figure 13a). During
the months where EC values are below 300mS/m wadgr have a salty taste, but there are
no adverse health effects expected. When the Hi{@wvare above 300mS/m, water can be
extremely salty and short-term consumption may eguebable disturbance of the body’s

salt balance.

Irrigation

Moderately salt-tolerant crops can be maintaineiti wie EC levels on this site provided that

a high-frequency irrigation system is used.

Livestock

EC levels from this site will have no adverse healifects on livestock, although there may

be possible temporary reluctance to drink the water

Ecological status

The EC values from this site are too high to usareassessment criterion and individual salts

were individually assessed.
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PHOSPHORUS
Ecological status

This site is within the good boundary for mostluod year, except for the winter months (June
and July) where median phosphate values are ab&2&mg/l (Figure 13b) and in the fair

boundary.

pH
Domestic use

The pH levels on this site will have no adversdthesffects (Figure 13c), although there may
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Irrigation
The pH range on this site is not likely to have affgcts on crop yield and quality (Figure
13c).

Ecological status
The pH range on this site is within the good bouynda

FLUORIDE
Domestic use
The fluoride concentrations on this site will hangeadverse health effects (Figure 13d).

Irrigation
The fluoride concentrations water from this sitdl Wwave no adverse effects on the crop yield
and quality (Figure 13d).

Livestock
The fluoride levels on this site will have no adeeffects on livestock health.

Ecological status
The fluoride concentrations in this site are witthie natural boundary.

59



APPENDIX 2: Pictorial details of the sites on the Bloukrans dalmiet/Berg Rivers
during September 2004.

Site B1. Section of non-canalized Bloukrans Rivetoty small road-bridge on Matthew
Street, near Fort England Hospital. 33°18'47"S 2629” E.

Site B2. Stream flowing out of the sewage farmatied sewage effluent) into the Bloukrans
River. 33°18'56"S 26°33'36" E.

Site B3. Section of Bloukrans River below farm-rdaridge close to N2 highway bridge.
33°19'04"S 26°34'06" E
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Site B4. Section of Bloukrans River below Railroladdge and immediately below road
bridge. 33°19'26"S 26°35'59” E.

Site B5. Section of Bloukrans River below weir onr.MDuncan’s farm. 33°19'405"S
26°38'35" E.

e

Site B6, section of Bloukrans River at Blaawkraatols (33°23'28"S 26°42'25” E) and
Site B7 Bloukrans River at the farm Luembe, dowewsin of extensive pineapple plantations
33°27'27"S 26°41'36"E.

Sites were dry in May and September 2004 at tinsaofpling.

Site B8 below confluence of Berg and Palmiet Rivdrslow N2 highway 33°22'18"’S
26°28'35" E
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APPENDIX 3: Detailed records of the SASS and ASPT scores fotopes at each
biomonitoring site from 2002 to 2004 (De Maatral, 2002; Barber-James al, 2003).

Table 15. SASS and ASPT scores for each biotsfmné and rock; all vegetation; and
gravel, mud and sand) and total SASS and ASPT sctme each site, comparing all
biomonitoring results over 2002 to 2004.

SASS Scores Per Biotope, and Site Totals (Septe@er
Site |Stone & Rock| All vegetationn Gravel, Sand, MudTotal

Bl 11 12 23
B2 22 12 6 40
B3 21 31 27 79
B4 32 13 32 77
BS 43 57 31 131
B6
B7
B8 26 15 34 75
B9

ASPT Scores Per Biotope, and Site Totals (Septefde
Site |Stone & Rock] All Vegetation Gravel, Sand, MudTotal

Bl 2.2 3.0 2.5
B2 4.4 2.4 2.0 3.1
B3 5.3 5.1 5.4 5.3
B4 4.6 4.4 4.0 4.3
BS 4.3 5.2 3.4 4.4
B6
B7
B8 4.3 3.8 4.3 4.2
B9

SASS Scores Per Biotope. and Site Totals (May 04)

Site |Stone & Rock All Vegetation Gravel, Sand, MudTotal
Bl 36 22 20 50
B3 46 27 40 60
B4 51 23 60 77
B5 35 48 30 81
B6

B7

B8 86 37 34 89
B9 0 27 0 27
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ASPT Scores Per Biotope, & Site Totals (May 04)

Site |Stone & Rock | All vegetationy Gravel, Sand, M(Iabtal
Bl 51 3.1 4.0 4.5
B3 5.1 3.8 5.0 5.0
B4 4.6 3.8 55 4.5
B5 5.0 4.0 3.8 4.5
B6

B7

B8 51 4.6 3.7 4.9
B9 0 4.5 0 4.5
SASS Scores Per Biotope, and Site Totals (Septe@®)er

Site |Stone & Rock | All Vegetation Gravel, Sand, M{dtal
Bl 25 25
B2 14 14
B3 23 23
B4 34 31 51
B5 42 42
B6 81 69 120
B7 50 50
B8

B9

ASPT Scores per Biotope, and Site Totals (Septe@i®er

Site |Stone & Rock | All Vegetation Gravel, Sand, M{idtal
Bl 3.6 3.6
B2 3.5 3.5
B3 3.8 3.8
B4 4.9 5.2 5.6
B5 4.7 4.7
B6 6.2 5.8 5.7
B7 5.0 5.0
B8

B9

SASS Scores per Biotope, and Site Totals (Nove@er

Site |Stone & Rock | All Vegetation Gravel, Sand, Mdtal
Bl 13 13
B2

B3 22 17 32
B4 29 31 42
B5 57 44 60
B6 95 50 97
B7

B8

B9
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ASPT Scores Per Biotope, and Site Totals (Nover@Bgr

Site |Stone & Current All Vegetation Gravel, Sandydv|Total
Bl 2.6 2.6
B2
B3 3.1 0.8 3.6
B4 5.8 3.4 4.2
B5 6.3 4.9 5.0
B6 6.3 5.6 6.1
B7
B8
B9
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APPENDIX 4

Quoting from Palmeet al. (2004): in order to ascertain which water qualitynitoring points
and relevant data are to be used for Reference itGondssessmeni.¢. not impacted by
point source or agricultural run-off) and whichalare to be used for Present Ecological State
assessment:

. Ecological Water Requirements (river) assessmemtsviter quality require that an
assessment be made of Reference condition. Thisbienchmark the default boundary
values provided in the methods for the categoried determine whether natural
background levels are different from those valuew/iged. In the event that they are,
the values in the benchmark tables need to be ibemi@d so that an accurate
assessment of the Present Ecological State candestaken.

. However, data obtained from DWAF water quality ntoring points can be used to
determine both Reference Condition and PresentoBmwall State. The confidence level
of the assessment is determined by the sampleasidehe method discussed within
Jooste and Rossouw (2002) and Paletexl. (2004b) describes a statistical procedure to
calculate this.

= Data obtained from DWAF water quality monitoring imts that have been
operational for several decades may be appropriate Reference Condition
assessment. This can be ascertained by plottingcdheentrations of appropriate
water quality variables over time and determinirfgether there is a detectable trend
over time. If there is a trend, the earlier parttleé record may be appropriate for
Reference Condition determination (i.e. pre-impdatia) while the more recent data
record may be appropriate for a Present Ecolo§itate assessment.

= There may be a water quality monitoring point ugestn of any impacts in the
resource unit that may be suitable for Referenced@ion assessment. In this case,
the more recent data record can be used.

= Assess whether it is necessary, and appropriates¢ovater quality data from dam
outflow.
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2 DISTRIBUTION OF WETLANDS IN MAKANA
Weideman, C., Kirby, D., Zingel, T. and Connell&n,

2.1 EXECUTIVE SUMMARY

Wetlands provide a multitude of valuable functi@mal services, both ecological and socio-
economic in nature. Their value is of particulangiicance in drier climates, where they act
to regulate and prolong stream flows, increasirgglémgth of time that water is available in
the catchment. They are similarly instrumental @tev purification, agricultural production,
drought relief, and the provision of harvestableorgces. Consequently, their loss should be
viewed in a serious light.

South Africa has lost 50% of the wetlands in thet tentury. The highest rates of loss have
occurred within the semi-arid regions of the inlandrgin zones, which comprises Makana
municipality. The lack of information regarding tkpatial distribution and classification of
wetlands in the country has been identified as rttagor obstacle to the development of
conservation strategies at national, provincial lacdl levels.

This study, in line with a drive to compile a nai# wetland database by a subsidiary of the
Department of Environmental Affairs and Tourisne Bouth African Wetlands Conservation
Programme, attempts to provide a basis to fa@lithe development of a wetland inventory.
By digitally modelling the predicted distributiori wetlands within the Makana municipality,
Eastern Cape, and providing an assessment ofske facing wetlands in the region based on
the prevailing land-cover and the land-use presstiney imply, a platform for further
inventory work is established and an indicatiopibrity areas provided.

Modelling predicted the potential wetland distribat to occur largely in areas associated
with low land-use pressures, such as bushland lzinket, grassland and fynbos. High-risk
land-uses, such as intensive cultivation and ggaziand urbanisation comprised a
significantly lower proportion of the modelled dibution. Thus, although situated in an area
traditionally assumed to be a high risk in termsaettland loss, the low intensity land-use
practices prevalent mean that Makana municipaifgyrobably exempt from this assumption.

There was evidence of erosional degradation ofamdd on commonage areas due to
subsistence grazing, facilitated by the ease oéssto these areas by subsistence farmers.
Currently, no policy is maintained by the municipalegarding wetland use on commonage
areas, and a framework needs to be developed ieganastainable use of wetland resources.

Alien vegetation encroachment has been identife@d anajor cause of wetland destruction,
although the extent of encroachment is undetermuhgsl to lack of data. Cooperation by
wetland conservation bodies with the DepartmentVater Affairs and Forestry should shed
light on the nature of threats facing wetlandshm tegion.

Endorheic pans in the south of the municipalitynset® be experiencing extended and
uncharacteristic levels of desiccation. Whethes iki due to climatic factors or catchment
management practices is not known, but close mamgaf potential drivers of this situation
should be undertaken.

Threats facing wetlands occur on a catchment-widsisb and thus may originate from
outside Makana’'s boundaries. Catchment managemaciiqes need to be studied on a wider
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scale than attempted in the scope of this projei.possible that, although water abstraction
and land-use pressures within modelled distributi@ne found to be negligible, collectively
they may represent a threat to wetland health@at@ment-wide basis.

2.2 INTRODUCTION

It is estimated that there has been a 50% lossetiiads in South Africa (Kotzet al.,1995
cited in Cowan, 1995), with some of the greatess loccurring in the inland margin areas,
encompassing the Makana municipality. South Afisc&nown to be a water-poor country,
with a consequently lower natural wetland exterd amaller individual wetlands (Kotzt

al., 1995 cited in Cowan, 1995). This paucity of natwatland distribution means that the
implications of loss of wetlands are severe. It basn noted that the effects of wetland loss
include decreased agricultural productivity, poosater quality, less reliable water supplies,
increased incidence and severity of flooding amileased threat to wildlife resources (Breen
and Begg, 1989). In response to worldwide naturetlamd losses, the Ramsar convention,
ratified in 1971, bound all signatories, includirfgouth Africa, to include wetland
conservation as a national policy and to promotendowetland utilization. These
commitments have largely not been met.

In South Africa, the lack of spatial informatiorgegding wetland distribution and abundance
has been identified as the major obstacle to dpw&at, implementation and monitoring of
wetland conservation strategies at national, pmairand local levels (Dini and Cowan, no
date). It has been recognised that the generatiorffarmation on the distribution and status
of South African wetlands is a priority, and theu8o African Wetlands Conservation
Programme (SAWCP) of the Department of Environnieitairs and Tourism (DEAT) has
been tasked with developing a national wetlandsntary, which is currently in progress.

Although a number of mapping projects have beeripusly undertaken in various parts of
the country, there have been inconsistencies lieatational inventory as proposed by DEAT,
aims to addresdn line with the objectives of SAWCP, this projgmtovides a basis for
further work on a national wetlands inventory byabsshing, within limits, the extent of
wetland distribution in the Makana municipality, dErn Cape, classifying wetlands
according to a standardized inventory being dewslopy SAWCP, and determining the
nature of threats to wetland health.

2.2.1 Wetland functions

Wetlands have long been acknowledged as being &ayail habitats of exceptionally high
diversity and productivity (Ramsar, 2001), provglima range of invaluable services to
humankind. Unfortunately, the nature of these sewihas largely been poorly defined and
understood in the past. The services include téaginefits such as:

+ regulation of catchment drainage and river flow,

+ flood peak reduction,

+ drought relief,

+ water purification and waste assimilation and

+ soil erosion protection and sediment accretion.

Wetlands also provide socioeconomic benefits, sashopportunities for recreation and
education, harvestable resources and facilitati@ygdcultural production (Begg, 2001).
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Regulation of catchment drainage and riverflow

Although the relationship between groundwater anetlamds is complicated (Ramsar,
2001b), wetlands act to absorb water, regulatisgrélease into the catchment, thereby
prolonging riverflows (Begg, 2001). This makes wateailable for use during drier periods
in catchments which, in the absence of wetlandsgretise would have released their water
into the drainage system far more rapidly.

Flood peak reduction

Related to their tendency to regulate water flowthis ability of wetlands to mitigate the
effects of floods (Begg, 2001). Catchments withaugttlands have a reduced capacity to
buffer flash flood events, and suffer greater dagrthgn those catchments well buffered with
wetlands. Wetland basins, not already filled toazaty, both reduce flood peaks and slowly
release floodwaters to downstream areas, proviisigady flow of clean, useable water.

Drought relief

The value of wetlands as water reservoirs is enipbadsn arid areas, where the relationship
between water storage and streamflow are vital §g891). During droughts, or dry seasons,
pressure on fresh water resources means that pkmtaals, and humans may be heavily
reliant on the water storage capacity of wetlaMistlands are of particular significance to
subsistence or small scale commercial rural comirsnin the South African context, during
periods of drought (DEAT). Their elevated water im@®s provide grazing and limited
cultivation, and allow rural families to supplemenheir livelihoods in situations in which
survival would otherwise be difficult. In South Ada, it is felt that the Department of
Agriculture does not recognize this value to sroathmunities and therefore does not support
the sustainable use of wetlands.

Water purification and waste assimilation

Wetlands are often referred to as ‘nature’s kidhagsthey act as natural filters, playing an
important part in the improvement of water qualiBegg, 2001). High levels of particulate
matter and nutrients such as phosphorous and eitrage trapped and absorbed by wetland
plants and soils, effectively improving the qualitywater leaving the wetland. This filtering
process is very important as it prevents eutropioicafurther downstream, a process that
leads to rapid plant and algal growth followed Bpléted oxygen levels that affects other
species. Many wetland plants also have the cap#xitgmove toxic substances that originate
from pesticides, industrial discharges and minicgvdies (Ramsar, 2001d). It is for this
reason that the water leaving a wetland is oftear@r than that entering it, thereby ensuring
protection for downstream habitats.

Protection from soil erosion and sediment accretion

Wetlands act as very effective sediment traps e riatural environment. The dense plant
cover that characterises many wetlands fulfilsnapartant role by intercepting overland flow,

thereby reducing the erosive power of the flow aadhoving excess sediments from the
water. This accretion of sediments and nutriergslte in the formation of very fertile patches
of land, as well as reducing the amount of siltatecurring downstream.

Protection of wildlife

Wetlands in general are home to a high diversitgpacies. Although freshwater ecosystems
cover only 1% of the Earth’s surface, they hold enttran 40% of the world’s plant species
and 12% of all animal species (Ramsar, 2001). We#are also significant areas of genetic
diversity, holding strains of many commercially ionfant plants (Begg, 2001). For example,
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the wild rice varieties found in many wetlands come to be an invaluable source of new
genetic material for developing disease-resisttmains of commercial rice (Ramsar, 2001).
Conserving this biodiversity for future generatiomsherefore essential.

Recreation, tourism and cultural values

The natural beauty and diversity of animal and tpliéa in wetlands makes them ideal tourist
locations. Hunting, wildlife watching, and educati outings, are all recreational activities
that wetlands provide (Begg 2001). While the caltwalue of wetlands is relatively poorly

documented, there are many instances where wettew#sbeen shown to provide significant
religious, historical, archaeological, or other tardl values for local communities,

representing a part of a nation’s heritage (Ran201f).

Agricultural production

Wetlands provide a variety of benefits in the farhproducts that can be exploited for human
use (Ramsar, 2001a). The economic importance pkaind pastures grown on wetland soils
is substantial, with conservative estimates showirad hay production from wetlands is in
the region of 10-15 tons Hayr in South Africa (Begg 2001). Other products fromttands
include fibre for textile and paper making, timiber construction, fuelwood, medicines and
tannins used to treat leather (Ramsar 2001a).

2.2.2 Proposed South African wetland classificatiorystem

Wetlands have been described according to variefsitbns, and in an attempt to
standardise an inventory system, it has been rmgess develop a commonly accepted
classification system which incorporates a conststiefinition. The Cowardin classification
system (Cowardiret al., 1979) used by the United States National Wetlaneértory and
accepted as the most comprehensive and versaiiéayson and van der Valk, 1995),
describes wetlands d$ands transitional between terrestrial and aquadigstems where the
water table is usually at or near the surface a& thnd is covered by shallomater’. In order

to be classified as a wetland, at least one ofdhewing criteria must be met: the land must
at least periodically support hydrophytic plantse tsubstrate must be largely undrained
hydric soil or, alternatively, the substrate is smil, and is saturated with or covered by
shallow water periodically during the growing seas®he Ramsar definition of wetlands,
adopted by the Convention on Wetlands to which [$@dtica is a signatory, further defines
wetlands asdreas of marsh, fen, peatland or water, whetheurator artificial, permanent

or temporary, with water that is static or flowinfyesh, brackish or salt, including areas of
marine water, the depth of which at low tide dnesexceed six metregRamsar Convention
Bureau, 1997)which is consistent with Cowardiet(al., 197¥s deepwater definition. These
definitions aggregate a range of landscape featuhésh perform similar functions under a
collective and broad term, from periodically drynpato permanently submerged, deepwater
habitats.

DEAT has adopted the Cowardin classification systeith minor modifications, for South
African purposes. The Cowardin system differs frother classification systems in that it
classifies wetland types according to the deternigwaof wetland diversity, with the
definitions and taxa having an ecological basisw@ualin and Golet, 1995). It is nevertheless
designed to facilitate mapping and inventory andhisrefore equally useful in decision-
making involving wetland conservation, managemenit @atilization (Diniet al, 1998).
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The development of a standardized classificatisiesy proposed by DEAT (and supported
in this project), will aid in determining the eftsaf wetland loss on biotic diversiti{¢tze et

al., 1995 cited in Cowan, 1995This will supply information regarding size alutation of
wetlands, as well as wetland type, and therefar@ssociated biotic communities. This will
ensure allow an adequate representation of therdift wetland habitats for conservation.
Until such an inventory exists, it is impossible @ssess the urgency of protection of the
different wetland systems.

Under the proposed South African classificatiortesys wetlands are classified according to a
hierarchical structure reflecting their physicaldaecological diversity. The structure
progresses from systems, at the most basic leveljlisystems, and finally class, at the most
definitive level. Each step in the hierarchy ddsesi specific aspects of wetland
characteristics:
+ Systems wetlands influenced by similar hydrologic, geoptwlogic, chemical or
biological factors,
+ Subsystemseflect hydrologic conditions within Systems,
+ Classes describe the appearance of the wetland based oetatiEm structure and
composition, or the substrate where vegetatiobsemat (Diniet al, 1998).

According to this hierarchy, six different wetlasgistems occur in South Africa: marine,
estuarine, riverine, lacustrine, palustrine andoeneic. The most commonly occurring
systems in Makana municipality are riverine, palaostand endorheic. Estuarine and marine
systems are obviously excluded, while lacustrinstesys typically consist of deepwater
habitat and, apart from man-made structures, atbaracteristic of the semi-arid conditions
of the Eastern Cape. While riverine systems ocaectly in association with river channels,
endorheic and palustrine wetlands may occur indiégaty of rivers (not necessarily so in the
case of palustrine wetlands). The latter two systemere considered most suitable for
modelling purposes in this project, being assodiat@h more or less unique characteristic
landforms and processes, and are consequentlyivedyateasier to predict digitally. In
addition, river channels, and thus riverine wetigrekperience mandatory protection by law,
with no development allowed within a given distaficen the channel (Haigh, pers. comm.,
2004). They were therefore not considered a pyiamiterms of protection status assessment.

While definition of some wetland types has beentrawmersial, endorheic pans are relatively
easily defined ecosystems (Cowan, 1995). They &jlyiconsist of a shallow circular basin

structure, having no obvious surface feed or digghaPalustrine wetlands, in contrast, are
dependent on groundwater, particularly its inteisacwith the land surface, and include

wetlands traditionally called marshes, swamps, piegs and vleis.

2.2.3 Wetland formation

Wetlands exist as a result of the interplay betwleed and water (Williams, 1990), giving
wetlands characteristics of both. Although wetlasystems differ significantly in the
landscape features with which they are associatddtee environmental drivers which result
in their formation, they all have this feature mnumon. The intersection of the land surface
by water may occur due to a number of reasons asithe periodic overflowing of rivers in
valley bottoms or floodplains, tectonic uplift @nldslip, occasional tidal inundation caused
by land subsidence or unusual climatic events, siépo of sediments in estuaries or deltas,
the impediment of drainage due to impervious losediments, and particularly, by the rising
of the water table above the land surface levdlthse events may result in the formation of
standing water resulting in waterlogged soils, hedce wetlands.

70



Each of the wetland systems outlined in the propdSeuth African wetland classification
system is associated with more or less unique Gapds. Formation of the different systems
requires the complex interaction of a number ofphiical drivers, which vary between
wetland systems. For the two wetland systems waiehthe focus of this project, endorheic
pans and palustrine wetlands, the differencesarsiderable.

Endorheic pans

Four environmental factors namely: bedrock, dragnaiope and climate are involved in the
formation of endorheic pans (Le Roux, 1978). Iths interaction of climate, availability of
geologically susceptible surfaces, disturbancesthef surface by animals and by soll
weathering, the lack of integrated drainage syst@imsexample, streams and rivers), and
deflational processes including wind, which detemmipan formation and persistence.
According to Goudie and Thomas (1985), the mosialss/association is with areas of poor
drainage. Rainfall in these areas results in thiendtion of static pools, which initiate the
development of pans. Usually, pans occur in areasiving less than 500 mm precipitation
annually and above 1000 mm mean annual free sudfaaporation loss. This is significant
because it is the drying up of these pools, leavhe soils exposed and not bound by
protective vegetation, which allows wind to scouut & basin. This results in their
characteristic circular shape formed by swirlingnag. Wind erosion is particularly important
in the dry season, when soil is dry and the vemgetas also dry and sparse. When pans are
inundated, wind action plays a role in agitationa amxing of water, sediment and suspended
particles.

The contribution of mammals to the formation of pa considerable, especially in the drier
areas (Parris 1984). Excessive grazing at seaswea@dr holes, leading to trampling of
vegetation around the edges of the pan, exposes tthé¢he erosive abilities of wind action.
Erosion of the interior of the pan by animals wagkithrough it adds to the deepening and
widening, helping to maintain their basins.

Endorheic pans characteristically occur in areaswa@rage slope of less than one degree,
having poor drainage (Le Roux, 1978). Their disfitn is not entirely determined by
substrate, and may occur in sandy soils, wherehiegcof clay into the bases of the
depressions results in their impermeable naturenefadly, they are independent of
groundwater, instead being fed by lateral surfalmev foccurring as a result of the
impermeable substrates.

Palustrine wetlands

These are fundamentally different in nature frordaheic pans. Their distribution occurs as
a result of the interaction of climate, groundwatsoils, geology and geomorphology.
Palustrine wetlands may occur shoreward of riveancels, lakes or estuaries, on river
floodplains, in isolated catchments or on slopesi(®t al., 1998). Essentially, they are
situated where the water table, or groundwaterwioatever reason, intersects with the land
surface. The intersection of land and water maylbe to geological or geomorphological
features, and generally involves the interactionpefmeable and impermeable rock strata
(lligner, pers. comm., 2004). Infiltration of watidwrough permeable strata is channeled at the
interface with impermeable strata. If infiltration channeled groundwater flow is interrupted
by a geological feature, such as a doloritic inbmsthis water pools at the land surface, and a
wetland results. Similarly, groundwater may be kizssged as hill side seeps, and palustrine
wetlands may occur in this way anywhere along tbpescontinuum, from crest to valley
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bottom, within the general landscape. They are efbee intimately associated with
groundwater supply.

It can be assumed that any force, natural or aptiwenic, which interferes with the normal
functioning of any of the processes involved inlamd formation and maintenance may be
considered to constitute a threat to their existeitis threat normally comes in the form of
changes to the hydrological regime in some wayerofesulting in a lowering of the water
table, or structural changes to the wetland itdkdfner, pers. comm., 2004).

2.2.4 Threats to wetlands

According to Kotzeet al. (1995, cited in Cowan, 1995) wetland loss resutimifboth on-site
activities (activities within the wetland itselfh@ off-site activities (activities occurring away
from the wetland, but within the catchment). Orsittivities which have been responsible
for a majority of wetland loss in South Africa asgricultural and urban development,
erosional degradation and dam construction. Erasidagradation usually results from poor
grazing management. There are other on-site aeswithich result in wetland loss, including
road construction, afforestation, dumping of salidl toxic waste, and mining, although these
activities have not had a severe effect on wetlassl

Off-site activities with the most significant effscon wetland loss are those that disrupt the
flow regime of the catchment drainage system f@naple, the construction of dams or water
abstraction. Similarly, activities that increaseston in upper catchment areas resulting in
increased sediment deposition in wetlands areralgmonsible for significant loss. These may
include overgrazing practices and injudicious galion practicesotze et al.,1995 cited in
Cowan, 199h

Primary causes of wetland loss vary between regamt®rding to the different land-use
pressures and the vulnerability of local wetlandglisturbanceKotze et al., 1995 cited in
Cowan, 1995 In semi-arid regions of the inland margin zoregions lying between the edge
of the plateau and the eastern and southern coadtgh includes Makana, wetlands show
high susceptibility to water erosion, and erosiatedradation is generally thought to be the
major cause of wetland loss. This often occurs eesalt of poor land management practices,
for example, heavy grazing pressure. Over-utilmatof grazing areas in the catchment
reduces vegetation cover and causes soil compadateasing run-off peaks and causing the
animals to utilize wetland areas more intensiveliyimately leading to erosional degradation.

Semi-arid regions of the inland margin zone arevkndo have experienced some of the
highest rates of wetland losKdtze et al., 1995 cited in Cowan, 1995because of their
susceptibility to erosion. However, in areas witthiese regions with low human population
densities and little pressure on the land, wetlasg may nevertheless be minimal.

In the context of the objectives of the South AdricWetlands Conservation Programme, our
research aimed to establish a baseline wetlandsiory for the Makana municipality in the
Eastern Cape, by providing:

« apredictive digital model of potential wetlandtdisution,

« geographic coordinates and satellite imagery oficoad wetlands in Makana,

- identified according the South African classificatisystem

« adatabase of farms and land cover on which wetlgstdbution is predicted to occur.
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On the basis of these data, the project furthes donassess the current status of wetland
protection in the municipality and identify specifpotential threats according to land-use
within the predicted distribution.

2.3 METHODS

2.3.1 Modelling

The model of predicted wetland distribution wasduwed using Idrisi 32 GIS software, and
was initially based upon five environmental varebhl monthly temperature and rainfall,
slope, elevation and Normalised Difference Vegetatndex (NDVI). NDVI provides a scale
against which measurement of actively growing vatimh is possible (Palmer, 2004). The
model was built using values obtained from 15 wettathroughout the Makana municipality.
The choice of environmental variables used in cptitey the model was limited by the
availability of data at sufficient resolution. Alariables were employed for which adequate
data exist and those which statistical testingakageto be insignificant were rejected.

Potential wetland areas were identified by exangriin 50 000 topographic maps and 1: 10
000 aerial photographs. Low gradient grasslandoregyi points of origin of rivers and
tributaries, and river valleys were considered & dreas indicative of potential wetland
presence. These regions were ground-truthed tondiet actual wetland presence.

Geographic coordinates were obtained for each eflth wetlands (Garmin GPS Il plus,
Olathe, KS, USA), and, depending on size and sludigzarticular wetlands (for example:
round endorheic pan, or linear riverine wetland)y to four readings were recorded per site.
The coordinates were positioned on the relevanitadligerrain models, associated with
monthly rainfall and temperature, slope, elevaaon NDVI, respectively, generating values
for each coordinate for the five variables. Areasn to contain no wetlands were arbitrarily
selected, and nine coordinates representing wetasdnce were similarly positioned on the
relevant terrain models, thereby generating valoesach environmental variable in the same
manner.

The values thus obtained for monthly rainfall aedthperature, slope and elevation, were
analysed using discriminant function analysis (Stiaa version 6.1) to identify the variables
for which “presence” and “absence” values were rsagtificantly different. This results in a
weighting: the standardised canonical discrimimatoefficient. The greater the contribution
by the respective variable to the discriminatiotwlaen groups, the greater is the standardized
coefficient (Poulsen and French, no date). Eadheivalues for each environmental variable
was multiplied by the respective standardised cwefft, with the variables in which
discrimination between groups was most significéamd therefore generating the largest
coefficient) consequently having most influencetbe model. These new values were then
used to generate separate models for predictecandetllistribution according to monthly
temperature, and slope and elevation, highlighdiigital terrain layers representing the range
of values obtained for wetland “presence” data.

The values obtained from the digital terrain mddeINDVI were analysed separately, and as
only one set of variables was being tested, disoant function analysis was not used.
Instead, a means and standard deviation for wetlpresence” data (Statistica version 6.1)
was obtained. Digital terrain layers representialy@s within this deviation were highlighted

in order to produce a model of predicted wetlarsdridhiution based on NDVI.
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The three resulting models generated accordingawotimy temperature, slope and elevation,
and NDVI, were finally cross-classified in orderredine predicted distribution. This resulted
in a single digital model which predicted wetlanstigbution at four layers:

- zero predicted, zero presence;

« presence predicted according to slope and eleyation

« presence predicted according to NDVI, and

+ presence predicted according to slope, elevatidriNaVI

The coordinates obtained for confirmed wetlandsewmrerlaid on a digital satellite image of
Makana in order to illustrate their position spiftiaThe predictive model was then taken to
CSS (Conservation Support Services), Grahamstoma canverted to Arcview GIS format.
By overlaying land cover maps (National Land Co2800), it was possible to extract data
regarding the variety of land uses and vegetatyped covered by the predicted wetland
distribution, according to our model. These wer@regssed as hectares per land cover
category, as well as converted to percentagestalf poedicted wetland cover. Furthermore,
data were generated pertaining to the farms witkiakana included in the wetland
distribution, and a list of farm names compiled.

2.3.2 Model limitations

It is important that accuracy and significance loé fpredictive model is not exaggerated.
There are a number of limitations inherent to mimtelin general and this project in
particular, notably:

+ lack of data availability at adequate resolution

- inability to account for underlying geology

« attempting to predict complex interactions in dijformat

- predicting distribution for different wetland syste associated with unique

« landscapes within a single model

Data availability

A major determinant of wetland distribution is sgipe (Williams, 1990), for example, clay
soils of low permeability retain water at the sadawhich promotes the formation of
wetlands. Soil data for Makana of sufficient resiolu for the purposes of modelling at this
scale do not exist at present.

Geology

Similarly, modelling of climatic and surface featarignores the effect of subterranean
geology on the formation of wetlands. The geolofiyhe Eastern Cape plays a fundamental
role in the hydrology of the area (Haigh, 2004)tHa Eastern Cape, the uppermost rock strata
are composed of the impure sandstones and shallee Baviaanskloof Formations, reaching
up to 150 m in thickness. The interaction of perole@and impermeable rock strata plays an
important role in influencing where wetlands maynfoon the landscape (lligner, pers.
comm., 2004). Generally, the infiltration of watbrough permeable surface strata, such as
sandstones, is halted at the convergence withpkesseable rock, such as shales. This results
in the movement of water along this convergencehiff water is forced to the surface, for
example, by an intruding dyke or sill, the watdol¢éawill intersect with the surface and a
wetland will result. The mountain catchment arefithe Eastern Cape occur in two parallel
ranges, collectively called the Cape Fold Belt,ning in an east-west direction (Haigh,
2004). Their effect on drainage and hydrology eadly visible on the predictive model, with
distribution showing an east-west orientation. Hegve it was not possible to include the
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effects of underlying geology into the predictiveodel, and this is a considerable
disadvantage in attempting to predict where weandy occur on the landscape. Local
geology and its influence on hydrology is criticadetermining wetland distribution.

Modelling complex interactions

Wetland distribution occurs as a result of the rext@on of different biophysical factors
(Cowan, 1995), generally including bedrock, dragaglope and climate. For example,
rainfall on areas of poor drainage and impermeabiks, affected by the underlying geology
and topography and specific evaporation rates, oragnay not result in the formation of
wetlands, depending on the presence of one off éflese factors to varying degrees. Thus,
the interaction of these variables in determinirgjland distribution is complex, and difficult
to predict via the medium of digital modelling. Beatly, the predictive model generated in
this project simply highlights areas of NDVI, sloped elevation values which approximate
those measured in 15 confirmed wetlands. Becaussge thalues for wetland presence and
absence could be discriminated between, modelliggests that these variables are somehow
significant in determining wetland distribution. i¥hin essence, is the significance of the
model.

Drawbacks of producing one model to account fomadtland types

Another factor which the model fails to take intccaunt is the wide variety of landscape
types which give rise to different classes of weda Each of the broad wetland systems is
associated with a suite of rather different envinental drivers. In producing the model, data
for environmental variables associated with théed#nt wetland systems (endorheic pans and
palustrine wetlands) were not differentiated betweand the model is therefore broadly
predicting distribution of various classes of wetla which, in reality, specifically occur in
association with unique landscape types. Endoreeis, for example, typically occur in areas
characterised by a lack of integrated drainageemmpable substrates, annual rainfall below
500 mm and an average slope of less than one dégoaen, 1995). They do not seem to be
reliant on groundwater, rather being fed by shallateral flow on top of these impermeable
substrates (Partridge, 2001). Palustrine wetlamalshe other hand, are associated with points
of groundwater discharge at valley heads, alongsfopes, or where a geological feature,
such as a dolerite dyke, obstructs drainage (Bg#gri2001). Generally, they may occur
anywhere along the topographical continuum betwersst and valley bottom where
groundwater intersects the land surface.

Ideally, because of the vast difference in the mataf the associated landscapes, the
distribution of the different wetland systems shibhive been predicted separately. For this,
however, it would be necessary that a greater nummbeetland sites be visited in order to
generate enough data on which to base indepenadetgls

2.4 RESULTS

Ground-truthing the potential wetland areas iderdifon aerial photographs and topographic
maps revealed 16 wetlands, 15 of which were usguidducing the model. Overlaying these
coordinates (Table 3.1) on a digital satellite imagf Makana (Figure 3.1) revealed an
aggregation of five wetlands around Grahamstowre endorheic, and four palustrine
(numbers 1, 2, 3, 4, 5in Table 1), two palustriretlands on the N2 to East London (numbers
6 and 7), four endorheic pans near Seven Fountammsbers (8, 9, 10, and 11), two
palustrine wetlands near Riebeck East (numbersni218), and two endorheic pans near
Southwell (hnumbers 14 and 15). Interestingly, al@heic pans occurred at latitudes south of
33.40000 S, apart from the one (number 1) at tlwetsig range outside Grahamstown. The
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remainder, all palustrine systems, occurred noiththes latitude. This perhaps infers a
difference in the nature of the bedrock, drainage @dimate in the regions north and south of
this general latitude.

Discriminant function analysis revealed no sigmifit discrimination between monthly
rainfall for wetland “presence” and “absence” valuBiscrimination was possible, however,
between temperature, slope and elevation values stamdardised canonical discrimination
coefficients were generated which reflected thetrdaution of the respective variable to the
significance of discrimination between groups. TEhesoefficients were 0.30000
(temperature), 1.00211 (slope), and 0.04527 (etmvatApplying these coefficients to the
values obtained for the above environmental veemblesulted in the generation of two
models, predicting wetland presence according ngpézature (mean: 351.9052 + standard
deviation: 88.0994) (F: 14.81; p<0.001) (Figure)3&hd slope and elevation (mean: 24.9045
* standard deviation: 8.6308) (F: 248.05; p< 0.q&lgure 3.3).

Figure 3.1: Confirmed wetland presence in MakanachEpoint represents a single GPS
coordinate, thus one wetland may be represented bymber of points. Similarly, where
wetlands occur in close proximity, more than onelamel may be represented by what
appears to be one point.
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Table 3.1: Geographic coordinates of known wetlanddakana

Location Latitude Longitude system
Grahamstown
1 Shooting range 33.294308 026.48879E | Endorheic pan
33.28459S | 026.48853E
33.28366S | 026.48842E
2 Prison/Industrial area 33.321643% 026.49054E | Palustrine valley bottom seep
33.32281S | 026.48728E slope<1°
33.32097S | 026.48348E
33.31452S | 026.48869E
3 Joza 33.29430S| 026.49917
4 Settlers Monument (1) 33.32476% 026.51744E | Palustrine foot slope seep,
33.32433S | 026.51756E slope>5°
5 Settlers Monument (2) 33. 325545026.51379E | Palustrine foot slope seep,
33.32512S | 026.51392E slope>5°
East London road (N2)
6 Coombs view 33.29976S| 026.76695 | Palustrine foot slope seep,
33.29472 026.76933 1°<slope<5°
7 Moss farm 33.27240S| 026.62299E | Palustrine valley bottom seep
33.27377S | 026.61903E slope<1°
Seven Fountains
8 Farmerfield farm (road | 33.51668S | 026.53086E | Endorheic pan
343) 33.51662S | 026.53125E
33.51633S | 026.53115E
9 Hope Fountainfarm (1) 33.495933 026.42633E | Endorheic pan
33.49635S | 026.42626E
33.49668S | 026.42664E
10 Hope Fountainfarm (2) 33.493853% 026.41333E | Endorheic pan
33.49473S | 026.41381E
33.49557S | 026.41265E
11 Scheepers farm 33.48022% 026.39736E | Endorheic pan
33.48044S | 026.39798E
33.48139S | 026.39805E
Riebeck East
12 Shenfield farm 33.20468S| 026.18090E | Palustrine valley bottom seep
33.20509S | 026.18009E slope<1°
13 George pole 33.199955 026.17382E | Palustrine floodplain, slope 0°
33.20043S | 026.17355E
Southwell road
14 Endwell farm (1) 33.44466S| 026.61956E | Endorheic pan
33.44451S | 026.61804E
33.44312S | 026.61832E
15 Endwell farm (2) 33.44444S| 026.61721E | Endorheic pan
33.44443S | 026.61665E
33.44492S | 026.61654E
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Figure 3.2: Predicted wetland presence (green)ydrmpto temperature (1 = absent)

Values obtained for NDVI for wetland presence abskeace were tested separately, obtaining
a mean and standard deviation. The mean for coafirmetlands was 0.362296 * standard
deviation: 0.125564; means for wetland absence @&89307 * standard deviation:
0.035864 (F: 50.11; p<0.001). Highlighting digitatrain layers representing values within
the deviation for confirmed wetlands resulted inmadel predicting wetland presence
according to NDVI.

Figure 3.3: Predicted wetland presence (green)ydempto slope and elevation
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Cross-referencing these three models refines tberacy of the model, predicting presence
according to a number of variables rather thanqust It was found that the model predicting
wetland presence according to temperature did owwelate satisfactorily, and was therefore
rejected for the final model. The resulting modeig(re 3.4) predicts wetland distribution
according to slope, elevation and NDVI. Modellestdbution (Figure 3.4) occurs in an east-
west oriented band, more or less following the ggylof the Cape Fold Belt, between
33.60000S in the south and 33.20000S in the ndtik.area identified as potential wetland
distribution covers a total of 23064 hectares (€&l

Following conversion to Arcview format, data werngrated regarding land cover included
within the predicted distribution (National Land @o 2000). This revealed that 17 different
land-use categories were included within the medellistribution (Figure 3.5). Predicted
wetland distribution occurred largely (94.8%) witHow-intensity land-use areas (shrubland
and low fynbos, thicket and bushland, and unimpdogeassland) (Table 3.2), with areas
constituting high risk to wetlands, including urbareas (2.1%) and areas of commercial
cultivation (1.4%), constituting a significantly Wier proportion of potential wetland
distribution.

Cross-Classification : wetlands_slope | wetlands_ndvi

—_— == OO O

Figure 3.4: Predicted wetland distribution in Ma&arPresence predicted according to slope
and elevation (blue), NDVI (yellow), slope, elewastiand NDVI (red). Roads indicated in
black.
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20 Kilometers

small holdings: bushland)

Figure 3.5: Land cover within Makana municipalibgiuded within predicted wetland

distribution (blue)

Table 3.2: Land cover included within predicted lened distribution in Makana

Description Area (ha) % area

Cultivated: permanent - commercial dryland D.6 0.0
Cultivated: temporary - commercial dryland 128.1 0.5
Cultivated: temporary - commercial irrigated 93.8 0.4
Cultivated: temporary - semi-commercial/subsistesrggand 135.9 0.5
Degraded: unimproved grassland 12.5 0.0
Forest 67.6 0.2
Forest plantations 89.6 0.3
Improved grassland 94.6 0.4
Mines & quarries 16.5 0.07
Shrubland and low Fynbos 3540.1 15.3
Thicket & bushland (etc) 11117.9 48.2
Unimproved grassland 7232.2 31.3
Urban / built-up land: commercial 21.0 0.09
Urban / built-up land: industrial / transport 17.2  0.07
Urban / built-up land: residential 459.2 1.9
Urban / built-up land: residential (small holdingsishland) 11.9 0.05
Waterbodies 24.2 0.1
Conserved area 1125.0 4.7
Total 23063.7 99.8

The data generated regarding the distribution ofleled wetlands over farms in Makana
revealed that a total of 197 farms included po&tntietlands within their borders (Appendix 1).

No data were available regarding the nature of ifagmractices relevant to each farm.
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Figure 3.6: Makana farm boundaries overlaid on redavetland distribution (blue).

2.5 DISCUSSION

The final predictive model indicates potential \vaat distribution within Makana, based on
slope, elevation and NDVI, over a total area of 28064 hectares (Table 3.2), a majority
of which (94.8%) occurs within shrubland and lownlfps, thicket and bushland, and
unimproved grassland. It should be recognised, kewethat little of this predicted
distribution will comprise of actual wetlands, anbat wetland distribution may not
necessarily occur in the proportions indicated liy land-cover overlay. For example, while
the model predicts that 4.7% (Table 3.2) of pos#nwvetland distribution occurs within
conserved areas, this 4.7% of potential wetlané amay be uncommonly rich in actual
wetland presence. Likewise, while 48.2% (Table ®®2jlistribution is predicted to occur in
thicket and bushland, actual wetland presence maynicharacteristically sparse. The figures
generated by the land-cover model can thereforg bel used as a guide in quantifying
distribution. In addition, the accuracy of the potite modelling, by means of ground-
truthing, remains to be tested.

2.5.1 Interpretation of land cover in terms of threts to wetlands

Figure 3.5 supplies information regarding land-cohewever, it is lacking in that it does not
provide a clear indication of land-use, which isimportant factor influencing the assessment
of potential threats to wetlands. It does not défgiate, for example, between gazing lands
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and game farms, or the type of grazing which occltsese all have implications in
determining the intensity of land-use and land-peessures occurring on a given farm or
area, which are the major drivers of wetland ld&stZe et al, 1995 cited in Cowan, 1995).
Nevertheless, the description of the different icatton practices in existence is fairly
comprehensive, and assessment of the intensigndflise based on these descriptions can be
inferred. In addition, land-cover descriptions pdad such as “urban/built-up land”, “mines
and quarries”, “forest plantations” and “degradadhimproved grassland” are fairly
unambiguous as to the land-use pressures in egéstaran area, and the nature of the threat
posed to local wetlands. Similarly, land-cover dggions such as “shrubland and low
fynbos”, “thicket and bushland” and “unimproved ggknd” infer areas of land-use not
subjected to intensive pressures or alteration.

Kotzeet al (1995, cited in Cowan, 1995) indicate that twodar activity types affect wetland
loss: on-site and off-site activities. The formeclude activities which directly affect wetland
structure and functioning. These activities occamgély in situ, and include urban and
agricultural development (resulting in erosionafj@e&lation, water abstraction and structural
damage to the wetlands themselves), and dam cotistru to a lesser extent, road
construction, afforestation, mining, and dumpingsofid and toxic waste. The latter include
ex situactivities that result in the alteration of thewil regime of catchment drainage, which
is responsible for maintaining wetlands in terms tbé timing of their water supply
requirements and the biota they support. Similadgtivities which increase erosion in
wetland catchments, resulting in the accretion edflirments in the wetlands, are also
contributors to wetland destruction.

On-site threats

On-site threats in the context of the Makana mupaidly would not appear to constitute any
significant risks to wetlands, according to modgllgotential distribution. Urban
development, in all its forms, comprises a meré®df predicted distribution (Table 3.2),
while agricultural development, as it relates tdtieation, comprises only 1.4%. Urban
development calls for the draining and reclamatdrwetlands, as well as the threats of
effluent discharge into nearby water courses, atiimately, wetlands themselves.
Agricultural development could be expected to cawstland loss by causing structural
damage to the wetlands themselves, as well as ilogvehe water table. This effect is
compounded if cultivation is irrigated, and if ¢udttion is permanent (year round) as opposed
to temporary in nature. The climate and soils m thakana region are largely unsuitable for
intensive cultivation (lligner, pers. comm., 200#)us the threat posed by this category of
land-use is generally considered to be minimal.

Similarly, water bodies constitute only 0.1% (24&) of predicted wetland distribution and
would therefore not appear to pose a significasit 1o wetlands in their capacity as an on-site
threat (by flooding wetlands, causing homogenisatiad destruction of habitat of wetland
biota and reducing the ability of the wetland todtion normally). Although the land-cover
model does not distinguish between natural and made water bodies, the figure provides a
general indication of the extent of damming. Ireensarid region such as Makana, the extent
of natural water bodies may be expected to bedumiand thus the water bodies that occur on
the model are likely to be due largely to man-mdaies.

Despite the negligible proportion of dammed aredhimv modelled wetland distribution,

dams pose a risk in their capacity as an off-s#e oy altering the flow regime of catchment
drainage. Dams change the character of catchmesthalige, resulting in regulated,
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continuous flow downstream of the dam, rather tifae seasonally varied flow regime
experienced under natural conditions (O’Keeffe speomm., 2004). Water discharged from
dams is often also warmer than normal as a re$ublar heating while impounded. The
effects of changed flow regimes and warmer watgquaich negatively on natural systems
which are highly adapted and dependent on spdugfitological requirements. These effects
are far reaching within a catchment, and dams wbmtur outside the extent of predicted
wetland distribution, or Makana itself, may nevet#ss constitute a threat.

Other risk categories identified by Koteeal (1995 cited in Cowan, 1995) as on-site threats,
including mining (mining and quarries: 0.07%) (Tal3.2) and forest plantations (0.3%), are
similarly minor components of total predicted wetadistribution, and, as such, would
appear not to pose any significant threats to wdtan Makana.

Off-site threats

The risk of off-site activities can only be conteal by sound management practices at the
scale of the entire catchment. Off-site threatalltes alteration of the flow regime of
catchment drainage, and sediment accretion witlgtlawds themselves as a consequence of
erosional degradation higher up in the catchmeparAfrom the effects of damming, alluded
to earlier,off-site threats include water abstraction and poor landagement practices such
as overgrazing.

Water abstraction may be expected to be high inonsgwith high levels of urban
development or commercial cultivation, especialijgated cultivation. Table 2 indicates that
both these land-cover categories constitute smeiltemtages of total predicted wetland
distribution (2.1% and 1.4%, respectively, irrighted.4%). Again, the extent of these
activities outside the context of Makana needsetaddtermined, as the effects are far reaching
within a given catchment.

Kotze et al (1995 cited in Cowan, 1995) indicate that in sesni-arid areas of the inland
margin zone, which includes Makana, erosional d#ggran is the primary cause of wetland
loss. This is because of the erosivity of the @dirdnd the erodibility of the soils typical of
wetlands in this region. In areas where heavyzatilon of natural grazing occurs, vegetation
cover is denuded and soil compaction results. Mimiss the amount of infiltration of rainfall
and run-off peaks are increased, which act on uepted soils to result in erosion. In
addition, animals are consequently forced to @ilizetland areas more intensively as grazing.
Overgrazing therefore poses both on-site thregtedlising intensive use of wetland areas by
grazers, resulting in on-site erosion), and off-$litreats (by causing increased erosion in the
upper catchment and accretion of sediments in netla

However, the normally high rates of wetland losge=ted in the semi-arid inland margin due
to erosional degradation are sometimes not expErtein the presence of certain mitigating
factors (Kotzeet al, 1995 cited in Cowan, 1995). In areas where hupmgulations, and the

associated land-use pressures, such as graziniyattah and urban development, are low,
wetland loss due to erosional degradation is redbtilower than expected. This would appear
to be the situation in Makana. The land-cover m@Bgjure 5) indicates that a large majority
of predicted wetland distribution (94.8%) (Tablea2curs in land-cover areas which indicate
low-intensity use and alteration, such as shrubland low fynbos (15.3%), thicket and

bushland (48.2%), and unimproved grassland (31.3%6).stated earlier, levels of urban
development and intensive cultivation, land-usesckwinesult in water abstraction and may
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lead to erosional degradation, are also negligiBlesceptibility to erosional degradation is
therefore perhaps not as high as it is in othei-seith regions of the inland margin zone.

What needs to be considered, however, is the useramonage areas for grazing by rural
subsistence farmers, and especially the proximity @ase of access of these areas to rural
subsistence farmers. Modelled wetland distributioccurs within two types of land
ownership: common property and private propertyictvihas important implications for the
different management practices applied (Kazal, 1995 cited in Cowan, 1995). In private
areas, there is the potential that deliberate wetlass may occur due to land development,
while in commonage areas, loss is primarily duertisional degradation as a result of poor or
inappropriate management. Evidence of this existgatlands occurring in commonage areas
around Grahamstown. The palustrine wetland ocagirimthe industrial area adjacent to
Grahamstown (number 2 in Table 1) is exposed taimggaby rural subsistence farmers
(Handek, pers. comm., 2004), and is visibly degiladbowing signs of erosion (Haigh, pers.
comm., 2004). In comparison, the palustrine wesandcurring in the commonage areas
behind the Settlers Monument (numbers 4 and 5,eTRplbeing less accessible to subsistence
farmers (McGregor, pers. comm., 2004), show noengd of erosional degradation. Data
regarding the extent of predicted wetland distrdoutoccurring within commonage areas
were unfortunately unavailable.

2.5.2 The effects of alien invasive plants on wetld health

Although data for levels of invasion by alien veajiein are incomplete and it was not possible
to assess the urgency of the threat they pose, aeg been identified as constituting a
significant threat to wetlands in Makana (lllgngers. comm., 2004). Alien vegetation
utilizes far higher amounts of water than nativecsgs, which results in lowering of the water
table. Water is rapidly absorbed and releasedtiatmosphere by evapo-transpiration, and
is consequently lost to the catchment (WorkingWiater, 2001). Significantly, they also alter
the flow duration and flow regime of catchment deme, reducing dry season flows
proportionately more drastically than wet seasamw$l (Working for Water, 2001). This
usually has serious implications for wetland fumecing and its associated biota, both of
which are adapted to specific hydrological regif@@¥eeffe, pers. comm., 2004).

Because they are naturally adapted to high watgimes, alien invasives thrive in the
relatively moister conditions of local wetlandstenf out-competing and excluding indigenous
species. This results in decreased biodiversitywefland ecosystems. In addition, alien
vegetation has been shown to compromise the d$yalofi catchment soils, especially
following a fire event. Studies in the Cape peniastomparing soil erosion in areas under
fynbos with that under alien vegetation after bongnhave shown that, following the first
rains, up to 100 m3 soil per hectare is lost in ldteer, while the former show insignificant
erosion. This constitutes a significant threatanrs of erosional degradation, leadingeio
situ sediment accretion in wetlands further down in ¢échment. Thus, by changing the
hydrological regime, lowering the water table, r@dg biodiversity and facilitating the
erosion of catchments and sedimentation of wetlaaltsns comprise both on-site and off-site
risks to wetlands in a given catchment. In respotséhe multitude of environmental
concerns presented by the encroachment of alieasivers, the Department of Water Affairs
and Forestry initiated the Working for Water projat 1995 (Working for Water, 2001),
which is chiefly concerned with the eradication alien vegetation, both on a local and
national scale.
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It should be noted at this point that, while themte‘wetland loss” implies a sense of
permanency, rehabilitation of wetlands is possiblthough sometimes requiring the use of
substantial engineering structures in severe d&s®geet al, 1995 cited in Cowan, 1995). A
wetland is considered “lost” if it has been degdatie the extent that it has compromised a
significant proportion of its functional values. Buwetlands may be described as “relict”.
Most wetlands are readily rehabilitated if the ovad hydrological regimes are reinstated.

2.6 CONCLUSIONS

The purpose of the predictive model generated essalt of this work was to establish a
plattorm on which to base further work on the cdatmn of a national inventory. It
potentially saves time and resources by providingue in directing the initial steps in
locating wetland distribution in Makana. It funct®by identifying areas of NDVI, slope and
elevation, which, based on the location of 15 comdid wetlands, are known to favour
wetland formation, and as such, should not be densd a failsafe predictor of wetland
distribution.

It is presented with the admission of several hiiins, namely:
« the omission, in its generation, of certain vaggbknown to be of significance in
determining wetland existence due to lack of dadéably soils;
« its inability to account for sub-surface factorBuencing wetland formation;
+ the limited ability to predict complex biophysidateractions involved in determining
wetland distribution, and
+ its attempt to predict occurrence within a singleded of a number of different wetland
types which, in reality, are associated with unitprelscapes and processes.
Nevertheless, it is based on sound principles autording to initial ground-truthing
exercises, appears to broadly reflect areas notecohfirmed wetland presence. Its accuracy
remains to be tested, however.

Bearing these limitations in mind, the predictivedal was used to identify the land-use
pressures which threaten wetland health and fumciio Makana. It was consequently
determined that modelled wetland distribution casest largely of land-cover categories
which are associated with low intensity use anération, including shrubland and low
fynbos, thicket and bushland, and grassland. Lanerc categories which have been
identified as high risk to wetlands, including unbdevelopment, intensive cultivation and
grazing and man-made dams comprised a fairly iifgtgnt proportion of predicted wetland
distribution by comparison.

Consequently, although it occurs within the serid-aegions of the inland margin, identified
as being one of the areas experiencing the hightsst of wetland loss in the country due to
erosional degradation, Makana is probably exemjrted this general assumption because of
the low levels of land-use intensity which prevélevertheless, erosional degradation has
been noted to occur in wetlands situated in comgenareas subjected to subsistence
grazing. This appears to be facilitated by the pniy and ease of access to these areas by
subsistence farmers. Unfortunately, the extent etlamd distribution occurring within
commonage areas has not been determined, but rfigtih@ies perhaps need to assess the
relationship between wetland distribution on comeagm areas, the values they represent to
rural communities and the land-use intensitiesiegdgby rural subsistence users, influenced
by proximity. The municipality currently maintain® policy regarding the subsistence use of
wetlands in commonage areas (Handek, pers. comf%)2fhd a framework needs to be
developed outlining sustainable use of wetlandsilg@mnd services.
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The risk to wetlands posed by alien encroachmest west determined in this project, due to
lack of data, but it has been identified as a §igant threat in Makana. The effects of alien
encroachment are far-reaching within a given catitmhaving bothin situ and ex situ
implications for wetland health. The Working for Wa initiative is actively working to
eradicate the threat of alien invasives, and ctusgperation of wetland conservation bodies
with this department should provide a powerful toolthe development of a wetland
inventory, as well as assessment of the naturbreats facing wetlands, both in Makana and
nationally.

It has been stressed that threats to wetlandsadrenty in situ, but that activities throughout
the catchment impact on wetland health; wetlandsereglly bear the brunt of all poor
management activities within a catchment. For tesson, while examining the land-uses
encompassed within the modelled wetland distrilouti@y provide an indication of the types
of land-use pressures they are experiencing, tHeirfiplications of catchment use for
wetlands needs to be assessed at a larger scaile. ttWbats to wetlands identified within the
scope of this project seem minimal (disregarding tindetermined risk posed by alien
infestation), activities at the larger scale may Haing major impacts on the health of
wetlands in Makana. Personal communications wittnéas indicate that endorheic wetlands
in the southern extents of the municipality, nofatiiose located around Seven Fountains,
have experienced extended periods of desiccatitlowiag no seasonal inundation
characteristic of these systems. The underlyingedsi whether climatic or due to some
nature of catchment management practice shouldapserbe closely observed. The combined
effect of catchment water abstraction and dammioth lwithin Makana and beyond its
boundaries may be significant enough to endangdameéehealth in Makana.

2.7 RECOMMENDATIONS

Makana is not especially rich in wetlands, havimywetlands of international significance
according to the Ramsar Convention (Ramsar 20@\entheless, collectively, the value of
the services and functions they perform are ofass importance. While ecological functions
are well established and generally applicable, auld be of benefit to determine the full
extent of socio-economic benefits extracted by sif@m wetlands, as it applies to Makana.
A policy needs to be formulated outlining a framekvior the sustainable use of wetlands in
commonage areas, which seem to be experiencinggeel®f pressure from subsistence
users, depending on their proximity and accessijlii users.

Generally, however, wetlands in Makana seem toxperéencing little pressure from land-
use activities. Nevertheless, endorheic pans inmtbee southerly areas of the municipality
appear to be experiencing extended and unchastatgreriods of desiccation. Whether this
is due to climatic factors or land management prastis unknown. The potential drivers of
this perhaps need to be closely monitored.

While the extent of alien encroachment in the mipaitty is undetermined, the ecological
risks that these pose to wetlands, both on a lacal catchment-wide scale, are well
established, and this should be monitored closely.

Most significantly, it needs to be recognised tha findings discussed in this project
regarding the status of protection of wetlands iakiha, if used in isolation, are insufficient
on which to base management decisions. Threatshwihie wetlands, by their nature, are
those that act on a catchment-wide scale, anditeetithroughout entire catchments need to
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be monitored in order to assess the risks to wedlam Makana. While these findings show
high risk activities occurring within predicted watd distribution are low, the combined
effects of these practices throughout the entitehcaents may be sufficient to compromise
wetland functioning.

2.8 REFERENCES

Begg, G. 2001The values and benefits of wetlandational Centre for Tropical Wetland
Research. Accessed online at:http://www.nctwr.arpuablications/pubs/valueandbenefits.pdf
Date accessed: 9/10/2004

Breen, C.M. & Begg, G.W. 198%onservation status of southern African wetlanohs
Huntly, B.J. (ed). Biotic diversity in Southern Ada: Concepts of conservation. Oxford
University Press, Cape Town.

Cowan, G.I. (ED.) 1998Netlands of South AfricRepartment of Environmental Affairs and
Tourism. Pretoria. Available online at: http://wvwdwaf.gov.za Date accessed: 2/10/2004

Cowardin, L.M., Carter, V., Golet, F.C., and Lar&eT. 1979 Classification of wetlands and
deepwater habitats of the United StatesS. Fish and Wildlife Service. Accessed onlite a
http://wetlands.fws.gov/ Date accessed: 7/10/2004

Cowardin, L.M. & Golet, F.C. 1995U.S. Fish and Wildlife Service 1979 wetland
classification: A reviewVegetatio118 139-152.

Dini, J., Cowan, G. & Goodman, P. 19%oposed wetland classification system for South
Africa (1% draft). South African National Wetland InventorAccessed online at:
http://www.ngo.grida.no/soesa/nsoer/resource/wetlaventory classif.htm Date accessed:
14/08/2004

Finlayson, C.M. & van der Valk, A.G. 199%etland classification and inventory: A
summaryVegetatio118 185-192.

Goudie, A.S. & Thomas, D.S.G. 198Bans in southern Africa with particular reference t
South Africa and Zimbabw&eitschrift fur Geomorphologie N.29: 1-19.

Haigh, L. 2004 .Inventory of Wetlands in selected Eastern Cape l@asénts.Report for the
Department of Water Affairs and Forestry by thetitnte for Water Research, Rhodes
University. Rhodes University, Grahamstown.

Haigh, L. 2004. Personal communication. Institude Water Research, Rhodes University,
Grahamstown.

Handek, Q. 2004. Personal Communication. Thomase3aiature reserve, Makana
lligner, P. 2004. Personal communication. Coastaiifenmental Services, Grahamstown.

Le Roux, J.S. 1978The origin and distribution of pans in the Orangee& State South
African Geography6: 166-177.

87



McGregor, G. 2004. Personal Communication. Geogrdpbpartment, Rhodes University,
Grahamstown.

O’Keefe, J. 2004. Personal Communication. InstifateWater Research, Rhodes University,
Grahamstown.

Palmer, A.R. 2004. Personal Communication. ARCaAlbMuseum, Grahamstown.

Parris, R. 1984.Pans, rivers and artificial waterholes in the proted areas of the
southwestern KalaharKoedoe supplement. pp 63-82.

Partridge, T.C. 2001Report on impacts on local soils of the constructid a gas pipeline
from Temane to Ressano Garcia in Mozambique angroposed mitigation measures.
Consultant report prepared for M. Wood Consultantdvailable online at:
http://w3.sasol.com/natural_gas/Environment/MOZ{eDaccessed: 9/10/2004

Poulsen, J. & French, A. Date Unknowiscriminant Function AnalysisBlackboard online
@ sfsu.Available online at: http://online.sfsu.edu/~efe&des/biol710/discrim/discrim.pdf.
Date accessed: 9/10/2004

Ramsar. 1997The Ramsar Convention Manuel: A guide to the €oten on Wetlands
(Ramsar, Iran, 1971)2nd ed. Ramsar Convention Bureau. Gland, Switzerladdilable
online at: http://www.ramsar.org/wurc_library.hti@ate accessed: 25/9/2004

Ramsar. 2001Background papers on Wetland Values and Functiétemsar Convention
Bureau Gland Switzerland. Available online at:
http://www.ramsar.org/values_biodiversity e.htmat®accessed: 25/9/2004

Ramsar. 2001b.Wetland Values and Function: Groundwater repleniehtn Ramsar
Convention Bureau. Accessed online at: http://wamsar.org/values_intro_e.htm Date
accessed: 25/9/2004

Thompson, M.W., van den Berg, H.M., Newby, T.S., Hoare, D. 2001.Guideline
Procedures For National Land-cover Mapping And GimarMonitoring. Produced for the
Department of Environmental Affairs and Tourism.u@ail for Scientific and Industrial
Research (CSIR) & Agricultural Research Council (3RPretoria.

Williams, M. 1990. Wetlands: A threatened landscap®&asil Blackwell Publishing.
Cambridge Centre, Massachusetts.

Working for Water. 2001Working For Water Programm®epartment of Water Affairs and
Forestry. Accessed online at: http://www.dwaf.galu#w/ Date accessed: 9/10/2004.

88



Appendix 1. List of farms falling within predictedetland distribution

Farm name Farm number
LOMBARDY 36
BERG PLAATS 70
LOUIS HOPE 71
HOUNSLOW 117
VAN DER MERWES KRAAL 118
FARM 133 119
VAALE KRANS 120
PALMIET FONTEYN 121
FARM 136 122
OUTSPAN 123
GROOT FONTEIN 126
MOOYE MEISJES FONTEYN 128
JOUBERTS KRAAL 143
HEBRON ANNEX 144
MEYERS KRAAL 145
MOOI MEISJES FONTEIN ANNEX 146
MEYERS KRAAL ANNEX 148
ROODE KRANTZ 151
ASSAGAI BOOM 152
DOORNTJES 153
SMOERFONTEIN 154
STONEHAM 155
HIGHLANDS ANNEX 156
PALMIETFONTEIN 157
FROME 158
STONEHAM ANNEX 159
HILTON 160
BRACK KLOOF 161
DRAAI FARM 162
TABLE HILL 163
BURNT KRAAL 164
FARM 190 165
FARM 191 166
FARM 192 167
FARM 193 168
FARM 194 169
FARM 195 170
FARM 196 171
FARM 197 172
FARM 197 173
FARM 199 175
FARM 200 176
SPITZKOP 191
FARM 218 192
FARM 220 194
FARM 221 195
GOVERNORS KOP 196
COLLINGHAM 197
TEMPE ANNEX 198
COLLINGHAM OUTSPAN 199
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THE ORCHARDS 200
COLLINGHAM TOWERS 201
TEMPE 202
TEMPE 203
FARM 242 204
BRAKKEFONTEIN 205
LITTLE SAXFOLD 206
IJSTER KOP 207
HILL THORN 208
ANNEX THORN PARK 209
FARM 248 210
ZYFER FONTEYN 211
FARM 250 212
SLAAIKRAAL OUTSPAN 213
KRUISFONTEIN 214
FARM 253 215
COLDSTREAM 216
FARM 255 217
FARM 255 218
GEELHOUTBOOM 219
FARM 257 220
FARM 258 221
FARM 258 222
FARM 259 223
FARM 260 224
FARM 261 225
BERG PLAATS 226
BALTRASNA ANNEX 227
HAARTEBEEST PAD ANNEX 228
MILL RIVER 229
DOORFONTEIN 230
HIGHLANDS 231
SPITS KOP 232
ZUURKLOOF 233
HOFFMANS KLOOF 234
WITTEKLIP 235
NEW YEARS DRIFT 236
SIDBURY PARK 247
KOMGA 248
WELCOME WOOD 249
EUREKA 250
SWEET KLOOF 251
SYDNEYS HOPE 252
SIDBURY TOLL OUTSPAN 253
ASSEGAAI BUSH 254
BOEKENHOUT FONTEIN 255
CARELS RUST 256
FARM 299 257
FARM 300 259
MELVILLE PARK 261
HARTEBEEST PAD 262
CARIEGA 263
PALMIET RIVER 264
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Farm name Farm number
FARM 306 265
FARM 307 266
GLENSTONE 267
314/1 268
FARM 315 269
MOUNT PLEASANT 270
GOOSEBERRY 271
FAIREWOOD 272
FARM 320 273
FARM 321 274
BURNETTS GRANT 276
FARM 324 277
FARM 326 278
DONKERBOSCH OUTSPAN 279
BELMONT 280
FARM 333 281
GROBBELERS KLOOF 282
GLETWYN 283
FARM 336 284
BEGGARS BUSH 285
NEW ESSEX 286
LE CATEAU 287
TRENTHAM PARK 290
PIGOT PARK 291
FARM 353 293
FARM 354 294
FARM 355 295
FARM 355 296
FARM 356 297
ANNEX GREENHILLS 298
GREEN HILLS 299
STONY VALE 300
KOMSFOUNTAIN 301
GILEAD 301
BRENTHOEK 311
FARM 372 317
FARM 382 329
FARM 383 330
FARM 385 333
FARM 386 335
FARM 388 336
FARM 389 337
FARM 389 338
RADWAY GREEN 339
394/2 340
FARM 395 341
FARM 397 342
FARM 408 343
MELROSE WEST 344
BANANA GROVE 345
ROCKDALE 346
MELROSE 347
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Farm name Farm number
MELROSE 349
FARM 416 351
LOWER MELROSE 352
FARM 418 353
FARM 418 354
FARM 419 355
FARM 419 356
FARM 420 357
FARM 423 358
FARM 425 359
FARM 437 360
FARM 442 361
FARM 443 362
FARM 443 363
FARM 444 364
WILLOW GLEN 365
WILLOW GLEN 366
WILLOW GLEN 367
WILLOW GLEN 368
FARM 469 374
FARM 470 375
BIRCHWOOD PARK 385
NEW MELROSE 450
WILLOW PARK 451
ROODEKRANTZ 452
THORN KLOOF 453
BURNT KRAAL 454
FARM 580 455
ALLANDALE 456
MINIPLAAS 457
LOLDANI 464
FABERS KRAAL 468
FARM 598 472
FARM 599 473
FARM 599 475
FARM 410 483
FARM 615 485
FARM 615 487
KLIPDRIFT 490
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