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Executive Simmary

The proposed\kosi Citydevelopmentis locatel approximately 20 km NortRastof Nelspruit and
approximately 5km Westof the Kruger National Park (KNP) in the Mpumalanga Province of South
Africa. The proposed Nkosi City, further referred to as the study area in this regolbcated just
SouthEast of residential areas Clau Clau and North East of Daantjiestdthe area falls within
guaternary catchmergX24B and X24&hd within the Inkomati Water Management Area (WMA 5).

Thee areseverahon-perennial unnaned tributaries of the Nsikazi Rivehich flowthrough the study

area The Nsikazi River is a tribuyaof the Croodile River. The Nsikazi River flows into the Crocodile
River approximately 16 kilometres to the South of the study area, after which the Crocodile River
becomes thesouthernborder of the Kruger National Park.

According to national planninfpe study area transverses an upstre&reshwater Ecosystem Priority
Area(FEPAand there are no Wetland FEPAS in close proximity to the study area. River systems in the
study area comprise of unnamed n@erennial tributaries of the Nsikazi Rivéit adesktop level the
upstream section of the Nsikazi Rivexrsa Resent Ecological StateEB of A, EEological Importance

(B) of High and Eological Sensitivity of High. Further down the reach the Nsikazi River has a PES
of B, El of High and ES ofliHifepartment of Water and SanitatipR014).

According to th&River ConditiofRIVCONJata used byational Aquatic Ecosystem Health Monitoring
Program (MEHMIPthe Nsikazi River dassifiedasRIVCOND indicating that the river system is largely
modified and then further down the reach the Nsikazi River is classifigRI¥€ ONCindicating that
the river system is moderately modified.

In terms of national and provincial planning the study area is not situated in an area currently
earmarked for conswation in a near future. The study area is not deemed critical for meeting national
or provincial conservation targets.

The2018baseline aquatiassessment at the proposed Nkosi City developnvess conducted on the

15tto the 3" of March2018 and the12™" to the 13" of March2018 The habitats at alampling points

were firstly evaluated by means of observations with regard to their surroundings, possible causes of
impacts or disturbances on aquatic ecosystems, and their suitability for flioreonitoring surveys.

The outcome of this evaluation indicated that sampling methods caoldbe applied at sampling
points NK2, NK3and NK4 as theyconsisted of small, isolated pools of watér.situwater quality
parameterswere measuredt these sitesThis implied thatNK5,NK6, NK7, NK8, NK9, and NKbild

be further assessedlthoughNK5had no flow and thereforé& was sampled for species composition
records onlyIn situwater quality parametersvere measured at all of the sampling points that were
sampled.
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The htermediate Habitat Integrity HI) results indicate that the tributaries of the Nsikazi Riwdrich

flow through the proposed Nkosi City development are largely and seriously modifiedms of
instream and riparian conditions respectiyelA nhumber of athropogenic activitieshave been
identified at each individual site that could be detrimental to local habitats for aquatic biota, most
notably upstream residential areagjvasive aliensframpling by livestock, etc.as well as road
crossings and impoundmentsvhich causes sedimentation and bank erosion

During the2018baseline aquatiassessmentt was found that at upstream sites NK8 and NK9, those
located closest to townships such as Daantjies South African Scoring System versb (SASSH
Ecological Categoff£GQ was determined to be D. At downstream sites NK6 and NK7 the SASS5 EC wa:
determined to be B, whilst the control site NK10 had a SASS5 EC of Gtélgrated Habitat
Assessment systeHAS scores at all the sites although varied indicated suitability to support a
diverse macroinvertebrate community. The impacts related to residential areas located upstream of
the proposed Nkosi City developmeqtparticularly Daantjie could potentially explain the poorer
results at sampling pointdlK8 and NK9as compared to sampling poinddkK6 and NKZvhich are
located further downstream.

Based on the Fish Response Assessment Index (FRAI) the state of fish communities ranged from a Cl
E (seriously modified) at sit®<9, NKAndNKG6to a class D/E (largely/seriously modified) at 5it€10

The observed fish species are all regarded as tolerant or moderately tolerant of water quality
impairmentand flow modifications. Therefore, water quality and flow related impacts arg likdlave
beenasignificant limiting factor on the fish assemblages.

Based on the results of the level 3 Vegetation Response Assessment Index (VEGRAI) assessment,
state of riparian vegetation communities in the project area ranged from Class D upplee reaches

and in close proximity to the urban aread{8andNK9 to Class D in the more remote and inaccessible
downstream areadNK6andNK7). The vegetation at sitdK10had been severely degraded by ongoing
sand mining activities and was categedsas being in a Class E.

If alteration in water quality and flow regime is not addressed alongside habitat loss, sedimentation
and possible toxic contaminants from industrial and business activities, during the proposed
development of Nkosi City, it &xpected that there will be a continued decrease in biotic integrity. Of
importance would be to ensure that development located close to the unnamed tributary of the Nsikazi
River flowing along the southern boundary is kept to a minimum and highly regulate

For more recommendations and mitigation measures refer to full text
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Abbreviations
ASPT Average score per taxon
CBAs Critical Biodiversity Areas
DEA Department of Environmental Affairs
DO Dissolved Oxygen
DWA (former) Department of Water Affairs
DWAF (former) Department of Water Affairs and Forestry
DWS Department of Water and Sanitation
EC Electrical Conductivity
EMPr Environmental Management Programme
ESAs Ecological Support Areas
FEPA Freshwater Ecosystem Priority Area
FSA Fish Support Area
GSM Gravel, Sand and Mud
GPS Global Positioning System
IHAS Integrated Habitat Assessment System
IWULA Integrated Water Use Licence Application
IWWMP Integrated Water and Waste Management Plan
ISS Iggdrasil Scientific Services
KNP Kruger National Park
mamsl| Metres above mean sea level
MBCP Mpumalanga Biodiversity Conservation Plan
MBSP Mpumalanga Biodiversity Sector Plan
MTPA Mpumalanga Tourism and Parks Agency
NEMA National Environmental Management Act 107 of 1998
NFEPA National Freshwater Ecosystem Priority dse
NCCPA Nkosi City Communal Property Association
NWA National Water Act 36 of 1998
PES/C Present Ecological State/Category
RHP River Health Programme
RIVCON River Condition
RWQO Receiving Water Quality Objective
SASS5 South African Scoring System versto
SAWQG South African Water Quality Guideline
TDS Total Dissolved Salts
TWQR Target Water Quality Range
UP University of Pretoria
VEGRAI Riparian Vegetation Response Assessment Index
WMA Water Management Area
WWTW Waste Water Treatment Works
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Definitions

Aquatic ecosystems are defined as the abiotic (physical and chemical) and biotic
Aquatic Ecosystems components, habitats and ecological processes contained within rivers and their ripar
zones, reservoirs, lakes and wetlands and théiging vegetation.
Aquatichiomonitoringis the science of inferring the ecological condition of rivers and
streams by examining the types of organisms that live there, such as invertebrates, al
aguatic and noraquatic vegetabn, fish, or amphibiansThe method is based on the
_ o principle that different aquatic organisms have different tolerances to pollutants, and t
Biomonitoring certain organisms will appear under conditions of pollution, while others will
disappear.The assessment @iiota in freshwater ecosystems is a widely recognised
YSIya 2F RSGSN¥YAYAYy3I GKS O2yRAGAZYS 2N
Relating to or characteristic of the bottom of a water body, or the animals and plants t

Aquatic

Benthic live there.
Bioaccumulation  The acumulation of a harmful substance in an organism that forms part of the food ch
Biota The animal and plant life of a particular region, habitat, or geological period.

Regions that share similar ecological characteristics and are basée eamderstanding
Ecoregions that ecosystems and their biota display regional patterns that mirror causal factors su
climate, soils, geology, physical land surface and vegetation.
An assessment index based on the environmental intolerances and preferefttes o
FRAI reference fish assemblages and the response of the constituent species of the assem
to particular groups of environmental determinants or drivers.
An index which has determined the frequency of occurrence for reference fish in a
particularecologically defined reach of a river. The FROC ratings are derived from
conditions at the particular site as well as the available habitats for species expected |
reference conditions.
Invertebrates include all animals without Bdoones. In rivers this includes aquatic insect
Macroinvertebrates | larvae of insects with terrestrial (often flying) adult forms, as well as mussels, clams, <
and worms that are aquatic throughout their life cycle.

FROC

Recruitment The arrival and establishment of new iwidiuals into populations or communities.

A linear landform with clearly discernible bed and banks, which permanently or
periodically carries a concentrated flow of water.

Riparian habitat includes the physical structure and associateetatgn of the areas
associated with a watercourse which are commonly characterised by alluvial soils, an
Riparian which are inundated or flooded to an extent and with a frequency sufficient to support
vegetation of species with a composition and physical strectistinct from those of
adjacent land areas.

River

Spruit A small tributary stream or watercourse that is usually 1p@nennial

The position an organism occupies on the food chain. Examples include omnivores,

Trophic level herbivores, insectivores, planktives, and piscivores.
Vegetation Plants of an area or region.
A model which determines the response of vegetation to impacts in a way which can |
VEGRAI defended by sound scientific methods.
Land which is transitional between terrestrial and atja systems, where the water table
| is usually at or near the surface or the land is periodically covered with shallow water
Wetlands which in normal circumstances supports or would support vegetation typically adapte(
life in saturated soils.
Iggdrasil
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1. Introduction

1.1. Orientation and Context

The proposed Nkosi City developmastlocatel approximately 20 km NortEastof Nelspruit and
approximately 5 km Westf the Kruger National Park (KNiR)the Mpumalanga Province of South
Africa. The proposed Nkosi City, further referred to as the study area in this report, is located just
SouthEast of residential areas Clau Clau and Né&wist of Daantjie. Thetudy area, falls withithe

X24B and X24quaternary catchmergand within the Inkomati Water Management Area (WMA 5).

Thee areseverahon-perennial, unnared tributaries of the Nsikazi Rivehich flow through the study
area.The Nsikazi River is a tributary of the Crocodile River. The NRikariflows into the Crocodile
River approximately 16 kilometres South of the study area, after which the Crocodile River becomes
the Southern Border of the Kruger National Park.

1.2. Project Brief

LIARNI aAf {OASYUGATAO { SNIkd&gical specialsticompanRbasediin { { ¢
Pretoria, Gauteng, was commissionedBkamosdo conductthe 2018baselineaquaticassessment
for the proposeddevelopment of the Nkosi Cifownship Mpumalangarovince, South Africa.

The project has one maiteliverable namely 2018baselineaquaticreport after completion of the
site visit.PeterKimberg(Pr.Sci.Nat Aquatic Scienad The Biodiversity CompamydKimberley Perry
[M.Sc. Water Resource ManagemdhiH, and SASS5 accredited by the DepartmehiWater and

Sanitation (& 5 ¢ § of ISSconducted the 2018 baseline aquatic assessmentfor the proposed
development of Nkosi City

1.2.1. Proposed activities

Theproposed development associated with Nkosi @ity include the construction and installation of
the following (Dovetail Properties anCCPA2017)(Figurel):

Residential (5018 houses and apartments):
1 RDP (2510);
1 Social Housing (apartments: 966);
1 Bonded Housing (1486);
1 Urban Farms (332 Ha).

Education:
12 Preschools;

Iggdrasil
scientific
—ew Services

'{gm\\\}a | ; Baseline Aquatic Assessment




2018 Baseline Aguatic Assessment: Nkosi City

= =4 -4 —a A

4 Primary Schools;

2 Secondary Schools;

FET College;

Agricultural training centre;

Dovetail Foundation training centre.

Medical:

1
1

Provincial hospital and clinic;
SPCA.

Offices:

)l

= =4 4 4 —a -9

Retail:

= =4 4 -

Institutional and commercial offices;
Typical HiStreet mixed use;

Ground floor offtes and apartments;
Second floor apartments;
Emergency Services;

Police Station, etc.;

Post Office.

40000m? Shopping centre;

Fresh produce market;
Entertainment andestaurants
Filing station and fitment centre;
CBD with national and local temnts.

Hospitality and Tourism:

1 A lodge with travelling opportunities into KNP;

)l

Other hospitality and B&B facilities.

Light Industrial:

1 Farmyard with packing facility and Primary-&}p;

T

Public
|

Industrial area.

Transport:
Bus terminus and taxi rank.

Infrastructure:

 Electrical HV subtation, MV minisubstations and LV reticulation;

l

Roads and storm water;

Iggdrasil
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Water reticulation and purification plant;

Sewer reticulation and treatment plant;

Water Reservoirs for consumption and irrigation;
Telecommunications teulation and WAFi.;

Nkosi City radio and television stations;
Renewable energy power plant.

= =4 4 —4a -—a -9

Sport:
1 Multi sports facilities at secondary schools;
1 Multi-sportstadium (phase 2).

Community:
1 Community Centre and Public swimming pool;
1 Recreational areas &in).

Other:
1 Abundant parks and recreational areas;
1 950 Ha dam with hydroelectric plant;
1 Roughly 1000 Ha additional agricultural developmejatint venturewith subsistence farmers.

Urban farm Concept:
1 Each stand min 2500hntensive agriculture;
Smalleseconomically viable agricultural land parcel;
Large stands less streets and infrastructure;
Flanked by two bonded and two RDP houses;
Provides food security for community and others;

Offtake agreemers from major supermarket groups;
Treated as security residential farm estate;
Access control;

1
1
1
1
1 Afrigrow will train community in intensive farming;
1
1
1
1 Perimeter security fence.
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Figurel: The preliminary layout (November 2017) of the proposed Nkosi Ciayiiship situated on the farm Nkosi City 10aRJ
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1.3. Purpose, Approaches and Methodologies for Aquatic Biomonitoring

LljdzZr GA O SO2aeé a it daioticl(phyBicaRaBdfcheyhiSaR ankl Biotidicomponents, habitats
and ecological processes containedhiitrivers and their riparian zones, reservoirs, lakes and wetlands
and their fringing vegetatich 6521 C Mdpdpc O ® ¢SNNBAIGNRFE o0A20L1
FljdZd 6AO SO2aeaidsSya F2N) adz2NBAGIE | NB Ay ONWHREGRA ¢
provided by healthy aquatic ecosystems, including

1 Maintaining the assimilative capacity of water bodies for certain wastes through self
purification;

Providing an aesthetically pleasing environment;

Serving as a resource used for recreation;

Provding a livelihood to communities dependent on water bodies for food;

Maintaining biodiversity and providing habitats to that biota dependent on agquatic ecosystems;
and

1 Industrial and domestic uses.

= =4 =4 A

Aquatic ecosystems, as a resource base, must therefereffectively protected and managed to
ensure that South Africa's water resources remain fit for agricultural, domestic, recreational and
AY Rdza G NR I € dzaSa 2y | adzadrAySR olaixa o521 C
ecosystems, aquatic ecpgstems are the most impacted by anthropogenic activities (Ferrar and Lotter
2007). A laneuse activity, such as a colliery, can have a detrimental effect on the health of aquatic
ecosystems (in rivers, lakes, streams, and wetlands) which cannot be imtitateigh chemical
monitoring alone.

Aquatic Biomonitoring is an integral component of ecological risk assessment, and is the science of
RSGSNX¥AYAYTI (KS O2yRAGAZ2Y I 2N WKSFHEOGKQ 2F |y
there, includingheir habitats, occurrence and composition. It is based on the principle that different
aguatic organisms have different responses to stressors to their habitats, and that certain organisms
will appear under conditions of stress, while others will disapp8tressorsanclude aspects such as
increased or decreased flow (resulting from the abstraction of water, or the discharge of clean
stormwater); changes in water quality (resulting from the discharge of stormwater or the introduction
of contaminants throgh the discharge and disposal of effluents or seepage, and littering); bed and
channel modification; changes in vegetation (resulting from the reduction of indigenous riparian plants
and the presence of invasive alien plants and fauna).

A variety of aquiaic organisms require specific habitat types and habitat conditions for at least part of
their life cycles. The availability and diversity of suitable habitats for aquatic biota will therefore
determine the presence and species composition of the organisnmg in the aquatic ecosystem.
Habitat conditions for aquatic biota are influenced by drivers such as climate, geomorphology, and land
use. The disturbance of the habitats of aquatic biota will result in stress to the aquatic population,
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which can affetthe occurrence and species composition of tbeganisms living in the aquatic
ecosystem (species response).
These relationships can be depicted as follows (adapted from Kleynhans and Louw, 2008):

DRIVERS HABITAT SPECIES RESPON
Physical attributes
: V ,
o > (flow, velocity, depth, channel cgetation

Fish

> width, cover, physical compositio

Chemical attributes

Aguatic Invertebrates

HABITATOQUALITY

AL

> (Temperature, Condivity,
DO, pH, EC, nutrients)

Autotrophic organisms

Impacts on freshwategcosystems can be measured by determining the presence or absence of certain
indicator species of an aquatic ecosystem (riparian vegetation, fish, and invertebrates), and recording
the species composition over time in order to determine changes in spemmeposition, and to relate

any observed changes to changes in the habitats of these species, taking cognisance of the drivers thz
influence the habitats in the first place. The occurrence and composition of species of flora and fauna
in aquatic ecosystes therefore reflect both the present and history of the water resource at a
particular site, allowing detection of disturbances that might otherwise be missed.

During a typicabiomonitoringsurvey at a specific location in an aquatic ecosystem, botipkysical

and chemical attributes of thaquatic habitat as well as thespecies responsef different types of
aguatic biota, are therefore evaluated. Two aspects are of importance in this regard, namely the
methodsused for the evaluation of the physicahd chemical attributes of the habitat, as well as for
the determination of the species response of different types of aquatic biota at a specific survey site,
and theselectionof biomonitoringsampling points.

These aspects are discussed in more déiliow.

\
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1.3.1.

Methods for Conducting Biomonitoring Surveys

Because biological communities integrate the effects of physical and chemical changes to the
environment in the longerm, different methods, typically based @ssessmenindices,are used as
indicators of changes in habitat quality, as well as indicators of species responses (Ferreira and Grac
2008).

The current methods used for the evaluation of hieysical and chemical attributesf the habitat at
a specifiddiomonitoringsurvey site can bsummarised as follows:

T

Evaluation of the physical attributes of the aquatic habitatthe physical attributes of the
instream and riparian habitat has a direct influence on the occurrence and composition the
aquatic community. Physical habitat featurestsas colour, anthropogenic disturbances and
riparian vegetation, as well as stream hydrology, average width and depth are established by
means of and evaluated withoththeL y § SIANI G SR | F 0 AGF G ! @ndtbed & Y &
Index of Habitat Integrity ¢ L 1. IHA® was developed in 1998 by McMilan, and version 2 is
the currently used assessment indaxd IHI was developed in 2008 Kleynhanst al.

Evaluation of the chemical attributes of the aquatic habitadithough available water quality
monitoring data on variables such as pH, salinity (EC or TDS) and nutrients will give an indicatior
of the influence of these variables on the aquatic ecosystem, variables such as Temperature,
5A8a42f OSR hEe&3aSy 0645hé 03z Iiyshy attuzelakidblesicannoy SS
be established away from the survey site.

The standardised, quantitative and replicable methods currently used fosptbeies response of the
different aquatic organismat a specific survey site can be summarised as follows:

)

The{ 2dz0 K ! FNRAOI Yy { O2 NA y Tis § rapid bi&ds&ssn@rs M@thbRuged p
to identify changes in species composition of aquatic invertebrates (e.g. snails, crabs, worms,
insect larvae, mussels, beetles). As most invertebrate species idsedlortlived and have
limited migration patterns or are not fremoving during their aquatic life phase, they are good
indicators of localised conditions in a river over the short term, and can be used to assess site
specific impacts (Dickens and Grah&2002).

Vegetation is a readily observable expression of the ecology and relationships as well as a serie
of interactions between biotic organisms and their abiotic environment, and thus provide a
physical representation of the health of an ecosysterealthy riparian vegetation zones
maintain channel form and serve as filters for light, nutrients and sediment. Changes in the
structure and function of riparian vegetation commonly result from changes in the flow regime
of a river, flooding, exploitatio for firewood, mining, or use of the riparian zone for grazing or
ploughing. ThewA LJr NA 'y +S3SGFGA2y wSa&aLRy &sSa modeh S 4 ¢
developed by the DWS for the qualitative assessment of the response of riparian vegetation to
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impacts (Klgnhanset al.,2007). It must be noted that there is a distinct difference between a
VEGRAI and the evaluation of vegetation as part of the IHAS, as the IHAS merely record
vegetation as one of the physical attributes of the aquatic habitat, while VEG@RI&A&s and
assigns a rating to indicate species composition and diversity. As vegetation can undergo rapic
changes, for example due to flooding, veld fires or overgrazing, the ViaeRadd will record

such changes in species composition, which willotetermined by the IHAS method.

1 Fish are good indicators of losgrm (several years) effects and broad habitat conditions, and
OKIFIy3aSa Ay GUKS [ @FLAtloftS KroAdlrd O2yRAGAZY
OKI Ay ¢ NBifed andl éhsstlyehighly2moblile. Fish kiocumulate the effects of
anthropogenic activities on lower trophic levels; thus, fish assemblage structures are indicative
of the integrated health of the aquatic ecosystem. Assemblages include a range of spaties t
represent a variety of trophic levels (omnivores, herbivores, insectivores, planktivores,
piscivores). ThE A 8 K wSa L2y asS | aa Ssaaueiayed mddsl degebped iy C w !
the DWS based on the environmental intolerances and preferences eferefe fish
assemblages and the response of the species of the assemblage to particular groups of
environmental determinants or drivers. Intolerance and preference attributes are categorized
into metric groups with constituent metrics that relate to thev@rmnmental requirements and
preferences of individual species. Changes in environmental conditions are related to fish stress
and form the basis of ecological response interpretation. Reference conditions with regard to
expected fish species and speciesnpositions have been published for most of South Africa
(Kleynhans, 2007).

For this2018baselineaquaticassessmentthe Y 0 SANI 6§ SR | F oA Gl 0 ! Anleka ay
2F L FoAGF G LHy20dB8HKNRA GFRNAOQH LyT L{€Q02 NR vy 3, Ripdrianivegétationd S NJ
wSalLkyasS ! 4a854ayYSyand he RISEK 6wiEdIDAWY 43 0! 8a5aaY8
methodologieswill be used to assess the biotic integrity of the study area.

1.4. Objective of this Report

The objective of this2018 baseline aquatic report is to determine the aquatic health of the
watercourses within the proposed Nkosi City study area during the 2018 wet season and/éy
comply with the requirements of the Mpumalanga Tourism and Parks Agency (MITfeAyet season
surveywasconduced from the 15tto the 39 of March 2018ndthe 12" to the 13" of March 2018at
the proposedproject area

1.5. Report Structure

This Report is structured as follows:
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T

2.

Section 1¢ this section¢ describes the project brief, the approaches and methodolsgie
followed for aquatidiomonitoring the objective of this report, and the report structure;
Section 2 discusses thackgroundsituation atthe study arean order to determine thealrivers
influencing local habitat conditions, including its location,dlarse activities, abiotic factors
such as climate and geomorphology, expected biotic conditions, as well as any governance
requirements forbiomonitoring that applies to the area, including national and provincial
biodiversity conservation planning initigsés and statutory requirements;

In Section 3, theelection of sampling point$or the 2018baseline aquati@assessmenat the
study areais described, followed by a discussion of thesults obtained during this2018
baseline aquatic survey, both with regard to the evaluation ofabitat conditions and
disturbances, as well as tlspecies responsef aquatic biotaby determining theioccurrence
and composition;

Section &ontains thempactassessmentor the proposed\kosi City Township development
anddescribes mitigation measures for the project

Section5 containsconclusionsand makesecommendationsfor the study area in terms of
future surveysand

Section 6 contains the professional opinion of the specialist

Background: Drivers & Governance Req uirements for the study

area

This section discusses tlhackgroundsituation at the study aeain order to determine thedrivers
influencing local hakat conditions, including agriculturaktivities and other land uses, abiotic factors
such as climateand geomorphology, expected biotic conditions, including national and provincial
biodiversity conservation planning initiatives, and statutory requiremefttkcality map of the study
area is provided ifrigure2.

/)
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2.1. The Abiotic Environment

The abiotic environment is summarisedTiablel below.

Tablel: Summary of theAbiotic Environment

FORNELSPRUIT
A Wet season is warm and partly cloudy, and dry sedsatear;
TEMPERATURE A The highest temperatures are found during February (avers
of 20C);
A The coldest month is July (average of 12°C).

FORNELSPRUIT
A 773mmof rain per annum
A Majority of the rainfall duing midsummer;
A The wettest month is December (average of 147.4mm).

CLIMATE RAINFALL

MIST
A Occurs infrequently at higher altitudes

FROSTS
A Occurs infrequently at higher altitudes

FROST AND MIST

A The study area slopes from approximately 400 mamsl to

é%;?gﬁég)HY approximately800 mamsl;
A There are hillslopes around the study area.
TOPOGRAPHY ANI
PRAINAGE QUATERNARY CATCHMENT
DRAINAGE A X24B and X24C;

(SEEFIGURE) UN’NAMHE)TRI.BU'.I'ARIES. OF TISIH(NZI RIVER . . .
A The Nsikazi River is a tributary of the Crocodile River which
flows South of the study area.

NEARBY USES
A Informal Settlements
A National Parks (KNP) and Game Reserves (Mthethomusga
Game Reserve)
A National RoadN4)
A Sewer systemsand
A Agricultural
CLOSEST RESIDENAREA
A Daanjie andClauClau

SURROUNDING LAND USE

1 Mucina and Rutherford 2006
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Locality Map
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Figure2: Nkosi City (study area) located in the Mpumalanga Province of South Africa
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Figure3: Topographyof the study area
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Regional Drainage Map
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Figure4: Regional drainagéor the study area.
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Broad Vegetation Map
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Figureb:

Broad Vegtation Map for the Study Area

The Study Area Falls withiretiPretoriuskop Sour Bushveld and the Malelane Mountain Bushveld
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2.2. The Biotic Environment

The vegetation, aquatic ecosystems, the ecoregion and the ecological importance of the area are
describel below.

2.2.1. Vegetation

Thestudy area transversale Savanna Biomén terms of the new vegetation map constructed under
the editorshipof Mucina and Rutherford (2006) th&tudy areafalls within the Pretoriuskop Sour
Bushveld (SVI 1®nd theMalelane Mowntain Bushveld (SVI 1XseeFigureb).

ThePretoriuskop Sour Bushveld (SVI dcurs from around Hazeyview and Pretoriuskop Camp in the
southwestern part of the Kruger National Park to the Malekutu alealsooccursin the Crocodile
Estates area between Nelspruit and Crocodile Gorge. Important taxa occurring in this area include tal
trees such aSclerocarya birrea subsgaffra (d) small trees such @&ombretum apiculatum (é&ndC.
zeyheri (d)tall shrubssuch aDichrostachys cinerea (dipd Gymnosporiagenegalensis (djow shrubs

such asAgathisanthemum bojerisucculent shrubs such #@doe petricola woody climbers such as
Bauhinia galpinjigraminoids such aristida congesta (dnd herbs such ahamaecrista mimosoides
andTricliceras glanduliferumAlien invasive plants which may occur in the area incldentia stricta
andLantana camaraErosion is very low to moderat&hePretoriuskop Sour Bushveld (SVI i8hot

listed as a threatened or ptected ecosystem in GN 1002 (GG 34809 of 9 December 2011) published
dzy RSNJ GKS Dbl A2yt 9Yy@ANRYYSyGlf alyl3aSySyday

The Malelane Mountain Bushveld (SVI 119ccurs in higHying areas north of Malelane and
Kaapmuiden ialuding the Bergen-Dal Rest Camp and as far north as the area of the hill Sithongwane
in the KNP. This is a heterogeneous landscape that leads to different-n@ibrats. Important taxa
include tall trees such dterocarpus angolensismall trees suchsSenegaliaaffra (d)andVachellia
davyi (d) succulent trees such &uphorbia coopertall shrubs such &Searsigpentheriand Acalypha
glabrata, low shrubs such @arleria rotundifolisand Diospyros galpiniisucculent shrubs such Atoe
spicatg woody climbers such a8auhinia galpinji woody succulent climber such &3enecio
pleistocephalusherbaceous climber such @sccinia rehmannigraminoids such aghemeda triandra
and Bothriochloa radicans (d)geophytic herbs such &3rimia altissima succulent herb such as
Plectranthus cylindraceugpiphytic succulent herbs such Assellia AfricanaScattered alien plants
can includd_antana camara, Melia azedaraehdJacaranda mimosifolid&rosion is generally very low
to low. TheMalelane MountainBushveld (SVI 113 not listed as a threatened or protected ecosystem
in GN 1002 (GG 34809 of 9 December 2011) published under NEM:BA.
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2.2.2. Aquatic Ecosystems and their Importance

LljdzZ A O SO2aeé a it daioticl(phyBicaRaSdfcheyhiSaR aribti cotmponents, habitats

and ecological processes contained within rivers and their riparian zones, reservoirs, lakes and wetlanc
and their fringing vegetatioh 652! C Mdpdpc o ® ¢SNNBAGNARIET oA20l

aquatic ecosystems for su@i £t | NB Ay Of dzZRSR Ay (GKA& RSTAYALD
important ecosystems, aquatic ecosystems are the most impacted (Ferrar and Létter 2007)

HumankindRSLISY Ra 2y Yl yeé GaaSNPAOS&E¢ LINERIGNESR o6& K
1 Maintaining the assimilative capacity of water bodies for certain wastes through self
purification;

Providing an aesthetically pleasing environment;

Serving as a resource used for recreation;

Providing a livelihood to communities dependent on wdiedies for foal,

Maintaining biodiversity and providing habitats to that biokpendent on aquatic ecosystems;
Domestic and industrial uses.

= =4 4 4 A

Aquatic ecosystems, as a resource base, must be effectively protected and managed to ensure tha
South Africa's water resourseemain fit for agricultural, domestic, recreational and industrial uwses
a sustained basis (DWAF 1996

Wetlands are definedn it KS bl GA2y Ff 21 G§SNJ ! @idd which is2rdnsitiardld y
between terrestrial and aquatic systems, where ttater table is usually at or near the surface, or the
land is periodically covered with shallow water, and which in normal circumstances supports or would
support vegetation typically adapted to life in saturatemlIsb €

Wetlands are protected by the\NA because of their importance and their vulnerability to damaging
impacts (Ferrar and Lotter 2007).

Wetlands are important because they:

1 Provide hydrological control which helps prevent soil erosion (attenuate floods, store and
release water slowly);

i Recharge groundwater sources;

i Purify water by trapping many pollutants, including sediment, heavy metalsdisehse
causingorganisms;

i Are very productive since they supply nutrients and water in a stable environment for rapid
plant growth and thus canebused as grazing areas if done on a sustainable basis; and

i Are one of the most biodiverse ecosystems, providing life support for a wide variety of species,

some totally reliant on wetlands for their survival (Davies and Day 1998; DWA 2005).

Iggdrasil
scientific
7- “f services Y, H H
{;‘m\\} N Baseline Aquatic Assessment




2018 Baseline Aquatic Assessment: Nkosi City | 13

Wetlands ae among some of the most threatened habitats in the world. In some catchments in South
Africa, studies have revealed that over 50% of the wetlands have already been destroyed. Altering the
water flow and quality may destroy or damage wetlands, and continumetland destruction will result

in less pure water, less reliable water supplies, increased severe flooding, lower agricultural
productivity, and more endangered species (DW2805). Mining activities, agriculture, and other
sources of contamination a@mong the causes of impacts on this habitat.

2.2.3. Ecoregions and Ecological Importance

Ecoregions are regions that share similar ecological characteristics and according to Ferrar and Lotte
OHnnTUV GKAA& OlaseNbnQhie Srid@rsianding thaf exdstdms and their biota display
regional patterns that mirror causal factors such as climate, soils, geology, physical land surface anc
vegetatiord &

The study aresieswithin the Lowveld (3)Level 1 Ecoregioand theNorth EasterrHighlandg4) Level

1 Ecoregion(according to the delineation provided i§leynhanst al. 2005. TheLowveld (3)Level 1
Ecoregions a hot and dnarea characterisetly characterised by plains with a low to moderate relief

and vegetation consisting mostly of Lowveld Bushugfges. Open hills with high relief and low
mountains with high relief are present towards the west on theundary with the North Eastern
Highlands. Thé&lorth EasternHighlands(4) Level 1 Ecoregiois a mountainous area characterised by
closed hills and wuntains with moderate to high relief and vegetation comprising Nd&#stern
Highveld Grassland and Lowveld Bushveld types. Patches with Afromontane Forest are scattere(
throughout the region.

2.3. Provincial Biodiversity Conservation Planning Initiatives: MB ~ CP and MBSP

¢KS aldzyl fl y3l .A2RAOGSNREAGE [/ 2yASNBFGA2Y tfly 06
biodiversity subcatchments in the province into five categories. These are ranked according to ecological and
biodiversity importance and theicontribution to meeting the quantitative targets set for each biodiversity
feature (Ferrar and Lotter 2007). The categories are:

Protected areas already protected and managed for conservation;

Irreplaceable areas protection crucial, no other options aulable to meet targets;

Highly Significant areasprotection needed, very limited choice for meeting targets;

Important and Necessary areqprotection needed, greater choice in meeting targets;

=A =4 =4 =4 =4

Ecosystem Maintenanagtransformed/modified areas.

Accading to the MBCP, thstudy areais located in an area for which the aquatic biodiversity-sub
catchments are categorised &cosystenMaintenance (Figure9). Sub-catchmentscharacterised in

the Ecosystem Maintenanaategory hasost most of their biodiversity and ecological functioning. In
the remnants of natural habitat that occur between cultivated lands and along drainage lines and
ridges, residual biodiversity features and ecological processes do survive. These remnaoigeaes h
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biologically impoverished, highly vulnerable to damage and have limited likelihood of being able to
persist. Maintenance of the ecosystem is needed in these areas to ensure that they are reconnected
with areas which form part of other categories aimdprove local ecological function and processes
(Ferrar and Lotter 2007).

In 2014, the Mpumalanga Parks and Tourism Agency developddphaalanga Biodiversity Sector

tf Ly 0dla.edsenéelthe MBSP is a map guiding areas of conservation concettme for

Mpumalanga Province. Two maps have been developed, namely one for terrestrial biodiversity, and

the other for freshwater biodiversity. The MBSP maps the freshwater ecosystems of Mpumalanga into

the following categories:

T / NRGAOFT . A2 RAXZESSSOKHigE biodineity dalué, dekded to meet biodiversity targets.
These areas should be maintained in natural or near natural state;

1 Ecological Support Areasthese areas support CBAs, but are not essential for meeting conservation
targets;

1 Other Natural Areag, these areas have natural characteristics but have not been earmarked as priority
areas for conservation but perform a range of biological as well as ecological functions;

1 Heavily Modified Areas Areas which have been impacted and h&aael a significant or complete loss of
natural habitat and ecological function.

According to the MBSP, ttetudy areacomprises two categories of the MBSP namely Other Natural
Area, and Heavily Modifiedrigurel0, Lotteret al., 2014).

2.4. National Freshwater Ecosystem Priority Areas

The National Freshwater Ecosystem Priority Ared@sad b C9t ! ¢ 0 LINB®®BtGeOprojedt & |
between the CSIR, the Water Research Commission, the South African National Biodiversity Institute
the Dgpartment of Environmental Affairs, the South African Institute of Aquatic Biodiversity and South
African National Parks.

The project responds to the reported degradation of freshwater ecosystem condition and associated
biodiversity, both globally and iBouth Africa. It uses systematic conservation planning to provide
AONI GSIAO aLI GAFE LINA2NAOGASE F2NJ O2yaSNBAy3 {
equitable social and economic development.

The project has three interelated conponents:

1 A technical component to identify a national network of freshwater conservation areas;

i A national governance component to align DEA and DWA policies and approaches for
conserving freshwater ecosystems; and

1 A subnational governance and managemenbmponent that conducts case studies to

demonstrate how NFEPA outcomes can be implemented (CSIR 2010).
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River Conditond 6 wL =/ hbé0 A& | Ofl &daATAOIRINVCOY AndA#BeR 0 &
considered intact rivers that are able to contribute tawa river ecosystem targetall the unnamed
non-perennial tributaries flow eventually into the Nsikazi Riviercording to NFEPA data, tNeikazi

River isclassifiedas RIVCOND indicating that the river system is largely modifiadd then further

down the reach the Nsikazi River is classifieRR&CONCindicating that the river system is moderately
modified Figure6). There are ndNetland FEPAIn close proximity to the study areas indicated in
Figures8.

Within the X24Cguaternary catchmenthe Present Ecological State (PES), Ecological Importance (EI)
and Ecological Sensitivity (ES) per Sub Quaternary Reaches for Secondary Catchments in South Afr
were determined fothe Nsikazi River. The Maki River is found tbave aPES of A, El of High and ES

of High according to PES SQ Reach 2928BFurther down the reach the Nsikazi River has a PES of B,
El of High and ES of High according to PES SQ Reacb782BGure 7) (Department of Water and
Sanitation 2014).

Thestudy area transverses an upstream FEHgure8).
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Mpumalanga Biodiversity Sector Plan
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3. Discussion and Evaluation of Results

In this section, theselection ofsampling pointsfor the 2018 baline aquaticassessments firstly
described, followed by a discussion of tresults obtained both with regard to the evaluation of
habitat conditionsand disturbances, as well as tepecies responsef aquatic biotaby determining
their occurrene andcompositionat the sampling points described below

3.1. Selection of Sampling Points for the 2018 Baseline Aquatic Assessment

With regard to theselection of sampling points fobiomonitoring, it is important to note that
biomonitoring surveys can only beonducted in flowing water (streams and rivers), and not in
wetlands, as the results will be inaccurate due to the fact that mmshonitoringassessment methods
(including SASS5) were designed to assess river health, and are not applicable to wetlamitiesim
or habitats Dickens and Graham 200&eynhans 2007; Kleynhaesal. 2007).

Two sets of data are required in order to interpret the result®ioimonitoring surveys, namely data

F NP Yefekencé conditionsité¢ = ¢ KSNB KI 0 A ikpedted @ de/r&ativiel ihgisiurbedNS
YR RI U aff@ctd@cynditioy sitér  daffeltbddsited 0 2 g KSNB (GKS Ay T dzS
land-use is expected to have created stressors in the habitats of the aquatic biota.

A total of ten (1Q samplirg pointswere selectedfor the baselineaquatic assessmergonducted in
2017 Table2 over the pagendicates the number, GPS coordinates, and a description of each of the
sampling points For this current 2018aseline aquatiassessment NK1 was not visited as there was
no access to this site.

The locations of thessampling pointsre illustrated inFigurellon page 23
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NKL

NK2

NK3

NK4

NK5

NK6

NK7

NK8

NK9

NK10

Table2:

25°23'37.40'S

25°23'29.13'S

25°24'3.477'S

25°23'58.38'S

25°23'56.48'S

25°24'2.205'S

25°25'0.715'S

25°25'22.33'S

25°25'19.15'S

25°21'48.015'S
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31°11'25.256E

31°12'54.928E

31°12'56.2E

31°14'2.341E

31°14'56.39%E

31°15'0.215E

31°14'11.881E

31°13'13.372E

31°12'54.292E

31°13'35.631E
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Sampling pants for the baselineaquaticassessmenat Nkosi City

UPSTREAM/REFEREBAHEPLING POINT

A In the headwaters of an unnamed tributary of the Nsikazi River

A Assess ipacts ofstudy area on the unnamed tributary flowing into
the Nsikazi River.

A Site wasnaccessible

DOWNSTREAM/AFFECEAMPLING POINT

A In the tnnamed tributary of the Nsikazi River.

A Assess ipacts ofstudy area on the unnamed tribaty flowing into
the Nsikazi River.

UPSTREAM/REFERENQEPEING POINT

A In the unnamed tributary of the Nsikazi River.

A Measures impactsf study area on the unnamed tributary flowing
into the Nsikazi River

UPSTREAM/REFERESEHEPLING POINT

A In theunnamed tributary of the Nsikazi river

A Measures impactsf study area on the unnamed tributary flowing
into the Nsikazi River.

DOWNSTREAM/AFFECBAMPLING POINT

A In theunnamed tributaryof the Nsikazi river.

A Measures impactsf study area on the unnamed tributary flowing
into the Nsikazi River.

DOWNSTREAM/AFFECBAMPLING POINT

A In theunnamed tributary of the Nsikazi river.

A Measures impacts of study area on the unnamed tributary flowing
into the Nsikazi River.

DOWNSTREAM/AFFECBAMPLING POINT

A In theunnamed tributary of the Nsikazi river.

A Measures impacts of study area on the unnamed tribufiowing
into the Nsikazi River.

UPSTREAM/REFERENXNEPEING POINT

A In theunnamed tributary of the Nsikazi river.

A Measures impacts of study area on the unnamed tributary flowing
into the Nsikazi RiveAlso measures immuas of Daantjie
Residential area on unnamed tributary flowing into the Nsikazi
River.

UPSTREAM/REFERENQEPEING POINT

A In theunnamed tributary of the Nsikazi river.

A Measures impacts of study area on the unnamed tribytowing
into the Nsikazi RiveAlso measures impacts of Daantjie
Residential area on unnamed tributary flowing into the Nsikazi
River.

DOWNSTREAM/AFFECEBAMPLING POINT

A Sampling point was requested by client
A Assessmpacts of Clau Clau and Newscom Residential areas ¢
unnamed tributary of the Nsikazi River.

Baseline Aquatic Assessment
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Sampling Points Map
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SAMPLING POINT

Table3:

SUITABILITYWRALUATION SITE DESCRIPTION

SITE VISITE Yes
SITE No
SAMPLED | Isolated pools

DOWNSTREAM SITE FO

NKOSI CITY

A On an unnamed
tributary of the
Nsikazi River

HABITAT DESCRIPTIOM

A Downstream of the

dam located in the
study area.

River bed onsisted
of isolated poolsvith
no flow.

Evaluation of 8itability and Impactsat eachsampling point

> >

> >

IMPACTS/OBSERVATIONS

Road and bridge cssing upstream

Dam upstream

Riparian vegetation located close to river
bed.

Limited alien vegetation present.

Natural habitattypical of Savanna
vegetation.

SUITABLE
N2 FOR FUTUR Yes
SAMRING
SITE VISITE| Yes
Situated upstream of A Road and bridge cesingdownstream
s ASIVII-III;EED Isolatlzg pools EE?}E?EG’I\\A( SITE FOR the dam located in A Damlocated downstream
A O q the study area. A Riparian vegetation located close to river
¢ E atn unl}zaltrr?e River bed consisted bed.
,\rll LI: ar_qu € of isolated pools with A Limited alien vegetation present.
Sikazi River no flow. A Natural habitat.
NK3 SUITABLE
FOR FUTUR Yes
SAMPLING
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SAMPLING POINT

SUITABILITYWRALUATION SITE DESCRIPTION

HABITAT DESCRIPTIOM

IMPACTS/OBSERVATIONS

SITE VISITE Yes
e . UPSTREAM SITE FOR A Rlyer bed CDSIS’[ed. A Riparian vegetation located close to river
of isolated pools with bed.
SAMPLED | Isolated pools  NKOSI CITY no flow. A Natural habitat typical of Savanna
A O.n an mnamed A Situated on northern vegetation.
trlb_utar_y O_f the the boundary of the A Limited impacts bserved at the sampling
Nsikazi River study area. point.
SUITABLE
NK4 FOR FUTUR Ves
SAMPLING
SITE VISITE Yes
A Sampling point
consisted of large
DOWNSTREASITEHOR shallow,isolated pool A Natural habitat typical of Savanna
SITE Yes NKOSI CITY of water. vegetation.
SAMPED A On an unnamed A Turbid water A Small amount of subsistence agriculture in
tributary of the A Habitat consisted of surrounding area.
Nsikazi River majority GSM and A Limited impacts from surrounding area
limited amount of
SUITABLE Stones.
NKS FOR FUTUR Yes
SAMPLING
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SAMPLING POINT SUITABILITWRBLUATION SITE DESCRIPTION HABITAT DESCRIPTION IMPACTS/OBSERVATIONS
SITE VISITE
A Natural habitat typical of Savanna
vegdation.
SITE Yes DOWNSTREASITEFOR A Habitat consists of A Small amount of subsistence agriculture
SAVIPLED NKOSI CITY and livestock (cattle) present in
A On an unnamed large boulders, surrounding area.
. bedrock,small PN .
tributary of the cobbles and GSM A Limited impacts from surrounding area and
Nsikazi River. at the sampling poinalthough the
SUITABLE sampling poir.1('[j may Ibe aﬁecte_q by
NK6 FOR FUTUR Yes upstream residential area Dagie.
SAMPLING
SITE VISITE Yes
A Dense vegetation
present at sampling
DOWNSTREASITEOR point. A Natural habitat typical of Savanna
SITE NKOSI CITY A Marginal vegetation. _ Vvegetation. _ _
SAMPLED Yes A On an unnamed A Habitat consists A Rubbish present at the sampling point.
tributary of the largely of GSM, as A Thesampling point may be affected by
Nsikazi River well as some large upstream residential area Dagie.
and small stones and
NK7 SUITABLE bedrock.
FOR FUTUR Yes
SAMPING
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SAMPLING POINT

SUITABILITYWALUATION

SITE DESCRIPTION

HABITAT DESCRIPTIOM

IMPACTS/OBSERVATIONS

Dense vegetation

SITE VISITE Yes present at sampling
point.
Marginal vegetation A Natural habitat typical of Savanna
UPSTREARITE-CR was limited for vegetation.
Yesbut flow NKOSI CITY sampling A Water pipeline present at site.
SITE levels were A On anunnamed Flow was low. A Dirt road present.
SAMPLED low tributary of the Habitat consisted A Some residential areas surrounding area.
Nsikazi River mostly of large A Sampling point may be affected by
boulders, with some upstream residential ara Daatjie.
NK8 GSM, small cobbles
SUITABLE and bedrock was
FOR FUTUR Yes present.
SAMPLING
SITE VISITE Yes
Site located
UPSTREAM SITE FOR downstrea_m ofa A qutpath grossi_nghe sampling point
NKOSI CITY road_ crossing. A Alien and m_vaswe_plant species.
SITE Yes p Habitat consistsf A Natural habitat typical of Savanna
e SAMPLED A Onan unnamed GSM and small vegetation.
tributary of the < . .
Nsikazi River cobbles, to a lesser A Sampling pon_1t may be affectg_d by
extent large boulders upstream residential areBaarijie.
i@ SUITABLE and bedrock.
FOR FUTUR Yes
SAMPLING
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SAMPLING POINT

SUITABILITYWALUATION

SITE VISITE

SITE Yes
SAMPLED
SUITABLE

FOR FUTUR Yes
SAMPLING

SITE DESCRIPTION

DOWNSTREAM SITE FO
NKOSI CITY AND CLAU
CLAU RESIDENTIALAARE
A On an unnamed
tributary of the
Nsikazi River

HABITAT DESCRIPTIOM

A Site located
downstream at a
road crossing.

A Habitatconsists of
GSM and small
cobbles, to a lesser
extent large
boulders and
bedrock.

> I

> >

IMPACTS/OBSERVATIONS

Dirt road crossing

Sand mining present just upstream of th
site.

Alien and invasive plant species.
Natural habitat typical of Savanna
vegetation.

Sampling point may be faicted by
upstream residential area ClaCiauand
Newscom
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3.2. Conducting the 2018 Baseline Aquatic Assessment

The2018 baseline aquatiassessmentvas conductedy Kimberley Perrgnd Peter Kimbwg, and all

the sampling pointdisted inTable2 were visited betweernhe 15tto the 39 of March 2018 as well as

the 12" to the 13" of March 2018Thehabitatsat allsampling pointsvere firstly evaluated byneans

of observations with regard to their surroundings, possible causes of stressors or disturbances on
aquatic ecosystems, and the suitability of each site for fuhiognonitoringsurveys, as summarised

in Table3 on page25.

The outcome of this evaluation indicated that sampling methods cootdbe applied at sampling
points NK2, NK3, and NK4s they consisted of small, isolated pools of watersituwater quality
parameterswere measured at these siteShis implied thatNK5,NK6, NK7, NK8, NK9, and NK10
could be further assessed by meansh# sampling methodslescribed in paragraph.3.1on page 3

(a detailed description of how these methods are executed, and how results obtained from each of
these methods are interpreteds contained inl Yy $§ E dzNSampfing pointNK5had no flow and
therefore it was sampled fanvertebratespecies compositiorecords only and the SASS5 EC could
not be determined for this sampling poirih situwater quality parametersvere measured at all of

the sampling points that were sampldéish sampling was only conducted at sh#&6, NK7, NK&nd
NK10due to the laclof flow and suitable habitat at the remainder of the sites.

Thefollowing methods were used in thizseline aguatisurvey at thesesampling points

bl Habitat evaluations:

0 Observations regarding possible impacts and effects at each survegesitEaple3 on page 25
0 IHAS evaluatiofseeAnnexureA.1);

0 IHI evaluatior(seeAnnexureA.2); and

0 Measuring relevanin-situwater quality parameterand comparing the results obtainedtivthe

TWQRSs for aquatic ecosystefsseAnnexureA.3).

1 Species Response evaluations:
0 Aquatic Invertebrate response evaluation, making use of Ss88AnnexureA 4);
0 Riparian Vegetation response evaluation, making use of VH&RANnexureA.5); and
0 Fish response evaluation, making use of KBRAnnexureA.6).

The results obtained from thimm situmeasurement of temperature, pHglectrical Conductivityand
DOare summarised ilnnexuredBg. The results obtained from the IHABorecards are attadd as

l vy S E dzNIFe SASS5 Sceskeets are attached annexuredDé, the VEGRAI data interpretation
is attached a$ y' Yy S EEzN&®I thé FRAI results are attached ay' y S ERlzS &

The results obtained durinyis 2018wet seasoraquaticassessmenand the2017 dry season aquatic
assessmendt these sites are discussed below
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3.3. Results of the Baseline Agquatic Assessment at downstream site NK 5

NK5 is located in an unnamed tributary of the Nsikazi River, downstream of sampling paint NK
Surrounding landise includes a small amount of subsistence farming.

Table4 contains an overview of the conditions observed abNKhe drivers and biotic responses
observed at NKis summarised ifable?.

Table4: Overview of conditions observed at downstreasite NK5

GEOMORPHOLOGICAL EOI VEGETATION QUATERNARY CATCHME

Lower ‘ Pretoriuskop Mountain Bushveld ’ X24C
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Table5:  Drivers and biotic responses at @mstream site NKb

PHYSICGHEMICADRIVER

The visual appearance of the water prior to sampling wa®wn. Thein situ chemical
IN SITUNATER | parameters measureAnnexureB) were within the TWQRSs for aquatic ecosystewith the
QUALITY exception of DO. Do levels at Biere below TWQRSs/@%) however above being consideres
sublethal.

Theae was no flow at this sampling poinHabitats could be affected by trampling fron
livestock Habitat consistd of mostlyGSM,and Stonesvas limited AnnexureCcontains the

HABITAT IHAS Score Sheets. The IHAS scoreb@#swhich indicates a habitat that iesufficient for
supporting a diverse macroinvertebrate community.
SPECIES RESEE
The SASSS5 evaluation sheets are containédhnexureD. The SASS5 results obtained durir
this survey can be summarised as follows:
March2018
SASSS5 score 66
Number of Taxa 15
INVERTEBRATE ASPT a4

Taxa present at thisamplingpoint in high abundances (1100 individualsduring the 2018
wet seasoninclude CoenagrionidaeOther taxa present includ&omphidae, Libellulidae,
Hydrometridae Vellidae Dytiscidae Chironomidae, an@ulicidae

The VEGRAI evaluation is attached asnnexure E which indicates &/EGRAEcological
Categonof D.TKS @S3Sil GA2y 2y G(KS [ R2gyaidaNBlIyY
edge for cultivation of crops.

Terrestrial vegetation surrounding the survey sitgadlery forest

VEGETATION | Some instream vegetation is present, but it is limited. Marginal vegetatemsmainly wetland
species such aiincus effuses and Cyperus.gpguatic plants included, arRersicariaspecies.

Non-marginal vegetation was sparse mostly due to excessive trampling and scouring o
river banks. There was more than one individlaNEMBA listed category 1Bntana camara
present.

FISH No fish sampling was conducted at this site due to the lack of flow.
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3.4. Results of the Baseline Aquatic Assessment at downstream site NK6
NKa®6is located iran unnamed tributary of thé&sikazRiver, downstream of sampling points NK7, NK8,
and NK9 Impacts upstreamfrom the site include residential areas Dafa and Msogwaba

Surrounding land use include small amount of subsistence farming

Table6 contains an oveview ofthe conditiors observed at NK6The drivers and biotic responses
observed at NK& summarisednTable?.

Table6: Overview of conditions observed at downstreasite NK6

GEOMORPHOLOGICAL EOI VEGETATION QUATERNARY CATCHME

Lower Pretoriuskop Mountain Bushveld X24C
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IN SITUNWATER
QUALITY

HABITAT

INVERTEBRATE

Table7:

Drivers and biotic responses alownstreamsite NK6

PHYSICGHEMICADRIVER

Thevisual apgarance of the water prior to sampling was cleal hein situchemical parameters
measured(AnnexureB) for this current 2018 wet seasaare within the TWQRs for aquatic
ecosystemsDuring the 2017 dry season, the situ chemical parameters measuredere
within the TWQRs for aquatic ecosystemith the exception of DO which was in excess (
100%(126.5%) This was super saturated anduid be indicative of eutrophication. The pH ai
the site was also slightly elevated (8.50 and 8.59) indicating a mor@elkealvironment during
the 2017 dry season.

The flow wasmoderate. Habitats coulde affected by trampling from livestockHabitat
consists of large boulders, small cobbles and GSM, whilst a small amount of bedrock is pr
AnnexureCcontainsthe IHAS Score Sheefhe IHAS score w&3, which indicates a habitat
that ishighlysufficient for supporting a diverse macroinvertebrate commuriityelHAS score
for the 2017 dry season was 85 (also indicating a habitat that is highly sufficienifporing

a diverse macroinvertebrate community).

SPECIES RESEE

The SASS5 evaluation sheets are containddhimexureD. The SASS5 results obtained can t
summarised as follows:

March 2018

May 2017

SASSS EC

B

C

SASSS5 score

128

131

Number of Taxa

23

25

ASPT

5.56

5.24

Taxa presenat this samplingpoint in high abundances (D00 individual9 during the 2018
wet seasoninclude Baetidae, Caenidae, Coenagrionidae, Gomphiddgdropsychidae,
Chironomidaeand SimuliidaeThiaridae wagresent in very high abundances (1Q®D00).
Taxa present at thisamplingpoint in high abundances (1100 individuals) during the 2017
dry season included Baetidae, Caenidae, Coenagrionidae, Gomphidae, Libellulidae, Ve
Gyrinidae, Chironomidae, drSimuliidae.

The VEGRAI evaluation is attached Aasexure E which indicates avEGRAEcological
Categoryof C The riparian vegetation at this site was largely intalthough alien invasive
VEGETATION plant species were present.

There was more thaone individual of NEMBA listed categorylldhtana camargresent.

The FRAI assessment is attachedasexure FBased on the FRAI results i community
at site NK6 wam a seriously modified state (FRAI Categorgt B)e time of the surveyOnly 3
of the 14 expected fish species were recorded during the survey. The fish community

FISH comprised of species that are rated as moderately tolerant or tolerant of modified wa
quality and flow indicating that water quality and flow related impaeésre been significant
limiting factors of the fish assemblage.
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3.5. Results of the Baseline Aquatic Assessment at downstream site NK7

NK7is located in an unnamed tributary of the Nsikazi Rivewrkiream of sampling points NK8&d
NK9. Impacts upstrea from the site include residential areas Dfanand Msogwaba. Surrounding
land use includes a small amount of subsistence farming.

Table8 contains an overview ahe conditions observed allK7 The drivers andbiotic response
observed alNK7is summarised iifable9.

Table8: Overview of conditions observed atownstreamsite NK7

GEOMORPHOLOGICAL EQI VEGETATION QUATERNARY CATCHMEN

Lower Malelane Mountain Bushveld X24C
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Table9: Driversand biotic responses at downstreamsite NK7

PHYSIC@HEMICADRIVER

The visual appearance of theater prior to sampling was cleafThe in situ chemical
parameters measuredApnexureB) g SNBE | ff GgAGKAY (GKS ¢2v
IN SITUVATER | During the 2017 dry season tH2O levels at this site were in excess of 100% (106Rs.
QUALITY was super saturated and could be indicative of eutrophicat@alciumévels were slightly
higher than TWQRs for domestic water use at this $teecal coliforms were present in
water samples (count of 2419.6) as welEazol(count of 613.1)

Theflow is moderate, but probability of artificial flow is high due to WWTW upstrean
Habitat consists largely of GSM, as well as some large and small stones and bedrock. ,
amount of fringing vegetation is presemnnexureCcontains the IHAS Score Sheets. Tt

HABITAT IHAS sa® was76, which indicates a habitat that lghly suitablefor supporting a diverse
macroinvertebrate communityThe IHAS scoiduringthe 2017 baseline assessment was 8
also indicative o& habitat that ishighly suitabldor supporting a diverse macirovertebrate
community,

SPECIES RESEE

The SASS5 evaluation sheets are containghimexureD. The SASS5 results obtained ce
be summarised as follows:

March 2018 May 2017
SASS5 EC B C
SASS5 score 126 124
Number of Taxa 24 23
INVERTEBRATES ASPT 5.25 5.39

Taxa present at thisamplingpoint in high abundances (1000 individualsfluring the 2018
wet seasorinclude Baetidae, Caenidae, Coenagrionidae, GomphBklestomatidagand
Thiaridae Taxa present at thisamplingpoint in high abundancg4.0-100 individuals) during
the 2017 dry season included Baetidae, Caenidae, Coenagrionidae, Gomphidae, Libellt
Chironomidae, and Simuliidae.

The VEGRAI evaluation is attachedAasmexure E which indicates a/EGRAEcological
Categoryof C

VEGETATION | Terrestrial vegetation surrounding the survey sitssists of savannah bushveld. Due to th
relative remoteness of the site terrestrial vegetation was still largely intact although -
upstream urbanization has contributed to the presence of ailiemsive plant species.

The FRAI assessment is attachedAsmexure F Based on the FRAI results tfigh
communityat site NK7 wam a seriously modified state (FRAI Categomgt E)e time of the
survey. Only 3 of the 14 expected fish speciesewecorded at this site during the March
2018 survey. The observed fish community was comprised of species that are rate
moderately tolerant or tolerant to modified water quality and flow indicating that wate
quality and flow related impacts have heea significant limiting factors of the fish
assemblage.

FISH
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3.6. Results of the Baseline Aquatic Assessment at upstream site NK8

NK8is locatedin an unnamed tributary of the Nsikazi River, upstream of sampling points NK7 and
NK6.Impacts upstream from thetsi include residential areas Ddgie and Msogwaba. Surrounding
land use includes a small residential area and a dirt road.

Table10 contains an overview dhe conditions observed at NK&he drivers andiotic response
observedat NK8s summarised ifabk 11.

Table10: Overview ofconditions observed at upstreansite NK8

GEOMORPHOLOGICAL EQI VEGETATION QUATERNARY CATCHMEN

Lower ‘ Malelane Mountain Bushveld ‘ X24C
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Tabk 11: Driversand biotic responses at upstrearsite NK8

PHYSICGHEMICADRIVER

The visual appearance of theater prior to sampling wa®paque Thein situ chemical
parameters measum (AnnexureB)  SNB | tf G6AGKAY GKS ¢2\
during both the 2018 wet season survey as well as the 2017 dry season survey.

IN SITUNVATER
QUALITY

Theflow was low at this siteHabitat consisted mostly of large boulders, with some GSI
small cobblesnd bedrock was present. Marginal vegetation was limited at this site due
low flow levels AnnexureCcontains the IHAS Score Sheets. The IHAS scoré@dvasich
indicates a habitat that is acceptable for supporting a diverse macroinvertebrate commui
The IHAS score durirthe 2017 dry seasosurvey wa¥ 3, also indicative o habitat that is
acceptable for supporting a diverse macroinvertebrate community

HABITAT

SPECIES RESFSE

The SASSS5 evaluation sheets are containgthimexureD. TheSASSS5 results obtained cai
be summarised as follows:

March 2018 May 2017
SASS5 EC D C
SASS5 score 98 140
Number of Taxa 20 24
INVERTEBRATEY ASPT 4.9 5.83

Taxa present at thisamplingpoint in high abundances (1000 individualsfluring the 2018
wet season surve include Potamonautidae, Baetidae, Caenidae, Leptophlebiidae
Coenagrionidae, GomphidaehilopotamidaeDytiscidagandThiaridae Taxa present at this
samplingpoint in high abundances (1100 individuals) during the 2017 dry season surve
included Badtlae, Caenidae, Leptophlebiidae, Coenagrionidae, Gomphidae, Libelluli
Corixidae, Gerridae, Notonectidae, Vellidae, Gyrinidae, and Chironomidae.

The VEGRAI evaluation is attachedAasmexure E which indicates a/EGRAEcological
Categoryof D.
VEGETATION Due to the proximity to the urban edge and the associated harvesting of resources this
showed a higher degree of disturbance than the downstream sit€8 and NK7.

FISH No fish sampling was conducted at this site due to the limited flow aedsteep gradient.
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3.7. Results of the Baseline Aquatic Assessment at upstream site NK9
NKO9is located in an unnamed tributary of thiésikazi River, upstreanf sampling pointdNK7 and
NK& Impacts upstream from the site include residential areas Dmeend Msogwaba. Surrounding

land use include asmallroad crossingand alien vegetation plant species

Tablel12 contains an overview ahe conditions observed at NK9The drivers andiotic response
observed at NK& summarisedh Tablel3.

Tablel2: Overview of conditions observed atpstreamsite NK9

GEOMORPHOLOGICAL EQI VEGETATION QUATERNARY CATCHMEN

Lower Malelane Mountain Bushveld X24C
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Tablel3: Drivers and biotic responses afpstreamsite NK9

PHYSICG@HEMICADRIVER

The visual appearance of theater prior to sampling waslear. The in situ chemical
parameters measureddnnexureB) g SNB I f f SAGKAY G(KS ¢ fowv
both the 2018 wet season survey as well as the 2017 dry season sGaleijum levels were
slightly higher than TWQRs for domestic water use at thiskitecal coliforms were present
in water samplegcount of 2419.6) as well & colicount of 1732.9)

IN SITUNVATER
QUALITY

Theflow was moderateHabitat consists of GSM and small cobbles, to a lesser extent le
boulders and bedrockAnnexureCcontans the IHAS Score Sheets. The IHAS scor@3yas
HABITAT which indicées a habitat that is suitabldor supporting a diverse macroinvertebrate
community. The IHAS score during the 2017 dry season survey was 76, also indicat
habitat that is highly suitablfer supporting a diverse macroinvertebrate community

SPECIES RESFSE

The SASSS5 evaluation sheets are containgshmmexureD. The SASS5 resuttbtained can
be summarised as follows:

March 2018 May 2017
SASS5 EC D C
SASS5 score 86 107
Number of Taxa 18 23
INVERTEBRATES ASPT 4.77 4.65

Taxa present at thisamplingpoint in high abundances (1100 individualsfluring the 2018
wet season surveyinclude Potamonautidae, Baetidae, Caenidae, Coenagrionidae
Gomphidae, Chironomidae, and Thiarid@iaxa preent in very high abundances (12000
individuals) include Simuliidagaxa present at thisamplingpoint in high abundances (10
100 individuals) during the 2017 dry season survey included Baetidae, Caen
Coenagrionidae, Gomphidae, Libellulidaen8iidae, Chironomidae, and Thiaridae.

The VEGRAI evaluation is attachedAamexure E which indicates &/EGRAEcological

Categoryof D.This site is situated in close proximity to the urban environment and a la

degree of removal of ripaain vegetation has occurred along with the associate

encroachment of alien invasive vegetation especiadigtana camaraa NEMBA categotyp
VEGETATION species.

Despite the increased level of disturbance, some elements of the expected indiger
vegetation commury was still present.

The FRAI assessment is attachedAsmexure F Based on the FRAI results tfish
communityat site NK9 wam a seriously modified state (FRAI Categorgt E)e time of the
survey. Only 3 of the 14 expected fish species weoerded at this site during the March
2018 survey. These fish species were also present in low abundances. The observe
community was comprised of species that are rated as moderately tolerant or toleran
modified water quality and flow indicatgnthat water quality and flow related impacts have
been a significant limiting factors of the fish assemblage.

FISH
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3.8. Results of the Baseline Aguatic Assessment at the control site NK10
NK10 is located in an unnamed tributary of the Nsikazi River, downswéaampling points NK2 and
NK3. Impacts upstream from the site include resiit areas ClatClau and Newsconsurrounding

land use includes a road crossing and alien vegetation plant species.

Tablel14 contains an overviewfahe conditions observed at NK1Uhe drivers andiotic response
observed at NK1B& summarised iffablel5.

Tablel4: Overview of conditions observed atontrol site NK10

Lower Pretoriuskop Mountain Bushveld X24B
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IN SITUNWATER
QUALITY

HABITAT

Tablel5: Drivers and biotic responses abntrol site NK10

PHYSIC@HEMICADRIVER

The visual appearance of ghwater prior to sampling waglear. The in situ chemical
parameters measuredApnexureB) g SNBE | ff GgAGKAY (GKS ¢2v
During the 2017 dry season tlie situ chemical parameters measured were all within th
¢2vwQa T2 N fedjsdaith theQexcSpich &f&D® levels. DO levels at NK10 we
below TWQRs for aquatic ecosysteffis%)but still above sub lethal limits during the 2017
dry season survey.

The flow wasmoderate Road crossing was present as well as alien vegatatabitat
consists of GSM and small cobbles, to a lesser extent large boulders and bédanoekure
Ccontains the IHAS Score Sheets. The IHAS scor@9vesich indicates a habitat that is
acceptable for supporting a diverse macroinvertebrate communritye IHAS score during
the 2017 dry season survey was 72, also indicatimagétat that is acceptable for supporting
a diverse macroinvertebrate community

SPECIES RESFSE

The SASSS5 evaluation sheets are containgghimexureD. The SASSesults obtained can
be summarised as follows:

March 2018 May 2017

INVERTEBRATES

SASSS5 ECG

C

D

SASSS5 score

123

115

Number of Taxa

24

23

ASPT

5.12

5.00

Taxa present at thisontrol point in high abundances (1100 individualsyuring the 2018
wet season surveyinclude Baetidae, Coenagrionida®elostomatidae, Veliidaeand
Chironomidae.Taxa present at this control point in high abundances1Q0 individuals)
during the 2017 dry season survey included Baetidae, Coenagrionidae, Gomph
Libellulidae, Gerridae, ydroptilidae, Chironomidae, Planorbinae, and Thiaridae.

The VEGRAI evaluation is attachedAamexure E which indicates a/EGRAEcological
Categoryof E The impact of ongoing sand mining adjacent to the site has had a signific

VEGETATION negative inpact on the riparian vegetation community of this site.

The FRAI assessment is attachedAamexure F Based on the FRAI results tfish
communityat site NK10 wai alargelyseriously modified state (FRAI Categbfi£)at the
time of the surveyOnly 4 of the 14 expected fish species were recorded at this site dul
the March 2018 survey. The observed fish community was comprised of species tha
rated as moderately tolerant or tolerant to modified water quality and flow indicating th
water quality and flow related impacts have been a significant limiting factor of the f
assemblage.

FISH
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3.9. Results of IHI Analysis

This model refers to the maintenance of a balanced compositigghg$icechemical and habitat
characteristics on a temporal argpatial scale that are comparable to the characteristics of natural
habitats of the region (Kleynhans, 1996). An assessment was undertaken footkgerennial
tributaries of the Nsikazi River associated with the study éfehlel6).

Tablel6: The IHI for thenon-perennial tributanesof the NskaziRiver

CRITERIA WEIGHTING SCORE
WATER QUALITY 15 5
SOLID WASTE DISPOSAL | 13 45
WATER ABSTRACTION 13 45
FLOW MODIFICATION 12 45
BED MOI®ICATION 12 45
CHANNEL MODIFICATION | 12 45
EXOTIC MACROPHYTES = 9 45
EXOTIC FAUNA 7 4.0
INUNDATION 7 4.0
Total 40 (Largely Modified)
CRITERIA WEIGHTING SCORE
WATER QUALITY 15 5
BANK EROSION 13 5
CHANNEL MODIFICATION | 13 5
WATER ABSERTION 13 5
FLOW MODIFICATION 12 5
INDIGENOUS VEGETAYIO
REMOVAL 12 5
EXOTIC VEGETATION
ENCROACHMENT 12 4.0
INUNDATION 10 4.0
Total 38 (SeriouslyModified)

Thelnstream IHI was classed largely modifi#tle surrounding townships in the area will aggely

affect the water quality of the system which is seen to be the largest impact. There are numerous
river crossing$ocated within the norperennial tributaries of the Nsikazi River, as wellrstream
damswhich have altered the natural flow regien Abstraction is also taking place within the reach
used for residential housing, and irrigation.

The Riparian IHI was classsstiouslymodified, this is mainly due to theurrounding expansion of
residential areas such as Dape and ClatClau. This kds to decreased water quality, clearing of
indigenous vegetation, bank erosion and channel modification.
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3.10. Determination of SASSZEcological Category

For the purposes of ik 2018baselineaquaticassessmenat the proposed Nkosi City development,
it was possible to determine th8ASS5 Ecological Categ@ at NK6, NK7, NK8, NK9, and NK10
Habitat integrity was determined by means of visual observations, IHASNdin situwater quality.
Species responseas determined by making use of SASHSGRI, and FRAhdices

Nkosi City 2018 Wet Season

Lowveld - Lower zone

ASTP
iy

E-F D C B A

0 20 40 60 80 100 120 140 160 180 200 220 240
SASS5 Score

A NK6 NK7 @ NKI0

Figurel3: SASS5 Score and ASPT Plostonpling pointsat Nkosi City
The SA&S5 Score and ASPT for28#8 wet seasomquaticsurveyat the proposed Nkosi City site
comparison to the biolgical bands for the Lowveld Ecoregi®wwer zone) (Dallas 2007)

Nkosi City 2018 Wet Season

North Eastern Highlands - Lower zone

ASTP
Sy

E-F D C B A

0 20 40 60 80 100 120 140 160 180 200 220
SASS5 Score

A NK8 NK9

Figureld: SASS5 Score and ASPT Plostonpling points at Nkosi City
The SAS5 Score and ASPT for28&8 wet seasoaquatic survewt the proposed Nkosi City sitie
comparison to the biologal bands for the North Eastern Highlands Ecoregion (Lower zone) (Dallas
2007)
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At upstreamsitesNK8 and NK¢he SASS ECwasdetermined to beD (Figurel4). Atdownstream
sitesNK6andNK7 the SASS5 EC was determined tB, léhilst thecontrol site NK10 had a SASS5 EC
of C(Figurel3).

4. Impact Assessment and suggested mitigation measures

The impacts described in this report are limited to the aquatiasystems that will be affected by the
proposed activitiesThese activities include, but are not limited,ioKk 2 84S RS&AONAR O SR A Y
I OGA DA GASa ¢ 1aadtprelinyiarydagoutdlarEm November 20Figurel).

The largest impast which currently facdhe proposed study area argvater quality and flow
alteration. Thechange of natural habitat (as the system is now) to a city which comprises of 5018
houses and apartments, agll as all associated services and infrastructure, will cause a major change
in the water qualityavailabilityand runoff patternsn the areaTheimpactof the proposed activities
could only be assessed with the information at hand as describedttiosd..2.1

From conceptual designgDovetail Properties and NCCPA, 20@hjch were made available for
consideration when assessing the potential risked from the preliminarylayout obtained in
November 201{Figurel), the majority of the industrial and business activities are proposed to be
located in the centre of the study area, along one of the unnamed tributaries of the Nsikazi River
which was dry at the time of 12017 dry seasosurveyand consisted of isolated pools during the
2018 wet season surveyAlong the southern boundary of the proposed Nkosi City development there
is another unnamed tributary of the Nsikazi River which was sampled and found to be in relatively
good conditionduring both the 2017 dry season and 2018 wet season sunafygugh already
impacted by Daantjie residential are#@sccording to proposed plans there will be farming lasaime
housing, and a Primary and Secondary Scalawlg this particulaunnamed tributary (Figurel). The
unnamed tributary in the NorttEastern boundary of the study area is expected to have Bonded
Housing built. The assessment therefore follows the precautionary principle and assumed that
activities would take pice in the watercourse and riparian habitat and that infrastructure would be
placed insome areas ofhe watercourss and riparian habitat. The confidence level with which the
impact assessment was donehigh.

The proposed Nkosi City development wileaeveral impacts on the surrounding environment and
particularly on aquatic ecosystem However, ifnitigation measures to address the possibfgacts
are implemented the significance of potentiaimpacts can be mitigated and reducedlhese
mitigation measures have been listedTrablel9. It is important that any mitigation be implemented
in the context of an Environmental Managemenb&amme EMPr)n order to ensure accountability
and ultimately the success the mitigation.

Iggdrasil
scientific
—ew Services

7;’/, Baseline Aquatic Assessment

7




2018 Baseline Aguatic Assessment: Nkosi City

| 46

4.1.

Impact Assessment Matrix

The impact assessment table significance of potential impacts is preseniedlel 7.

EXTENT
THE PHYSICAL
AND SPATIAL
SCAE OF THE

IMPACT.

DURATION
THE LIFETIME O
THE IMPACT,
THAT IS
MEASURED IN
RELATION TO Tk
LIFETIME OF TH
PROPOSED
DEVELOPMENT.

INTENSITY

IS THE IMPACT
DESTRUCTIVE C
BENIGN, DOES I

DESTROY THE

IMPACTED

ENVIRONMENT,

ALTERE'S
FUNCTIONING, O
SLIGHTLY ALTE
THE
ENVIRONMENT
ITSELF?

PROBABILITY
THE LIKELIHOOI
OF THE IMPACT:!

ACTUALLY
OCCURRING. TH

IMPACT MAY
OCCUR FOR AN
LENGTHOF TIME
DURING THE LIF

CYCLE OF THE

ACTIVITY, AND

NOT AT ANY

GIVEN TIME.

Iggdrasil

Tablel7: Impact Assessment Table
Footprint The impacted area extends only as far as the activity, such as footprint occt
within the total site area.
Site The impact could affect the whole, or a significant portion of the site.
Regional The impact could affeche area including the neighbouring farms, the transp
routes and the adjoining towns.
. The impact could have an effect that expands throughout the country (Soutl
National :
Africa).
. Where the impact has international ramifications that extl beyond the
International . .
boundaries of South Africa.
The impact will either disappear with mitigation or will be mitigated through i
Short Term . . .
natural pocess in a period shorter than that of the construction phase.
Short
Medium The impact will be relevant through to the end of a construction phase.
Term
Medium The impact will last up to the end of the development phases, where after it
Term be ertirely negated.
The impact will continue or last for the entire operational lifetime of the
Long Term | development, but will be mitigated by direct human action or by natural
processes thereafter.
This is the only class of impact, which wdlriontransitory. Mitigation either by
Permanent | man or natural process will not occur in such a way or in such a time span t
the impact can be considered transient.
Low The impact alters the affected environment in such a way that the natural
processes or functions are not affected.
. The affected environment is altered, but functions and processesruaost
Medium o o
albeit in a modified way.
High Function or process of the affected environment is disturbed to the extent
where it temporarily or permanently ceases.
The possibility of the impact occurring is none, due either to the circumstant
Improbable ; . o o
design or experience. The chance of this impact occurring is zero (0%).
The ssibility of the impact occurring is very low, due either to the
Possible circumstances, design or experience. The chances of this impact occurring
defined as 25%.
Likely There is a possibility that the impact will occur to the extent that provisions
must therefore be made. The chances of this impact occurring is defined as
It is most likely that the impacts will occur at some stage of the developmen
Highly Likely | Plans must be drawn up before carrying out the activity. The chances of this
impact occuring is defined as 75%.
The impact will take place regardless of any prevention plans, and only
Definite mitigation actions or contingency plans to contain the effect can be relied or

The chance of this impact occurring is defined as 100%.
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Mitigation ¢ The impacts that are generated by the development can be minimised if measures are
implemented in order to reduce the impacts. The mitigation measures ensure that the development
considers the environment and the predicted impacts in order to minirmggacts and achieve
sustainable development.

Determination of SignificanagWithout Mitigation ¢ Significance is determined through a synthesis

of impact characteristics as described in the above paragraphs. It provides an indication of the
importance ofthe impact in terms of both tangible and intangible characteristics. The significance of
GKS AYLI OG dagoAldK2dzi YAGAIIGA2yé A& GKS LINRYS |
NEBIljdZANBR® 2 KSNB (KS AYLI Ol A& QIS9ZaA { MAYA TA0A WIOB
on the following scale:

No significanceThe impact is not substantial and does not require any mitigation action;

Low:The impact is of little importance, but may require limited mitigation;

Medium: The impact is of impoance and is therefore considered to have a negative impact.
Mitigation is required to reduce the negative impacts to acceptable levels; and

High:The impact is of major importance. Failure to mitigate, with the objective of reducing the impact

to acceptalle levels, could render the entire development option or entire project proposal
unacceptable. Mitigation is therefore essential.

Determination of Significance With Mitigation ¢ Determination of significance refers to the
foreseeable significance of ¢éhimpact after the successful implementation of the necessary
mitigation measures. Significance with mitigation will be rated on the following scale:

No significanceThe impact will be mitigated to the point where it is regarded as insubstantial; Low:
The impact will be mitigated to the point where it is of limited importance;

Low to medium:The impact is of importance, however, through the implementation of the correct
mitigation measures such potential impacts can be reduced to acceptable levels;

Medium: Notwithstanding the successful implementation of the mitigation measures, to reduce the
negative impacts to acceptable levels, the negative impact will remain of significance. However, taken
within the overall context of the project, the persistent impaoes not constitute a fatal flaw;

Medium to high:The impact is of major importance but through the implementation of the correct
mitigation measures, the negative impacts will be reduced to acceptable levels; and

High:The impact is of major importancklitigation of the impact is not possible on a cestective

basis. The impact is regarded as high importance and taken within the overall context of the project,
is regarded as a fatal flaw. An impact regarded as high significance, after mitigatiomeswdad the

entire development option or entire project proposal unacceptable.

Assessment Weighting; Each aspect within an impact description was assigned a series of
quantitative criteria. Such criteria are likely to differ during the different stageés af KS LINR 2 S O
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cycle. In order to establish a defined base upon which it becomes feasible to make an informed
decision, it will be necessary to weigh and rank all the identified criteria.

Ranking, Weighting and ScalingFor each impact under scrai, a scaled weighting factor will be
attached to each respective impact. The purpose of assigning such weightings serve to highlight those
aLlSota O2yaARSNBR (KS Y2ad ONRGAOIE G2 GKS 4l
element of biasd taken into account. The weighting factor also provides a means whereby the impact
assessor can successfully deal with the complexities that exist between the different impacts and
associated aspect criteria.

Simply, such a weighting factor is indicatbfe¢he importance of the impact in terms of the potential
effect that it could have on the surrounding environment. Therefore, the aspects considered to have
a relatively high value will score a relatively higher weighting than that which is of lowertanpe
(SeeFigurel5below: Weighting description).

- iity | Weighting | significance | Mitigation | Significance
Extent Intensi Probabili g g
o | oumon | ey | roseen | (S | SR L) B,

Figurel5: Description of biephysical assessment parameters with its respective weighting

Identifying the Potential Impacts Without Mitigation Meaures (WOMY;, Following the assignment
of the necessary weights to the respective aspects, criteria are summed and multiplied by their
assigned weightings, resulting in a value for each impact (prior to the implementation of mitigation
measures).
Equationl: Significance Rating (WOM) = (Extent + Intensity + Duration + Probability) x

Weighting Factor

Identifying the Potential Impactswith Mitigation Measures (WM) ¢ In order to gain a
comprehensive understanding of the oversilijnificance of the impact, after implementation of the
mitigation measures, it will be necessary teaealuate the impact.

Mitigation Efficiency (ME) The most effective means of deriving a quantitative value of mitigated
impacts is to assign each sificance rating value (WOM) a mitigation effectiveness (ME) rating. The

Iggdrasil
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allocation of such a rating is a measure of the efficiency and effectiveness, as identified through
professional experience and empirical evidence of how effectively the proposeghtioti measures
will manage the impact.

Thus, the lower the assigned value the greater the effectiveness of the proposed mitigation measures
and subsequently, the lower the impacts with mitigation.

Equation2:  Significance Rang (WM) = Significance Rating (WOM) x Mitigation Efficiency
Or
WM = WOM x ME

Significance Following Mitigation (SFM) The significance of the impact after the mitigation
measures is taken into consideration. The efficiency of the mitigation meakis¥mines the
significance of the impact. The level of impact will, therefore, be seen in its entirety with all
considerations taken into account.
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Tablel8: Risk assessment of impacts and calculation of significance prior t after mitigation measures

Significance

Weighting Significance Mitigation following

factor rating efficiency

Threat Extent Intensity Duration Probability

mitigation
) i Regional | High Permanent | Definite High .
Altering the flow regime of the watercourse. Mediumg Low
3 5 5 5 5 90 0.8 72
Altering the amount of sediment entering water go Medium Long term | Likely Medium _ _ Low-
resource and associated change in turbidity Medium Medium Medium
(increasing or decreasing the amount). 2 4 4 3 3 45 0.6 27
. , Highl
A o e ey e | Permanent | o’ | g Medium -
amounts of nutrients (phosphate, nitrite, nitrate
prosp 3 5 5 4 5 85 0.6 51
Alteration of water quality; toxic contaminants | Regional | Medium permanent | gnly Mediumc _ _ Low-
(including toxic metal ions (e.g. copper, lead, zin likely High Medium to High | Medium
and hydrocarbons. 3 4 5 4 4 64 0.4 25.6
Chanaging the phvsical struct ithi ter Ste Medium Short l.-“ghly
anging the physica structure within a water likely Medium Medium Medium to high Low
resource (habitat).
2 3 2 4 3 33 0.4 13.2
Regional | Medium Medium Highly Low-
Loss of aquatic biota g likely Medium-High Medium Medium to high Medium
3 3 3 4 4 52 0.4 20.8
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Tablel9: Impacts and suggested management procedures relevant to the proposed development (modified from Macfarlane et al, 2010)

Nounlicensedactivities should takglace in the watercourses and associated buffel
zone. Any activities within 50@ of riparian areas are subject to authorization by
means of a water use license.

Construction in and around watercourses must be restricted to the dryer winter

months.

A tempaary fence or demarcation must be erected around the works area to prev
Construction: access to sensitive envirorents. The works areas generally include the servitude,
Dewlopment within water resources e.g. construction camps, areas where material is stored and the actual footprint of the

infrastructure footprint within the wetland infrastructure.
area or riparian area, thereby diverting or | Prevent pedestrian and vehicular access into the riparian areas and buffer areas.

impeding flow. Formalise access roads and make use of existing roads and tracks where feasibl
Lack of adequate rehabilitation resulting in | rather than creating new routes through naturally vegetated areas.
colonization by invasive plants. Planning of the construiin site must include eventual rehabilitation/restoration of

indigenous vegetative covan footprint area

Alien plant eradication and followp control activities prior to construction, to
prevent spread into disturbed soils, as well as follgvcontrolduring construction
operation and closure.

The amount of vegetation removed should be limited.

Rehabilitation of damage/impacts that arise as a result of construction must be
implemented immediately upon completion of construction.

Altering the flow regime of the
watercourse.

Maintenance activities should not take place within watercourses or buffer zones.
Where unavoidable, the footprint needed for maintenance must be kept to a
minimum. This is subjected to authaation by means of a Water Use License.
Where possible, maintenance within watercourses must be restricted to the drier

Operational: winter months.
Vehicles driving in/through watercourses. Maintenance activities should not impact on rehabilitated areas.
Damage to vegetated areas. Maintenance workers should respect and also maintain ésrtbat are in place to

prevent livestock from entering rehabilitated areas, until such time that monitoring
found that rehabilitation is successful and the fences removed.

Maintenance should not impact on natural vegetation.

Maintenance vehicles must stay dedicated roads/servitudes.
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Construction in and around watercourses must be restricted to the dryer winter
months.
A temporary fence or demarcation must be erected around the works area to pre\
water runoff and erosion of the disturbed or heaped soils into wetland areas.
Access roads and bridges should span the wetland area, without impacting on thi
permanentor seasonal zones.
Formalise access roads and make use of existing roads and tracks where feasibl
rather than creating new routes through naturally vegetated areas.
Retain vegetation and soil in position for as long as possible, removing it immedie
Construction: ahead of construction/earthworks in that area (DWAF, 2005).
Earthwork activities. A vegetation rehabilitation plan should be implemented. Untransformed indigenot
Clearing of surface vegetation will expose th vegetation can be removed as sods and stored. The sods must preferably be ren
soils, wheh in rainy events would wash dowr during the winter months and be péanted by latest springtime. The sods should nc
into wetlands, causing sedimentation. In be stacked on top of each other or within sensitive environs. Once construction is
Altering the amount of sediment| addition, indigenous vegetation communitie; completed, these sods should be used to rehabilitate the disturbed areas from wk
entering water resource and are unlikely to colonise eroded soils they have been removed. In the abserafdimely rainfall, the sods should be watere
associated change in turbidity = successfully and seeds from proximate alier well after planting and at least twice more over the next two weeks.
(increasing or decreasing the invasive trees can spread easily into these = Remove only the vegetation where essential for construction and do not allow an:

amount). eroded sds. disturbance to the adjoining natural vegetation cover.
Disturbance of soil surface. Rehabilitation plans must be submitted and approved for rehabilitation of damage
Disturbance of slopes through creation of | during construction and that plan must be implemented immediately upon
roads and tracks. completion of construction.
Changes in runoff characteristics. Cordon off areas that are under rehabilitation asgmareas using danger taped

Erosion (e.g. gully formation, bank collapse) steel droppers. If necessary, these areas should be fenced off to prevent vehicule
pedestrian and livestock access.
During the construction phase, measures must be put in place to control the flow
excess water so that it does not impact on thefaoe vegetation.
Protect all areas susceptible to erosion and ensure that there is no undue soil era
resultant from activities within and adjacent to the construction camp and work ar
Runoff from roads must be managed to avoid erosion and potiytimblems.
Implementation of best management practices.
Sourcedirected controls.
Buffer zones should be maintained to trap sediments.
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Rehabilitated vegetation should not be impacted on by maintenance.
Maintenance vehicles must remain on dedicated roads and servitudes.
Altering the amount of sediment Maintenance activities should not take place within estourses or buffer zones.
entering water resource and Where unavoidable, the footprint needed for maintenance must be kept to a
associated change in turbidity minimum. This is subjected to authorization by means of a Water Use License.
(increasing or decreasing & Where possible, maintenance within watercourses must be restricted to the drie
amount). winter months.
Maintenance activities should not impact on rehabilitated areas and where soil or
vegetation disturbances took place, this should be rehabilitated immediately.

Operational:
Vehicles impacting on surface vegetation.

Construction

Disposal or discharge of human (including
partially treated and untreated) sewage
during the construction phase of the
development.

Provision of adequate sanitation facilities located outside of the wetland/riparian &
or its associated buffer zone.

Establishment of buffer zones to reduce nutrient inputs in diffuse flow

Alteration of water quality ¢
increasing the amounts of

nutrients (phosphate hitrite, _
nitrate). Operational:

Disposabr discharge of human (including
partially treated and untreated) sewage
during the operational phase (maintenance)
of the developnent.

Provision of adequate sanitation facilities located outside of the wetland/riparian &
or its associated buffer zone.

After construction, the land must be cleared of rubbish, surplus materials, and
equipment, and all parts of the land shall be left in a condition as close as possibl

Alteration of water quality ¢ Constrution .

. . . ; that prior to use.
toxic contaminants (including Runoff from road surfaces. . . .

. . . . . Maintenance of construction vehicles.
toxic metal ions (e.g. copper, Discharge of solvents, and other industrial

Control of waste discharges.
Guidelines for implementing Clean Technologies.
Maintenance of buffer zones to trap sediments with associated toxins.

lead, zinc) and hydrocarbons. | chemicals.
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Ensure that maintenance work does not take place haphazardly, but according to
fixed phn, from one area to the other.
After maintenance, the land must be cleared of rubbish, surplus materials, and

OIS EHBE equipment, and all parts of the land shall be left in a condition as close as possibl

Alteration of water quality ¢ Runofffrom road surfaces

toxic contaminants icluding . . . that prior to use.
. ) Discharge of solvents, and other industrial : . . L
toxic metal ions (e.g. copper, . Ensure maintenance vehicles are moper order and well maintained.
. chemicals. . . . . . .
lead, zinc) and hydrocarbons. Control of waste dischargesparticularlyindustries and residential areas along
riparian areas of the Township
Guidelines for implementing Clean Technologies.
Maintenance of buffer zones to trap sediments with associatedhs.

Other than approved and authorizedrstture, no other development or maintenanc
infrastructure is allowed within the delineated wetland and riparian areas or their
associated buffer zones.

All recommendations included in the wetland specialist report should be consider
Linear developmerst (e.g. roads) should span the watercourse.

Weed control in buffer zone.

Monitor rehabilitation and the occurrence of erosion twice during the rainy seasor
at least two years and take immediate corrective action where needed.

Monitor the establishmenbf alien invasive species within the areas affected by the

Construction:

Deposition of wineblown sand.

Loss of fringing vegetation and erosion.
Alteration in natural fire regimes
Alteration of flow

Changing the physical structure construction and maintenance of the proposed infrastructure and take immediate
within a water resource corrective action where invasive species are observed to establish.
(habitat). Design of wetland rehabilitation should limit atations in flow and allow sufficient

release of water during no flow periods.

Where possible, maintenance within watercourses must be restricted to the drier

Operational: winter months.

Lossof vegetation. Maintenance activities should not impact on rehabilitated or naturally vegetated
Loss of hydrological flow classes areas.

Loss of biodiversity The design of the wetland rehabilitation should limit fragmentation and isolation o

sections of the nosperennial tributaries.
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THREAT/IMPACT SOURCE OF THE THREAT PRIMARY MANAGEMENR®CEDURE

Ensure that no additional vegetation is removed,
No fires should be allowed in natural vejdlemarcated areas for cooking should be

Construetion: allowed for workers in construction camp.

Loss of instream habitat Avoid unnecessary river crossinigmit work within the stream, river or wetland.
Deposition of wineblown sand. Other than approved and authorized structure, no other development or maintene
Loss of fringing vegetation and erosion. infrastructure is allowed within the delineated wetland and riparian areas or their
Alteration in natural fire regimeand associated buffer zones.

subsequent loss of nemarginal and al N Fff | NBimjypartokte Pripode@weifand dem development
marginal vegetation. within wetlands and ripariaareas as n@o areas.

Increase in invasive species due to Weed control in buffer zone.

disturbance. Monitor the establishment of alien invasive species within the areas affected by tt
Changen water quality construction and maintenance of the proged infrastructure and take immediate
Changes in flow corrective action where invasive species are observed to establish.

All management procedures listed above for the change in water quality.
o It is essential that the ecological reserve of the two fp@mennial tributares should
Loss of aquatic biota be determined prior to impoundment.

Maintenance activities should not take place within watercourses or buffer zones.
Where unavoidable, the footprint for maintenance must be kept to a mimmuihis is
subjected to authorization by means of a Water Use License.

Operational: . . i . .
peral . Where possible, maintenance within watercourses must be restricted to the drier
Lossof instream habitat .
winter months.
Loss of flow

Maintenance activities should not impact on rehabilitated or naturally vegetated
areas.
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5. Conclusions and Recommendations

The2018 baseline aquatic assessmanthe proposed Nkosi City developmemas conducted on the
15tto the 39 of March 2018and the12" to the 13" of March 2018 The habitats at alampling points
were firstly evalated by means of observations with regard to their surroundings, possible causes of
impacts or disturbances on aquatic ecosystems, and their suitability for fblioreonitoringsurveys.

The outcome of this evaluation indicated thaibmonitoringsamplingmethods couldhot be applied

at sampling pointdK2, NK3, and NKak they consisted of small, isolated pools of wallesituwater
guality parametersvere measured at these sites.

This implied thatNK5,NK6, NK7, NK8, NK9, and NKdduld be further assssed by means dhe
sampling methodsalthoughNK5had no flow and therefore it was sampled for species composition
records onlyln situwater quality parametersvere measured at all of the sampling points that were
sampled.

5.1. Conclusions

In terms of néonal and provincial planning the study area is not situated in an area currently
earmarked for conservation in a near future. The study area is not deemed critical for meeting national
or provincial conservation targets.

The IHI results indicate thatettributaries of the Nsikazi River flowing through the proposed Nkosi City
development are largely and seriously modified tarms of instream and riparianconditions
respectively A number of athropogenic activitiehave been identified at each individusite that
could be detrimental to local habitats for aquatic biota, most notably upstream residential areas,
invasive aliengrampling by livestock, etcas well as road crossings and impoundmentsich causes
sedimentation and bank erosion

For ths baseline aquatic report it was found thatupstream sites NK8 and NK9, those located closest
to townships such as Daantjithe SASS5 EC was determined to be D. At downstream sites NK6 and
NK7 the SASS5 EC was determined to be B, whilst site NKa®BR55 EC offGe IHAS scores at all

the sitesc although varied; indicated suitability to support a diverse macroinvertebrate community.
The mpacts related to residential aredscated upstream of the proposed Nkosi City development
particularly Dantjie - could potentially explain the poorer results sampling pointdNK8and NK9as
compared to sampling pointdK6 and NKWhich are located further downstream.

Based on the Fish Response Assessment Index (FRAI) the state of fish communitiesoang&ldss
E (seriously modified) at sitéK9, NK’AndNK®6to a class D/E (largely/seriously modified) at Bit€10
The observed fish species are all regarded as tolerant or moderately tolerant of water quality
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impairmentand flow modifications. Therefe, water quality and flow related impacts are likely to have
beenasignificant limiting factor on the fish assemblages.

Based on the results of the level 3 Vegetation Response Assessment Index (VEGRAI) assessment,
state of riparian vegetation commiutres in the project area ranged from Class D in the upper reaches
and in close proximity to the urban areafi{8andNK9 to Class D in the more remote and inaccessible
downstream areadNK6andNK?7). The vegetation at sitdK10has been severely degradég ongoing

sand mining activities and was categorised as being in a Class E.

If alteration in water quality and flow regime is not addressed alongside habitat loss, sedimentation
and possible toxic contaminants from industrial and business activitiasngl the proposed
development of Nkosi City, it is expected that there will lmatinueddecrease irbiotic integrity. Of
importance would be to ensure that development located close to the unnamed tributary of the Nsikazi
River flowing along the soutine boundary is kept to a minimum and highly regulated.

5.2. Recommendations

The proposed Nkosi City is located approximately 5 kilometres away from the Kruger National Park
(KNP)and hence water quality should not be affected by the proposed developmentada @oth
aquatic and terrestrial species losses within the KNt& Msikazi River is a tributary of the Crocodile
River which flows along the southern boundary of the KNP. It is recommended that all mitigation
measures are strictly adhered to should theveélopment commenceDuring the construction period,
aguaticbiomonitoringshould be conducted on a quarterly basis. This assessment should include the
latest version of SASS A MIRAI, VEGRAI, FRAI and additionally diatoms should be considered as a
biomonitoring tool. During the operational phase, it is recommended thamonitoring should be
conducted on a bannual basisBiomonitoring of the control point NK10 during the proposed
development of Nkosi City will potentially indicate effects of thealegment on the study area.

6. Professional opinion

A professional opinion is required as per the NEMA regulations with regards to the proposed
development. The aquatic ecosystems in and around the study area were moderately maodified

the system alonghe southern boundary of the proposed development area seen to be in relatively
good condition.However, hey were not earmarked for conservation on a national or provincial
planning level and hence are not critical for meeting conservation goals. Erisftine recommended

that the proposed development should be considered with caution for approval, with the condition
that allthe recommendation and mitigation measures be strictly adhered to.
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Limitations

It is acknowledged that the knowledge of the aquatic specialist could be limited and there could be
gapsin the information provided in thiBiomonitoringreport.

CAYRAY3IazI NBO2YYSYRIOA2Yya YR 02y Of dzaA2y a LINE
scientific and professional knowledge and information available at the time of compilafios.
methods used folbiomonitoringoften require the author to make a predicted estimation based on
prior knowledge and learning. These are however the methods as requested by the client and also
accepted methods in the field of aquatic ecology.

In order to obtan a comprehensive understanding of the dynamics of the aquatic ecosystem in an area,

ecological assessments should always consider investigations at different time scales (acros:
seasons/years) and through replication, as river systems are in constamgeha

Assumptions

1 All information provided to ISS was accurate and up to date.
1 The position oktudy areavas accurate.
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Copyright to the text and other matter, including the manner of presentation, is the exclusively
property of the authorlt is a criminal offence to reproduce and/or use, without written consent, any
matter, technical procedure and/or technique contained in this document. Criminal and civil
proceedings will be taken as a matter of strict routine against any person andtduiiz infringing

the copyright of the author.
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Annexure A: Methods
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A.1l: Physical Habitat Assessmentthe IHAS Method

The quality of the instream and riparian habitat has a direct influence on the aquatic community.
Evaluating the structure and furniohing of an aquatic ecosystem must therefore take into account the
physical habitat to assess the ecological integrity. The IHAS sampling protocol, of which version 2 i
currently used, was developed by McMillan in 1998 for use in conjunction with th855#8tocol to
determine which habitat are present for aquatic madrwertebrates.

IHAS consists of a scoring sheet that assists to determine the extent of each of the instream habitats
together with the physical parameter of the stream. For examgie,fdroportion of stones in current

and stones out of current will be compared with the presence of instream vegetation. This sampling
protocol assists with the interpretation of the SASS5 data.

Data recorded during the site visit concerning samplingthfalaind stream condition is uploaded into
an excel spreadsheet. The results are then interpreted according to the categories supplied by
McMillan:

<65% Insufficient for supporting a diverse aquatic macro invertebrate community
65%75% Acceptable for supporting a diverse aquatiacroinvertebratecommunity
75% Highly suitable for supporting a diverse aquatiacroinvertebratecommunity

A.2: Physical Habitat Assessment: The IHI Method

This model refers to the maintenance afbalanced composition @hysicechemical and habitat
characteristics on a temporal and spatial scale that are comparable to the characteristics of natural
habitats of the region (Kleynhans, 199%he assessment of habitat integrity is approached from an
instream and riparian zone perspective (Kleynhahsl., 2008). Both are formulated according to
metric groups (such as Hydrological Modification and Bank Structure ModificaEammetric group

has a number of metrics thatthen enable the assessmendf habitat integrity based on an
interpretation of deviation from the reference condition (Kleynhagisal., 2008). Metrics are rated
according to the following:

No discernible impact or the modifition is located in such a way that it has

None: reference no impact on habitat quality, diversity, size and variability 0
The modification is limited to very few localities and the impact on habitat
Small . . . T 0.51.0
quality, diversity and variability is very small.
Moderate The qulflcatpns are prgsent ata _smfa_ll numb_er_of localities and the impe 1520
on habitat quality, diversity and variability are limited
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The modification is generally present with a clearly detrimental impact on

habitat quality, diversityand variability. Large areas are not influenced. 253.0

Large

The modification is frequently present and the habitat quality, diversity, siz
Serious and variability in almost the whole of the defined area are affected. Only s 3.54.0
areas are not influenced.

The modification is present overall with a high intensity. The habitat qualit
Critical diversity, size and variability in almost the whole of the defined section are 4.55.0
influenced detrimentally.

The index of habitat integrity assessment ismarily concerned with the attributes of different river
types and determining the weights of metrics within metric groups for both th&tnsam and riparian
zone. In order of consideration these are: (Kleynhans & Kemper, 2000):

1 Perennial or nofperennid;

1 Longitudinal geomorphic zone: Source, mountain stream, foothill and lowland; and

1 River size (width): <5m;Bm and >15m.

The IHI takes a look at the study area holistically and categorises-$iieeam habitat and the riparian
zone. The irstreamhabitat is categorised according to the following components (each one is summed
and expressed as a percentage):

Hydrological modification;

Physicechemical modification;

Bed modification;

Bank modification; and

Connectivity modification.

=4 =4 =4 4 A

The Riparian zons categorised according to three metric groups which are also weighed according to
their overall impact and expressed as a percentage:

1 Hydrological modification;
1 Bank structure modification; and
1 Riparian zone connectivity.

These two indices are then paite@and comparisons are drawn in order to finally rate the study area
according to the categories listed below

A Unmodified, natural 90-100
Largely natural with few modifications. The flow regi has
been only slightly modified and pollution is limited tc

B sediment. A small change in natural habitats may have tak 80-89
place. However, the ecosystem functions are essentia
unchanged.
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Moderately modified. Loss and change of natural habitat a

biota have occurred, but the basic ecosystem functions a 60-79
still predominantly unchanged.

Largely modified. The loss of natural habitat, biota and ba:s 4059
ecosystem function is extensive.

Seriously modified. The loss of natural habitagta and basic 20-39
ecosystem functions is extensive.

Critically/Extremely modified 0-19

A3: Chemical Habitat Assessmentn Situ Water Quality

Water quality has a direct influence on in stream biota, and can fluctuate, depending espsitéc
conditions. The biological monitoring of especially macroinvertebrates and fish thus need to be
augmented with thein situmeasurement of basic water quality indicator parameters (DWAF 1996),
namely:

Temperature which plays an important role in watery baffecting the rates of chemical
reactions and therefore the metabolic rates of organisms. Temperature is one of the major
factors controlling the distribution of aquatic organisms. The temperatures of inland waters in
South Africa generally range from¢530°C. Natural variations in water temperature occur in
response to seasonal and diel cycles and organisms use these changes as cues for activities su
as migration, emergence and spawning. Artificiaiyuced changes in water temperature can
thus impac on individual organisms and on entire aquatic communities.

pH, which gives an indication of the level of hydrogen ions in water, as calculated by the
expression: pH =logio[H"], where [H] is the hydrogen ion concentration. The pH of pure
distilled waer (that is, water containing no other soluble chemicals) at a temperature of 24°C
is 7.0, implying that the number of*thind OHions are equal and the water is therefore
electrochemically neutral. As the concentration of hydrogen ions increases, pHadesrand

the solution becomes more acidic. Asldecreases, pH increases and the solution becomes
more alkaline. For natural surface water systems, pH values typically range between 4 and 11,
and depends on the availability of carbonate and bicarbonatieich influences the buffer
capacity of the water, and which are determined by geological and atmospheric circumstances.

9f SOUNROLF t [/ 2is/tRedmi@ashréhierit ®f thé éadd with which water conducts
electricity (in miliSiemens/mete mS/m) am can also be used to estimate the total dissolved
alftda 60a¢5{é¢0Y 9/ AY Y{KYE T F ¢5{ Ay Y3IkK
estimates of changes in the TDS concentration, which indicates the quantity of all compounds
dissolved in the water that carry an electrical charge. Natural waters contain varying
concentrations of TDS as a consequence of the dissolution of minerals in rocks, soils anc
decomposing plant material. TDS thus depends on the characteristics of the geological
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formationswhich the water has been in contact with, and on physical processes such as rainfall
and evaporation. Plants and animals possess a wide range of physiological mechanisms an
adaptations to maintain the necessary balance of water and dissolved ions iarlissues.
Changes in EC can affect microbial and ecological processes such as rates of metabolism ar
nutrient cycling. The effect on aquatic organisms depend more on the rate of change than
absolute changes in concentrations of salts.

1 DissolvedOxygedo a 5hé€ 0 Aa GKS YSIadaNBYSyld 2F GKS LISNOSy
which is generated by aquatic plants during photosynthesis, or which dissolved into the water from the
atmosphere. Gaseous oxygen is moderately soluble in water, andateation solubility varies nen
linearly with temperature, salinity, atmospheric pressure (and thus altitude), and othesssieific
chemical and physical factors. In unpolluted surface waters, dissolved oxygen concentrations are usually
close to 100%saturation. Concentrations of less than 100% saturation indicate that DO has been depleted
from the theoretical equilibrium concentration. Results in excess of 100% saturation {satpeation of
oxygen) usually indicate eutrophication in a water bodyidal oxygen saturation concentrations at sea
f SOStx YR G ¢5{ @FIftdzSa 0St26 oZnnn YIkKZI I NB
(@20 °C). High water temperatures combined with low dissolved oxygen levels can compound stress
effects onaquatic organisms. There is a natural diel (24 hour cycle) variation in DO, associated with the
24-hour cycle of photosynthesis and respiration by aquatic biota. Concentrations decline through the
night to a minimum near dawn, then rise to a maximum by-aftérnoon. Seasonal variations arise from
changes in temperature and biological productivity. The maintenance of adequate DO saturation levels in
water is critical for the survival and functioning of aquatic biota, because it is required for the respirati
of all aerobic organisms. Therefore, the DO saturation levels provides a useful measure of the health of
an aquatic ecosystem (DWAF 1996). Measuring DO is measuring a dissolved gas, and is thus be
measured in situ, to prevent dexygenation or oxygeti@n during transportation.

It should be noted that thén situmeasurement of these water quality parameters does not represent
the general water quality at theampling point®r the streams. It is not a laboratory analysis of water
quality, and does nomeasure macro anions and cations, metals or organic contaminants, nutrients or
pesticides. Thén situmeasurements of these parameters provide a snapshot of the water quality at
the surveysite at the time the biological samples were takemnd thus camrovide valuable insight

into the characteristics at aurveysite that could have an influence on the aquatic biota at tedé,

and at the time of conducting the sampling f@omonitoring

In situmeasurements of pHemperature(in®Q, Y R 9/ )wkrg takerpym@ans of calibrated
hand-held instrument(Hanna- HI 991300in the main flow of the river or stream sampled, both prior

to conducting the sampling fobiomonitoring as well as after the completion of conducting the
samping forbiomonitoring

¢tKS 9/ YSIFadzaNBYSyida Ay >{kOY 6SNB O2yISNISR :
of 10.
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WSOSAQGAY3I 6 GSNI ljdzr f AGe 202SOGAPSE o0aw2vhaéo
users, are contained in &sof documents first published by DWAF in 1993, and revised in 1996 (DWAF,
MppcO® ¢KS&S R20dzySyida IINB O2ftt SOGA@QGSte 1y26
6a{!2vDasdo FyR O2yilFlAYy 3FdZARStAYySa F2NJ aLISOATA
i SAWQG Vame 1. Domestic Water Use

SAWQG Volume 2: Recreational Water Use

SAWQG Volume 3: Industrial Water Use

SAWQG Volume 4: Agricultural Water Use: Irrigation

SAWQG Volume 5: Agricultural Water Use: Livestock Watering

SAWQG Volume 6: Agricultural Water Use: Agltare

SAWQG Volume 7: Agquatic Ecosystems

=4 =4 =4 A4 A4 A

These guidelines provide useful information on the effects of various chemical substances on water
resource quality, and establish objectives for the management of the water resource based on the
requirements ofthe different users of the water resource. The water quality requirements for
protecting and maintaining the health of aquatic ecosystems differ from those of other water uses. It
is difficult to determine the effects of changes in water quality on aquatimsystems, as the cause
effect relationships are not well understood. Therefore, water quality guidelines have to be derived
indirectly through extrapolation of the known effects of water quality on a very limited number of
aguatic organisms. Certain gig ranges are required to protect and maintain aquatic ecosystem
health. For each constituent, guideline ranges are specified, including the No Effect Range (Targe
2 0SNJ vdzr t AGe wlky3aS 2N a¢2vwéos aAyAyYdzy ! f¢€2
parameters, Intolerable levels.
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The SAWQGs for aguatic ecosystems that are applicable o gikimeasurements of water quality,
as well asadditionalgeneral water quality parameter measunents are summarised below (DWAF
1996):

Should not vary from the background average daily water temperature
Temperature °C considered to be normal for that specific site and time of day, by > @ 4y, >
10 %,whichever estimate is the more conservative

EC mS/m Should not be changed by > 15 % from the noroyales of the water body

Variation from background pH limited to <0.5 of a pH unit, or < 5%, whichey
the more conservative estimate
> 60 (sub lethal)

pH pH units

0 .
DO )% saturation 80¢ 120 > 40 (lethal)

Suspended ma/R Any increase in TSS concentrations must R be limited to < 10 % of the

Solids 9 background TSS concentrations (< 100 mg/R for all aquatic ecosystems

. Inorganic nitrogen concentrations should not be changed by more than 15
Inorganic . L .

. mg/R from that of thewater body under local unimpacted conditions at any time ¢

Nitrogen
the year
Inorganic Fa/R Inorganic phosphorus concentrations should not be changed by > 15 % fron
Phosphorus 9 of the water body under local, unimpacted conditions at any time of the ye|

Daa collected during then situ measurements were compared against these SAWQGSs for aquatic
ecosysters.

The SAWQGs fodomestic water usethat are applicable togeneral water quality parameter
measurenentsare summarised below (DWAF 1996):

200- 1200 (Salty taste; likelihood of
rapid corrosion in domestic
Chloride mg/R 0-100 appliances)
> 1200 (disturbance of the electrolyte
balance can occur)
200¢ 400 (Tendency to develop
diarrhoea in sensitive and some non
adapted individuals)
400¢ 600 (Diarrhoea in most nen

Sulphate mg/R as SO 0-200 adapted individuals)
600- 1 000(Diarrhoea in most
individualg
> 1000 (Diarrhoea in all individuals)
10¢ 20 (Methaemogloliaemia may
. occur in infants)
Nitrate mg/R 0-6 > 20 (Methaemoglobinaemia occurs i
infants)
32¢ 80 (No health effects)
Calcium mg/R 0-32 > 80 (No health e_ffects. Severe scalil
problems Lathering of soap severely
impaired)
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A4. Species Response: Aquatic Invertebrates & the SASS5 Method

SASSSHs a rapid bieassessment method used to identify changes in species composition of aquatic
invertebrates to indicate relater water quality (Dickens and Graham 2002). SASS5 requires the
identification of invertebrates to a family level in the field.

SASSS is based on the principle that some invertebrate taxa are more sensitive than others to
pollutants. In particulanmacroin\ertebrate assemblages are good indicators of localized conditions in
rivers. Many macroinvertebrates have limited migration patterns or are notfineeing, which makes

them wellsuited for assessing site specific impacts with upstream/downstream stuBiesthic
macroinvertebrates are abundant in most streams. Even small streafran(ll 2 order) which may

have a limited fish population will support a diverse macroinvertebrate fauna. These groups of species
constitute a broad range of trophic levels apdllution tolerances. Thus, SASS5 is a useful method for
interpreting the cumulative effects of impacts on aquatic environments.

Using a 'kick net', the SASS5 sampling method entails prescribegdinoels and spatial areas for the
kicking of incurrent and outcurrent stones and bedrock; sweeping ofcaarrent and outcurrent
YIENBAYLFE FYyR Fljdza 6AO0 @S3SildAz2ys |a ¢Sttt I a
observations and hangicking. The results of each biotope are kept separate, altibservations are
noted. The entire sample is then returned to the river, retained alive, or preserved for further
identification.

In SASS5 analysis, species abundance are recorded on an SASS5 data sheet which weighs the differ
taxons common to Sdah African rivers from 1 (pollutant tolerant) to 15 (pollution sensitive). The SASS5
score will be high at a particular site if the taxa are pollution sensitive and low if they are mostly
pollution tolerant.

The SASSS5 Score, the number of taxa obsekvgdR G KS | @SN IS A02NB LISNJ |
for all of the biotopes combined. Dallas (2007) used available SASS5 Score and ASPT values for e:
ecoregion in South Africa to generate biological bands on standardised graphs that are used as &
guideline for interpreting any data obtained during the study. The meaning of 84355 Ecological
Categoryis as followg(Dallas 2007).

A Natural Unmodified natural

B Good Largely natural with few modifications
C Far Moderately modified

D Poor Largely modified

E Seriously modified Seriously modified

F Critically modified Critically or extremely modified
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A.5. Species Response: Vegetatiand the VEGRAI Method

Vegetation is a readily observable expressionh& €cology and relationships as well as a series of
interactions between the biotic organisms and their abiotic environment and hence is a physical
representation of an ecosystenVEGRAk a spreadsheet model developed by the DWA (Kleynéians

al. 2007)for the qualitative assessment of the response of riparian vegetation to impacts in such a way
that qualitative ratings translate into quantitatively defensible results. In other words, it is a model

which determines the response of vegetation to impactsaiway which can be defended by sound
scientific methods.

EVALUATE |

t Cover
tAbundance W ‘3.‘;
fopecies | | WEIGHT °
composition '
¢ Recruitment
4 Population
Structure

MARGINAL ZONE
Change from Importance of
natural component

¥+ Non-woodyonly

NON-MARGINAL ZONE 0 +Woodyand ror

VEGRAI Level 3 Analysis Diagram:
The metrics in the VEGRAI model can be used to compaifeatedsite with a referencecondition site
to give a measure of vegetative resgerto impacts.

The VEGRAI spreadsheet model is composed of a series of metric groupgo@hnvs. woody) and
metrics (abundance, cover requirement, species composition and population struetek)of which

is rated in the field. The vegetativé&cologcal Categorys determined by examining the marginal, lower
and upper zones of riparian vegetation and evaluating the metrics for the following metric groups in
each zone:

1 Nonwoody vegetation in terms of cover, abundance and species composition; and

1 Woody vegetation in terms of cover, abundance, species composition and population structure.

In a VEGRAI level 3 analysis, the riparian zone is divided into only marginal améngimal zones.
The marginal zone includes vegetation of the area from the weiesl at low or basal flow, if present
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to those features that are hydrologically activated for the greater part of the year. Thenaoginal

zone is subdivided into the lower and upper zones.

The lower zone consist of geomorphic features that are hydyioblly activated on a seasonal basis
either yearly during high flow periods or every two to three years. The lower zone extends from the
marginal zone and ends where a marked increase in lateral elevation occurs. The upper zone extend
from the lower zom to the end of the riparian corridor.

The upper zone consists of geomorphic features that are hydrologically activated on an ephemeral
basis, less than every 3 years. The vegetative composition of the upper zone comprises of botlr
terrestrial and ripariarspecies (Kleynharet al.2007).

TheVEGRAI sampling methodologytails the following:

1 Gather an overview of the section of the river at the selected monitoring station by walking up
and downstream, observing general characteristics, flow, geomorphipmotogy, substrata,
elevation, vegetation structure and species as well as any impacts on these features;

1 Take photographs of features, both up and downstream, as well as of themaoginal
vegetation;

1 Compile a list of key/indicator/dominant species thae observed, indicating in which zone
the species occur and whether it is an exotic species;

1 Assess the vegetation observed, and divide the vegetation into woody andvoody
components;

1 Estimate the relative proportion, as well as abundance, of vayetaover;

1 If exotic species are present, estimate the proportion of exotic species cover present on site.

If two sides of a river bank are markedly different in respect of these aspects, each river bank should
be treated as a separate site.

Data is iterpreted with the VEGRAI spreadsheet model, and the results are used to establish the
VEGRAI Ecological CategotdEGRAI ecological categorydstermined based on the following
(Kleynhanet al.,2007)

A Unmodified, natural 90-100
Largely natural with few modifications. A small change in natural habitats and bi
B ) . 80-89
may have taken place but the ecosystem functions are essentially unchangec
Moderately modified. Loss and change of nafthabitat and biota have occurred, bu
C : : : . 60-79
the basic ecosystem functions are still predominantly unchanged.
D Largely modified. A large loss of natural habitat, biota and basic ecosystem funci 4059
has occurred
E Seriously modified. The lossmdtural habitat, biota and basic ecosystem functions 20-39
extensive
E Critically modified. Modifications have reached a critical level and the lotic systemr 0-19
been modified completely with an almost complete loss of natural habitat and biot
Iggdrasil
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the worst instances the basic ecosystem functions have been destroyed and tt
changes are irreversible.
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A.6: Species Response: Fish and the FRAI Method

Fish are good indicators of losgrm (several years) effects and broad habitat conditions, @rahges

AY GKS FT@FATFIo0fS KIoAGlrdG O2yRAGAZ2Y A OYlF NN mpy |
longlived and mostly highly mobile. Assemblages include a range of species that represent a variety o
trophic levels (omnivores, herbives, insectivores, planktivores, piscivores). Fish bioaccumulate the
effects of anthropogenic activities on lower trophic levels; thus, fish assemblage structure is reflective
of integrated environmental health.

FRAIis a rulebased model recently devgded by DWA (Kleynhans 2007) and is an assessment index
based on the environmental intolerances and preferences of the reference fish assemblage and the
response of the constituent species of the assemblage to particular groups of environmental
determinantsor drivers. Intolerance and preference attributes are categorized into metric groups with
constituent metrics that relates to the environmental requirements and preferences of individual
species. Changes in environmental conditions are related to fisksséind form the basis of ecological
response interpretation and to determine tii¥esent Ecological Categadrydt 9/ ¢ 0 2F GKS ¥

DRIVERS METRIC GROUP

Geomorphology Velocity/Depth FISH:

Flow
‘ PRESENT

Species Migration
Hydrology

I Cover ECOLOG'CAL
Health and Condition CATEGORY

Physico-Chemical

MODIFYING DETERMINANT: Introduced Species 2>

Fish Present Ecological Category Diagram
FishPresent Ecological Categoiy determined by minteraction of the ecological drivers and metric
groups with the major determining factor being species not native to the system.
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The purpose of FRAI is to provide a habltased and causeffect evaluation to interpret the deviation

of the assemblagéo the reference condition. Assessment of the response of the species metrics to
changing environmental conditions occur either through direct measurement (surveys) or are inferred
from changing environmental conditions (habitat). Evaluation of the derieessgpponse of species
metrics to habitat changes are based on knowledge of species ecological requirements. Usually the
FRAI is based on a combination of fish sample data and fish habitat data

Fish are sampled using a 10 amesh scoomet connected to a SAUS 725MP electfisher.
Electrdishingshocking is highly effective and entails the use of an electronic device to rapidly catch
fish in wadeable sections of a river or stream.

The sampling of fish by using an eleéigberis based on the fact that thigow of direct electric current

(DC) in water causes an anode reaction (galvanotaxis) in fish. The anode reaction in fish (pulling fis
towards anode) is explained by the fact that fish orientate and move in the direction of ions. Under the

influence of he electrical current fish are stunned and drawn towards the anode. The effectiveness of

electro fishing is dependent on the electric current (Amperes) and not necessarily the voltage. The
current should be strong enough to create an effectively large nbdfishing. However, it should allow

fish to swim freely towards landing gear. If the voltage is higher than critical around the anode, fish will
tend to fall in a state of nervous shock and may sail out or drop to the bottom.

Apart from the critical eletric parameters to be considered, the conductivity of waters (salinity),
temperatures, surface of electrodes, species and the size of fish are also important parameters. These
parameters can only be determined on site with a considerable degree of erperiéll fish species

are identified and anomalies and general age structure will be recorded. Sampling should be kept to
about 60 minutes.

Collected data is interpreted in the FRAI spreadsheet model, and the results are used to establish the
FRAI Ecolagal Category.

Fish habitat is evaluated against the following parameters:
velocity depth classes,

cover,

flow modifications,

physicechemical conditions,

constraints on migration upstream.

=4 =4 =4 4

The FRAI spreadsheet model also measures the effectroflirced fish species to the system
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A.6.1: Expected Fish Species List

An expected fish species list for the SQR was obtained from the following sources: Skelton (2001) an
DWS (2014).

Based on the sources mentioned abp26 fish species are expectedoccur in quaternary catchments
X24B0928 and X240978. However, it should be noted that these expected species lists are compiled
on a quaternary catchment basis and that it would be very unlikely to collect all these species at every
site with habitd availability being the primary determinant. Therefore, the list was assessed and
redacted to a list of 14 species that could be expected in the project area based on their specific habitat
preferences and the types of habitats observed in the projecaaaing the March 2018 survey. The

list of expected fish species is providedTiable20. Table20 should be viewed as a list of potential
species rather than an expected species list.

No introduced orlien invasive fish species are expected to occur in the project area.

Table20: Fish speciethat may potentially occuiin the project area, their IUCN status and their
preferred habitat(DWS, 2014; IUCN, 28 Skelton, 2001)

Speies Common Name IUCN Habitat preferences (IUCN, 2018; Skelt
P (2018) 2001)
Demersal, catadromous eel. Spending th
Anguilla mossambica Longfin eel LC majority of its life in both quiet and fast flg
freshwater, brackish and coastal habitat,
Clariagjariepinus Sharptooth catfish LC Wide range of habitats
Coptodon rendalli Redbreast tilapia LC Prefers quiet, wedigetated water along rive
P P littorals or backwaters, floodplains and sw
Enteromius annectens Broadstriped barb LC Pre_fers slowdeiing, often vegetated sect
of rivers and streams.
Enteromius eutaenia Orangefin barb DD Small streams and tributaries
_ _ o Hardy species, preferring quietjegeliated
Enteromius paludinosus Straightfin barb LC waters in lakes, and marshes onalagias
of larger rivers and dllmwing streams
Enteromius toppini Eastcoast barb LC Common in quiet streams
Enteromius trimaculatus Threespot barb LC Commonly oceurs in a \.N'de varlgty of hal
especially where there is vegetation.
Enteromiusviparus Bowstripe barb LC Qmet,_ usually vegetated sectlpns of rivers
lakes in the lexeld, coastal plains
Labeo cylindricus Redeyed labeo LC Favours clear, running waters in rocky ha
of small and large rivers
Mesobola brevianalis River sarde LC Irtivp:arre;ers welerated, open water of flowing
Micralestes acutidens Silver robber LC Common in water with fringing vegetation
Oreochromis mossambicug Mozambique tilapia NT Occurs in all but fietving waters; thrives i
standing waters
Pseudocrenilabrus philandg Southern mouthbrood Unlisted | Marginal vegetation in streams and rivers
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A.6.2: Presence of Species of Conservation Importance

The conservation statuses of the indigenous fish spese® assessed in terms of the IUCN Red List
of Threatened Species (IUCN, 8DBased on this assessmdntish species of conservation concern
was expected to occur in the project area haméigeochromis mossambici§lozambique tilapia)
Oreochromis mossabicusis listed as Near Threatened (NT) in the IUCN Red List (2018) due to the
threat of hybridization with the closely related introduced fish specdsochromis niloticugNile
tilapia). Oreochromis niloticubas been introduced into southern Africa the aquaculture industry

and escapees from these facilities ndiweaten the genetic purity ofO. mossambicusHybrids
between these 2 species have been recorded in the northern portidn @f Y 2 & & HisMributidhdza Q
including the Zambezi and portionstoe Limpopo catchment.

A.6.3: Fish Response Assessment Index (FRAI)

The FRAI is an assessment index based on the environmental intoleranceseterénces of the
reference fish assemblage and the response of the constitsipaties of the assemblage taricular
groups of environmental determinants drivers(Kleynhans, 2007)-{gurel6).

DRIVERS METRIC GROUPS
| veLociTy -pepTH METRICS |,
GEOMORPHOLOGY -
| FLOW MODIFICATION n
* METRICS » =
I , :
HYDROLOGY A
! s/ MIGRATION METRICS 1 Ei?légg:.fYAL
4..| COVER METRICS |_> i
PHYSICO-CHEMICAL — .| HEALTH AND CONDITION
g | METRICS

'
i MODIFYING DETERMINANT

) i ]
| INTRODUCED SPECIES |» _______________________________________ :

Figurel6: The relationship between drivers and fish metric groups (Kleynhans, 2007)

The steps and procedurdesr calculation of the Present Ecological State (PES) based on the FRAI are
presented inTable21 below.

Table21: Steps and procedures for calculation of Present Ecological State (PES) based on FRAI

Use historical data & expert knowledge

Model: use ecoregional and other environmental information
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Determine reference fish
assemblage: species and Use expert fish reference frequency of occurrence database if aiailab

frequency of occurrence
Hydrology

Determine present state " hysicechemical
for drivers Geomorphology

Index of habitat integrity
Select representative
sampling sites
Determine fish habitat = Asses fish habitat potential

Field survey in combination with other survey activities

condition at site Assess fish habitat condition

Representative fish | Sample all velocity depth classes per site if feasible
sampling at site or in river . .
section Sample at least three stream sections per site

Collate and analyse fish

. ) Transform fish sampling data to frequency of occurrence ratings
sampling daa per site

Rate the FRAI metrics in each metric group

Enter species reference frequency of occurrence data

Enter species observed frequency of occurrence data
Execute FRAI model . : .

Determine weights for the metric groups

Obtain FRAI value and category

Present both modelled FRAI & adjusted FRAI.

The purpose of the FRAd to provide ehabitatbased causand-effect underpinning to interpret the
deviation of the fistassemblage from #hreference conditio (Kleynhans, 2007)he interpretation of

the FRAresultsis based on the habitat integrity classes defined by Kleynhans (1996) and can be seen
in Table22. Each class gives a description of generally exdezaditions for a specifiERAI class.

Table22: Descriptions of conditions associated with specific FRAI classes

A Unmodified, or approximate natural conditions closely
Largely natural with few modificatis. A change in community characteristics may have taken place

B species richness and presence of intolerant species indicate little modification.

Moderately modified. A lower than expected species richness and presence of most intolerant specees.
C impairment of health may be evident at the lower limit of this class.

Largely modified. A clearly lower than expected species richness and presence of most intolerant sg
D Some impairment of health may be evident at the lower limit of this class.
E Seriously modified. A strikingly lower than expected species richness and general absence of intolera

moderately intolerant species. Impairment of health may become evident.

Critically modified. Extremely lowered species richness and an abssng#olerant and moderately
= intolerant species. Only tolerant species may be present with a complete loss of species at the lower li
the class. Impairment of health generally very evident.
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Annexure B: ResultsgWater Quality
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The chemial characteristics were determined by tle situ measurement otemperature,pH, Electrical Conduatity and Dissolved Oxygeat each

sampling pointand the results are summarisédlow.

Comparisorof in situwater quality resultsfor the 2018 wet seasn aquaticassessment

SAMPLING
POINT
IHAS Score NA NA NA 52% 77% 76% 69%
IHASF:IE.ISS NA NA NA Unsuitable | Highly suitable| Highly suitable Suitable Suitable Suitable
description
Visual
appearance 0 Clear Clear Clear Brown Clear Clear Opaque Clear Clear
water prior to
sampling
Date 2018/03/01 2018/03/01 | 2018/03/02 | 2018/03/02 | 2018/03/02 2018/03/03 2018/03/03 2018/03/03 2018/03/03
Time (hh:mm) 1742 16:57 16:36 12:39 10:16 11:02 14:40 9:01 12:31
Tem?,‘g;‘t”re 26.9 29.1 30.2 285 27.0 24.9 23.6 215 25.6
pH 5.79 6.59 5.88 7.05 7.69 8.01 7.48 7.94 7.72
EC hS/m) 16.8 27.7 23.2 9.9 61.8 584 51.2 60.1 44
DO (%) 15.2 46.1 50.2 72 96.3 97 84 111.3 98.1
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Additionalwater quality parameteresultswere obtained by Waterlab. Faecal coliforms &dolresults were obtained from Bokamoso Environmental

ConsultantsThe results are summarisdaklow:

Generalwater quality resultsfor the 2018 wet season aquat assessment

SANESINE SO (DOWNNIgI'REAM) (UPg1I'<IgEAM)
pH¢ value at 25C 8 8.4
Electrical Conductivity in mS/mat 25°C 69.1 69.3
Suspended Solids at 105°C 72 5.6
¢c2aGFKt 1E1FrEAYAGRE & [/ 220 220
Chloride as CI 71 71
{dzf LIKIGS & {hj 57 59
Nitrate as N 1.0 14
Ortho Phosphate as P <0.1 <0.1
Calcium as Ca 46 46
Faecal Coliforms 2419.6 2419.6
E. coli 613.1 1732.9
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Annexure C IHAS Score Sheets
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River NamelUnnamed Tributary of the Nsikazi River
Date:2018/03/02
SCORE 0
SAMPLING HABITAT
Stones in current (SIC)

Total length of white water rapids (ie: bubbling watéin metres) none
Total length of submerged stones in current (run) (in metres) none
bdzYoSNJ 2F aSLINIGS {L/ IINBIQa 1AO01SR| O
| SNI IS aid2yS aAl SQWr y FOITQROARNNASED 0k none
Amount of stone surface clear (of algae, sediment etc.) (in percent %)* n/a

twheh/ h[Y GAYS &aLSydG I OGdz f ¢t @
(* NOTE: up to 25% of stone is usually embedded in the stream bottom)

1A01Ay O

Vegetation

Length of fringing vegetation sampled (river banks) (PROTOG@letres) none
Amount of aquatic vegetatiwalgae sampled (underwater) (in square metres) none
CNAYy3IAYy3I @S3SGlraAz2y al YLX SR AyY 6Waid! none
Type of veg. (percent leafy veg. as opposed to stems/shoots) (ag. veg. only=49%] none

Other Habitat/General

Stones Out Of Current (SOOC) sampled: (PROT-QC$juare metres) none
Sand sampled: (PROTOQALY YAy dzi S&a0 6 Wdzy RSNX ' LJ none
Mud sampled: (PROTOCOLY YAy dziSa0 o6 Wdzy RSN ' LJ none
Gravel sampled: (PROTOQOh minutes) (ifalljd @St = { L/ &d2y S| none
.SRNR O] &l YLX SRY éW) anNnppe T{ iKSyal ¢/ | none
FE3Ff LINBUSYOIStYIofWwmo SRT WNR O]l aQr2y NE >2m?

Tray identification: (PROTOCOH#za A y 3 GAYSY WO2NND I' 02

(** NOTE: you must still fill in the SIC section)

STREAM CONDITION

Physical

WAGBSNI YIS dzldy oWLR2f QrLiz2ft kaidAff eR)  pool
Average width of stream: (metres)

Average depth of stream: (metres) >1
PLILINREAYLGS @gSt20aie 2F &aGNBIYY owat | st
2 GSNJ 02t 2dz2NY OWRAAOPQIRA&aO2t 2dz2NBR ¢ | sily
wSOSy i RA&lUdANDIFyOSa RdzS (2Y o6wO2yaid NI flidr
Bank / riparian vegetatioh 8 Y 6 WANJ 3434 Qr' Ay Of dzRSa NXB S| none

{ dZNNRB dzy RAy3 AYLI Oday

Left bank cover (rocks and vegetation): (in percent %) 0-50

OWSNRAY QI SNB &A 2 erosn.

Site nameNK5

I
version 2.2oeter mac 1/2001
1 2 3 4
01 >1-2 >2-3 >35
0-2 >25 >510 >10
1 2-3 45 6+
<2>20 | 210 1120 | 2-20
0-25 26-50 51-75 >75
<1 >1-2 2 >2-3
SIC SCORE (Max. 2
0-% >141 >1-2 2
0-% >151 >1
run still
1-25 2650 @ 51-75
VEGETATION SCON&X. 15)

0% >141 1 >1
under 0-% >la1 1
under 0% % >l

0% Y2 >Yo**
some allx*
rocks 1-2m2 <1m? isol.
under corr

OTHER HABITAT SCOQR&x.20
HABITAT TOTAM&x. 55
run rapid 2 mix
>10 >510 <1 1-2
1 >151 Y <Valy
slow fast med.
opaque disc.
fire constr. | other
grass | shrubs | mix
farm trees other
51-75 7595 >95
51-75 7595 >95

Right bank cover (rocks and vegetation): (in percent %) 0-50

(*** NOTE: if more than one option, chootiee lowest)

STREAM CONDITIONSTAQ Max. 45)
TOTAL IHAS SCO 5
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>5

>3

>2

mix
>75
11

>1

none
over

12

30

3 mix
>2-5
<Yy
mix
clear
none

open

22
2%
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River NamelUnnamed Tributary of the Nsikazi River
Date:2018/03/02
SCORE

SAMPLING HABITAT
Stones in current (SIC)
Total length of white water rapids (ie: bubbling watér) metres)
Total length of submerged stones in current (run) (in metres)
bdzYo SNJ 2F aSLINIGS {L/ INBIFIQa {1{AO01SR
| SNI IS ai(2yS aAT SQa HPMHOANOIR INDYSE L d &
Amount of stone surface clear (of algae, sediment etc.) (in percent %)*
twhe¢h/ h[Y GAYS &aLSyi FOldzrftte 1AO1AY
(* NOTE: up to 25% of stone is usually embedded in the stream bottom)

Vegetation

Length of fringing vegetation sampled (river banks) (PROTOG@ietres)

Amount of aquatic vegetatitalgae sampled (underwater) (in square metres)
CNAYy3IAY3I @S3SilGAz2y al YLX SR AyY o6wail.
Type of veg. (percent leafy veg. as opposed to stems/shoots) (ag. veg. only=49%

Other Habitat/General
Stones Out Of Current (SOOC) sampled: (PROT-QC$juare metres)

Sand sampled: (PROTOGALY YAy dziS&0 o6 Wdzy RSN I LJ
Mud sampled: (PROTOCOLY YAy dzi Sa0 o6 Wdzy RSN ' L
Gravel sampled: (PROTOQOh minutes) (ifalljd oSt = { L/ &id2yS$S

.SRNR O]l &l YLX SRY éwW aNDDP2 T{GKSyaly/
FE3Ff LINBESYOIStYIlofWwmMo SRT WNR Ol aQrzy N
Tray identification: (PROTOCOHza A y 3 GAYSY WO2NNDR ' 02
(** NOTE: you must still fill in the SIC section)

STREAM CONDITION
Physical
wA @GSN YIS dzLiy
Average width of stream: (metres)
Average depth of stream: (metres)
P'LIWNBEAYIFGS @St20AaiG@ 2F &aGNBlIYY owat
2} GSNJ O2t 2dz2NY 6WRAAOPQIRAAO2f 2dzZNBR &
wSOSy (i RAaldNDI yOSa RdzS (2Y o6wO2yaiN
Bank / riparian vegetatioh 8 Y 6 W3INI} 44 Qlr Ay Of dzRSa NBS|
{ dZNNB dzy RAy3 AYLI Olay OWSNRayQr SNR&AAZ
Left bank cover (rocks and vegetation): (in percent %)
Right bank cover (rocks and vegetation): (in percent %)
(*** NOTE: if more than one option, chootiee lowest)

OWLR2f QI LR 2f kalGAf f eR)

Site nameNKb6
version 2.2oeter mac 1/2001
0 1 2 3
none 01 >1-2 >2-3
none 0-2 >2-5 >510
0 1 2-3 4-5
none | <2>20 2-10 11-20
n/a 0-25 26-50 51-75
0 <1 >1-2 2
SIC SCORE (Max.
none 0-% >i51 >1-2
none 0-% >ls1 >1
none run still
none 1-25 26-50

VEGETATION SCONI&x. 15)

none
none
none
none
none
>2m?2

0-Y2
under
under

0-Y2
some
rocks
under

>p1

0-%%

0-%%
Y

1-2m?2

1
>l
Vs

>]/2**

<lm?2

corr

OTHER HABITAT SCQR&.20)

pool

>1
still
silty
fl/dr
none

erosn.

0-50
0-50

HABITAT TOTAMé&x. 59

>10
1
slow

opagque

fire

farm
51-75
51-75

run

>510

>l
fast

constr.

grass
trees
7595
7595

rapid
<1
)
med.
disc.
other
shrubs
other
>95
>95

STREAM CONDITIONSTAQ Max. 45)

Iggdrasil
scientific
services

TOTAL IHAS SCO

(IS]

5175

>1

>Y%

all**

isol.

2 mix
1-2
<Y,

mix

7

82

>5

>3

17

>2

>75
13

>1

none
over

17

47

3 mix
>2-5
<Yy
mix
clear
none

open

30
7%
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2018 Baseline Aquatic Assessment: Nkosi City

River NamelUnnamed Tributary of the Nsikazi River
Date:2018/03/03
SCORE

SAMPLING HABITAT
Stones in current (SIC)
Total length of white water rapids (ie: bubbling watér) metres)
Total length of submerged stones in current (run) (in metres)
bdzYo SNJ 2F aSLINIGS {L/ INBIFIQa {1{AO01SR
 SNI IS aid2yS aAal SQan g HOQ BRI NIOFDAE VOF
Amount of stone surface clear (of algae, sediment etc.) (in percent %)*
twheh/h[Y GAYS &LISyd FOddztte ({AO01AY
(* NOTE: up to 25% of stone is usually embedded in the stream bottom)

Vegetation

Length of fringing vegetation sampled (river banks) (PROTOG@ietres)

Amount of aquatic vegetatidalgae sampled (underwater) (in square metres)
CNAYy3IAY3I @S3SilGAz2y al YLX SR AyY o6wail.
Type of veg. (percent leafy veg. as opposed to stems/shoots) (ag. veg. only=49%

Other Habitat/General

Stones Out Of Current (SOOC) sampled: (PROT-QC$juare metres)

Sand sampled: (PROTOGALY YAy dziS&0 o6 Wdzy RSN I LJ
Mud sampled: (PROTOCOLY YAy dzi Sa0 o6 Wdzy RSN ' L
Gravel sampled: (PROTOQOh minutes) (ifalljd oSt = { L/ &id2yS$S
.SRNR O] &l YLX SRy NUFINIOQFY2T {ALK Sy afl /R
FE3Ff LINBESYOIStYIlofWwmMo SRT WNR Ol aQrzy N
Tray identification: (PROTOCOHza A y 3 GAYSY WO2NNDR ' 02
(** NOTE: you must still fill in the SIC section)

STREAM CONDITION
Physical
wA @GSN YIS dzLiy
Average width of stream: (metres)
Average depth of stream: (metres)
P'LIWNBEAYIFGS @St20AaiG@ 2F &aGNBlIYY owat
2} GSNJ O2t 2dz2NY 6WRAAOPQIRAAO2f 2dzZNBR &
wSOSy (i RAaldNDI yOSa RdzS (2Y o6wO2yaiN
Bank / riparian vegetatioh 8 Y 6 W3INI} 44 Qlr Ay Of dzRSa NBS|
{ dZNNB dzy RAy3 AYLI Olay OWSNRayQr SNR&AAZ
Left bank cover (rocks and vegetation): (in percent %)
Right bank cover (rocks and vegetation): (in percent %)
(*** NOTE: if more than one option, chootiee lowest)

OWLR2f QILIR2f Kk &AGAT f KtR)

| 83

3 4
>2-3 >35
>510 >10

4-5 6+
11-20 2-20
51-75 >75
2 >2-3

SIC SCORE (Max. 2

Site nameNK7
version 2.2oeter mac 1/2001
0 1 2
none 0-1 >1-2
none 0-2 >2-5
0 1 2-3
none | <2>20 | 2-10
n/a 0-25 26-50
0 <1 >1-2
none 0-% >la1
none 0-Y2 >51
none run
none 1-25

VEGETATION SCONI&x. 15)

none
none
none
none
none
>2m?2

0-Y2
under
under

0-Y2
some
rocks
under

>i51

0%

0%
b7

1-2m?2

OTHER HABITAT SCQR&.20)

pool

>1
still
silty
fl/dr
none

erosn.

0-50
0-50

HABITAT TOTAMé&x. 59

>10
1
slow

opagque

fire

farm
51-75
51-75

run

>510

>l
fast

constr.

grass
trees
7595
7595

STREAM CONDITIONSTAQ Max. 45)

Iggdrasil
scientific
e Services

TOTAL IHAS SCO

>5

>3

>1-2 2 >2
>1
still mix
2650 5175  >75
1 >1
>l 1 >1
) >l
>1/2**
all**
<lm?2 isol. none
corr over
rapid 2 mix | 3 mix
<1 1-2 >25
) <YalY4 7
med. mix
disc. clear
other none
shrubs | mix
other open
>95
>95
76 %

Baseline Aquatic Assessment



2018 Baseline Aquatic Assessment: Nkosi City

River NamelUnnamed Tributary of the Nsikazi River
Date:2018/03/02
SCORE

SAMPLING HABITAT
Stones in current (SIC)
Total length of white water rapids (ie: bubbling watan) fhetres)
Total length of submerged stones in current (run) (in metres)
bdzYo SNJ 2F aSLINIGS {L/ INBlIQa {4A0j)
| SNI IS a(2yS aAT SQaAaPHNQVIRNI @BDA A&
Amount of stone surface clear (of algae, sediment etc.) (in percent %)*
twhe¢h/ h[Y GAYS &aLSyG FOldzrftte 1AO01AY
(* NOTE: up to 25% of stone is usually embedded in the stream bottom)

Vegetation

Length of fringing vegetation sampled (river banks) (PROTOG@ietres)

Amount of aquatic vegetatiomlgae sampled (underwater) (in square metres)
CNAYy3IAY3I @S3SilGAz2y al YLX SR AyY o6wail.
Type of veg. (percent leafy veg. as opposed to stems/shoots) (ag. veg. only=49%

Other Habitat/General

Stones Out Of Current (SOOC) sampled: (PROT-QC$juare metres)

Sand sampled: (PROTOGALY YAy dziS&0 o6 Wdzy RSN I LJ
Mud sampled: (PROTOCOLY YAy dziSao o6 Wdzy RSN ' L
Gravel sampled: (PROTOQOh minutes) (ifalljd oSt = { L/ &id2yS$S
.SRNR O] &l YLX SRENDENI OSE Y2 (KSKYZ (&l yR
FE3Ff LINBESYOIStYIlotWwmMo SRT WNR Ol aQrzy N
Tray identification: (PROTOCOHza Ay 3 GAYSY WO2NNDR ' 02
(** NOTE: you must still fill in the SIC section)

STREAM CONDITION
Physical
wA @GSN YIS dzLiy
Average width of stream: (metres)
Average depth of stream: (metres)
PLINBEAYIFGS @St20AaiGe 2F &aGNBlIYY owat
2} GSNJ O2t 2dz2NY 6WRAAOPQIRAAO2f 2dzZNBR &
wSOSy (i RAaldINDI yOSa RdzS (2Y o6wO2yaiN
Bank / riparian vegetation¥s 6 W3 NJ 84 Qr Ay Of dzZRSa NBSRA
{ dZNNB dzy RAy3 AYLI Olday OWSNRayQr SNR&AAZ
Left bank cover (rocks and vegetation): (in percent %)
Right bank cover (rocks and vegetation): (in percent %)
(*** NOTE: if more than one option, chootiee lowest)

OWLR2f QILIR2f k&aGAT f kK R)

STREAM CONDITIONSTAQ Max. 45)
TOTAL IHAS SCO

Iggdrasil
scientific
e Services

SIC SCORE (Max. 2

3

>2-3
>510
45
11-20
51-75
2

>1-2
>1
still

Site nameNK8
version 2.2eter mac 1/2001
0 1 2
none 0-1 >1-2
none 0-2 >25
0 1 2-3
none | <2>20 | 2-10
n/a 0-25 26-50
0 <1 >1-2
none 0-Y2 >ls1
none 0-Y2 >1s1
none run
none 1-25

VEGETATION SCOREBX. 15)

none
none
none
none
none
>2m2

0-%
under
under

0-Y
some
rocks
under

>i51

0%

0%
E7)

1-2m?2

26-50

1
Sil
Y2

<1lmz2

corr

OTHER HABITAT SCQR&x.20)

pool

>1
still
silty
fl/dr
none

erosn.

0-50
0-50

HABITAT TOTAMéx. 55

>10
1
slow

opague

fire

farm
51-75
51-75

run
>510
>ls1

fast

constr.

grass
trees
7595
7595

rapid
<1
)
med.
disc.
other
shrubs
other
>95
>95

| 84
4 5
>35 >5
>10
6+
2-20
>75
>2-3 >3
11
2 >2
mix
51-75 | >75
7
>1
1 >1
>l
all**
isol. none
over
16
34
2mix 3 mix
1-2 >2-5
<Y, <Va
mix
clear
none
mix
open
35
69 %
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2018 Baseline Aquatic Assessment: Nkosi City

River NamelUnnamed Tributary of the Nsikazi River
Date:2018/03/03
SCORE

SAMPLING HABITAT
Stones in current (SIC)
Total length of white water rapids (ie: bubbling water) tietres)
Total length of submerged stones in current (run) (in metres)
bdzYo SNJ 2F aSLINIGS {L/ INBIFIQa {1{AO01SR
l SNI 3S aid2yS aAl SQa NROVIRI BESYQA &S #
Amount of stone surface clear (of algae, sediment etc.) (in percent %)*
twheh/h[Y GAYS &LISyd FOddztte ({AO01AY
(* NOTE: up to 25% of stone is usually embedded in the stream bottom)

Vegetation

Length of fringing vegetation sampled (river banks) (PROTOG@ietres)

Amount of aquatic vegetation/ghe sampled (underwater) (in square metres)
CNAYy3IAY3I @S3SilGAz2y al YLX SR AyY o6wail.
Type of veg. (percent leafy veg. as opposed to stems/shoots) (ag. veg. only=49%

Other Habitat/General
Stones Out Of Current (SOOC) sampled: (PROT-QC$juare metres)

Sand sampled: (PROTOGALY YAy dziS&0 o6 Wdzy RSN I LJ
Mud sampled: (PROTOCOLY YAy dzi Sa0 o6 Wdzy RSN ' L
Gravel sampled: (PROTOQOh minutes) (ifalljd oSt = { L/ &id2yS$S

.SRNR O] &l YLIX SRYNJOMNIM @AY 20 K&y Z{ LA/l y&R(
FE3Ff LINBESYOIStYIlofWwmMo SRT WNR Ol aQrzy N
Tray identification: (PROTOCOHza A y 3 GAYSY WO2NNDR ' 02
(** NOTE: you must still fill in the SIC section)

STREAM CONDITION
Physical
wA @GSN YIS dzLiy
Average width of stream: (metres)
Average depth of stream: (metres)
P'LIWNBEAYIFGS @St20AaiG@ 2F &aGNBlIYY owat
2} GSNJ O2t 2dz2NY 6WRAAOPQIRAAO2f 2dzZNBR &
wSOSy(i RAaldNDI yOSa RdzS (2Y o6woO2yaiN
Bank / riparian vegetation it WA NJ 8 3 QI' A y Of dzZRSa NBSRAT
{ dZNNB dzy RAy3 AYLI Olay OWSNRayQr SNR&AAZ
Left bank cover (rocks and vegetation): (in percent %)
Right bank cover (rocks and vegetation): (in percent %)
(*** NOTE: if more than one option, chootiee lowest)

OWLR2f QILIR2f k&aGAT f kK R)

SIC SCORE (Max. 2

3

>2:3
>510
4>
11-20
51-75
2

>1-2
>1
still

Site nameNKO9
version 2.2oeter mac 1/2001
0 1 2
none 01 >1-2
none 0-2 >25
0 1 2-3
none | <2>20 2-10
n/a 0-25 26-50
0 <1 >1-2
none 0-% >i51
none 0% >i51
none run
none 1-25

26-50

VEGETATION SCONI&x. 15)

none
none
none
none
none
>2m?2

0-Y2
under
under

0-Y2
some
rocks
under

>i51

0%

0-%
b7

1-2m?2

>1/2**

<lm?2

comr

OTHER HABITAT SCQR&.20)

pool

>1
still
silty
fl/dr
none

erosn.

0-50
0-50

HABITAT TOTAMé&x. 59

>10
1
slow

opagque

fire

farm
51-75
51-75

run
>510
>ls1

fast

constr.

grass
trees
7595
7595

rapid
<1
)
med.
disc.
other
shrubs
other
>95
>95

STREAM CONDITIONSTAQ Max. 45)

Iggdrasil
scientific
services

TOTAL IHAS SCO

>35
>10
6+
2-20
>75
>2-3

5175

>1
1
>Y%

all**
isol.

2 mix
1-2
<YsYa

mix

7

85

>5

>3

15

>2

>75
12

>1

none
over

14

41

3 mix
>2-5
<Yy
mix
clear
none

open

32
3%

Baseline Aquatic Assessment



2018 Baseline Aquatic Assessment: Nkosi City

River NamelUnnamed Tributary of the Nsikazi River
Date:2018/03/01
SCORE

SAMPLING HABITAT
Stones in current (SIC)
Total length of white water rapids (ie: bubbling water) tietres)
Total length of submerged stones in current (run) (in metres)
bdzYo SNJ 2F aSLINIGS {L/ INBIFIQa {1{AO01SR
l SN 3S aid2yS aial SQa NROVIRI BESYQA &S #
Amount of stone surface clear (of algae, sediment etc.) (in percent %)*
twhe¢h/ h[Y GAYS &aLSyG FOldzrftte 1AO01AY
(* NOTE: up to 25% of stone is usually embedded in the stream bottom)

Vegetation

Length of fringing vegetation sampled (river banks) (PROTOG@ietres)

Amount of aquatic vegetation/ghe sampled (underwater) (in square metres)
CNAYy3IAY3I @S3SilGAz2y al YLX SR AyY o6wail.
Type of veg. (percent leafy veg. as opposed to stems/shoots) (ag. veg. only=49%

Other Habitat/General

Stones Out Of Current (SOOC) sampled: (PROT-QC$juare metres)

Sand sampled: (PROTOGALY YAy dziS&0 o6 Wdzy RSN I LJ
Mud sampled: (PROTOCOLY YAy dziSao o6 Wdzy RSN ' L
Gravel sampled: (PROTOQOh minutes) (ifalljd oSt = { L/ &id2yS$S
.SRNR O] &l YLIX SRYNJOMNIM @AY 20 K&y Z{ LA/l y&R(
FE3Ff LINBESYOIStYIlotWwmMo SRT WNR Ol aQrzy N
Tray identification: (PROTOCOHza Ay 3 GAYSY WO2NNDR ' 02
(** NOTE: you must still fill in the SIC section)

STREAM CONDITION
Physical
wA @GSN YIS dzLiy
Average width of stream: (metres)
Average depth of stream: (metres)
PLILINBEAYFGS @gSt20Aa08@
2} GSNJ O2t 2dz2NY 6WRAAOPQIRAAO2f 2dzZNBR &
wSOSy (i RAaldINDI yOSa RdzS (2Y o6wO2yaiN
Bank / riparian vegetation it WA NJ 8 4 QI' Ay Of dzZRSa NBSRAT
{ dZNNB dzy RAy 3 AYLI Oday
Left bank cover (rocks and vegetation): (in percent %)
Right bank cover (rocks and vegetation): (in percent %)
(*** NOTE: if more than one option, chootiee lowest)

OWLR2f QILIR2f k&aGAT f kK R)

2F a0NBFYY owat

STREAM CONDITIONSTAQ Max. 45)
TOTAL IHAS SCO

Iggdrasil
scientific
e Services

Site name:NK10
version 2.2oeter mac 1/2001

0

none
n/a
0

none
none
none
none

VEGETATION SCOREBX. 15)

none
none
none
none
none
>2m?

OTHER HABITAT SCQR&x.20)

pool

>1
still
silty
fl/dr
none

OWSNRAY QI SNRB & A 2 | erosn.

0-50
0-50

1

SIC SCORE (Max. 2

0-%
0-%

0-Y%
under
under
0-Y2
some
rocks
under

2

2-10
26-50
>1-2

>i51

>i51
run
1-25

>i51

0-%

0%
E7)

1-2m?2

3

>2-3
>510
45
11-20
51-75
2

>1-2
>1
still
26-50

>l
Yo

>]/2**

<lm?2

comr

HABITAT TOTAMéx. 55

>10
1
slow

opaque

fire

farm
51-75
51-75

run
>510
>ls1

fast

constr.

grass
trees
7595
7595

rapid
<1
)
med.
disc.
other
shrubs
other
>95
>95

| 86
4 5
>35 >5
>10
6+
2-20
>75
>2-3 >3
14
2 >2
mix
51-75 >75
13
>1
1 >1
>l
all**
isol. none
over
10
37
2 mix | 3 mix
1-2 >2-5
<Y2Ya <Ya
mix
clear
none
mix
open
32
69 %
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AnnexureD: SASS Version 5 Score Sheet

Iggdrasil
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N
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s

SASSS5 sampling sheet for Sampling Point: NK5

PORIFERA Sponge 5 HEMIPTERA Bugs DIPTERA Flies
COELENTERATA (Cnidaria) 1 Belostomatidae* Giant water bugs 3 Athericidae Snipe flies 10
TURBELLARIA Flatworms 3 Corixidae* Water boatmen 3 A | Blepharoceridae Mountain midges 15
ANNELIDA Gerridae* Pond skaters/Water striders 5 A | Ceratopogonidae Biting midges 5
Oligochaeta Earthworms Hydrometridae* Water measurers 6 A | Chironomidae Midges A
Hirudinea Leeches 3 Naucoridae* Creeping water bugs 7 Culicidae* Mosquitoes 1 A
CRUSTACEA Nepidae* Water scorpions 3 Dixidae* Dixid midge 10
Amphipda Scuds 13 Notonectidae* Backswimmers 3 A | Empididae Dance flies 6
Potamonautidae* Crabs Pleidaé& Pygmy backswimmers 4 Ephydridae Shore flies 3
Atyidae Freshwater Shrimps 8 Veliidae/M...veliidae* Ripple bugs 5 A | Muscicae House flies, Stable flies 1
Palaemonidae Freshwater Prawns 10 MEGALOPTERA Fishflies, Dobsonflies & Alderflies Psychodidae Moth flies 1
HYDRACARINA Mites 8 Corydalidae Fishflies & Dobsonflies 8 Simuliidae Blackflies 5
PLEOPTERA Stoneflies Sialidae Alderflies Syrphidae* Rat tailed maggots 1
Notonemouridae 14 TRICHOPTERA Caddisflies Tabanidae Horse flies 5
Perlidae 12 Dipseudopsidae 10 Tipulidae Crane flies 5
EPHEMEROPTERA Mayflies Ecnomidae 8 GASTROPODA Shnails
Baetidae 1sp 4 Hydropsychidae 1 sp Ancylidae Limpets 6
Baetidae 2 sp Hydropsychidae 2 sp 6 Bulininae* 3
Baetidae > 2 sp 12 Hydropsychidae > 2 sp 12 Hydrobiida& 3
Caenidae Squaregills/Cainfles 6 Philopotamidae 10 Lymnaeidae* Pond snails 3
Ephemeridae 15 Polycentropodidae 12 Physidae* Pouch snails 3
Heptageniidae Flatheaded mayflies 13 Psychomyiidae/Xiphocentronidae 8 Planorbinae* Orb snails 3
Leptophlebiidae Prongills 9 Cased caddis: Thiaridae* =Melanidae 3
Oligoneuridae Brushlegged mayflies 15 Barbarochthonidae SWC 13 Viviparidae* ST 5
Polymitarcyidae Pale Burrowers 10 Calamoceatidae ST 11 PELECYPODA Bivalves
Prosopistomatidae Water specs 15 Glossosomatidae SWC 11 Corbiculidae Clams 5
Teloganodidae SWC Spiny Crawlers '~ 12 Hydroptilidae 6 Sphaeriidae Pill clams
Tricorythidae Stout Crawlers 9 Hydrosalpingidae SWC 15 Unionidae Perly mussels
ODONATA Dragonflies & Damselflies Lepidostomatidae 10 SASS Score 66
Calopterygidae ST,T Demoiselles 10 Leptoceridae 6 1 No. of Taxa 15
Chlorocyphidae Jewels 10 Petrothrincidae SWC 11 ASPT 4.4
Synlestidae (Chlorolestidae) Sylphs Pisuliidae 10 121 A=40, B = 1000, C = 108000, D = >1000
Coenagrionidae Sprites and blues Sericostomatidae SWC 13
Lestidae Emerald BmselfliesSpreadwings 8 COLEOPTERA Beetles Other biota:
Tadpoles in GSM

Platycnemidae Stream Damselflies 10 Dytiscidae/Noteridae* Diving beetles 5 A
Protoneuridae Threadwings 8 Elmidae/Dryopidae* Riffle beetles 8
Aeshnidie Hawkers & Emperors 8 Gyrinidae* Whirligig beetles 5 Comments/Observations:
Corduliidae Cruisers 8 Haliplidae* Crawling water beetles 5
Gomphidae Clubtails 6 Helodidae Marsh beetles 12
Libellulidae Darters/Skimmers 4 Hydraenidae* Minute moss beetles 8
LEPIDOPTERA Agquatic Caterpillars/Moths Hydrophilidae* Water scavenger beetles A
Crambidae Pyralidae =~ 12 Limnichidae MarshLoving Beetles 10

Psephenidae Water Pennies 10

Iggdrasil

scientific

Baseline Aguatic Assessment




2018 Baseline Aguatic Assessment: Nkosi City

SASSS5 sampling sheet for Sampling Point: NK6

PORIFERA Sponge 5 HEMIPTERA Bugs DIPTERA Flies
COELENTERATA (Cnidaria) 1 Belostomatidae* Giant water bugs 3 Athericidae Snipe flies 10 1
TURBELLARIA Flatworms 3 Corixidae* Water boatmen 3 Blepharoceridae Mountain midges 15
ANNELIDA Gerridae* Pond skaters/Water striders 5 Ceratopogonidae Biting midges 5
Oligochaeta Eathworms Hydrometridae* Water measurers 6 Chironomidae Midges B
Hirudinea Leeches Naucoridae* Creeping water bugs 7 Culicidae* Mosquitoes 1
CRUSTACEA Nepidae* Water scorpions 3 Dixidae* Dixid midge 10
Amplipoda Scuds 13 Notonectidae* Backswimmers 3 Empididae Dance flies 6
Potamonautidae* Crabs Pleidaé& Pygmy backswimmers 4 Ephydridae Shore flies 3
Atyidae Freshwater Shrimps Veliidae/M...veliidae* Ripple bugs 5 Musddae House flies, Stable flies 1
Palaemonidae Freshwater Prawns 10 MEGALOPTERA Fishflies, Dobsonflies & Alderflies Psychodidae Moth flies 1
HYDRACARINA Mites 8 Corydalidae Fishflies & Dobsonflies 8 Simuliidae Blackflies 5 B
PLECOPTERA Stoneflies Sialidae Alderflies 6 Syrphidae* Rat tailed maggots 1
Notonemouridae 14 TRICHOPTERA Caddisflies Tabanidae Horse flies 5
Perlidae 12 Dipseudopsidae 10 Tipulidae Crane flies 5
EPHEMEROPTERA Mayflies Ecnomidae 8 GASTROPODA Snails
Baetidae 1sp 4 Hydropsychidae 1 sp Ancylidae Limpets 6 1
Baetidae 2 sp Hydropsychidae 2 sp Bulininae* 3
Baetidae > 2 sp 12 Hydropsychidae > 2 sp 12 Hydrobiidae* 3
Caenidae Squaregills/Cainfles 6 Philopotamidae 10 Lymnaeidae* Pond snails 3
Ephemeridae 15 Polycentropodidae 12 Physidae* Pouch snails 3
Heptageniidae Flatheaded mayflies 13 Psychomyiidae/Xiphoo#onidae 8 Planorbinae* Orb snails 3 A
Leptophlebiidae Prongills 9 Cased caddis: Thiaridae* =Melanidae 3 C
Oligoneuridae Brushlegged mayflies 15 Barbarochthonidae SWC 13 Viviparidae* ST 5
Polymitarcyidae Pale Baowers 10 Calamoceratidae ST 11 PELECYPODA Bivalves
Prosopistomatidae Water specs 15 Glossosomatidae SWC 11 Corbiculidae Clams 5
Teloganodidae SWC Spiny Crawlers 12 Hydroptilidae 6 Sphaeriidae Pill clams
Tricorythidae Stout Crawlers 9 Hydrosalpingidae SWC 15 Unionidae Perly mussels
ODONATA Dragonflies & Damselflies Lepidostomatidae 10 SASS Score 128
Calopterygidae ST,T Demoiselles 10 Leptoceridae 6 No. of Taxa 23
Chlorocyphidae Jewels 10 Petrothrincidae SWC 1 ASPT 5.565
Synlestidae (Chlorolestidae) Sylphs Pisuliidae 10 121 A=40, B = 1000, C = 108000, D = >1000
Coenagrionidae Sprites and blues Sericostomatidae SWC 13
Lestidae Emerald DamselfliéSpreadwings 8 COLEOPTERA Beetles Other biota:
Platycnemidae Stream Damselflies 10 Dytiscidae/Noteridae* Diving beetles 5
Protoneuridae Threadwings 8 Elmidae/Dryopidae* Riffle beetles 8
Aeshnidae Hawkers & Emperors 8 Gyrinidae* Whirligig beetles 5 Comments/Observations:
Corduliidae Cruisers 8 Haliplidae* Crawling water beetles 5
Gomphidae Clubtails 6 Helodidae Marsh beetles 12
Libellulidae Darters/Skimmers 4 Hydraenidae* Minute moss beetles 8
LEPIDOPTERA Agquatic Caterpillars/Moths Hydrophilidae* Water scavenger beetles
Crambidae Pyralidae =~ 12 Limnichidae MarshLoving Beetles 10
Psephenidae WaterPennies 10
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SASSS5 sampling sheet for Sampling Point: NK7

PORIFERA Sponge HEMIPTERA Bugs DIPTERA Flies
COELENTERATA (Cnidaria) Belostomatidae* Giart water bugs 3 Athericidae Snipe flies 10
TURBELLARIA Flatworms Corixidae* Water boatmen 3 Blepharoceridae Mountain midges 15
ANNELIDA Gerridae* Pond skaters/Water striders 5 Ceratopogonidae Biting midges 1
Oligohaeta Earthworms Hydrometridae* Water measurers 6 Chironomidae Midges A
Hirudinea Leeches Naucoridae* Creeping water bugs 7 Culicidae* Mosquitoes 1
CRUSTACEA Nepidae* Water scorpions 3 Dixidae* Dixid midge 10
Amphipoda Scuds 13 Notonectidae* Backswimmers 3 Empididae Dance flies 6
Potamonautidae* Crabs 3 Pleida& Pygmy backswimmers 4 Ephydridae Shore flies 3
Atyidae Freshwater Shrimps 8 Veliidae/M...veliidae* Ripple bugs 5 Muscidae House flies, Stable flies 1
Palaemonidae Freshwater Prawns 10 MEGALOPTERA Fishflies, Dobsonflies & Alderflie: Psychodidae Moth flies 1
HYDRACARINA Mites 8 Corydalidae Fishflies & Dobsonflies 8 Simuliidae Blackfles 5 1
PLECOPTERA Stoneflies Sialidae Alderflies 6 Syrphidae* Rat tailed maggots 1
Notonemouridae 14 TRICHOPTERA Caddisflies Tabanidae Horse flies 5
Perlidae 12 Dipseudopsidae 10 Tipulidae Crane flies 5
EPHEMEROPTERA Mayflies Ecnomidae 8 GASTROPODA Snails
Baetidae 1sp Hydropsychidae 1 sp Ancylidae Limpets 6
Baetidae 2 sp Hydropsychidae 2 sp Bulininae* 3
Baetidae > 2 sp 12 Hydropsychidae > 2 sp 12 Hydrobiidae* 3
Caenidae Squaregills/Cainfles 6 Philopotamidae 10 Lymnaeidae* Pond snails 3
Ephemeridae 15 Polycentropodidae 12 Physidae* Pouch snails 3 1
Heptageniidae Flatheaded mayflies 13 Psychomyiide/Xiphocentronidae 8 Planorbinae* Orb snails 3 A
Leptophlebiidae Prongills 9 Cased caddis: Thiaridae* =Melanidae 3 B
Oligoneuridae Brushlegged mayflies 15 Barbarochthonidae SWC 13 Viviparidae* ST 5
Polymitarcyidae Pale Burrowers 10 Calamoceratidae ST 11 PELECYPODA Bivalves
Prosopistomatidae Water specs 15 Glossosomatidae SWC 11 Corbiculidae Clams 5
Teloganodidae SWC Spiny Crawlers 12 Hydroptilidae 6 Sphaeriidae Pill clams
Tricorythidae Stout Crawlers 9 Hydrosalpingidae SWC 15 Unionidae Perly mussels
ODONATA Dragonflies & Damselflies Lepidostomatidae 10 SASS Score 126
Calopterygidae ST,T Demoiselles 10 Leptoceridae 6 No. of Taxa 24
Chlorocyphidae Jewels 10 Petrothrincidae SWC 1 ASPT 5.25
Synlestidae (Chlorolestidae) Sylphs Pisuliidae 10 121 A=40, B = 1000, C = 100000, D = >1000
Coenagrionidae Sprites and blues Sericostomatide SWC 13
Lestidae Emerald DamselfliéSpreadwings 8 COLEOPTERA Beetles Other biota:
Platycnemidae Stream Damselflies 10 Dytiscidae/Noteridae* Diving beetles 5
Protoneuridae Threadwings 8 Elmidae/Dryopidae* Riffle keetles 8
Aeshnidae Hawkers & Emperors 8 Gyrinidae* Whirligig beetles 5 Comments/Observations:
Corduliidae Cruisers 8 Haliplidae* Crawling water beetles 5
Gomphidae Clubtails 6 Helodidae Marsh beetles =~ 12
Likellulidae Darters/Skimmers 4 Hydraenidae* Minute moss beetles 8
LEPIDOPTERA Agquatic Caterpillars/Moths Hydrophilidae* Water scavenger beetles
Crambidae Pyralidae 12 Limnichidae MarshLoving Beetles 10
Psephaidae Water Pennies 10
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2018 Baseline Aguatic Assessment: Nkosi City

SASS5 sampling sheet for Sampling Point:

NK8

PORIFERA Sponge HEMIPTERA Bugs DIPTERA Flies
COELENTERATA (Cnidaria) Belostoméidae* Giant water bugs 3 Athericidae Snipe flies 10
TURBELLARIA Flatworms 3 Corixidae* Water boatmen 3 Blepharoceridae Mountain midges 15
ANNELIDA Gerridae* Pond skaters/Water striders 5 Ceratopogonidae Biting midges 5
Oligochaeta Earthworms Hydrometridae* Water measurers 6 Chironomidae Midges A
Hirudinea Leeches 3 Naucoridae* Creeping water bugs 7 Culicidae* Mosquitoes 1
CRUSTACEA Nepidae* Water scorpions 3 Dixidae* Dixid mdge 10
Amphipoda Scuds 13 Notonectidae* Backswimmers 3 Empididae Dance flies 6
Potamonautidae* Crabs A Pleidaé& Pygmy backswimmers 4 Ephydridae Shore flies 3
Atyidae Freshwater Shrimps 8 Veliidae/M...veliidae* Rippk bugs 5 Muscidae House flies, Stable flies 1
Palaemonidae Freshwater Prawns 10 MEGALOPTERA Fishflies, Dobsonflies & Alderflies Psychodidae Moth flies 1
HYDRACARINA Mites 8 Corydalidae Fishflies & Dobsonflies 8 Simuliidae Blackflies 5 A
PLECOPTERA Stoneflies Sialidae Alderflies Syrphidae* Rat tailed maggots 1
Notonemouridae 14 TRICHOPTERA Caddisflies Tabanidae Horse flies 5 1
Perlidae 12 Dipseudopsidae 10 Tipulidae Crane flies 5
EPHEMEROPTERA Mayflies Ecnomidae 8 GASTROPODA Snails
Baetidae 1sp 4 Hydropsychidae 1 sp Ancylidae Limpets 6 1
Baetidae 2 sp B Hydropsychidae 2 sp 6 Bulininae* 3
Baetidae > 2 sp 12 Hydropsycldae > 2 sp 12 Hydrobiidae* 3
Caenidae Squaregills/Cainfles 6 A Philopotamidae 10 Lymnaeidae* Pond snails 3
Ephemeridae 15 Polycentropodidae 12 Physidae* Pouch snails 3
Heptageniidae Flatheaded mayflies 13 Psychomyiidae/Xiphocentronidae 8 Planorbinae* Orb snails 3
Leptophlebiidae Prongills 9 B Cased caddis: Thiaridae* =Melanidae 3
Oligoneuridae Brushlegged mayflies 15 Barbarochthonidae SWC 13 Viviparidae* ST 5
Polmitarcyidae Pale Burrowers 10 Calamoceratidae ST 11 PELECYPODA Bivalves
Prosopistomatidae Water specs 15 Glossosomatidae SWC 11 Corbiculidae Clams 5
Teloganodidae SWC Spiny Crawlers '~ 12 Hydroptilidae 6 Sphaeriidae Pillclams
Tricorythidae Stout Crawlers 9 Hydrosalpingidae SWC 15 Unionidae Perly mussels
ODONATA Dragonflies & Damselflies Lepidostomatidae 10 SASS Score 98
Calopterygidae ST,T Demoiselles 10 Leptoceridae 6 No.of Taxa 20
Chlorocyphidae Jewels 10 Petrothrincidae SWC 11 ASPT 4.9
Synlestidae (Chlorolestidae) Sylphs Pisuliidae 10 121, A=20, B = 1000, C = 100000, D = >1000
Coenagrionidae Sprites and blues A Sericostmatidae SWC 13
Lestidae Emerald DamselfliéSpreadwings 8 COLEOPTERA Beetles Other biota:
Platycnemidae Stream Damselflies 10 Dytiscidae/Noteridae* Diving beetles 5
Protoneuridae Threadwings 8 Elmidae/Dryopidae* Rifle beetles 8
Aeshnidae Hawkers & Emperors 8 Gyrinidae* Whirligig beetles 5 Comments/Observations:
Corduliidae Cruisers 8 Haliplidae* Crawling water beetles 5
Gomphidae Clubtails 6 B Helodidae Marsh beetles 12
Libellulidae Darters/Skimmers 4 Hydraenidae* Minute moss beetles 8
LEPIDOPTERA Agquatic Caterpillars/Moths Hydrophilidae* Water scavenger beetles
Crambidae Pyralidae 12 Limnichidae MarshLoving Beetles 10
Psepenidae Water Pennies = 10
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2018 Baseline Aguatic Assessment: Nkosi City

SASSS5 sampling sheet for Sampling Point:

NK9

PORIFERA Sponge HEMIPTERA Bugs DIPTERA Flies
COELENTERATA (Cnidaria) Belostonatidae* Giant water bugs 3 Athericidae Snipe flies 10
TURBELLARIA Flatworms Corixidae* Water boatmen 3 Blepharoceridae Mountain midges 15
ANNELIDA Gerridae* Pond skaters/Water striders 5 Ceratopogonidae Biting midges
Oligochaeta Earthworms 1 Hydrometridae* Water measurers 6 Chironomidae Midges B
Hirudinea Leeches Naucoridae* Creeping water bugs 7 Culicidae* Mosquitoes 1
CRUSTACEA Nepidae* Water scorpions 3 Dixidae* Dixd midge 10
Amphipoda Scuds 13 Notonectidae* Backswimmers 3 Empididae Dance flies 6
Potamonautidae* Crabs 3 1 Pleida& Pygmy backswimmers 4 Ephydridae Shore flies 3
Atyidae Freshwater Shrimps 8 Veliidae/M...veliidae* Ripple bugs 5 Muscidae House flies, Stable flies 1
Palaemonidae Freshwater Prawns 10 MEGALOPTERA Fishflies, Dobsonflies & Alderflie: Psychodidae Moth flies 1
HYDRACARINA Mites 8 Corydalidae Fishflies & Dobsonflies 8 Simuliida Blackflies 5 C
PLECOPTERA Stoneflies Sialidae Alderflies 6 Syrphidae* Rat tailed maggots 1
Notonemouridae 14 TRICHOPTERA Caddisflies Tabanidae Horse flies 5
Perlidae 12 Dipseudopsidae 10 Tipulidae Crane flies 5
EPHEMEROPTERA Mayflies Ecnomidae 8 GASTROPODA Snails
Baetidae 1sp Hydropsychidae 1 sp Ancylidae Limpets 6
Baetidae 2 sp Hydropsychidae 2 sp Bulininae* 3
Baetidae > 2 sp 12 B Hydropsycldae > 2 sp 12 Hydrobiidae* 3
Caenidae Squaregills/Cainfles 6 B Philopotamidae 10 Lymnaeidae* Pond snails 3
Ephemeridae 15 Polycentropodidae 12 Physidae* Pouch snails 3
Heptageniidae Flatheaded mayflies 13 Psyghomyiidae/Xiphocentronidae 8 Planorbinae* Orb snails 3 A
Leptophlebiidae Prongills 9 Cased caddis: Thiaridae* =Melanidae 3 B
Oligoneuridae Brushlegged mayflies 15 Barbarochthonidae SWC 13 Viviparidae* ST 5
Polymtarcyidae Pale Burrowers 10 Calamoceratidae ST 11 PELECYPODA Bivalves
Prosopistomatidae Water specs 15 Glossosomatidae SWC 11 Corbiculidae Clams 5
Teloganodidae SWC Spiny Crawlers 12 Hydroptilidae 6 Sphaeriidae Pillclams
Tricorythidae Stout Crawlers 9 Hydrosalpingidae SWC 15 Unionidae Perly mussels
ODONATA Dragonflies & Damselflies Lepidostomatidae 10 SASS Score 86
Calopterygidae ST,T Demoiselles 10 Leptoceridae 6 No. d Taxa 18
Chlorocyphidae Jewels 10 Petrothrincidae SWC 11 ASPT 4.77
Synlestidae (Chlorolestidae) Sylphs Pisuliidae 10 121 A=40, B = 1000, C = 100000, D = >1000
Coenagrionidae Sprites and blues Sericostoratidae SWC 13
Lestidae Emerald DamselfliéSpreadwings 8 COLEOPTERA Beetles Other biota:
Platycnemidae Stream Damselflies 10 Dytiscidae/Noteridae* Diving beetles 5
Protoneuridae Threadwings 8 Elmidae/Dryopidae* Riffle beetles 8
Aeshnidae Hawkers & Emperors 8 Gyrinidae* Whirligig beetles 5 Comments/Observations:
Corduliidae Cruisers 8 Haliplidae* Crawling water beetles 5
Gomphidae Clubtails 6 A Helodidae Marsh beetles =~ 12
Libelulidae Darters/Skimmers 4 Hydraenidae* Minute moss beetles 8
LEPIDOPTERA Agquatic Caterpillars/Moths Hydrophilidae* Water scavenger beetles
Crambidae Pyralidae 12 Limnichidae MarshLoving Beetles 10
Psephenide Water Pennies 10
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SASS5 sampling sheet for Sampling Point: NK10
PORIFERA Sponge HEMIPTERA Bugs DIPTERA Flies
COELENTERATA (Cnidaria) Belostomatilae* Giant water bugs 3 Athericidae Snipe flies 10
TURBELLARIA Flatworms Corixidae* Water boatmen 3 Blepharoceridae Mountain midges 15
ANNELIDA Gerridae* Pond skaters/Water striders 5 Ceratopogonidae Biting midges 5 A A A
Oligochaeta Earthworms Hydrometridae* Water measurers 6 Chironomidae Midges 2 A A 1 B
Hirudinea Leeches 3 Naucoridae* Creeping water bugs 7 Culicidae* Mosquitoes 1
CRUSTACEA Nepidae* Water scorpions 3 Dixiche* Dixid midge 10
Amphipoda Scuds 13 Notonectidae* Backswimmers 3 Empididae Dance flies 6
Potamonautidae* Crabs Pleidaé& Pygmy backswimmers 4 Ephydridae Shore flies 3
Atyidae Freshwater Shrimps Veliidae/M...veliida* Ripple bugs 5 Muscidae House flies, Stable flies 1
Palaemonidae Freshwater Prawns 10 MEGALOPTERA Fishflies, Dobsonflies & Alderflies Psychodidae Moth flies 1
HYDRACARINA Mites 8 Corydalidae Fishflies & Dobsonflies 8 Simdiidae Blackflies 5 A A
PLECOPTERA Stoneflies Sialidae Alderflies 6 Syrphidae* Rat tailed maggots 1
Notonemouridae 14 TRICHOPTERA Caddisflies Tabanidae Horse flies 5 A A
Perlidae 12 Dipseudopsidae 10 Tipulidae Craneflies 5
EPHEMEROPTERA Mayflies Ecnomidae 8 GASTROPODA Shails
Baetidae 1sp Hydropsychidae 1 sp Ancylidae Limpets 6
Baetidae 2 sp Hydropsychidae 2 sp Bulininae* 3
Baetidae > 2 sp 12 Hydopsychidae > 2 sp 12 Hydrobiidae* 3
Caenidae Squaregills/Cainfles 6 Philopotamidae 10 Lymnaeidae* Pond snails 3
Ephemeridae 15 Polycentropodidae 12 Physidae* Pouch snails 3
Heptageniidae Flatheaded mayflies 13 Psychomyiidae/Xiphocentronidae 8 Planorbinae* Orb snails 3
Leptophlebiidae Prongills 9 Cased caddis: Thiaridae* =Melanidae 3 1 1
Oligoneuridae Brushlegged mayflies 15 Barbarochthonidae SWC 13 Viviparidae* ST 5
Polynitarcyidae Pale Burrowers 10 Calamoceratidae ST 11 PELECYPODA Bivalves
Prosopistomatidae Water specs 15 Glossosomatidae SWC 11 Corbiculidae Clams 5
Teloganodidae SWC Spiny Crawlers 12 Hydroptilidae 6 Sphaeriidae Pillclams
Tricorythidae Stout Crawlers 9 Hydrosalpingidae SWC 15 Unionidae Perly mussels
ODONATA Dragonflies & Damselflies Lepidostomatidae 10 SASS Score 123
Calopterygidae ST,T Demoiselles 10 Leptoceridae 6 No. of Taxa 24
Chlorocyphidae Jewels | 10 Petrothrincidae SWC 1 ASPT 5.125
Synlestidae (Chlorolestidae) Sylphs Pisuliidae 10 121, A=20, B = 1000, C = 100000, D = >1000
Coenagrionidae Sprites and blues Sericostomatidae SWC 13
Lestidae Emerald DamselfliéSpreadwings 8 COLEOPTERA Beetles Other biota:
Platycnemidae Stream Damselflies 10 Dytiscidae/Noteridae* Diving beetles 5
Protoneuridae Threadwings 8 Elmidae/Dryopidae* Riffle beetles 8
Aeshnidae Hawkers & Emperors 8 Gyrinidae* Whirligig beetles 5 Comments/Observations:
Corduliidae Cruisers 8 Haliplidae* Crawling water beetles 5
Gomphidae Clubtails 6 Helodidae Marsh beetles 12
Libellulidae Darters/Skimmers 4 Hydraenidae* Minute moss beetles 8
LEPIDOPTERA Agquatic Caterpillars/Moths Hydrophilidae* Water scavenger beetles
Crambidae Pyralidae 12 Limnichidae MarshLoving Beetles 10
Psephenidae Water Pennies 10
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Annexure E: Resultsz VEGRAI Data Interpretation

VEGRAI Results ftdK5

METRIC GROUP C';':AC#IN'QTE[ WEL(_BI_:-II\I-I;BED CONFIDENC RANK % WEIGHT
MARGINAL 26.3 14.6 1.7 1.0 100.0
NON MARGINAL 46.3 20.6 1.7 2.0 80.0

2.0 180.0
LEVEL 3 VEGRAI (%) 35.2
VEGRAI EC E
AVERAGE CONFIDENCE 1.7

VEGRAI results fddK6

CALCULATEL WEIGHTED
METRIC GROUP RATING RATING CONFIDENC RANK % WEIGHT

MARGINAL 58.9 32.7 1.0 1.0 100.0
NON MARGINAL 68.5 30.5 1.7 2.0 80.0

2.0 180.0
LEVEL 3 VEGRAI (%) 63.2
VEGRAI EC C
AVERAGE CONFIDENCE 1.3

VEGRAI results fadK7

METRIC GROUP C’;'jACTlf',\]éTE[ WFSL'\?:EED CONFIDENC| RANK | % WEIGHT
MARGINAL 62.6 34.8 1.0 1.0 100.0
NON MARGINAL 68.5 30.5 1.7 2.0 80.0

2.0 180.0
LEVEL 3 VEGRAI (%) 65.2
VEGRAI EC C
AVERAGE CONFIDENCE 1.3

VEGRAI results fdiK8

METRIC GROUP CAI\QIZACTLIHI\]QTE[ WRE'L(_EI_:-II\I-I;ED CONFIDENC RANK % WEIGHT
MARGINAL 53.3 29.6 1.0 1.0 100.0
NON MARGINAL 56.3 25.0 1.7 2.0 80.0

2.0 180.0
LEVEL 3 VEGRAI (%) 54.7
VEGRAI EC D
AVERAGE CONFIDENCE 1.3
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VE@RAI results folNK9

CALCULATEL WEIGHTED
METRIC GROUP RATING RATING CONFIDENC RANK % WEIGHT

MARGINAL 44.8 24.9 1.0 1.0 100.0
NON MARGINAL 46.3 20.6 1.7 2.0 80.0

2.0 180.0
LEVEL 3 VEGRAI (%) 45.5
VEGRAI EC D
AVERAGE CONFIDENCE 1.3

VEGRAI results for site NK10

METRIC GROUP CALCULATED  WEIGHTED CONFIDENC RANK % WEIGHT]

RATING RATING
MARGINAL 26.3 14.6 1.7 1.0 100.0
NON MARGINAL 46.3 20.6 1.7 2.0 80.0
2.0 180.0
LEVEL 3 VEGRAI (%) 35.2
VEGRAI EC E
AVERAGE CONFIDENCE 1.7
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Annexure F: Resultsz Fish

F.1: Observed fish assemblage

Sampling wagonducted by electrofishingh shallow flowing and nonflowing habitats with cover
provided prmarily by marginal vegetatigstonesout of currentand stones in currentDue to lack of
surface water sampling could only be conducted af the proposed sites nameNK6, NK7, NK9 and
NK10

A total of5 of the 14 expected indigenoufish species wer recorded during the field surveygble
23). Four (4) fish species were recorded at site NK10, and 3 at each of the remaining sites (NK6, NK
and NK9)Table23).

No alien invasive or introduced fisipecies were recorded during the survey.

Table23: Abundance and diversity of fish species recorded during the
March 2018field survey

NK6 NK7 NK9 NK10

Clarias gariepinus 2 6 1 5
Enteromius trimaculatus 42 21 10 7
Oreochromis mossambicus 4 1 1
Enteromius viviparus 6
Enteromius paludinosus 5

48 28 12 23

3 3 3 4

* Alien invasive

F.2: Species Intolerance Ratings

Fish have different sensitivities or levels of tolerance to variagpects that they are subjected to
within the aquatic environment. These tolerance levfelsthe expected and observed fish species are
presentedin Table24. These tolerance levels are scored to show each fish sfBeiesitvity to flow
and physicechemical modificationgéTable24).
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All of the observed fish species are rated as either moderately tolerant or tolerant to water quality
impairment Table24). The absence of grfish species with moderate intolerance or intolerance to
modified water quality indicates that water quality is a limiting factor of fish species diversity in these
catchments. This can be attributed to the urbanized nature of the catchments that tihesers are
situated in. Althoughn situwater quality parameters were adequate at all these sites, it is most likely
sporadic runoff events that result in the absence of species sudiliemlestes acutidengSilver
robber) andEnteromius eutaenigOrangdin barb) that are moderately tolerant and intolerant to
impaired water quality

Similarly all of the observed fish species are either moderately tolerant or tolerant to disruptions in
flow (Table24). This was expected as all thgquatic ecosystems in the project area can be described
as nonperennial. The nomperennial nature of the aquatic ecosystems in the project area would have
contributed to the absence of species suchLabeo cylindricuRedeyed labeo) from the observed
species assemblage.

Table24: Tolerance Ratings of expected and observed fish species to phydiemical and flow
rated stressors

Clarias gariepinus Sharptooth atfish 1.0 17
Enteromius trimaculatus Threespot larb 1.8 2.7
Oreochromis mossambicus | Mozambique tilapia 1.3 0.9
Enteromius viviparus Bowstripe barb 3.0 2.3
Enteromius paludinosus Straightfin barb 1.8 2.3
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F.3. Fish Response Assessment Index (FRAI)

Fishdata collected during the high flow survey was applied to the Fish Response Assessment Inde;
(FRAI). FRAI results for this presktarch 2018survey are presented ihable25.
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Table25: FRAI results forlte March 2018survey

SITE NK6 NK7 NK10
FRAI (%) 35.2 29.5 27.5 37.9
ECFRAI E E E D/E

Based on thé-RAI scorethe fish communities at sitellK6, NK7 and NK#®ere seriously modified
(Clas (Table25). The fish communyt at site NK10 was on the margin between being largely and
seriously modified (Class D/E)aple 25). As mentioned above, thebservedfish speciesare all
regarded as tolerant or moderately tolerant of water quality and flow rfiodtions. Therefore, water
quality and flow related impacts are likely to have been significant limiting faaiorthe fish
assemblages.
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Annexure G. Specialist CV
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Lorainmari den Boogert
Resume Summary

Contact: +27 722 006244
Email: lorain@iggdrasilscientific.com
Languages: English, Afrikaans, Dutch

Education and Training

Degrees

1 Master of Science Plant Science 2010
University of Pretoria, SAand Wageningen University, The Netherlands

9 Bachelor of Science (Honours) Plant Science (Cum Laude) 2008
University of Pretoria, SA

9 Bachelor of Science Ecology 2007

University of Pretoria, SA

Certificates and Accreditations

1 SASS5 Accrediation (freshwater Aquatic Zoology) 2011,2014,2017
Department of Water Affairs, SA
9 Dutch as a professional language 2011

CNaTV, Belgium

Additional Courses

{ AsteraceaelD course, byPaul( AOT AT A£O0T 1 31 . ") 80 . ArvErsity ol Pretofidd DepaktOdntd |
of Plant and Soil Sciences. 2018

1 MIRAI (Macro invertebrate Response Assessmelridex), Department of Water and Sanitation 2016

1 Invasive Species and Herbicide Training, South African Green Industries Council G88) 2016

9 A rapid method for water quality assessment, Nepid Consultants, Sabie 2011

9 EIA water use authorisation and waste management activity licences, CBSS, Pretoria 2011

9 Tools for wetland assessment, Rhodes University, Grahamstown 2011

1 Inventory and survey methods for invasive plants, Online Course, Department of land resource of environmental
Sciences, Montana State University, Bozeman, Montana. 2009

Career Highlights

DIRECTORECOLOGIST

lggdrasil Scientific Services Feb 2012 z Present
A medium sized enterprisespecialising in ecological assessments, covering fauna, flora, wetland and aquatic
ecosystems.

PLANT ECOLOGIST
GEMZz Science, South Africa Oct 2010 z Feb 2012

A medium sized enterprise providing comprehensive geological and environmental consulting service for the
mining industry.

JUNIOR ENVIRONMENTAL CONSULTANT

Bokamoso Environmental Consultants, SA Jan2010 z Oct 2010
PROJECT RESEARCH ASSISTANT

Abiotic Research Group, Alterra, Wageningen, The Netherlands Jan 2009z Jun
2009
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BOTANY DEMONSTRATOR Jul 2008 z Nov 2008
University of Pretoria, Plant S ciences, SA

FIELD ASSISTANT SA Nov 2007 z Feb 2007
University of Pretoria, Zoology, SA

PROJECT RESEARCH ASSISTANT SA Jan 2006 z Aug 2006
University of Pretoria, Zoology, SA

Conference Presentations

9 Course Presenter: Riparian Vegetat ion Assessment Methods for DWS 2017
Department of Water and Sanitation, DWS, Roodeplaat

i Conservation Planning in Urban Open Spaces 2016
Botanical Society, Pretoria
9 Presentation on: The Vegetation ecology of Seringveld Conservancy, Cullinan Sou th Africa 2010
31 O0OE ! ZFOEAAT ! OO1T AEAOGEIT T &£ "TOATEOOS8O 11 OA1 #11 EFAO/
9 Presentation on: A comparison between Ellenberg and Wamelink Biological indicator values 2009
Wageninen Abiotic Research Group, Alterra Annual Conference, Wageningeme Netherlands
9 Presentation on: The effect of the higher energy flow in the Ash River System, Bethlehem, SA 2003

Stockholm International Youth Science Seminar, Sweden
9 Presentation on: The youth of South Africa would like to see underground water polluti on addresses in
light of the international summit for sustainable development
2003
Water institute of South Africa, Annual Conference, Durban

Achievements

9 Overall Winner and gold medalist of the Eskom Expo for Young Scientist, representing south édrin the Stockholm Sweden at
the Stockholm international youth seminar

1 Winner of the South Africa youth water prize of the department of water affairs and represented South Africa at the
international youth water prize during world water week in Stockholm Sweden.

Membership & Associations

1  South African Council of Natural Scientific Professions
Registered Professional Scientist (Pri.Sci.Nat: 400003/13),

1  South African Association for Botanists,
1  South Afri can Botanical Society,
Committee member.
1  South African Society for Aquatic Scientist,
1  Department of Water Affairs SASS5 practitioners .
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