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EXECUTIVE SUMMARY

Introduction

The findings of the preliminary Ecological Water Requirement study on the Keurbooms Estuary (rapid level) are presented in this report. The study was commissioned by the Bitou Municipality to assess the ecological flow requirements from the Keurbooms and Bitou catchments.

The Keurbooms Estuary is rated as one of the most important and attractive estuarine systems on the South African coast because of its high biodiversity importance and scenic beauty. It is used extensively for recreation and is an important tourist attraction in the Plettenberg Bay area.

The combined estuary of the Keurbooms and Bitou rivers (from here onwards referred to as the Keurbooms Estuary) lies on the sandy coast of Formosa Bay. This permanently open system is contained behind a barrier dune that constricts tidal flows in the system.  The mouth of the system migrates along the barrier dune at a rate of approximately 30 m per annum.

Reports prepared as part of this study are provided as appendixes to the main report:

· Appendix A
Inventory of data available for Ecological Reserve Determination on the Keurbooms Estuary
· Appendix B
Specialist data report – Hydrology

· Appendix C
Specialist data report – Physical dynamics and Water quality

· Appendix D
Specialist data report – Microalgae

· Appendix E
Specialist data report – Macrophytes

· Appendix F
Specialist data report – Invertebrates

· Appendix G
Specialist data report – Fish

· Appendix H
Specialist data report – Birds

· Appendix I
Proposed changes to RDM methodology for estuaries

· Appendix J
Data requirements for future RDM Studies on the Keurbooms Estuary

Project Team

The specialist team responsible for this study was as follows:

	Role/Expertise
	Lead specialists
	Contact details

	Workshop coordination, Report preparation and

Hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

	Water quality
	Ms Susan Taljaard
	CSIR, Stellenbosch, staljaar@csir.co.za 

	Hydrodynamics and sediment dynamics
	Mr Piet Huizinga
	CSIR, Stellenbosch, p.huizinga@adept.co.za

	Microalgae
	Prof Janine Adams
	Nelson Mandela Metropolitan University, janine.adams@nmmu.ac.za  

	Estuarine vegetation
	Dr Thomas Bornman
	ACEP

tom.bornman@nmmu.ac.za

	Invertebrates
	Prof Tris Wooldridge
	Nelson Mandela Metropolitan University, tris.wooldridge@nmmu.ac.za  

	Fish
	Dr Alan Whitfield
	South African Institute of Aquatic Biodiversity

A.Whitfield@ru.ac.za 

	Birds
	Dr Jane Turpie
	Anchor Environnemental Consultants

jane.turpie@botzoo.uct.ac.za 


Assumptions and Limitations

The following assumptions and limitations must be taken into account:

· The overall confidence in the hydrological data provided to the estuarine team by Ninham Shand Consulting Services was medium.  

· The accuracy of the predicted Abiotic States for the Keurbooms Estuary and the distribution of these states under Reference Condition, Present State and Future Scenarios depend largely on the accuracy of the simulated runoff data and measured flow data recorded during the study. River flow data from the Keurbooms River are available from November 1997. 
· The study was based on available data, i.e. no new data were collected for this study. 
· Criteria for the confidence limits attached to statements in this study are as follows:
	Limit
	Degree of confidence

	Low
	If no data were available for the estuary or similar estuaries (i.e. < 40%)

	Medium
	If limited data were available for the estuary or other similar estuaries (i.e. 40% – 80%)

	High
	If sufficient data were available for the estuary (i.e. > 80%)


Geographical boundaries
For the purposes of this Rapid (desktop) determination of the Ecological Water Requirements of the Keurbooms Estuary, the geographical boundaries are defined as follows (Source of map:  Google Earth, 2006):

· Downstream boundary:  Estuary mouth (34° 2'31.99"S, 23°23'2.53"E) (This is a relative position as the Keurbooms Estuary mouth is highly mobile and regularly changes position along the sand berm at the mouth);

· Upstream boundary – Keurbooms arm:  Approximately 12.5 km upstream of the mouth (33°57'8.04"S, 23°24'6.51"E);
· Upstream boundary – Bitou arm:  Approximately 12.8 km upstream of the mouth (33°59'58.44"S, 23°20'27.49"E); and  
· Lateral boundaries: 5 m contour above mean sea level along the banks, a delineation that could be readily referenced from an ortho-photograph of the area.
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Geographical boundaries of the Keurbooms Estuary
Present Ecological Status (PES)
The Estuarine Health Index (EHI) scores allocated to the Keurbooms Estuary (Present State) were as follows:

	Variable
	Weight
	Score
	Weighted score

	Hydrology
	25
	98
	25

	Hydrodynamics and mouth condition
	25
	99
	25

	Water quality
	25
	90.4
	23

	Physical habitat alteration
	25
	97
	24

	Habitat health score
	
	
	96

	Microalgae
	20
	95
	19

	Macrophytes
	20
	85
	17

	Invertebrates
	20
	95
	19

	Fish
	20
	75
	15

	Birds
	20
	82.5
	17

	Biotic Health Score
	
	
	87

	Estuarine Health score
	91


The Estuarine Health Index score for the Keurbooms Estuary, based on its Present State, is 91, translating into a Present Ecological Status of a A/B, i.e. in the transition zone between an A and B category as indicated below:

The Estuarine Importance scores allocated to the Keurbooms Estuary were as follows:

	Criterion
	Weight
	Score
	Weighted score

	Estuary Size
	15
	100
	15

	Zonal Rarity Type
	10
	20
	2

	Habitat Diversity
	25
	90
	23

	Biodiversity Importance
	25
	95
	24

	Functional Importance
	25
	100
	25

	Estuarine Importance Score
	88


Note: 
Very small changes (< 3 %) in the Physical Habitat Alteration Score rated the Keurbooms Estuary in an A Category. As this was a Rapid level determination with low confidence in the Physical Habitat Alteration component, the workshop participants decided to define the Present Ecological Status of the Keurbooms Estuary as a Category A/B (represented by the scoring range 93 to 88), rather than Category A or B as it implied a level of confidence in the physical habitat assessment not achieved in this study.

The overall Estuarine Importance Score for the Keurbooms Estuary, based on its Present State, is 88, signifying that the estuary is highly important, as indicated below:


	Importance Score
	Description

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


Recommended ecological category for Keurbooms Estuary

The recommended Ecological Reserve Category (ERC) represents the proposed level of protection assigned to an estuary which, in turn, is used to determine the Ecological Reserve.  

For estuaries the first step is to determine the 'minimum' Ecological Reserve Category of an estuary, based on its Present Ecological Status (PES).  The relationship between Estuarine Health Index Score, Present Ecological Status and Ecological Reserve Category is set out below:

	Estuarine Health Index
	Present Ecological Status
	Description
	Ecological Reserve Category

	91 – 100
	A
	Unmodified, natural
	A

	76 – 90
	B
	Largely natural with few modifications
	B

	61 – 75
	C
	Moderately modified
	C

	41 – 60
	D
	Largely modified
	D

	21 – 40
	E
	Highly degraded
	-

	0 – 20
	F
	Extremely degraded
	-


Note: Should the Present Status category of an estuary be either an E or F, recommendations must be made as to how the status can be elevated to at least achieve a Category D (as indicated above). 

The minimum Ecological Reserve Category is determined by the Present Ecological Status.  The degree to which the Ecological Category needs to be elevated above the Present Ecological Status depends on the level of importance and the level of protection or desired protection of a particular estuary (see below).

The Keurbooms Estuary is listed as a Desired Protected Area in the C.A.P.E. Estuaries Conservation Plan for the temperate areas of South Africa (Turpie and Clark 2007).  According to the guidelines for assigning a recommended Ecological Reserve Category, the estuary should be classified as a Category A or the Best Attainable State (BAS).

	Current/desired protection status and estuary importance
	Recommended Ecological Reserve Category
	Policy basis

	Protected area
	A or BAS*
	Protected and desired protected areas should be restored to and maintained in the best possible state of health

	Desired Protected Area
	
	

	Highly important
	PES + 1, min B
	Highly important estuaries should be in an A or B class

	Important
	PES + 1, min C
	Important estuaries should be in an A, B or C class

	Of low to average importance
	PES, min D
	The remaining estuaries can be allowed to remain in a D class.


*  BAS = Best Attainable State

The study concluded that the pressures currently contributing to the Present State of the estuary are fishing, human disturbance in and around the estuary, structures in the intertidal area and flow reduction from the Keurbooms and Bitou catchments. 

The present level of urban development around the estuary (and related tourist activities) and the collapsed status of certain linefish species (e.g. Steenbras and Dusky cob) on a national scale acts as a constraint and prevents the system from being rehabilitated to a higher Category. Thus, the specialist concluded that the recommended ERC for the Keurbooms Estuary is a Category A/B.   

Quantification of Ecological Reserve Scenarios

Simulated Monthly Runoff was supplied to the estuarine team by Ninham Shand Consulting Services. A summary of the mean annual runoffs (MAR) of the various Simulated Monthly Runoff Scenarios used for this Rapid level determination is provided below.

	NAME
	DESCRIPTION
	KEURBOOMS MAR

(106 m3/annum)
	BITOU 

MAR

(106 m3/annum)
	COMBINED  MAR

(106 m3/annum)
	PERCENTAGE COMBINED MAR  REMAINING

	Reference
	Reference Condition
	174
	58
	232
	100%

	Present
	Present State, including a diversion of 0.1 m3/s to Plettenberg Bay 
	164
	51
	215
	92.7 %

	Future Scenario 1
	As at Present State but the diversion is increased to 0.45 m3/s, no off-channel storage, 0.145 m3/s to Roodefontein, include River EWR
	163
	51
	214
	92.2 %

	Future Scenario 2
	As at Present State but the diversion is increased to 0.45 m3/s with off-channel storage, 0.29 m3/s to Roodefontein, include River EWR
	157
	51
	208
	89.7 %

	Future Scenario 3
	As at Present State but the diversion is increased to 0.65 m3/s abstraction (unconstrained), include River EWR
	148
	51
	199
	85.8 %

	Future Scenario 4
	As at Present State but the diversion is increased to 1.0 m3/s (unconstrained), include River EWR
	140
	51
	191
	82.3 %


The hydrology is based on the following assumptions and limitations:

· There was an agreed interim requirement that the diversions be reduced or stopped when the river flow decreases below 0.3 m3/s;

· The diversion capacities were reduced by a 22/24 hour factor to account for breakdowns or power supply; and

· All the water left in the river after the upstream requirements are met is withdrawn up to the diversion capacity (Scenario 3 and 4 are unconstrained by infrastructure capacity).

For the purpose of this study it is assumed that the river flow to the Bitou Arm of the estuary will remain similar to the Present State for the following reasons:

· The Bitou Arm comprises an important, ecologically sensitive wetland;

· The baseflows from the Bitou River are very low and it would be very easy to remove all flows to the Bitou Arm of the estuary;

· The upper part of the Bitou Arm is very narrow and shallow and potentially very sensitive to changes in flows;

· In the absence of data (i.e. only one hydrographical station located in the lower part of the Bitou Arm) no recommendations could be made regarding future abstraction from the Bitou catchment.

The individual Estuarine Health Index scores, as well as the corresponding Ecological Reserve Category for the scenarios are:
	Variable
	Weight
	Present
	Runoff scenario

	
	
	
	1
	2
	3
	4

	Hydrology
	25
	98
	97
	96
	93
	91

	Hydrodynamics/mouth condition
	25
	99
	99
	99
	99
	99

	Water quality
	25
	90.4
	88
	86
	81
	77

	Physical habitat alteration
	25
	97
	97
	97
	94
	94

	Habitat Health Score
	
	96
	95
	94
	92
	90

	Microalgae
	20
	95
	90
	88
	85
	81

	Macrophytes
	20
	85
	85
	85
	80
	80

	Invertebrates
	20
	95
	90
	85
	90
	85

	Fish
	20
	75
	75
	73
	71
	70

	Birds
	20
	82.5
	83
	82
	80
	80

	Biotic Health Score
	
	87
	85
	83
	81
	79

	Estuarine Health Index Score
	91
	90
	88
	86
	85

	Ecological Reserve Category (ERC)
	A/B
	A/B
	A/B
	B
	B


Recommended ecological flow requirement for Keurbooms Estuary

The evaluation of the simulated runoff scenarios was used to derive the recommended Ecological Flow Requirement. The recommended Ecological Flow Requirement is defined as the runoff scenario (or a slight modification thereof) that represents the highest reduction in river inflow that will still protect the aquatic ecosystem of the estuary and keep it in the recommended ERC.  

In evaluating Future Scenarios 1 to 4 it was assumed that only river inflow from the Keurbooms catchment will be reduced and that all other related anthropogenic activities (e.g. fishing, bait collection, power boating and human disturbance) will remain at present levels.

Taking the above into account, Scenario 1 was selected as the Recommended Ecological Flow Requirement for the Keurbooms Estuary.

 Summary of flow distributions of the Recommended Ecological Flow Scenario (Scenario 1) for the Keurbooms Estuary
	
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.67
	27.17
	18.66
	15.52
	16.33
	18.03
	28.70
	45.23
	25.72
	24.66
	38.84
	29.62

	90%ile
	20.58
	17.91
	14.06
	8.27
	10.96
	11.67
	10.32
	18.86
	16.55
	12.03
	21.14
	18.36

	80%ile
	15.50
	16.00
	9.22
	7.01
	8.59
	8.71
	8.79
	11.18
	8.24
	10.70
	14.36
	13.02

	70%ile
	9.60
	10.46
	5.38
	5.30
	5.06
	6.03
	6.70
	6.10
	5.60
	6.02
	9.15
	10.16

	60%ile
	7.58
	7.38
	4.17
	4.18
	3.15
	4.75
	4.86
	4.61
	4.64
	4.51
	7.01
	8.41

	50%ile
	7.00
	5.47
	3.37
	2.46
	2.52
	3.89
	3.92
	3.70
	4.03
	3.83
	5.87
	6.83

	40%ile
	5.87
	3.82
	2.38
	1.77
	2.30
	3.12
	2.60
	2.88
	2.86
	3.16
	4.64
	5.35

	30%ile
	4.79
	3.06
	2.01
	1.35
	1.77
	2.18
	2.01
	2.17
	2.34
	2.76
	3.49
	4.52

	20%ile
	3.83
	2.58
	1.58
	0.86
	1.35
	1.56
	1.58
	1.70
	1.87
	2.09
	2.76
	3.21

	10%ile
	3.17
	2.13
	1.04
	0.65
	0.92
	0.92
	1.30
	0.82
	1.18
	1.43
	2.07
	2.62

	1%ile
	1.94
	1.61
	0.57
	0.53
	0.62
	0.55
	0.70
	0.56
	0.58
	1.03
	1.45
	1.78


However, as the Keurbooms Estuary is a highly important system from both a socio-economic and ecological perspective it is also recommended that a project be initiated whereby the loss in water column habitat (that would be incurred under Scenario 1) be mitigated for by restoring some of the intertidal habitat and wetland vegetation to more natural conditions as proposed in the Keurbooms/Bitou Estuarine Wetland Assessment (Bornman & Adams, 2006) were possible. This precautionary approach was recommended, as this was a rapid level investigation with low confidence in the overall results.

The following mitigation measures were proposed in the Keurbooms/Bitou Estuarine Wetland Assessment (Bornman & Adams, 2006) (The highest priority mitigation measures are highlighted):

· Bitou Drift: The drift through the Bitou  River should be removed in total including all foreign rock material.

· Northern floodplain of the lower Bitou Estuary: Remove all exotic invasive trees from the flood plain. No further development should be allowed on the floodplain to prevent further loss of floodplain functionality. Remove the old gravel road to the south of the R340.

· Southern floodplain of the lower Bitou Estuary: Remove all exotic invasive plant species from the floodplain, remove the infilling, create a buffer zone (~ 10 m wide separating the wetland from the agricultural activities on the floodplain). 

· Road Bridge across the lower Bitou Estuary:  Remove concrete piers of the old road bridge to facilitate flow and tidal exchange in the Bitou Estuary and establish connection with old Bitou channel.

· Middle reaches of the Keurbooms Estuary:  Remove all alien trees from the banks and The Island. Establish a buffer adjacent to the estuary and restrict new development on the banks of the estuary. 

· Upper reaches of the Ganse Spruit: Remove all exotic vegetation from the stream bed.

· The Ganse Spruit Wetlands: Install a sufficient number of large culverts in the roads bisecting the wetlands to allow the free flow of surface water through the wetlands and remove all exotic invasive tree species.

· Earthen barricades across tidal channels in the Bitou Arm: Completely remove all earthen barricades to restore connectivity on the supratidal marsh. Maintain freshwater flow from the northern sections into the supratidal marsh south of the R340.

· Middle reaches of the Bitou Estuary: Remove all exotic tree species from this area, allow the artificial canal to naturally silt up, allow salt marsh to naturally re-colonise the extensive Stenotaphrum grasslands, insert culverts below the road bisecting the floodplain to link up the old channels.

An additional mitigation measure discussed during the Specialist workshop was to increase the width and depth of the canal dug through the old Cape Road embankment (to the south of the old Cape Road pillars in the water). Increasing the size of that canal will facilitate flushing of the Bitou (cut out the S bend)

In the event of Scenario 1 being implemented, it is recommended that the feasibility (practicalities and estimated cost) of the above-mentioned mitigation measures be investigated and implemented where possible. For example, removing the earthen barricades from the Bitou floodplain is much more achievable in the short term than modifying the present road structures which would be very expensive and require collaboration with the Provincial Department of Roads.  

Any assessment of future development scenarios will to also include an evaluation of the successful implementation of the non-flow related mitigation measures in restoring floodplain and intertidal habitat (estuarine vegetation) as the present health status of the system is strongly influenced by the poor condition of the estuarine vegetation.

The study also concluded that Future Scenario 2 probably does not pose a serious risk to the health of the Keurbooms Estuary, but that more data will be required over the next few years to increase the overall confidence in the study.  This includes additional data on mouth and sediment dynamics, water quality and invertebrates.  Such data will improve the estuarine specialists’ overall understanding of the system’s response to flow reduction. 

It is also recommended that an Estuarine Management Plan be developed for the Keurbooms Estuary following the guidelines developed for the estuaries of the Cape Floral Region (Van Niekerk and Taljaard 2007). The development of an Estuarine Management Plan would provide a framework for evaluating the proposed mitigation measures for improving the health of the estuary. The management plan would also assist in allocating roles and responsibilities to all authorities managing activities in and around the system, as the current impacts on the estuary are managed by various spheres of government ranging from the local (e.g. development) to the national (e.g. fishing) level.
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1 Introduction

1.1 Background

The findings of the preliminary Ecological Water Requirement study on the Keurbooms Estuary (rapid level) are presented in this report. The study was commissioned by the Bitou Municipality to assess the ecological flow requirements from the Keurbooms and Bitou catchments.

1.2 Project Team

The specialist team responsible for this study was as follows:

	Role/Expertise
	Lead specialists
	Contact details

	Workshop coordination, Report preparation and

Hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

	Water quality
	Ms Susan Taljaard
	CSIR, Stellenbosch, 

staljaar@csir.co.za 



	Hydrodynamics and sediment dynamics
	Mr Piet Huizinga
	CSIR, Stellenbosch, 

p.huizinga@adept.cp.za


	Microalgae
	Prof Janine Adams
	Nelson Mandela Metropolitan University, janine.adams@nmmu.ac.za  



	Estuarine vegetation
	Dr Thomas Bornman
	Nelson Mandela Metropolitan University,

tom.bornman@nmmu.ac.za


	Invertebrates
	Prof Tris Wooldridge
	Nelson Mandela Metropolitan University, tris.wooldridge@nmmu.ac.za 

 

	Fish
	Dr Alan Whitfield
	South African Institute of Aquatic Biodiversity

A.Whitfield@ru.ac.za 



	Birds
	Dr Jane Turpie
	Anchor Environnemental Consultants

jane.turpie@ uct.ac.za 




1.3 Overview of Determination of Ecological Reserve for Estuaries:  Process

The preliminary determination of the Ecological Water Requirements for estuaries can be conducted on different levels, namely:

· Comprehensive; 

· Intermediate; and 

· Rapid.

The procedures are discussed in detail in Resource directed measures for protection of water resources:  Methodology for the Determination of the Ecological Water Requirements for Estuaries, Version 2 (DWAF, 2004).  A summary of the procedures used for the Rapid level determination for estuaries are illustrated in the Figure 1 below:

[image: image22.jpg]



Figure 1. Procedures for a Rapid Ecological Reserve Determination on estuaries, in context of the broader RDM process (components not addressed as part of the Ecological Reserve Determination process are indicated by hatched line boxes) (DWAF, 2004).

A summary of the human resource requirements to conduct a Rapid level determination is illustrated in Figure 2.


[image: image2]
Figure 2. Indication of human resource requirements for a Rapid Ecological Reserve determination on estuaries (DWAF, 2004).

1.4 Assumptions and limitations for this study

The following assumptions and limitations must be taken into account:

· The overall confidence in the hydrological data provided to the estuarine team by Ninham Shand Consulting Engineers was medium.  

· The accuracy of the predicted Abiotic States for the Keurbooms Estuary and the distribution of these states under Reference Condition, Present State and Future Scenarios depend largely on the accuracy of the simulated runoff data and measured flow data recorded during the study. River inflow data from the Keurbooms River are available from November 1997. 
· The study was based on available data, i.e. no new data were collected for this study. 
· Criteria for the confidence limits attached to statements in this study are as follows:

	Limit
	Degree of confidence

	Low
	If no data were available for the estuary or similar estuaries (i.e. < 40%)

	Medium
	If limited data were available for the estuary or other similar estuaries (i.e. 40% – 80%)

	High
	If sufficient data were available for the estuary (i.e. > 80%)


Definition of Resource Unit

1.5 Introduction

The Keurbooms Estuary is rated as one of the most important and attractive estuarine systems on the South African coast because of its high biodiversity importance and scenic beauty. It is used extensively for recreation and is an important tourist attraction in the Plettenberg Bay area.

The combined estuary of the Keurbooms and Bitou rivers (from here onwards referred to as the Keurbooms Estuary) lies on the sandy coast of Formosa Bay. The permanently open system is contained behind a partial barrier dune that constricts tidal flows in the system.  The mouth of the system migrates along the barrier dune at a rate of approximately 30m per annum over the past 70 years.

The mouth of the Keurbooms Estuary is approximately 200 m wide during a high spring tide. The average depth of the system is less than 4.0 m with two deeper sections approximately 8 and 11 km from the mouth with water depths of more than 20 meters.

The estuary can be divided into three main components (Figure 3):
· The Basin (lower estuary) approximately 3.5 km in length;

· The Keurbooms Arm which extends for 7 km from the confluence with the Bitou to the head;
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The Bitou Arm which is 7.2 km long from its head at the Wittedrif causeway to the confluence with the Keurbooms. 

Figure 3. Main components of the Keurbooms Estuary
Geographical Boundaries

For the purposes of this Rapid level Determination of the Ecological Water Requirements on the Keurbooms Estuary, the geographical boundaries are defined as follows (Figure 4):

· Downstream boundary:  Estuary mouth (34° 2'31.99"S, 23°23'2.53"E) (This is a relative position as the Keurbooms Estuary mouth is highly mobile and regularly changes position along the sand berm at the mouth);

· Upstream boundary – Keurbooms arm:  Approximately 12.5 km upstream of the mouth (33°57'8.04"S, 23°24'6.51"E);
· Upstream boundary – Bitou arm:  Approximately 12.8 km upstream of the mouth (33°59'58.44"S, 23°20'27.49"E); and  
· Lateral boundaries: 5 m contour above MSL along the banks, a delineation that could be readily referenced from an ortho-photograph of the area.
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1.  Initiation of RDM study

2.  Define Resource Units

Project Scope

Resource Components 

identified

Level of RDM  Cost Benefit Analysis

3.  Define Recommended  

     Ecological Category

4.  Quantify Ecological Water 

     Requirement Scenarios

Data organisation:

-  Collate exisitng data

-  Collect additional  data

Delineate Geographical Boundaries

Ecological Categorisation, i.e.: 

-  Reference Condition

-  Present Ecological Status

-  Estuarine Importance 

Apply scenario assessment 

process (using Estuarine 

Health Index [EHI])

Simulated scenarios:

-  Future flow scenarios

Simulated scenarios:

-  Reference flows

-  Present flows

OUTPUT:  

*RECOMMENDED ECOLOGICAL CATEGORY AND ASSOCIATED RECOMMENDED ECOLOGICAL WATER REQUIREMENT SCENARIO

*ECOLOGICAL CATEGORIES ASSOCIATED WITH ADDITIONAL RUNOFF SCENARIOS (WHERE PROVIDED BY DWAF)  

*ADDITIONAL BASELINE DATA REQUIREMENTS TO IMPROVE CONFIDENCE OF ECOLOGICAL RESERVE

NOTE: 

 

DEFINITION OF ECOLOGICAL SPECIFICATIONS  (i.e. RESOURCE QUALITYOBJECTIVES FORTHE ECOLOGICALCOMPONENT)  ARE  NOT 

PROVIDEDAS PART OF APRELIMINARYDETERMINATION OF THE ECOLOGICAL RESERVE DETERMINATION FORESTUARIESAT ARAPID 

LEVEL.  
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Figure 4. Boundaries of the Keurbooms Estuary (Source:  Google Earth, 2006)

Ecological Reserve Categorisation

1.6 Typical Abiotic States 

Based on available data, four Abiotic States were identified for the Keurbooms Estuary, of which the occurrence and duration varies depending on river inflow rate. These states are:

	State
	Flows (m3/s)

	State 1:  Marine Dominated 
	< 0.5

	State 2: Saline with full salinity gradient
	0.5  - 1.0

	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	State 4: Freshwater Dominated
	> 10.00


The conceptual model developed for the abiotic states is based on the measured data (1994), limited salinity data collected by DWAF and a 1-Dimensional numerical modelling study undertaken on the Keurbooms Estuary in 1998 (CSIR, 1998).

Assumptions and limitation of the Keurbooms Estuary’s conceptual model are:

· The simulated average monthly flows are of medium confidence as there was limited inflow data available to calibrate the hydrological data set for this study. 

· This Rapid level determination mainly focuses on the inflows from the Keurbooms catchment. It is assumed that the inflows to the Bitou catchment will remain similar to the Present State.

· The 1-Dimensional numerical modelling study could not simulate stratification and therefore tends to under-estimate flushing times for the bottom waters and over-estimate flushing times for the surface waters than would be measured, in especially the upper reaches of the system (CSIR, 1998).

· The steady flow simulations with the 1- Dimensional numerical model only investigated the Keurbooms Estuary’s response to steady inflows for 30 days at a time; which can result in an under-estimation of the extent of salinity penetration in the upper reaches under States 1 and 2 (CSIR, 1998).

· There was very little information on the Bitou arm of the system. The only measured data was from a hydrographical station about a third of the way between the mouth and the head of tidal influence. All predictions regarding the salinity penetration in the upper reaches are based on expert opinion and the DWAF data set.

· For the purpose of scoring the future scenarios, it is assumed that all abstraction is associated with off-channel storage. 
The various abiotic states are described as follows:

Abiotic State 1:  Marine Dominated 

Typical flow patterns:   

Keurbooms: Average monthly flows < 0.5 m3/s.

Bitou: Average monthly flows < 0.1 m3/s. 

Confidence:  Medium (Low confidence for the Bitou)
State of the mouth: The mouth is constricted and the system is shallow in the lower reaches.
Confidence:  Medium
Flood plain inundation patterns:  This state does not result in inundation of the flood plain.
Confidence: High
Amplitude of tidal variation (indicative of exposure of intertidal areas during low tide): 

Tidal variation will be less than 0.8 m at a spring tide and about 0. 5 m at a neap tide.

Confidence:  Low
Retention times of water masses: Retention time is very high in this state. More than two weeks in the Keurbooms and Bitou Arms, with bottom waters in the deeper section being retained for up to a month.

As the lower estuary is flushed by seawater the retention time in the lower reaches (basin) is estimated at less than a week.

Confidence: Low
Salinity distributions in estuary: 
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The Keurbooms Arm only has a very small brackish area (< 10ppt) right at the top of the system (less than 2% of the area), while saline  water (> 30 ppt) will penetrate to ~6 km from the mouth on the high tide. 

It is also likely that salinities in most of the Bitou Arm will be between 30 ppt and 10 ppt.

The basin area will be marine dominated (salinity > 30 ppt)

Confidence: Low  

System variables (Temperature, pH, dissolved oxygen and turbidity):  System variables in the Keurbooms Estuary under this state are estimated as follows: 
	Temperature 
	Temperatures show strong seasonal patterns, with summer temperatures ranging between 20–25oC and winter temperatures between 15 and 20oC   

	pH
	pH values range between 6 and 8.2, with lower values associated with fresher parts which, under this state, will be limited only to the very upper reaches

	Turbidity
	Shecci disc depth greater than 1 m

	Dissolved oxygen 
	System generally oxygenated (> 4 mg/l), except in the deeper pools (8 and 11 km upstream of the mouth) where levels drop below 4 mg/l 


Confidence: Medium

Inorganic Nutrients:    Nutrient concentration during this state are estimated as follows:

	Dissolved Inorganic Nitrogen (DIN)
	100-200 µg/ℓ with higher values associated with fresher waters which, under this state, will be limited only to the upper reaches. Possible increase in Total Ammonia-N in deeper pools under anoxic conditions.

	Dissolved Reactive Phosphate-P (DRP)
	25-50 µg/ℓ

	Dissolved Reactive Silicate (DRS)
	200 – 3000 µg/ℓ, with higher values associated with fresher waters which, under this state, will be limited only to the upper reaches.


Confidence:  Medium

State 2: Saline, with full salinity gradient

Typical flow patterns:   

Keurbooms: Average monthly flows between 0.5 and 1.0 m3/s.

Bitou: Average monthly flows between 0.1 and 0.2 m3/s.

Confidence:  Medium (Low confidence in the Bitou) 
State of the mouth: The mouth is open.

Confidence:  High
Flood plain inundation patterns:  This state does not result in inundation of the flood plain.
Confidence: Medium
Amplitude of tidal variation (indicative of exposure of intertidal areas during low tide):

Tidal variation will vary between 0.8 m at a spring tide to about 0. 5 m at a neap tide.

Confidence:  Medium
Retention times of water masses:  Retention time is high in this state. More than a week in the Keurbooms and Bitou Arms, with bottom waters in the deeper section being retained for up to a month.

As the Basin is flushed by seawater the retention time in the lower reaches (basin) is estimated at less than a week.

Confidence: Medium
Salinity distributions in the estuary:  
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The Keurbooms Arm will be brackish (< 10ppt) in the upper reaches (about 10 km from the mouth), while marine water (> 30 ppt) will penetrate to ~4 km from the mouth on the high tide. 

It is also likely that about 1/3 of the Bitou Arm will be brackish (< 10 ppt).

The basin area will be marine dominated (salinity > 30 ppt)

Confidence:  Medium

System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen):  System variables in the Keurbooms Estuary under this state are estimated as follows: 
	Temperature 
	Temperatures show strong seasonal patterns, with summer temperatures ranging between 20–25oC and winter temperatures between 15 and 20oC   

	pH
	pH values range between 6 and 8.2, with lower values associated with the fresher parts and higher values with saline areas (>30 ppt)

	Turbidity
	Shecci disc depth greater than  1 m

	Dissolved oxygen 
	System generally oxygenated (> 4 mg/l), except in the deeper pools (8 and 11 km upstream of the mouth) where levels drop below 4 mg/l 


Confidence: Medium

Inorganic Nutrients:    Nutrient concentration during this state are estimated as follows:

	Dissolved Inorganic Nitrogen (DIN)
	100-200 µg/ℓ, with higher values associated with fresher waters and lower values with saline areas. Possible increase in Total Ammonia-N in deeper pools under anoxic conditions.

	Dissolved Reactive Phosphate-P (DRP)
	25-50 µg/ℓ

	Dissolved Reactive Silicate (DRS)
	200 – 3000 µg/ℓ, with higher values associated with fresher waters and lower values with saline areas (>30 ppt)


Confidence:  Medium

Abiotic State 3:  Fresh, with full salinity gradient 
Typical flow patterns:   

Keurbooms: Average monthly flows between 1.0 and 10.0 m3/s.

Bitou: Average monthly flows between 0.2 and 5 m3
Confidence:  Medium (Low confidence for the Bitou)
State of the mouth: The mouth is open. 
Confidence:  High
Flood plain inundation patterns: This state does not result in extended inundation of the flood plain.

Confidence: High
Amplitude of tidal variation (indicative of exposure of intertidal areas during low tide): 

Tidal variation will vary between 1.0 m at a spring tide to about 0. 5 m at a neap tide.

Confidence:  Medium
Retention times of water masses: Retention time is less than a week in the Keurbooms and Bitou Arms, with bottom waters in the deeper section being retained for up to a few weeks.

The lower estuary is flushed by seawater, thus the retention time in the lower reaches (basin) is also estimated at less than a week.

Confidence: Medium
Salinity distributions in the estuary:  
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The Keurbooms Arm will be brackish (< 10ppt) from about Stanley Island, about 4 km from the mouth, while marine water (> 30 ppt) will penetrate to ~3 km from the mouth on the high tide. Stratification (< 10 ppt differences) will develop under this state about 4 km upstream from the mouth. Significant stratification (10 – 20 ppt differences) can be expected between the surface and bottom waters in the deeper areas about 8 and 11 km from the mouth in the Keurbooms Arm.

It is also likely that about 2/3 of the Bitou Arm will be brackish (< 10 ppt) under this state.

On the low tide, the marine zone in basin areas can be reduced to about 1 km from the mouth under the higher flow ranges in this state.
Confidence:  Medium

System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen):  System variables in the Keurbooms Estuary under this state are estimated as follows: 
	Temperature 
	Temperatures show strong seasonal patterns, with summer temperatures ranging between 20–25oC and winter temperatures between 15 and 20oC   

	pH
	pH values range between 6 and 8.2, with lower values associated with the fresher parts and higher values with saline areas (>30 ppt)

	Turbidity
	Shecci disc depth greater than  1 m

	Dissolved oxygen 
	System generally oxygenated (> 4 mg/l), except in the deeper pools (8 and 11 km upstream of the mouth) where levels drop below 4 mg/l 


Confidence: Medium

Inorganic Nutrients:    Nutrient concentration during this state are estimated as follows:

	Dissolved Inorganic Nitrogen (DIN)
	100-200 µg/ℓ, with higher values associated with fresher waters and lower values with saline areas.  Freshwater flows under this state are likely to introduce a nutrient pulse (although concentrations in the pulse may not be very high) into the Bitou and Keurbooms arms, but not into the basin area. Possible increase in Total Ammonia-N in deeper pools under anoxic conditions.

	Dissolved Reactive Phosphate-P (DRP)
	25-50 µg/ℓ

	Dissolved Reactive Silicate (DRS)
	200 – 3000 µg/ℓ, with higher values associated with fresher waters and lower values with saline areas.  Freshwater flows under this state are likely to introduce a nutrient pulse into the Bitou and Keurbooms arms, but not into the basin area. 


Confidence:  Medium

Abiotic State 4:  Fresh water dominated 

Typical flow patterns:   

Keurbooms: Average monthly flows > 10.0 m3/s.

Bitou: Average monthly flows > 5 m3
Confidence:  Medium (Low confidence for the Bitou)
State of the mouth: The mouth is wide open, with deep channel in the lower reaches.
Confidence:  Medium
Flood plain inundation patterns:  This state results in inundation of the flood plain under flood conditions for short periods at a time (days to a week) during the peak flood event.

Confidence: High
Amplitude of tidal variation (indicative of exposure of intertidal areas during low tide): 

Tidal variation will vary between 1.3 m at a spring tide to about 0. 5 m at a neap tide.

Tidal dampening may occur during peak flood events for a few days at a time.

Confidence:  Low
Retention times of water masses: Retention time through the estuary is very short (< 1 day), except in the deeper areas 8 and 11 km from the mouth where bottom water can be retained.
Confidence: Medium
Salinity distributions in the estuary: 
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Because this state is driven by high flow events the system will be freshwater dominated for the duration of the event, lasting for a few weeks at a time. 

The Keurbooms Arm will be freshwater dominated (< 5ppt) along it entire length. It is likely that some saline water will be retained in the bottom waters in the deeper areas under this state except under flood conditions.

It is also likely that the Bitou Arm will be fresh water dominated (< 5 ppt) during this state.

Saline water will only penetrate the basin area to 1 - 2 km upstream on the high tide. On the low tide the system will can be nearly entirely freshwater dominated (5 ppt). 

Confidence:  Medium

System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen):  System variables in the Keurbooms Estuary under this state are estimated as follows: 
	Temperature 
	Temperatures show strong seasonal patterns, with summer temperatures ranging between 20–25oC and winter temperatures between 15 and 20oC   

	pH
	pH values range between 6 and 8.2, with lower values associated with the fresher parts and higher values with saline areas (>30 ppt) – the latter mainly occurring in the basin area

	Turbidity
	Shecci disc depth greater than 1 m

	Dissolved oxygen 
	System generally oxygenated (> 4 mg/l), except in the deeper pools (8 and 11 km upstream of the mouth) where levels drop below 4 mg/l. However, depending on the volume and duration of freshwater inflow, the water from the deeper pools might be scoured and thus re-oxygenated. 


Confidence: Medium

Inorganic Nutrients:    Nutrient concentration during this state are estimated as follows:

	Dissolved Inorganic Nitrogen (DIN)
	200 µg/ℓ - Freshwater flows under this state are likely to introduce a nutrient pulse throughout most of the estuary although concentrations in the pulse may not be very high

	Dissolved Reactive Phosphate-P (DRP)
	25-50 µg/ℓ

	Dissolved Reactive Silicate (DRS)
	3000 µg/ℓ - Freshwater flows under this state are likely to introduce a nutrient pulse throughout most of the estuary 


Confidence:  Medium

Description of Present State

1.6.1 Abiotic Components

i. Seasonal variability in river inflow

Monthly simulated runoff data for the Keurbooms Present State (which includes a diversion of 0.1 m3/s) is provided in Table 1.  Based on the hydrodynamics states described in section 3.1 a summary of the occurrences of flow distributions (average monthly flows in m3/s) for the Present State of the Keurbooms River, derived from the 80-year simulated data set, is provided below:

	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.67
	27.17
	18.73
	15.57
	16.34
	18.04
	28.70
	45.23
	25.72
	24.66
	38.84
	29.62

	95%ile
	20.58
	17.91
	14.12
	8.27
	10.92
	11.67
	10.32
	18.89
	16.55
	12.03
	21.14
	18.36

	90%ile
	15.50
	16.00
	9.31
	7.06
	8.59
	8.73
	8.71
	11.18
	8.24
	10.69
	14.36
	13.02

	80%ile
	9.62
	10.46
	5.42
	5.41
	5.15
	5.99
	6.66
	6.10
	5.60
	6.02
	9.16
	10.16

	70%ile
	7.60
	7.38
	4.27
	4.30
	3.24
	4.73
	4.86
	4.55
	4.64
	4.44
	7.01
	8.41

	60%ile
	6.93
	5.50
	3.51
	2.58
	2.60
	3.97
	3.95
	3.72
	3.99
	3.85
	5.89
	6.79

	50%ile
	5.88
	3.87
	2.53
	1.90
	2.39
	3.18
	2.64
	2.91
	2.89
	3.19
	4.60
	5.37

	40%ile
	4.81
	3.12
	2.17
	1.49
	1.87
	2.26
	2.09
	2.20
	2.39
	2.77
	3.51
	4.51

	30%ile
	3.89
	2.64
	1.74
	1.00
	1.45
	1.66
	1.64
	1.66
	1.89
	2.12
	2.75
	3.24

	20%ile
	3.22
	2.21
	1.19
	0.79
	1.02
	1.02
	1.39
	0.87
	1.21
	1.43
	2.09
	2.65

	10%ile
	2.00
	1.70
	0.74
	0.69
	0.73
	0.68
	0.79
	0.65
	0.64
	1.04
	1.46
	1.81

	1%ile
	0.85
	1.13
	0.37
	0.40
	0.30
	0.37
	0.36
	0.35
	0.33
	0.64
	0.57
	0.64


A summary of the occurrences of flow distributions (average monthly flows in m3/s) for the Present State of the Bitou River, derived from the 80-year simulated data set, is provided below:

	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	7.88
	8.81
	5.70
	6.16
	8.31
	5.92
	11.01
	12.63
	6.69
	6.88
	10.24
	9.39

	90%ile
	5.47
	5.31
	3.01
	2.60
	2.99
	2.90
	3.05
	4.06
	2.28
	2.49
	4.61
	4.57

	80%ile
	3.79
	2.99
	1.90
	1.70
	1.52
	2.38
	2.16
	2.01
	1.94
	1.97
	3.01
	2.97

	70%ile
	2.84
	2.20
	1.24
	1.12
	1.01
	1.65
	1.31
	1.41
	1.32
	1.38
	2.16
	2.55

	60%ile
	2.32
	1.69
	0.98
	0.87
	0.83
	1.26
	1.06
	1.03
	1.04
	1.00
	1.83
	2.08

	50%ile
	1.90
	1.23
	0.71
	0.43
	0.61
	0.97
	0.78
	0.89
	0.77
	0.77
	1.33
	1.75

	40%ile
	1.43
	0.90
	0.60
	0.30
	0.45
	0.67
	0.69
	0.73
	0.66
	0.68
	1.08
	1.42

	30%ile
	1.21
	0.65
	0.37
	0.23
	0.28
	0.32
	0.46
	0.51
	0.53
	0.56
	0.79
	1.09

	20%ile
	0.89
	0.52
	0.22
	0.14
	0.17
	0.16
	0.30
	0.26
	0.34
	0.47
	0.59
	0.85

	10%ile
	0.56
	0.34
	0.06
	0.07
	0.09
	0.11
	0.17
	0.10
	0.16
	0.32
	0.43
	0.55

	1%ile
	0.21
	0.13
	0.01
	0.01
	0.01
	0.02
	0.01
	0.01
	0.01
	0.13
	0.16
	0.26


Legend:

	
	State
	Flows (m3/s)

	
	State 1:  Marine Dominated 
	< 0.5

	
	State 2: Saline with full salinity gradient
	0.5  - 1.0

	
	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	
	State 4: Freshwater Dominated
	> 10.00


Present flood regime

The Present State flood regime is judged to be very similar to that of the reference conditions based on the fact that the simulated monthly runoff data indicate very little change to high flow months.  The 99%ile indicates that there is a 5.8 % decrease in floods to the estuary. However, this reduction is probably still considerably less for very large floods.

Confidence:  Medium

Present sediment processes

Although the mouth has become very shallow and constricted at times, it has never been known to close. Closure of the Keurbooms Estuary mouth would be seen as a significant change from the Reference Condition with potentially serious consequences for the ecology of the estuary.

The possibility of ongoing sedimentation, especially between the mouth and the N2 bridges, is closely related to that of closure of the estuary mouth. Should scouring of sediment be reduced owing to a reduction in the magnitude and occurrence of flooding, enhanced sedimentation of the lower reaches could result. The estuary would then become progressively shallower, reducing tidal flows and salinity penetration in the estuary and increasing the potential for mouth closure.

The hydrological data indicates that the magnitude and occurrence of major floods has hardly been reduced. This also means that the flushing of sediments during flood events has hardly been reduced. It is therefore likely that the sedimentation in the estuary is not much different from what it was under natural conditions. The estuary probably still goes through natural cycles of accumulation between floods and scouring during major floods. There may be some increased erosion in the catchment.

Confidence:  Medium

Table 1: Simulated monthly flows for the Keurbooms River for the Present State in m3/s, (including a diversion of 0.1 m3/s to Plettenberg Bay)
	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1934
	21.85
	10.51
	1.18
	0.50
	1.45
	1.04
	2.31
	56.93
	25.13
	6.24
	7.98
	9.35
	12.12

	1935
	7.91
	7.69
	4.50
	1.62
	1.28
	3.16
	2.04
	5.42
	3.18
	5.31
	3.23
	5.40
	4.25

	1936
	6.00
	10.54
	6.77
	2.34
	1.71
	3.62
	1.38
	0.37
	1.46
	5.86
	4.06
	8.17
	4.37

	1937
	5.52
	3.35
	5.26
	4.98
	1.23
	0.56
	1.40
	0.82
	1.08
	0.92
	1.44
	4.14
	2.57

	1938
	4.17
	8.24
	5.53
	0.96
	10.26
	9.48
	3.45
	0.81
	0.35
	4.38
	19.19
	13.06
	6.63

	1939
	4.77
	3.59
	2.15
	3.69
	13.02
	5.96
	2.18
	1.77
	1.39
	3.00
	1.84
	2.07
	3.73

	1940
	1.59
	1.58
	0.56
	1.40
	2.86
	2.22
	9.56
	4.26
	5.40
	3.92
	2.18
	3.12
	3.20

	1941
	9.50
	6.09
	6.41
	7.06
	2.52
	2.43
	1.42
	8.01
	5.91
	3.56
	2.96
	2.63
	4.90

	1942
	4.99
	3.67
	2.55
	6.68
	2.64
	4.07
	2.42
	1.07
	1.19
	1.42
	4.03
	14.86
	4.13

	1943
	8.37
	16.05
	11.09
	1.86
	1.43
	1.70
	0.98
	30.89
	15.44
	11.94
	6.94
	11.49
	9.90

	1944
	7.55
	2.76
	0.92
	0.43
	0.37
	0.38
	0.30
	16.59
	20.01
	8.18
	3.85
	2.17
	5.32

	1945
	3.49
	1.68
	1.10
	1.07
	1.78
	9.52
	3.98
	0.66
	0.57
	1.35
	2.71
	3.01
	2.59

	1946
	5.96
	2.76
	0.66
	0.68
	0.88
	5.45
	4.72
	4.59
	4.37
	12.15
	5.89
	4.77
	4.44

	1947
	4.33
	3.88
	1.76
	1.08
	1.13
	1.01
	4.92
	2.17
	1.03
	1.03
	1.33
	3.92
	2.30

	1948
	8.13
	5.36
	3.37
	2.56
	2.62
	0.69
	1.77
	3.33
	1.91
	0.92
	0.98
	2.26
	2.82

	1949
	1.61
	16.77
	5.72
	0.59
	0.78
	0.57
	0.65
	0.65
	0.38
	8.45
	9.96
	7.46
	4.47

	1950
	6.91
	24.94
	13.27
	17.66
	7.70
	1.33
	0.44
	1.93
	3.54
	22.75
	14.20
	11.61
	10.55

	1951
	4.57
	0.85
	0.37
	4.49
	5.23
	1.39
	1.72
	3.85
	4.50
	3.53
	12.45
	23.42
	5.51

	1952
	9.65
	2.93
	1.55
	0.99
	3.24
	1.29
	1.03
	0.61
	7.14
	11.72
	20.09
	12.50
	6.08

	1953
	29.88
	14.08
	2.99
	0.73
	0.30
	2.69
	3.18
	8.93
	6.30
	11.03
	44.06
	18.39
	11.98

	1954
	2.84
	7.66
	2.35
	4.46
	24.47
	8.70
	2.35
	1.51
	2.40
	2.83
	4.07
	3.65
	5.48

	1955
	5.07
	16.30
	4.86
	0.86
	1.95
	3.77
	2.01
	14.56
	7.19
	1.67
	1.43
	8.51
	5.68

	1956
	15.62
	8.12
	4.21
	3.83
	3.45
	4.06
	2.09
	3.71
	6.78
	4.32
	5.89
	8.54
	5.90

	1957
	6.38
	1.84
	0.66
	0.49
	0.35
	3.92
	4.61
	7.88
	5.65
	2.18
	7.90
	5.19
	3.94

	1958
	5.39
	2.17
	2.32
	8.67
	4.05
	4.33
	11.07
	7.45
	2.94
	3.92
	14.37
	8.16
	6.25

	1959
	8.01
	3.83
	2.16
	7.95
	3.03
	5.57
	5.33
	4.18
	4.23
	4.57
	3.01
	7.70
	4.98

	1960
	3.78
	3.24
	4.13
	4.31
	2.41
	10.12
	5.61
	5.31
	3.20
	2.88
	4.72
	3.21
	4.43

	1961
	4.37
	2.53
	1.39
	3.69
	2.37
	7.45
	5.55
	2.07
	1.00
	1.30
	36.70
	15.29
	7.02

	1962
	14.37
	10.26
	2.18
	1.92
	1.06
	17.37
	9.72
	3.74
	2.43
	7.63
	6.59
	3.32
	6.76

	1963
	2.56
	1.42
	4.40
	6.75
	2.52
	2.92
	4.65
	2.00
	6.66
	4.38
	8.84
	28.34
	6.27

	1964
	10.57
	6.29
	2.12
	0.71
	0.44
	7.24
	7.85
	5.29
	4.38
	3.59
	1.99
	1.81
	4.38

	1965
	19.06
	19.20
	5.93
	5.29
	4.26
	1.03
	1.60
	3.16
	2.08
	1.50
	6.85
	6.06
	6.34

	1966
	2.56
	2.12
	1.75
	0.98
	2.57
	7.23
	27.84
	21.69
	8.35
	6.89
	4.78
	6.40
	7.76

	1967
	3.73
	2.61
	1.64
	0.67
	1.01
	4.40
	3.40
	2.72
	27.15
	10.94
	6.07
	8.87
	6.09

	1968
	6.42
	6.16
	2.31
	1.75
	2.50
	4.00
	2.18
	0.83
	5.08
	3.72
	2.95
	2.85
	3.40

	1969
	5.99
	2.61
	0.42
	0.35
	6.41
	2.19
	0.79
	0.55
	0.59
	0.87
	11.04
	6.48
	3.17

	1970
	3.53
	1.24
	13.56
	4.68
	6.25
	5.88
	9.27
	8.87
	4.82
	23.21
	29.76
	10.43
	10.19

	1971
	2.22
	6.73
	3.25
	1.12
	11.55
	5.20
	1.52
	2.24
	4.03
	5.27
	7.04
	3.84
	4.45

	1972
	2.01
	1.32
	0.71
	1.27
	2.27
	3.14
	4.37
	2.73
	2.43
	1.88
	2.41
	4.64
	2.42

	1973
	3.29
	5.98
	2.27
	7.72
	8.67
	8.73
	3.44
	7.77
	5.02
	1.85
	9.23
	7.20
	5.92

	1974
	3.28
	4.05
	1.40
	4.28
	6.42
	3.93
	1.58
	0.69
	2.03
	4.46
	5.01
	12.68
	4.12

	1975
	4.87
	2.49
	5.45
	2.57
	1.93
	6.00
	2.32
	2.31
	2.31
	6.06
	4.29
	3.13
	3.67

	1976
	20.30
	12.33
	3.93
	0.75
	12.18
	7.50
	1.91
	16.17
	8.66
	2.52
	4.74
	7.01
	8.14

	1977
	7.46
	7.96
	2.92
	0.72
	0.30
	0.48
	0.88
	1.04
	2.38
	2.39
	8.22
	5.39
	3.36

	1978
	4.74
	4.31
	4.70
	3.95
	1.91
	0.56
	1.46
	2.44
	2.55
	8.35
	18.02
	11.05
	5.37

	1979
	3.68
	1.49
	0.82
	1.94
	0.89
	0.34
	2.09
	1.53
	4.68
	2.81
	3.01
	5.19
	2.37

	1980
	7.47
	5.89
	5.29
	14.72
	8.16
	19.69
	14.61
	40.45
	17.90
	4.29
	22.42
	10.20
	14.33

	1981
	11.74
	5.21
	2.56
	0.85
	0.81
	1.49
	30.80
	11.43
	2.84
	2.83
	2.11
	10.01
	6.88

	1982
	8.13
	2.62
	1.12
	0.42
	1.63
	1.02
	0.67
	1.82
	9.77
	28.22
	11.86
	7.00
	6.24

	1983
	7.13
	3.85
	2.52
	0.81
	1.42
	2.33
	1.09
	0.60
	0.68
	1.15
	1.16
	1.19
	2.00

	1984
	1.64
	2.16
	1.73
	5.34
	10.40
	4.89
	4.12
	1.82
	2.27
	3.31
	2.09
	1.18
	3.37

	1985
	12.82
	9.52
	7.64
	5.96
	1.51
	0.52
	0.38
	0.30
	0.59
	1.00
	8.65
	5.52
	4.56

	1986
	11.40
	5.09
	1.91
	1.76
	2.50
	2.08
	8.73
	3.43
	2.10
	1.41
	3.39
	18.34
	5.16

	1987
	7.55
	1.29
	1.08
	0.79
	0.45
	0.78
	7.72
	5.34
	4.09
	2.95
	4.49
	4.06
	3.40

	1988
	4.13
	2.19
	1.30
	0.77
	0.57
	0.79
	4.30
	2.24
	1.30
	2.63
	2.03
	1.79
	2.01

	1989
	20.92
	19.53
	4.07
	0.82
	8.64
	3.21
	5.50
	4.31
	5.29
	3.08
	2.62
	2.89
	6.71

	1990
	5.81
	5.59
	1.91
	1.88
	3.24
	1.69
	0.53
	0.69
	1.05
	1.51
	1.81
	1.37
	2.25

	1991
	6.93
	2.92
	4.29
	1.64
	3.79
	1.99
	1.32
	2.93
	2.56
	4.90
	10.24
	5.37
	4.09

	1992
	23.96
	15.50
	2.67
	1.01
	0.81
	0.82
	3.78
	3.97
	3.94
	2.74
	2.84
	32.75
	7.89

	1993
	12.56
	3.03
	3.76
	2.91
	3.48
	2.31
	6.69
	4.46
	2.47
	3.31
	6.72
	5.37
	4.77

	1994
	7.62
	3.03
	14.99
	7.05
	4.86
	7.75
	8.42
	5.55
	3.70
	2.41
	2.48
	2.07
	5.85

	1995
	1.49
	16.85
	15.76
	5.43
	0.83
	0.68
	0.52
	0.37
	0.34
	0.78
	1.79
	2.54
	3.96

	1996
	20.15
	32.62
	14.81
	2.01
	2.06
	4.87
	8.57
	6.11
	5.21
	3.75
	5.68
	4.43
	9.20

	1997
	5.07
	2.07
	1.05
	2.59
	1.46
	4.40
	2.03
	1.61
	1.30
	2.16
	3.68
	2.77
	2.53

	1998
	2.00
	2.67
	1.23
	1.90
	1.86
	4.38
	2.87
	1.10
	0.64
	1.42
	1.46
	1.81
	1.94

	1999
	6.36
	2.30
	0.36
	5.51
	6.91
	13.56
	5.41
	0.78
	0.31
	0.28
	0.24
	0.64
	3.54

	2000
	1.36
	12.00
	9.50
	6.14
	2.58
	2.08
	7.52
	2.90
	0.81
	1.29
	6.60
	4.67
	4.79

	2001
	3.21
	3.71
	3.61
	7.70
	3.15
	1.64
	0.86
	0.60
	1.32
	3.97
	8.16
	8.53
	3.88

	2002
	3.09
	5.02
	2.28
	0.70
	1.89
	13.70
	7.78
	6.04
	4.54
	2.10
	1.49
	1.06
	4.15

	2003
	1.05
	1.95
	0.73
	1.30
	0.73
	0.97
	1.60
	1.37
	1.88
	2.06
	2.35
	9.47
	2.11

	2004
	7.10
	2.26
	25.99
	11.13
	1.86
	3.20
	6.55
	2.92
	1.29
	0.91
	0.70
	0.63
	5.44

	2005
	0.39
	10.95
	3.69
	1.91
	3.12
	3.23
	3.92
	3.39
	3.85
	4.68
	5.15
	5.02
	4.09


Occurrence of Abiotic states during the Present State for the Keurbooms River

[image: image8.emf]Present State

0

10

20

30

40

50

60

70

80

90

100

%  Occurance

State 1

1.4 0.0 4.2 5.6 8.3 4.2 4.2 4.2 5.6 1.4 1.4 0.0

State 2

0.0 1.4 9.7 25.0 11.1 13.9 11.1 16.7 8.3 8.3 2.8 2.8

State 3

79.2 76.4 76.4 65.3 72.2 75.0 79.2 68.1 79.2 79.2 77.8 75.0

State 4

19.4 22.2 9.7 4.2 8.3 6.9 5.6 11.1 6.9 11.1 18.1 22.2

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP


   Occurrence of Abiotic states during the Present State for the Bitou River
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Anthropogenic influences

The effect of anthropogenic influences, other than modification of river inflow that are presently affecting the abiotic characteristics in the estuary:

	Structures (e.g. weirs, bridges, mouth stabilization): The openings of the N2 bridges across the Keurbooms and the Bitou River are wide and probably do not cause any obstruction of tidal flows. They may cause some obstruction during major floods. During construction of the N2 bridge over the Bitou Estuary the original main channel was filled in (now part of the bridge embankment) and the river was forced to form an S-bend and continue its flow 150 m to the south. 

A low causeway is present across the Bitou approximately 1.5 km upstream of the N2 Bridge. This causes some constriction to tidal flows especially at low tides. Sediment deposition occurs on the seaward side of the drift further restricting the tidal reach.

Confidence: Medium

	Discharges into estuary affecting water quality: Rapid urban development along the basin area probably resulted in some trace metal accumulation in this area.  Urban development adjacent to the basin area have also introduced additional nutrients (e.g. garden fertilizing and malfunctioning sewage pump stations) and suspended solids (e.g. through storm water runoff) into that area.

However, there has not been any large urban, industrial or agricultural development in either the Bitou or Keurbooms catchments that could have resulted in severe contamination further upstream. 

Confidence:  Low

	Human exploitation (consumptive or non-consumptive):  

The collection of invertebrates for bait purposes is an important activity on the estuary, particularly in the basin area.  While biomass of these organisms is high, the physical damage to habitat is probably high.

Most of the human exploitation of the Keurbooms/Bitou system takes the form of recreational fishing from both the shore and boats, and some subsistence fishing from the shore. Non-consumptive use of the estuary is centred around boating activities upstream of the N2 bridges where there are also established picnic sites that are used by members of the public.

Confidence:  Low


1.6.2 Biotic Components

	MICROALGAE

	Phytoplankton

Freshwater pulses are important in stimulating phytoplankton growth as they introduce nutrients. Adams et al. (1999) showed that an increase in freshwater input between August and November 1992 caused a decrease in mean salinity, an increase in the horizontal salinity gradient and an increase in nitrate (0.3 – 4.4 µM) and chlorophyll concentrations (0 – 13.3 µg l-1). These chlorophyll-a values are lower than that found in the nutrient rich Gamtoos and Sundays estuaries.  Water retention time is important and the maximum phytoplankton biomass will occur at a vertically averaged salinity of < 10 ppt in the river-estuary interface zone (REI).  This zone mostly occurs above the N2 bridge in the Keurbooms Estuary.  Phytoplankton biomass will be highest when there is a water retention time of 42 days which could occur during State 2 (saline with full salinity gradient) at flows between 0.5 and 1.0 m3/s and State 3 (fresh with a full salinity gradient) at monthly flows between 1.0 and 10.0 m3/s.  Water retention is greater during State 2 compared to State 3 and therefore higher phytoplankton biomass is expected.

Benthic microalgae

Snow (unpublished data) found that benthic chl-a was positively correlated with DIN, moisture and sediments with a particle size less than 250 µm.  Benthic chl-a was negatively correlated with sediments greater than 500 µm.  These sandy sediments are usually fairly mobile as they are associated with the dynamic mouth and lower reaches of the estuary where they would be influenced by tidal currents.  

Adams et al. (1999) reported on the benthic microalgal biomass that ranged from 106 -191 mg m-2 for intertidal sites and 64 to 257 mg m-2 for subtidal sites.  Compared to other Cape estuaries these values were moderately high.  

Confidence: Medium

	MACROPHYTES

	Eight broad plant community types were recorded in the Keurbooms/Bitou Estuary, i.e. reeds and sedges, submerged macrophytes, alien invasive trees, Stenotaphrum dominated grass fields, intertidal saltmarsh mosaic, supratidal saltmarsh, riparian thicket and roadside mosaic. The boundaries of the Keurbooms/Bitou Estuary, as far as estuarine macrophytes is concerned, is at the Wittedrift Bridge on the Bitou and at the N2 bridge on the Keurbooms. The total wetland area associated with the Keurbooms/Bitou Estuary covers nearly 880 ha. 

Submerged macrophytes (89 ha) consist of near monospecific stands of Zostera capensis (mainly in the Keurbooms and the lower reaches of the Bitou where tidal exchange is sufficient) as well as smaller quantities of Potamogeton pectinatus and Ruppia cirrhosa (restricted mainly to the brackish and less turbulent water of the Bitou). Halophila ovalis has also been recorded in the past.
Large intertidal flats are largely restricted to the lower reaches of the Keurbooms/Bitou Estuary where the tidal currents and general flow conditions are strong enough to rework the sediment. The intertidal area in the middle to upper reaches of the Bitou Estuary is restricted due to the steep banks, sandy substrate, impacts downstream restricting flow and dense monospecific stands of Schoenoplectus scirpoideus and Phragmites australis. Some tidal connectivity still exists between the estuary and the large Bitou floodplains despite attempts to block it off. Small tidal channels/creeks crisscross the marsh adjacent to the Bitou River. These tidal creeks provide valuable habitat for intertidal marsh species (total cover = 72.16 ha). The intertidal species are subjected to flooding by freshwater during winter rainfall and tidal inundation by seawater on a daily basis, and are therefore adapted to a wide range of environmental conditions. If these plants are subjected to hypersaline conditions or submerged for prolonged periods the plants will not flower or produce seed and will eventually die (O’Callaghan 1992; Adams 1994). Increased productivity occurs at lower salinity levels (5 – 24 ppt) and saturated soil conditions (Adams & Bate 1993). The following intertidal species were recorded: Sarcocornia perennis, Cotula coronopifolia, Limonium scabrum, Plantago crassifolia, Samolus porosus, Triglochin striata, Triglochin bulbosa, Bassia diffusa and Spartina maritima. 

Spartina maritima (7.1 ha) is an important primary producer in permanently open estuaries. Daily tidal flushing is important for the growth and survival of Spartina maritima (Adams & Bate 1995). Reduced freshwater input can cause marine sediments to accumulate in the mouth of the Keurbooms Estuary, shrinking the mouth dimensions (Reddering 1988) and reducing tidal flushing of the marshes. If the mouth of an estuary closes due to reduced freshwater input there is the possibility that S. maritima communities may disappear. Spartina maritima is absent from periodically closed South African estuaries which may be attributed to the plant's requirement for tidal flooding and saturated substrates (Adams & Bate 1995). Tidal exchange is also important in maintaining salt marsh zonation patterns.

The supratidal (~ 80 ha) refers to the zone that stretches from the mean high water mark to the highest point reached by the equinoctial spring tides. The supratidal flats have a very low relief and support a dense cover of low salt marsh vegetation, dominated by Sarcocornia pillansii.  The soils in this zone are normally hypersaline with lower soil moisture content than the intertidal areas. S. pillansii survive in the hypersaline drier soils by extending its roots down to the groundwater (Bornman et al. 2002; 2004). S. pillansii has a broad salinity tolerance range of 0 – 70 ppt but are sensitive to prolonged inundation (Bornman 2002). S. pillansii shows increased productivity at lower soil and groundwater salinity concentrations and where the water table is shallow (< 0.7 m) (Bornman et al. 2002; 2004). The following supratidal species were recorded: Sarcocornia pillansii, Disphyma crassifolium, Sporobolus virginicus, Sarcocornia decumbens, Sarcocornia perennis, Juncus kraussii and Juncus acutus. Sarcocornia decumbens has a significantly lower salinity tolerance range than S. pillansii. The majority of S. decumbens were recorded as new growth in disturbed areas of the supratidal zone. Patches of the species were also found north of the R340 in amongst the Juncus stands. Its distribution suggests that it has a lower salinity requirement and is able to compete for resources with brackish marsh species. The patches in the brackish marsh may well be remnants of the salt marsh prior to the construction of the R340. There is no tidal action in that area and a source of salinity in the soil could be from the groundwater.

The majority of reeds occur on the fringes of the main channel. These reeds are mostly dense monospecific stands of Phragmites australis (42.5 ha). This species has a salinity tolerance range in the region of 0 – 25 ppt, indicating the low salinity of the estuarine water in the middle and upper reaches of the Bitou Estuary. Phragmites australis is also associated with disturbed areas where the normal saltwater flushing has been arrested, i.e. supratidal fringes with high soil moisture content.  Although the reeds reduce overtopping of the floodplain they serve a valuable ecological function of protecting the banks from erosion and attenuating large flood events. 

The brackish rushes and sedges (65.4 ha) are mostly restricted to the middle and upper reaches of the Bitou Estuary, where there is suitable habitat and the salinity is within their tolerance range (0 – 25 ppt for Schoenoplectus scirpoideus, Typha capensis and Bolboschoenus maritimus). The largest stands were recorded in the Gansespruit basin and in the upper reaches of the Bitou floodplain. Once these brackish species (including Phragmites) become established in a wetland, it often forms expansive stands, excluding other wetland plants and providing little food and shelter for wildlife. Phragmites and Typha colonization are commonly associated with disturbed wetland areas, e.g. the Gansespruit wetlands that are fed by treated sewage waste water. Phragmites and Typha can tolerate standing water, low oxygen levels, and acidic sediments, which allow it to thrive in disturbed habitats often unsuitable for other plants. Hydrological alterations are perhaps the major factor leading to the invasion of wetlands by Phragmites and Typha.

The Juncus community (38.5 ha) consists of Juncus kraussii and Juncus acutus. J. kraussii is the dominant species in the lower reaches of the estuary (up to the low water drift in the Bitou) where this community is largely intertidal to supratidal. J. acutus have a lower salinity and inundation tolerance and grows in patches across most of the middle to upper reaches of the Bitou floodplains.

Mats or swards of grasses such as brakgras (Sporobolus virginicus), kweek (Cynodon dactylon) and seaside quick (Stenotaphrum secundatum) dominate large sections of the disturbed upper marsh. This community covered the largest area in the Keurbooms/Bitou Estuary, i.e. 181.22 ha. Large areas of the supratidal marsh have been invaded due to decreased soil salinity. S. secundatum has a lower salinity tolerance (5 – 24 ppt) than Sporobulus virginicus (8 – 34 ppt) and areas dominated by this grass are considered brackish to fresh. Although Sporobolus is a halophyte, it shows increased productivity at lower salinities and has not lost its competitive ability with less stress tolerant species in the brackish marsh. 

The Keurbooms/Bitou Estuary is not as heavily infested with alien tree species (19.77 ha) as the catchments of the Bitou and Keurbooms Rivers. The dominant alien trees include: Acacia saligna, Acacia cyclops, Acacia melanoxylon, Acacia mearnsii and Eucalyptus grandis. Most of these alien trees were planted as windrows. Numerous other problem plants also occur on the floodplains of the Bitou Estuary and these are largely as a result of agricultural activities. Indigenous Riparian Thicket occurs along the upper reaches of the Bitou and Keurbooms estuaries and rivers and consists of a suite of species with the following dominance:  milkwood (Sideroxylon inerme), crowberry (Rhus crenata), boerbean (Schotia afra), candlewood (Pterocelastrus tricuspidatus) and vaalpendoring (Gymnosporia capitata). Intact thicket is restricted to a thin strip adjacent to the Bitou River upstream of the drift. The small distribution is related to the low salinity tolerance range of the majority of species. This community is heavily invaded in certain areas by exotic tree species.

Rooted floating macrophytes are plants that have rhizomes rooted in the mud and silt with long leaves or stems and rounded leaf blades floating on the surface. This community was dominated by Nouchali capensis (Cape water-lily), Nymphoides indica (False water-lily) and Aponogeton distachyos (waterblommetjie). All three species are common in small freshwater ponds, dams and river pools in the area. They have a limited salinity tolerance range and as a result are largely restricted to the Bitou River above the Wittedrift Bridge.

The roadsides within and immediately outside the road reserve are overgrown with a mixture of species from several different communities. The exact composition varies in different areas depending on morphology, soil moisture, groundwater salinity, etc. The dominant species include Juncus acutus, Stenotaphrum secundatum, Conyza scabrida, Phragmites australis, Typha capensis, Bolboschoenus maritimus,  Chrysanthemoides monilifera and Rhus crenata. 

Most of these species show some preference to flooding and it is evident by the high densities of reeds, rushes and sedges in the canals next to the road and those leading to the estuary. Emergent macrophytes, such as bullrushes (Typha capensis) and reeds (Phragmites australis) are the most efficient macrophytes for trapping silt run-off and fulfil an important function at the base of the roads and streams flowing from the surrounding hills. Phragmites and Typha can however increase wetland elevation by trapping sediment and plant matter, ultimately changing and/or disrupting the natural hydrological cycle.

Other important abiotic habitats include: 159.42 ha of open water (no submerged macrophytes below, add submerged macrophytes to get total water area), 80.47 ha of sandbanks and 5.33 ha of intertidal mudbanks.

Confidence: High

	INVERTEBRATES

	Zooplankton

The zooplankton of the Keurbooms estuary is described by Grindley (unpublished data) as rich and abundant.  Pseudodiaptomus hessei is the most abundant species (also the most widespread copepod in South African estuaries).  Its significance in the Keurbooms estuary is due to the strong influence of freshwater in the upper and middle estuary.  Here, euryhaline salinity values promote its existence, particularly in the REI (river-estuary interface zone).  Freshwater pulsing is important as its main food source (phytoplankton) responds to increased nutrient availability introduced by the pulsing. Elevated food levels impact positively on the population dynamics of this copepod.  Abundance levels increase significantly after pulsing and the population peaks within 2-3 weeks. The full salinity gradient also allows for increased biodiversity of the zooplankton, with the three major groups (marine, estuarine and freshwater associated) linked to thee respective salinity reaches in the estuary.

Confidence: High

Benthic invertebrates

As in the case of the zooplankton, benthic community is rich and abundant.  Forty-two macrofaunal species are described from the estuary (Duvenage & Morant 1984), with seven species contributing over 95% of the zoobenthic biomass.  The burrowing prawns Callianassa kraussi (sandprawn) and Upogebia africana (mudprawn) are the most important species.  The benthic fauna is best developed between the tidal inlet and bridges across the respective estuaries. Arenicola loveni (bloodworm), Callianassa kraussi (sandprawn or pink prawn), Upogebia africana (mudprawn) and Solen capensis (pencil bait) are popular bait organisms, with each species occurring in particular areas determined by substratum characteristics.  Sand and mudprawn make up 54% of macrofaunal biomass.  

The mysid, Gastroaccus brevifissura is also likely to very abundant in sandy substrata.  Sandprawn are common in sandy areas, bloodworm and pencil bait occur in muddy sand, while mudprawn dominate muddy substrata.  Above the Bitou bridge only C. kraussi and the saltmarsh crab S. catenata are common while the benthic fauna above the Keurbooms bridge is poor. 

Larger invertebrates

No information available, but it is expected to be rich and abundant, particularly in association with macrophyte beds.

Confidence: High

	FISH

	At least 29 fish species are known to occur in the Keurbooms Estuary. Twenty-two of these taxa are either totally or partially dependent on the estuarine environment and 18 species are endemic to southern Africa. The rare and endangered Knysna seahorse (Hippocampus capensis), which is confined to three estuaries in the southern Cape, is found in the Keurbooms system. The large number of juvenile marine fish that were captured in the littoral zone of the estuary during sampling is a reflection of the importance of this permanently open system to many coastal species.   

Confidence: High

	BIRDS

	A total of 43 waterbird species have been recorded on the Keurbooms estuary, with up to 31 and 36 species having been recorded in summer and winter, respectively.   This indicates the seasonal change in presence of species on the estuary.  

Bird numbers average about 1891 in summer and 1114 in winter. Up to 600 terns have been recorded, which is reasonably important, but does not compare to the several 1000s found on some estuaries.  

In summer the avifauna is dominated by migratory waders (41%), gulls (29%; mainly Kelp Gull) and terns (manly Swift Terns; 15%).  The remaining avifauna include a variety of wading birds (6%; particularly Sacred Ibis), resident waders, cormorants and small numbers of waterfowl.

In winter, numbers are dominated by terns (26%), gulls (21%) and cormorants (16%). Resident waders (13%) and migratory waders (immature overwintering birds; 9%), wading birds (8%) and waterfowl (6%) make up most of the remainder. About 12% of migratory waders remain in winter. Cormorants and waterfowl are about three times more abundant in winter than summer, and resident waders are twice as abundant.  Wading birds, kingfishers and terns occur in roughly equal numbers in summer and winter, but gulls are fewer in winter.

Waders feed on invertebrates and depend on intertidal habitats. Most of the remaining birds are piscivores, which make up 54% of bird numbers in summer and 71% in winter.  Thus a large proportion of birds are dependent on fish abundance, as well as being influenced by factors such as water quality.  

Confidence: High


1.6.3 Effect of abiotic processes and other biotic components on estuarine biota:  

	ABIOTIC COMPONENT OR PROCESS
	BIOLOGICAL RESPONSE

	Mouth condition (provide temporal implications where applicable)
	Microalgae:

An open mouth maintains an intertidal habitat for the growth of intertidal benthic microalgae.  Saline water is introduced resulting in a horizontal salinity gradient along which different microalgal species are distributed.

Confidence: Medium

	
	Macrophytes:

The majority of macrophyte species depend on an open mouth for survival, most notably all the intertidal salt marsh species, Zostera capensis and Spartina maritima. Prolonged inundation (> one week) may cause dieback of the latter species. Salt marsh plants occur in distinct zones along a tidal inundation gradient. If the mouth closes the plants found in these zones would die. 

Confidence: High

	
	Invertebrates:

An open mouth is critical for the survival of estuarine populations of many of the benthic species, including those most common in the estuary (e.g. mudprawns, saltmarsh crabs).  If the mouth closes, some species may disappear from the estuary.

Confidence: High

	
	Fish:

An open mouth is vital for the recruitment of larval and juvenile marine fish into the estuary and for the migration of adults back to the sea. Most of these species enter the estuary during spring and summer each year. In addition, there are a number of estuarine spawning fish species that have a marine larval phase before returning to the estuary. An open estuary mouth is vital for the life cycle of these species to be completed. 

Confidence:  High

	
	Birds:

Little direct effect, only indirect, through impacts on habitat and food.  Quality of tern roost might be directly affected.

Confidence: Medium

	Exposure of inter-tidal areas during low tide
	Microalgae:

Benthic microalgal biomass is higher in the intertidal zone.  Mouth closure would result in a loss of the intertidal habitat and a decrease in microalgal biomass and diversity.  
Confidence: Medium

	
	Macrophytes:

Exposure of the intertidal areas during low tide is essential for the functioning of the intertidal salt marsh. Tidal flushing is important for salt marsh nutrient exchanges and for maintaining the zonation and diversity of salt marsh plants.

Confidence: High

	
	Invertebrates:

Exposure of intertidal areas is essential for some species such as mudprawns.  Water is pumped through their burrows and this enables them to filter feed.

Confidence: High

	
	Fish:

Fish retreat from intertidal areas at low tide and return on the flood tide. They are therefore well adapted to the tidal cycle. 

Confidence: High

	
	Birds:

Tidal exposure is essential for estuarine birds, with the majority of species depending on these habitats for food, and several more using intertidal areas for roosting.

Confidence: High

	Sediment processes and characteristics
	Microalgae:

Highest benthic microalgal biomass occurs on sediment with a small particle size.  In the Keurbooms Estuary benthic chlorophyll-a was positively correlated with sediments with a particle size less than 250 µm and negatively correlated with sediments greater than 500 µm (Snow unpublished data).  Biomass therefore tends to be higher in the middle and upper reaches of the estuary compared to the lower reaches.

Confidence: High

	
	Macrophytes:

Estuarine macrophytes are restricted to the less dynamic areas of the estuary. No macrophytes occur in the immediate vicinity of the mouth. The higher the organic content of the sediment (silt and clay as opposed to sand) the higher the macrophyte diversity and cover abundance. Macrophytes act to trap sediment, thereby building up the marsh. Floods play a vital role in scouring the sediment away and re-setting the marsh levels (elevation). Decreasing the flooding in the estuary will decrease the sediment disturbance thereby increasing the area covered by Zostera.

Confidence: High

	
	Invertebrates:

Distribution of macrofaunal species is determined mainly by sediment characteristics.  Should sediment characteristics change, composition and structure of the benthic fauna will also change.

Confidence: High

	
	Fish:

Some fish species such as soles are strongly influenced by sediment type, e.g. the Cape sole (Heteromycteris capensis) is associated with sandy substrata in the Keurbooms Estuary whereas the blackhand sole (Solea bleekeri) favours more muddy substrata in the same system. The various mullet species tend to consume different sized sediment particles with their food and are therefore likely to be influenced by any changes in sediment particle size composition within the estuary. 

Confidence: High

	
	Birds:

Sediment characteristics affect the food and feeding methods of estuarine birds, with different species being adapted to different conditions.  Thus a change in characteristics is likely to affect bird community composition.

Confidence: High

	Retention times of water masses
	Microalgae:

A water retention time of 42 days results in maximum phytoplankton biomass which occurs in the river estuary interface zone (salinity less than 10 ppt). Greater water retention allows for optimal nutrient uptake and microalgal growth.

Confidence: Medium

	
	Macrophytes:

Increased retention times will adversely affect the intertidal saltmarsh since surface sediment salinities would increase. This would decrease seed germination and macrophyte growth. Increased retention times will mostly be restricted to the Keurbooms Estuary above the N2 bridge, where the macrophyte distribution is very limited, and thereby will have a limited influence.

Confidence: High

	
	Invertebrates:

Retention time of water masses is important for the zooplankton, since flushing of the estuary on a frequent basis does not support rapid increases in population densities.  These species (particularly smaller species) are flushed to sea and lost to the estuary. 

Confidence: High

	
	Fish:

Retention time is important to fishes, mainly in terms of the effect it has on their food resources. Low retention times during river flooding events often result in fish leaving an estuary during these periods.

Confidence: Medium

	
	Birds:

No direct impact

Confidence: Medium

	Flow velocities 
	Microalgae:

There is an optimum flow rate for the maximal development of phytoplankton at the river-estuary interface zone.  In the Keurbooms Estuary this is probably between 0.5 and 1.0 m3/s for State 2 (saline with full salinity gradient).  High flow velocity and coarse sediment in the mouth and lower reaches of the Keurbooms Estuary results in low benthic microalgal biomass.
Confidence: Medium

	
	Macrophytes:

A decrease in flow velocities will lead to sediment stability which, in turn, will increase colonisation by submerged macrophytes and marine macroalgae. Reduced flows will also result in an increase in the area covered by reeds, sedges and salt marshes.

Confidence: High

	
	Invertebrates:

If flow velocities are too high, zooplankton will be flushed from the estuary.  Many species are unique to the estuarine environment and different to those outside the system.  A change in flow velocities will also influence sediment characteristics, the main driver that structures benthic communities. 

Confidence: High

	
	Fish:

Under most tidal conditions fish are well adapted to the changing flow velocities. However, during river flood events when water velocities increase significantly, fish eggs and larvae may be lost from the estuary into the sea. 

Confidence: Medium

	
	Birds:

Can affect foraging by piscivorous birds, but only at very high velocities 

Confidence: Medium

	Volume of water in estuary
	Microalgae:

A greater volume of water indicates greater habitat for phytoplankton.  Although during floods and high spring tide water retention time may be too short to allow for phytoplankton growth.

Confidence: High

	
	Macrophytes:

A larger volume of water in the estuary will lead to increased inundation of the intertidal saltmarsh. This will lead to die-back of species that are intolerant of long periods of inundation.

Confidence: High

	
	Invertebrates:

A larger volume of water in the estuary favours the zooplankton, since habitat volume is increased. 

Confidence: High

	
	Fish:

Fish benefit from any increase in water volume since their habitat size and range is increased as a result. Large fish will normally only enter estuaries that have deep water areas which provide them with a suitable habitat. 

Confidence: High

	
	Birds:

Water depth may impact on piscivores and wading birds.  Inundation of intertidal habitats would lead to reduction in bird numbers.

Confidence: Medium

	Salinities
	Microalgae:

Highest phytoplankton biomass tends to occur where the salinity is low (< 10 ppt) as nutrients are usually associated with freshwater input.  Changes in salinity can result in changes in species composition.  Species diversity will therefore be higher when there is a horizontal salinity gradient in the estuary (State 2 and 3).

Confidence: Medium

	
	Macrophytes:

The present distribution and zonation of estuarine and other macrophytes depend on the maintenance of the present tidal regime and salinity of the water column. Any prolonged increase or decrease in water column salinity will effect the distribution of all the vegetation community types and may lead to the loss of macrophyte diversity.

Confidence: High

	
	Invertebrates:

Salinity distribution is important for structuring the zooplankton community.  The three major groups (Marine, estuarine and freshwater associated communities) will contract or expand according to changes to the salinity gradient.  Although benthic communities are largely structured by sediment characteristics, salinity plays a part at the extremes of the gradient (at the mouth and in the upper most reaches of the estuary).

Confidence: High

	
	Fish:

Fishes are tolerant of a wide range of salinities but marine fishes will temporarily leave the estuary when freshwater conditions prevail. Once salinities increase, these species will return to the system. Stenohaline marine fishes will only occur in those parts of the estuary where seawater salinities prevail.

Confidence: High

	
	Birds:

Most estuarine birds tolerate a wide range of salinities, but a few species are typical of more freshwater or marine habitats, and the abundances of these species would be affected by change.  

Confidence: High

	Other water quality variables 
	Microalgae:

Nutrient input increases microalgal biomass but can change species composition. Blue-green algae and euglenoids are usually associated with eutrophic water.

Confidence: High

	
	Macrophytes:

Nutrient enrichment can increase growth and biomass of submerged macrophytes and macroalgae. Despite the agricultural activity in the catchment (Bitou River) nutrient input into the estuary is relatively low, mainly as a result of scrubbing by freshwater wetlands above the Wittedrift Bridge. A large nutrient source to the estuary is from the Gansespruit into which the Bitou Municipality releases their treated sewage effluent. The large stands of reeds and sedges (Phragmites, Typha and Schoenoplectus) within the Gansespruit remove the majority of the nutrients from the stream.

Confidence: High

	
	Invertebrates:

Invertebrates will respond positively to increased food availability (phytoplankton, detritus) that in turn responds to increased nutrients.

Confidence: High

	
	Fish:

If increased nutrients result in greater primary and secondary productivity within the estuary, the numbers and biomass of fishes within the system will be expected to increase.

Confidence: High

	
	Birds:

Sediment particle size is important in determining species composition and bird densities, with muddy (not silty) habitats being important for foraging.  Increased nutrient loading would lead to increased bird biomass due to increased food supplies

Confidence: High


ii. Anthropogenic influences, other than modification of river inflow, that are presently directly affecting biotic characteristics in the estuary:

	ANTHROPOGENIC INFLUENCES
	BIOLOGICAL RESPONSE

	Structures (e.g. weirs, bridges, jetties, causeway)
	Microalgae:

No known impacts.

Confidence: High

	
	Macrophytes:

The N2 bridge over the Keurbooms has had a limited influence on the macrophytes. The N2 bridge over the Bitou has altered macrophyte distribution and created a blind arm where submerged macrophytes that do not require tidal inundation accumulate (e.g. Ruppia). The construction of a shallow drift in the Bitou Estuary prior to 1936 had a major influence on vegetation distribution, sediment dynamics and hydrodynamics of the system. Sediment deposition is evident on the seaward side of the drift. A distinct change in the macrophyte community structure occurs at the drift. Another change in community structure is evident at the old collapsed bridge at Wittedrift, with no estuarine or brackish species found upstream of the structure.

Confidence: High

	
	Invertebrates:

Loss of habitat will impact negatively on the benthic community. The emergence of macrophyte beds as a consequence of drift construction on the Bitou Estuary will provide additional habitat for colonization of species that utilize such habitats (e.g. the shrimp Palaemon perengueyi).

Confidence: High

	
	Fish:

Anthropogenic structures that reduce the surface area of the littoral zone within the estuary will have a negative affect on the available nursery habitat for juvenile fishes within the system.  

Confidence: High

	
	Birds:

Unknown

Confidence: Low

	Human exploitation (consumptive and non-consumptive)
	Microalgae:

No impacts.

Confidence: High

	
	Macrophytes:

Zostera capensis is highly susceptible to destruction by bait collectors and boats. Boating activity may stir up bottom sediments that could impact the submerged macrophytes reducing both cover and biomass. Boat activity can also cause the erosion of salt marshes. Large areas of the Bitou floodplain have been impacted by agricultural activities. Numerous attempts have been made in the past to lay the floodplains dry and prevent the inflow of estuarine water. These attempts have not been successful, but have caused large scale destruction of salt marsh habitat. Most of the floodplain grassland areas are still being used for grazing.

Confidence: High

	
	Invertebrates:

Significant levels of bait removal probably occur in the estuary.  Although this may not impact significantly on population levels of some species (sandprawn and mudprawn), habitat destruction caused during harvesting will be significant.  Some species such as bloodworm will be directly impacted (abundance) because of harvesting.

Confidence: High

	
	Fish:

By virtue if its proximity to Plettenberg Bay, recreational and subsistence angling is likely to have a major effect on the abundance and biomass of large fishes within the Keurbooms Estuary. 

Confidence: High

	
	Birds:

Direct human disturbance through recreational activity has a negative effect on bird numbers.  

Confidence: Medium


1.7 Reference Conditions 
1.7.1 Abiotic Components

i. Seasonal variability in river inflow:

Monthly simulated runoff data for the Keurbooms Estuary Reference (or natural) Condition is provided in Table 2.  A summary of flow distribution (average monthly flows in m3/s) for the Keurbooms River Reference Condition, derived from the 80-year simulated data set, is provided below:

	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.90
	27.31
	19.16
	15.82
	16.65
	18.30
	29.11
	45.45
	25.78
	24.76
	38.98
	29.81

	95%ile
	20.81
	18.21
	14.62
	8.77
	11.39
	12.03
	10.45
	19.15
	16.65
	12.02
	21.21
	18.55

	90%ile
	15.58
	16.06
	9.92
	7.76
	9.01
	9.13
	9.02
	11.62
	8.34
	10.80
	14.36
	13.03

	80%ile
	9.90
	10.59
	5.92
	6.07
	5.66
	6.26
	6.90
	6.16
	5.65
	6.10
	9.22
	10.53

	70%ile
	8.02
	7.56
	4.94
	4.86
	3.75
	5.02
	5.07
	4.75
	4.82
	4.60
	7.11
	8.50

	60%ile
	7.20
	5.92
	4.11
	3.24
	3.13
	4.24
	4.24
	3.92
	4.11
	3.99
	6.02
	7.00

	50%ile
	6.08
	4.43
	3.13
	2.54
	2.90
	3.48
	3.02
	3.17
	3.11
	3.46
	4.69
	5.54

	40%ile
	5.27
	3.72
	2.85
	2.10
	2.41
	2.70
	2.46
	2.41
	2.53
	2.90
	3.69
	4.77

	30%ile
	4.40
	3.25
	2.31
	1.62
	1.96
	1.99
	1.95
	1.85
	2.11
	2.41
	2.94
	3.65

	20%ile
	3.73
	2.82
	1.73
	1.28
	1.51
	1.46
	1.70
	1.21
	1.45
	1.70
	2.45
	2.94

	10%ile
	2.48
	2.30
	1.22
	1.12
	1.13
	1.02
	1.09
	0.89
	0.85
	1.29
	1.73
	2.14

	1%ile
	1.20
	1.67
	0.61
	0.68
	0.49
	0.58
	0.55
	0.50
	0.48
	0.80
	0.78
	0.88


A summary of flow distribution (average monthly flows in m3/s) for the Bitou River Reference Condition, derived from the 80-year simulated data set, is provided below:

	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	8.24
	9.02
	5.79
	6.45
	8.42
	6.21
	11.27
	12.92
	6.72
	7.03
	10.39
	9.73

	90%ile
	5.66
	5.63
	3.28
	2.89
	3.22
	3.07
	3.20
	4.38
	2.34
	2.63
	4.81
	4.62

	80%ile
	3.87
	3.42
	2.26
	2.18
	1.80
	2.59
	2.22
	2.07
	2.00
	2.01
	3.20
	3.10

	70%ile
	3.05
	2.57
	1.72
	1.57
	1.39
	1.82
	1.51
	1.48
	1.45
	1.44
	2.21
	2.58

	60%ile
	2.67
	2.03
	1.35
	1.31
	1.14
	1.36
	1.16
	1.16
	1.10
	1.07
	1.90
	2.18

	50%ile
	2.05
	1.51
	1.19
	0.78
	0.98
	1.17
	0.95
	0.96
	0.84
	0.88
	1.47
	1.83

	40%ile
	1.68
	1.24
	0.99
	0.70
	0.78
	0.90
	0.80
	0.77
	0.71
	0.75
	1.13
	1.53

	30%ile
	1.44
	1.09
	0.81
	0.60
	0.65
	0.60
	0.62
	0.61
	0.63
	0.64
	0.89
	1.27

	20%ile
	1.04
	0.87
	0.65
	0.49
	0.48
	0.40
	0.50
	0.36
	0.44
	0.55
	0.72
	1.00

	10%ile
	0.79
	0.67
	0.43
	0.41
	0.33
	0.32
	0.33
	0.26
	0.26
	0.43
	0.59
	0.71

	1%ile
	0.47
	0.47
	0.24
	0.23
	0.15
	0.20
	0.15
	0.13
	0.11
	0.26
	0.36
	0.48


Legend:

	
	State
	Flows (m3/s)

	
	State 1:  Marine Dominated 
	< 0.5

	
	State 2: Saline with full salinity gradient
	0.5  - 1.0

	
	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	
	State 4: Freshwater Dominated
	> 10.00


ii. Present flood regime

The flood regime is judged to be very similar to that of the Present State. 

Confidence:  Medium

iii. Present sediment processes

The hydrological data indicates that the magnitude and occurrence of major floods has hardly been reduced. This also means that the flushing of sediments during such floods has hardly been reduced. It is therefore likely that the sedimentation in the estuary is not much different from what it was under natural conditions. The estuary probably still goes trough natural cycles of accumulation between floods and scouring during major floods. There may be some increased erosion in the catchment.

Confidence:  Medium

Table 2: Simulated monthly flows (m3/s) for the Keurbooms River for the Reference Conditions 
	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1934
	21.81
	10.90
	1.80
	0.86
	1.91
	1.46
	2.58
	56.86
	25.14
	6.26
	7.97
	9.35
	12.24

	1935
	8.10
	7.99
	5.11
	2.27
	1.78
	3.46
	2.43
	5.62
	3.51
	5.29
	3.61
	5.40
	4.55

	1936
	6.22
	10.59
	7.36
	3.02
	2.17
	3.84
	1.86
	0.55
	1.70
	5.98
	4.35
	8.16
	4.65

	1937
	5.84
	3.85
	5.62
	5.51
	1.88
	0.88
	1.68
	1.18
	1.33
	1.22
	1.72
	4.26
	2.91

	1938
	4.55
	8.45
	6.10
	1.67
	10.70
	9.61
	3.85
	1.14
	0.49
	4.57
	19.15
	13.06
	6.94

	1939
	5.29
	4.08
	2.75
	4.26
	13.27
	6.26
	2.50
	1.92
	1.64
	3.03
	2.28
	2.30
	4.13

	1940
	2.08
	2.09
	0.97
	1.98
	3.33
	2.55
	9.83
	4.63
	5.38
	4.10
	2.50
	3.23
	3.56

	1941
	9.53
	6.50
	6.92
	7.49
	3.12
	2.71
	1.81
	8.06
	5.91
	3.66
	3.10
	2.87
	5.14

	1942
	5.23
	4.21
	3.13
	7.08
	3.26
	4.29
	2.77
	1.37
	1.43
	1.65
	4.17
	14.86
	4.45

	1943
	8.68
	16.07
	11.50
	2.69
	1.93
	2.02
	1.33
	31.02
	15.46
	11.92
	7.12
	11.48
	10.10

	1944
	7.80
	3.36
	1.45
	0.77
	0.66
	0.59
	0.44
	16.98
	20.00
	8.27
	4.02
	2.60
	5.58

	1945
	3.71
	2.28
	1.65
	1.69
	2.22
	9.79
	4.45
	0.95
	0.76
	1.59
	2.92
	3.21
	2.94

	1946
	6.16
	3.36
	1.18
	1.11
	1.33
	5.68
	4.93
	4.79
	4.44
	12.14
	6.34
	4.81
	4.69

	1947
	4.65
	4.29
	2.40
	1.70
	1.62
	1.43
	5.12
	2.62
	1.29
	1.27
	1.63
	4.05
	2.67

	1948
	8.23
	5.86
	3.96
	3.15
	3.05
	1.13
	2.05
	3.56
	2.32
	1.18
	1.25
	2.49
	3.19

	1949
	2.12
	16.86
	6.58
	1.00
	1.20
	0.87
	0.90
	0.89
	0.57
	8.79
	10.05
	7.62
	4.79

	1950
	7.12
	24.97
	13.70
	17.74
	8.30
	1.75
	0.71
	2.16
	3.59
	22.73
	14.22
	11.63
	10.72

	1951
	5.27
	1.33
	0.60
	5.06
	5.75
	1.90
	1.99
	3.97
	4.65
	3.67
	12.45
	23.45
	5.84

	1952
	9.99
	3.51
	2.18
	1.60
	3.73
	1.76
	1.32
	0.89
	7.43
	11.71
	20.08
	12.54
	6.40

	1953
	29.94
	14.47
	3.67
	1.18
	0.49
	3.11
	3.47
	9.03
	6.42
	11.03
	44.13
	18.67
	12.13

	1954
	3.43
	7.80
	3.17
	4.88
	24.93
	9.15
	2.59
	1.75
	2.43
	2.89
	4.11
	3.85
	5.92

	1955
	5.26
	16.40
	5.79
	1.44
	2.43
	4.05
	2.36
	14.72
	7.43
	2.02
	1.65
	8.53
	6.01

	1956
	15.70
	8.55
	4.70
	4.39
	3.84
	4.27
	2.41
	3.80
	6.87
	4.52
	5.90
	8.56
	6.13

	1957
	6.68
	2.53
	1.15
	0.93
	0.67
	4.21
	4.83
	8.08
	5.71
	2.62
	7.91
	5.47
	4.23

	1958
	5.70
	2.77
	2.95
	9.17
	4.65
	4.58
	11.17
	7.48
	3.31
	3.93
	14.37
	8.43
	6.54

	1959
	8.11
	4.49
	2.76
	8.44
	3.72
	5.75
	5.46
	4.22
	4.24
	4.60
	3.35
	7.71
	5.24

	1960
	4.36
	3.70
	4.63
	4.80
	2.86
	10.40
	5.96
	5.34
	3.51
	2.93
	4.73
	3.59
	4.73

	1961
	4.61
	3.11
	1.96
	4.30
	2.95
	7.72
	5.73
	2.37
	1.30
	1.44
	36.88
	15.74
	7.34

	1962
	14.45
	10.57
	2.92
	2.52
	1.60
	17.63
	9.86
	3.85
	2.66
	7.64
	6.66
	3.79
	7.01

	1963
	2.96
	1.96
	5.00
	7.16
	3.14
	3.18
	4.77
	2.38
	6.77
	4.59
	8.85
	28.45
	6.60

	1964
	11.16
	6.57
	2.81
	1.21
	0.74
	7.55
	8.10
	5.36
	4.41
	3.69
	2.43
	2.13
	4.68

	1965
	19.12
	19.44
	6.67
	5.78
	4.78
	1.46
	1.90
	3.40
	2.45
	1.69
	6.87
	6.22
	6.65

	1966
	3.17
	2.64
	2.33
	1.50
	2.94
	7.50
	28.16
	21.80
	8.44
	6.91
	5.03
	6.49
	8.08

	1967
	4.25
	3.08
	2.24
	1.05
	1.49
	4.68
	3.71
	2.92
	27.37
	11.33
	6.11
	8.95
	6.43

	1968
	6.79
	6.45
	3.06
	2.33
	2.97
	4.25
	2.52
	1.13
	5.30
	4.02
	3.22
	3.16
	3.77

	1969
	6.21
	3.23
	0.75
	0.66
	6.83
	2.73
	1.08
	0.77
	0.76
	1.11
	11.44
	6.94
	3.54

	1970
	3.92
	1.87
	13.99
	5.53
	6.50
	6.08
	9.46
	8.90
	4.99
	23.29
	29.91
	10.91
	10.45

	1971
	2.76
	6.99
	3.89
	1.66
	12.05
	5.60
	1.86
	2.35
	4.04
	5.31
	7.06
	4.32
	4.82

	1972
	2.49
	1.83
	1.15
	1.77
	2.72
	3.45
	4.58
	2.99
	2.64
	2.15
	2.65
	4.81
	2.77

	1973
	3.79
	6.34
	2.96
	8.24
	9.04
	8.94
	3.83
	7.90
	5.21
	2.21
	9.27
	7.38
	6.26

	1974
	3.77
	4.41
	2.02
	4.89
	6.84
	4.24
	1.94
	0.95
	2.24
	4.73
	5.22
	12.77
	4.50

	1975
	5.61
	2.96
	5.93
	3.25
	2.42
	6.25
	2.83
	2.45
	2.50
	6.13
	4.52
	3.45
	4.03

	1976
	20.47
	12.69
	4.59
	1.26
	12.79
	7.87
	2.33
	16.31
	8.78
	2.84
	4.79
	7.09
	8.49

	1977
	7.67
	8.27
	3.61
	1.20
	0.47
	0.75
	1.18
	1.31
	2.57
	2.64
	8.50
	5.77
	3.66

	1978
	5.09
	4.79
	5.24
	4.55
	2.44
	0.87
	1.80
	2.59
	2.73
	8.65
	18.11
	11.15
	5.67

	1979
	4.31
	2.02
	1.34
	2.59
	1.41
	0.56
	2.29
	1.81
	4.89
	3.21
	3.21
	5.39
	2.75

	1980
	7.74
	6.23
	5.87
	15.04
	8.69
	19.94
	14.74
	40.78
	18.09
	4.51
	22.59
	10.64
	14.57

	1981
	11.93
	5.85
	3.14
	1.41
	1.23
	1.93
	31.43
	11.91
	2.92
	2.91
	2.43
	10.10
	7.27

	1982
	8.39
	3.30
	1.67
	0.69
	2.17
	1.46
	0.95
	2.00
	10.09
	28.38
	12.18
	7.04
	6.53

	1983
	7.35
	4.44
	3.13
	1.35
	1.91
	2.71
	1.49
	0.81
	0.90
	1.43
	1.53
	1.55
	2.38

	1984
	2.08
	2.65
	2.30
	5.90
	10.85
	5.29
	4.32
	2.21
	2.45
	3.53
	2.56
	1.58
	3.81

	1985
	12.99
	9.90
	8.07
	6.58
	2.15
	0.81
	0.59
	0.41
	0.74
	1.24
	9.03
	5.97
	4.87

	1986
	11.52
	5.78
	2.51
	2.38
	2.98
	2.44
	9.04
	3.97
	2.27
	1.79
	3.46
	18.45
	5.55

	1987
	8.13
	1.81
	1.60
	1.27
	0.74
	1.14
	8.02
	5.60
	4.33
	3.22
	4.64
	4.28
	3.73

	1988
	4.48
	2.79
	1.86
	1.24
	0.88
	1.14
	4.55
	2.62
	1.55
	2.82
	2.44
	2.14
	2.38

	1989
	21.19
	19.83
	5.02
	1.33
	9.14
	3.74
	5.72
	4.54
	5.42
	3.48
	2.74
	3.12
	7.10

	1990
	6.00
	5.96
	2.55
	2.51
	3.72
	2.12
	0.82
	0.88
	1.31
	1.76
	2.11
	1.78
	2.63

	1991
	7.25
	3.60
	4.79
	2.30
	4.26
	2.42
	1.62
	3.11
	2.82
	5.16
	10.29
	5.81
	4.45

	1992
	24.24
	15.90
	3.47
	1.57
	1.28
	1.19
	4.02
	4.26
	4.14
	3.01
	2.97
	33.13
	8.27

	1993
	13.23
	3.55
	4.31
	3.55
	3.92
	2.69
	6.93
	4.66
	2.72
	3.45
	6.75
	5.61
	5.11

	1994
	7.84
	3.76
	15.40
	7.80
	5.29
	8.06
	8.64
	5.60
	3.83
	2.64
	2.65
	2.47
	6.16

	1995
	1.96
	17.20
	16.23
	6.14
	1.34
	1.00
	0.76
	0.54
	0.48
	0.99
	2.11
	2.90
	4.31

	1996
	20.50
	33.03
	15.40
	2.84
	2.56
	5.16
	8.80
	6.19
	5.24
	3.91
	5.71
	4.74
	9.51

	1997
	5.35
	2.71
	1.58
	3.23
	2.01
	4.70
	2.52
	1.82
	1.60
	2.39
	3.81
	3.15
	2.91

	1998
	2.48
	3.11
	1.71
	2.56
	2.40
	4.68
	3.20
	1.46
	0.85
	1.68
	1.79
	2.16
	2.34

	1999
	6.66
	3.06
	0.62
	6.11
	7.38
	14.02
	5.88
	1.12
	0.47
	0.34
	0.34
	0.88
	3.91

	2000
	1.78
	12.52
	10.13
	6.77
	3.13
	2.43
	7.78
	3.39
	1.07
	1.49
	6.83
	5.02
	5.19

	2001
	3.67
	4.16
	4.20
	8.21
	3.76
	1.98
	1.19
	0.79
	1.60
	4.33
	8.29
	8.61
	4.23

	2002
	3.78
	5.46
	2.95
	1.15
	2.37
	14.13
	7.97
	6.06
	4.63
	2.46
	1.71
	1.46
	4.51

	2003
	1.44
	2.48
	1.20
	1.85
	1.12
	1.33
	1.92
	1.64
	2.05
	2.30
	2.64
	9.64
	2.47

	2004
	7.48
	2.93
	26.32
	11.86
	2.43
	3.51
	6.79
	3.23
	1.56
	1.19
	0.96
	0.88
	5.76

	2005
	0.61
	11.33
	4.52
	2.52
	3.55
	3.55
	4.13
	3.60
	4.07
	4.75
	5.20
	5.15
	4.42


Occurrence of Abiotic states for the Keurbooms River under the Reference Condition:
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Occurrence of Abiotic states for the Bitou River under the Reference Condition:
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1.7.2 Biotic Components
i. Predicted change in biotic characteristics from the Reference Condition to the Present State, as well as motivate the cause of such changes 

	MICROALGAE

	From reference to present conditions there is a 1% decrease in floods and increase in low flow, 2.4% in the Keurbooms arm and 6% increase in the Bitou arm.   This results in a 2.4% increase in State 1 (marine dominated) and a 5.7% decrease in State 3 (fresh with full salinity gradient).  State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease would cause a decrease in phytoplankton biomass.  The increase in nutrients in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass but would have little effect on the phytoplankton as the water residence time is too short in this area to allow maximum nutrient uptake.  The small change in the intertidal area and sand and mud composition has probably had little influence on the benthic microalgae.
Confidence: Medium

	MACROPHYTES

	Macrophyte species diversity, richness and rarity would not have changed from the reference condition to the present state. 

The biomass of the dominant submerged macrophyte, Zostera capensis might have increased slightly because of increased nutrient input. Reeds and sedges increased in biomass in Gansespruit in response to the increased nutrient input from the treated sewage effluent. 

The small change in the intertidal area and sand and mud composition would not have had a significant influence on the biomass and community composition. Invasion of exotic species have changed the community composition of the macrophytes in the estuary by 5%.

Confidence: High

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Invertebrate communities in the estuary are expected to have changed marginally from the reference condition. A slight decrease in zooplankton biomass is predicted because of a decrease in phytoplankton biomass as a result of a slight reduction in low flows.  A slight reduction in floods will also lead to a small reduction in zooplankton pulses that follow such events.  Macrophyte biomass may also have increased slightly and this will cause a small shift in benthic community structure and favour species that utilize these habitats (e.g. Palaemon perengueyi).  The emergence of a similar community in areas where anthropogenic influences favour colonization (e.g. areas on the Bitou) has also occurred, but this is not related to freshwater flows.  

Confidence: High

	FISH

	Plankton feeding fish such as the Cape silverside Atherina breviceps will have declined slightly in abundance and biomass as a result of the reduced zooplankton biomass. The slight increase in aquatic macrophyte biomass and associated invertebrates would favour omnivorous fishes such as the Cape stumpnose Rhabdosargus holubi. Changes in the fish assemblage between the Reference Condition and the Present State as a result of flow modification are likely to be minimal. However human exploitation of carnivorous fish species, which is not related to freshwater flows, has had a major negative impact on fish stocks.

Confidence: Medium

	BIRDS

	Bird communities will have changed slightly from the reference condition.  However these changes are more likely to be due to disturbance (e.g. decrease in shy species) and the change in broader populations of some species (e.g. increase in Sacred Ibis) than due to a change in estuary health.

Confidence: Medium


1.8 Present Ecological Status of the Keurbooms Estuary 

1.8.1 Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	98
	For the Keurbooms Estuary low flows are defined as flows in State 1: Marine Dominated. As rainfall occurs throughout the year in this region, the hydrology scores were evaluated over the entire 72–year scenario sequence.

In the Keurbooms Arm of the estuary months with an average flows of less than 0.5 m3/s occurred under the Reference Conditions for 1% of the time, while under the Present State low flows occur for 3.4 % of the time.

In the Bitou Arm of the estuary months with an average flows of less than 0.1 m3/s occurred under the Reference Conditions for 0% of the time, while under the Present State low flows occur for 6 % of the time.
	Medium

	b. % similarity in mean annual frequency of floods
	99
	The reduction in high flows is deemed to be very little based on the very limited reduction in monthly flows. The 99%ile indicates that there is only 1 % decrease in the floods to the estuary. 
	Medium

	Hydrology score
	98
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	99
	Mouth closure has not yet occurred under the combined flows from the Keurbooms and Bitou rivers. However, the mouth has at times been very shallow and closure is deemed to be not entirely impossible.
	Medium

	Hydrodynamics  and mouth conditions score
	99
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	94
	Basin area:  State 4 has been reduced by less than 1% from Reference Condition, resulting is a very slight reduction in freshwater pulsing into the basin area.

Keurbooms & Bitou arms: These areas became slightly more saline, as State 3 (Fresh with full salinity gradient) decreased from 80.9% to 75.2%, State 2 (marine with some freshwater input) increased from 5.6 to 9.3 % and State 1 (marine dominated) increased from 1% to 3.4% from the Reference Condition to the Present State.  

Allow 6% modification. 
	Medium

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	88
	The occurrence of State 4 (i.e. nutrient pulse introduced throughout the estuary) has been reduced by less than 1% from Reference Condition (using Keurbooms flows as proxy).  The occurrence of State 3 (i.e. nutrient pulse into the Keurbooms and Bitou arms) has been reduced by about 6% from Reference Condition (using Keurbooms flows as proxy).  Urban development adjacent to the basin area may have resulted in additional nutrient inputs (e.g. use of garden fertilizers and malfunctioning sewage pump station) into that area (5% increase).  Overall modification 12%.
	Low

	2b. Suspended solids (turbidity) in the estuary
	95
	Urban development adjacent to the basin area may have resulted in some additional suspended solid inputs (e.g. through storm water runoff) in that area compared to the Reference Condition (5% modification)
	Low

	2c. 
Dissolved oxygen in the estuary
	99
	Estuary is oxygenated except in the deeper pools 8 and 11 km upstream of mouth (along Keurbooms arm) as under Reference Condition.  However, the occurrence of State 4 (i.e. possible flushing and re-oxygenation of pools) has been reduced less than 1% from Reference Condition using Keurbooms flows as proxy (1% modification).  
	Medium

	2d. 
Levels of toxins
	95
	Urban development adjacent to the basin area may have resulted in some accumulation of trace metals (e.g. through storm water runoff)   in that area (5% modification)
	Low

	Water Quality score
	
	
	


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1. Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	95
	Allow 5% change in the intertidal area due to diversion of Bitou Arm, development and changes in floods and land use.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	97
	Allow 3% change in the sand fraction relative to total sand and mud due to changes in land use.
	Low

	
	
	
	
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	97
	Allow 3% change in the intertidal area due to changes in land use.
	Low

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	100


	Sedimentation may have occurred due to change in land-use in the catchment.
	Low

	
	Percentage of overall change in subtidal habitat caused by anthropogenic modifications (e.g. bridges, weirs, bulkheads, training walls, jetties, marinas) rather than modifications to water flow into estuary 
	100


	Sedimentation may have occurred due to change in land-use in the catchment.
	Low

	Physical habitat score
	96.5
	
	


Biotic Component

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	98
	The slight increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	95
	State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease in these states would cause a decrease in phytoplankton biomass.  
	Low

	2b. Community composition
	98
	The slight reduction in floods and nutrient pulses would decrease the number of diatoms which characterise well mixed systems.  During stratified water conditions flagellates would be dominant.
	Low

	Benthic microalgae

	1.  Species richness
	98
	The small increase in nutrients may promote the growth of weedy species at the expense of others.  The slight increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	95
	The increase in nutrients (5%) in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass.  
	Low

	2b. Community composition
	95
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  Blue-green algae could outcompete the benthic diatoms.  
	Low

	Microalgae score
	95
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	The species diversity would not have changed in response to the small changes predicted in the abiotic environment
	High

	2a. Abundance/Biomass
	85
	The biomass and abundance of submerged macrophytes and reeds and sedges would have increased slightly in response to an increase in water column nutrients (5%).  Loss of area (10%) due to encroaching development and agricultural activities.
	Medium

	2b. Community composition
	95
	The macrophyte community composition would have changed slightly with the addition of exotic invasive trees.
	High

	Macrophytes score
	85
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	98
	A very small decrease in abundance levels is predicted because of reduced phytoplankton biomass and reduced flood benefits that stimulated population growth.
	Medium

	2b. Community composition
	98
	A slight reduction in floods will lead to a slight change in community composition – reduced dominance of the copepod Pseudodiaptomus hessei.
	Medium

	Macroinvertebrates (Benthos)

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Abundance of species that favour vegetated areas will occur.  This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour vegetated areas (e.g. Palaemon perengueyi) and this will influence community composition in the estuary.
	High

	Macrocrustacea 

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Abundance of species that favour vegetated areas will occur.  This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour vegetated areas (e.g. crab species) and this will influence community composition in the estuary.
	High

	Invertebrates score
	95
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Species diversity would not have changed in response to the small changes predicted in the abiotic environment.
	High

	2a. Abundance
	75
	Fish species associated with the planktonic food web will have declined slightly and those associated with the macrophytic food web will have increased slightly. Species targeted by recreational and subsistence anglers have declined considerably from the Reference Condition.
	Medium

	2b. Community composition
	75
	A slight change in fish community composition associated with altered freshwater flows can be expected for the reasons outlined above. However, significant increases in angling pressure of selected species would have resulted in major declines in the contribution of these taxa.
	Medium

	Fish score
	75
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Unlikely to have been any loss of species.


	Medium

	2a. Abundance
	82.5
	Based on the proportion of piscivores in the avifauna it could be expected that a 2% change in fish abundance would induce a roughly 1% change in bird numbers – i.e. 12.5% reduction.  However, the effect would have been counteracted to some extent by increases in the population numbers of some species (estimated 5% increase). Disturbance will have reduced numbers across most groups, perhaps about 10% loss.
	Medium

	2b. Community composition
	90
	A slightly greater loss of piscivores than other groups would result in a slight change of species composition.
	Medium

	Bird score
	82.5
	
	


Anthropogenic activities
To establish the changes in Present State (compared with Reference Conditions) that are not as a result of changes in flow, but rather as a result of other anthropogenic activities, the Table below indicate the percentage of overall change predicted in particular components that are non-flow related:  

	COMPONENT
	% CHANGE CAUSED BY NON-FLOW RELATED ACTIVITIES
	MOTIVATION
	CONFIDENCE

	Microalgae
	0%
	Microalgal changes are related 100% to flow in the Keurbooms Estuary.  
	Medium

	Macrophytes
	100%
	There have been changes in the macrophytes in the Bitou estuary as a result of the construction of bridges and drifts (Section 3.2.4).  Agricultural activities have also removed macrophyte area.  Encroaching development in the Keurbooms would have also resulted in some macrophyte loss.
	High

	Invertebrates
	45%
	Increased coverage by macrophytes in the Bitou estuary as a consequence of drift construction will provide new habitat for species that favour such habitats.  Open water species will decline.
	High

	Fish
	100%
	Approximately 100% of the changes in fish abundance and composition from the Reference Condition to the Present State can be directly attributed to human exploitation of selected species.
	Medium

	Birds
	100%
	Most change would be caused by human disturbance, alien vegetation and general population changes in the broader area
	Medium


Present Ecological Status (PES)

The individual scores for each of the components (i.e. overall score listed) are incorporated into a Habitat health score and a Biological health score.  This allows for the determination of the Estuarine Health Index (EHI) Score as illustrated in Table 3. 

Table 3: Estuarine Health Index (EHI) scores

	Variable
	Weight
	Score
	Weighted score

	Hydrology
	25
	98
	25

	Hydrodynamics and mouth condition
	25
	99
	25

	Water quality
	25
	90.4
	23

	Physical habitat alteration
	25
	97
	24

	Habitat health score
	
	
	96

	Microalgae
	20
	95
	19

	Macrophytes
	20
	85
	17

	Invertebrates
	20
	95
	19

	Fish
	20
	75
	15

	Birds
	20
	82.5
	17

	Biotic Health Score
	
	
	87

	Estuarine Health score
	91


The Estuarine Health Index score for the Keurbooms Estuary, based on its Present State, is 91, translating into a Present Ecological Status of a A/B
, i.e. in the transition zone between an A and B category as indicated below:

Table 4. Guidelines for the Present Ecological Status

	Estuarine Health Index 
	Present Ecological Status
	General description

	91 – 100
	A
	Unmodified, natural

	76 – 90
	B
	Largely natural with few modifications

	61 – 75
	C
	Moderately modified

	41 – 60
	D
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Recommended Ecological Category for Keurbooms Estuary

The Biodiversity Importance score of the Keurbooms Estuary on a national scale is calculated as 95, as indicated in Table 5 (Turpie 2004).

Table 5. Biodiversity Importance scores
	Criterion
	Weight
	Score

	Plants
	25
	100

	Invertebrates
	25
	90

	Fish
	25
	80

	Birds
	25
	90

	Weighted mean
	
	90

	Maximum
	
	100

	Score = (mean + max)/2
	
	95


The Functional importance of the Keurbooms on a regional scale is estimated to be 100, since the estuary is an important nursery for fish, as indicated inTable 6.  

Table 6. Functional importance scores
	Functional importance 
	Score

	Export of organic material generated in the estuary (regional scale)
	60

	Nursery function for fish and crustaceans (marine /riverine)
	100

	Movement corridor for river invertebrates and fish breeding in sea
	60

	Roosting area for marine or coastal birds
	60

	Catchment detritus, nutrients and sediments to sea
	20

	Functional importance score  (Maximum score) 
	100


The Estuarine Importance scores allocated to the Keurbooms Estuary were as follows (Table 7) (Turpie 2004):

Table 7. Estuarine Importance scores

	Criterion
	Weight
	Score
	Weighted score

	Estuary Size
	15
	100
	15

	Zonal Rarity Type
	10
	20
	2

	Habitat Diversity
	25
	90
	23

	Biodiversity Importance
	25
	95
	24

	Functional Importance
	25
	100
	25

	Estuarine Importance Score
	88


The overall Estuarine Importance Score for the Keurbooms Estuary, based on its Present State, is 88, signifying that the estuary is highly important, as in Table 8.

Table 8. Estuarine Importance description
	Importance Score
	Description

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


The recommended Ecological Reserve Category (ERC) represents the proposed level of protection assigned to an estuary which, in turn, it is used to determine the Ecological Reserve.  

For estuaries the first step is to determine the 'minimum' Ecological Reserve Category of an estuary, based on its Present Ecological Status (PES).  The relationship between Estuarine Health Index Score, Present Ecological Status and Ecological Reserve Category is set out in 
Table 9
:

Table 9. Ecological Reserve Category
	Estuarine Health Index
	Present Ecological Status
	Description
	Ecological Reserve Category

	91 – 100
	A
	Unmodified, natural
	A

	76 – 90
	B
	Largely natural with few modifications
	B

	61 – 75
	C
	Moderately modified
	C

	41 – 60
	D
	Largely modified
	D

	21 – 40
	E
	Highly degraded
	-

	0 – 20
	F
	Extremely degraded
	-


Note: Should the Present Status category of an estuary be either an E or F, recommendations must be made as to how the status can be elevated to at least achieve a Category D (as indicated above). 

The minimum Ecological Reserve Category is determined by the Present Ecological Status.  The degree to which the Ecological Category needs to be elevated above the Present Ecological Status depends on the level of importance and the level of protection or desired protection of a particular estuary (see Table 10).

Table 10. Guidelines for the Recommended Ecological Reserve Category
	Current/desired protection status and estuary importance
	Recommended Ecological Reserve Category
	Policy basis

	Protected area
	A or BAS*
	Protected and desired protected areas should be restored to and maintained in the best possible state of health

	Desired Protected Area
	
	

	Highly important
	PES + 1, min B
	Highly important estuaries should be in an A or B class

	Important
	PES + 1, min C
	Important estuaries should be in an A, B or C class

	Of low to average importance
	PES, min D
	The remaining estuaries can be allowed to remain in a D class.


*  BAS = Best Attainable State

The study concluded that the pressures currently contributing to the Present State of the estuary are fishing, human disturbance in and around the estuary, structures in the intertidal area and flow reduction from the Keurbooms and Bitou catchments. 

The present level of urban development around the estuary (and related tourist activities) and the collapsed status of certain linefish species (e.g. Steenbras and Dusky cob) on a national scale acts as a constraint and prevents the system from being rehabilitated to a higher Category. Thus, the specialist concluded that the recommended ERC for the Keurbooms Estuary is a Category A/B.   

 Quantification of Ecological Reserve Scenarios 

1.9 Simulated runoff Scenarios

Simulated Monthly Runoff was supplied to the estuarine team by Ninham Shand Consulting Services. A summary of the mean annual runoffs (MAR) of the various Simulated Monthly Runoff Scenarios used for this Rapid RDM is provided in Table 11.

Table 11. A summary of Simulated Monthly Runoff Scenarios to the Keurbooms Estuary

	NAME
	DESCRIPTION
	KEURBOOMS MAR

(106 m3/annum)
	BITOU 

MAR

(106 m3/annum)
	COMBINED  MAR

(106 m3/annum)
	PERCENTAGE COMBINED MAR  REMAINING

	Reference
	Reference Condition
	174
	58
	232
	100%

	Present
	Present State, including a diversion of 0.1 m3/s to Plettenberg Bay 
	164
	51
	215
	92.7 %

	Future Scenario 1
	As at Present State but the diversion is increased to 0.45 m3/s, no off-channel storage, 0.145 m3/s to Roodefontein, include River EWR
	163
	51
	214
	92.2 %

	Future Scenario 2
	As at Present State but the diversion is increased to 0.45 m3/s with off-channel storage, 0.29 m3/s to Roodefontein, include River EWR
	157
	51
	208
	89.7 %

	Future Scenario 3
	As at Present State but the diversion is increased to 0.65 m3/s abstraction (unconstrained), include River EWR
	148
	51
	199
	85.8 %

	Future Scenario 4
	As at Present State but the diversion is increased to 1.0 m3/s (unconstrained), include River EWR
	140
	51
	191
	82.3 %


The hydrology is based on the following assumptions and limitations:

· There was a requirement that the diversions be reduced or stopped when the river flow drops below 0.3 m3/s.

· The diversion capacities were reduced by the 22/24 hour factor to account for breakdowns or power cuts. 

· All the water left in the river after the upstream requirements are met is withdrawn up to the diversion capacity (Scenario 3 and 4 are unconstrained by infrastructure capacity).

For the purpose of this study it is assumed that the river flow to the Bitou Arm will remain similar to the Present State for the following reasons:

· The Bitou Arm comprises an important, ecologically sensitive wetland;

· The baseflows from the Bitou River are very low and it would be very easy to remove all flows to the Bitou Arm of the estuary;

· The upper part of the Bitou Arm is very narrow and shallow and potentially very sensitive to changes in flows;

· In the absence of data (only one station is located in the lower part of the Bitou Arm) no recommendations could be made regarding future abstraction from the Bitou catchment.

Future Scenario 1: As Present Condition, but diversion increased to 0.3 m3/s 

1.9.1 Biotic Component

i. Seasonal variability in river inflow

Monthly simulated runoff data for the Future Scenario 1 is provided in Table 12.  A summary of flow distributions (average monthly flows in m3/s) for the Keurbooms River for the Future Scenario 1, derived from the 80-year simulated data set, is provided below:

	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.67
	27.17
	18.66
	15.52
	16.33
	18.03
	28.70
	45.23
	25.72
	24.66
	38.84
	29.62

	95%ile
	20.58
	17.91
	14.06
	8.27
	10.96
	11.67
	10.32
	18.86
	16.55
	12.03
	21.14
	18.36

	90%ile
	15.50
	16.00
	9.22
	7.01
	8.59
	8.71
	8.79
	11.18
	8.24
	10.70
	14.36
	13.02

	80%ile
	9.60
	10.46
	5.38
	5.30
	5.06
	6.03
	6.70
	6.10
	5.60
	6.02
	9.15
	10.16

	70%ile
	7.58
	7.38
	4.17
	4.18
	3.15
	4.75
	4.86
	4.61
	4.64
	4.51
	7.01
	8.41

	60%ile
	7.00
	5.47
	3.37
	2.46
	2.52
	3.89
	3.92
	3.70
	4.03
	3.83
	5.87
	6.83

	50%ile
	5.87
	3.82
	2.38
	1.77
	2.30
	3.12
	2.60
	2.88
	2.86
	3.16
	4.64
	5.35

	40%ile
	4.79
	3.06
	2.01
	1.35
	1.77
	2.18
	2.01
	2.17
	2.34
	2.76
	3.49
	4.52

	30%ile
	3.83
	2.58
	1.58
	0.86
	1.35
	1.56
	1.58
	1.70
	1.87
	2.09
	2.76
	3.21

	20%ile
	3.17
	2.13
	1.04
	0.65
	0.92
	0.92
	1.30
	0.82
	1.18
	1.43
	2.07
	2.62

	10%ile
	1.94
	1.61
	0.57
	0.53
	0.62
	0.55
	0.70
	0.56
	0.58
	1.03
	1.45
	1.78

	1%ile
	0.82
	1.04
	0.35
	0.30
	0.33
	0.31
	0.30
	0.34
	0.33
	0.58
	0.55
	0.56


Legend:

	
	State
	Flows (m3/s)

	
	State 1:  Marine Dominated 
	< 0.5

	
	State 2: Saline with full salinity gradient
	0.5  - 1.0

	
	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	
	State 4: Freshwater Dominated
	> 10.00


ii. Flood regime

The flood regime is judged to be almost unmodified from that of the reference conditions as the 99%ile indicates that there is a 1 % decrease in the floods to the estuary. 
Confidence:  Medium

iii. Sediment processes

The hydrological data indicates that the magnitude and occurrence of major floods have been reduced by 1%. This means that the flushing of sediments during such floods has only been reduced in a very small manner. It is therefore likely that the sedimentation in the estuary is not much different from what it was under natural conditions. There may be some increased erosion in the catchment.

 Table 12. Simulated monthly flows (m3/s) to the Keurbooms Estuary for the Future Scenario 1 (Diversion increased to – 0.3 m3/s)

	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1934
	21.85
	10.51
	1.02
	0.33
	1.35
	0.93
	2.22
	56.93
	25.13
	6.24
	7.98
	9.35
	12.07

	1935
	7.91
	7.69
	4.43
	1.50
	1.19
	3.10
	1.95
	5.51
	3.18
	5.31
	3.20
	5.40
	4.22

	1936
	5.98
	10.54
	6.71
	2.20
	1.62
	3.64
	1.30
	0.36
	1.43
	5.89
	4.04
	8.17
	4.33

	1937
	5.48
	3.31
	5.19
	4.92
	1.13
	0.41
	1.31
	0.76
	1.07
	0.89
	1.45
	4.20
	2.52

	1938
	4.22
	8.20
	5.46
	0.84
	10.28
	9.48
	3.39
	0.76
	0.34
	4.42
	19.19
	13.06
	6.61

	1939
	4.74
	3.53
	1.99
	3.64
	13.01
	5.95
	2.14
	1.74
	1.36
	2.97
	1.81
	2.04
	3.69

	1940
	1.53
	1.52
	0.38
	1.26
	2.76
	2.15
	9.65
	4.30
	5.40
	3.89
	2.15
	3.12
	3.16

	1941
	9.50
	6.09
	6.32
	7.01
	2.42
	2.40
	1.36
	8.01
	5.91
	3.56
	2.95
	2.60
	4.87

	1942
	4.96
	3.61
	2.40
	6.67
	2.60
	4.08
	2.35
	1.02
	1.16
	1.41
	4.02
	14.86
	4.09

	1943
	8.37
	16.05
	11.02
	1.73
	1.33
	1.61
	0.90
	30.89
	15.44
	11.94
	6.94
	11.49
	9.86

	1944
	7.55
	2.71
	0.76
	0.31
	0.34
	0.31
	0.29
	16.54
	20.02
	8.18
	3.83
	2.14
	5.27

	1945
	3.46
	1.59
	0.97
	0.93
	1.69
	9.60
	3.95
	0.59
	0.51
	1.36
	2.73
	2.99
	2.54

	1946
	5.92
	2.68
	0.48
	0.52
	0.76
	5.41
	4.79
	4.68
	4.42
	12.15
	5.86
	4.77
	4.40

	1947
	4.29
	3.84
	1.60
	0.94
	1.03
	0.91
	4.89
	2.14
	1.01
	1.01
	1.32
	3.96
	2.24

	1948
	8.13
	5.32
	3.24
	2.45
	2.55
	0.57
	1.70
	3.37
	1.88
	0.89
	0.96
	2.30
	2.78

	1949
	1.54
	16.77
	5.63
	0.41
	0.68
	0.43
	0.53
	0.56
	0.35
	8.51
	10.05
	7.52
	4.42

	1950
	6.97
	24.94
	13.20
	17.61
	7.65
	1.26
	0.33
	1.92
	3.56
	22.75
	14.20
	11.61
	10.53

	1951
	4.53
	0.76
	0.35
	4.36
	5.13
	1.29
	1.63
	3.81
	4.53
	3.55
	12.45
	23.42
	5.46

	1952
	9.62
	2.85
	1.39
	0.85
	3.15
	1.19
	0.94
	0.52
	7.23
	11.72
	20.09
	12.50
	6.03

	1953
	29.88
	14.08
	2.86
	0.58
	0.33
	2.59
	3.09
	8.91
	6.39
	11.03
	44.06
	18.39
	11.95

	1954
	2.77
	7.66
	2.19
	4.47
	24.46
	8.67
	2.31
	1.47
	2.37
	2.80
	4.05
	3.65
	5.45

	1955
	5.07
	16.30
	4.71
	0.78
	1.85
	3.70
	1.95
	14.57
	7.19
	1.64
	1.40
	8.51
	5.64

	1956
	15.62
	8.12
	4.15
	3.77
	3.42
	4.01
	2.04
	3.69
	6.78
	4.30
	5.89
	8.54
	5.87

	1957
	6.38
	1.76
	0.48
	0.35
	0.34
	3.82
	4.65
	7.97
	5.65
	2.15
	7.90
	5.16
	3.91

	1958
	5.36
	2.09
	2.17
	8.65
	3.99
	4.30
	11.07
	7.45
	2.91
	3.89
	14.37
	8.16
	6.22

	1959
	8.01
	3.78
	2.01
	7.96
	2.94
	5.55
	5.29
	4.15
	4.21
	4.57
	2.98
	7.70
	4.94

	1960
	3.72
	3.19
	4.00
	4.19
	2.31
	10.20
	5.62
	5.31
	3.17
	2.85
	4.72
	3.18
	4.39

	1961
	4.36
	2.49
	1.23
	3.59
	2.28
	7.53
	5.57
	2.03
	0.97
	1.27
	36.70
	15.29
	6.99

	1962
	14.37
	10.26
	2.02
	1.79
	0.96
	17.36
	9.72
	3.70
	2.40
	7.63
	6.59
	3.28
	6.72

	1963
	2.51
	1.34
	4.34
	6.75
	2.43
	2.90
	4.65
	1.97
	6.66
	4.35
	8.84
	28.34
	6.24

	1964
	10.57
	6.28
	1.96
	0.57
	0.35
	7.23
	7.94
	5.29
	4.35
	3.56
	1.96
	1.78
	4.34

	1965
	19.06
	19.20
	5.85
	5.20
	4.24
	0.92
	1.55
	3.22
	2.05
	1.47
	6.85
	6.06
	6.31

	1966
	2.49
	2.03
	1.59
	0.83
	2.47
	7.24
	27.84
	21.69
	8.35
	6.89
	4.78
	6.40
	7.72

	1967
	3.70
	2.54
	1.49
	0.51
	0.91
	4.34
	3.36
	2.75
	27.15
	10.94
	6.07
	8.86
	6.04

	1968
	6.39
	6.12
	2.16
	1.61
	2.40
	3.91
	2.11
	0.78
	5.16
	3.76
	3.01
	2.86
	3.36

	1969
	5.98
	2.53
	0.36
	0.30
	6.31
	2.09
	0.69
	0.44
	0.50
	0.81
	11.13
	6.57
	3.13

	1970
	3.52
	1.15
	13.49
	4.57
	6.24
	5.86
	9.27
	8.87
	4.80
	23.21
	29.76
	10.43
	10.17

	1971
	2.16
	6.73
	3.10
	0.98
	11.54
	5.16
	1.46
	2.24
	4.03
	5.27
	7.04
	3.81
	4.41

	1972
	1.95
	1.23
	0.54
	1.13
	2.17
	3.04
	4.33
	2.74
	2.42
	1.87
	2.42
	4.73
	2.37

	1973
	3.24
	6.06
	2.11
	7.65
	8.67
	8.72
	3.38
	7.77
	4.99
	1.82
	9.23
	7.20
	5.89

	1974
	3.25
	4.01
	1.24
	4.15
	6.32
	3.87
	1.50
	0.63
	2.03
	4.55
	5.10
	12.68
	4.08

	1975
	4.82
	2.44
	5.42
	2.43
	1.83
	6.06
	2.26
	2.30
	2.28
	6.06
	4.26
	3.11
	3.63

	1976
	20.30
	12.33
	3.87
	0.62
	12.21
	7.46
	1.83
	16.17
	8.66
	2.49
	4.74
	7.01
	8.12

	1977
	7.46
	7.94
	2.77
	0.57
	0.33
	0.35
	0.79
	0.98
	2.33
	2.34
	8.31
	5.46
	3.31

	1978
	4.78
	4.28
	4.56
	3.81
	1.81
	0.42
	1.37
	2.40
	2.56
	8.44
	18.02
	11.05
	5.32

	1979
	3.65
	1.40
	0.66
	1.80
	0.79
	0.30
	2.00
	1.47
	4.69
	2.81
	3.08
	5.26
	2.32

	1980
	7.55
	5.89
	5.21
	14.67
	8.12
	19.67
	14.61
	40.45
	17.90
	4.26
	22.42
	10.20
	14.32

	1981
	11.74
	5.17
	2.40
	0.75
	0.71
	1.39
	30.80
	11.43
	2.81
	2.80
	2.08
	10.01
	6.83

	1982
	8.13
	2.55
	0.96
	0.30
	1.53
	0.92
	0.56
	1.76
	9.86
	28.22
	11.86
	7.00
	6.19

	1983
	7.13
	3.80
	2.36
	0.70
	1.32
	2.23
	1.00
	0.50
	0.64
	1.16
	1.15
	1.14
	1.94

	1984
	1.58
	2.07
	1.58
	5.29
	10.49
	4.87
	4.15
	1.78
	2.30
	3.38
	2.06
	1.15
	3.35

	1985
	12.82
	9.52
	7.58
	5.86
	1.41
	0.37
	0.31
	0.31
	0.49
	0.95
	8.68
	5.58
	4.52

	1986
	11.40
	5.05
	1.75
	1.65
	2.41
	1.99
	8.82
	3.42
	2.13
	1.38
	3.37
	18.34
	5.12

	1987
	7.51
	1.20
	0.92
	0.65
	0.35
	0.67
	7.68
	5.40
	4.18
	2.98
	4.56
	4.03
	3.36

	1988
	4.09
	2.12
	1.14
	0.63
	0.42
	0.68
	4.23
	2.22
	1.29
	2.67
	2.03
	1.77
	1.95

	1989
	20.92
	19.53
	3.92
	0.68
	8.64
	3.15
	5.48
	4.36
	5.29
	3.05
	2.59
	2.87
	6.67

	1990
	5.81
	5.58
	1.76
	1.77
	3.14
	1.59
	0.39
	0.62
	1.04
	1.52
	1.81
	1.34
	2.19

	1991
	7.02
	2.83
	4.18
	1.50
	3.70
	1.89
	1.25
	2.97
	2.58
	4.99
	10.27
	5.34
	4.06

	1992
	23.96
	15.50
	2.51
	0.87
	0.70
	0.71
	3.76
	4.06
	4.03
	2.73
	2.81
	32.75
	7.85

	1993
	12.56
	2.97
	3.67
	2.79
	3.44
	2.24
	6.75
	4.45
	2.44
	3.28
	6.72
	5.37
	4.74

	1994
	7.59
	2.95
	14.92
	6.95
	4.76
	7.78
	8.42
	5.55
	3.69
	2.38
	2.45
	2.04
	5.81

	1995
	1.42
	16.85
	15.70
	5.30
	0.73
	0.55
	0.38
	0.36
	0.33
	0.72
	1.74
	2.53
	3.90

	1996
	20.15
	32.62
	14.75
	1.88
	1.96
	4.89
	8.57
	6.11
	5.21
	3.72
	5.68
	4.40
	9.18

	1997
	5.04
	2.00
	0.90
	2.46
	1.36
	4.48
	1.98
	1.69
	1.27
	2.13
	3.68
	2.74
	2.49

	1998
	1.94
	2.66
	1.10
	1.76
	1.76
	4.29
	2.84
	1.05
	0.58
	1.42
	1.45
	1.81
	1.89

	1999
	6.45
	2.21
	0.35
	5.38
	6.81
	13.46
	5.37
	0.72
	0.33
	0.24
	0.24
	0.55
	3.50

	2000
	1.30
	11.92
	9.40
	6.04
	2.48
	2.01
	7.56
	2.86
	0.77
	1.30
	6.68
	4.70
	4.75

	2001
	3.15
	3.73
	3.46
	7.57
	3.05
	1.54
	0.77
	0.50
	1.35
	4.06
	8.25
	8.53
	3.84

	2002
	3.05
	4.99
	2.13
	0.55
	1.79
	13.69
	7.78
	6.04
	4.54
	2.07
	1.46
	1.02
	4.11

	2003
	0.98
	1.86
	0.56
	1.16
	0.62
	0.91
	1.55
	1.32
	1.87
	2.06
	2.35
	9.56
	2.06

	2004
	7.12
	2.18
	25.93
	11.09
	1.76
	3.14
	6.51
	2.90
	1.27
	0.88
	0.68
	0.56
	5.39

	2005
	0.43
	10.93
	3.56
	1.77
	3.02
	3.15
	3.89
	3.41
	3.91
	4.73
	5.15
	5.00
	4.07


Occurrence of Abiotic states during the Scenario 1 and Reference Condition
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EHI for the Future Scenario 1 - Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	96
	For the Keurbooms Estuary low flows are defined as State 1: Marine Dominated. As rainfall occurs throughout the year in this region, the hydrology scores were evaluated over the entire 72–year scenario sequence.

In the Keurbooms River months with average flows of less than 0.5 m3/s occurred under the Reference Conditions for 1% of the time. Under the Scenario 1 low flows occur for 5.2 % of the time.

The flows in the Bitou River are similar to the Present State.
	Medium

	b. % similarity in mean annual frequency of floods
	99


	The reduction in high flows is deemed to be very little based on the very limited reduction in monthly flows. The 99%ile indicates that there is only a 1 % decrease in the floods to the estuary. 
	Medium

	Hydrology score
	96
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	99
	Under the combined flows from the Keurbooms and Bitou rivers mouth closure are not likely to occur. However, the mouth has at times been very shallow and closure is deemed to be not entirely impossible.
	Medium

	Hydrodynamics  and mouth conditions score
	99


	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	92
	Basin area:  State 4 has been reduced by less than 1% from Reference Condition, resulting is a very slight reduction in freshwater pulsing into the basin area.

Keurbooms & Bitou arms: These areas have become more saline, as State 3 (fresh with full salinity gradient) decreased from 80.9 to 73%, State 2 (marine with some freshwater input) increased from 5.6 to 9.5 % and State 1 (marine dominated) increased from 1% to 5.2% from the Reference Condition to Scenario 1.  

Allow 8% modification. 
	Medium

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	86
	The occurrence of State 4 (i.e. nutrient pulse introduced throughout the estuary) is reduced by less than 1% from Reference Condition.  The occurrence of State 3 (i.e. nutrient pulse into the Keurbooms and Bitou arms) is reduced by 8% from Reference Condition in the Keurbooms arm while the situation in Bitou remains similar to Present State. Urban development adjacent to the basin area still result in additional nutrient inputs (5% increase) into that area (e.g. use of garden fertilizers and malfunctioning sewage pump station).  Overall modification 14%.
	Low

	2b. Suspended solids (turbidity) in the estuary
	95
	Urban development adjacent to the basin area may have resulted in some additional suspended solid inputs (e.g. through storm water runoff) in that area compared to the Reference Condition (5% modification)
	Low

	2c. 
Dissolved oxygen in the estuary
	99
	Estuary is oxygenated except in the deeper pools 8 and 11 km upstream of mouth (along Keurbooms arm) as under Reference Condition.  However, the occurrence of State 4 (i.e. possible flushing and re-oxygenation of pools) is reduced by less than 1% from Reference Condition (1% modification).  
	Low

	2d. 
Levels of toxins
	95
	Urban development adjacent to the basin area may have resulted in some accumulation of trace metals (e.g. through storm water runoff)   in that area (5% modification)
	Low

	Water Quality score
	
	
	


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1. Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	95
	Allow 5% change in the intertidal area due to diversion of Bitou Arm, development and changes in floods and land use.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	97
	Allow 3% change in the sand fraction relative to total sand and mud due to changes in land use.
	Low

	
	
	
	
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	97
	Allow 3% change in the intertidal area due to changes in land use.
	Low


1.9.2  Biotic Components 

i.
Predicted change in biotic characteristics of the future Scenario 1 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	For Scenario 1 there is a 1 % decrease in floods and low flow increased from 1% of the time for reference conditions to 5.2%.   This results in an 8% decrease in State 3 (fresh with full salinity gradient).  State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease would cause a decrease in phytoplankton biomass.  The increase in nutrients in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass but would have little effect on the phytoplankton as the water residence time is too short in this area to allow maximum nutrient uptake.  The small change in the intertidal area and sand and mud composition has probably had little influence on the benthic microalgae.
Confidence: Medium

	MACROPHYTES

	Macrophyte species diversity, richness and rarity will not change from the reference condition to Future Scenario 1. A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the Basin. The biomass of the dominant submerged macrophyte, Zostera capensis will remain the same despite decreased nutrient input from the Keurbooms River because of continued nutrient input from Gansespruit and the Bitou. A slight reduction in floods will result in a more stable sediment habitat in the upper reaches of the estuarine basin promoting colonisation by Zostera capensis. Loss of area (10%) due to encroaching development and agricultural activities. Invasion of exotic species have changed the community composition (5%) of the macrophytes in the estuary. No changes in community composition within natural vegetation types are expected.

Confidence: High


	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Invertebrate communities in the estuary are expected to have changed slightly from the reference condition and are similar to the present state.  A slight decrease in zooplankton biomass is predicted because of a decrease in phytoplankton biomass.  A slight reduction in floods will also lead to a small reduction in zooplankton pulses that follow such events.  Biomass of the dominant macrophyte remains the same and consequently, benthic and hyperbenthic biomass is also likely to remain the same with little or no shift in benthic community structure. .  The emergence of a similar community in areas where anthropogenic influences favour colonization (e.g. areas on the Bitou) has also occurred, but this is not related to freshwater flows.  The small change (10 %) in the intertidal area and sand and mud composition has probably had little influence on the benthic community.
Confidence: High

	FISH

	Plankton feeding fish such as the Cape silverside Atherina breviceps will have declined slightly in abundance and biomass as a result of the reduced zooplankton biomass. The slight increase in aquatic macrophyte biomass and associated invertebrates would favour omnivorous fishes such as the Cape stumpnose Rhabdosargus holubi. Changes in the fish assemblage as a result of flow modification between the Reference Condition and Scenario 1 is likely to be minimal. Angling for carnivorous fish species, which is not related to freshwater flows, is assessed as continuing at current levels of exploitation (which is probably conservative).

Confidence: Medium

	BIRDS

	With no change in habitat and minimal change in benthic invertebrates and fish abundance, there is unlikely to be any noticeable change in the avifauna relative to the present.

Confidence: Medium


1.9.3 EHI for Scenario 1 – Biotic Component

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	96
	The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	90
	State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease would cause a decrease in phytoplankton biomass.  
	Low

	2b. Community composition
	96
	The reduction in nutrient pulses would decrease the number of diatoms which characterise well mixed systems.  During stratified water conditions flagellates would be dominant.
	Low

	Benthic microalgae

	1.  Species richness
	98
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	95
	The increase in nutrients (5%) in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass.
	Low

	2b. Community composition
	95
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  Blue-green algae could outcompete the benthic diatoms.  
	Low

	Microalgae score
	90
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Macrophyte species diversity, richness and rarity will not change from the reference condition to Future Scenario 1.
	High

	2a. Abundance
	85
	A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the estuarine basin. The biomass of the dominant submerged macrophyte, Zostera capensis will not be influenced by the decreased nutrient input from the Keurbooms River because of continued nutrient input from Gansespruit and the Bitou. A slight reduction in floods will result in a more stable sediment habitat in the upper reaches of the estuarine basin promoting colonisation by Zostera capensis. Loss of area (10%) due to encroaching development and agricultural activities.
	Medium

	2b. Community composition
	95
	Invasion of exotic species have changed the community composition of the macrophytes in the estuary. No changes in community composition within natural vegetation types are expected.
	High

	Macrophytes score
	85
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	A small decrease in abundance levels is predicted because of reduced phytoplankton biomass and reduced flooding (1% reduction). Copepods such as Pseudodiaptomus hessei pulse significantly following freshwater pulse events.
	Medium

	2b. Community composition
	90
	Reduced flooding will lead to a slight change in community composition, while increased marine dominance will also contribute to a change – reduced dominance of the copepod Pseudodiaptomus hessei in favour of other species.
	Medium

	Macroinvertebrates

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Little change is likely to occur, as the dominant submerged macrophyte is unlikely to change, although the slight increase in salt marsh area will cause a shift in abundance levels.
	High

	2b. Community composition
	95
	Because of the slight change in macrophyte composition and distribution, there will also be a slight shift in composition of the invertebrate community,
	High

	Macrocrustacea

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Little change is likely to occur, as the dominant submerged macrophyte is unlikely to change, although the slight increase in salt marsh area will cause a shift in abundance levels.
	High

	2b. Community composition
	95
	Because of the slight change in macrophyte composition and distribution, there will also be a slight shift in composition of the invertebrate community.
	High

	Invertebrates score
	90
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Species diversity would not have changed in response to the small changes predicted in the abiotic environment.
	High

	2a. Abundance
	75
	Fish species associated with the planktonic food web will have declined slightly and those associated with the macrophytic food web will have increased slightly. It is assumed that species targeted by recreational and subsistence anglers will continue at present levels.
	Medium

	2b. Community composition
	75
	A slight change in fish community composition associated with altered freshwater flows can be expected for the reasons outlined above. However, it is assumed that angling pressure on selected species will continue at existing levels of exploitation.
	Medium

	Fish score
	75
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Unlikely to be a measurable change from present since there are no appreciable changes in habitat or food 
	Medium

	2a. Abundance
	82.5
	As above
	Medium

	2b. Community composition
	90
	As above
	Medium

	Bird score
	90
	
	


1.10 Future Scenario 2: As Present, but diversion increased to 0.45 m3/s 

1.10.1 Abiotic Components 

i. Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 2 is provided in Table 13.  A summary of flow distribution (average monthly flows in m3/s) for the Keurbooms River for the Future Scenario 2, derived from the 72-year simulated data set, is provided below:
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.65
	27.09
	18.42
	15.35
	16.19
	17.72
	28.49
	45.11
	25.41
	24.61
	38.84
	29.62

	95%ile
	20.55
	17.82
	13.76
	7.93
	10.56
	11.35
	10.03
	18.71
	16.55
	12.00
	21.14
	18.36

	90%ile
	15.47
	15.91
	8.99
	6.72
	8.22
	8.42
	8.40
	11.10
	8.12
	10.47
	14.36
	13.01

	80%ile
	9.46
	10.09
	5.10
	5.09
	4.83
	5.69
	6.34
	6.07
	5.21
	5.82
	9.13
	10.04

	70%ile
	7.39
	7.18
	3.93
	3.99
	2.93
	4.41
	4.54
	4.23
	4.37
	4.23
	6.96
	8.22

	60%ile
	6.63
	5.23
	3.20
	2.27
	2.29
	3.65
	3.64
	3.50
	3.73
	3.64
	5.75
	6.66

	50%ile
	5.70
	3.58
	2.22
	1.60
	2.08
	2.87
	2.33
	2.60
	2.68
	2.98
	4.43
	5.15

	40%ile
	4.56
	2.82
	1.86
	1.19
	1.57
	1.95
	1.78
	1.89
	2.14
	2.51
	3.25
	4.27

	30%ile
	3.63
	2.34
	1.43
	0.83
	1.15
	1.35
	1.33
	1.37
	1.60
	1.87
	2.52
	3.04

	20%ile
	2.92
	1.90
	0.89
	0.63
	0.73
	0.73
	1.09
	0.63
	0.97
	1.20
	1.87
	2.45

	10%ile
	1.73
	1.39
	0.47
	0.48
	0.46
	0.43
	0.52
	0.47
	0.40
	0.81
	1.24
	1.59

	1%ile
	0.68
	0.84
	0.35
	0.30
	0.33
	0.31
	0.30
	0.34
	0.33
	0.43
	0.43
	0.45


Legend:

	
	State
	Flows (m3/s)

	
	State 1:  Marine Dominated 
	< 0.5

	
	State 2: Saline with full salinity gradient
	0.5  - 1.0

	
	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	
	State 4: Freshwater Dominated
	> 10.00


ii. Flood regime

The flood regime is judged to be almost unmodified from that of the reference conditions as the 99%ile indicates that there is a 1 % decrease in the floods to the estuary. 
Confidence:  Medium

iii. Sediment processes

The hydrological data indicates that the magnitude and occurrence of major floods have been reduced by 1%. This means that the flushing of sediments during such floods has only been reduced in a very small manner. It is therefore likely that the sedimentation in the estuary is not much different from what it was under natural conditions. There may be some increased erosion in the catchment.

Table 13. Simulated monthly flows (m3/s) in the Keurbooms River for the Future Scenario 2 (Diversion increased to – 0.45 m3/s) 

	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1934
	21.43
	10.10
	0.88
	0.33
	1.15
	0.75
	2.00
	56.52
	24.72
	6.04
	7.85
	9.27
	11.834

	1935
	7.74
	7.47
	4.18
	1.32
	0.98
	2.85
	1.73
	5.11
	2.96
	5.11
	3.03
	5.28
	3.998

	1936
	5.78
	10.46
	6.44
	2.03
	1.40
	3.31
	1.08
	0.36
	1.16
	5.49
	3.83
	8.11
	4.129

	1937
	5.28
	3.07
	4.86
	4.65
	0.94
	0.39
	1.11
	0.60
	0.79
	0.66
	1.22
	3.92
	2.301

	1938
	3.97
	7.97
	5.21
	0.84
	9.94
	9.09
	3.14
	0.59
	0.34
	4.03
	19.19
	13.06
	6.423

	1939
	4.53
	3.29
	1.84
	3.37
	12.87
	5.70
	1.90
	1.54
	1.18
	2.80
	1.63
	1.87
	3.490

	1940
	1.32
	1.28
	0.38
	1.10
	2.54
	1.91
	9.24
	3.94
	5.11
	3.72
	1.97
	3.00
	2.944

	1941
	9.47
	5.85
	6.09
	6.65
	2.21
	2.12
	1.12
	7.82
	5.79
	3.39
	2.78
	2.42
	4.670

	1942
	4.76
	3.37
	2.24
	6.36
	2.33
	3.73
	2.11
	0.78
	0.97
	1.19
	3.85
	14.86
	3.874

	1943
	8.23
	15.97
	10.72
	1.56
	1.13
	1.39
	0.69
	30.79
	15.44
	11.88
	6.79
	11.49
	9.724

	1944
	7.39
	2.46
	0.63
	0.31
	0.34
	0.31
	0.29
	16.27
	19.61
	7.76
	3.44
	1.86
	5.082

	1945
	3.13
	1.38
	0.81
	0.85
	1.48
	9.20
	3.66
	0.50
	0.38
	1.05
	2.48
	2.78
	2.318

	1946
	5.72
	2.45
	0.41
	0.47
	0.61
	5.13
	4.40
	4.27
	4.02
	12.15
	5.68
	4.60
	4.190

	1947
	4.09
	3.60
	1.45
	0.85
	0.84
	0.73
	4.60
	1.86
	0.77
	0.80
	1.11
	3.71
	2.029

	1948
	7.94
	5.08
	3.05
	2.25
	2.31
	0.45
	1.46
	3.02
	1.66
	0.69
	0.75
	2.04
	2.559

	1949
	1.34
	16.68
	5.40
	0.39
	0.51
	0.38
	0.40
	0.47
	0.35
	8.13
	9.64
	7.14
	4.243

	1950
	6.55
	24.86
	12.99
	17.44
	7.39
	1.03
	0.33
	1.62
	3.28
	22.75
	14.20
	11.61
	10.363

	1951
	4.32
	0.57
	0.35
	4.17
	4.91
	1.09
	1.41
	3.53
	4.17
	3.21
	12.22
	23.42
	5.260

	1952
	9.42
	2.62
	1.25
	0.82
	2.93
	0.99
	0.74
	0.47
	6.82
	11.53
	20.09
	12.43
	5.866

	1953
	29.85
	13.93
	2.68
	0.54
	0.33
	2.38
	2.87
	8.61
	5.98
	10.73
	44.06
	18.38
	11.796

	1954
	2.57
	7.56
	2.04
	4.15
	24.31
	8.40
	2.07
	1.28
	2.19
	2.63
	3.88
	3.50
	5.257

	1955
	4.93
	16.22
	4.54
	0.78
	1.65
	3.45
	1.70
	14.16
	6.97
	1.46
	1.22
	8.45
	5.459

	1956
	15.60
	7.89
	3.81
	3.52
	3.10
	3.72
	1.79
	3.50
	6.69
	4.12
	5.79
	8.48
	5.680

	1957
	6.21
	1.54
	0.41
	0.35
	0.34
	3.60
	4.29
	7.56
	5.24
	1.87
	7.77
	4.99
	3.702

	1958
	5.15
	1.87
	2.01
	8.34
	3.74
	4.01
	10.75
	7.28
	2.73
	3.71
	14.37
	8.01
	6.018

	1959
	7.97
	3.54
	1.85
	7.60
	2.72
	5.15
	5.05
	3.95
	4.04
	4.41
	2.81
	7.56
	4.733

	1960
	3.51
	2.95
	3.82
	4.00
	2.10
	9.80
	5.29
	5.02
	3.00
	2.68
	4.60
	3.01
	4.169

	1961
	4.16
	2.24
	1.09
	3.37
	2.06
	7.13
	5.17
	1.78
	0.80
	1.09
	36.70
	15.23
	6.781

	1962
	14.34
	10.05
	1.87
	1.62
	0.78
	16.96
	9.44
	3.51
	2.23
	7.52
	6.46
	3.11
	6.536

	1963
	2.31
	1.12
	4.08
	6.39
	2.21
	2.61
	4.38
	1.77
	6.56
	4.17
	8.74
	28.34
	6.041

	1964
	10.38
	6.05
	1.81
	0.57
	0.35
	6.92
	7.53
	4.88
	4.05
	3.38
	1.78
	1.60
	4.130

	1965
	19.03
	19.12
	5.60
	4.97
	3.94
	0.74
	1.29
	2.84
	1.84
	1.30
	6.75
	5.89
	6.116

	1966
	2.29
	1.81
	1.45
	0.80
	2.26
	6.91
	27.66
	21.68
	8.25
	6.82
	4.62
	6.32
	7.575

	1967
	3.50
	2.30
	1.34
	0.41
	0.72
	4.08
	3.09
	2.41
	27.10
	10.80
	5.98
	8.68
	5.860

	1968
	6.19
	5.88
	2.00
	1.45
	2.19
	3.68
	1.88
	0.58
	4.85
	3.50
	2.73
	2.61
	3.128

	1969
	5.78
	2.30
	0.36
	0.30
	6.09
	1.88
	0.52
	0.41
	0.38
	0.59
	10.72
	6.16
	2.941

	1970
	3.22
	0.95
	13.14
	4.36
	5.84
	5.57
	9.16
	8.82
	4.63
	23.21
	29.76
	10.26
	9.981

	1971
	1.96
	6.51
	2.94
	0.84
	11.14
	4.84
	1.22
	2.05
	3.89
	5.15
	7.04
	3.63
	4.219

	1972
	1.74
	1.02
	0.44
	0.98
	1.96
	2.83
	4.05
	2.42
	2.17
	1.66
	2.19
	4.42
	2.150

	1973
	3.02
	5.78
	1.96
	7.40
	8.26
	8.43
	3.14
	7.66
	4.82
	1.65
	9.23
	7.16
	5.694

	1974
	3.05
	3.77
	1.09
	3.96
	6.09
	3.61
	1.28
	0.50
	1.75
	4.25
	4.79
	12.62
	3.870

	1975
	4.61
	2.20
	5.13
	2.26
	1.62
	5.65
	2.02
	2.02
	2.11
	5.90
	4.09
	2.93
	3.404

	1976
	20.27
	12.22
	3.61
	0.62
	11.81
	7.14
	1.61
	16.02
	8.57
	2.31
	4.58
	6.88
	7.948

	1977
	7.27
	7.70
	2.61
	0.56
	0.33
	0.35
	0.61
	0.75
	2.07
	2.08
	7.90
	5.14
	3.126

	1978
	4.47
	3.98
	4.38
	3.63
	1.61
	0.38
	1.16
	2.14
	2.24
	8.13
	17.72
	10.98
	5.100

	1979
	3.44
	1.18
	0.54
	1.63
	0.60
	0.30
	1.78
	1.23
	4.36
	2.52
	2.79
	4.97
	2.113

	1980
	7.20
	5.62
	4.96
	14.49
	7.86
	19.56
	14.53
	40.45
	17.90
	4.09
	22.42
	10.05
	14.165

	1981
	11.65
	4.93
	2.25
	0.75
	0.53
	1.19
	30.52
	11.35
	2.64
	2.63
	1.91
	9.98
	6.682

	1982
	8.00
	2.31
	0.83
	0.30
	1.32
	0.73
	0.42
	1.52
	9.45
	28.05
	11.81
	6.95
	6.023

	1983
	7.01
	3.56
	2.21
	0.70
	1.12
	2.03
	0.80
	0.43
	0.43
	0.86
	0.87
	0.96
	1.756

	1984
	1.37
	1.85
	1.43
	5.01
	10.08
	4.57
	3.80
	1.56
	2.05
	3.09
	1.86
	0.96
	3.094

	1985
	12.80
	9.32
	7.27
	5.64
	1.20
	0.37
	0.31
	0.31
	0.39
	0.71
	8.32
	5.20
	4.350

	1986
	11.04
	4.77
	1.60
	1.46
	2.19
	1.77
	8.41
	3.13
	1.86
	1.18
	3.12
	18.34
	4.888

	1987
	7.31
	0.99
	0.79
	0.62
	0.35
	0.51
	7.40
	5.02
	3.77
	2.70
	4.27
	3.77
	3.137

	1988
	3.89
	1.89
	1.00
	0.60
	0.38
	0.52
	3.98
	1.93
	1.00
	2.34
	1.81
	1.57
	1.747

	1989
	20.89
	19.44
	3.75
	0.68
	8.31
	2.90
	5.18
	3.99
	5.07
	2.87
	2.42
	2.69
	6.485

	1990
	5.67
	5.34
	1.60
	1.58
	2.93
	1.39
	0.35
	0.47
	0.76
	1.21
	1.59
	1.15
	1.996

	1991
	6.67
	2.60
	3.97
	1.33
	3.48
	1.68
	1.02
	2.62
	2.34
	4.68
	10.02
	5.17
	3.813

	1992
	23.94
	15.40
	2.35
	0.82
	0.53
	0.54
	3.47
	3.66
	3.67
	2.51
	2.60
	32.75
	7.672

	1993
	12.37
	2.73
	3.44
	2.60
	3.16
	2.00
	6.36
	4.14
	2.26
	3.11
	6.70
	5.22
	4.522

	1994
	7.39
	2.72
	14.69
	6.73
	4.54
	7.43
	8.21
	5.49
	3.51
	2.20
	2.27
	1.87
	5.611

	1995
	1.22
	16.77
	15.43
	5.11
	0.55
	0.43
	0.34
	0.36
	0.33
	0.51
	1.49
	2.23
	3.742

	1996
	19.74
	32.55
	14.51
	1.70
	1.75
	4.55
	8.35
	6.10
	5.08
	3.55
	5.60
	4.22
	8.990

	1997
	4.83
	1.76
	0.76
	2.28
	1.15
	4.08
	1.72
	1.30
	1.05
	1.95
	3.57
	2.56
	2.266

	1998
	1.73
	2.42
	0.93
	1.59
	1.55
	4.06
	2.56
	0.80
	0.40
	1.20
	1.23
	1.59
	1.672

	1999
	6.14
	1.99
	0.35
	5.19
	6.59
	13.23
	5.09
	0.58
	0.33
	0.24
	0.24
	0.45
	3.360

	2000
	1.06
	11.68
	9.18
	5.82
	2.27
	1.77
	7.20
	2.59
	0.54
	1.00
	6.28
	4.35
	4.478

	2001
	2.90
	3.40
	3.29
	7.38
	2.84
	1.34
	0.58
	0.42
	1.02
	3.69
	7.94
	8.27
	3.599

	2002
	2.84
	4.75
	1.97
	0.51
	1.58
	13.36
	7.58
	5.94
	4.38
	1.89
	1.28
	0.85
	3.924

	2003
	0.78
	1.64
	0.46
	1.00
	0.46
	0.68
	1.30
	1.07
	1.58
	1.81
	2.13
	9.26
	1.841

	2004
	6.83
	1.95
	25.73
	10.77
	1.56
	2.88
	6.23
	2.69
	1.10
	0.71
	0.50
	0.45
	5.174

	2005
	0.43
	10.60
	3.37
	1.60
	2.80
	2.92
	3.60
	3.09
	3.63
	4.42
	4.86
	4.83
	3.835


Occurrence of Abiotic states during the Scenario 2 and Reference Condition
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EHI for the Future Scenario 2 - Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	94
	For the Keurbooms Estuary low flows are defined as State 1: Marine Dominated. As rainfall occurs throughout the year in this region, the hydrology scores were evaluated over the entire 72–year scenario sequence.

For the Keurbooms River months with average flows of less than 0.5 m3/s occurred under the Reference Conditions for 1% of the time. Under the Present State low flows occur for 7.3 % of the time.

The flows in the Bitou River are similar to the Present State.
	Medium

	b. % similarity in mean annual frequency of floods
	99
	The reduction in high flows is deemed to be very little based on the very reduction in monthly flows. The 99%ile indicates that there is a 1 % decrease in the floods to the estuary. 
	Low

	Hydrology score
	
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	99
	Under the combined flows from the Keurbooms and Bitou rivers mouth closure are not likely to occur. However, the mouth has at times been very shallow and closure is deemed to be not entirely impossible.
	Medium

	Hydrodynamics  and mouth conditions score
	99
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	89
	Basin area:  State 4 has been reduced by less than 1% from Reference Condition, resulting is a very slight reduction in freshwater pulsing into the basin area.

Keurbooms & Bitou arms: These areas have become for saline, as State 3 (fresh with full salinity gradient) decreased form 80.9 to 70.7%, State 2 (marine with some freshwater input) increased from 5.6 to 10.2%, State 1 (marine dominated) increased from 1% to 7.3% from the Reference Condition to Scenario 2.

Allow 11 % modification. 
	Medium

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	84
	The occurrence of State 4 (i.e. nutrient pulse introduced throughout the estuary) is reduced by less than 1% from Reference Condition.  The occurrence of State 3 (i.e. nutrient pulse into the Keurbooms and Bitou arms) is reduced by 10% from Reference Condition in the Keurbooms arm while the situation in Bitou remains similar to Present State. Urban development adjacent to the basin area still result in additional nutrient inputs (5% increase) into that area (e.g. use of garden fertilizers and malfunctioning sewage pump station).  Overall modification 16%.
	Low

	2b. Suspended solids (turbidity) in the estuary
	95
	Urban development adjacent to the basin area may have resulted in some additional suspended solid inputs (e.g. through storm water runoff) in that area compared to the Reference Condition (5% modification)
	Low

	2c. 
Dissolved oxygen in the estuary
	99
	Estuary is oxygenated except in the deeper pools 8 and 11 km upstream of mouth (along Keurbooms arm) as under Reference Condition.  However, the occurrence of State 4 (i.e. possible flushing and re-oxygenation of pools) is reduced by less than 1% from Reference Condition (1% modification).  
	Low

	2d. 
Levels of toxins
	95
	Urban development adjacent to the basin area may have resulted in some accumulation of trace metals (e.g. through storm water runoff)   in that area (5% modification)
	Low

	Water Quality score
	
	
	


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1. Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	95
	Allow 5% change in the intertidal area due to diversion of Bitou Arm, development and changes in floods and land use.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	97
	Allow 5% change in the sand fraction relative to total sand and mud due to changes in land use.
	Low

	
	
	
	
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	97
	Allow 3% change in the intertidal area due to changes in land use.
	Low


Biotic Components 

i.
Predicted change in biotic characteristics of the future Scenario 2 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	For Scenario 2 there is a 1 % decrease in floods and low flow periods increased from 1 to 7.3% of the time.   This results in a 10% decrease in State 3 (fresh with full salinity gradient).  State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease would cause a decrease in phytoplankton biomass.  The increase in nutrients in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass but would have little effect on the phytoplankton as the water residence time is too short in this area to allow maximum nutrient uptake.  The small change in the intertidal area and sand and mud composition has probably had little influence on the benthic microalgae.
Confidence:  Medium

	MACROPHYTES

	Reduced occurrence of State 4 and State 3 will not have an influence on the species diversity and richness as the majority of the brackish and freshwater dependant species occur along the Bitou and the marine tolerant species in the Basin. A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the Basin. The biomass of the dominant submerged macrophyte, Zostera capensis will remain the same despite decreased nutrient input from the Keurbooms River because of continued nutrient input from Gansespruit and the Bitou. 

An increase in nutrient input from adjacent developments will increase the biomass of the reeds and sedges in the Basin and Bitou area. A slight reduction in floods will result in a more stable sediment habitat promoting colonisation by Zostera capensis. Loss of area (10%) due to encroaching development and agricultural activities. 

The community composition will change slightly with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. Invasion by exotic species have altered the community composition of the macrophytes by 5%.

Confidence: Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Invertebrate communities in the estuary are expected to show an increase in marine associated species due to the small increase in marine dominance compared to the reference condition.  A decrease in zooplankton biomass is predicted because of a decrease in phytoplankton biomass, while the slight reduction in floods is unlikely to influence zooplankton pulses that follow such events.  Macrophyte biomass is also unlikely to change and hence no change is expected in benthic community structure.  The emergence of a similar community in areas where anthropogenic influences favour colonization (e.g. areas on the Bitou) has also occurred, but this is not related to freshwater flows.  The small change (5 %) in the intertidal area and sand and mud composition has probably had little influence on the benthic community.
Confidence: High



	FISH

	Plankton feeding fish such as the Cape silverside Atherina breviceps will have declined slightly in abundance and biomass as a result of the reduced zooplankton biomass. The slight increase in aquatic macrophyte biomass and associated invertebrates would favour omnivorous fishes such as the Cape stumpnose Rhabdosargus holubi. Changes in the fish assemblage as a result of flow modification between the Reference Condition and Scenario 2 is likely to be minimal. Angling for carnivorous fish species, which is not related to freshwater flows, is assessed as continuing at current levels of exploitation (which is probably conservative).

Confidence: Medium

	BIRDS

	Changes in the abundance of habitats and food are estimated to be extremely small relative to Scenario 1, and are unlikely to have a measurable impact on bird communities.

Confidence: Medium


1.10.2 EHI for the Future Scenario 2 - Biotic components

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	95
	The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	88
	State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease (10 and 1 % respectively) would cause a decrease in phytoplankton biomass.  
	Low

	2b. Community composition
	94
	The reduction nutrient pulses would decrease the number of diatoms which characterise well mixed waters.  During stratified water column conditions flagellates would be dominant.
	Low

	Benthic microalgae

	1.  Species richness
	96
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  The 10% increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	95
	The increase in nutrients (5%) in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass.  
	Low

	2b. Community composition
	95
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  Blue-green algae could outcompete the benthic diatoms.  
	Low

	Microalgae score
	88
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	No change in macrophyte species diversity, richness and rarity are expected.
	Medium

	2a. Abundance
	85
	A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the estuarine basin. The biomass of the dominant submerged macrophyte, Zostera capensis will not be influenced by a decreased nutrient input from the Keurbooms River because of continued nutrient input from Gansespruit and the Bitou. An increase in nutrient input from adjacent developments will increase the biomass of the reeds and sedges in the Basin and Bitou area. A slight reduction in floods will result in a more stable sediment habitat promoting colonisation by Zostera capensis. Loss of area (10%) due to encroaching development and agricultural activities.
	Medium

	2b. Community composition
	90
	The community composition will change slightly with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. Invasion by exotic species have altered the community composition of the macrophytes by 5%.
	Medium

	Macrophytes score
	85
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	90
	A small decrease in abundance levels is predicted because of reduced phytoplankton biomass and reduced flooding.  Copepods such as Pseudodiaptomus hessei pulse significantly following freshwater pulse events.
	Medium

	2b. Community composition
	85
	The change in phytoplankton community composition will influence the zooplankton assemblage because of a change in available food resources (diatoms and flagellates) 
	Medium

	Macroinvertebrates

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	No change in subtidal macroinvertebrates is likely since the dominant submerged macrophyte coverage is unlikely to change.  The increase in saltmarsh area will influence the intertidal community slightly.
	High

	2b. Community composition
	95
	Increased saltmarsh area will provide additional habitat for species that favour these vegetated areas and this will influence community composition in the estuary.
	High

	Macrocrustacea

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Abundance of species that favour vegetated areas will occur.  This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour vegetated areas (e.g. crab species) and this will influence community composition in the estuary.
	High

	Invertebrates score
	85
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Species diversity would not have changed in response to the small changes predicted in the abiotic environment.
	High

	2a. Abundance
	73
	Fish species associated with the planktonic food web will have declined slightly and those associated with the macrophytic food web will have increased slightly. It is assumed that species targeted by recreational and subsistence anglers will continue at present levels.
	Medium

	2b. Community composition
	73
	A slight change in fish community composition associated with altered freshwater flows can be expected for the reasons outlined above. However, it is assumed that angling pressure on selected species will continue at existing levels of exploitation.
	Medium

	Fish score
	73
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Species diversity would not have changed in response to the small changes predicted in the abiotic environment
	Medium

	2a. Abundance
	81.5
	There might be a slight decrease in the abundance of piscivorous fish as a result of the decrease in fish abundance.
	Medium

	2b. Community composition
	89
	The above would have a very slight effect on community composition
	Medium

	Bird score
	90
	
	


1.11  Future Scenario 3: As Present, but diversion increased to 0.65 m3/s  
1.11.1 Abiotic Components 

i. Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 3 is provided in Table 14.  A summary of flow distribution (average monthly flows in m3/s) for the Keurbooms River for the Future Scenario 3, derived from the 72-year simulated data set, is provided below:
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.08
	26.57
	18.13
	14.98
	15.74
	17.45
	28.10
	44.64
	25.12
	24.07
	38.24
	29.02

	95%ile
	19.98
	17.31
	13.53
	7.75
	10.37
	11.16
	9.73
	18.34
	15.95
	11.44
	20.54
	17.76

	90%ile
	14.90
	15.40
	8.80
	6.54
	8.03
	8.13
	8.20
	10.60
	7.65
	10.11
	13.76
	12.42

	80%ile
	9.02
	9.87
	4.91
	4.91
	4.65
	5.45
	6.15
	5.50
	5.01
	5.43
	8.56
	9.57

	70%ile
	7.04
	6.79
	3.74
	3.80
	2.73
	4.22
	4.36
	4.03
	4.12
	3.92
	6.41
	7.81

	60%ile
	6.41
	4.93
	3.01
	2.07
	2.09
	3.46
	3.45
	3.16
	3.43
	3.28
	5.31
	6.23

	50%ile
	5.30
	3.35
	2.02
	1.40
	1.88
	2.67
	2.14
	2.40
	2.34
	2.63
	4.05
	4.79

	40%ile
	4.31
	2.61
	1.66
	0.98
	1.36
	1.75
	1.58
	1.65
	1.84
	2.23
	2.92
	3.98

	30%ile
	3.37
	2.12
	1.23
	0.69
	0.94
	1.15
	1.13
	1.13
	1.38
	1.58
	2.22
	2.70

	20%ile
	2.71
	1.70
	0.68
	0.54
	0.53
	0.51
	0.87
	0.54
	0.70
	0.92
	1.58
	2.08

	10%ile
	1.49
	1.19
	0.35
	0.34
	0.37
	0.34
	0.38
	0.44
	0.36
	0.58
	0.93
	1.30

	1%ile
	0.50
	0.63
	0.30
	0.23
	0.26
	0.24
	0.25
	0.30
	0.27
	0.26
	0.34
	0.40


Legend:

	
	State
	Flows (m3/s)

	
	State 1:  Marine Dominated 
	< 0.5

	
	State 2: Saline with full salinity gradient
	0.5  - 1.0

	
	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	
	State 4: Freshwater Dominated
	> 10.00


ii. Flood regime

The flood regime is judged to be almost unmodified from that of the reference conditions as the 99%ile indicates that there is a 3 % decrease in the floods to the estuary. 
Confidence:  Medium

iii. Sediment processes

The hydrological data indicates that the magnitude and occurrence of major floods have been reduced by 3%. This means that the flushing of sediments during such floods has only been reduced in a very small manner. It is therefore likely that the sedimentation in the estuary is not much different from what it was under natural conditions. There may be some increased erosion in the catchment.

Confidence:  Medium

Table 14.  Simulated monthly flows (m3/s) for the Keurbooms River for the Future Scenario 3 (Diversion increased to – 0.65 m3/s) 
	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1934
	21.25
	9.92
	0.67
	0.26
	0.94
	0.53
	1.80
	56.33
	24.54
	5.64
	7.39
	8.76
	11.58

	1935
	7.31
	7.09
	4.00
	1.12
	0.77
	2.65
	1.53
	4.92
	2.68
	4.71
	2.70
	4.80
	3.71

	1936
	5.41
	9.95
	6.26
	1.83
	1.20
	3.11
	0.87
	0.31
	0.95
	5.30
	3.47
	7.58
	3.86

	1937
	4.93
	2.84
	4.66
	4.47
	0.75
	0.34
	0.89
	0.53
	0.60
	0.51
	0.93
	3.63
	2.10

	1938
	3.67
	7.70
	5.03
	0.68
	9.76
	8.90
	2.95
	0.50
	0.27
	3.85
	18.59
	12.46
	6.17

	1939
	4.27
	3.08
	1.64
	3.18
	12.43
	5.37
	1.67
	1.22
	0.87
	2.44
	1.34
	1.53
	3.20

	1940
	1.09
	1.07
	0.31
	0.89
	2.35
	1.71
	9.05
	3.75
	4.80
	3.38
	1.66
	2.52
	2.70

	1941
	8.90
	5.50
	5.90
	6.47
	2.01
	1.92
	0.91
	7.41
	5.31
	2.96
	2.36
	2.05
	4.34

	1942
	4.45
	3.17
	2.04
	6.17
	2.13
	3.54
	1.91
	0.57
	0.68
	0.91
	3.46
	14.26
	3.60

	1943
	7.78
	15.46
	10.49
	1.36
	0.92
	1.19
	0.47
	30.29
	14.84
	11.34
	6.35
	10.89
	9.33

	1944
	6.95
	2.26
	0.41
	0.23
	0.26
	0.24
	0.24
	16.09
	19.42
	7.58
	3.25
	1.66
	4.91

	1945
	2.90
	1.17
	0.59
	0.76
	1.27
	9.02
	3.47
	0.44
	0.34
	0.84
	2.20
	2.44
	2.13

	1946
	5.38
	2.26
	0.32
	0.31
	0.51
	4.94
	4.22
	4.08
	3.84
	11.56
	5.32
	4.18
	3.94

	1947
	3.79
	3.35
	1.25
	0.76
	0.62
	0.50
	4.42
	1.66
	0.57
	0.57
	0.82
	3.42
	1.81

	1948
	7.54
	4.82
	2.86
	2.05
	2.11
	0.34
	1.26
	2.82
	1.40
	0.49
	0.47
	1.75
	2.33

	1949
	1.10
	16.17
	5.22
	0.31
	0.38
	0.31
	0.30
	0.46
	0.28
	7.95
	9.45
	6.95
	4.08

	1950
	6.37
	24.34
	12.67
	17.06
	7.13
	0.82
	0.26
	1.42
	2.96
	22.16
	13.60
	11.02
	10.01

	1951
	4.06
	0.39
	0.29
	3.98
	4.72
	0.88
	1.21
	3.34
	3.99
	3.02
	11.86
	22.82
	5.03

	1952
	9.05
	2.43
	1.04
	0.71
	2.74
	0.78
	0.51
	0.42
	6.64
	11.12
	19.49
	11.90
	5.59

	1953
	29.28
	13.48
	2.49
	0.47
	0.27
	2.19
	2.67
	8.43
	5.80
	10.43
	43.46
	17.79
	11.50

	1954
	2.33
	7.07
	1.84
	3.95
	23.87
	8.11
	1.84
	0.99
	1.82
	2.24
	3.47
	3.06
	4.92

	1955
	4.47
	15.71
	4.36
	0.60
	1.44
	3.26
	1.50
	13.98
	6.60
	1.16
	0.88
	7.91
	5.15

	1956
	15.03
	7.52
	3.62
	3.33
	2.91
	3.53
	1.58
	3.13
	6.18
	3.72
	5.29
	7.95
	5.33

	1957
	5.78
	1.34
	0.33
	0.25
	0.27
	3.41
	4.11
	7.37
	5.06
	1.67
	7.31
	4.61
	3.48

	1958
	4.83
	1.67
	1.82
	8.16
	3.55
	3.82
	10.47
	6.86
	2.41
	3.33
	13.78
	7.57
	5.71

	1959
	7.41
	3.32
	1.65
	7.42
	2.53
	4.97
	4.75
	3.60
	3.63
	3.98
	2.46
	7.11
	4.41

	1960
	3.28
	2.74
	3.63
	3.81
	1.90
	9.62
	5.11
	4.73
	2.67
	2.31
	4.12
	2.66
	3.90

	1961
	3.77
	2.01
	0.88
	3.18
	1.86
	6.94
	4.99
	1.54
	0.55
	0.74
	36.11
	14.69
	6.48

	1962
	13.77
	9.66
	1.67
	1.42
	0.59
	16.78
	9.12
	3.18
	1.89
	7.03
	5.99
	2.81
	6.20

	1963
	2.05
	0.91
	3.90
	6.21
	2.01
	2.41
	4.05
	1.47
	6.07
	3.80
	8.25
	27.75
	5.72

	1964
	9.98
	5.70
	1.61
	0.41
	0.28
	6.73
	7.35
	4.70
	3.79
	3.03
	1.48
	1.30
	3.88

	1965
	18.46
	18.61
	5.42
	4.79
	3.75
	0.51
	1.09
	2.63
	1.55
	0.96
	6.25
	5.47
	5.80

	1966
	2.05
	1.61
	1.24
	0.61
	2.06
	6.73
	27.24
	21.10
	7.76
	6.30
	4.18
	5.81
	7.23

	1967
	3.19
	2.10
	1.13
	0.33
	0.52
	3.90
	2.90
	2.22
	26.56
	10.35
	5.47
	8.27
	5.57

	1968
	5.89
	5.58
	1.81
	1.24
	1.99
	3.49
	1.67
	0.52
	4.57
	3.21
	2.44
	2.33
	2.90

	1969
	5.39
	2.10
	0.31
	0.23
	5.90
	1.68
	0.38
	0.37
	0.34
	0.38
	10.54
	5.97
	2.78

	1970
	3.03
	0.73
	12.96
	4.18
	5.65
	5.28
	8.68
	8.27
	4.23
	22.61
	29.17
	9.83
	9.62

	1971
	1.72
	6.13
	2.74
	0.71
	10.95
	4.60
	1.01
	1.64
	3.44
	4.67
	6.44
	3.28
	3.90

	1972
	1.50
	0.81
	0.33
	0.77
	1.76
	2.63
	3.87
	2.22
	1.92
	1.37
	1.90
	4.14
	1.93

	1973
	2.78
	5.48
	1.76
	7.22
	8.08
	8.13
	2.93
	7.17
	4.43
	1.33
	8.64
	6.60
	5.36

	1974
	2.74
	3.46
	0.89
	3.78
	5.91
	3.42
	1.07
	0.46
	1.52
	3.96
	4.51
	12.08
	3.62

	1975
	4.37
	1.98
	4.95
	2.06
	1.42
	5.47
	1.82
	1.78
	1.74
	5.46
	3.71
	2.62
	3.14

	1976
	19.70
	11.73
	3.42
	0.54
	11.63
	6.95
	1.41
	15.57
	8.07
	1.96
	4.15
	6.42
	7.61

	1977
	6.86
	7.36
	2.41
	0.44
	0.26
	0.28
	0.42
	0.61
	1.87
	1.88
	7.72
	4.88
	2.93

	1978
	4.23
	3.80
	4.19
	3.44
	1.40
	0.30
	0.95
	1.94
	2.04
	7.84
	17.43
	10.45
	4.87

	1979
	3.18
	0.98
	0.37
	1.43
	0.42
	0.24
	1.58
	1.02
	4.18
	2.30
	2.50
	4.69
	1.91

	1980
	6.96
	5.29
	4.78
	14.12
	7.57
	19.09
	14.01
	39.86
	17.31
	3.70
	21.82
	9.60
	13.75

	1981
	11.14
	4.66
	2.05
	0.60
	0.39
	0.98
	30.21
	10.84
	2.27
	2.26
	1.58
	9.42
	6.35

	1982
	7.54
	2.12
	0.61
	0.25
	1.12
	0.51
	0.32
	1.31
	9.27
	27.63
	11.27
	6.40
	5.74

	1983
	6.54
	3.35
	2.01
	0.56
	0.91
	1.83
	0.58
	0.40
	0.37
	0.64
	0.65
	0.68
	1.55

	1984
	1.13
	1.65
	1.22
	4.83
	9.90
	4.38
	3.61
	1.31
	1.76
	2.80
	1.58
	0.67
	2.86

	1985
	12.23
	8.93
	7.05
	5.46
	1.00
	0.29
	0.25
	0.28
	0.36
	0.55
	8.14
	5.01
	4.16

	1986
	10.80
	4.58
	1.40
	1.25
	1.99
	1.57
	8.22
	2.93
	1.57
	0.89
	2.81
	17.74
	4.63

	1987
	6.96
	0.78
	0.57
	0.50
	0.29
	0.40
	7.22
	4.83
	3.58
	2.45
	3.99
	3.47
	2.93

	1988
	3.59
	1.69
	0.79
	0.46
	0.31
	0.39
	3.80
	1.73
	0.79
	2.13
	1.52
	1.28
	1.54

	1989
	20.32
	18.93
	3.57
	0.56
	8.13
	2.71
	4.99
	3.80
	4.70
	2.54
	2.04
	2.33
	6.19

	1990
	5.22
	5.00
	1.40
	1.37
	2.73
	1.18
	0.28
	0.46
	0.59
	1.00
	1.30
	0.86
	1.78

	1991
	6.43
	2.41
	3.79
	1.13
	3.29
	1.48
	0.81
	2.42
	2.06
	4.39
	9.67
	4.81
	3.57

	1992
	23.36
	14.90
	2.16
	0.68
	0.39
	0.41
	3.28
	3.47
	3.43
	2.22
	2.27
	32.15
	7.38

	1993
	11.96
	2.53
	3.25
	2.41
	2.97
	1.80
	6.18
	3.91
	1.93
	2.73
	6.12
	4.77
	4.23

	1994
	7.07
	2.53
	14.39
	6.54
	4.35
	7.24
	7.82
	4.96
	3.10
	1.86
	1.91
	1.56
	5.30

	1995
	0.98
	16.26
	15.17
	4.93
	0.40
	0.36
	0.28
	0.31
	0.27
	0.27
	1.28
	2.03
	3.56

	1996
	19.55
	32.03
	14.22
	1.50
	1.55
	4.36
	7.98
	5.51
	4.61
	3.18
	5.08
	3.87
	8.64

	1997
	4.50
	1.56
	0.54
	2.08
	0.95
	3.90
	1.52
	1.09
	0.77
	1.62
	3.08
	2.20
	2.00

	1998
	1.49
	2.13
	0.72
	1.39
	1.35
	3.87
	2.36
	0.60
	0.35
	0.91
	0.95
	1.30
	1.45

	1999
	5.86
	1.79
	0.30
	5.00
	6.40
	13.05
	4.91
	0.49
	0.27
	0.23
	0.29
	0.40
	3.24

	2000
	0.85
	11.50
	8.99
	5.64
	2.07
	1.57
	7.01
	2.39
	0.42
	0.78
	6.10
	4.17
	4.29

	2001
	2.70
	3.21
	3.10
	7.20
	2.64
	1.13
	0.37
	0.40
	0.81
	3.46
	7.66
	7.94
	3.39

	2002
	2.59
	4.47
	1.77
	0.42
	1.38
	13.11
	7.18
	5.44
	3.95
	1.56
	0.92
	0.55
	3.63

	2003
	0.53
	1.44
	0.34
	0.80
	0.37
	0.46
	1.09
	0.86
	1.37
	1.55
	1.85
	8.97
	1.63

	2004
	6.59
	1.76
	25.40
	10.54
	1.35
	2.69
	6.05
	2.41
	0.78
	0.48
	0.36
	0.39
	4.96

	2005
	0.42
	10.42
	3.18
	1.40
	2.61
	2.72
	3.41
	2.88
	3.34
	4.14
	4.56
	4.42
	3.61


Occurrence of Abiotic states during the Scenario 3 and Reference Condition
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EHI for the Future Scenario 3 - Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	90
	For the Keurbooms Estuary low flows are defined as State 1: Marine Dominated. As rainfall occurs throughout the year in this region, the hydrology scores were evaluated over the entire 72–year scenario sequence.

For the Keurbooms River months with average flows of less than 0.5 m3/s occurred under the Reference Conditions for 1% of the time. Under the Present State low flows occur for 10.9 % of the time.

The flows in the Bitou River are similar to the Present State.
	Low

	b. % similarity in mean annual frequency of floods
	97


	Based 99%ile there is a 3% decrease in the floods to the estuary. 


	Medium

	Hydrology score
	
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	99
	Under the combined flows from the Keurbooms and Bitou rivers mouth closure are not likely to occur. However, the mouth has at times been very shallow and closure is deemed to be not entirely impossible.
	Medium

	Hydrodynamics  and mouth conditions score
	99
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	84
	Basin area:  State 4 has been reduced by than 1.6% from Reference Condition, resulting is a very slight reduction in freshwater pulsing into the basin area.

Keurbooms & Bitou arms: These areas have become for saline, as State 3 (fresh with full salinity gradient) decreased form 80.9 to 66.7%, State 2 (marine with some freshwater input) increased from 5.6 to 11.6 %, State 1 (marine dominated) increased from 1% to 10.9% from the Reference Condition to Scenario 3. 

Allow 16 % modification. 
	Medium

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	79
	The occurrence of State 4 (i.e. nutrient pulse introduced throughout the estuary) is reduced by 2% from Reference Condition. The occurrence of State 3 (i.e. nutrient pulse into the Keurbooms and Bitou arms) is reduced by 14% from Reference Condition in the Keurbooms arm while the situation in the Bitou arm remains similar to Present State. Urban development adjacent to the basin area still result in additional nutrient inputs (5% increase) into that area (e.g. use of garden fertilizers and malfunctioning sewage pump station).  Overall modification 21%.
	Low

	2b. Suspended solids (turbidity) in the estuary
	95
	Urban development adjacent to the basin area may have resulted in some additional suspended solid inputs (e.g. through storm water runoff) in that area compared to the Reference Condition (5% modification)
	Low

	2c. 
Dissolved oxygen in the estuary
	98
	Estuary is oxygenated except in the deeper pools 8 and 11 km upstream of mouth (along Keurbooms arm) as under Reference Condition.  However, the occurrence of State 4 (i.e. possible flushing and re-oxygenation of pools) is reduced by 2% from Reference Condition (2% modification).  
	Low

	2d. 
Levels of toxins
	95
	Urban development adjacent to the basin area may have resulted in some accumulation of trace metals (e.g. through storm water runoff)   in that area (5% modification)
	Low

	Water Quality score
	
	
	


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1. Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	95
	Allow 5% change in the intertidal area due to diversion of Bitou Arm, development and changes in floods and land use.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	94
	Allow 3% change in the sand fraction relative to total sand and mud due to changes in land use and 3 % due to changes in floods.
	Low

	
	
	
	
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	94
	Allow 3% change in the intertidal area due to changes in land use and 3 % due to changes in floods.
	Low


1.11.2 Biotic Components 

1.
Predicted change in biotic characteristics of the future Scenario 3 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	For Scenario 1 there is a 3% decrease in floods and low flow increased from 1% of the time to 10.9%.   This results in a 14% decrease in State 3 (fresh with full salinity gradient).  State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease would cause a decrease in phytoplankton biomass.  The increase in nutrients in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass but would have little effect on the phytoplankton as the water residence time is too short in this area to allow maximum nutrient uptake.  The small change in the intertidal area and sand and mud composition has probably had little influence on the benthic microalgae.
Confidence: Low

	MACROPHYTES

	The species diversity would not have changed in response to the small changes predicted in the abiotic environment. 

The majority of the brackish and freshwater dependant species occur along the Bitou and the marine tolerant species in the Basin. A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the Basin. Reduced flushing of sediment from the basin will result in increased colonisation by Zostera within the water column and reeds and sedges along the periphery. 

An increase in nutrient input from adjacent developments will increase the biomass of the reeds and sedges in the Basin and Bitou area. Loss of area (10%) due to encroaching development and agricultural activities. The community composition will change slightly with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. 

The community composition will change slightly with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. Invasion by exotic species have altered the community composition of the macrophytes by 5%.

Confidence: Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Invertebrate communities in the estuary are expected to continue along the trajectory of showing an increase in biomass of marine associated species due to increasing marine dominance in the arms compared to the reference condition.  A decrease in zooplankton biomass is predicted because of a decrease in phytoplankton biomass, while the slight reduction in floods will also lead to a small reduction in zooplankton pulses that follow such events.  Macrophyte biomass may also have increased slightly and this will cause a small shift in benthic community structure. The emergence of a similar community in areas where anthropogenic influences favour colonization (e.g. areas on the Bitou) has also occurred, but this is not related to freshwater flows.  The small change (5%) in the intertidal area and sand and mud composition has probably had little influence on the benthic community.
Confidence: High

	FISH

	Plankton feeding fish such as the Cape silverside Atherina breviceps will have declined slightly in abundance and biomass as a result of the reduced zooplankton biomass. The slight increase in aquatic macrophyte biomass and associated invertebrates would favour omnivorous fishes such as the Cape stumpnose Rhabdosargus holubi. Changes in the fish assemblage as a result of flow modification between the Reference Condition and Scenario 3 is likely to be minimal. Angling for carnivorous fish species, which is not related to freshwater flows, is assessed as continuing at current levels of exploitation (which is probably conservative).

Confidence: Medium

	BIRDS

	Since there is little predicted change in habitat or food, very little change in birds.  Brackish conditions are diminished, but there are very few freshwater-associated birds on the system.

Confidence: Medium


1.11.3 EHI for the Future Scenario 3 - Biotic Components

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	93
	The slight reduction in floods (3%) may reduce the number of opportunistic species.  The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	85
	State 3 and 4 are important in introducing nutrients to the estuary and the decrease in these states (14 and 2 % respectively) would cause a decrease in phytoplankton biomass.  
	Low

	2b. Community composition
	91
	The reduction in floods and nutrient pulses would decrease the number of diatoms which characterise well mixed systems.  During stratified water conditions flagellates would be dominant.
	Low

	Benthic microalgae

	1.  Species richness
	92
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	90
	The increase in nutrients (5%) in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass.  The reduction in floods and a more stable sediment environment would also increase biomass.
	Low

	2b. Community composition
	90
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  Blue-green algae could outcompete the benthic diatoms.  The reduction in floods and increase in sediment stability may reduce the number of opportunistic species thus changing community composition.
	Low

	Microalgae score
	85
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	No change in macrophyte species diversity, richness and rarity are expected from the reference condition to Future Scenario 3. Reduced occurrence of State 4 and State 3 will not affect species richness.
	Medium

	2a. Abundance
	80
	A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the estuarine basin. Reduced flushing of sediment from the basin by floods will result in increased colonisation by Zostera of the stable sandbanks (intertidal and subtidal) and reeds and sedges along the periphery. An increase in nutrient input from adjacent developments will increase the biomass of the reeds and sedges in the Basin and Bitou area.  Loss of area (10%) due to encroaching development and agricultural activities.
	Medium

	2b. Community composition
	90
	The community composition will change slightly with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. Invasion by exotic species have altered the community composition of the macrophytes by 5%
	Medium

	Macrophytes score
	80
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	A small decrease in abundance levels is predicted because of reduced phytoplankton biomass, increased marine dominance and reduced flooding (1% reduction).  Copepods such as Pseudodiaptomus hessei pulse significantly following freshwater pulse events.
	Medium

	2b. Community composition
	90
	Reduced flooding will lead to a slight change in community composition – reduced dominance of the copepod Pseudodiaptomus hessei.
	Medium

	Macroinvertebrates

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Increased abundance of species that favour vegetated intertidal areas will occur.  This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour vegetated areas (e.g. Palaemon perengueyi) and this will influence community composition in the estuary.
	High


	Macrocrustacea

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Abundance of species that favour vegetated areas will occur.  This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour vegetated areas (e.g. crab species) and this will influence community composition in the estuary.
	High

	Invertebrates score
	80
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Species diversity would not have changed in response to the small changes predicted in the abiotic environment.
	High

	2a. Abundance
	71
	Fish species associated with the planktonic food web will have declined slightly and those associated with the macrophytic food web will have increased slightly. It is assumed that species targeted by recreational and subsistence anglers will continue at present levels.
	Medium

	2b. Community composition
	71
	A slight change in fish community composition associated with altered freshwater flows can be expected for the reasons outlined above. However, it is assumed that angling pressure on selected species will continue at existing levels of exploitation.
	Medium

	Fish score
	71
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	There is unlikely to be any change in the number of species using the system
	Medium

	2a. Abundance
	80
	A slight decline in fish abundance may lead to a further slight decline in piscivorous birds
	Medium

	2b. Community composition
	87
	A slight change in community composition due to the above
	Medium

	Bird score
	87
	
	


Future Scenario 4: As Present, but Diversion increased to 1.0 m3/s 
1.11.4 Abiotic Components 

i. Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 4 is provided in Table 15.  A summary of flow distribution (average monthly flows in m3/s) for the Keurbooms River for the Future Scenario 4, derived from the 80-year simulated data set, is provided below:
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	24.76
	26.25
	17.81
	14.66
	15.42
	17.13
	27.78
	44.31
	24.80
	23.75
	37.92
	28.70

	95%ile
	19.66
	16.99
	13.21
	7.43
	10.05
	10.84
	9.41
	18.02
	15.63
	11.12
	20.22
	17.44

	90%ile
	14.58
	15.08
	8.48
	6.21
	7.71
	7.81
	7.88
	10.28
	7.32
	9.79
	13.44
	12.10

	80%ile
	8.70
	9.54
	4.59
	4.59
	4.33
	5.13
	5.83
	5.18
	4.69
	5.11
	8.24
	9.24

	70%ile
	6.72
	6.47
	3.42
	3.48
	2.41
	3.90
	4.04
	3.71
	3.80
	3.60
	6.09
	7.49

	60%ile
	6.08
	4.61
	2.69
	1.75
	1.77
	3.14
	3.13
	2.84
	3.11
	2.96
	4.99
	5.91

	50%ile
	4.98
	3.03
	1.70
	1.08
	1.56
	2.35
	1.82
	2.08
	2.02
	2.31
	3.73
	4.47

	40%ile
	3.99
	2.29
	1.34
	0.87
	1.07
	1.43
	1.26
	1.33
	1.52
	1.91
	2.60
	3.65

	30%ile
	3.05
	1.80
	0.91
	0.69
	0.83
	0.95
	0.89
	0.84
	1.06
	1.26
	1.90
	2.38

	20%ile
	2.39
	1.38
	0.52
	0.54
	0.52
	0.49
	0.72
	0.54
	0.64
	0.69
	1.26
	1.76

	10%ile
	1.17
	0.87
	0.35
	0.34
	0.37
	0.34
	0.38
	0.44
	0.36
	0.57
	0.61
	0.98

	1%ile
	0.42
	0.46
	0.30
	0.23
	0.26
	0.24
	0.25
	0.30
	0.27
	0.26
	0.34
	0.40


Legend:

	
	State
	Flows (m3/s)

	
	State 1:  Marine Dominated 
	< 0.5

	
	State 2: Saline with full salinity gradient
	0.5  - 1.0

	
	State 3: Fresh with full salinity gradient 
	1.0 - 10.0

	
	State 4: Freshwater Dominated
	> 10.00


ii. Flood regime

The flood regime is judged to be almost unmodified from that of the reference conditions as the 99%ile indicates that there is a 4 % decrease in the floods to the estuary. 
Confidence:  Medium

iii. Sediment processes

The hydrological data indicates that the magnitude and occurrence of major floods have been reduced by 4%. This means that the flushing of sediments during such floods has only been reduced in a very small manner. It is therefore likely that the sedimentation in the estuary is not much different from what it was under natural conditions. There may be some increased erosion in the catchment.

Confidence:  Medium

Table 15.  Simulated monthly flows (m3/s) for the Keurbooms River for the Future Scenario 4 (as Present Day, but diversion increased to – 1.0 m3/s) 

	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1934
	20.93
	9.60
	0.52
	0.26
	0.79
	0.50
	1.48
	56.01
	24.22
	5.32
	7.06
	8.44
	11.34

	1935
	6.99
	6.77
	3.68
	0.89
	0.65
	2.33
	1.21
	4.60
	2.36
	4.39
	2.38
	4.48
	3.41

	1936
	5.08
	9.63
	5.94
	1.51
	0.96
	2.79
	0.73
	0.31
	0.76
	4.98
	3.15
	7.26
	3.60

	1937
	4.61
	2.52
	4.34
	4.15
	0.75
	0.34
	0.76
	0.53
	0.60
	0.51
	0.61
	3.31
	1.93

	1938
	3.35
	7.38
	4.70
	0.68
	9.44
	8.58
	2.63
	0.50
	0.27
	3.53
	18.27
	12.14
	5.93

	1939
	3.95
	2.76
	1.32
	2.86
	12.10
	5.05
	1.34
	0.90
	0.71
	2.11
	1.01
	1.21
	2.89

	1940
	0.76
	0.75
	0.31
	0.85
	2.03
	1.39
	8.73
	3.43
	4.48
	3.06
	1.33
	2.20
	2.43

	1941
	8.58
	5.18
	5.58
	6.15
	1.69
	1.60
	0.72
	7.09
	4.99
	2.64
	2.04
	1.72
	4.02

	1942
	4.13
	2.84
	1.72
	5.85
	1.81
	3.22
	1.59
	0.57
	0.64
	0.66
	3.14
	13.94
	3.34

	1943
	7.46
	15.14
	10.17
	1.03
	0.85
	1.05
	0.47
	29.97
	14.52
	11.02
	6.02
	10.57
	9.07

	1944
	6.63
	1.93
	0.39
	0.23
	0.26
	0.24
	0.24
	15.77
	19.10
	7.26
	2.93
	1.34
	4.72

	1945
	2.58
	0.85
	0.48
	0.76
	1.14
	8.70
	3.15
	0.44
	0.34
	0.67
	1.88
	2.12
	1.93

	1946
	5.06
	1.94
	0.32
	0.31
	0.51
	4.62
	3.90
	3.76
	3.52
	11.24
	5.00
	3.86
	3.70

	1947
	3.47
	3.03
	0.93
	0.76
	0.54
	0.49
	4.10
	1.34
	0.57
	0.57
	0.50
	3.10
	1.61

	1948
	7.22
	4.50
	2.54
	1.73
	1.79
	0.34
	0.96
	2.50
	1.08
	0.49
	0.40
	1.43
	2.08

	1949
	0.78
	15.85
	4.89
	0.31
	0.38
	0.31
	0.30
	0.46
	0.28
	7.62
	9.13
	6.63
	3.92

	1950
	6.05
	24.02
	12.35
	16.74
	6.81
	0.67
	0.26
	1.10
	2.64
	21.84
	13.28
	10.70
	9.73

	1951
	3.74
	0.39
	0.29
	3.66
	4.40
	0.77
	0.97
	3.02
	3.67
	2.70
	11.54
	22.50
	4.78

	1952
	8.73
	2.11
	0.72
	0.71
	2.41
	0.69
	0.46
	0.42
	6.31
	10.80
	19.17
	11.58
	5.37

	1953
	28.96
	13.16
	2.17
	0.47
	0.27
	1.87
	2.35
	8.11
	5.47
	10.11
	43.14
	17.47
	11.23

	1954
	2.01
	6.75
	1.52
	3.63
	23.55
	7.79
	1.52
	0.78
	1.50
	1.92
	3.15
	2.74
	4.61

	1955
	4.15
	15.38
	4.04
	0.60
	1.12
	2.94
	1.18
	13.66
	6.28
	0.84
	0.56
	7.59
	4.86

	1956
	14.71
	7.20
	3.30
	3.01
	2.59
	3.21
	1.26
	2.81
	5.86
	3.40
	4.97
	7.63
	5.01

	1957
	5.46
	1.02
	0.33
	0.25
	0.27
	3.09
	3.79
	7.05
	4.74
	1.35
	6.98
	4.29
	3.24

	1958
	4.51
	1.35
	1.50
	7.84
	3.23
	3.50
	10.15
	6.53
	2.09
	3.01
	13.46
	7.25
	5.38

	1959
	7.09
	3.00
	1.33
	7.10
	2.21
	4.65
	4.43
	3.28
	3.31
	3.65
	2.14
	6.78
	4.09

	1960
	2.96
	2.42
	3.31
	3.49
	1.58
	9.30
	4.79
	4.41
	2.35
	1.99
	3.80
	2.34
	3.58

	1961
	3.45
	1.69
	0.62
	2.86
	1.54
	6.62
	4.67
	1.22
	0.55
	0.68
	35.79
	14.37
	6.22

	1962
	13.45
	9.34
	1.35
	1.17
	0.59
	16.46
	8.80
	2.86
	1.57
	6.71
	5.67
	2.49
	5.92

	1963
	1.73
	0.59
	3.58
	5.89
	1.69
	2.09
	3.73
	1.15
	5.75
	3.48
	7.93
	27.43
	5.40

	1964
	9.66
	5.38
	1.29
	0.41
	0.28
	6.41
	7.03
	4.38
	3.46
	2.71
	1.16
	0.98
	3.61

	1965
	18.14
	18.29
	5.10
	4.47
	3.43
	0.48
	0.79
	2.31
	1.23
	0.67
	5.93
	5.15
	5.50

	1966
	1.73
	1.29
	0.92
	0.61
	1.74
	6.40
	26.92
	20.78
	7.44
	5.98
	3.86
	5.49
	6.93

	1967
	2.87
	1.78
	0.81
	0.33
	0.52
	3.57
	2.58
	1.90
	26.24
	10.03
	5.15
	7.95
	5.30

	1968
	5.57
	5.26
	1.49
	1.07
	1.67
	3.17
	1.35
	0.52
	4.25
	2.89
	2.12
	2.01
	2.62

	1969
	5.07
	1.78
	0.31
	0.23
	5.58
	1.36
	0.38
	0.37
	0.34
	0.38
	10.22
	5.65
	2.62

	1970
	2.71
	0.50
	12.64
	3.86
	5.33
	4.96
	8.36
	7.95
	3.91
	22.29
	28.85
	9.51
	9.31

	1971
	1.40
	5.81
	2.42
	0.71
	10.63
	4.28
	0.78
	1.32
	3.12
	4.35
	6.12
	2.96
	3.61

	1972
	1.18
	0.52
	0.33
	0.77
	1.44
	2.31
	3.55
	1.90
	1.60
	1.05
	1.58
	3.81
	1.66

	1973
	2.46
	5.16
	1.44
	6.90
	7.76
	7.81
	2.61
	6.85
	4.11
	1.01
	8.32
	6.28
	5.04

	1974
	2.42
	3.14
	0.62
	3.46
	5.59
	3.10
	0.82
	0.46
	1.20
	3.64
	4.18
	11.76
	3.34

	1975
	4.05
	1.66
	4.63
	1.74
	1.10
	5.15
	1.50
	1.46
	1.42
	5.14
	3.39
	2.30
	2.82

	1976
	19.38
	11.41
	3.10
	0.54
	11.31
	6.63
	1.08
	15.25
	7.75
	1.64
	3.83
	6.10
	7.31

	1977
	6.54
	7.04
	2.09
	0.44
	0.26
	0.28
	0.42
	0.61
	1.55
	1.56
	7.40
	4.56
	2.74

	1978
	3.91
	3.48
	3.87
	3.12
	1.08
	0.30
	0.79
	1.62
	1.72
	7.52
	17.10
	10.13
	4.59

	1979
	2.86
	0.65
	0.37
	1.11
	0.42
	0.24
	1.26
	0.81
	3.86
	1.98
	2.18
	4.37
	1.67

	1980
	6.63
	4.97
	4.46
	13.80
	7.25
	18.77
	13.69
	39.54
	16.99
	3.38
	21.50
	9.28
	13.42

	1981
	10.82
	4.34
	1.73
	0.60
	0.39
	0.85
	29.89
	10.52
	1.95
	1.94
	1.26
	9.10
	6.10

	1982
	7.22
	1.80
	0.47
	0.25
	0.91
	0.49
	0.32
	1.01
	8.94
	27.31
	10.95
	6.08
	5.53

	1983
	6.22
	3.03
	1.69
	0.56
	0.84
	1.50
	0.50
	0.40
	0.37
	0.60
	0.45
	0.46
	1.39

	1984
	0.81
	1.33
	0.90
	4.51
	9.58
	4.06
	3.29
	0.99
	1.44
	2.48
	1.26
	0.45
	2.55

	1985
	11.91
	8.61
	6.73
	5.14
	0.81
	0.29
	0.25
	0.28
	0.36
	0.55
	7.82
	4.69
	3.98

	1986
	10.48
	4.26
	1.08
	0.93
	1.67
	1.25
	7.90
	2.61
	1.25
	0.67
	2.49
	17.42
	4.32

	1987
	6.64
	0.49
	0.45
	0.50
	0.29
	0.40
	6.89
	4.51
	3.26
	2.13
	3.66
	3.15
	2.71

	1988
	3.27
	1.36
	0.57
	0.46
	0.31
	0.39
	3.48
	1.41
	0.71
	1.81
	1.20
	0.96
	1.33

	1989
	20.00
	18.61
	3.25
	0.56
	7.81
	2.39
	4.67
	3.48
	4.38
	2.22
	1.72
	2.01
	5.89

	1990
	4.90
	4.68
	1.08
	1.05
	2.41
	0.94
	0.28
	0.46
	0.59
	0.75
	0.98
	0.54
	1.55

	1991
	6.11
	2.09
	3.47
	0.89
	2.97
	1.16
	0.66
	2.10
	1.74
	4.07
	9.35
	4.49
	3.27

	1992
	23.04
	14.58
	1.84
	0.68
	0.39
	0.41
	2.96
	3.15
	3.11
	1.90
	1.95
	31.83
	7.14

	1993
	11.64
	2.21
	2.93
	2.08
	2.65
	1.48
	5.86
	3.59
	1.61
	2.41
	5.80
	4.45
	3.91

	1994
	6.75
	2.21
	14.07
	6.22
	4.03
	6.92
	7.50
	4.64
	2.78
	1.53
	1.59
	1.24
	4.98

	1995
	0.66
	15.94
	14.85
	4.61
	0.40
	0.36
	0.28
	0.31
	0.27
	0.27
	0.96
	1.71
	3.39

	1996
	19.23
	31.71
	13.90
	1.18
	1.23
	4.04
	7.66
	5.19
	4.29
	2.86
	4.76
	3.55
	8.31

	1997
	4.18
	1.24
	0.43
	1.76
	0.83
	3.58
	1.20
	0.81
	0.65
	1.30
	2.76
	1.88
	1.73

	1998
	1.17
	1.81
	0.52
	1.07
	1.03
	3.55
	2.04
	0.60
	0.35
	0.72
	0.62
	0.98
	1.21

	1999
	5.54
	1.47
	0.30
	4.68
	6.08
	12.73
	4.58
	0.49
	0.27
	0.23
	0.29
	0.40
	3.08

	2000
	0.53
	11.18
	8.67
	5.32
	1.75
	1.25
	6.69
	2.07
	0.42
	0.68
	5.78
	3.84
	4.02

	2001
	2.38
	2.89
	2.78
	6.87
	2.32
	0.98
	0.37
	0.40
	0.67
	3.14
	7.33
	7.62
	3.16

	2002
	2.27
	4.15
	1.45
	0.42
	1.06
	12.79
	6.86
	5.12
	3.63
	1.24
	0.60
	0.41
	3.35

	2003
	0.41
	1.12
	0.34
	0.80
	0.37
	0.45
	0.87
	0.79
	1.05
	1.23
	1.52
	8.65
	1.46

	2004
	6.27
	1.44
	25.08
	10.22
	1.03
	2.37
	5.73
	2.09
	0.70
	0.48
	0.36
	0.39
	4.74

	2005
	0.42
	10.10
	2.86
	1.08
	2.29
	2.40
	3.09
	2.56
	3.02
	3.82
	4.23
	4.10
	3.32


Occurrence of Abiotic states during the Scenario 4 and Reference Condition
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1.11.5 EHI for the Future Scenario 4 - Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	88
	For the Keurbooms Estuary low flows are defined as State 1: Marine Dominated. As rainfall occurs throughout the year in this region, the hydrology scores were evaluated over the entire 72–year scenario sequence.

For the Keurbooms River months with average flows of less than 0.5 m3/s occurred under the Reference Conditions for 1% of the time. Under the Present State low flows occur for 12.9% of the time.

The flows in the Bitou River are similar to the Present State.
	Low

	b. % similarity in mean annual frequency of floods
	96


	The reduction in high flows is deemed to be very little based on the very limited reduction in monthly flows. The 99%ile indicates that there is only a 4 % decrease in the floods to the estuary. However, this reduction is probably still considerably less for very large floods.


	Medium

	Hydrology score
	
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	99
	Under the combined flows from the Keurbooms and Bitou rivers mouth closure are not likely to occur. However, the mouth has at times been very shallow and closure is deemed to be not entirely impossible.
	Medium

	Hydrodynamics  and mouth conditions score
	99
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	80
	Basin area:  State 4 has been reduced by 1.6% from Reference Condition, resulting is a very slight reduction in freshwater pulsing into the basin area.

Keurbooms & Bitou arms: These areas have become for saline, as State 3 (fresh with full salinity gradient) decreased form 80.9 to 62.9%, State 2 (marine with some freshwater input) increased from 5.6 to 13.4 %, State 1 (marine dominated) increased from 1% to 12.9% from the Reference Condition to Scenario 4.

Allow 20 % modification. 
	Medium

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	75
	The occurrence of State 4 (i.e. nutrient pulse introduced throughout the estuary) is reduced by 3% from Reference Condition. The occurrence of State 3 (i.e. nutrient pulse into the Keurbooms and Bitou arms) is reduced by 18% from Reference Condition in the Keurbooms arm while the situation in the Bitou arm remains similar to Present State. Urban development adjacent to the basin area still result in additional nutrient inputs (5% increase) into that area (e.g. use of garden fertilizers and malfunctioning sewage pump station).  Overall modification 25%.
	Low

	2b. Suspended solids (turbidity) in the estuary
	95
	Urban development adjacent to the basin area may have resulted in some additional suspended solid inputs (e.g. through storm water runoff) in that area compared to the Reference Condition (5% modification)
	Low

	2c. 
Dissolved oxygen in the estuary
	97
	Estuary is oxygenated except in the deeper pools 8 and 11 km upstream of mouth (along Keurbooms arm) as under Reference Condition.  However, the occurrence of State 4 (i.e. possible flushing and re-oxygenation of pools) is reduced by 3% from Reference Condition (3% modification).  
	Low

	2d. 
Levels of toxins
	95
	Urban development adjacent to the basin area may have resulted in some accumulation of trace metals (e.g. through storm water runoff)   in that area (5% modification)
	Low

	Water Quality score
	
	
	


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1. Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	95
	Allow 5% change in the intertidal area due to diversion of Bitou Arm, development and changes in floods and land use.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	93
	Allow 3% change in the sand fraction relative to total sand and mud due to changes in land use and 4 % due to changes in floods.
	Low

	
	
	
	
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	93
	Allow 3% change in the intertidal area due to changes in land use and 4 % due to changes in floods.
	Low


Biotic Components 

i.
Predicted change in biotic characteristics of the future Scenario 4 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	For Scenario 1 there is a 4 % decrease in floods and low flow has increased from 1 to 12.9% of the time.   This results in an increase in State 1 (marine dominated) and an 18% decrease in State 3 (fresh with full salinity gradient).  State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease would cause a decrease in phytoplankton biomass.  The increase in nutrients in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass but would have little effect on the phytoplankton as the water residence time is too short in this area to allow maximum nutrient uptake.  The small change in the intertidal area and sand and mud composition has probably had little influence on the benthic microalgae.
Confidence:  Low

	MACROPHYTES

	The species diversity would not have changed in response to the small changes predicted in the abiotic environment. The majority of the brackish and freshwater dependant species occur along the Bitou and the marine tolerant species in the Basin. A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the Basin. 

Reduced flushing of sediment from the basin will result in increased colonisation by Zostera within the water column and reeds and sedges along the periphery. An increase in nutrient input from adjacent developments will increase the biomass of the reeds and sedges in the Basin and Bitou area. Increased occurrence of the marine state will start to have an influence on the salinity of the Bitou above the drift, changing the community structure and reducing the biomass of the brackish reeds and sedges (Typha capensis and Schoenoplectus scirpoideus). Loss of area (10%) due to encroaching development and agricultural activities. 

The community composition will change with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. Increased occurrence of the marine state will start to have an influence on the salinity of the Bitou above the drift, changing the community structure of the reeds and sedges (Phragmites replacing Schoenoplectus. An additional 5% change in community composition occurred as a result of exotic species infestation within the estuarine boundaries.

Confidence: Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Invertebrate communities in the estuary are expected to continue along the trajectory of showing an increase in the biomass of marine associated species due to the increase in marine dominance compared to the reference condition.  A decrease in zooplankton biomass is predicted because of a decrease in phytoplankton biomass, while the 4% reduction in floods will also lead to a small reduction in zooplankton pulses that follow such events.  Submerged macrophyte biomass may also have increased slightly and this will cause a small shift in benthic community structure and negatively influence favour species that utilize open habitats (e.g. sand and mudprawns).  The emergence of a similar community in areas where anthropogenic influences favour colonization (e.g. areas on the Bitou) has also occurred, but this is not related to freshwater flows.  The small change (10 %) in the intertidal area and sand and mud composition has probably had little influence on the benthic community.
Confidence: High



	FISH

	Plankton feeding fish such as the Cape silverside Atherina breviceps will have declined slightly in abundance and biomass as a result of the reduced zooplankton biomass. The slight increase in aquatic macrophyte biomass and associated invertebrates would favour omnivorous fishes such as the Cape stumpnose Rhabdosargus holubi. Changes in the fish assemblage as a result of flow modification between the Reference Condition and Scenario 4 is likely to be minimal. Angling for carnivorous fish species, which is not related to freshwater flows, is assessed as continuing at current levels of exploitation (which is probably conservative).

Confidence: Medium

	BIRDS

	Since there is little predicted change in habitat or food, very little change in birds, but may see slight further reduction in freshwater species.

Confidence: Medium


EHI for the Future Scenario 4 - Biotic component:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	90
	The slight reduction in floods (4%) may reduce the number of opportunistic species.  The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	81
	State 3 and 4 are important in introducing nutrients to the estuary and the slight decrease (18 and 3 % respectively) in these states would cause a decrease in phytoplankton biomass.  
	Low

	2b. Community composition
	88
	The reduction in floods and nutrient pulses would decrease the number of diatoms which characterise well mixed systems.  During stratified water conditions flagellates would be dominant.
	Low

	Benthic microalgae

	1.  Species richness
	90
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  The increase in the marine state would increase the number of saline species.
	Low

	2a. Abundance
	89
	The increase in nutrients (5%) in the basin area due to urban development (e.g. use of garden fertilizers and malfunctioning sewage pump station) would increase benthic microalgal biomass.  The reduction in floods and a more stable sediment environment would also increase biomass.
	Low

	2b. Community composition
	89
	The small increase in nutrients (5%) may promote the growth of weedy species at the expense of others.  Blue-green algae could outcompete the benthic diatoms.  The reduction in floods and increase in sediment stablility may reduce the number of opportunistic species thus changing community composition.
	Low

	Microalgae score
	81
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Macrophyte species diversity, richness and rarity will is not expected to change from the reference condition to Future Scenario 4. 
	Medium

	2a. Abundance
	80
	A 5% decrease in intertidal area will influence the area cover of intertidal salt marsh. An increase in the occurrence of State 1 and 2 will not influence any of the macrophyte communities in the estuarine basin. Reduced flushing of sediment from the basin as a result of a small reduction in floods will result in increased colonisation by Zostera because of more stable sediment habitats. An increase in nutrient input from adjacent developments will increase the biomass of the reeds and sedges in the estuarine basin and Bitou area. Increased occurrence of the marine state will start to have an influence on the salinity of the Bitou above the drift, changing the community structure and reducing the biomass of the brackish reeds and sedges (Typha capensis and Schoenoplectus scirpoideus).  Loss of area (10%) due to encroaching development and agricultural activities.
	Medium

	2b. Community composition
	85
	The community composition will change with those species more tolerant of marine conditions becoming more dominant in the intertidal saltmarsh. Submerged macrophytes will not be affected, nor any of the reeds and sedges that are more dependent on seepage flow than river flow. Increased occurrence of the marine state will start to have an influence on the salinity of the Bitou above the drift, changing the community structure of the reeds and sedges (Phragmites replacing Schoenoplectus near the drift area). An additional 5% change in community composition occurred as a result of exotic species infestation within the estuarine boundaries.
	Medium

	Macrophytes score
	80
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	85
	A small decrease in abundance levels is predicted because of reduced phytoplankton biomass, increased marine dominance and reduced flooding (4% reduction).  Copepods such as Pseudodiaptomus hessei pulse significantly following freshwater pulse events.
	Medium

	2b. Community composition
	85
	Reduced flooding will lead to a slight change in community composition – reduced dominance of the copepod Pseudodiaptomus hessei.
	Medium

	Macroinvertebrates

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Increased abundance of species that favour vegetated areas will occur. This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour vegetated areas (e.g. Palaemon perengueyi) and this will influence community composition in the estuary.
	High

	Macrocrustacea

	1.   Species richness
	100
	No change in species richness is likely compared to the reference state.
	High

	2a. Abundance
	95
	Abundance of species that favour vegetated areas will increase.  This is in response to increased macrophyte coverage.
	High

	2b. Community composition
	95
	Increased macrophyte coverage will provide additional habitat for species that favour non-vegetated areas (e.g. sand and mudprawn) and this will influence community composition in the estuary.
	High

	Invertebrates score
	75
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Species diversity would not have changed in response to the small changes predicted in the abiotic environment.
	High

	2a. Abundance
	70
	Fish species associated with the planktonic food web will have declined slightly and those associated with the macrophytic food web will have increased slightly. It is assumed that species targeted by recreational and subsistence anglers will continue at present levels.
	Medium

	2b. Community composition
	70
	A slight change in fish community composition associated with altered freshwater flows can be expected for the reasons outlined above. However, it is assumed that angling pressure on selected species will continue at existing levels of exploitation.
	Medium

	Fish score
	70
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	Changes not sufficient to lose or attract spp
	Medium

	2a. Abundance
	80
	Slight decrease in fish abundance, little other change in habitat or food, may see slight reduction in fw species
	Medium

	2b. Community composition
	87
	As above
	Medium

	Bird score
	85
	
	


Recommended Ecological Flow Requirement for Keurbooms Estuary

The individual Estuarine Health Index scores, as well as the corresponding Ecological Reserve Categories for the scenarios are listed in Table 16:

Table 16. Summary of individual Estuarine Health Index scores and Ecological Reserve Category for the Future Development Scenarios 1 to 4

	Variable
	Weight
	Present
	Runoff scenario

	
	
	
	1
	2
	3
	4

	Hydrology
	25
	98
	97
	96
	93
	91

	Hydrodynamics/mouth condition
	25
	99
	99
	99
	99
	99

	Water quality
	25
	90.4
	88
	86
	81
	77

	Physical habitat alteration
	25
	97
	97
	97
	94
	94

	Habitat Health Score
	
	96
	95
	94
	92
	90

	Microalgae
	20
	95
	90
	88
	85
	81

	Macrophytes
	20
	85
	85
	85
	80
	80

	Invertebrates
	20
	95
	90
	85
	90
	85

	Fish
	20
	75
	75
	73
	71
	70

	Birds
	20
	82.5
	83
	82
	80
	80

	Biotic Health Score
	
	87
	85
	83
	81
	79

	Estuarine Health Index Score
	91
	90
	88
	86
	85

	Ecological Reserve Category (ERC)
	A/B
	A/B
	A/B
	B
	B


The evaluation of the simulated runoff scenarios was used to derive the recommended Ecological Flow Requirement. The recommended Ecological Flow Requirement is defined as the runoff scenario (or a slight modification thereof) that represents the highest reduction in river inflow that will still protect the aquatic ecosystem of the estuary and keep it in the recommended ERC.  

In evaluating Future Scenarios 1 to 4 it was assumed that only river inflow from the Keurbooms Catchment will be reduced and that all other related anthropogenic activities (e.g. fishing, bait collection, power boating and human disturbance) will remain at present levels.

Taking the above into account, Scenario 1 was selected as the Recommended Ecological Flow Requirement for the Keurbooms Estuary (Table 17).

Table 17. Summary of flow distributions of the Recommended Ecological Flow Scenario (Scenario 1) for the Keurbooms Estuary
	
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	25.67
	27.17
	18.66
	15.52
	16.33
	18.03
	28.70
	45.23
	25.72
	24.66
	38.84
	29.62

	90%ile
	20.58
	17.91
	14.06
	8.27
	10.96
	11.67
	10.32
	18.86
	16.55
	12.03
	21.14
	18.36

	80%ile
	15.50
	16.00
	9.22
	7.01
	8.59
	8.71
	8.79
	11.18
	8.24
	10.70
	14.36
	13.02

	70%ile
	9.60
	10.46
	5.38
	5.30
	5.06
	6.03
	6.70
	6.10
	5.60
	6.02
	9.15
	10.16

	60%ile
	7.58
	7.38
	4.17
	4.18
	3.15
	4.75
	4.86
	4.61
	4.64
	4.51
	7.01
	8.41

	50%ile
	7.00
	5.47
	3.37
	2.46
	2.52
	3.89
	3.92
	3.70
	4.03
	3.83
	5.87
	6.83

	40%ile
	5.87
	3.82
	2.38
	1.77
	2.30
	3.12
	2.60
	2.88
	2.86
	3.16
	4.64
	5.35

	30%ile
	4.79
	3.06
	2.01
	1.35
	1.77
	2.18
	2.01
	2.17
	2.34
	2.76
	3.49
	4.52

	20%ile
	3.83
	2.58
	1.58
	0.86
	1.35
	1.56
	1.58
	1.70
	1.87
	2.09
	2.76
	3.21

	10%ile
	3.17
	2.13
	1.04
	0.65
	0.92
	0.92
	1.30
	0.82
	1.18
	1.43
	2.07
	2.62

	1%ile
	1.94
	1.61
	0.57
	0.53
	0.62
	0.55
	0.70
	0.56
	0.58
	1.03
	1.45
	1.78


However, as the Keurbooms Estuary is a highly important system from both a socio-economic and ecological perspective it is also recommended that a project be initiated whereby the loss in water column habitat (that would be incurred under Scenario 1) be mitigated for by restoring some of the intertidal habitat and wetland vegetation to more natural conditions as proposed in the Keurbooms/Bitou Estuarine Wetland Assessment (Bornman & Adams, 2006) were possible. This precautionary approach was recommended, as this was a rapid level investigation with low confidence in the overall results.

The following mitigation measures were proposed in the Keurbooms/Bitou Estuarine Wetland Assessment (Bornman & Adams, 2006) (The highest priority mitigation measures are highlighted):

· Bitou Drift: The drift through the Bitou River should be removed in total including all foreign rock material.

· Northern floodplain of the lower Bitou Estuary: Remove all exotic invasive trees from the flood plain. No further development should be allowed on the floodplain to prevent further loss of floodplain functionality. Remove the old gravel road to the south of the R340.

· Southern floodplain of the lower Bitou Estuary: Remove all exotic invasive plant species from the floodplain, remove the infilling, create a buffer zone (~ 10 m wide separating the wetland from the agricultural activities on the floodplain). 

· Road Bridge across the lower Bitou Estuary:  Remove concrete piers of the old road bridge to facilitate flow and tidal exchange in the Bitou Estuary and establish connection with old Bitou channel.

· Middle reaches of the Keurbooms Estuary:  Remove all alien trees from the banks and The Island. Establish a buffer adjacent to the estuary and restrict new development on the banks of the estuary. 

· Upper reaches of the Ganse Spruit: Remove all exotic vegetation from the stream bed.

· The Ganse Spruit Wetlands: Install a sufficient number of large culverts in the roads bisecting the wetlands to allow the free flow of surface water through the wetlands and remove all exotic invasive tree species.

· Earthen barricades across tidal channels in the Bitou Arm: Completely remove all earthen barricades to restore connectivity on the supratidal marsh. Maintain freshwater flow from the northern sections into the supratidal marsh south of the R340.

· Middle reaches of the Bitou Estuary: Remove all exotic tree species from this area, allow the artificial canal to naturally silt up, allow salt marsh to naturally re-colonise the extensive Stenotaphrum grasslands, insert culverts below the road bisecting the floodplain to link up the old channels.

An additional mitigation measure discussed during the Specialist workshop was to increase the width and depth of the canal dug through the old Cape Road embankment (to the south of the old Cape Road pillars in the water – see Figure 5). Increasing the size of that canal will facilitate flushing of the Bitou (cut out the S bend).

In the event of Scenario 1 being implemented, it is recommended that the feasibility (practicalities and estimated cost) of the above-mentioned mitigation measures be investigated and implemented where possible. For example, removing the earthen barricades from the Bitou floodplain is much more achievable in the short term than modifying the present road structures which would be very expensive and require collaboration with the Provincial Department of Roads.   
Any assessment of future development scenarios will also include an evaluation of the successful implementation of the non-flow related mitigation measures in restoring floodplain and intertidal habitat (estuarine vegetation) as the present health status of the system is strongly influenced by the poor condition of the estuarine vegetation.
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Figure 5. Canal through the old Cape Road
The study also concluded that Future Scenario 2 probably does not pose a serious risk to the health of the Keurbooms Estuary, but that more data will be required over the next few years to increase the overall confidence in the study.  This includes additional data on mouth and sediment dynamics, water quality and invertebrates.  Such data will improve the estuarine specialists’ overall understanding of the system’s response to flow reduction. 

It is also recommended that an Estuarine Management Plan be developed for the Keurbooms Estuary following the guidelines developed for the estuaries of the Cape Floral Region (Van Niekerk and Taljaard 2007). The development of an Estuarine Management Plan would provide a framework for evaluating the proposed mitigation measures for improving the health of the estuary. The management plan would also assist in allocating roles and responsibilities to all authorities managing activities in and around the system, as the current impacts on the estuary are managed by various spheres of government ranging from the local (e.g. development) to the national (e.g. fishing) level.
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APPENDIX A

AVAILABLE INFORMATION AND DATA
Data availability on sediment dynamics, hydrodynamics and water quality 
	DATA REQUIRED
	AVAILABILITY
	COMMENT

	Simulated monthly runoff data (at the head of the estuary) for present state, reference conditions and the selected future runoff scenarios over a 50 to 70 year period 
	Ninham Shand Consulting Engineers 

-Riverflow data in Keurbooms from November 1997 (DWAF)
	Provided for 1925 – 2005. 

	Simulated flood hydrographs for present state, reference conditions and future runoff scenarios:

· 1:1, 1:2, 1:5 floods (influencing aspects such as floodplain inundation)

· 1:20, 1:50, 1:100, 1:200 year floods (influencing sediment     dynamics)
	None
	

	Aerial photographs of estuary (earliest available year as well as most recent)
	
	Collected for DEAT

	Continuous water level recordings near mouth of the estuary
	DWAF
	

	Longitudinal salinity and temperature profiles (in situ) collected over a spring and neap tide during high and low tide at:

· end of low flow season (i.e. period of maximum seawater intrusion)

· peak of high flow season (i.e. period of maximum flushing by river water)
	1986, 1994
	

	Water quality measurements (i.e. system variables, and nutrients) taken along the length of the estuary (surface and bottom samples) on a spring and neap high tide at: 

· end of low flow  season

· peak of high flow season 
	Physico-chemical & nutrient data (DWAF) - River (1972-2006); Estuary (1996-2006)

Physico-chemical & nutrient (CSIR) - Mar 1987,  Sep 1994

Trace metal data (Jul 1978)
	DWAF (2007) 

Taljaard & Slinger (1996)

Duvenage and Morant (1984) 

Watling and Watling (1982) 



	Measurements of organic content and toxic substances (e.g. trace metals and hydrocarbons) in sediments along length of the estuary. 
	-
	

	Water quality (e.g. system variables, nutrients and toxic substances) measurements on river water entering at the head of the estuary 
	
	DWAF

	Water quality (e.g. system variables, nutrients and toxic substances)measurements on near-shore seawater
	Physico-chemical & nutrient data (DWAF) - River (1972-2006); Estuary (1996-2006)

Physico-chemical & nutrient (CSIR) - Mar 1987,  Sep 1994

Trace metal data (Jul 1978)
	DWAF (2007) 

Taljaard & Slinger (1996)

Duvenage and Morant (1984) 

Watling and Watling (1982) 




Data availability on microalgae

	DATA REQUIRED
	AVAILABILITY
	COMMENT

	Chlorophyll-a measurements taken at 5 stations at the surface, 0.5 m and 1 m depths. Cell counts of dominant phytoplankton groups i.e. flagellates, dinoflagellates, diatoms and blue-green algae.  Measurements must be taken coinciding with typically high and low flow conditions.
	Phytoplankton biomass measured in August and November 1992.

No data available on species composition.
	Adams et al. (1999)

	Intertidal and subtidal benthic chlorophyll-a measurements taken at 5 stations (at least).

Epipelic diatoms need to be collected for identification.

These measurements must to be taken coinciding with a typical high and low flow condition (in temporarily closed estuaries measurements must include open as well as closed mouth conditions).
	Benthic microalgal biomass measured in August and November 1992 and in August 2002.

No data available on species composition.
	Adams et al. (1999)

Snow unpublished data

	Simultaneous measurements of flow, light, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgal surveys.
	Yes for surveys listed above.
	


Data availability on macrophytes

	DATA REQUIRED
	AVAILABILITY
	COMMENT

	Aerial photographs of the estuary   (ideally 1:5000 scale) reflecting the present state, as well as the reference condition (if available)

Available orthophoto maps
	1938, 1961, 1998, 2004 and 2006 
	 These aerial and satellite images provide the most complete cover of the entire estuary. Numerous other images cover only the mouth area.

	Number of plant community types, identification and total number of macrophyte species, number of rare or endangered species or those with limited populations documented during a field visit.
	Plant community types have been mapped in detail. A comprehensive species list is available.
	Bornman (2004), Bornman & Adams (2006).

	Permanent transects:

-       Measurements of percentage plant cover along an elevation gradient

-  
Measurements of salinity, water level, sediment moisture content and turbidity
	None
	


Data availability on invertebrates

	DATA REQUIRED
	AVAILABILITY
	COMMENT

	Compile a detailed sediment distribution map of the estuary Obtain a detailed determination of the extent and distribution of shallows and tidally exposed substrates.   During each survey, collect sediment samples for analysis of grain size 1 and organic content 2   at the six benthic sites.
	
	

	Surveys to determine salinity distribution pattern along the length of the estuary, as well as other system variables (e.g. temperature, pH and dissolved oxygen and turbidity) are required for different seasons and for different states of the tide 3  Seasonal  (summer winter) physico-chemical data are also required for each of the six benthic sampling sites
	
	

	Collect a set of six benthic samples each consisting of five grabs.  Collect two each from sand, mud and interface substrates.  If possible, spread sites for each between upper and lower reaches of the estuary.  One mud sample should be in an organically rich area.  Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined.  Seasonal (summer winter) data sets for at least one year are required, preferably collected at spring tides.
	No data available o the subtidal communities
	

	Collect two sets of beam trawl samples (i.e. mud and sand).  Lay two sets of five, baited prawn/crab traps overnight, one each in the upper and lower reaches of the estuary. Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined. Survey as much shoreline as possible for signs of crabs and prawns and record observations.  Seasonal (summer winter) data sets for at least one year are required, preferably collected at spring tides.
	Some information in Duvenage & Morant 1984


	

	Additional trip(s) may be required to gather data on the occurrence/recruitment and emigration of key species such as Varuna litterata, Callianassa and Upogebia which require a connection to the marine environment at specific times of the year.
	Duvenage & Morant 1984
	

	Collect three zooplankton samples, at night, one each from the upper, middle and lower reaches of the estuary.  Seasonal (summer winter) data sets for at least one year are required, preferably collected at spring tides.
	
	


Data availability on fish

	DATA REQUIRED
	AVAILABILITY
	COMMENT

	In a small estuary (<5km) collect at minimum three sets of samples from the lower, middle and upper reaches of the estuary. The samples should be representative of the different estuarine habitat types, e.g. Zostera beds, prawn beds, sand flats. At least one of the sample sets need to be in the 0 to 10 ppt reach of the estuary. Sampling should be representative of small fish (seine nets) and large fish (gill nets).

In a larger estuary (>5km) sampling can either be at fixed intervals (every 2km) or have the upper, middle and lower reaches subdivided into at least a further three sections each. The samples should be representative of the different estuarine habitat types, e.g. Zostera beds, prawn beds, sand flats. At least one of the sample sets should be in the 0 to 1 ppt reach of the system. Sampling should be representative of small fish (seine nets) and large fish (gill nets).

Sampling should be done during both the low and the high flow season for the full extent of the system (as far as tidal variation) to allow for predictive capabilities.
	Unpublished gill net data was collected by the Cape Department of Nature Conservation (Rondevlei Research Station) during the mid-1970s. Fish sampling with a D-net trawl was conducted by ECRU (Stellenbosch) in March 1984 and the CSIR (Durban) collected seine and gill data in 1994. Seine net data was collected by the JLB Smith Institute of Ichthyology (SAIAB) in September 1994 and February 1996.  
	None of the detailed data collected on the fishes of the Keurbooms Estuary has ever been published.




Data availability on birds
	DATA REQUIRED
	AVAILABILITY
	COMMENT

	Undertake one full count of all water associated birds, covering as much of the estuarine area as possible. All birds should be identified to species level and the total number of each counted.

Seasonal (summer winter) data sets for at least one year are required.  It this is not possible, a minimum of four summer months and one winter month will be required (decisions on the extent of effort required will  depend largely on the size of the estuary, extent of shallows present, as well as extent of tidally exposed areas). 
	Full Summer count 1980,

Average and max of 5 full summer and winter counts 1992-7 (CWAC)
	There are no data available on the distribution of birds along the estuary
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APPENDIX I

PROPOSED CHANGES TO RDM METHODOLOGY FOR ESTUARIES

Proposed changes to RDM methodology for estuaries

The following changes were proposed during the Keurbooms/Bitou Estuary Rapid Reserve Determination Study: 

· The Estuarine RDM Methods need to consider Dissolved Organic Matter in the scoring of the Water Quality.

· The Estuarine RDM Methods need to standardise on the manner in which estuarine invertebrates are sampled, analysed and reported. It is recommended that an estuarine invertebrate workshop be convened to deal with this issue between biogeographic regions.

· Guidelines need to be explicitly developed on how we evaluate the impact on the health of a system that used to have hippopotamus in them under their reference conditions, as they had a significant influence on the water column habitat in systems where they used to occur.

· The guidelines for the allocation of an Ecological Category need to be refined to include borderline/overlapping Categories, such as A/B, B/C and C/D. The River RDM methods use a guideline of 2.5 points into the next Category.

· The definition for Species Richness needs to be refined to reflect a temporal component. For example, in systems that fluctuate seasonally a loss of a species for longer than a year from the system would require an adjustment of the Species Richness score. This guideline needs to be refined so that it would also apply in system that stay closed for longer periods such as the Botvlei or Verlorenvlei.

· The EHI scoring spreadsheet also needs to be modified, so that the Species Richness percentage is calculated to the desired score automatically. The current scoring guideline does not fit a curve and needs to be recalculated. 

· The definition of Community Composition needs to be refined to reflect the concept of a mix in populations clearly, for example, a change in the dominance of a group species.

Appendix J

Data requirements for Future RDM Studies on Keurbooms Estuary
Data requirements for Future RDM Studies on Keurbooms Estuary

Data requirements to improve the confidence of the preliminary determination of the Ecological Water Requirements for the Keurbooms Estuary are set out in the method for Estuaries.  It is recommended that the following monitoring be conducted to improve the confidence (largely based on the recommended data requirements for a Comprehensive level  determination).  

NOTE:

	It is strongly recommended that surveys to collect the additional data requirements on the different abiotic and biotic components in the Keurbooms Estuary be coordinated (i.e. undertaken simultaneously) to prevent duplication and to enable scientists to quantify linkage between different abiotic and biotic processes, a key requirements in predicting the effects of the modification in river inflow.


Abiotic components (hydrodynamics)

	· Continuous river flow gauging of at the head of the estuary in the Bitou and Keurbooms Arm

	· Additional continuous water level recordings near the mouth of the estuary.  

	· Aerial photographs of estuary every 5 years – preferably colour, geo-referenced rectified aerial photographs at 1: 5 000 scale covering the entire estuary (based on the geographical boundary), and taken at low tide in summer. These photographs must include the breaker zone near the mouth. 


Abiotic components (sediment dynamics)  

	· Series of cross-section profiles along the beach, bar, mouth and (at ~ 25 m intervals) as well as upstream along the entire estuary (at ~300 m intervals from the +5 m MSL contour on the left bank, trough the estuary to the +5 m MSL contour on the right bank), using D-GPS and echo-sounding).  This should be done every 3- 5 years (and immediately after a flood) to quantify the sediment deposition rate in the estuary.  

	· Series of sediment grab samples for the analysis of particle size distribution (PSD), cohesive nature and organic content, taken every 3 years (and immediately after a flood) along the length of the estuary (at ~ 100 to 300 m intervals across the estuary including the inter- and supratidal areas). Representative samples should also be collected from the adjacent beach and sand bar. 

	· A series of sediment core samples for historical sediment characterisation taken once-off, but ideally just after a medium to large flood as well as a year (or two) later along the same grid as the grab samples (see above). 

	· Sediment near the head of estuary (including grain size distribution and particulate carbon - detritus component): Daily intervals for a minimum 5 years. Ideally, both suspended- and bed-load should be monitored. 


Abiotic components (water quality)
	· At least monthly water quality measurements on system variables [conductivity, temperature, pH, dissolved oxygen, turbidity, suspended solids], inorganic nutrients [e.g. nitrate, ammonium and reactive phosphate] and, if possible, toxic substances in river water entering the estuary (Bitou and Keurbooms Arms). Ideally, particulate organic carbon input should also be recorded. 

	· Quarterly longitudinal salinity and temperature profiles (in situ) collected over a spring and neap tide during high and low tide.

	· Quarterly water quality measurements on system variables [pH, dissolved oxygen, turbidity, suspended solids], inorganic nutrients [e.g. nitrate, ammonium and reactive phosphate] taken along the length of the estuary (surface and bottom samples) on a spring and neap high tide at: 

· Ideally organic nutrients (i.e. dissolved and particulate organic carbon) should also be recorded 

	· Measurements of toxic substances (e.g. trace metals) in sediments across the estuary, focussing on depositional areas, characterised by finer, often organic rich sediments (mainly to confirm potential influence of urban development). 


Microalgae

	· Chlorophyll-a measurements taken at 5 stations (at least) at the surface, 0.5 m and 1 m depths thereafter. Cell counts of dominant phytoplankton groups i.e. flagellates, dinoflagellates, diatoms and blue-green algae. Measurements should be taken coinciding with the different Abiotic States.

 

	· Intertidal and subtidal benthic chlorophyll-a measurements taken at 5 stations. Epipelic diatoms need to be collected for identification. Measurements should be taken coinciding with the different Abiotic States.

The microalgal survey must be done at the same time as the water quality survey.




Macrophytes
	· Analyses of the aerial photographs of the estuary (ideally 1:5000 scale) reflecting the present state, as well as the reference condition (earliest year available).  A GIS map of the estuary must be produced indicating the present and reference condition distribution of the different plant community types.



	· Number of plant community types, identification and total number of macrophyte species, number of rare or endangered species or those with limited populations documented during a field visit. The extent of anthropogenic impacts (e.g. trampling, mining) must be noted.



	Permanent transects (fixed monitoring stations that can be used to measure change in vegetation in response to changes in salinity and inundation patterns) must be set up along an elevation gradient: Measurements of percentage plant cover of each plant species in duplicate quadrats (1 m2). Measurements of sediment salinity, water content, depth to water table and water table salinity.


Invertebrates

	· Compile a detailed sediment distribution map of the estuary Obtain a detailed determination of the extent and distribution of shallows and tidally exposed substrates.   

	· The Keurbooms Estuary needs to be sampled quarterly over at least one year to account for the seasons followed by another year covering summer and winter. During each survey, collect sediment samples for analysis of grain size1 and organic content at the ten benthic sites.

	· During each survey determine the longitudinal distribution of salinity, as well as other system variables (e.g. temperature, pH and dissolved oxygen and turbidity)3 at each of the ten benthic sampling sites

	· Collect a set of benthic samples from ten sites, each site consisting of six replicate grabs stored separately.  Collect two of these from sandy areas, and the remainder spread between mud and interface substrates.  If possible, spread sites for each between upper and lower reaches of the estuary.  One mud sample should be in an organically rich area.  Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency).

	· Collect replicated hyperbenthic samples at the same benthic sites identified above (i.e. two replicates at each of the ten sites).  Lay two sets of five, baited prawn/crab traps overnight, one each in the upper and lower reaches of the estuary. Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined. Survey as much shoreline as possible for signs of crabs and prawns and record observations.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency).

	· Collect replicated zooplankton samples at each of the ten benthic sites (i.e. two replicates at each of the ten sites) at night.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency – zooplankton also moves into the water column more effectively, providing a better estimate of abundance).

	· Additional trip(s) may be required to gather data on the occurrence/recruitment and emigration of key that require a connection to the marine environment at specific times of the year.


Fish
	· The Keurbooms Estuary needs to be sampled quarterly over at least one year to account for the seasons.  

	· Seine-nets to sample small and juvenile fish and gillnets to sample adults are the appropriate gear.  Monofilament gill nets should comprise at least 3 different mesh sizes within the range of 40-150 mm stretched mesh. Seine nets should be 30 m long, 1.7 m deep with a 15 mm bar mesh in the wings and a 5 mm bar mesh in the purse.  All species in the catch should be identified, counted and measured in total length.  


Birds
	· Undertake full bird counts of all water-associated birds quarterly for one year, the area covered must include the entire estuary and its floodplain, incorporating all habitats used by water-associated birds for feeding, breeding or roosting.

	· Divide the estuary into counting sections on the basis of habitat type (e.g. sandy intertidal, muddy intertidal, mangroves, Zostera beds, salt marsh) and record on a map. For each counting section and for all estuary, provide: 

· Species list 

· Number of birds of each species (at low tide)

· State of the habitat at the time of observation (or photo of site)

· Levels of human disturbance at time of counting

	· Identify key areas for feeding, roosting and breeding on the estuary and adjacent floodplain

	· Identify and count high tide aggregations of feeding or roosting birds as far as possible

	· Identify breeding areas and count breeding aggregations as far as possible.
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� 	Very small changes (< 3 %) in the Physical Habitat Alteration Score rated the Keurbooms Estuary in an A Category. As this was a Rapid level determination with low confidence in the Physical Habitat Alteration component, the workshop participants decided to define the Present Ecological Status of the Keurbooms Estuary as a Category A/B (represented by the scoring range 93 to 88), rather than Category A or B as it implied a level of confidence in the physical habitat assessment not achieved in this study.
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