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EXECUTIVE SUMMARY

Reserve Determination studies for selected surface water, groundwater, estuaries and wetlands in the Outeniqua (Groot Brak and other Water resources, excluding wetlands) catchment: Ecological water requirements study

ESTUARINE RDM REPORT: GOUKAMMA ASSESSMENT 

Introduction

The Goukamma River rises in the Outeniqua Mountains, and flows through plantations, indigenous forest and fynbos in its upper and middle reaches. In the lower reaches the river flows through farms and the Goukamma Marine Protected Area before entering the sea to the west of Buffelsbaai. The Goukamma River has a catchment area of 235 km2. 

The naturalised Mean Annual Runoff (MAR) to the estuary is c. 57.5 x 106 m3 (Reference Condition).  Present Day MAR is c. 48.8 x 106 m3 (85% of naturalised MAR). The present day consumption of water from the river is comprised of: 9% irrigation, 78% commercial afforestation and 13% aliens (A Sparks, Ninham Shand, pers comm.).

The Goukamma Estuary is a temporary-open system of c. 9 km long, with a high tide area of 355 000 m2 and a volume of 0.6 x 106 m3. The upper parts of the estuary are narrow with an average width of 30 and 40 m in the upper and middle reaches, respectively. The system widens in the lower reaches (c. 2 km from the mouth) to a maximum width of c. 200 m about 0.9 km from the mouth. The depth varies between 1 and 2 m, with some localised deeper areas (> 2 m) in the upper and middle reaches. The N2 national road crosses the estuary about 9 km from the mouth, at the approximate limit of tidal variation.

The mouth area of the Goukamma Estuary is dominated by marine sediment. Monthly mouth observations made by CapeNature indicate that the estuary is closed for 20 to 30% of the time. In the past, artificial breaching took place at the request of farmers, whose activities on the floodplain were affected by raised water levels. At present artificial breaching is only done in extreme circumstances, such as when required to facilitate maintenance of the Buffelsbaai Road.

Other 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 Goukamma Estuary
· Appendix B
Specialist data report – Hydrology

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

Project Team

The specialist team responsible for this study was as follows:

	Role/Expertise
	Lead specialists
	Email

	Workshop coordination, report preparation and Hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

	Hydrology
	Mr Anton Sparks
	Ninham Shand

	Water quality
	Ms Susan Taljaard
	CSIR, Stellenbosch, 

staljaar@csir.co.za 

	Hydrodynamics and sediment dynamics
	Mr Piet Huizinga
	Independant consultant,

p.huizinga@adept.co.za

	Microalgae
	Dr Gavin Snow
	Nelson Mandela Metropolitan University, GavinCharles.Snow@nmmu.ac.za  

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

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

	Fish
	Dr Steve Lamberth
	Independant consultant,

lamberth@DEAT.gov.za 

	Birds
	Dr Jane Turpie
	Anchor Environmental Consultants

jane.turpie@uct.ac.za


Assumptions and Limitations

The following assumptions and limitations apply:

· 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 Goukamma Estuary and the distribution of these states under the Reference Condition, Present State and Future Flow Scenarios depend largely on the accuracy of the simulated runoff data and measured flow data recorded during the study. 

· 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 of the Goukamma Estuary
For the purposes of the study, the geographical boundaries for the Goukamma Estuary are (Figure A):

Downstream boundary:
Estuary mouth (34°04’39”S; 22°57’07”E). 

Upstream boundary:  
Extent of tidal influence, about 9.2 km from the mouth (coordinates 34°01’42”S; 22°56’22”E).

Lateral boundaries:
5 m contour above Mean Sea Level (MSL) along each bank.  


[image: image2]
Figure A. Map showing the boundaries of the Goukamma Estuary
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Present Ecological Status (PES)
The Estuarine Health Index (EHI) scores allocated to the Goukamma Estuary (Present State) were as follows:

	Variable
	Weight
	Score
	Weighted score

	Hydrology
	25
	91
	23

	Hydrodynamics and mouth condition
	25
	84
	21

	Water quality
	25
	86
	22

	Physical habitat alteration
	25
	90
	23

	Habitat health score
	
	
	88

	Microalgae
	20
	17
	17

	Macrophytes
	20
	17
	17

	Invertebrates
	20
	18
	18

	Fish
	20
	18
	18

	Birds
	20
	18
	18

	Biotic Health Score
	
	89
	89

	Estuarine Health score
	88


The Estuarine Health Index score for the Goukamma Estuary, based on its Present State, is 88, translating into a Present Ecological Status of an A/B
, i.e. midway between an A and B category as indicated below:

	Estuarine Health Index Score
	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


The Functional importance of the Goukamma on a regional scale is estimated to be 60, since the estuary is an important nursery for fish. The estuary is also an important movement corridor for invertebrates and fish breeding in sea, especially eels.

	Functional importance 
	Score

	Export of organic material generated in the estuary (regional scale)
	20

	Nursery function for fish and crustaceans (marine /riverine)
	60

	Movement corridor for river invertebrates and fish breeding in sea
	60

	Roosting area for marine or coastal birds
	20

	Catchment detritus, nutrients and sediments to sea
	20

	Functional importance score (Maximum score) 
	60


The Estuarine Importance scores allocated to the Goukamma Estuary were as follows (Turpie and Clarke 2007):

	Criterion
	Weight
	Score
	Weighted score

	Size
	15
	70
	11

	Zonal Type Rarity
	10
	10
	1

	Habitat diversity
	25
	40
	10

	Biodiversity importance
	25
	83
	21

	Functional importance
	25
	60
	15

	Estuarine Importance Score
	57


The overall Estuarine Importance Score for the Goukamma Estuary, based on its Present State, is 57, signifying that the estuary is of Average importance.

	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.  

To determine the 'minimum' Ecological Reserve Category of an estuary, based on its Present Ecological Status (PES), the following relationship is applied:

	Estuarine Health Index Score
	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 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.

	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 lower reaches of the Goukamma Estuary fall within the Goukamma Marine Protected Area.  The Department of Environmental Affairs and Tourism (DEAT), Branch: Marine and Coastal Management is currently in the process of investigating the possibility of declaring the entire estuary part of the Goukamma Marine Protected Area.  As part of the development of a regional conservation plan for the cool and warm temperate estuaries Turpie and Clarke (2007) also recommended that the Goukamma Estuary be included in the core set of estuaries that needs to be protected to meet biodiversity targets in South Africa.  The conservation plan stipulates that 50% of the terrestrial marginal area be included as a no-development area and that the Recommended Ecological Water Requirement Category be an A or B.

This study concluded that the pressures currently contributing to the degraded health of the Goukamma Estuary are poor water quality, fishing, structures in the intertidal area and flow reduction. A number of these impacts can be reversed with very little effort (or cost). Therefore based on the recommended health status for a protected area and the ease with which this can be achieved for the Goukamma Estuary that the REC for the Goukamma Estuary is a Category A.   

Quantification of Ecological Reserve Scenarios

Ninham Shand Consulting Services simulated monthly runoff supplied to the estuarine team. A summary of the mean annual runoff (MAR) of the various Monthly Runoff Scenarios used for this Rapid level determination is provided below:

	Name
	Description
	MAR (million m3/ annum)
	Percentage

	Reference
	Reference Condition
	57.5
	100

	Present
	Present State
	48.8
	84.9

	Future Scenario 1
	Reduce afforestation in the catchment from Present State levels 
	53.2
	92.4

	Future Scenario 2
	Increase abstraction by 0.25 m3/s with a yield of 4 million m3
	44.6
	77.5

	Future Scenario 3
	Increase abstraction by 0.5 m3/s with a yield* of 7 million m3 *
	41.8
	72.6

	Future Scenario 4
	Increase abstraction by 2.0 m3/s with a yield of 15 million m3*
	33.7
	58.6

	Future Scenario 5
	Dam development: 48 million m3 capacity with a yield of 17.9 million m3
	30.4
	52.9

	Future Scenario 6
	Dam development: 72 million m3 capacity with a yield of 25.1 million m3
	23.1
	40.1

	Future Scenario 7
	Similar to Future Scenario 1, but with reduced nutrient input, removal of weirs and relocation of Bufflesbaai Road
	53.2
	92.4


The individual Estuarine Health Index scores, as well as the corresponding Ecological Reserve Categories for the different scenarios are listed below:

	Variable
	Weight
	Present
	Runoff scenario

	
	
	
	1
	2
	3
	4
	5
	6
	7

	Hydrology
	25
	91
	93
	86
	81
	71
	61
	50
	93

	Hydrodynamics/mouth condition
	25
	84
	89
	75
	63
	57
	45
	33
	89

	Water quality
	25
	86
	85
	80
	72
	55
	55
	47
	89

	Physical habitat alteration
	25
	90
	94
	84
	84
	84
	64
	44
	97

	Habitat Health Score
	88
	90
	81
	75
	67
	56
	43
	92

	Microalgae
	20
	87
	91
	77
	75
	75
	67
	57
	91

	Macrophytes
	20
	87
	88
	82
	77
	64
	58
	49
	90

	Invertebrates
	20
	90
	95
	85
	80
	75
	55
	45
	95

	Fish
	20
	90
	90
	80
	80
	80
	72
	65
	90

	Birds
	20
	90
	90
	85
	82
	82
	82
	80
	90

	Biotic Health Score
	89
	91
	82
	79
	75
	67
	59
	91

	Estuarine Health Index Score
	88
	91
	81
	77
	71
	61
	51
	92

	Ecological Reserve Category (ERC)
	A/B
	A/B
	B
	B-
	C
	C
	D
	A


The evaluation of the simulated runoff scenarios was used to derive the recommended Ecological Water Requirement. The recommended Ecological Water 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 6 it was assumed that only river inflow from the Goukamma Catchment would be reduced and that all other related anthropogenic activities (e.g. fishing, bait collection, boating and human disturbance) would remain unchanged from present. Future Scenario 7 is similar to Future Scenario 1 in freshwater flows, but it assumes the following mitigation actions: 

· reduction in nutrient input;

· removal of the upstream weirs; and

· relocation of  the Buffelsbaai road.

Future Scenario 7 was selected as the Recommended Ecological Water Requirement for the Goukamma Estuary. 

A summary of Water distributions of the Recommended Ecological Water Requirement Scenario (Scenario 7) for the Goukamma Estuary is provided below:

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

	99%ile
	8.21
	12.84
	7.99
	8.04
	7.05
	11.65
	9.38
	16.98
	6.89
	7.35
	11.27
	11.48

	90%ile
	5.03
	5.20
	3.09
	2.22
	2.60
	3.52
	3.99
	3.38
	2.80
	2.80
	4.25
	4.28

	80%ile
	3.50
	3.51
	2.04
	1.58
	1.60
	2.33
	2.24
	1.99
	1.42
	1.60
	2.37
	3.23

	70%ile
	2.64
	2.53
	1.43
	1.26
	1.19
	1.96
	1.49
	1.41
	1.19
	1.37
	1.59
	2.13

	60%ile
	2.14
	1.67
	1.20
	0.80
	0.98
	1.40
	1.33
	1.09
	0.98
	1.08
	1.37
	1.78

	50%ile
	1.51
	1.20
	0.97
	0.61
	0.83
	1.00
	0.99
	0.79
	0.83
	0.83
	1.16
	1.47

	40%ile
	1.34
	1.02
	0.68
	0.49
	0.59
	0.78
	0.84
	0.71
	0.70
	0.69
	0.93
	1.14

	30%ile
	1.08
	0.91
	0.45
	0.34
	0.45
	0.58
	0.69
	0.52
	0.54
	0.50
	0.68
	0.94

	20%ile
	0.86
	0.56
	0.33
	0.27
	0.30
	0.42
	0.52
	0.41
	0.38
	0.39
	0.57
	0.69

	10%ile
	0.66
	0.39
	0.23
	0.18
	0.18
	0.26
	0.30
	0.28
	0.21
	0.29
	0.42
	0.45

	1%ile
	0.34
	0.23
	0.05
	0.07
	0.07
	0.10
	0.13
	0.11
	0.08
	0.16
	0.22
	0.28


The Goukamma Estuary is an important system from a biodiversity conservation perspective as it contributes towards reaching the national conservation targets as stipulates in the National Spatial Biodiversity Assessment  and C.A.P.E. Estuaries Conservation Plan (Turpie 2004, Turpie and Clark 2007).  It is therefore important to note that an increase in river inflow alone (i.e. Future Scenario 1) would be insufficient to ensure the recommend level of estuarine functioning, and the following restoration measures are required to improve the present health of the Goukamma Estuary.

· Reduction in nutrient input. 

· Relocation of Bufflesbaai road.

·  Removal of upstream weirs.

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 

Cooperative Governance

Setting and achieving national management objectives for the Goukamma Estuary would require a high level of cooperative governance between the different management authorities.  It is recommended that an Estuarine Management Plan be developed for the Goukamma Estuary following the guidelines developed for the estuaries of the Cape Floral Region (Van Niekerk and Taljaard 2007). This would provide a framework for evaluating the proposed mitigation measures for improving the health of the estuary, and assist in allocating roles and responsibilities to the authorities managing activities in and around the system.  
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Glossary AND ACRONYMS 

DIN
Dissolved Inorganic Nitrogen 

DRP
Dissolved Reactive Phosphate
DRS
Dissolved Reactive Silicate 

DWAF
Department of Water Affairs and Forestry

DEAT 
Department of Environmental Affairs and Tourism

EHI
Estuarine Health Index

EC
Ecological Category

MAR
Mean Annual Runoff

MCM
Million Cubic Metres

MSL
Mean Sea Level

NMMU
Nelson Mandela Metropolitan University

PES
Present Ecological Status

ppt
part per thousand

psu
practical salinity units
RDM
Resource Directed Measures

REI
River Estuary Interface

RQO
Resource Quality Objectives.

1 INTRODUCTION

1.1 BACKGROUND

The National Water Act (NWA; Act No. 36 of 1998) is founded on the principle that National Government has the overall responsibility for, and authority over, water resource management for the benefit of the public without seriously affecting the long-term functioning of the natural environment.  In order to achieve this objective, Chapter 3 of the NWA provides for the protection of water resources through the Ecological Reserve.

In terms of the requirements of Chapter 3 of the NWA, the Department of Water Affairs and Forestry (DWAF) Chief Directorate: Resource Directed Measures (CD: RDM) is tasked with the responsibility of ensuring that the Reserve requirements, which take priority over all other uses, are determined before licence applications can be processed.

The CD: RDM identified the following catchments for Reserve Determinations at various levels of detail to support the proposed compulsory licensing process:

· Groot Brak (K20A).

· Selected Water Resources in K10D and F, K30B, K30C, K40E and K60G.

The technical component of this study (Sub-study 2) was awarded to Southern Waters Ecological Research and Consulting, in conjunction with CSIR (estuaries) and AGES (groundwater).  The project management component was awarded to BKS (Pty) Ltd in association with Londoloza Environmental Consultants, hereafter referred to as the Management Professional Service Provider (PSP).

The study was conducted under the auspices of the DWAF’s CD: RDM.  The results of the study are intended to support water allocations planning, in accordance with the requirements of the NWA.

1.2 OBJECTIVES OF THE REPORT

This report provides the background data and deliberations for the preliminary Ecological Water Requirement study of the Goukamma Estuary.  The study was undertaken at a RAPID level (see Section 1.4).
1.3 ESTUARINE SPECIALIST TEAM

The lead specialist team responsible for this study is given in Table 1.1.

Table 1.1
The lead specialist team for the reserve determination for the Goukamma Estuary

	Role/Expertise
	Lead specialists
	Emails

	Workshop coordination, report preparation and hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

	Hydrology
	Mr Anton Sparks
	Ninham Shand

	Water quality
	Ms Susan Taljaard
	CSIR, Stellenbosch, 

staljaar@csir.co.za 

	Hydrodynamics and sediment dynamics
	Mr Piet Huizinga
	Independant consultant,

p.huizinga@adept.co.za

	Microalgae
	Dr Gavin Snow
	Nelson Mandela Metropolitan University, GavinCharles.Snow@nmmu.ac.za  

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

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

	Fish
	Dr Steve Lamberth
	Independant consultant,

lamberth@DEAT.gov.za 

	Birds
	Dr Jane Turpie
	Anchor Environmental Consultants

jane.turpie@uct.ac.za


1.4 OVERVIEW OF PROCESS FOR THE DETERMINATION OF THE ECOLOGICAL RESERVE FOR ESTUARIES

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 1.1.

A summary of the human resource requirements to conduct a Rapid level determination is illustrated in Figure 1.2.

1.5 ASSUMPTIONS AND LIMITATIONS OF THE STUDY

The following assumptions and limitations apply:

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

· The accuracy of the predicted abiotic states for the Goukamma Estuary and the distribution of these states under the reference condition, present state and future flow scenarios depend largely on the accuracy of the simulated runoff data and measured flow data recorded during the study.

· The study was based on available data, i.e. no new data were collected for this study.
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Figure 1.1
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)

[image: image4.wmf] 

1.  Initiation of RDM study

2.  Define Resource Units

3.  Define Recommended  

     Ecological Category

4.  Quantify Ecological Water 

     Requirement Scenarios

OUTPUT

 Estuarine Specialist/s

RDM Project Hydrologist

Estuarine Specialist 

Team:

     Hydrodynamcs

     Sediment dynamics

     Water Quality

     Microalgae

     Macrophytes

     Invertebrates

     Fish

     Birds

 Limited Preparation

1-2 day Specialist Workshop

Meeting

Meeting

 Estuarine Team Member

Ecological Reserve 

Documentation

 


Figure 1.2
Indication of human resource requirements for a rapid ecological reserve determination on estuaries (DWAF 2004)

Criteria for the confidence limits attached to statements in this study are provided in Table 1.2.
Table 1.2
Criteria for the confidence limits attached to statements in this study

	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%)


2 DEFINITION OF RESOURCE UNITS

2.1 INTRODUCTION

The Goukamma River rises in the Outeniqua Mountains, and flows through plantations, indigenous forest and Fynbos in its upper and middle reaches.  In the lower reaches the river flows through farms and the Goukamma Marine Protected Area before entering the sea to the west of Buffelsbaai.  The Goukamma River has a catchment area of 235 km2.

The Mean Annual Runoff (MAR) to the estuary has been reduced from 57.5 x 106 m3 under reference condition to 48.8 x 106 m3 (85% of natural MAR) under the present state.  The present day off-channel consumption of water is made up as follows: 9% irrigation, 78% commercial afforestation and 13% uptake by alien vegetation (A Sparks, Ninham Shand, pers. comm.).

The Goukamma Estuary is a temporary open system that is about 9 km long with a high tide area of 355 000 m2 and a volume of 0.6 x 106 m3.  The system is narrow with an average width of 30 to 40 m in the upper and middle reaches.  The system widens in the lower reaches (~ 2 km from the mouth) to a maximum width of 200 m approximately 0.9 km from the mouth.  The depth varies between 1 and 2 m, with some localised deeper areas in the upper and middle reaches.  The N2 national road crosses the estuary about 9 km from the mouth, near the limit of tidal variation.

The mouth area of the Goukamma Estuary is dominated by marine sediment.  Monthly mouth observations made by CapeNature indicate that the estuary is closed between 20 and 30% of the time.  In the past, artificial breaching took place at the request of farmers whose activities on the floodplain were affected by raised water levels.  At present, artificial breaching is only carried out in extreme circumstances, e.g. keeping the mouth open to facilitate maintenance of the Buffelsbaai road.

2.2 GEOGRAPHICAL BOUNDARIES

For the purposes of this rapid level determination of the Ecological Water Requirements on the Goukamma Estuary, the geographical boundaries are defined as follows (Figure 2.1):

· Downstream boundary:
Estuary mouth (34°04’39”S; 22°57’07”E).

· Upstream boundary:  
Extent of tidal influence, about 9.2 km from the mouth (coordinates 34°01’42”S; 22°56’22”E).

· Lateral boundaries:
5 m contour above Mean Sea Level (MSL) along each bank.
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Figure 2.1
Map showing the boundaries of the Goukamma Estuary

3 ECOLOGICAL RESERVE CATEGORISATION

3.1 TYPICAL ABIOTIC STATES 

Based on historical data on the Goukamma Estuary four typical abiotic states have been identified:

	State 1: Closed mouth
	< 0.5 m3/s

	State 2: Marine dominated 
	0.5 – 0.8 m3/s

	State 3: Transition
	0.8- 5.0 m3/s

	State 4: Freshwater dominated
	> 5 m3/s


The abiotic characteristics for the different states are summarised below:

State 1: Closed mouth
Average Flow range.  The estuary mouth can close at river flows of less than 0.5 m3/s.

Confidence: Low

State of the mouth.  The mouth is closed.  Under extreme conditions (e.g. storm events at sea) over wash can occur during spring high tides.

Confidence: High

Floodplain inundation patterns.  Under this state, inundation of the flood plain will be extensive depending on the water level in the estuary.  Berm heights normally vary between 2.5 and 3.0 MSL.  The floodplain is very limited in this estuary.

Confidence: High

Amplitude of tidal variation.  No tidal variation occurs during this state.
Confidence: High

Retention times of water masses.  This depends upon the duration of the mouth closure.

Confidence: High

Estimated (maximum) tidal velocities along the estuary:  None.
Confidence: High

Salinity distributions in the estuary.  Typical salinity distribution patterns during the closed mouth state are illustrated below (Figure 3.1).
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Figure 3.1
Longitudinal salinity distribution of the closed mouth state

At closure the system in usually in a marine dominated condition, with limited horizontal and vertical stratification.  Stratification can persist for extended periods, specifically in the deeper holes, depending on factor such as wind mixing.  Where closure extends for months the system is likely to become well mixed throughout.

Confidence: High

Total volume per salinity range:  Mouth closes at 1 m MSL at average salinities varying between 20 ppt - 25 ppt, which equates to a volume of approximately 600 000 m3.  At breaching levels of 2.5 – 3 m MSL the salinities will vary between 5 – 15 ppt at a volume of 1 125 000 m3 (2.5 m MSL) to1 300 000 m3 (3 m MSL).

Confidence: Low

Temperature.  Temperatures shows strong seasonal patterns, assuming summer temperatures ranging between 20 – 30oC and winter temperatures between 15 and 20oC.
Confidence: Medium

pH.  Between 7 and 8.3.
Confidence: High

Dissolved oxygen.  Surface waters are oxygenated (> 4 mg/l).  Bottom water in the deeper areas might become hypoxic, with concentrations between 2-4 mg/l.

Confidence: Low

Turbidity.  Turbidity levels are low (< 10 NTU).  Due to limited freshwater inflow (black water river) transparency is fair.

Confidence: Low

Dissolved inorganic nitrogen (DIN).  DIN concentrations likely to be depleted (very low) during extended periods of mouth closure, assuming that there are no major anthropogenic inputs of DIN along the banks of the estuary.  There may be some inputs from dairy farms along the very upper reaches near the N2 Bridge.
Confidence: Low

Dissolved reactive phosphate (DRP).  DRP concentrations are likely to be depleted (very low) during extended periods of mouth closure, assuming that there are no major anthropogenic inputs of DRP along the banks of the estuary.  There may be some inputs from dairy farms along the very upper reaches near the N2 Bridge.
Confidence: Low

Dissolved reactive silicate (DRS).  DRS concentrations are likely to range between 100 – 1000 µg/l, assuming that the system is brackish (salinity 15 ppt -25 ppt).

Confidence: Low

State 2: Marine Dominated

Average Flow range.  The estuary is marine-dominated at flows between 0.5 and 0.8 m3/s.

Confidence: Low

State of the mouth.  The mouth is open.  Under this flow range mouth closure can occur for short periods at a time (between 1 to 4 weeks) during the winter storm conditions.  During these shorter closure events the berm will not develop to its optimum height of 3.0 – 3.5 m MSL.

Confidence: low

Floodplain inundation patterns.  At this flow range inundation of the flood plain will be limited, unless mouth closure occurs for a short period.

Confidence: Low

Amplitude of tidal variation.  During neap and spring tides the vertical water level variations are approximately 0.2 m and 1.0 m respectively.

It is also important to note that as a result of the constricted mouth, the average water level in the Goukamma Estuary is about 0.2 m lower during a neap tide in comparison with a spring tide.  This phenomenon occurs as more water enters the estuary on a spring high tide than can flow out during the spring low tide, which causes a build up of the average water levels during the spring tide.

Confidence: Low

Retention times of water masses.  The residence time in the lower estuary (0 - 2.5 km from mouth) is estimated to be 1 - 3 days, depending upon the distance from the mouth and state of the tide.  The closer to the mouth, the more effective tidal flushing will be and the less the residence time.  Most of the lower estuary will be flushed during a spring-neap tidal cycle from the marine side, so retention is not expected to be more than a few days in the lower reaches.

In the middle (2.5 - 6.0 km) to upper (5.0 – 8.9 km) reaches the residence time is expected to be in the order of 1 – 4 weeks.  In the upper reaches limited river inflow may contribute to shorter residence times, while the middle reaches are more dependant upon tidal flushing and can have longer residence times.

In sections where the estuary is deeper than -2.0 m MSL, retention time is expected to be longer, approximately > 4 weeks, as flushing is less effective in these deeper areas.

Confidence: Low

Estimated (maximum) tidal velocities along the estuary.  Up to 1m/s in main channels near the mouth over spring tide that and reduces to approximately 0.2 m/s during neap tide, with velocities gradually reducing with distance from mouth.

Confidence: Low

Salinity distribution in the estuary.  Typical salinity distribution patterns under the marine dominated state are illustrated below (Figure 3.2).

A horizontal salinity gradient is always present in the system as a result of tidal intrusion.  During periods of very low river inflow, the estuary is marine-dominated, with only a very small area (0.5 km) in the upper reaches that have salinities that are less than 10 ppt.

During periods of limited river inflow, vertical stratification can also be introduced to the upper and possibly, middle reaches.  The system is, however, still marine dominated, i.e. a significant proportion of the salinity throughout the estuary remains higher than 20 ppt.

Confidence: High
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Figure 3.2
Longitudinal salinity distribution of the Marine dominated state

Total volume per salinity range.  During this state the average salinity in the estuary varies between 20 ppt - 35 ppt at a volume of approximately 600 000 m3.

Confidence: Low

Temperature.  Temperatures show strong seasonal patterns, assuming summer temperatures range between 20 – 30oC and winter temperatures between 15 – 20oC.  Upwellling could result in marked decreases in temperature (dropping 10oC), specifically during summer.  The extent of this depends upon the extent of tidal intrusion.
Confidence: Medium

pH. Between 7 and 8.3.  Because the Goukamma River is a blackwater system, pH of the freshwater (salinity <5) in the very upper reaches may drop to about 6.
Confidence: Low

Dissolved oxygen.  Surface waters are oxygenated (> 4 mg/l).  Bottom water in the deeper sections (> 1m) in the upper estuary (> 6 km from the mouth) might be hypoxic, with concentrations between 2 - 4 mg/l.

Confidence: Low

Turbidity.  Turbidity levels are low (< 10 NTU).  Because of limited freshwater inflow (blackwater river) transparency of the water column is good.

Confidence: Low

Dissolved inorganic nitrogen (DIN).  DIN concentrations are likely to range between 10 and 200 µg/l, with the higher concentrations being limited to the freshwater layer (salinity <5) in the upper reaches.  Under the reference condition, DIN concentrations of freshwater river inflow would have been < 50 µg/l, as this is an oligotrophic blackwater system.  Upwelling can introduce elevated DIN concentrations into the estuary, along with higher nutrient levels that are associated with more saline water.  This occurs during summer, the extent of which depends upon the extent of tidal intrusion.
Confidence: Low

Dissolved reactive phosphate (DRP).  DRP concentrations are relatively low (typically less than 10 µg/l) throughout the estuary.  Upwelling can introduce elevated DRP concentrations into the estuary, as higher nutrient levels are associated with more saline water, particularly during summer.  The extent to which this occurs depends upon the extent of tidal intrusion.
Confidence: Low

Dissolved reactive silicate (DRS).  DRS concentrations range between 100-1700 µg/l, and increase toward the head of the estuary.  The upper range is limited to the freshwater layer (salinity <5) in the very upper reaches.

Confidence: Medium

State 3: Transition

Average Flow range.  The estuary is in a transition state at flows between 0.8 and 5.0 m3/s.

Confidence: Low

State of the mouth.  The mouth is open.

Confidence: High

Floodplain inundation patterns.  At these flows inundation of the flood plain will be limited.

Confidence: High

Amplitude of tidal variation.  During neap and spring tides the vertical water level variations are approximately 0.2 m and 1.0 m respectively.

It is also important to note that as a result of the constricted mouth, the average water level in the Goukamma Estuary is about 0.2 m lower during a neap tide in comparison with a spring tide.  This phenomenon occurs as more water enters the estuary on a spring high tide than can flow out during the spring low tide, which causes a build up of the average water levels during the spring tide.

Confidence: Low

Retention times of water masses.  The residence time in the lower estuary (0 - 2.5 km from mouth) is estimated to be 1 - 3 days, depending upon the distance from the mouth.  The closer to the mouth, the more effective tidal flushing will be and the less the residence time.

In the middle (2.5 - 6.0 km) reaches the residence time is expected to be in the order of 1 – 2 weeks.  In the upper reaches (6.0 - 8.9 km) river inflow will contribute to shorter residence times of 1 – 3 days, while in sections where the estuarine bathymetry is deeper than -2.0 m MSL, the retention time is expected to be longer (> 2 weeks), due to flushing being less effective in these deeper areas.

Confidence: Low

Estimated (maximum) current velocities along the estuary.  Up to 1.0 m/s in main channels over spring tide and reduced to approximately 0.4 m/s during neap tide, with velocities gradually reducing with distance from mouth.

Confidence: Low

Salinity distributions in the estuary.  Typical salinity distribution patterns for the transition state are illustrated below (Figure 3.3).

This state is typical of periods when the river inflow is sufficient to create a pronounced freshwater front-well downstream from the head of the estuary, with tidal intrusion preventing it from moving outside the system.  In the vicinity of the front, strong horizontal stratification is evident as well as vertical stratification.  As reflected in its name, the transition state occurs for relatively short periods (‘pulse’ effect), either, as a transition period between the marine-dominated and freshwater dominated states or when a flood or freshet introduces a pulse of freshwater into an estuary.
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Figure 3.3
Longitudinal salinity distribution of the transition state

Confidence: High

Total volume per salinity range.  The 0 – 20 ppt zone occurs in the upper and middle reaches with volume estimated to be 400 000 m3.

The more saline water (>20 ppt) occurs predominately in the lower reaches (0 – 2.5 km from the mouth) with volume estimated at in the order of 200 000 m2.

Confidence: High

Temperature. Temperatures shows strong seasonal patterns, assuming summer temperatures ranging between 20 – 30oC and winter temperatures between 15 and 20oC.  Upwellling could result in marked decreases in temperature (dropping 10oC), especially during summer, the extent to which would depend upon the extent of tidal intrusion.
Confidence: Medium

pH.  Ranges between 7 and 8.3 throughout the system.  pH of the freshwater (salinity <5) in upper reaches may be lower (~ 6).
Confidence: Low

Dissolved oxygen.  The estuary is oxygenated at > 4 mg/l throughout.

Confidence: Low

Turbidity.  Turbidity levels are low (< 10 NTU).  Due to increased freshwater inflow from the (blackwater river) transparency is less compared with the marine dominated state.

Confidence: Low

Dissolved inorganic nitrogen (DIN).  DIN concentrations are likely to range between 10 and 200 µg/l with the higher concentration being associated with freshwater.  Under the reference condition, DIN concentrations of the freshwater river inflow would have been <50 µg/l, typical of an oligotrophic blackwater system.  Due to a marked freshwater front being present in the estuary, the system receives a significant pulse of DIN under the present state.  Upwelling can introduce elevated DIN concentrations into the estuary, as the nutrient levels are higher in the more saline water, particularly during summer.  The extent of this depends upon the extent of tidal intrusion.

Confidence: Low

Dissolved reactive phosphate (DRP).  DRP concentrations are relatively low (typically less than 10 µg/l) throughout the estuary.  Upwelling can introduce elevated DRP concentrations into the estuary, as there are higher nutrient levels associated with saline water, particularly during summer.  The extent of this depends upon the extent of tidal intrusion.

Confidence: Low

Dissolved reactive silicate (DRS).  DRS concentrations range between 100-2000 µg/l, with the higher concentrations being associated with freshwater.  Because a marked freshwater front is present in the estuary, the system receives a significant pulse of DRS.

Confidence: Medium

State 4: Freshwater dominated
Average Flow range.  The estuary is in a freshwater dominated state when river discharge exceeds 5.0 m3/s.

Confidence: Low

State of the mouth.  The mouth is wide open.

Confidence: High

Floodplain inundation patterns.  During floods inundation of the flood plain occurs for days.

Confidence: High

Amplitude of tidal variation.  During flood events, tidal dampening occurs and this reduced the tidal variation in the estuary.  After a flood event, such as during neap and spring tides, the vertical water level variations can increase to approximately 0.5 m and 1.5 m respectively, before the mouth slowly starts silting up again. 

Confidence: High

Retention times of water masses.  The residence time in the lower estuary (0 - 2.5 km from mouth) is estimated to be less than a day.  In the middle (2.5 - 6.0 km) reaches the residence time is expected to be in the order of 1 to 7 days.  In the upper reaches (6.0 – 8.9 km) river inflow will contribute to a shorter residence time of less than 1 day.

In sections where the estuarine bathymetry is deeper than -2.0 m MSL, the retention time is expected to be longer (<1 week), as flushing is less effective in these deeper areas and is also dependent upon river inflow.

Confidence: Low

Estimated (maximum) current velocities along the estuary.  During a flood event, flows greater then 50 m3/s will flush the estuary, with maximum velocities occurring between 3 – 5 m/s in the main channels.

Under lower flows (<5 m3/s), velocities of up to 1m/s will be reached in the main channels over spring tide in lower reaches.

Confidence: Low

Salinity distributions in the estuary.  Typical salinity distribution under the freshwater dominated state is illustrated in Figure 3.4.  The estuary ranges from being completed fresh to that of a limited saline intrusion, e.g. at spring high tides.
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Figure 3.4
Longitudinal salinity distribution of the transition state

Confidence: High

Total volume per salinity range.  During this state the average salinity in the estuary varies between 0 ppt - 10 ppt with a total volume of 600 000 m3.

Once the freshettes or floods recede, saline water will penetrate the bottom waters of the lower and middle reaches of the estuary (0 – 6.0 km) resulting in a 50% increase in volume of saline water (>20 ppt), with concurrent strong stratification developing in the middle reaches.  As a result the system reverts back to the transition state.

Confidence: Low

Temperature.  Temperatures shows strong seasonal patterns, assuming summer temperatures ranging between 20 – 30oC and winter temperatures between 15 and 20oC.
Confidence: Medium

pH.  Is approximately 6 in freshwater (salinity <5) and increases to between 7 and 8.3 near the mouth during saltwater intrusion that takes place during flood tides.
Confidence: Low

Dissolved oxygen.  The estuary is oxygenated (> 4 mg/l) throughout.

Confidence: Low

Turbidity.  Turbidity levels are low (< 10 NTU).  Due to the freshwater inflow (blackwater river) , transparency is less compared with the marine dominated state.

Confidence: Low

Dissolved inorganic nitrogen (DIN).  DIN concentrations will be elevated throughout the estuary (~200 µg/l).  Under the reference condition, DIN concentrations of freshwater river inflow would have been <50 µg/l, which is typical of oligotrophic blackwater systems.

Confidence: Low

Dissolved reactive phosphate (DRP).  DRP concentrations are relatively low (typically less than 10 µg/l) throughout the estuary.

Confidence: Low

Dissolved reactive silicate (DRS).  DRS concentrations will be elevated throughout the estuary (~ 2000 µg/l).
Confidence: Medium

3.2 ABIOTIC STATES VERSUS FLOW DISTRIBUTION PATTERNS

The transition between the different states will not be instantaneous, but gradual.

To assess the occurrence and duration of the different abiotic states selected for the estuary during the different scenarios, a number of techniques were used, including:

· Colour coding - used for the full tables of simulated monthly river flow reaching the estuary for each scenario to highlight the occurrences of the different abiotic states related to the different flow ranges.

· Summary tables of the occurrences of different flows at increments of 10%ile are listed separately to provide a quick comprehensive overview.

· The median (50%ile) and drought flows (10%ile) monthly flows were used to provide a conceptual overview of the annual distribution of abiotic states under the different scenarios.

4 DESCRIPTION OF PRESENT STATE AND REFERENCE CONDITION

4.1 PRESENT STATE

4.1.1 Abiotic Components

4.1.1.1 Seasonal variability in river inflow

The occurrences of flow distributions (mean monthly flows in m3/s) for the present state of the Goukamma Estuary, derived from a 84-year simulated data set is provided in Table 4.1.  The full 84-year series of simulated monthly runoff data for the present state is provided in Table 4.2.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 4.1.

Table 4.1
A summary of the monthly flow distribution under the present state
	
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	7.76
	12.29
	7.63
	7.66
	6.63
	11.20
	8.87
	16.18
	6.62
	6.79
	10.70
	10.88

	90%ile
	4.66
	4.94
	2.85
	2.04
	2.37
	3.22
	3.63
	3.14
	2.53
	2.53
	3.88
	4.02

	80%ile
	3.30
	3.23
	1.86
	1.43
	1.45
	2.11
	2.03
	1.80
	1.29
	1.43
	2.12
	2.93

	70%ile
	2.39
	2.32
	1.32
	1.14
	1.07
	1.77
	1.36
	1.28
	1.08
	1.28
	1.41
	1.96

	60%ile
	1.97
	1.61
	1.08
	0.72
	0.87
	1.26
	1.19
	0.97
	0.89
	0.97
	1.27
	1.61

	50%ile
	1.35
	1.11
	0.87
	0.54
	0.73
	0.89
	0.89
	0.71
	0.75
	0.75
	1.07
	1.34

	40%ile
	1.22
	0.93
	0.61
	0.42
	0.54
	0.73
	0.76
	0.64
	0.63
	0.62
	0.82
	1.02

	30%ile
	1.02
	0.85
	0.40
	0.28
	0.39
	0.50
	0.62
	0.46
	0.48
	0.46
	0.63
	0.85

	20%ile
	0.79
	0.51
	0.29
	0.22
	0.25
	0.37
	0.48
	0.37
	0.34
	0.35
	0.52
	0.62

	10%ile
	0.59
	0.34
	0.17
	0.13
	0.13
	0.22
	0.27
	0.24
	0.18
	0.27
	0.37
	0.41

	1%ile
	0.29
	0.19
	0.00
	0.02
	0.03
	0.07
	0.10
	0.08
	0.06
	0.14
	0.20
	0.24


4.1.1.2 Present flood regime

The present state flood regime is judged to be very similar to that of the reference condition based on the fact that the simulated monthly runoff data indicate very little change to that of the high flow months.  The 99%ile indicates that there is ~ 10% decrease in floods to the estuary.  However, this reduction is still considerably less for very large floods.

Confidence:  Low

4.1.1.3 Present sediment processes

The hydrological data indicate 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 the reference 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 causing some siltation in the estuary.

Artificial breaching at lower water levels may also have caused some siltation in the lower reaches.

Confidence:  Low.

Table 4.2
Simulated monthly flows to the Goukamma Estuary for the present state in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.48
	0.48
	2.11
	0.82
	2.22
	3.21
	2.34
	1.14
	0.75
	0.78
	0.67
	1.14

	1921
	0.80
	0.93
	2.20
	1.70
	0.79
	0.92
	4.88
	2.56
	1.02
	1.78
	1.41
	1.42

	1922
	2.31
	3.96
	1.31
	0.87
	0.55
	0.27
	1.26
	1.85
	1.27
	0.55
	0.51
	0.44

	1923
	0.59
	1.23
	0.57
	0.31
	0.36
	0.22
	0.39
	0.45
	0.47
	0.28
	1.12
	2.60

	1924
	1.30
	0.98
	1.55
	0.78
	0.21
	1.58
	1.25
	0.70
	0.88
	0.61
	1.34
	10.88

	1925
	4.63
	1.12
	0.92
	0.40
	0.23
	1.26
	0.79
	0.41
	0.84
	0.99
	0.86
	0.85

	1926
	1.25
	3.31
	1.07
	0.14
	0.81
	0.40
	0.15
	0.71
	0.51
	0.24
	0.55
	0.49

	1927
	0.46
	0.40
	0.15
	0.19
	0.49
	3.21
	2.09
	0.64
	0.40
	0.27
	0.53
	1.03

	1928
	0.67
	3.24
	2.11
	0.42
	0.39
	0.52
	0.48
	0.60
	0.60
	1.35
	1.99
	1.62

	1929
	1.08
	0.49
	0.44
	0.44
	5.08
	2.36
	0.78
	1.16
	1.18
	1.06
	1.76
	1.60

	1930
	1.24
	0.55
	0.46
	1.73
	0.91
	0.31
	1.03
	0.64
	0.30
	1.13
	1.13
	1.63

	1931
	3.00
	1.20
	13.20
	7.44
	3.80
	1.48
	0.48
	0.71
	0.90
	0.76
	0.56
	9.04

	1932
	4.75
	1.41
	0.35
	0.00
	0.35
	0.86
	0.88
	0.78
	0.59
	0.39
	3.98
	1.86

	1933
	0.37
	1.23
	0.41
	0.21
	0.57
	1.26
	0.60
	0.21
	0.16
	1.32
	1.21
	0.99

	1934
	4.68
	3.23
	0.66
	0.22
	0.98
	0.53
	1.20
	16.10
	6.79
	1.39
	1.33
	2.87

	1935
	2.12
	2.75
	2.01
	0.74
	0.96
	0.81
	0.43
	1.27
	0.85
	1.28
	0.87
	1.56

	1936
	1.22
	4.32
	1.78
	0.47
	0.92
	3.23
	1.36
	0.18
	0.26
	0.98
	0.83
	1.63

	1937
	1.26
	1.34
	1.21
	0.85
	0.23
	0.35
	0.69
	0.46
	0.34
	0.30
	0.44
	1.01

	1938
	1.22
	2.45
	1.28
	0.21
	2.38
	1.87
	0.73
	0.17
	0.02
	2.14
	5.31
	3.37

	1939
	1.32
	0.85
	0.55
	1.72
	6.09
	2.76
	0.82
	0.46
	0.37
	0.39
	0.25
	0.95

	1940
	0.85
	0.75
	0.19
	0.32
	0.55
	0.37
	4.03
	1.77
	0.98
	0.69
	0.39
	0.63

	1941
	1.95
	1.68
	3.17
	3.49
	1.25
	1.56
	1.03
	1.58
	1.29
	0.80
	0.81
	0.66

	1942
	1.31
	1.07
	1.56
	2.01
	0.99
	1.78
	0.99
	0.34
	0.25
	0.19
	1.03
	4.90

	1943
	2.62
	5.74
	3.04
	0.48
	0.42
	0.98
	0.76
	5.73
	2.93
	2.54
	1.61
	3.92

	1944
	1.97
	0.54
	0.26
	0.13
	0.07
	0.07
	0.07
	4.86
	4.32
	1.54
	1.13
	0.93

	1945
	2.17
	1.04
	0.40
	0.59
	0.87
	4.44
	1.93
	0.31
	0.21
	0.34
	0.38
	0.67

	1946
	0.58
	0.28
	0.11
	0.12
	0.20
	2.02
	1.13
	0.71
	0.83
	3.20
	1.41
	2.07

	1947
	1.55
	0.89
	0.24
	2.40
	1.30
	0.43
	1.89
	0.98
	0.35
	0.32
	0.29
	1.04

	1948
	3.62
	1.80
	1.06
	1.71
	1.35
	0.36
	0.67
	1.31
	0.70
	0.21
	0.24
	0.82

	1949
	0.69
	6.01
	2.01
	0.09
	0.30
	0.37
	0.38
	0.30
	0.11
	2.50
	2.20
	1.64

	1950
	2.38
	11.67
	5.54
	8.72
	3.53
	0.73
	0.38
	0.48
	1.14
	5.25
	3.51
	3.03

	1951
	1.18
	0.09
	0.00
	1.28
	1.06
	0.35
	0.80
	1.06
	0.94
	0.91
	2.76
	7.53

	1952
	3.40
	1.09
	1.08
	0.56
	2.08
	0.81
	0.68
	0.39
	3.50
	3.95
	5.93
	3.21

	1953
	8.47
	4.86
	1.36
	0.23
	0.02
	0.67
	1.18
	3.20
	1.82
	1.70
	16.41
	6.66

	1954
	0.90
	4.98
	1.70
	1.16
	9.24
	3.31
	0.64
	0.48
	0.62
	0.70
	0.65
	0.94

	1955
	1.71
	4.15
	1.31
	0.45
	0.86
	2.09
	1.27
	3.18
	1.45
	0.30
	0.26
	0.61

	1956
	3.79
	2.30
	1.87
	0.71
	1.41
	1.26
	0.61
	0.58
	1.29
	0.90
	1.37
	3.86

	1957
	1.99
	0.41
	0.24
	0.28
	0.20
	1.77
	1.28
	1.67
	1.23
	0.44
	1.37
	0.91

	1958
	0.76
	0.44
	0.35
	4.34
	2.24
	2.15
	3.94
	2.04
	0.68
	1.37
	5.25
	2.50

	1959
	4.55
	1.98
	0.76
	1.96
	0.78
	4.29
	2.36
	1.22
	1.19
	1.01
	0.64
	1.95

	1960
	1.17
	0.88
	1.17
	0.55
	0.37
	2.59
	1.98
	1.49
	0.85
	0.47
	0.69
	0.85

	1961
	1.11
	0.78
	0.39
	1.42
	0.86
	2.03
	1.27
	0.41
	0.19
	0.16
	9.53
	3.80

	1962
	3.16
	3.31
	0.92
	1.35
	0.67
	10.78
	4.42
	0.77
	0.51
	0.96
	0.87
	0.47

	1963
	0.60
	0.36
	1.05
	1.25
	0.74
	0.60
	0.80
	0.46
	2.22
	1.21
	1.48
	9.10

	1964
	3.33
	0.94
	0.24
	0.12
	0.12
	1.62
	0.93
	0.93
	0.85
	0.67
	0.46
	0.33

	1965
	6.48
	6.80
	2.62
	1.16
	1.56
	0.50
	0.54
	1.16
	0.73
	0.31
	1.83
	1.68

	1966
	0.73
	0.26
	0.81
	0.25
	1.21
	1.90
	8.94
	7.30
	2.39
	1.33
	1.30
	1.37

	1967
	1.03
	1.04
	0.37
	0.02
	0.03
	0.88
	0.70
	0.66
	5.42
	2.09
	1.05
	1.53

	1968
	1.53
	2.79
	0.91
	0.44
	0.43
	1.06
	0.72
	0.24
	1.07
	0.89
	0.71
	0.71

	1969
	1.21
	0.52
	0.00
	0.12
	1.20
	0.49
	0.10
	0.06
	0.11
	0.20
	2.12
	1.31

	1970
	0.94
	0.38
	6.48
	2.27
	1.19
	1.50
	2.22
	2.72
	1.41
	6.70
	6.91
	2.22

	1971
	0.54
	1.81
	0.62
	0.24
	2.84
	1.53
	0.62
	0.64
	0.75
	0.66
	1.44
	1.05

	1972
	0.41
	0.22
	0.11
	0.13
	0.13
	0.30
	0.84
	0.67
	0.48
	0.41
	0.46
	0.60

	1973
	0.39
	0.72
	0.33
	1.38
	1.53
	1.82
	0.83
	1.63
	1.06
	0.36
	1.89
	1.58

	1974
	0.74
	0.91
	0.25
	0.53
	0.41
	0.66
	0.52
	0.27
	0.37
	0.74
	1.39
	3.59

	1975
	1.34
	0.71
	0.66
	0.29
	0.39
	0.83
	0.41
	0.62
	0.70
	1.40
	1.16
	0.82

	1976
	6.57
	5.23
	1.57
	0.21
	4.67
	2.29
	0.59
	6.29
	2.82
	0.49
	0.75
	1.67

	1977
	1.16
	1.33
	0.50
	0.23
	0.06
	0.11
	0.32
	0.25
	0.67
	0.47
	0.59
	0.60

	1978
	0.86
	1.89
	0.85
	0.76
	0.51
	0.23
	0.14
	0.89
	0.87
	3.35
	3.18
	2.87

	1979
	1.09
	0.21
	0.05
	0.40
	0.18
	0.08
	0.51
	0.45
	0.72
	0.53
	0.48
	1.21

	1980
	2.83
	2.57
	1.85
	7.01
	2.89
	5.17
	6.26
	16.57
	6.58
	1.29
	9.02
	4.06

	1981
	3.30
	1.68
	1.19
	0.58
	0.54
	0.80
	8.86
	3.19
	1.08
	1.51
	1.09
	2.74

	1982
	2.29
	0.89
	0.25
	0.05
	0.26
	0.22
	0.27
	0.45
	4.09
	7.25
	2.59
	1.43

	1983
	2.50
	1.86
	0.90
	0.33
	0.24
	1.18
	0.61
	0.28
	0.31
	1.48
	0.95
	0.41

	1984
	1.76
	0.90
	0.74
	1.13
	1.51
	0.66
	0.90
	0.59
	0.56
	1.34
	0.82
	0.41

	1985
	5.04
	3.04
	2.29
	1.14
	0.40
	0.25
	0.21
	0.09
	0.07
	0.19
	3.64
	1.89

	1986
	3.31
	1.66
	0.42
	0.56
	0.47
	0.50
	4.24
	1.68
	0.66
	0.46
	1.10
	7.89

	1987
	2.91
	0.24
	0.30
	0.21
	0.14
	0.16
	1.40
	1.16
	0.90
	0.56
	0.85
	0.98

	1988
	0.82
	0.38
	0.27
	0.17
	0.10
	0.20
	2.18
	1.02
	0.34
	0.40
	0.31
	0.27

	1989
	5.40
	5.28
	1.24
	0.15
	2.35
	0.90
	1.75
	1.35
	2.59
	1.17
	0.51
	0.48

	1990
	1.58
	1.18
	0.32
	0.29
	0.64
	0.39
	0.26
	0.22
	0.44
	0.67
	0.56
	0.31

	1991
	2.65
	1.06
	1.55
	0.65
	0.87
	0.72
	0.45
	0.79
	0.90
	3.56
	2.95
	1.15

	1992
	7.59
	4.00
	0.63
	1.45
	0.88
	0.48
	2.82
	2.17
	1.10
	0.52
	0.45
	10.89

	1993
	3.99
	0.80
	1.20
	1.13
	0.82
	0.83
	1.50
	0.83
	0.39
	0.77
	4.10
	2.02

	1994
	2.24
	1.02
	4.09
	2.06
	0.99
	1.97
	2.91
	2.09
	1.29
	0.66
	0.44
	0.37

	1995
	0.35
	5.25
	2.95
	0.72
	0.22
	0.21
	0.25
	0.12
	0.08
	0.33
	0.53
	0.61

	1996
	7.61
	15.35
	5.68
	0.65
	1.10
	2.82
	2.39
	3.05
	2.19
	1.12
	1.26
	0.97

	1997
	1.84
	0.85
	0.08
	0.26
	0.28
	3.30
	1.34
	0.26
	0.16
	0.29
	0.60
	0.49

	1998
	0.23
	0.36
	0.34
	0.49
	0.72
	1.36
	1.50
	0.68
	0.19
	0.22
	0.32
	0.71

	1999
	2.33
	0.89
	0.07
	3.36
	1.73
	3.74
	1.56
	0.22
	0.09
	0.06
	0.02
	0.08

	2000
	0.30
	2.78
	4.77
	1.61
	0.56
	0.67
	1.28
	0.68
	0.22
	0.41
	1.27
	1.25

	2001
	0.97
	2.62
	1.05
	0.49
	0.25
	0.07
	0.26
	0.27
	0.62
	2.72
	2.11
	3.64

	2002
	1.37
	0.27
	0.61
	0.23
	0.23
	13.27
	5.25
	2.05
	1.34
	0.74
	0.64
	0.40

	2003
	0.92
	0.46
	0.22
	0.41
	0.69
	1.24
	1.00
	0.60
	0.48
	0.44
	0.59
	1.40
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Figure 4.1
A graphic representation of the percentage occurrence of the abiotic states under the present state

4.1.1.4 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).  There are two weirs, one below and one above the N2 road bridge, that obstruct tidal flows in the upper reaches of the estuary.  Their collective impact has probably reduced the extent of tidal variation by ~ 0.5 km.

The access road to Buffelsbaai has stabilised the eastern bank in the lower reaches.

Confidence: High

	Discharges into estuary affecting water quality.  Agricultural activities in the catchment and along the banks of the estuary may have resulted in the introduction of elevated DIN concentrations (fertilizers) and toxic substances (e.g. pesticides) to the estuary at times, although there are no data to support this. 
Confidence: Low

	Human exploitation (consumptive or non-consumptive).  There is the possibility that 19 tonnes of fish are landed per annum from the estuary via angling and illegal netting.  The latter may have declined substantially in recent years due to better policing and lower catches.

Bait collection is prohibited in the lower three kilometres of the estuary, which falls within the Marine Protected Area.  There is some exploitation of Scylla in the upper reaches.

Confidence: Low

	Artificial mouth breachings.  The Goukamma Estuary was breached artificially in the recent past to prevent back-flooding into agricultural land and the submersion of abstraction points.

During the last 10 years, CapeNature has taken a policy decision to allow the estuary to breach at more natural levels, with the exception of maintenance for the Buffelsbaai Road, which runs adjacent to the estuary.

Confidence: High


4.1.2 Biotic Components

	MICROALGAE

	Phytoplankton

The Goukamma Estuary is a channel-like blackwater system with very little human impact in the river catchment.  Nutrient concentrations during the closed mouth phase of DIN and DIP in particular, are likely to be depleted limiting microalgal growth.  Thus the median phytoplankton chlorophyll a concentrations are likely to be very low (<1.0 µg/l).  The phytoplankton is likely to be dominated by small flagellates and diatoms.  Based on studies of the Groot Brak and Van Stadens estuaries, chlorophyte cells should be present in the upper reaches of the estuary due to the presence of river water entering the estuary.  During the marine dominated phase some vertical stratification in the middle reaches of the estuary is likely to occur, favouring the presence of dinoflagellates.  It is expected that the slight increase in river flow will introduce higher numbers of freshwater diatoms and chlorophytes into the upper reaches of the estuary.  Large marine phytoplankton taxa will be present in the lower reaches of the estuary.  The transition phase is not dissimilar to the marine dominated phase and microalgal communities and biomass should be similar, provided that vertical stratification is similar.  During the freshwater dominated phase the estuary is fresh throughout, excluding a slight marine intrusion at the mouth.  Residence time during this phase is short, effectively flushing marine and estuarine phytoplankton from the estuary resulting in low microalgal biomass and cell density.

Benthic microalgae

There is very little intertidal area, most of which is dominated by sand of marine origin in the lower reaches of the estuary.  Organic matter loading into the estuary is likely to be very low.  The catchment is largely made up of Table Mountain quartzite thus the sediments in the estuary are coarse.  As a result the remineralisation of nutrients from this sediment is likely to be very low and the non-cohesive sediment is only likely to support a low biomass of benthic microalgae; median content is likely to be less than 3.5 µg/g.  Some localised patches of Euglena-rich sediment are possible in the coarse sediment near the mouth where the overwash of marine water occurs.  During the closed mouth phase the intertidal sediment will be flooded and the estuary will be dominated by episammic species of benthic microalgae but in low numbers.  Exposure of intertidal sediment during the marine dominated and transition phases will favour the growth of episammic Microphytobenthos (MPB) communities and some localised patches of Euglena, particularly in the coarse sediment in the lower reaches of the estuary.  However, median benthic chlorophyll a is still likely to be <3.5 µg/g.  Strong river flow during the freshwater dominated phase is likely to resuspend the coarse, non-cohesive sediments in the estuary and increase water-column turbidity.  This is likely to reduce benthic microalgal biomass and cell density in the short term but the import and deposition of organic matter is likely to support a slightly higher level of chlorophyll a shortly after peak flows (2-6 weeks).

Confidence: Medium

	MACROPHYTES

	The banks of the Goukamma Estuary are steep with limited intertidal area thus restricting the development of estuarine vegetation.  At one point in the lower/middle reaches on the west bank, a steep dune forms the estuary bank and on the opposite east bank terrestrial bush/trees occur.  Floodplain areas are also absent.  The riparian zone is severely disturbed by farming activities below the N2 bridge.  Other disturbed areas are evident from bank slumping, eroding banks and the presence of invasive plants e.g. black wattle (Acacia mearnsii) growing in the riparian zone.

The dominant vegetation of the Goukamma Estuary, present at the time of a brief survey in February 2008, were reeds Phragmites australis that occurred from approximately 3 to 4 km upstream.  Brakgras Sporobolus virginicus occurred near the mouth region.

A lot of debris was observed at the mouth presumably deposited there during the flood in 2007.  Reeds carried down from upstream had started growing in and amongst the debris and some of them were greater than 1 m in height.  There was no salt marsh vegetation.  Grasses, sedges and other shrubs grew on the mobile sand near the mouth.  Salt marsh may have been present at the camp/picnic site in the past.

During low flow conditions, nutrients may be high as a result of agricultural input.  Below the N2 bridge there is extensive dairy farming.  This could promote the growth of algae particularly during low flow conditions.  This does represent a change from the reference condition as blackwater estuaries are generally nutrient poor.  When the estuary was visited there were no submerged macrophytes.  However past reports have indicated the presence of pipefish which is usually associated with these plants and thus they may have occurred in the estuary in the past.  Sediment movement and channel migration in the lower and mouth reaches of the estuary would prevent the establishment of large submerged macrophyte beds.  The 1936 and 1942 aerial photographs indicate extensive mobile dune fields on both sides of the mouth.  The mouth and lower reaches of the estuary represented an unstable environment which would have reduced the opportunities for macrophyte growth.  In addition this may have led to an increased berm height and higher water levels during closed mouth conditions, which would have prevented the establishment of intertidal salt marsh areas.

Confidence: Low

	INVERTEBRATES (including zooplankton, benthic invertebrates and macrocrustaceans)

	Zooplankton

No data are available on the invertebrates of the estuary and all statements are based on assumptions.  Zooplankton are predicted to be very low in biomass, with species composition also reflecting relatively few species.  This appears to be the typical pattern for blackwater systems; the Goukamma is described as a system with intense blackwater characteristics.  This pattern is supported by the low chlorophyll a levels expected and would add to the low zooplankton biomass.

Benthic invertebrates

No data are available on the invertebrates of the estuary and all statements are based on assumptions.  Benthic invertebrates are also predicted to be very low in biomass, with species composition also reflecting relatively few species.  This appears to be the typical pattern for blackwater systems.  In the lower estuary the sandprawn (Callianassa kraussi), which does not have a planktonic phase, is likely to be present where salinity levels in the lower estuary are probably above the levels required for successful larval development and recruitment to the adult population, even during periods of mouth closure (overtopping).  Macrobenthic species that require a marine phase of development (Upogebia africana, for example) are likely to be absent, or occuring in low numbers, in the Goukamma.  This situation will be due to the intermittent, but fairly frequent periods of mouth closure in summer and the general absence of suitable muddy intertidal substrata.

Larger invertebrates

No data

Confidence: Low 

	FISH

	The fish fauna of the Goukamma Estuary was sampled in June 1994 (Harrison et al. 1995), in March 2006 (Ken Hutchings unpublished data) and in February 2008 (Lamberth unpublished data).

A total of 33 species have been recorded from the Goukamma Estuary.  Of these, estuarine roundherring Gilchristella aestuaria is a category Ia species that spends its entire lifecycle in estuaries; seven species, e.g., barehead goby Caffrogobius nudiceps and Cape silverside Atherina breviceps (Ib) have marine and estuarine breeding populations; eight species, e.g., white steenbras Lithognathus lithognathus and Argyrosomus japonicus have to spend at least their first year of life in estuaries; nine species, e.g., groovy mullet Liza dumerilii (IIb) and harder Liza richardsonii (IIc), have varying degrees of dependence on estuaries and three species are catadromous eels (Va).  Overall, there is a high degree of estuarine dependency with 85% of the fish assemblage comprising fish species that are either completely or partially dependent on estuaries.  The remaining five species include one marine species blaasop Amblyrhynchotes honckenii, three indigenous freshwater species Cape kurper Sandelia capensis, Cape galaxias Galaxias sp. and Eastern Cape redfin Pseudobarbus afer and one introduced freshwater species largemouth bass Micropterus salmoides.

The high degree of estuarine dependency is typical of temporarily open/closed systems where fish may be required to tolerate frequent or extended periods of mouth closure and the assocatied variability in salinity.  It also suggests that the Goukamma is an important estuarine nursery for fish.  Numerically, the fish assemblage is dominated by the opportunistic L. richardsonii (50%) and to a lesser extent G. aestuaria (16%), freshwater mullet Myxus capensis (10%), Cape stumpnose Rhabdosargus holubi (9%) and Knysna sandgoby Psammogobius knysnaensis (6%).  Fish abundance or density is typical, but species diversity low, when compared to other blackwater systems.

Zostera and other macrophytic growth is sparse and intermittent, probably accounting for the low densities of pipefish Syngnathus temminckii or large fluctuations in the numbers of R. holubi in the estuary.  The sandy nature of the estuary sand-loving benthic species such as Cape sole Heteromycterus capensis and P. knysnaensis are well represented.  In the absence of macrophytes, the relatively high abundance of the latter and other species of goby is probably attributed to their being able to find refuge in the burrows of Callianassa kraussi which occur at high densities in the lower reaches of the system.  The distribution of fish along the estuaries length is also typical of a blackwater system with opportunistic species such as L. richardsonii dominant in the lower and middle reaches, a high abundance and diversity of estuarine-dependent species such as L. lithognathus and R. holubi in the middle reaches and species with a preference for lower salinities e.g. Myxus capensis and Mugil cephalus in the upper reaches.

With the exception of exploited fish species such as dusky kob Argyrosomus japonicus, which tend to mirror their coast-wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from reference to the present day.

Confidence: Medium 

	BIRDS

	A total of 40 waterbird species have been recorded on the Goukamma Estuary in counts over the past 20 years, but an average of only 12 species was recorded on the estuary during the winter and summer counts.  Thus the diversity of the system is rated average, but this is reasonably good for a relatively undisturbed blackwater system.

An average of 140 birds were counted in summer and 240 birds in winter.  Excluding gulls, these numbers were 84 in summer and 93 in winter.

Gulls are the most numerous group of birds, and are found mainly at the mouth of the estuary.  The majority of these are found in the lower reaches, below the CapeNature buildings.  Terns venture up the estuary, and Kingfishers, Fish Eagle and Osprey tend to occur throughout.

Summer average

Winter average

Cormorants

31.2

19.1

Wading birds

3.1

8.4

Water fowl

6.2

12.5

Waders 

20.3

17.3

Gulls

56.3

149.3

Terns

19.3

30.6

Kingfisher, Fisheagle, Osprey

2.6

1.9

Total

140.4

242.3

The dominant waders are resident species typical of sandy habitats (e.g. African Black Oystercatcher and White-fronted Plover), grassy areas (Blacksmith Lapwing), and bushy banks (Water Thickknee).  There is a lack of suitable intertidal habitat for migrant waders, which are rare on the estuary, although more species have been recorded in the past.

The waterfowl are characterized by a regular winter population of Little Grebe, and winter flocks of Yellowbilled Duck.

There is a resident population of Fish Eagles, and three species of kingfisher occur on the estuary.
Confidence: High


4.1.2.1 Effect of abiotic characteristics and processes, as well as other biotic components on estuarine biota
	ABIOTIC COMPONENT OR PROCESS
	BIOLOGICAL RESPONSE

	Mouth condition
	Microalgae:

The condition of the estuary mouth does not have a strong temporal pattern compared to similar systems along the KZN coast.  As a result, it is unlikely that there is any seasonal pattern in microalgae related to mouth condition only.

Confidence: Medium/low

	
	Macrophytes:

Mouth closure occurs for 20-30% of the year.  The plants in the estuary i.e. reeds and grasses, would be adapted to the water level changes associated with mouth closure.  There are no large salt marsh areas with succulent species that would be sensitive to prolonged inundation.  The open mouth condition is important as this ensures tidal flushing and introduces saline water maintaining brackish conditions and biodiversity.

Confidence: Medium

	
	Invertebrates:

Irregular mouth closure for variable periods will be a factor that would exclude macrobenthic species that require a marine phase of development.

Confidence: Medium

	
	Fish:

The fish assemblage is typical of a temporarily open/closed estuary with a high degree of estuarine dependency and species able to withstand prolonged periods of mouth closure.  However, an increase in the frequency of mouth closure, especially during the peak August to November recruitment period may see a decline in the abundance and diversity of estuarine dependent marine species.

Confidence: Medium

	
	Birds:

Little direct effect, only indirect, through impacts on habitat and food.  The main effect is on terns, with open mouth providing suitable feeding conditions.

Confidence: High

	Exposure of inter-tidal areas during low tide
	Microalgae:

During open mouth phases the intertidal areas of the estuary will become exposed during low tide.  This will favour a slight increase in MPB biomass and cell density, dominated by episammic communities, particularly in the coarse sediment of marine origin in the lower reaches of the estuary.

Confidence: Low

	
	Macrophytes:

This is usually essential to the functioning of intertidal salt marsh.  However this habitat is absent from the Goukamma Estuary.

Confidence: Medium

	
	Invertebrates:

There is a minor impact on intertidal communities.  Burrowing mudprawns are probably absent, while small benthic species will probably move down the shore when intertidal areas are exposed.

Confidence: Low

	
	Fish:

Resuspension of detritus and avian faecal material during the rising tide may be an important food source in an oligotrophic system.

Confidence: Low

	
	Birds:

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

Confidence: High

	Sediment processes and characteristics
	Microalgae:

The estuary is a blackwater system so the flocculation and subsequent sedimentation of tannins may be an important source of nutrients, albeit low, through benthic remineralisation to the estuarine microalgae.  The river catchment is largely made up of Table Mountain quartzite, which means that very little fine sediment enters the estuary.  This together with the low loads of organic matter entering the estuary will limit the growth of microalgae in the estuary (median benthic chlorophyll a <3.5 µg/g).  An increase in fine sediment, organic matter and extended periods of mouth closure would favour and increase in benthic chlorophyll a and cell density.

Confidence: Medium

	
	Macrophytes:

Sediment movement and channel migration in the lower and mouth reaches of the estuary would prevent the establishment of large submerged macrophyte beds.  Despite the shallow nature of the estuary, reed beds are not extensive possibly due to the narrow intertidal area and steep banks.  Sedimentation and reed encroachment is probably unlikely in this estuary.

Confidence: Low

	
	Invertebrates:

Because of the channel-like nature of the estuary, subtidal sediments will be more important for macrobenthic species.  Species associated with sandy sediments probably dominate because of the sediment characteristics of the system.

Confidence: Low

	
	Fish:

Fish in the lower reaches are sand-loving species that are adapted to the adjacent high-energy surf-zone.  The assemblage is dominated by mullet species, which are likely to be feeding on detritus and microalgae associated with the sediments.  Benthic species are often distributed according to sediment type, e.g. Psammogobius knysnaensis with sand and Caffrogobius nudiceps with mud.

Confidence: Low

	
	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:

The retention time of water in the estuary is an important factor determining phytoplankton community composition and water clarity.  A long residence time, such as found during extended periods of mouth closure, favours the dominance of small phytoplankton cells, particularly flagellates and diatoms.  In addition, the water column will become clearer, provided that wind mixing is limited.  This improves the light environment for submerged benthic microalgae. If the residence time is too short, then estuarine phytoplankton communities, particularly dinoflagellates, cannot become established and phytoplankton biomass will be extremely low.

Confidence: Medium

	
	Macrophytes:

During prolonged closed mouth conditions, detritus from fringing vegetation may accumulate in the estuary and lead to hypoxia.
Confidence: Medium

	
	Invertebrates:

If hypoxic conditions develop during closed phases, species richness and abundance will be negatively affected.

Confidence: Medium

	
	Fish:

Hypoxic conditions arising from decaying macrophytes in the deeper upper reaches may exclude some benthic species or confine them to the shallower margins.

Confidence: Low

	
	Birds:

No direct impact.

Confidence: High

	Flow velocities 
	Microalgae:

River water is likely to contain small diatoms and chlorophytes so an increase in flow velocity will increase the dominance of these groups in the upper reaches of the estuary.  River flows of 0.5 to 5.0 m3/s are likely to stratify the water column in the middle reaches of the estuary, which would favour dominance by dinoflagellates.  In addition, these flows are likely to keep the estuary mouth open, allowing the intrusion of marine water with large marine species of phytoplankton.

Confidence: Low

	
	Macrophytes:

Strong flows during open mouth conditions prevent the establishment of submerged macrophytes.  The 2007 floods deposited a large amount of debris on the banks of the estuary and in the mouth region.

Confidence: Medium

	
	Invertebrates:

Strong flows will lead to coarser sediments and this will influence benthic species composition.  Deposition of organic material will favour some species dependent upon detritus as a food source e.g. polychaete deposit feeders.

Confidence: Low

	
	Fish:

There is little marginal, floodplain or vegetation refugia in the estuary.  Consequently, most fish will be flushed from the system during large floods to return soon after flows subside.  Changes in flow velocities are likely to cue movement into and out of the estuary.

Confidence: Low

	
	Birds:

Flow velocity may affect foraging by piscivorous birds, but when very high.

Confidence: High

	Volume of water in estuary
	Microalgae:

It is unlikely that a change in water volume, usually associated with mouth condition, will significantly change benthic microalgal biomass and composition.  However, an increase in volume will increase the available habitat for phytoplankton.

Confidence: Medium

	
	Macrophytes:

A greater volume of water would provide for an increase in the habitat available to submerged macrophytes.

Confidence: Medium

	
	Invertebrates:

A greater volume of water would provide for an increase in the subtidal habitat for benthic and pelagic species.

Confidence: Low

	
	Fish:

An increase in volume equates to an increase in available habitat.  Increased volumes provide more refugia at depth and through dilution.

Confidence: Low

	
	Birds:

There would be no direct impact.  Inundation of intertidal habitats would lead to a reduction in bird numbers.

Confidence: High

	Salinity
	Microalgae:

During the closed mouth phase the estuary is likely to become brackish throughout (~10 to 25 ppt) and during the freshwater dominated phase the estuary will be predominantly fresh (<5 ppt).  These phases are likely to exclude certain groups if the prevailing conditions remain persistent i.e. freshwater and marine taxa will be lost during the closed mouth phase and marine and estuarine species will be lost during the freshwater dominated phase.  However, the estuary is typically transitional, continually changing between the four possible states.

Confidence: Low

	
	Macrophytes:

Although the estuary is mostly characterised by a salinity gradient, salt marsh does not occur and the estuarine vegetation is indicative of brackish conditions (< 20 ppt).  Reeds (Phragmites australis) would die back when exposed to a salinity greater than 20 ppt for three months.

Confidence: Medium 

	
	Invertebrates:

Some species such as sandprawns (Callianassa kraussi) require a minimum of 17 – 20 psu levels for successful breeding and recruitment to benthic populations.  During freshwater dominated conditions, recruitment of the benthic population will therefore cease.

Confidence: Medium

	
	Fish:

Fish distribution within the estuary is governed directly by salinity preferences and tolerance to varying salinity, and indirectly by those habitat types that are also distributed according to salinity e.g. vegetation, flocculated sediments and water clarity.  The fish assemblage in the Goukamma is dominated by species either tolerant of, or with a preference for, low salinities.

Confidence: Low

	
	Birds:

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

Confidence: High

	Other water quality variables 
	Microalgae:

The water quality in the Goukamma Estuary is good with low nutrient concentrations and most probably limited microalgal growth.  However, studies conducted in February (Taljaard 2008) and June (Harrison 1994) found slight peaks in DIN in the middle reaches of the estuary.  The most likely source of these peaks were the seepage of nutrients from agriculture along the banks of the estuary.

Confidence: Medium

	
	Macrophytes:

During low flow conditions nutrients may be high as a result of agricultural input.  Below the N2 bridge there is extensive dairy farming.  Nutrient input could promote the growth of macroalgae particularly during low flow conditions.  This represents a change from conditions considered to be natural as blackwater estuaries are generally nutrient poor.

Confidence: Medium

	
	Invertebrates:

There would be increased production of microalgae as a consequence of increased nutrient input from adjacent farmlands.  This would lead to a marginal increase in the abundance of filter feeders e.g. some zooplankton.

Confidence: Medium

	
	Fish:

High nutrients concentrations (e.g. ammonia) may become an issue in the future if dairy farming intensifies.

Confidence: Low

	
	Birds:

Sediment particle size is important in determining the species composition of birds present and their densities as muddy (not silty) habitats are important for foraging.  Increased nutrient loading would lead to increased bird biomass due to increased food supplies.

Confidence: High


4.1.2.2 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:

There has been a slight loss of habitat for phytoplankton and benthic microalgae as a result of two weirs at the head of the estuary and the access road to Buffelsbaai.  However, this represents a small fraction of the total area of the estuary.

Confidence: High

	
	Macrophytes:

Two weirs in the upper reaches have obstructed tidal flows and reduced the extent of tidal variation by ~ 0.5 km which represents a small loss of estuarine habitat.  The access road to Buffelsbaai has stabilised the eastern bank in the lower reaches.

The canoe launch site in the upper reaches and picnic area in the lower reaches has disturbed the banks and caused habitat loss.

Confidence: Medium

	
	Invertebrates:

Weir construction in the upper reaches will negatively affect movement of some invertebrates that move between freshwater and brackish environments, for example, species in the freshwater genus Macrobrachium.

Confidence: Medium

	
	Fish:

Weirs impede the upstream migration of species such as moony Monodactylus falciformis and freshwater mullet Myxus capensis.  The weirs are relatively low and unlikely to impede the migration of eels.  The lower weir was damaged during the recent floods and mullet and other species can now move upstream.

There has been clearing of Phragmites and other vegetation in the upper reaches.  Grazing and trampling by cattle also appears to be high.

Confidence: Low

	
	Birds:

Direct impacts are mainly the increase in perching opportunities offered by structures.  In addition there are indirect, impacts through effects on habitat.

Confidence: Medium

	Human exploitation (consumptive and non-consumptive)
	Microalgae:

N/A

	
	Macrophytes:

Farming in the middle and upper reaches has disturbed the riparian zone resulting in bank collapse in some areas.

Confidence: Medium

	
	Invertebrates:

Bait collecting in the lower estuary will be a factor influencing population structure and distribution.  In the lower estuary, expansive subtidal areas probably support the largest populations when compared to upstream areas where water depth adjacent to the bank edge increases rapidly.

Confidence: Medium

	
	Fish:

It is possible that 19 tonnes of fish are landed from the estuary per annum, via angling and illegal gill netting.  The latter may have declined substantially in recent years due to better policing and lower catches.  Bait collection is prohibited in the lower three kilometres of the estuary that fall within the reserve.  There is some exploitation of Scylla in the upper reaches.

Confidence: Low

	
	Birds:

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

Confidence: Medium


4.2 REFERENCE CONDITION 

4.2.1 Abiotic Components

4.2.1.1 Seasonal variability in river inflow:

The occurrences of the flow distributions (mean monthly flows in m3/s) for the reference condition of the Goukamma Estuary, derived from a 84-year simulated data set is provided in Table 4.3.  The full 84-year series of simulated monthly runoff data for the Reference State is provided in Table 4.4.  A graphic representation of the percentage occurrence of the various Abiotic States is presented in Figure 4.2.

Table 4.3 
A summary of the monthly flow distribution under the Reference Condition
	
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	8.67
	13.39
	8.35
	8.42
	7.47
	12.09
	9.89
	17.77
	7.17
	7.92
	11.85
	12.08

	90%ile
	5.36
	5.45
	3.32
	2.41
	2.83
	3.82
	4.34
	3.66
	3.04
	3.07
	4.63
	4.69

	80%ile
	3.75
	3.79
	2.21
	1.71
	1.74
	2.55
	2.45
	2.19
	1.56
	1.76
	2.63
	3.52

	70%ile
	2.90
	2.75
	1.57
	1.38
	1.29
	2.13
	1.63
	1.55
	1.31
	1.46
	1.76
	2.31

	60%ile
	2.33
	1.73
	1.30
	0.87
	1.08
	1.55
	1.47
	1.20
	1.09
	1.16
	1.49
	1.96

	50%ile
	1.67
	1.32
	1.05
	0.68
	0.93
	1.10
	1.10
	0.88
	0.92
	0.88
	1.26
	1.58

	40%ile
	1.47
	1.14
	0.74
	0.56
	0.66
	0.84
	0.91
	0.77
	0.78
	0.73
	1.04
	1.27

	30%ile
	1.19
	0.96
	0.50
	0.40
	0.49
	0.66
	0.77
	0.58
	0.59
	0.55
	0.75
	1.02

	20%ile
	0.93
	0.60
	0.39
	0.32
	0.35
	0.48
	0.58
	0.45
	0.42
	0.43
	0.63
	0.77

	10%ile
	0.73
	0.45
	0.28
	0.23
	0.22
	0.30
	0.34
	0.31
	0.23
	0.32
	0.45
	0.49

	1%ile
	0.39
	0.27
	0.11
	0.12
	0.10
	0.14
	0.17
	0.14
	0.10
	0.18
	0.25
	0.32


4.2.1.2 Reference flood regime

The flood regime is judged to be very similar to that of the present state.

Confidence:  Medium

4.2.1.3 Reference 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 the reference condition.

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: Low

Table 4.4
Simulated monthly flows to the Goukamma Estuary for the Reference Condition in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.52
	0.55
	2.49
	1.04
	2.66
	3.82
	2.80
	1.34
	0.83
	0.88
	0.78
	1.33

	1921
	0.96
	1.10
	2.60
	2.06
	0.96
	1.10
	5.67
	2.98
	1.16
	2.09
	1.62
	1.61

	1922
	2.69
	4.55
	1.51
	1.01
	0.67
	0.33
	1.53
	2.27
	1.52
	0.67
	0.57
	0.52

	1923
	0.71
	1.49
	0.74
	0.43
	0.49
	0.31
	0.49
	0.57
	0.59
	0.39
	1.39
	3.27

	1924
	1.62
	1.18
	1.87
	0.98
	0.32
	1.91
	1.53
	0.85
	1.07
	0.77
	1.64
	12.38

	1925
	5.26
	1.27
	1.06
	0.50
	0.30
	1.53
	0.97
	0.49
	1.04
	1.22
	1.06
	1.02

	1926
	1.50
	3.90
	1.33
	0.22
	1.00
	0.54
	0.21
	0.89
	0.68
	0.32
	0.70
	0.65

	1927
	0.59
	0.54
	0.27
	0.30
	0.65
	3.83
	2.54
	0.82
	0.46
	0.35
	0.64
	1.28

	1928
	0.87
	3.79
	2.52
	0.59
	0.49
	0.66
	0.59
	0.75
	0.74
	1.70
	2.50
	1.97

	1929
	1.30
	0.60
	0.56
	0.58
	5.81
	2.75
	0.91
	1.39
	1.41
	1.27
	2.14
	1.89

	1930
	1.44
	0.65
	0.56
	2.08
	1.13
	0.40
	1.26
	0.81
	0.37
	1.38
	1.41
	2.01

	1931
	3.64
	1.46
	14.04
	8.20
	4.40
	1.68
	0.52
	0.79
	1.04
	0.88
	0.65
	10.06

	1932
	5.40
	1.61
	0.43
	0.09
	0.45
	1.06
	1.09
	0.96
	0.73
	0.49
	4.74
	2.23

	1933
	0.44
	1.46
	0.59
	0.32
	0.73
	1.55
	0.78
	0.27
	0.22
	1.64
	1.54
	1.22

	1934
	5.46
	3.79
	0.84
	0.31
	1.19
	0.67
	1.48
	17.70
	7.55
	1.59
	1.50
	3.41

	1935
	2.42
	3.12
	2.30
	0.86
	1.12
	0.96
	0.51
	1.54
	1.04
	1.55
	1.08
	1.87

	1936
	1.47
	4.97
	2.08
	0.58
	1.11
	3.81
	1.61
	0.24
	0.28
	1.21
	1.05
	1.99

	1937
	1.55
	1.61
	1.47
	1.06
	0.36
	0.43
	0.85
	0.60
	0.43
	0.38
	0.54
	1.27

	1938
	1.52
	2.96
	1.58
	0.34
	2.84
	2.28
	0.88
	0.23
	0.07
	2.59
	6.53
	4.11

	1939
	1.52
	0.97
	0.64
	2.05
	6.92
	3.17
	0.94
	0.50
	0.41
	0.44
	0.33
	1.14

	1940
	1.06
	0.94
	0.32
	0.45
	0.72
	0.49
	4.74
	2.13
	1.19
	0.85
	0.48
	0.74

	1941
	2.37
	2.04
	3.71
	4.08
	1.48
	1.85
	1.20
	1.91
	1.54
	0.92
	0.93
	0.77

	1942
	1.54
	1.28
	1.87
	2.42
	1.20
	2.13
	1.18
	0.40
	0.28
	0.25
	1.26
	5.93

	1943
	3.13
	6.46
	3.47
	0.62
	0.49
	1.19
	0.91
	6.62
	3.39
	3.10
	1.86
	4.60

	1944
	2.21
	0.60
	0.33
	0.22
	0.14
	0.14
	0.13
	5.59
	5.28
	1.92
	1.34
	1.10

	1945
	2.59
	1.26
	0.49
	0.76
	1.08
	5.14
	2.25
	0.38
	0.23
	0.39
	0.49
	0.80

	1946
	0.74
	0.41
	0.21
	0.22
	0.31
	2.46
	1.40
	0.89
	1.03
	3.99
	1.77
	2.47

	1947
	1.85
	1.05
	0.34
	2.83
	1.58
	0.54
	2.31
	1.21
	0.42
	0.38
	0.37
	1.27

	1948
	4.34
	2.16
	1.28
	2.06
	1.64
	0.48
	0.80
	1.61
	0.90
	0.25
	0.28
	1.00

	1949
	0.89
	6.76
	2.34
	0.18
	0.41
	0.48
	0.46
	0.39
	0.21
	3.02
	2.74
	2.04

	1950
	2.89
	12.73
	6.15
	9.51
	3.82
	0.80
	0.42
	0.52
	1.36
	6.38
	4.22
	3.56

	1951
	1.31
	0.19
	0.07
	1.56
	1.33
	0.47
	0.99
	1.31
	1.16
	1.12
	3.43
	8.84

	1952
	3.89
	1.19
	1.23
	0.68
	2.47
	1.00
	0.79
	0.49
	4.12
	4.87
	7.15
	3.69

	1953
	9.39
	5.32
	1.43
	0.33
	0.10
	0.80
	1.45
	3.94
	2.17
	2.04
	18.14
	7.28

	1954
	0.95
	5.51
	1.91
	1.37
	10.16
	3.65
	0.70
	0.53
	0.70
	0.80
	0.77
	1.12

	1955
	2.07
	4.83
	1.57
	0.56
	1.05
	2.52
	1.52
	3.83
	1.74
	0.34
	0.28
	0.70

	1956
	4.44
	2.72
	2.21
	0.88
	1.68
	1.52
	0.74
	0.68
	1.58
	1.12
	1.66
	4.73

	1957
	2.36
	0.52
	0.31
	0.40
	0.31
	2.15
	1.58
	2.06
	1.51
	0.57
	1.64
	1.13

	1958
	0.91
	0.57
	0.46
	4.96
	2.63
	2.59
	4.71
	2.39
	0.79
	1.59
	6.32
	2.87

	1959
	5.12
	2.19
	0.83
	2.29
	0.95
	4.89
	2.73
	1.45
	1.39
	1.16
	0.74
	2.30

	1960
	1.39
	1.01
	1.42
	0.70
	0.48
	3.09
	2.40
	1.82
	1.03
	0.53
	0.81
	1.01

	1961
	1.33
	0.95
	0.50
	1.73
	1.08
	2.44
	1.52
	0.52
	0.24
	0.20
	10.56
	4.28

	1962
	3.70
	3.90
	1.12
	1.62
	0.83
	11.65
	4.84
	0.88
	0.59
	1.13
	1.05
	0.57

	1963
	0.71
	0.48
	1.29
	1.56
	0.93
	0.75
	0.97
	0.59
	2.70
	1.52
	1.80
	10.49

	1964
	3.81
	1.04
	0.36
	0.19
	0.20
	1.98
	1.15
	1.15
	1.06
	0.83
	0.59
	0.42

	1965
	7.27
	7.77
	3.07
	1.39
	1.84
	0.63
	0.63
	1.42
	0.92
	0.37
	2.22
	2.04

	1966
	0.89
	0.35
	1.00
	0.41
	1.49
	2.34
	10.11
	8.53
	2.73
	1.46
	1.43
	1.51

	1967
	1.13
	1.16
	0.47
	0.12
	0.10
	1.09
	0.87
	0.82
	6.44
	2.51
	1.23
	1.85

	1968
	1.81
	3.27
	1.11
	0.54
	0.55
	1.29
	0.88
	0.33
	1.31
	1.12
	0.87
	0.86

	1969
	1.47
	0.70
	0.12
	0.23
	1.49
	0.67
	0.18
	0.11
	0.16
	0.28
	2.63
	1.66

	1970
	1.17
	0.55
	7.18
	2.61
	1.45
	1.84
	2.72
	3.35
	1.66
	7.75
	8.16
	2.48

	1971
	0.58
	2.02
	0.75
	0.32
	3.35
	1.82
	0.73
	0.76
	0.89
	0.80
	1.75
	1.29

	1972
	0.51
	0.30
	0.20
	0.23
	0.22
	0.41
	1.06
	0.86
	0.62
	0.52
	0.58
	0.75

	1973
	0.54
	0.92
	0.49
	1.70
	1.88
	2.22
	1.04
	1.98
	1.30
	0.44
	2.28
	1.90

	1974
	0.89
	1.08
	0.39
	0.69
	0.55
	0.81
	0.65
	0.36
	0.46
	0.93
	1.76
	4.49

	1975
	1.68
	0.83
	0.82
	0.41
	0.51
	1.02
	0.55
	0.77
	0.86
	1.75
	1.47
	1.01

	1976
	7.41
	5.99
	1.83
	0.32
	5.30
	2.67
	0.70
	7.07
	3.18
	0.55
	0.84
	1.98

	1977
	1.38
	1.56
	0.63
	0.32
	0.16
	0.16
	0.39
	0.36
	0.86
	0.64
	0.75
	0.77

	1978
	1.08
	2.31
	1.09
	0.97
	0.66
	0.32
	0.20
	1.11
	1.10
	4.16
	3.95
	3.49

	1979
	1.28
	0.28
	0.13
	0.53
	0.30
	0.14
	0.64
	0.59
	0.92
	0.71
	0.60
	1.52

	1980
	3.46
	3.10
	2.22
	7.76
	3.22
	5.82
	7.24
	18.13
	7.09
	1.31
	10.01
	4.34

	1981
	3.60
	1.76
	1.27
	0.67
	0.63
	0.94
	9.84
	3.55
	1.23
	1.79
	1.27
	3.22

	1982
	2.66
	1.01
	0.33
	0.15
	0.34
	0.31
	0.34
	0.57
	4.94
	8.72
	3.07
	1.63

	1983
	2.94
	2.15
	1.04
	0.42
	0.32
	1.43
	0.77
	0.33
	0.38
	1.85
	1.22
	0.50

	1984
	2.13
	1.13
	0.93
	1.42
	1.86
	0.83
	1.10
	0.73
	0.66
	1.65
	1.04
	0.48

	1985
	5.74
	3.53
	2.71
	1.38
	0.50
	0.32
	0.27
	0.15
	0.10
	0.24
	4.38
	2.30

	1986
	3.93
	1.98
	0.53
	0.72
	0.61
	0.63
	4.97
	2.04
	0.77
	0.57
	1.33
	9.16

	1987
	3.35
	0.32
	0.38
	0.32
	0.22
	0.24
	1.73
	1.44
	1.12
	0.71
	1.05
	1.21

	1988
	1.01
	0.52
	0.38
	0.28
	0.20
	0.29
	2.68
	1.31
	0.42
	0.49
	0.43
	0.36

	1989
	6.15
	6.14
	1.53
	0.24
	2.81
	1.13
	2.13
	1.65
	3.20
	1.44
	0.55
	0.55

	1990
	1.88
	1.42
	0.44
	0.39
	0.80
	0.51
	0.33
	0.30
	0.54
	0.83
	0.73
	0.43

	1991
	3.17
	1.35
	1.89
	0.85
	1.09
	0.90
	0.56
	0.98
	1.11
	4.41
	3.63
	1.37

	1992
	8.35
	4.48
	0.74
	1.71
	1.06
	0.58
	3.37
	2.62
	1.32
	0.60
	0.50
	12.02

	1993
	4.43
	0.91
	1.44
	1.39
	1.00
	1.00
	1.82
	1.02
	0.45
	0.92
	5.01
	2.41

	1994
	2.62
	1.20
	4.63
	2.39
	1.18
	2.35
	3.48
	2.48
	1.47
	0.72
	0.46
	0.41

	1995
	0.41
	5.92
	3.43
	0.90
	0.30
	0.27
	0.33
	0.21
	0.13
	0.41
	0.69
	0.79

	1996
	8.53
	16.63
	6.28
	0.80
	1.28
	3.35
	2.86
	3.71
	2.57
	1.25
	1.39
	1.07

	1997
	2.12
	1.00
	0.17
	0.36
	0.39
	3.89
	1.62
	0.32
	0.23
	0.34
	0.75
	0.65

	1998
	0.33
	0.47
	0.49
	0.68
	0.92
	1.69
	1.86
	0.87
	0.27
	0.25
	0.41
	0.87

	1999
	2.86
	1.20
	0.16
	3.90
	2.07
	4.38
	1.86
	0.27
	0.13
	0.10
	0.08
	0.13

	2000
	0.40
	3.33
	5.55
	1.93
	0.71
	0.82
	1.58
	0.86
	0.29
	0.49
	1.58
	1.56

	2001
	1.20
	3.11
	1.30
	0.64
	0.36
	0.13
	0.31
	0.36
	0.78
	3.43
	2.64
	4.46

	2002
	1.66
	0.33
	0.75
	0.36
	0.32
	14.24
	5.74
	2.48
	1.59
	0.85
	0.72
	0.47

	2003
	1.09
	0.60
	0.32
	0.55
	0.89
	1.54
	1.23
	0.74
	0.59
	0.54
	0.72
	1.73
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Figure 4.2
A graphic representation of the percentage occurrence of the abiotic states under Scenario 1

4.2.2 BIOTIC COMPONENTS

4.2.2.1 Predicted change in biotic characteristics from the Reference Condition to the Present State, as well as motivate the cause of such changes

	MICROALGAE

	The Goukamma Estuary has hardly changed from that expected for the reference conditions.  The biggest changes have been an increase in the frequency of the mouth closed state (28 compared to 21) and the transition state (50 compared to 57).

In addition, some impacts have been caused by agriculture within the floodplain and the construction of two weirs close to the head of the estuary.  However, it is expected that these changes have had a minimal impact (<5%) on phytoplankton and benthic microalgae in the estuary.

Confidence: Medium

	MACROPHYTES

	Disturbance of the riparian zone by farming activities, the canoe launch site and picnic area have resulted in a small loss of habitat.  The weir in the upper reaches has reduced the extent of the estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference) to 44% (present) and a decrease in flood frequency would increase sediment stability and promote macrophyte growth by approximately 8%.

Nutrient input could increase the growth and distribution of reeds and macroalgae by 7%.  However, nutrients would probably only enter the estuary during the high flow states.  The small increase in nutrients may also promote the growth of weedy/opportunistic species, which would displace other slower growing species.

Mouth closure has increased from 21 to 28% of the time.  The increased residence times would favour nutrient uptake by the macrophytes, which would increase biomass.  The small increase in salinity would probably not affect the macrophytes.

Confidence: Low

	INVERTEBRATES 

	More frequent and irregular periods of mouth closure has probably impacted marginally on some species in the lower estuary through reduced input of particulate food sources.  This will to some extent, be countered by over topping of the estuary mouth.  Since species that require a marine phase of development were probably always absent, there is no change predicted for these species.

There appears to be little change in sediment characteristics when compared to the natural state.  Upstream, occasional inputs of nutrients that lead to slightly higher microalgal biomass would benefit zooplankton.

The presence of small patches of marginal Phragmites beds will provide habitat for larger crustaceans such as Palaemon capensis and Macrobrachium species.  At times when the mouth is closed, the lateral expansion of water will provide a temporary habitat for some invertebrates.

Confidence: Medium

	FISH

	With the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have similarly declining estuarine populations mirroring their coastal distrubution, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from the reference conditions to that of the present day.

There may have been a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.

Overall, fish response to high natural flow variability is still likely to far outweigh any changes that may result from anthropogenic activities in the estuary.

Confidence: Low

	BIRDS

	The estuary is in good condition, with relatively little loss of habitat or human disturbance.  The most noticeable change is the stabilisation of the extensive dunefield at the mouth, which is now invaded by alien vegetation.  Another significant change in habitat is the loss of the braided nature of the channel in the lower estuary to that of a single channel.

These changes would have reduced the attractiveness of the estuary to waders and terns.

There has been relatively little change in the productivity of the system, so waterfowl numbers are unlikely to have been affected.

The marginal vegetation is now heavily invaded by alien trees, but these have replaced indigenous bush, and thus the functionality of the habitat may not have changed much.  Hence there are expected to be no changes to the populations of perching piscivores.

Fish populations are estimated to be close to those considered to be natural, and thus numbers of piscivores are unlikely to have changed much.  The main changes would be due to increases in the regional populations of some species.

Confidence: Low


4.3 PRESENT ECOLOGICAL STATUS OF THE GOUKAMMA ESTUARY 

4.3.1 Abiotic Components

4.3.1.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	92
	For the Goukamma Estuary low flows are defined as months in which river inflow to the estuary is less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under the present state low flows now occur for 44% (~5 months) of the year.

Following the guidelines provided in DWAF (2004) score 92%.
	Low

	b.% Similarity in mean annual frequency of floods
	90
	The reduction in high flows is deemed to be between 5 and 15% depending on the size of the flood.
	Low

	Hydrology score
	91
	
	


4.3.1.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	84
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 28% of the time (~3 months) under the present state.  Following the guidelines provided in DWAF (2004) score 84%.  The method scores mouth closure conservatively.
	Low

	Hydrodynamics and mouth conditions score
	84
	
	


4.3.1.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	92
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 56% of the time (~7 months) under the present state.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 92%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	82
	Under the present state activities in the catchment increased DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations did not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under the Present State these states occur for 56% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 56/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 3 months under the present state reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 8%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 8*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	87
	Turbidity levels in the estuary have probably not changed significantly from the reference condition to the present state.  There is a slight possibility that these will increase due to land-use activities in the catchment.  Allow for a 5% modification.

However, with a reduction in freshwater inflow, the overall transparency in the system probably increased (due to it being a black water system).  State 3 (transition) and State 4 (freshwater dominated), when freshwater inflow is significant, decreased from 8 months under the reference condition to 7 months under the present state.  Using guidelines provided in (DWAF, 2004) these reflect a modification of 8%.

Final score = 100 – (5+8)
	Low

	2c. 
Dissolved oxygen in the estuary
	92
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence time, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary may become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) increased from 4 months (reference condition) to 5 months (present state).  Using guidelines provided in DWAF (2004) these reflect a modification of 8%.
	Low

	2d. 
Levels of toxins
	90
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals (pesticides) although there are no data to verify this.  Allow for a 10% modification.
	Low

	Water Quality score
	86
	
	


4.3.1.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% Similarity in intertidal area exposed 
	85
	Allow for a 10% change in the intertidal area due changes in floods and land use.  Allow an additional 5% for stabilisation of the dune field along the eastern bank.
	Low

	1b
	% Similarity in sand fraction relative to total sand and mud
	95
	Allow for a 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
	90
	Allow for a 10% change in the intertidal area due to changes in floods, land use and artificial breaching.
	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 
	50


	Sedimentation may have occurred due to change of 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 
	50


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


4.3.2 Biotic Component

4.3.2.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	95
	On one hand the nutrient concentrations have increased, particularly at flows above 0.8 m3/s, and on the other the mouth is closed more frequently due to reduced river flow.  It is unlikely that phytoplankton biomass has increased significantly, allow for a 5% increase.
	Low

	2b. Community composition
	92
	There has been a slight decrease in river flow and floods, which has resulted in the mouth of the estuary closing more frequently.  As a result, there are fewer periods of vertical salinity stratification and less river water entering the estuary.  This favours a shift to a more stable and saline environment dominated by small flagellates and diatoms.  River flow and the closed mouth state have changed by 8%.
	Low

	Benthic microalgae

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	95
	Turbidity has decreased, nutrients have increased, the intertidal area has changed due to land use and reduced floods, and land use and artificial breaching practices have affected stabilisation of the east bank and the subtidal morphology.  However, the sediment type and the organic load entering the estuary are very low.  As a result, it is unlikely that there has been a large change in MPB biomass. Allow for a 5% change.
	Low

	2b. Community composition
	87
	The mouth of the estuary closes more frequently (8%) resulting in more frequent flooding of the intertidal sediments, thus the water column becomes clearer. In addition, there may be been a 5% change in sediment type due to land use.  Allow for a 13% change.
	Low

	Microalgae score
	87
	
	


4.3.2.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(93%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Disturbance of the riparian zone and competition from invasive species may have decreased species richness.
	Low

	2a. Abundance/Biomass
	95
	Disturbance of the riparian zone and a weir in the upper reaches has reduced the estuarine habitat by 10%.  The increase in low flow conditions from 36% under the reference condition to 44% under present day conditions ,and a decrease in flooding would increase sediment stability and promote macrophyte growth (8%).  Nutrient input could increase the growth and distribution of reeds and macroalgae (5%).  Mouth closure has increased from 21 to 28% of the time.  The increased residence times would favour nutrient uptake by macrophytes, which would increase their biomass (2%).
	Low

	2b. Community composition
	87
	Disturbance of the riparian zone (10%) and the increase in nutrients (3%) may promote the growth of weedy and invasive species resulting in a small change in community composition.
	Low

	Macrophytes score
	87
	
	


4.3.2.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	Although there has been a 15 – 20% decrease in river inflow, zooplankton species richness is unlikely to have changed.  Chlorophyll a levels may have pulsed slightly, but this is unlikely to influence richness.
	Low

	2a. Abundance
	90
	Abundance levels have probably increased marginally at times, due to nutrient inflow due to farming activities adjacent to the estuary. This pattern is likely to be pulsed.
	Low

	2b. Community composition
	90
	Marginal change, if any, due to the pulsed chlorophyll-a elevations.
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	Although there has been a 15 – 20% decrease in river inflow, zoobenthic species richness is unlikely to have changed.  Chlorophyll a levels may have increased slightly, but this is unlikely to have influenced richness.
	Low

	2a. Abundance
	90
	Since sediment characteristics have not changed significantly (particularly in the lower estuary), it is unlikely that the abundance of the zoobenthos has changed.  Allow for a small decrease due to increased mouth closure, some nutrients will still enter the estuary due to overtopping, which will counter the negative effects on nutrient inflow caused by mouth closure.  There is a small increase in abundance for some subtidal species due to mouth closure, lateral inundation caused by mouth closure and longer periods of marginal inundation.
	Low

	2b. Community composition
	90
	A small change in composition, for the above reasons.
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc.)

	1. Species richness
	100

(100%)
	Although there has been a 15 – 20% decrease in river inflow, zoobenthic species richness is unlikely to have changed.  Chlorophyll a levels may have increased slightly, but this is unlikely to have influenced richness.
	Low

	2a. Abundance
	90
	Since sediment characteristics have not changed significantly (particularly in the lower estuary), it is unlikely that abundance of the zoobenthos has changed significantly.  Allow for a small decrease due to increased mouth closure.  There is a small increase in abundance for some subtidal species due to mouth closure and longer periods of marginal inundation.
	Low

	2b. Community composition
	90
	A small change in composition, for the above reasons.
	Low

	Invertebrates score
	90
	
	


4.3.2.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90

(95%)
	There has been a slight increase in the frequency of mouth closure but the mouth is still open for long enough during the peak recruitment periods.  The occurrence of estuarine independent marine species may be slightly less.  One alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast-wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from reference to that of the present day.

There may have been a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.

Overall, fish response to high natural flow variability is still likely to far outweigh that due to anthropogenic changes in the estuary.
	Low

	2b. Community composition
	90
	The composition of the fish assemblage is still typical of an oligotrophic, temporarily open/closed blackwater system.  There may be fewer piscivorous predators as they’re mostly species nationally overexploited.
	Low

	Fish score
	90
	
	


4.3.2.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90

(95%)
	There has been a very slight decrease in species, due to habitat changes at the mouth.
	Low

	2a. Abundance
	90
	Changes at the mouth would have reduced the attractiveness of the estuary for waders and terns in particular.

There has been relatively little change in the productivity of the system, so waterfowl numbers are unlikely to have been affected.

Alien trees now heavily invade the marginal vegetation, but these have replaced indigenous bush, thus the functionality of the habitat may not have changed much.  Therefore the abundance of perching piscivores may not have changed much.

Fish populations are estimated to be close to that for reference conditions and thus numbers of piscivores are unlikely to have changed much.  The main changes would be due to increases in the regional populations of some species.
	Low

	2b. Community composition
	90
	A slightly greater loss of waders and terns relative to other species.
	Low

	Bird score
	90
	
	


4.3.3 Anthropogenic activities

The table below indicates the percentage of overall change predicted to the present state when compared to that of the reference condition with reference to components that are non-flow related.

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

	Water Quality
	50%
	Anthropogenic activities (e.g. nutrients and pesticides) contribute significantly to water quality modification in the estuary.  In addition there are changes associated with increased in mouth closure and water residence time.
	Low

	Microalgae
	10%
	Reduced river flows that cause the mouth to close more frequently far outweigh the anthropogenic activities.  Allow for a 10% change related to water quality and the two weirs and the Buffelsbaai Road.
	Low

	Macrophytes
	17% 
	Anthropogenic activities have caused habitat loss (10%) and increased nutrient input (7%) leading to an increase in macrophyte biomass.
	Low

	Invertebrates
	50%
	Increased nutrient input will favour the invertebrates through greater suspended food material.
	Low

	Fish
	10 
	The abundance of larger species (e.g. dusky kob A. japonicus) is a reflection of their being overexploited.  Weirs in the upper reaches inhibit the upstream movement of species such as freshwater mullet Myxus capensis and Cape Moony Monodactylus falciformis.  There is little change in the fish assemblage from reference but mostly flow-related.
	Low

	Birds
	50 
	Alien vegetation encroachment, human disturbance and changes in regional populations probably account for 50% of the change.
	Low


4.4 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 4.5.

Table 4.5
Estuarine Health Index (EHI) scores

	Variable
	Weight
	Score
	Weighted score

	Hydrology
	25
	91
	23

	Hydrodynamics and mouth condition
	25
	84
	21

	Water quality
	25
	86
	22

	Physical habitat alteration
	25
	90
	23

	Habitat health score
	
	
	88

	Microalgae
	20
	17
	17

	Macrophytes
	20
	17
	17

	Invertebrates
	20
	18
	18

	Fish
	20
	18
	18

	Birds
	20
	18
	18

	Biotic health Score
	
	
	89

	Estuarine Health Index score
	88


The Estuarine Health Index score for the Goukamma Estuary, based on its present state, is 88, translating into a Present Ecological Status of a A/B
, i.e. in the transition zone between an A and B category as indicated in Table 4.6.

Table 4.6
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


5 RECOMMENDED ECOLOGICAL CATEGORY OF THE GOUKAMMA ESTUARY

The Biodiversity Importance score of the Goukamma Estuary on a national scale is calculated as 83, as indicated in Table 5.1 (Turpie 2004).

Table 5.1
 Biodiversity Importance scores

	Criterion
	Weight
	Score

	Plants
	30
	50

	Invertebrates
	10
	100

	Fish
	30
	90

	Birds
	30
	80

	Weighted mean
	76

	Maximum
	100

	Score = (mean + max)/2
	83


The Functional importance score of the Goukamma on a regional scale is estimated to be 60, since the estuary is an important nursery for fish.  The estuary is also an important movement corridor for invertebrates and fish breeding in sea, especially eels, as indicated in Table 5.2.

Table 5.2
Functional importance scores

	Functional importance
	Score

	Export of organic material generated in the estuary (regional scale)
	20

	Nursery function for fish and crustaceans (marine /riverine)
	60

	Movement corridor for river invertebrates and fish breeding in sea
	60

	Roosting area for marine or coastal birds
	20

	Catchment detritus, nutrients and sediments to sea
	20

	Functional importance score (Maximum score)
	60


The Estuarine Importance scores allocated to the Goukamma Estuary were as follows (Table 5.3) (Turpie and Clarke 2007).

Table 5.3
Estuarine Importance scores

	Criterion
	Weight
	Score
	Weighted score

	Size
	15
	70
	11

	Zonal Type Rarity
	10
	10
	1

	Habitat diversity
	25
	40
	10

	Biodiversity importance
	25
	83
	21

	Functional importance
	25
	60
	15

	Estuarine Importance Score
	57


The overall Estuarine Importance Score for the Goukamma Estuary, based on its present state, is 57, signifying that the estuary is of average importance, as in Table 5.4.

Table 5.4
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 5.5. 

Table 5.5
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 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 5.6).

Table 5.6
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 lower reaches of the Goukamma Estuary fall within the Goukamma Marine Protected Area.  The Department of Environmental Affairs and Tourism (DEAT) Branch: Marine and Coastal Management is currently in the process of investigating the possibility of declaring the entire estuary part of the Goukamma Marine Protected Area as part of the development of a regional conservation plan for the cool and warm temperate estuaries.  Turpie and Clarke (2007) also recommended that the Goukamma Estuary be included in the core set of estuaries that needs to be protected to meet biodiversity targets in South Africa.  The conservation plan stipulates that 50% of the terrestrial marinal area be included as a no-development area and that the recommended ecological water requirement category be an A or B.

This study concluded that the pressures currently contributing to the degraded health of the Goukamma Estuary are poor water quality, fishing, structures in the intertidal area and flow reduction.  A number of these impacts can be reversed with little effort and cost.

Therefore based on the recommended health status for a protected area and the ease with which this can be achieved for the Goukamma Estuary that the REC for the Goukamma Estuary is a Category A.

6 QUANTIFICATION OF THE ECOLOGICAL WATER REQUIREMENT RUNOFF SCENARIOS 

6.1 SIMULATED RUNOFF SCENARIOS

Simulated Monthly Runoff was supplied to the estuarine team by Ninham Shand (Brown et al 2008).  A summary of the mean annual runoffs (MAR) of the various simulated monthly runoff scenarios used for this rapid RDM is in Table 6.1.  For a more complete description of the various runoff scenarios evaluated in this study refer to Brown et al (2008) which provide detail on the process followed in generating the scenarios.

Table 6.1
A summary of the simulated runoff scenarios evaluated as part of the Goukamma Rapid RDM study 

	Name
	Description
	MAR (million m3/annum)
	Percentage

	Reference
	Reference condition
	57.5
	100.0

	Present
	Present state
	48.8
	84.9

	Future Scenario 1
	Reduce afforestation in the catchment from present state levels 
	53.2
	92.4

	Future Scenario 2
	Increase abstraction by 0.25 m3/s with a average annual abstraction yield of 4 million m3 
	44.6
	77.5

	Future Scenario 3
	Increase abstraction by 0.5 m3/s with a average annual abstraction yield of 7 million m3 
	41.8
	72.6

	Future Scenario 4
	Increase abstraction by 2.0 m3/s with a average annual abstraction yield of 15 million m3
	33.7
	58.6

	Future Scenario 5
	Dam development: 48 million m3 capacity with a firm yield of 17.9 million m3
	30.4
	52.9

	Future Scenario 6
	Dam development: 72 million m3 capacity with a firm yield of 25.1 million m3
	23.1
	40.1

	Future Scenario 7
	Similar to Future Scenario 1, but with reduced nutrient input, removal of weirs and relocation of Bufflesbaai Road
	53.2
	92.4


* Total abstraction from the system is limited by the assumptions made regarding the storage capacity in the catchment.

To assess the occurrence and duration of the different abiotic states selected for the estuary during the different scenarios, a number of techniques were used, including:

· Colour coding was used for the full tables of simulated monthly river flow reaching the estuary for each scenario to highlight the occurrences of the different abiotic states related to the different flow ranges.

· Summary tables of the occurrences of different flows at increments of the 10%ile are listed separately to provide a quick comprehensive overview.

· To provide a conceptual overview of the annual distribution of abiotic states under the different scenarios, median (50%ile) monthly flows were used.  The occurrence of different abiotic states is indicated on the median concentrations.

· Drought flows are represented by the 10%ile occurrence of simulated monthly flows.

6.2 FUTURE SCENARIO 1: REDUCE AFFORESTATION

6.2.1 Abiotic Components 

6.2.1.1 Seasonal variability in river inflow:

The occurrences of the flow distributions (mean monthly flows in m3/s) under Scenario 1 to the Goukamma Estuary, derived from a 84-year simulated data set, are provided in Table 6.1.  The full 84-year series of simulated monthly runoff data for Scenario 1 is provided in Table 6.2.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 6.1.

Table 6.2
A summary of the monthly flow distribution under Scenario 1

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

	99%ile
	8.21
	12.84
	7.99
	8.04
	7.05
	11.65
	9.38
	16.98
	6.89
	7.35
	11.27
	11.48

	90%ile
	5.03
	5.20
	3.09
	2.22
	2.60
	3.52
	3.99
	3.38
	2.80
	2.80
	4.25
	4.28

	80%ile
	3.50
	3.51
	2.04
	1.58
	1.60
	2.33
	2.24
	1.99
	1.42
	1.60
	2.37
	3.23

	70%ile
	2.64
	2.53
	1.43
	1.26
	1.19
	1.96
	1.49
	1.41
	1.19
	1.37
	1.59
	2.13

	60%ile
	2.14
	1.67
	1.20
	0.80
	0.98
	1.40
	1.33
	1.09
	0.98
	1.08
	1.37
	1.78

	50%ile
	1.51
	1.20
	0.97
	0.61
	0.83
	1.00
	0.99
	0.79
	0.83
	0.83
	1.16
	1.47

	40%ile
	1.34
	1.02
	0.68
	0.49
	0.59
	0.78
	0.84
	0.71
	0.70
	0.69
	0.93
	1.14

	30%ile
	1.08
	0.91
	0.45
	0.34
	0.45
	0.58
	0.69
	0.52
	0.54
	0.50
	0.68
	0.94

	20%ile
	0.86
	0.56
	0.33
	0.27
	0.30
	0.42
	0.52
	0.41
	0.38
	0.39
	0.57
	0.69

	10%ile
	0.66
	0.39
	0.23
	0.18
	0.18
	0.26
	0.30
	0.28
	0.21
	0.29
	0.42
	0.45

	1%ile
	0.34
	0.23
	0.05
	0.07
	0.07
	0.10
	0.13
	0.11
	0.08
	0.16
	0.22
	0.28


6.2.1.2 Scenario 1 flood regime

The Scenario 1 flood regime was 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 indicated that there was ~ 5% decrease in floods to the estuary. This reduction would be smaller for very large floods.

Confidence: Low

6.2.1.3 Scenario 1 sediment processes

The hydrological data indicated that the magnitude and occurrence of major floods was hardly reduced.  This also means that the flushing of sediments during flood events would hardly be reduced.  It is therefore likely that the sedimentation in the estuary would be not much different from what it was under the reference condition.  The estuary would probably still go through natural cycles of accumulation between floods and scouring during major floods.  There may be some increased erosion in the catchment causing some siltation in the estuary.  Artificial breaching at lower water levels may also have caused some siltation in the lower reaches.

Confidence: Low

Table 6.3
Simulated monthly flow to the Goukamma Estuary for the Future Scenario 1 in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.50
	0.52
	2.30
	0.93
	2.44
	3.51
	2.57
	1.24
	0.79
	0.83
	0.73
	1.23

	1921
	0.88
	1.02
	2.40
	1.88
	0.88
	1.01
	5.27
	2.77
	1.09
	1.93
	1.52
	1.52

	1922
	2.50
	4.26
	1.41
	0.94
	0.61
	0.30
	1.40
	2.06
	1.39
	0.61
	0.54
	0.48

	1923
	0.65
	1.36
	0.65
	0.37
	0.42
	0.27
	0.44
	0.51
	0.53
	0.33
	1.26
	2.94

	1924
	1.46
	1.08
	1.71
	0.88
	0.26
	1.74
	1.39
	0.78
	0.97
	0.69
	1.49
	11.63

	1925
	4.95
	1.19
	0.99
	0.45
	0.26
	1.40
	0.88
	0.45
	0.94
	1.11
	0.96
	0.94

	1926
	1.37
	3.61
	1.20
	0.18
	0.91
	0.47
	0.18
	0.80
	0.59
	0.28
	0.62
	0.57

	1927
	0.52
	0.47
	0.21
	0.25
	0.57
	3.52
	2.32
	0.73
	0.43
	0.31
	0.59
	1.16

	1928
	0.77
	3.51
	2.32
	0.50
	0.44
	0.59
	0.54
	0.68
	0.67
	1.52
	2.25
	1.79

	1929
	1.19
	0.54
	0.50
	0.51
	5.45
	2.55
	0.84
	1.27
	1.30
	1.17
	1.95
	1.75

	1930
	1.34
	0.60
	0.51
	1.90
	1.02
	0.36
	1.14
	0.73
	0.34
	1.26
	1.27
	1.82

	1931
	3.32
	1.33
	13.62
	7.82
	4.10
	1.58
	0.50
	0.75
	0.97
	0.82
	0.61
	9.55

	1932
	5.08
	1.51
	0.39
	0.04
	0.40
	0.96
	0.99
	0.87
	0.66
	0.44
	4.36
	2.05

	1933
	0.40
	1.34
	0.50
	0.27
	0.65
	1.41
	0.69
	0.24
	0.19
	1.48
	1.38
	1.11

	1934
	5.07
	3.51
	0.75
	0.27
	1.08
	0.60
	1.34
	16.90
	7.17
	1.49
	1.41
	3.14

	1935
	2.27
	2.93
	2.15
	0.80
	1.04
	0.88
	0.47
	1.41
	0.95
	1.41
	0.97
	1.72

	1936
	1.35
	4.65
	1.93
	0.52
	1.01
	3.52
	1.48
	0.21
	0.27
	1.09
	0.94
	1.81

	1937
	1.41
	1.48
	1.34
	0.95
	0.29
	0.39
	0.77
	0.53
	0.39
	0.34
	0.49
	1.14

	1938
	1.37
	2.71
	1.43
	0.28
	2.61
	2.08
	0.81
	0.20
	0.05
	2.37
	5.92
	3.74

	1939
	1.42
	0.91
	0.60
	1.88
	6.51
	2.96
	0.88
	0.48
	0.39
	0.41
	0.29
	1.04

	1940
	0.95
	0.84
	0.26
	0.38
	0.63
	0.43
	4.39
	1.95
	1.08
	0.77
	0.43
	0.69

	1941
	2.16
	1.86
	3.44
	3.78
	1.36
	1.71
	1.12
	1.75
	1.42
	0.86
	0.87
	0.71

	1942
	1.42
	1.18
	1.71
	2.22
	1.09
	1.96
	1.08
	0.37
	0.27
	0.22
	1.14
	5.41

	1943
	2.88
	6.10
	3.25
	0.55
	0.46
	1.09
	0.84
	6.17
	3.16
	2.82
	1.74
	4.26

	1944
	2.09
	0.57
	0.30
	0.18
	0.11
	0.10
	0.10
	5.23
	4.80
	1.73
	1.24
	1.02

	1945
	2.38
	1.15
	0.45
	0.67
	0.98
	4.79
	2.09
	0.34
	0.22
	0.37
	0.43
	0.74

	1946
	0.66
	0.35
	0.16
	0.17
	0.25
	2.24
	1.27
	0.80
	0.93
	3.59
	1.59
	2.27

	1947
	1.70
	0.97
	0.29
	2.61
	1.44
	0.48
	2.10
	1.10
	0.39
	0.35
	0.33
	1.16

	1948
	3.98
	1.98
	1.17
	1.88
	1.50
	0.42
	0.74
	1.46
	0.80
	0.23
	0.26
	0.91

	1949
	0.79
	6.39
	2.18
	0.14
	0.36
	0.43
	0.42
	0.34
	0.16
	2.76
	2.47
	1.84

	1950
	2.64
	12.20
	5.85
	9.11
	3.67
	0.77
	0.40
	0.50
	1.25
	5.82
	3.86
	3.29

	1951
	1.24
	0.14
	0.03
	1.42
	1.20
	0.41
	0.89
	1.19
	1.05
	1.02
	3.09
	8.19

	1952
	3.65
	1.14
	1.16
	0.62
	2.28
	0.91
	0.73
	0.44
	3.81
	4.41
	6.54
	3.45

	1953
	8.93
	5.09
	1.39
	0.28
	0.06
	0.74
	1.32
	3.57
	2.00
	1.87
	17.27
	6.97

	1954
	0.92
	5.24
	1.80
	1.26
	9.70
	3.48
	0.67
	0.51
	0.66
	0.75
	0.71
	1.03

	1955
	1.89
	4.49
	1.44
	0.50
	0.96
	2.31
	1.39
	3.50
	1.60
	0.32
	0.27
	0.66

	1956
	4.11
	2.51
	2.04
	0.79
	1.54
	1.39
	0.68
	0.63
	1.44
	1.01
	1.51
	4.29

	1957
	2.17
	0.47
	0.27
	0.34
	0.26
	1.96
	1.43
	1.87
	1.37
	0.50
	1.51
	1.02

	1958
	0.83
	0.51
	0.41
	4.65
	2.43
	2.37
	4.32
	2.22
	0.73
	1.48
	5.78
	2.68

	1959
	4.84
	2.09
	0.79
	2.13
	0.87
	4.59
	2.54
	1.34
	1.29
	1.09
	0.69
	2.12

	1960
	1.28
	0.94
	1.29
	0.62
	0.42
	2.84
	2.19
	1.66
	0.94
	0.50
	0.75
	0.93

	1961
	1.22
	0.86
	0.45
	1.57
	0.97
	2.24
	1.39
	0.46
	0.21
	0.18
	10.04
	4.04

	1962
	3.43
	3.60
	1.02
	1.48
	0.75
	11.22
	4.63
	0.83
	0.55
	1.04
	0.96
	0.52

	1963
	0.66
	0.42
	1.17
	1.40
	0.84
	0.67
	0.89
	0.53
	2.46
	1.36
	1.64
	9.79

	1964
	3.57
	0.99
	0.30
	0.16
	0.16
	1.80
	1.04
	1.04
	0.96
	0.75
	0.53
	0.37

	1965
	6.87
	7.29
	2.84
	1.28
	1.70
	0.57
	0.58
	1.29
	0.83
	0.34
	2.02
	1.86

	1966
	0.81
	0.31
	0.91
	0.33
	1.35
	2.12
	9.53
	7.92
	2.56
	1.39
	1.36
	1.44

	1967
	1.08
	1.10
	0.42
	0.07
	0.07
	0.99
	0.78
	0.74
	5.93
	2.30
	1.14
	1.69

	1968
	1.67
	3.03
	1.01
	0.49
	0.49
	1.17
	0.80
	0.29
	1.19
	1.00
	0.79
	0.79

	1969
	1.34
	0.61
	0.06
	0.18
	1.34
	0.58
	0.14
	0.08
	0.14
	0.24
	2.37
	1.49

	1970
	1.05
	0.46
	6.83
	2.44
	1.32
	1.67
	2.47
	3.03
	1.53
	7.23
	7.53
	2.35

	1971
	0.56
	1.92
	0.69
	0.28
	3.10
	1.67
	0.67
	0.70
	0.82
	0.73
	1.60
	1.17

	1972
	0.46
	0.26
	0.15
	0.18
	0.18
	0.35
	0.95
	0.76
	0.55
	0.46
	0.52
	0.68

	1973
	0.46
	0.82
	0.41
	1.54
	1.71
	2.02
	0.93
	1.81
	1.18
	0.40
	2.08
	1.74

	1974
	0.82
	0.99
	0.32
	0.61
	0.48
	0.73
	0.58
	0.32
	0.41
	0.84
	1.57
	4.04

	1975
	1.51
	0.77
	0.74
	0.35
	0.45
	0.92
	0.48
	0.70
	0.78
	1.57
	1.32
	0.91

	1976
	6.99
	5.61
	1.70
	0.27
	4.99
	2.48
	0.64
	6.68
	3.00
	0.52
	0.80
	1.82

	1977
	1.27
	1.45
	0.56
	0.28
	0.11
	0.13
	0.35
	0.30
	0.77
	0.56
	0.67
	0.69

	1978
	0.97
	2.10
	0.97
	0.87
	0.58
	0.28
	0.17
	1.00
	0.99
	3.75
	3.57
	3.18

	1979
	1.18
	0.25
	0.09
	0.46
	0.24
	0.11
	0.57
	0.52
	0.82
	0.62
	0.54
	1.37

	1980
	3.14
	2.84
	2.03
	7.38
	3.06
	5.49
	6.75
	17.35
	6.84
	1.30
	9.51
	4.20

	1981
	3.45
	1.72
	1.23
	0.63
	0.58
	0.87
	9.35
	3.37
	1.16
	1.65
	1.18
	2.98

	1982
	2.48
	0.95
	0.29
	0.10
	0.30
	0.26
	0.31
	0.51
	4.52
	7.98
	2.83
	1.53

	1983
	2.72
	2.00
	0.97
	0.38
	0.28
	1.31
	0.69
	0.31
	0.34
	1.67
	1.09
	0.45

	1984
	1.94
	1.01
	0.84
	1.28
	1.68
	0.75
	1.00
	0.66
	0.61
	1.49
	0.93
	0.45

	1985
	5.39
	3.28
	2.50
	1.26
	0.45
	0.28
	0.24
	0.12
	0.09
	0.22
	4.01
	2.09

	1986
	3.62
	1.82
	0.47
	0.64
	0.54
	0.57
	4.60
	1.86
	0.72
	0.52
	1.21
	8.53

	1987
	3.13
	0.28
	0.34
	0.26
	0.18
	0.20
	1.57
	1.30
	1.01
	0.63
	0.95
	1.10

	1988
	0.91
	0.45
	0.33
	0.22
	0.15
	0.24
	2.43
	1.17
	0.38
	0.45
	0.37
	0.32

	1989
	5.78
	5.71
	1.38
	0.20
	2.58
	1.01
	1.94
	1.50
	2.90
	1.31
	0.53
	0.51

	1990
	1.73
	1.30
	0.38
	0.34
	0.72
	0.45
	0.30
	0.26
	0.49
	0.75
	0.65
	0.37

	1991
	2.91
	1.21
	1.72
	0.75
	0.98
	0.81
	0.50
	0.88
	1.00
	3.98
	3.29
	1.26

	1992
	7.97
	4.24
	0.69
	1.58
	0.97
	0.53
	3.09
	2.39
	1.21
	0.56
	0.47
	11.45

	1993
	4.21
	0.86
	1.32
	1.26
	0.91
	0.92
	1.66
	0.92
	0.42
	0.84
	4.55
	2.22

	1994
	2.43
	1.11
	4.36
	2.23
	1.09
	2.16
	3.20
	2.28
	1.38
	0.69
	0.45
	0.39

	1995
	0.38
	5.58
	3.19
	0.81
	0.26
	0.24
	0.29
	0.16
	0.11
	0.37
	0.61
	0.70

	1996
	8.07
	15.99
	5.98
	0.72
	1.19
	3.08
	2.63
	3.38
	2.38
	1.18
	1.32
	1.02

	1997
	1.98
	0.93
	0.12
	0.31
	0.34
	3.59
	1.48
	0.29
	0.19
	0.32
	0.67
	0.57

	1998
	0.28
	0.42
	0.41
	0.58
	0.82
	1.52
	1.68
	0.78
	0.23
	0.23
	0.37
	0.79

	1999
	2.59
	1.05
	0.12
	3.63
	1.90
	4.06
	1.71
	0.24
	0.11
	0.08
	0.05
	0.10

	2000
	0.35
	3.05
	5.16
	1.77
	0.63
	0.74
	1.43
	0.77
	0.26
	0.45
	1.42
	1.41

	2001
	1.08
	2.87
	1.18
	0.57
	0.31
	0.10
	0.28
	0.31
	0.70
	3.08
	2.37
	4.05

	2002
	1.51
	0.30
	0.68
	0.29
	0.28
	13.75
	5.49
	2.27
	1.46
	0.79
	0.68
	0.44

	2003
	1.00
	0.53
	0.27
	0.48
	0.79
	1.39
	1.12
	0.67
	0.54
	0.49
	0.66
	1.57
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Figure 6.1
A graphic representation of the percentage occurrence of the abiotic states under Scenario 1

6.2.2 Abiotic EHI for the future Scenario 1

6.2.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	92
	For the Goukamma River Estuary, low flows are defined as months in which river inflow to the estuary are less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under Scenario 1 low flows occur for 40% (~5 months) of the year.

Following the guidelines provided in DWAF (2004) score 92%.
	Low

	b.% Similarity in mean annual frequency of floods
	95
	The reduction in high flows is deemed to be between 5 and 10% depending on the size of the flood.
	Low

	Hydrology score
	93
	
	


6.2.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	89
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 24% of the time (~3 months) under the future Scenario 1.  Following the guidelines provided in DWAF (2004) score 89% (Note: method scores mouth closure conservatively).
	Low

	Hydrodynamics and mouth conditions score
	89
	
	


6.2.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	92
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 59% of the time (~7 months) under the future Scenario 1.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 92%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	81
	Under Scenario 1 activities in the catchment increase DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 1 these states occur for 59% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 59/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 3 months under Scenario 1 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 8%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 8*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	87
	Turbidity levels in the estuary have probably not changed significantly from the reference condition to the present state.  There may be a slight increase associated with land use activities in the catchment.  Allow for a 5% modification.

However, with a reduction in freshwater inflow, the overall transparency in the system probably increased (black water system).  State 3 (transition) and State 4 (freshwater dominated), when freshwater inflow is significant, decreased from 8 months under the reference condition to 7 months under Scenario 1.  Using guidelines provided in (DWAF, 2004) these reflect a modification of 8%.

Final score = 100 – (5+8)
	Low

	2c. 
Dissolved oxygen in the estuary
	92
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence time, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary can become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) increased from 4 months (reference condition) to 5 months (Scenario 1).  Using guidelines provided in DWAF (2004) these reflect a modification of 8%.
	Low

	2d. 
Levels of toxins
	90
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals (pesticides) although there are no data to verify this.  Allow a 10% modification.
	Low

	Water Quality score
	85
	
	


6.2.2.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% Similarity in intertidal area exposed 
	90
	Allow 5% change in the intertidal area due changes in floods and land use.  A reduction in afforestation would allow for a more natural hydrograph and can reduce erosion in the catchment.  Allow an additional 5% for stabilisation of the dune field along the eastern bank.
	Low

	1b
	% Similarity in sand fraction relative to total sand and mud
	95
	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
	95
	Allow 5% change in the intertidal area due to changes in floods, land use and artificial breaching.  A reduction in afforestation would allow for a more natural hydrograph and can reduce erosion in the catchment.
	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
	50


	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
	50


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


6.2.3 Biotic Components

6.2.3.1 Predicted change in biotic characteristics of the future Scenario 1 compared with the reference condition, as well as the causes of these changes

	MICROALGAE

	River flow and flood frequency/intensity has increased slightly in this scenario.  The mouth of the estuary is less likely to close (4% change from natural) and there may be a slight (~2%) increase in nutrients in the estuary.  As a result, phytoplankton biomass is expected to increase slightly (~2%) from the present.  The increased flow should support a slight increase in the presence of dinoflagellates due to the mouth opening more frequently and more chlorophytes and freshwater diatoms should be imported in the riverwater.  The intertidal and subtidal environments should be more similar to the reference state (5% improvement from present) but the sand content should remain unchanged.  As a result, the intertidal zone should become exposed during low tides more frequently supporting a slightly higher benthic microalgal biomass.  The community composition should be more similar to natural due to the more frequent mouth openings and the slightly more turbid water column.

Confidence: Low

	MACROPHYTES

	Scenario 1 is an improvement in conditions compared to the present state as afforestation will be reduced which will increase the MAR to the estuary.  Disturbance of the riparian zone by farming activities, the canoe launch site and picnic area have resulted in a small loss of habitat.  The weir in the upper reaches has reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference) to 40% (Scenario 1) and decrease in floods would increase sediment stability and promote macrophyte growth (4%).  Nutrient input could increase the growth and distribution of reeds and macroalgae (8%).  However nutrients would probably only enter the estuary during the high flow states.  The small increase in nutrients may also promote the growth of weedy/opportunistic species which would displace other slower growing species.  Mouth closure has increased from 21 to 24% of the time.  The increased residence times would favour nutrient uptake by the macrophytes which would increase biomass.  The small increase in salinity would probably not affect the macrophytes.

Confidence: Medium

	INVERTEBRATES  

	The invertebrate community is predicted to change little from the natural state.  Compared to the present condition, baseflow has improved and the duration of an open mouth vs a closed mouth is also closer to natural.  Increased phytoplankton production will also be greater compared to that of the present.  Together with a longitudinal salinity gradient that follows a more natural pattern, abundance and zonation of invertebrates along the estuary will have a greater similarity to the natural state compared to present.  There will also be an increase in the subtidal macrophyte coverage and this will favour species that prefer vegetated areas (e.g. numerous species of isopods and amphipods).  In the upper estuary, stronger baseflow compared to present state, will favour species such as the carid shrimp, Palaemon capensis and species of Macrobrachium.

Confidence: Medium

	FISH

	As with the present day, with the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast-wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from reference to Scenario 1.

There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.

Overall, the slight (3%) increase in mouth closure is unlikely to impact much on fish recruitment in response to high natural flow variability and is still likely to far outweigh that due to anthropogenic changes in the estuary.

Confidence: Low

	BIRDS

	Under this scenario there is increased mouth closure, especially in summer.  Vegetation increases, and the system is slightly more productive.  The estuary is fuller, possibly creating more backwater habitats.  Fish are more abundant.

There is not likely to be a significant effect on resident wader species and beach roosts, or at worst, there could be a slight decrease.  Numbers of wading birds could increase due to increased fish abundance and presence of backwater habitats.   There could be a slight increase in waterfowl due to the increase in productivity.  Migratory waders will decline in number.

Confidence: Low


6.2.4 Biotic EHI for the future Scenario 1

6.2.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	97
	River flow and flood frequency/intensity has increased slightly in this scenario.  The mouth of the estuary is less likely to close (a 4% change from that of the reference condition) and there may be a slight (~2%) increase in nutrients in the estuary.  As a result, phytoplankton biomass is expected to increase slightly (~2%) from that of the present.
	Low

	2b. Community composition
	91
	The increased flow should support a slight increase in the presence of dinoflagellates due to the mouth opening more frequently and more chlorophytes and freshwater diatoms should be imported in the river water.  Allow for a 4% increase over present.
	Low

	Benthic microalgae

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	97
	The intertidal and subtidal environments should be more similar to the reference state (a 5% improvement from the present state) but the sand content should remain unchanged.  As a result, the intertidal zone should become exposed during low tides more frequently possibly supporting a slightly higher benthic microalgal biomass.
	Low

	2b. Community composition
	91
	The community composition should be more similar to that of the reference conditions due to the more frequent mouth openings and the slightly more turbid water column.  Allow for a 4% increase over the present state.
	Low

	Microalgae score
	91
	
	


6.2.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(95%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Disturbance of the riparian zone and competition from invasive species may have decreased species richness.
	Low

	2a. Abundance/Biomass
	98
	Disturbance of the riparian zone and a weir in the upper reaches has reduced estuarine habitat by 10%.  The increase in low flow conditions from 36% (reference condition) to 40% (Scenario 1) and decrease in floods would increase sediment stability and promote macrophyte growth (4%).

Nutrient input could increase the growth and distribution of reeds and macroalgae (4%).  Mouth closure has increased from 21 to 24% of the time.  The increased residence times would favour nutrient uptake by the macrophytes which would increase biomass (1%).
	Low

	2b. Community composition
	88
	Disturbance of the riparian zone (10%) and the increase in nutrients may promote the growth of weedy and invasive species resulting in a small change in community composition (2%).
	Low

	Macrophytes score
	88
	
	


6.2.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	Although there has been a 15 – 20% decrease in river inflow, zooplankton species richness is unlikely to have changed.  Chlorophyll a levels may have pulsed slightly, but this is unlikely to influence richness.
	Low

	2a. Abundance
	95
	Abundance levels have probably increased marginally compared to that of the present state, due to increased nutrient inflow associated with increased baseflow.  In localized areas, some nutrients from adjacent farming activities will result in pulses of nutrients entering the system.

Typical estuarine zooplankton are also likely to increase slightly compared to the present state because of a greater marine influence on average (mouth closes less frequently under this scenario).
	Low

	2b. Community composition
	95
	The community composition is more similar to that of the natural state when compared to the present state, because of the natural salinity gradient, macrophyte coverage.  Some anthropogenic inflow of nutrients at times will support localized changes in the species mix. 
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	Although there has been a slight decrease in river inflow compared to natural (92.4% MAR compared to natural), zoobenthic species richness is unlikely to have changed.

Chlorophyll a levels may have pulsed slightly, but this is unlikely to influence richness.
	Low

	2a. Abundance
	95
	Abundance levels have probably decreased overall because of the 10% decrease in estuarine habitat when compared to that of the reference conditions.

Contrary to the decrease in habitat, there is likely to have been an increase in abundance compared to the present state, due to the greater nutrient inflow associated with increased baseflow.  In localized areas, some nutrients from adjacent farming activities will result in pulses of nutrients entering the system.

Together these constitute a slight decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	95
	The community composition is more similar to the reference condition compared to the present state, because of the natural salinity gradient and macrophyte coverage.  Some anthropogenic inflow of nutrients at times will support localized changes in the species mix.
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc)

	1. Species richness
	100

(100%)
	Although there has been a slight decrease in river inflow compared to natural (92.4% MAR compared to natural), zoobenthic species richness is unlikely to have changed.

Chlorophyll a levels may have pulsed slightly, but this is unlikely to influence richness.
	Low

	2a. Abundance
	95
	Abundance levels have probably decreased overall because of the 10% decrease in estuarine habitat when compared to the reference condition.  In contrary to the decrease in habitat, there is likely to have been an increase in abundance compared to the present state, due to a greater nutrient inflow associated with increased baseflows.

In localized areas, some nutrients from adjacent farming activities will result in pulses of nutrients entering the system.

Overall there is a slight decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	95
	The community composition is more similar to the natural state compared to present, because of the more natural salinity gradient, macrophyte coverage, although some anthropogenic inflow of nutrients at times will support localized changes in the species mix. 
	Low

	Invertebrates score
	95
	
	


6.2.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(95%)
	As with the present day there has been a slight increase in the frequency of mouth closure but the mouth is still open for long enough during the peak recruitment periods.

The occurrence of estuarine independent marine species may be slightly less.  One alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast-wide declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from that of the reference condition to Scenario 1.

There may be a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.

Overall, fish response to high natural flow variability is still likely to far outweigh that due to anthropogenic changes in the estuary.
	Low

	2b. Community composition
	90
	The fish assemblage resembles that of a typical oligotrophic temporarily open/closed blackwater system.

There may be fewer piscivorous predators, as this group of birds are nationally overexploited.
	Low

	Fish score
	90
	
	


6.2.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(95%)
	No expected change in species richness
	Low

	2a. Abundance
	90
	There is not likely to be a significant effect on resident wader species and beach roosts, or at worst, there could be a slight decrease.  Numbers of wading birds could increase due to increased fish abundance and presence of backwater habitats.

There could be a slight increase in waterfowl due to the increase in productivity.  Migratory waders will decline in number.
Overall numbers are not expected to change significantly.
	Low

	2b. Community composition
	90
	Community composition will change slightly in favour of piscivores and herbivores.
	Low

	Bird score
	90
	
	


6.3 FUTURE SCENARIO 2: INCREASE ABSTRACTION BY 0.25 M3/S WITH AN AVERAGE ANNUAL ABSTRACTION OF 4 MCM

6.3.1 Abiotic Components 

6.3.1.1 Seasonal variability in river inflow:

The occurrences of the flow distributions (mean monthly flows in m3/s) under Scenario 2 to the Goukamma Estuary, derived from a 84-year simulated data set, is provided in Table 6.4.  The full 84-year series of simulated monthly runoff data for Scenario 2 is provided in Table 6.5.  A graphic representation of the percentage occurrence of the various abiotic states is presented Figure 6.2.

Table 6.4 
A summary of the monthly flow distribution under Scenario 2

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

	99%ile
	7.55
	12.08
	7.42
	7.46
	6.40
	11.00
	8.66
	15.98
	6.41
	6.59
	10.50
	10.67

	95%ile
	6.11
	5.45
	4.46
	3.27
	3.53
	4.00
	4.60
	5.40
	3.79
	3.32
	5.63
	7.63

	90%ile
	4.46
	4.73
	2.65
	1.84
	2.14
	3.02
	3.42
	2.94
	2.32
	2.32
	3.68
	3.81

	80%ile
	3.10
	3.02
	1.65
	1.23
	1.22
	1.91
	1.81
	1.59
	1.08
	1.23
	1.91
	2.72

	70%ile
	2.19
	2.10
	1.11
	0.93
	0.84
	1.56
	1.15
	1.07
	0.87
	1.08
	1.21
	1.74

	60%ile
	1.76
	1.40
	0.88
	0.58
	0.70
	1.06
	0.98
	0.77
	0.71
	0.77
	1.06
	1.40

	50%ile
	1.15
	0.90
	0.70
	0.45
	0.59
	0.71
	0.71
	0.58
	0.61
	0.61
	0.86
	1.13

	40%ile
	1.02
	0.74
	0.50
	0.36
	0.46
	0.59
	0.62
	0.52
	0.52
	0.51
	0.66
	0.80

	30%ile
	0.82
	0.68
	0.41
	0.30
	0.34
	0.42
	0.55
	0.39
	0.41
	0.39
	0.52
	0.68

	20%ile
	0.63
	0.44
	0.36
	0.26
	0.28
	0.33
	0.41
	0.33
	0.30
	0.31
	0.44
	0.51

	10%ile
	0.49
	0.36
	0.26
	0.20
	0.19
	0.23
	0.26
	0.23
	0.18
	0.25
	0.32
	0.36

	1%ile
	0.32
	0.23
	0.12
	0.06
	0.09
	0.11
	0.13
	0.09
	0.09
	0.14
	0.21
	0.23


6.3.1.2 Scenario 2 flood regime

The Scenario 2 flood regime is judged to be very similar to that of the reference condition.

Confidence: Low

6.3.1.3 Scenario 2 sediment processes

The hydrological data indicated that the magnitude and occurrence of major floods had hardly been reduced.  This also means that the flushing of sediments during flood events was hardly reduced.  It is therefore likely that the sedimentation in the estuary would not be much different from that expected for the reference condition.

The estuary would probably still go through natural cycles of accumulation between floods and scouring during major floods.  There may be some increased erosion in the catchment causing some siltation in the estuary.

Artificial breaching at lower water levels may also have caused some siltation in the lower reaches.

Confidence: Low

Table 6.5
Simulated monthly flow to the Goukamma Estuary for the future Scenario 2 in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.40
	0.43
	1.90
	0.66
	2.00
	3.00
	2.12
	0.93
	0.60
	0.63
	0.55
	0.92

	1921
	0.65
	0.74
	1.99
	1.50
	0.64
	0.73
	4.67
	2.36
	0.81
	1.57
	1.21
	1.21

	1922
	2.10
	3.74
	1.11
	0.69
	0.46
	0.27
	1.05
	1.64
	1.05
	0.46
	0.43
	0.37

	1923
	0.48
	1.02
	0.48
	0.31
	0.32
	0.23
	0.34
	0.39
	0.40
	0.26
	0.91
	2.39

	1924
	1.10
	0.77
	1.34
	0.62
	0.25
	1.37
	1.04
	0.57
	0.70
	0.51
	1.14
	10.67

	1925
	4.42
	0.91
	0.73
	0.35
	0.27
	1.06
	0.64
	0.35
	0.68
	0.79
	0.69
	0.68

	1926
	1.04
	3.10
	0.87
	0.20
	0.66
	0.35
	0.18
	0.58
	0.43
	0.23
	0.46
	0.41

	1927
	0.39
	0.40
	0.25
	0.24
	0.42
	3.01
	1.88
	0.52
	0.35
	0.25
	0.45
	0.82

	1928
	0.54
	3.02
	1.90
	0.36
	0.34
	0.43
	0.41
	0.50
	0.49
	1.15
	1.78
	1.40

	1929
	0.87
	0.43
	0.43
	0.38
	4.86
	2.15
	0.63
	0.95
	0.97
	0.86
	1.56
	1.39

	1930
	1.04
	0.46
	0.44
	1.52
	0.73
	0.30
	0.82
	0.53
	0.27
	0.92
	0.92
	1.42

	1931
	2.80
	0.99
	13.00
	7.24
	3.57
	1.28
	0.41
	0.58
	0.71
	0.61
	0.46
	8.83

	1932
	4.55
	1.19
	0.38
	0.00
	0.31
	0.69
	0.70
	0.63
	0.49
	0.34
	3.78
	1.65

	1933
	0.36
	1.02
	0.42
	0.26
	0.48
	1.05
	0.54
	0.20
	0.16
	1.12
	1.01
	0.79

	1934
	4.47
	3.02
	0.54
	0.26
	0.78
	0.44
	0.99
	15.90
	6.58
	1.18
	1.13
	2.66

	1935
	1.91
	2.53
	1.80
	0.60
	0.77
	0.65
	0.37
	1.07
	0.68
	1.07
	0.69
	1.35

	1936
	1.02
	4.11
	1.58
	0.40
	0.74
	3.02
	1.14
	0.18
	0.25
	0.77
	0.67
	1.41

	1937
	1.06
	1.13
	1.01
	0.68
	0.26
	0.32
	0.58
	0.39
	0.31
	0.27
	0.37
	0.80

	1938
	1.02
	2.24
	1.08
	0.25
	2.15
	1.67
	0.59
	0.17
	0.03
	1.94
	5.11
	3.16

	1939
	1.11
	0.68
	0.47
	1.51
	5.86
	2.55
	0.66
	0.39
	0.33
	0.34
	0.24
	0.75

	1940
	0.68
	0.60
	0.29
	0.32
	0.46
	0.33
	3.82
	1.56
	0.77
	0.56
	0.34
	0.52

	1941
	1.74
	1.47
	2.97
	3.29
	1.02
	1.36
	0.82
	1.38
	1.08
	0.64
	0.65
	0.54

	1942
	1.10
	0.86
	1.35
	1.81
	0.79
	1.58
	0.78
	0.30
	0.24
	0.19
	0.82
	4.69

	1943
	2.42
	5.52
	2.83
	0.41
	0.37
	0.78
	0.61
	5.53
	2.71
	2.34
	1.41
	3.71

	1944
	1.77
	0.45
	0.35
	0.20
	0.13
	0.10
	0.10
	4.66
	4.11
	1.34
	0.92
	0.74

	1945
	1.97
	0.83
	0.41
	0.49
	0.70
	4.23
	1.72
	0.28
	0.21
	0.31
	0.34
	0.55

	1946
	0.48
	0.33
	0.21
	0.18
	0.24
	1.82
	0.92
	0.57
	0.67
	2.99
	1.20
	1.86

	1947
	1.35
	0.71
	0.33
	2.19
	1.07
	0.37
	1.68
	0.78
	0.31
	0.29
	0.27
	0.83

	1948
	3.41
	1.59
	0.85
	1.50
	1.13
	0.33
	0.57
	1.10
	0.57
	0.21
	0.23
	0.66

	1949
	0.56
	5.80
	1.81
	0.15
	0.29
	0.33
	0.33
	0.27
	0.12
	2.29
	1.99
	1.42

	1950
	2.18
	11.45
	5.34
	8.51
	3.30
	0.59
	0.33
	0.41
	0.93
	5.05
	3.30
	2.82

	1951
	0.97
	0.10
	0.12
	1.08
	0.84
	0.32
	0.64
	0.85
	0.75
	0.72
	2.55
	7.32

	1952
	3.20
	0.88
	0.88
	0.46
	1.86
	0.65
	0.57
	0.34
	3.29
	3.74
	5.73
	3.00

	1953
	8.26
	4.65
	1.15
	0.27
	0.06
	0.55
	0.97
	3.00
	1.61
	1.50
	16.20
	6.44

	1954
	0.72
	4.77
	1.49
	0.96
	9.02
	3.10
	0.56
	0.41
	0.51
	0.57
	0.53
	0.75

	1955
	1.51
	3.94
	1.10
	0.38
	0.69
	1.88
	1.05
	2.97
	1.24
	0.27
	0.24
	0.51

	1956
	3.58
	2.09
	1.66
	0.58
	1.18
	1.05
	0.55
	0.48
	1.08
	0.72
	1.17
	3.65

	1957
	1.79
	0.40
	0.33
	0.30
	0.24
	1.56
	1.07
	1.46
	1.02
	0.37
	1.16
	0.73

	1958
	0.61
	0.41
	0.38
	4.13
	2.02
	1.95
	3.73
	1.84
	0.55
	1.16
	5.04
	2.28

	1959
	4.34
	1.77
	0.61
	1.75
	0.64
	4.08
	2.14
	1.02
	0.98
	0.81
	0.52
	1.74

	1960
	0.97
	0.70
	0.96
	0.45
	0.33
	2.39
	1.77
	1.29
	0.68
	0.40
	0.56
	0.68

	1961
	0.90
	0.63
	0.40
	1.22
	0.70
	1.83
	1.06
	0.35
	0.19
	0.16
	9.33
	3.59

	1962
	2.95
	3.10
	0.73
	1.15
	0.56
	10.57
	4.21
	0.62
	0.43
	0.76
	0.69
	0.40

	1963
	0.49
	0.38
	0.84
	1.04
	0.60
	0.50
	0.64
	0.39
	2.00
	1.00
	1.28
	8.88

	1964
	3.12
	0.75
	0.33
	0.19
	0.18
	1.41
	0.74
	0.74
	0.68
	0.55
	0.39
	0.29

	1965
	6.27
	6.59
	2.42
	0.96
	1.33
	0.42
	0.46
	0.96
	0.59
	0.28
	1.62
	1.47

	1966
	0.59
	0.31
	0.65
	0.29
	0.99
	1.70
	8.73
	7.10
	2.18
	1.13
	1.10
	1.16

	1967
	0.82
	0.83
	0.40
	0.08
	0.09
	0.70
	0.58
	0.54
	5.20
	1.88
	0.84
	1.32

	1968
	1.32
	2.58
	0.73
	0.37
	0.37
	0.85
	0.58
	0.23
	0.86
	0.71
	0.58
	0.58

	1969
	1.01
	0.45
	0.12
	0.19
	0.97
	0.41
	0.14
	0.07
	0.13
	0.20
	1.92
	1.10

	1970
	0.75
	0.39
	6.28
	2.06
	0.96
	1.29
	2.01
	2.51
	1.19
	6.49
	6.70
	2.01

	1971
	0.45
	1.60
	0.51
	0.28
	2.61
	1.32
	0.55
	0.52
	0.61
	0.54
	1.24
	0.83

	1972
	0.39
	0.29
	0.21
	0.19
	0.18
	0.30
	0.67
	0.54
	0.41
	0.35
	0.39
	0.50

	1973
	0.38
	0.59
	0.38
	1.17
	1.30
	1.61
	0.67
	1.42
	0.85
	0.32
	1.69
	1.37

	1974
	0.60
	0.72
	0.34
	0.44
	0.36
	0.54
	0.44
	0.25
	0.33
	0.60
	1.19
	3.38

	1975
	1.13
	0.58
	0.54
	0.30
	0.34
	0.66
	0.35
	0.51
	0.57
	1.19
	0.96
	0.66

	1976
	6.36
	5.01
	1.36
	0.26
	4.44
	2.09
	0.54
	6.09
	2.61
	0.41
	0.61
	1.45

	1977
	0.95
	1.12
	0.46
	0.27
	0.11
	0.14
	0.29
	0.24
	0.55
	0.40
	0.49
	0.49

	1978
	0.68
	1.68
	0.68
	0.61
	0.43
	0.24
	0.17
	0.71
	0.70
	3.14
	2.98
	2.66

	1979
	0.88
	0.26
	0.16
	0.35
	0.23
	0.12
	0.43
	0.38
	0.59
	0.44
	0.40
	1.00

	1980
	2.62
	2.36
	1.65
	6.80
	2.66
	4.96
	6.05
	16.36
	6.37
	1.08
	8.81
	3.85

	1981
	3.09
	1.46
	0.98
	0.48
	0.45
	0.64
	8.64
	2.98
	0.87
	1.31
	0.88
	2.52

	1982
	2.09
	0.71
	0.34
	0.10
	0.28
	0.23
	0.26
	0.39
	3.88
	7.04
	2.39
	1.22

	1983
	2.29
	1.65
	0.71
	0.32
	0.27
	0.97
	0.55
	0.26
	0.28
	1.28
	0.75
	0.35

	1984
	1.56
	0.72
	0.60
	0.93
	1.28
	0.54
	0.72
	0.49
	0.47
	1.13
	0.66
	0.36

	1985
	4.83
	2.82
	2.09
	0.94
	0.35
	0.26
	0.23
	0.09
	0.10
	0.19
	3.44
	1.67

	1986
	3.10
	1.45
	0.42
	0.46
	0.40
	0.42
	4.03
	1.47
	0.54
	0.39
	0.89
	7.68

	1987
	2.70
	0.30
	0.37
	0.25
	0.19
	0.19
	1.19
	0.95
	0.72
	0.46
	0.68
	0.78

	1988
	0.65
	0.39
	0.36
	0.22
	0.16
	0.22
	1.97
	0.82
	0.30
	0.35
	0.28
	0.26

	1989
	5.20
	5.06
	1.04
	0.21
	2.12
	0.71
	1.54
	1.15
	2.38
	0.97
	0.43
	0.41

	1990
	1.37
	0.97
	0.37
	0.30
	0.53
	0.34
	0.26
	0.22
	0.37
	0.54
	0.46
	0.28

	1991
	2.44
	0.84
	1.35
	0.53
	0.70
	0.59
	0.38
	0.63
	0.72
	3.35
	2.74
	0.94

	1992
	7.38
	3.79
	0.52
	1.25
	0.71
	0.41
	2.61
	1.96
	0.89
	0.44
	0.38
	10.68

	1993
	3.79
	0.65
	1.00
	0.93
	0.66
	0.67
	1.29
	0.67
	0.34
	0.62
	3.89
	1.81

	1994
	2.03
	0.80
	3.89
	1.85
	0.79
	1.76
	2.70
	1.89
	1.08
	0.54
	0.37
	0.33

	1995
	0.35
	5.04
	2.74
	0.59
	0.26
	0.23
	0.26
	0.12
	0.11
	0.30
	0.45
	0.50

	1996
	7.41
	15.14
	5.48
	0.53
	0.87
	2.62
	2.18
	2.85
	1.98
	0.92
	1.05
	0.77

	1997
	1.64
	0.68
	0.18
	0.29
	0.28
	3.09
	1.13
	0.24
	0.16
	0.26
	0.50
	0.42

	1998
	0.29
	0.38
	0.38
	0.41
	0.59
	1.16
	1.29
	0.56
	0.19
	0.22
	0.29
	0.58

	1999
	2.12
	0.71
	0.18
	3.15
	1.50
	3.54
	1.35
	0.21
	0.11
	0.06
	0.11
	0.08

	2000
	0.33
	2.57
	4.56
	1.40
	0.47
	0.55
	1.07
	0.55
	0.22
	0.36
	1.07
	1.04

	2001
	0.77
	2.41
	0.85
	0.42
	0.28
	0.11
	0.26
	0.25
	0.51
	2.51
	1.90
	3.43

	2002
	1.16
	0.32
	0.50
	0.27
	0.26
	13.06
	5.04
	1.85
	1.13
	0.60
	0.52
	0.35

	2003
	0.73
	0.42
	0.31
	0.35
	0.57
	1.04
	0.79
	0.49
	0.41
	0.38
	0.49
	1.19
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Figure 6.2
A graphic representation of the percentage occurrence of the abiotic states under Scenario 2
6.3.2 Abiotic EHI for the future Scenario 2

6.3.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR Present mAR as a% of MAR in the reference condition
	83
	For the Goukamma River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under the future Scenario 2 low flows now occur for 54% (~6 months) of the year.

Following the guidelines provided in DWAF (2004) score 83%.
	Low

	b.% Similarity in mean annual frequency of floods
	90
	As this development scenario comprises baseflow abstraction it is assumed that floods will be largely unmodified.
	Low

	Hydrology score
	86
	
	


6.3.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	75
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 33% of the time (~4 months) under the future Scenario 2.  Following the guidelines provided in DWAF (2004) score 75% (Note: method scores mouth closure conservatively).
	Low

	Hydrodynamics and mouth conditions score
	75
	
	


6.3.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	83
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 46% of the time (~6 months) under the future Scenario 2.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 83%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	80
	Nutrient inputs from the sea penetrate into the estuary (e.g. during upwelling).  This would be affected by changes in State 1 (closed), which increased from 2 months under the reference condition to 4 months under the Scenario 2.  Using guidelines provided in (DWAF 2004) this reflects a modification of 17%.    However, upwelling may not occur during all closures, therefore allow for ~9% modification (17 divided by 2).

Also, activities in the catchment increased DIN concentrations in freshwater inflow (~200 µg/l) specifically affecting the estuary during States 3 (transition) and 4 (freshwater-dominated), when river inflow becomes significant.  Although these states do occur for 46% of the time under Scenario 2, the increase in DIN concentrations are not that severe and assuming that DRP concentrations are not affected markedly, allow for ~12% modification (46 divided by 4).

Under Scenario 2 activities in the catchment increase DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 2 these states occur for 46% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 46/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 4 months under Scenario 2 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 17%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 17*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2c. 
Suspended solids (turbidity) in the estuary
	78
	Turbidity levels in the estuary have probably not changed significantly from that of the reference condition to the present state.  A slight increase is predicted due to land use activities in the catchment.  Allow for a 5% modification.

With a reduction in freshwater inflow, the overall transparency in the system may increase (black water system).  State 3 (transition) and State 4 (freshwater dominated), when freshwater inflow is significant, decreased from 8 months under the reference condition to 6 months under Scenario 2.  Using guidelines provided in (DWAF 2004) these reflect a modification of 17%.

Final score = 100 – (5+17)
	Low

	2c. 
Dissolved oxygen in the estuary
	83
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence time, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary can become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) increased from 4 months (reference condition) to 6 months (Scenario 2).  Using guidelines provided in DWAF (2004) these reflect a modification of 17%.
	Low

	2d. 
Levels of toxins
	90
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals (pesticides) although there are no data to verify this.  Allow for a 10% modification.
	Low

	Water Quality score
	80
	
	


6.3.2.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% Similarity in intertidal area exposed 
	80
	Allow for a 15% change in the intertidal area due changes in floods and land use.  Allow for an additional 5% for stabilisation of the dune field along the eastern bank.
	Low

	1b
	% Similarity in sand fraction relative to total sand and mud
	85
	Allow for a 15% 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
	85
	Allow for a 15% change in the intertidal area due to changes in floods, land use and artificial breaching.
	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
	80
	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
	80
	Sedimentation may have occurred due to change in land use in the catchment.
	Low


6.3.3 Biotic Components 

6.3.3.1 Predicted change in biotic characteristics of the future Scenario 2 compared with the Reference Condition, as well as the causes of these changes

	MICROALGAE

	The Goukamma Estuary has changed only slightly from the reference condition.  It is expected that the period of low flows (<0.8 m3/s) will increase by 18% from the reference state causing the mouth of the estuary to close more frequently (33% of the year compared to 21%), the periods of stratification to decrease (46% compared to 64%), water clarity to increase (9% from that of the present state), dissolved oxygen to decrease (9% from that of the present state) and nutrient concentrations to increase slightly (3%).

As a result of the more stable and saline conditions, phytoplankton biomass should decrease slightly as low densities of small diatoms and flagellates become more dominant in the estuary during the extended periods of mouth closure.  As the water column becomes clearer, nutrients in the water column increase slightly and there is a 5% change in the sand content due to land use along with a concomitant increase in the subtidal benthic chlorophyll a biomass.  The intertidal zone will become flooded more frequently due to mouth closure, reducing microalgal biomass.

Confidence: Low 

	MACROPHYTES

	Scenario 2 represents increased water abstraction, the estuary will receive 77.5% of natural MAR.  Disturbance of the riparian zone by farming activities, the canoe launch site and the picnic area all have resulted in a small loss of habitat.  The weir in the upper reaches has reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference conditions) to 54% (Scenario 2) and a decrease in floods would increase sediment stability and promote macrophyte growth (18%).

Nutrient input could increase the growth and distribution of reeds and macroalgae (8%).  However nutrients would probably only enter the estuary during the high flow states.  The small increase in nutrients may also promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Mouth closure has increased from 21 to 33% of the time.  The increased residence times would favour nutrient uptake by the macrophytes, which would increase biomass.  Saline water would extend further upstream and displace brackish habitats (4%).

Confidence: Low

	INVERTEBRATES (including Zooplankton, benthic invertebrates and macrocrustaceans)

	The invertebrate community is predicted to change noticeably from that of the reference condition.  This scenario affects baseflows particularly as transition state 4 and the freshwater dominated State 5 occur less frequently (from 64% of the time under the reference condition to 46% of the time under this scenario).  Marine dominance would extend further upstream compared to the reference condition due to a decrease in baseflow of MAR 77.5% when compared to the reference condition state of 84.9%.

Phytoplankton biomass has also decreased compared to the reference condition due to reduced nutrient inflow from the river and across the mouth.  Consequently, invertebrate communities will respond to these changes through a change in abundance levels and species mix.

There will also be an increase in subtidal macrophyte coverage and this will favour species that prefer vegetated areas, such as numerous species of isopods and amphipods.  In the upper estuary, weaker baseflow and a change in distribution of macrophytes in the middle to upper reaches will affect species such as the carid shrimp, Palaemon capensis and species of Macrobrachium, which favour low salinity water.
Confidence: Medium

	FISH

	As with the present day, with the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from the reference condition when compared to scenario 2.  There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.  The 12% increase in mouth closure is still relatively low and unlikely to impact on fish recruitment as fish response to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.  However this would not be the case should mouth closure increase over the peak recruitment period (August/September-December) and/or the duration of mouth closure increases as there would then be a greater impact on recruitment.

Confidence: Low

	BIRDS

	Slight further increases in mouth closure lead to a slight exacerbation of the effects described for Scenario 1. 

Confidence: Low


6.3.4 Biotic EHI for the Future Scenario 2

6.3.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	93
	A reduction in river flow is likely to increase the frequency of mouth closure by 5% and increase the level of nutrients slightly (3%) compared to the present state.  As a result, there is likely to be a slight (2%) decrease in phytoplankton biomass.
	Low

	2b. Community composition
	87
	There has been a slight decrease in river flow and floods, which has resulted in the mouth of the estuary closing more frequently.  As a result, there are fewer periods of vertical salinity stratification and less river water entering the estuary favouring a shift to a more stable and saline environment dominated by small flagellates and diatoms.  River flow has decreased (7%) and the closed mouth state has increased (5%) when compared to the present state.  Expect a 5% change in community composition.
	Low

	Benthic microalgae

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	90
	Compared to the present state, turbidity has decreased (9%), nutrients have increased (3%), the intertidal area has changed (5%) due to land use and stabilisation of the east bank and the subtidal morphology has been affected (5%) by reduced floods, land use and artificial breaching practices.  However, the sediment type (a 10% change) and the organic load being deposited into the estuary is still low.  Therefore it is unlikely that there has been a large change in MPB biomass.  Allow for a 5% change from present.
	Low

	2b. Community composition
	77
	The mouth of the estuary closes more often than present (9%) resulting in more frequent flooding of the intertidal sediments, with the result that the water column becomes clearer (9%).  In addition sediment type may change due to land use (10%).  Nutrients have increased by 3%.  Allow for a 10% change compared to present.
	Low

	Microalgae score
	77
	
	


6.3.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	84 (92%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Disturbance of the riparian zone and competition from invasive species may have decreased species richness (4%).  The small increase in salinity may decrease species richness (4%).
	Low

	2a. Abundance/Biomass
	85
	Disturbance of the riparian zone and a weir in the upper reaches has reduced estuarine habitat by 10%.  The increase in low flow conditions from 36% (reference condition) to 54% (Scenario 2) and decrease in floods would increase sediment stability and promote macrophyte growth (18%).  Nutrient input could increase the growth and distribution of reeds and macroalgae (4%).  Mouth closure has increased from 21 to 33% of the time.  The increased residence times would favour nutrient uptake by the macrophytes which would increase biomass (3%).
	Low

	2b. Community composition
	82
	Disturbance of the riparian zone (10%) and the increase in nutrients (4%) may promote the growth of weedy and invasive species resulting in a change in community composition.  Saline water would extend further upstream, displace brackish habitats and change community composition (4%).
	Low

	Macrophytes score
	82
	
	


6.3.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow, zooplankton species richness is unlikely to have changed.  Species associated with freshwater will be confined to the upper reaches because of the upstream extension of saline water.
	Low

	2a. Abundance
	85
	Abundance levels have decreased marginally when compared to the present state, due to a decrease in baseflow.  In localized areas, some nutrients from adjacent farming activities will result in pulses of nutrients entering the system.

Typically estuarine zooplankton are also likely to decrease slightly when compared to the present state due to reduced freshwater pulsing that favours species such as Pseudodiaptomus hessei.
	Low

	2b. Community composition
	85
	The community composition is likely to change because of reasons stated above, particularly with respect to salinity distribution.
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow to 77.5% MAR when compared to reference conditions, zoobenthic species richness is unlikely to have changed, since species that are associated with the lower salinity values will still be present in the upper reaches.
	Low

	2a. Abundance
	85
	Abundance levels have probably decreased overall because of the 10% decrease in estuarine habitat compared to natural.  In addition to the decrease in habitat, there is likely to have been a further decrease in abundance of species associated with non-vegetated areas due to their being less open habitat.

By contrast, species associated with vegetated areas, such as isopods and amphipods, will increase because of the increase in macrophyte coverage.  This translates to a decrease in abundance when compared to that of the reference condition.
	Low

	2b. Community composition
	85
	Because of the change in vegetated vs. non-vegetated benthic habitats and the increased marine dominance upstream, the mix of species mix in the estuary is likely to change from that of the reference condition.
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc.)

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow compared to that of the reference condition (77.5% MAR), zoobenthic species richness is unlikely to have changed as species associated with the lower salinity values will still be present in the upper reaches.
	Low

	2a. Abundance
	85
	Abundance levels have probably decreased overall because of the 10% decrease in estuarine habitat compared to the reference condition.  There is likely to have been a further decrease in abundance of species associated with non-vegetated areas due to there being less open habitat.

By contrast species typically associated with vegetated areas, such as isopods and amphipods, will increase because of the increase in macrophyte coverage.  This however will still be lower than that expected for the reference condition.
	Low

	2b. Community composition
	85
	Because of the change in vegetated vs. non-vegetated benthic habitats and the increased marine dominance upstream, the species composition will differ to that of the reference condition.  In addition, freshwater associated prawn species such as Palaemon capensis and Macrobrachium species will be restricted to the uppermost reaches because of the upstream intrusion of saline water.
	Low

	Invertebrates score
	85
	
	


6.3.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	80

(90%)
	Although mouth closure occurs for only 33% when compared to the 21% of the reference condition, this represents a 50% increase in duration of mouth closure from that of the reference condition.  The mouth is still open for long enough during the peak recruitment periods.  The occurrence of both estuarine independent and dependant marine species may be slightly less.  One alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast wide declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from that of the reference condition when compared to Scenario 2.

There may be a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the increased macrophyte growth arising from agricultural nutrients and sediment stabilisation.  Overall, fish response to the high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.
	Low

	2b. Community composition
	85
	Fish assemblage still typical of an oligotrophic, temporarily open/closed blackwater system. There may be fewer piscivorous predators as they’re mostly species nationally overexploited. 
	Low

	Fish score
	80
	
	


6.3.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	85

(93%)
	Changes may lead to loss of one or two migratory wader species.
	Low

	2a. Abundance
	85
	The further increases in mouth closure lead to a slight exacerbation of the effects described for Scenario 1.
	Low

	2b. Community composition
	85
	The community shifts slightly in favour of piscivores and herbivores.
	Low

	Bird score
	85
	
	


6.4 FUTURE SCENARIO 3: INCREASE ABSTRACTION BY 0.5 M3/S WITH AN AVERAGE ANNUAL ABSTRACTION YIELD OF 7 MCM

6.4.1 Abiotic Components

6.4.1.1 Seasonal variability in river inflow

The occurrences of the flow distributions (mean monthly flows in m3/s) under Scenario 3 to the Goukamma Estuary, derived from a 84-year simulated data set, is provided in Table 6.6.  The full 84-year series of simulated monthly runoff data for Scenario 1 is provided in Table 6.7.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 6.3.

Table 6.6 
A summary of the monthly flow distribution under Scenario 3

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

	99%ile
	7.41
	11.94
	7.28
	7.32
	6.24
	10.86
	8.52
	15.84
	6.26
	6.45
	10.36
	10.53

	95%ile
	5.97
	5.31
	4.32
	3.13
	3.38
	3.86
	4.45
	5.26
	3.65
	3.18
	5.50
	7.48

	90%ile
	4.32
	4.59
	2.51
	1.70
	1.99
	2.88
	3.28
	2.80
	2.18
	2.19
	3.54
	3.66

	80%ile
	2.96
	2.88
	1.51
	1.09
	1.07
	1.77
	1.67
	1.46
	0.94
	1.09
	1.77
	2.58

	70%ile
	2.05
	1.96
	0.97
	0.79
	0.70
	1.42
	1.01
	0.93
	0.73
	0.94
	1.07
	1.60

	60%ile
	1.62
	1.26
	0.74
	0.51
	0.60
	0.92
	0.84
	0.63
	0.60
	0.63
	0.92
	1.26

	50%ile
	1.01
	0.75
	0.59
	0.42
	0.53
	0.59
	0.60
	0.51
	0.53
	0.53
	0.72
	0.99

	40%ile
	0.88
	0.62
	0.46
	0.37
	0.44
	0.51
	0.54
	0.47
	0.47
	0.46
	0.56
	0.66

	30%ile
	0.68
	0.58
	0.35
	0.28
	0.37
	0.40
	0.47
	0.39
	0.40
	0.38
	0.47
	0.58

	20%ile
	0.54
	0.41
	0.29
	0.22
	0.25
	0.34
	0.40
	0.34
	0.33
	0.33
	0.42
	0.47

	10%ile
	0.45
	0.32
	0.17
	0.13
	0.13
	0.22
	0.27
	0.24
	0.18
	0.27
	0.34
	0.37

	1%ile
	0.29
	0.19
	0.00
	0.02
	0.03
	0.07
	0.10
	0.08
	0.06
	0.14
	0.20
	0.24


6.4.1.2 Scenario 3 flood regime

The Scenario 3 flood regime is judged to be very similar to that of the reference condition.

Confidence: Low

6.4.1.3 Scenario 3 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 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 the reference condition.

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 causing siltation in the estuary.

Artificial breaching at lower water levels may also have caused some siltation in the lower reaches.

Confidence: Low
Table 6.7
Simulated monthly flow to the Goukamma Estuary for future Scenario 3 in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.39
	0.40
	1.77
	0.56
	1.84
	2.87
	1.98
	0.79
	0.53
	0.54
	0.49
	0.78

	1921
	0.55
	0.62
	1.86
	1.36
	0.56
	0.61
	4.52
	2.22
	0.66
	1.43
	1.07
	1.06

	1922
	1.96
	3.60
	0.97
	0.58
	0.45
	0.27
	0.91
	1.50
	0.91
	0.43
	0.41
	0.38

	1923
	0.45
	0.88
	0.44
	0.31
	0.35
	0.22
	0.36
	0.38
	0.39
	0.28
	0.77
	2.25

	1924
	0.96
	0.64
	1.20
	0.54
	0.21
	1.23
	0.89
	0.50
	0.59
	0.46
	1.00
	10.53

	1925
	4.29
	0.77
	0.61
	0.35
	0.23
	0.92
	0.55
	0.36
	0.58
	0.65
	0.58
	0.58

	1926
	0.90
	2.95
	0.73
	0.14
	0.57
	0.36
	0.15
	0.51
	0.41
	0.24
	0.43
	0.40

	1927
	0.38
	0.36
	0.15
	0.19
	0.42
	2.87
	1.74
	0.47
	0.36
	0.27
	0.42
	0.68

	1928
	0.48
	2.88
	1.76
	0.36
	0.37
	0.41
	0.40
	0.45
	0.46
	1.01
	1.65
	1.26

	1929
	0.74
	0.40
	0.37
	0.37
	4.70
	2.01
	0.54
	0.81
	0.83
	0.72
	1.42
	1.25

	1930
	0.90
	0.43
	0.39
	1.38
	0.62
	0.31
	0.68
	0.47
	0.30
	0.78
	0.78
	1.27

	1931
	2.66
	0.85
	12.86
	7.10
	3.42
	1.14
	0.40
	0.51
	0.60
	0.53
	0.43
	8.69

	1932
	4.41
	1.05
	0.33
	0.00
	0.35
	0.58
	0.59
	0.54
	0.45
	0.35
	3.64
	1.51

	1933
	0.34
	0.88
	0.36
	0.21
	0.45
	0.91
	0.46
	0.21
	0.16
	0.98
	0.87
	0.65

	1934
	4.34
	2.88
	0.48
	0.22
	0.65
	0.42
	0.84
	15.76
	6.44
	1.04
	0.99
	2.51

	1935
	1.77
	2.39
	1.67
	0.52
	0.65
	0.56
	0.38
	0.93
	0.58
	0.94
	0.58
	1.21

	1936
	0.88
	3.97
	1.44
	0.39
	0.63
	2.88
	1.00
	0.18
	0.26
	0.64
	0.57
	1.27

	1937
	0.92
	0.98
	0.87
	0.57
	0.23
	0.33
	0.50
	0.38
	0.33
	0.30
	0.37
	0.66

	1938
	0.88
	2.10
	0.94
	0.21
	2.00
	1.53
	0.52
	0.17
	0.02
	1.80
	4.97
	3.02

	1939
	0.97
	0.58
	0.43
	1.37
	5.71
	2.41
	0.57
	0.39
	0.35
	0.35
	0.25
	0.63

	1940
	0.57
	0.53
	0.19
	0.32
	0.44
	0.34
	3.68
	1.43
	0.64
	0.50
	0.35
	0.47

	1941
	1.60
	1.33
	2.83
	3.15
	0.87
	1.22
	0.68
	1.24
	0.94
	0.55
	0.56
	0.49

	1942
	0.96
	0.72
	1.21
	1.67
	0.66
	1.44
	0.65
	0.33
	0.25
	0.19
	0.68
	4.55

	1943
	2.28
	5.38
	2.69
	0.40
	0.38
	0.64
	0.54
	5.39
	2.57
	2.20
	1.27
	3.57

	1944
	1.63
	0.43
	0.26
	0.13
	0.07
	0.07
	0.07
	4.52
	3.96
	1.20
	0.79
	0.62

	1945
	1.83
	0.69
	0.35
	0.45
	0.60
	4.09
	1.57
	0.31
	0.21
	0.33
	0.35
	0.49

	1946
	0.44
	0.28
	0.11
	0.12
	0.20
	1.68
	0.78
	0.51
	0.57
	2.85
	1.07
	1.72

	1947
	1.21
	0.60
	0.24
	2.06
	0.92
	0.37
	1.54
	0.64
	0.34
	0.32
	0.29
	0.68

	1948
	3.28
	1.45
	0.71
	1.37
	0.97
	0.34
	0.49
	0.96
	0.51
	0.21
	0.24
	0.56

	1949
	0.50
	5.65
	1.67
	0.09
	0.30
	0.34
	0.35
	0.30
	0.11
	2.15
	1.86
	1.28

	1950
	2.04
	11.31
	5.20
	8.38
	3.15
	0.52
	0.35
	0.40
	0.78
	4.91
	3.16
	2.68

	1951
	0.83
	0.09
	0.00
	0.94
	0.69
	0.33
	0.56
	0.71
	0.62
	0.60
	2.41
	7.18

	1952
	3.06
	0.74
	0.74
	0.43
	1.70
	0.56
	0.50
	0.35
	3.15
	3.60
	5.59
	2.86

	1953
	8.12
	4.50
	1.01
	0.23
	0.02
	0.49
	0.83
	2.86
	1.47
	1.36
	16.06
	6.30

	1954
	0.60
	4.62
	1.35
	0.82
	8.86
	2.96
	0.48
	0.40
	0.47
	0.50
	0.48
	0.62

	1955
	1.37
	3.79
	0.96
	0.38
	0.60
	1.75
	0.91
	2.84
	1.10
	0.30
	0.26
	0.46

	1956
	3.44
	1.95
	1.53
	0.51
	1.03
	0.91
	0.46
	0.44
	0.94
	0.60
	1.03
	3.51

	1957
	1.65
	0.37
	0.24
	0.28
	0.20
	1.42
	0.93
	1.32
	0.87
	0.37
	1.03
	0.61

	1958
	0.53
	0.38
	0.33
	3.99
	1.86
	1.81
	3.59
	1.70
	0.50
	1.02
	4.90
	2.14

	1959
	4.20
	1.62
	0.53
	1.62
	0.56
	3.94
	2.00
	0.88
	0.83
	0.67
	0.47
	1.59

	1960
	0.83
	0.59
	0.82
	0.43
	0.36
	2.25
	1.63
	1.15
	0.58
	0.39
	0.50
	0.58

	1961
	0.76
	0.54
	0.35
	1.08
	0.60
	1.69
	0.92
	0.36
	0.19
	0.16
	9.19
	3.44

	1962
	2.82
	2.96
	0.61
	1.01
	0.51
	10.44
	4.06
	0.54
	0.41
	0.63
	0.58
	0.40

	1963
	0.45
	0.34
	0.70
	0.91
	0.54
	0.45
	0.56
	0.39
	1.86
	0.87
	1.14
	8.74

	1964
	2.99
	0.62
	0.24
	0.12
	0.12
	1.27
	0.62
	0.61
	0.58
	0.49
	0.39
	0.33

	1965
	6.13
	6.45
	2.28
	0.82
	1.18
	0.40
	0.43
	0.82
	0.52
	0.31
	1.49
	1.32

	1966
	0.51
	0.26
	0.56
	0.25
	0.83
	1.56
	8.59
	6.96
	2.04
	0.99
	0.96
	1.02

	1967
	0.69
	0.69
	0.34
	0.02
	0.03
	0.59
	0.51
	0.48
	5.06
	1.75
	0.71
	1.18

	1968
	1.18
	2.43
	0.61
	0.37
	0.39
	0.72
	0.52
	0.24
	0.71
	0.60
	0.51
	0.51

	1969
	0.87
	0.42
	0.00
	0.12
	0.82
	0.40
	0.10
	0.06
	0.11
	0.20
	1.78
	0.96

	1970
	0.62
	0.35
	6.14
	1.92
	0.81
	1.15
	1.87
	2.37
	1.05
	6.35
	6.56
	1.86

	1971
	0.43
	1.46
	0.46
	0.24
	2.46
	1.19
	0.47
	0.47
	0.53
	0.48
	1.10
	0.69

	1972
	0.36
	0.22
	0.11
	0.13
	0.13
	0.30
	0.57
	0.48
	0.40
	0.36
	0.38
	0.46

	1973
	0.35
	0.52
	0.32
	1.03
	1.15
	1.48
	0.57
	1.29
	0.71
	0.33
	1.55
	1.23

	1974
	0.52
	0.61
	0.25
	0.42
	0.38
	0.48
	0.42
	0.27
	0.35
	0.52
	1.05
	3.23

	1975
	0.99
	0.51
	0.48
	0.29
	0.37
	0.56
	0.36
	0.46
	0.51
	1.05
	0.82
	0.57

	1976
	6.22
	4.87
	1.23
	0.21
	4.29
	1.95
	0.45
	5.95
	2.46
	0.40
	0.53
	1.31

	1977
	0.82
	0.98
	0.40
	0.23
	0.06
	0.11
	0.32
	0.25
	0.49
	0.39
	0.45
	0.46

	1978
	0.58
	1.53
	0.58
	0.53
	0.42
	0.23
	0.14
	0.59
	0.59
	3.00
	2.84
	2.52

	1979
	0.74
	0.21
	0.05
	0.35
	0.18
	0.08
	0.41
	0.38
	0.52
	0.42
	0.39
	0.86

	1980
	2.48
	2.22
	1.51
	6.66
	2.51
	4.82
	5.90
	16.23
	6.23
	0.95
	8.67
	3.70

	1981
	2.95
	1.32
	0.84
	0.44
	0.44
	0.55
	8.50
	2.84
	0.73
	1.17
	0.74
	2.38

	1982
	1.95
	0.60
	0.25
	0.05
	0.26
	0.22
	0.27
	0.38
	3.73
	6.90
	2.25
	1.07

	1983
	2.16
	1.50
	0.60
	0.32
	0.24
	0.83
	0.46
	0.28
	0.31
	1.14
	0.62
	0.36

	1984
	1.42
	0.60
	0.52
	0.79
	1.13
	0.48
	0.61
	0.45
	0.44
	1.00
	0.56
	0.37

	1985
	4.70
	2.68
	1.95
	0.80
	0.37
	0.25
	0.21
	0.09
	0.07
	0.19
	3.30
	1.53

	1986
	2.97
	1.31
	0.36
	0.43
	0.41
	0.40
	3.88
	1.33
	0.49
	0.38
	0.75
	7.54

	1987
	2.56
	0.24
	0.30
	0.21
	0.14
	0.16
	1.04
	0.81
	0.60
	0.43
	0.58
	0.64

	1988
	0.56
	0.35
	0.27
	0.17
	0.10
	0.20
	1.83
	0.68
	0.33
	0.36
	0.31
	0.27

	1989
	5.06
	4.92
	0.90
	0.15
	1.97
	0.60
	1.40
	1.01
	2.23
	0.83
	0.41
	0.40

	1990
	1.23
	0.82
	0.32
	0.29
	0.49
	0.35
	0.26
	0.22
	0.38
	0.48
	0.43
	0.31

	1991
	2.31
	0.70
	1.21
	0.48
	0.60
	0.51
	0.38
	0.54
	0.60
	3.21
	2.60
	0.79

	1992
	7.24
	3.64
	0.47
	1.11
	0.61
	0.40
	2.47
	1.82
	0.74
	0.42
	0.38
	10.53

	
	
	
	
	
	
	
	
	
	
	
	
	

	1993
	3.65
	0.56
	0.86
	0.79
	0.58
	0.57
	1.15
	0.57
	0.36
	0.54
	3.75
	1.67

	1994
	1.90
	0.66
	3.75
	1.71
	0.66
	1.62
	2.56
	1.75
	0.93
	0.48
	0.37
	0.35

	1995
	0.33
	4.90
	2.61
	0.51
	0.22
	0.21
	0.25
	0.12
	0.08
	0.32
	0.42
	0.46

	1996
	7.27
	14.99
	5.34
	0.48
	0.72
	2.48
	2.04
	2.71
	1.84
	0.78
	0.91
	0.64

	1997
	1.50
	0.58
	0.08
	0.26
	0.28
	2.95
	0.98
	0.26
	0.16
	0.29
	0.45
	0.41

	1998
	0.23
	0.34
	0.33
	0.40
	0.53
	1.02
	1.15
	0.49
	0.19
	0.22
	0.32
	0.51

	1999
	1.98
	0.60
	0.07
	3.01
	1.35
	3.40
	1.21
	0.22
	0.09
	0.06
	0.02
	0.08

	2000
	0.30
	2.42
	4.43
	1.26
	0.45
	0.49
	0.93
	0.49
	0.22
	0.36
	0.93
	0.90

	2001
	0.63
	2.27
	0.71
	0.40
	0.25
	0.07
	0.26
	0.27
	0.47
	2.38
	1.77
	3.29

	2002
	1.02
	0.27
	0.46
	0.23
	0.23
	12.92
	4.89
	1.71
	0.99
	0.52
	0.47
	0.36

	2003
	0.61
	0.39
	0.22
	0.36
	0.51
	0.90
	0.65
	0.45
	0.40
	0.38
	0.45
	1.04
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Figure 6.3
A graphic representation of the percentage occurrence of the abiotic states under Scenario 3
6.4.2 Abiotic EHI for the Future Scenario 3

6.4.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	75
	For the Goukamma River Estuary low flows are defined as the months in which river inflow to the estuary is less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under the future Scenario 3 low flows now occur for 59% (~7 months) of the year.

Following the guidelines provided in DWAF (2004) score 75%.
	Low

	b.% Similarity in mean annual frequency of floods
	90
	As this development scenario comprises baseflow abstraction it is assumed that floods will be largely unmodified.
	Low

	Hydrology score
	81
	
	


6.4.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	63
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 39% of the time (~ 5 months) under the future Scenario 3.  Following the guidelines provided in DWAF (2004) score 63% (Note: method scores mouth closure conservatively).
	Low

	Hydrodynamics and mouth conditions score
	63
	
	


6.4.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	75
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 41% of the time (~5 months) under the future Scenario 3.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 75%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	77
	Under Scenario 3 activities in the catchment increase DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 3 these states occur for 41% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 41/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 5 months under Scenario 3 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 25%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 25*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	70
	Turbidity levels in the estuary have probably not changed significantly from the reference condition to the present state.  A slight increase is predicted due to land use activities in the catchment.  Allow for a 5% modification.

Due to a reduction in freshwater inflow, the overall transparency in the system has increased (black water system).  State 3 (transition) and State 4 (freshwater dominated), when freshwater inflow is significant, decreased from 8 months under the reference condition to 5 months under Scenario 3.  Using guidelines provided in (DWAF 2004) these reflect a modification 25%.

Final score = 100 – (5+25)
	Low

	2c. 
Dissolved oxygen in the estuary
	75
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence time, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary can become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) increased from 4 months (reference condition) to 7 months (Scenario 3).  Using guidelines provided in DWAF (2004) these reflect a modification of 25%.
	Low

	2d. 
Levels of toxins
	90
	There are no large urban settlements in the catchment. However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals (pesticides) although there are no data to verify this.  Allow a 10% modification.
	Low

	Water Quality score
	72
	
	


6.4.2.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% Similarity in intertidal area exposed 
	80
	Allow for a 15% change in the intertidal area due changes in floods and land use.  Allow for an additional 5% change due to stabilisation of the dune field along the eastern bank.
	Low

	1b
	% Similarity in sand fraction relative to total sand and mud
	85
	Allow for a 15% 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
	85
	Allow for a 15% change in the intertidal area due to changes in floods, land use and artificial breaching.
	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 
	50


	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 
	50


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


6.4.3 Biotic Components 

6.4.3.1 Predicted change in biotic characteristics of the future Scenario 3 compared with the Reference Condition, as well as the causes of these changes

	MICROALGAE

	The Goukamma Estuary has changed significantly from the reference condition.  It is expected that the period of low flows (<0.8 m3/s) will increase by 25% from the reference state causing the mouth of the estuary to close more frequently (39% of the year compared to 21%), the periods of stratification to decrease (41% compared to 64%), water clarity to increase (17% from that of the present state), dissolved oxygen to decrease (17% from that of the present state) and nutrient concentrations to increase slightly (10%).

As a result of the more stable and saline conditions, phytoplankton biomass should decrease slightly as low densities of small diatoms and flagellates become more dominant in the estuary during the extended periods of mouth closure.  As the water column becomes clearer, nutrients in the water column increase slightly and there is a 10% change in the sand content (compared to the present state).  It is further expected that there will be a slight increase in the subtidal benthic chl a biomass. The intertidal zone will become flooded more frequently due to mouth closure, reducing microalgal biomass.

Confidence: Low

	MACROPHYTES

	Scenario 3 represents increased water abstraction such that the estuary will receive 72.6% of the natural MAR.  Disturbance of the riparian zone by farming activities, the canoe launch site and the picnic area have resulted in a small loss of habitat.  The weir in the upper reaches has reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference condition) to 59% (Scenario 3) and a decrease in floods would increase sediment stability and promote macrophyte growth.

Nutrient input could increase the growth and distribution of reeds and macroalgae.  However nutrients would probably only enter the estuary during the high flow states.  The increase in nutrients may also promote the growth of weedy/opportunistic species which would displace other slower growing species.  Mouth closure has increased from 21 to 39% of the time.  The increased residence times would favour nutrient uptake by macrophytes, which would increase their biomass.  Saline water would extend further upstream and displace brackish habitats.

Confidence: Low

	INVERTEBRATES (including Zooplankton, benthic invertebrates and macrocrustaceans)

	The invertebrate community is predicted to change significantly from that of the reference condition.  This scenario affects baseflows particularly as the transition State 4 and the freshwater dominated State 5 occur less frequently.  There has been a decrease from 64% of the time under natural conditions to 41% of the time under this scenario.  Marine dominance would extend further upstream compared to that expected for the reference condition, associated with a decrease in baseflow to MAR 72.6% when compared to the natural state and 84.9% compared to present state.  The mouth now closes for 39% of the time under this scenario.

Phytoplankton biomass has also decreased compared to the reference condition due to reduced nutrient inflow from the river and across the mouth.  Consequently, invertebrate communities will respond to these changes through a change in abundance levels and species composition.  This scenario therefore represents a situation that continues along the same trajectory as Scenario 2, largely due to further abstractions that affect the baseflow.

There will also be an increase in subtidal macrophyte coverage and this will favour species that prefer vegetated areas (e.g. numerous species of (isopods and amphipods).  In the upper estuary, weaker baseflow and a change in distribution of macrophytes in the middle to upper reaches will affect species such as the carid shrimp, Palaemon capensis and species of Macrobrachium who favour low salinity water.

Confidence: Medium

	FISH

	As with the present day, with the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast-wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from the reference condition to Scenario 3.  There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.

The increase in mouth closure from 21% to 39% of the time is still relatively low and unlikely to impact much on fish recruitment, which is more likely to be affected by the high flow variability that would outweigh changes due to anthropogenic disturbances.  This is largely due to the fact that the fish assemblage under reference conditions was typical of an oligotrophic blackwater system that remains closed frequently and for extended periods.  If there are increases in the frequency of mouth closure during the peak recruitment period of August/September-December and/or the duration of mouth closure increases, there may be a greater impact on recruitment than if these were spread out over the entire year.

Confidence: Low

	BIRDS

	Further increases in mouth closure lead to a slight exacerbation of the effects described for Scenario 2.

Confidence: Low


6.4.4 Biotic EHI for the Future Scenario 3:

6.4.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	91
	A reduction in river flow is likely to increase the frequency of mouth closure by 11% and increase nutrient levels (10%) when compared to the present.  As a result, there is likely to be a 2% decrease in phytoplankton biomass, since the increase in biomass due to the excess of nutrients is countered by the high residence time that limits growth.
	Low

	2b. Community composition
	81
	There has been a decrease in river flow and floods, which has resulted in the mouth of the estuary closing more frequently.  As a result, there are fewer periods of vertical salinity stratification and less river water entering the estuary.  This favours a shift to a more stable and saline environment dominated by small flagellates and diatoms.  River flow has decreased (12%) and the closed mouth state has increased (11%) when compared to the present state.  An 11% change in community composition is expected.
	Low

	Benthic microalgae

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	80
	When compared to the present state, turbidity has decreased (17%), nutrients have increased (10%), and the intertidal area has changed (5%) due to land use and stabilisation of the east bank.  The subtidal morphology has been affected (5%) by reduced floods, land use and artificial breaching practices.  However the sediment type (a 10% change) and the associated organic load that enters the estuary is low.  As a result, it is unlikely that there has been a large change in MPB biomass.  Allow for a 15% change from that of the present state.
	Low

	2b. Community composition
	75
	The mouth of the estuary closes more often than that during the present state (11%) resulting in more frequent flooding of the intertidal sediments and clearer water column (17%).  In addition, there may be a 10% change in sediment type due to land use.  Nutrient levels have increased by 10%. Allow for a 12% change compared to that of the present state.
	Low

	Microalgae score
	75
	
	


6.4.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	77

(88%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Disturbance of the riparian zone and competition from invasive species may also decrease species richness (5%).  The increase in salinity may further decrease species richness (7%).
	Low

	2a. Abundance/Biomass
	78
	Disturbance of the riparian zone and a weir in the upper reaches has reduced the estuarine habitat available by 10%.  The increase in low flow conditions from 36%, under the reference condition, to 59%, under Scenario 3, and a decrease in flooding would increase sediment stability and promote macrophyte growth (23%).  Nutrient input could increase the growth and distribution of reeds and macroalgae (5%).  Mouth closure has increased from 21 to 39% of the time.  The increased residence times would favour nutrient uptake by the macrophytes which would increase biomass (4%).
	Low

	2b. Community composition
	78
	An increase in the disturbance of the riparian zone (10%) and the increase in nutrients may promote growth of weedy and invasive species resulting in a change in community composition (5%).  Saline water would extend further upstream and displace brackish habitats thus further altering community composition (7%).
	Low

	Macrophytes score
	77
	
	


6.4.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	Although there has been a significant decrease in river baseflows, zooplankton species richness is unlikely to have changed.  Species associated with freshwater are confined to the upper reaches due to the upstream extension of more saline water.
	Low

	2a. Abundance
	80
	Abundance levels have decreased further when compared to that of the present state, due to the decrease in baseflows.  Nutrients from farming activities adjacent to the system may result in localised pulses of nutrients.

The presence of typically estuarine zooplankton is likely to decrease when compared to the present state due to the decrease in freshwater pulses, which favour species such as Pseudodiaptomus hessei.
	Low

	2b. Community composition
	80
	The community composition is likely to change (as above) and further due to the changes in salinity distribution.
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow compared to the reference condition (72.6% MAR), the species richness of benthic macroinvertebrates is unlikely to have changed as species tolerant of lower salinity will still be present in the uppermost reaches.
	Low

	2a. Abundance
	80
	Abundance levels have probably decreased overall because of the 10% decrease in estuarine habitat when compared to the reference condition.  In addition, there is likely to have been a further decrease in abundance of species associated with non-vegetated areas.  Species associated with vegetated areas, such as isopods and amphipods, will increase due to their being higher levels of macrophyte cover.  Overall there is a decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	80
	The species composition changes due to changes in the vegetated and non-vegetated benthos as well as an increase in the dominance a tidal influence, when compared to the reference condition.
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc)

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow from that of the reference condition (72.6% MAR), the species richness of benthic macroinvertebrates is unlikely to change as species that are associated with lower salinity values remain in the uppermost reaches.
	Low

	2a. Abundance
	80
	Abundance levels will probably decrease due to a reduction in estuarine habitat of 10% when compared to the reference condition.  In addition, there is likely to have been a further decrease in abundance of species associated with non-vegetated areas due to less open habitat.  By contrast, species associated with vegetated areas, such as isopods and amphipods, will increase as does the cover of macrophytes.  Overall, there is a decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	80
	The species composition is likely to change due to changes in the abundance of vegetated and non-vegetated benthic habitats and the increase tidal influence upstream.  In addition, species of prawn normally associated with freshwater, such as Palaemon capensis and Macrobrachium species, will be restricted to the uppermost reaches due to the upstream intrusion of saline water.
	Low

	Invertebrates score
	80
	
	


6.4.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	80

(90%)
	Although mouth closure occurs for only 39% of the time, compared to 21% for the reference condition, this is an 86% increase.  The mouth remains open during periods of peak recruitment.  The occurrence of estuarine independent and dependent species may be lower.  One alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast-wide declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from that found for the reference conditions, under Scenario 3.  There may be a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to increased macrophyte growth.  Overall, the fish response to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.
	Low

	2b. Community composition
	85
	The fish assemblage resembles that for a typical oligotrophic, temporarily open/closed blackwater system.  There may be fewer piscivorous predators.
	Low

	Fish score
	80
	
	


6.4.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	85 

(93%)
	There is a slight reduction in species richness due to the loss of waders.
	Low

	2a. Abundance
	82
	There is expected to be an increase in piscivores and herbivores due to an increase in system productivity, which results in an overall increase in abundance of birds.
	Low

	2b. Community composition
	82
	Community composition shifts in favour towards piscivores and herbivores.
	Low

	Bird score
	82
	
	


6.5 FUTURE SCENARIO 4: INCREASE ABSTARCTION BY 2.0 M3/S WITH AN AVERAGE ANNUAL ABSTRACTION YIELD OF 15 MCM

6.5.1 Abiotic Components 

6.5.1.1 Seasonal variability in river inflow:

The occurrences of the flow distributions (mean monthly flows in m3/s) to the Goukamma Estuary under Scenario 4, as derived from a 84-year simulated data set, are provided in Table 6.8.  The full 84-year series of simulated monthly runoff data for Scenario 4 is provided in Table 1.1.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 6.4.

Table 6.8
A summary of the monthly flow distribution under Scenario 4
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	6.38
	10.87
	6.25
	6.29
	5.10
	9.83
	7.45
	14.81
	5.20
	5.42
	9.33
	9.46

	95%ile
	4.94
	4.25
	3.29
	2.22
	2.39
	2.84
	3.39
	4.23
	2.60
	2.26
	4.46
	6.42

	90%ile
	3.29
	3.52
	1.76
	1.16
	1.36
	2.03
	2.32
	1.97
	1.51
	1.52
	2.53
	2.61

	80%ile
	2.09
	2.03
	1.02
	0.72
	0.75
	1.21
	1.13
	0.98
	0.68
	0.72
	1.21
	1.81

	70%ile
	1.42
	1.35
	0.70
	0.61
	0.61
	0.96
	0.70
	0.67
	0.60
	0.67
	0.72
	1.08

	60%ile
	1.10
	0.86
	0.66
	0.47
	0.54
	0.66
	0.67
	0.56
	0.53
	0.55
	0.66
	0.83

	50%ile
	0.69
	0.79
	0.60
	0.40
	0.49
	0.52
	0.63
	0.46
	0.48
	0.47
	0.59
	0.70

	40%ile
	0.65
	0.72
	0.49
	0.35
	0.42
	0.48
	0.60
	0.43
	0.44
	0.43
	0.50
	0.58

	30%ile
	0.57
	0.63
	0.41
	0.30
	0.36
	0.40
	0.55
	0.37
	0.38
	0.37
	0.43
	0.52

	20%ile
	0.49
	0.44
	0.36
	0.26
	0.28
	0.33
	0.38
	0.33
	0.33
	0.33
	0.39
	0.43

	10%ile
	0.42
	0.36
	0.26
	0.20
	0.19
	0.23
	0.27
	0.24
	0.18
	0.27
	0.33
	0.36

	1%ile
	0.32
	0.23
	0.12
	0.06
	0.09
	0.11
	0.13
	0.09
	0.09
	0.14
	0.21
	0.24


6.5.1.2 Scenario 4 flood regime

The Scenario 4 flood regime is judged to be very similar to that of the reference conditions.

Confidence: Low

6.5.1.3 Scenario 4 sediment processes

There is little reduction in the magnitude and occurrence of major floods.  As a result the flushing of sediments during floods remains the same, thus it is likely that the processes of sedimentation in the estuary are not much different from that of the reference condition.

The estuary remains under natural cycles of accumulation between floods and scouring during major floods, although there may be some increased erosion in the catchment that results in increased siltation in the estuary.

Artificial breaching at lower water levels may also have caused some siltation in the lower reaches.

Confidence: Low

Table 6.9
Simulated monthly flow to the Goukamma Estuary for Future Scenario 4 in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.39
	0.43
	1.21
	0.50
	1.25
	2.02
	1.36
	0.62
	0.48
	0.48
	0.44
	0.62

	1921
	0.49
	0.72
	1.28
	0.91
	0.51
	0.54
	3.46
	1.54
	0.58
	0.96
	0.72
	0.72

	1922
	1.35
	2.56
	0.69
	0.52
	0.42
	0.27
	0.68
	1.01
	0.67
	0.40
	0.39
	0.36

	1923
	0.41
	0.82
	0.48
	0.31
	0.35
	0.23
	0.35
	0.36
	0.38
	0.28
	0.61
	1.56

	1924
	0.68
	0.74
	0.79
	0.48
	0.25
	0.82
	0.68
	0.46
	0.53
	0.42
	0.69
	9.46

	1925
	3.26
	0.79
	0.63
	0.35
	0.27
	0.66
	0.61
	0.35
	0.52
	0.56
	0.51
	0.52

	1926
	0.66
	2.08
	0.66
	0.20
	0.52
	0.35
	0.18
	0.46
	0.39
	0.24
	0.40
	0.38

	1927
	0.39
	0.40
	0.25
	0.24
	0.40
	2.02
	1.18
	0.43
	0.35
	0.27
	0.39
	0.58

	1928
	0.44
	2.03
	1.21
	0.35
	0.36
	0.41
	0.38
	0.42
	0.42
	0.69
	1.12
	0.83

	1929
	0.59
	0.43
	0.43
	0.36
	3.56
	1.39
	0.60
	0.62
	0.64
	0.59
	0.95
	0.82

	1930
	0.65
	0.46
	0.44
	0.93
	0.55
	0.31
	0.65
	0.43
	0.30
	0.61
	0.61
	0.84

	1931
	1.87
	0.81
	11.83
	6.07
	2.42
	0.74
	0.38
	0.46
	0.53
	0.48
	0.40
	7.62

	1932
	3.38
	0.85
	0.38
	0.00
	0.35
	0.52
	0.63
	0.48
	0.42
	0.34
	2.61
	1.01

	1933
	0.36
	0.82
	0.42
	0.26
	0.43
	0.66
	0.54
	0.21
	0.16
	0.68
	0.64
	0.57

	1934
	3.31
	2.03
	0.50
	0.26
	0.58
	0.41
	0.67
	14.73
	5.37
	0.71
	0.69
	1.76

	1935
	1.21
	1.67
	1.13
	0.47
	0.57
	0.51
	0.36
	0.66
	0.52
	0.67
	0.52
	0.79

	1936
	0.65
	2.90
	0.97
	0.37
	0.56
	2.04
	0.70
	0.18
	0.26
	0.56
	0.50
	0.84

	1937
	0.66
	0.85
	0.68
	0.51
	0.26
	0.33
	0.58
	0.37
	0.33
	0.30
	0.36
	0.58

	1938
	0.65
	1.45
	0.69
	0.25
	1.37
	1.03
	0.59
	0.17
	0.03
	1.23
	3.94
	2.13

	1939
	0.68
	0.64
	0.47
	0.92
	4.57
	1.69
	0.61
	0.37
	0.34
	0.34
	0.25
	0.55

	1940
	0.51
	0.53
	0.29
	0.32
	0.42
	0.33
	2.62
	0.96
	0.56
	0.45
	0.34
	0.44

	1941
	1.09
	0.88
	2.00
	2.23
	0.68
	0.80
	0.65
	0.82
	0.68
	0.49
	0.50
	0.45

	1942
	0.68
	0.78
	0.80
	1.14
	0.58
	0.97
	0.65
	0.32
	0.25
	0.19
	0.57
	3.48

	1943
	1.59
	4.32
	1.89
	0.38
	0.37
	0.56
	0.60
	4.36
	1.80
	1.53
	0.84
	2.54

	1944
	1.11
	0.45
	0.35
	0.20
	0.13
	0.10
	0.10
	3.49
	2.90
	0.79
	0.61
	0.55

	1945
	1.26
	0.77
	0.41
	0.42
	0.54
	3.06
	1.06
	0.31
	0.21
	0.32
	0.34
	0.45

	1946
	0.41
	0.33
	0.21
	0.18
	0.24
	1.14
	0.66
	0.46
	0.51
	2.01
	0.71
	1.17

	1947
	0.80
	0.69
	0.33
	1.42
	0.70
	0.36
	1.04
	0.56
	0.33
	0.32
	0.29
	0.59

	1948
	2.33
	0.97
	0.65
	0.91
	0.72
	0.33
	0.57
	0.68
	0.46
	0.21
	0.24
	0.50

	1949
	0.45
	4.59
	1.14
	0.15
	0.30
	0.33
	0.34
	0.30
	0.12
	1.50
	1.28
	0.85

	1950
	1.41
	10.25
	4.17
	7.35
	2.22
	0.48
	0.34
	0.38
	0.62
	3.88
	2.24
	1.88

	1951
	0.63
	0.10
	0.12
	0.67
	0.61
	0.33
	0.61
	0.59
	0.55
	0.53
	1.69
	6.11

	1952
	2.17
	0.78
	0.66
	0.40
	1.15
	0.51
	0.57
	0.34
	2.23
	2.57
	4.56
	2.01

	1953
	7.09
	3.44
	0.70
	0.27
	0.06
	0.45
	0.67
	2.02
	0.98
	0.91
	15.03
	5.24

	1954
	0.53
	3.56
	0.90
	0.62
	7.72
	2.09
	0.56
	0.38
	0.43
	0.45
	0.44
	0.55

	1955
	0.91
	2.73
	0.69
	0.36
	0.54
	1.19
	0.68
	2.00
	0.74
	0.30
	0.26
	0.43

	1956
	2.45
	1.34
	1.03
	0.46
	0.74
	0.66
	0.55
	0.41
	0.68
	0.53
	0.70
	2.49

	1957
	1.12
	0.40
	0.33
	0.30
	0.24
	0.95
	0.68
	0.88
	0.66
	0.36
	0.70
	0.54

	1958
	0.48
	0.41
	0.38
	2.96
	1.27
	1.24
	2.55
	1.16
	0.45
	0.70
	3.87
	1.48

	1959
	3.17
	1.10
	0.53
	1.10
	0.51
	2.91
	1.38
	0.65
	0.64
	0.57
	0.43
	1.08

	1960
	0.63
	0.67
	0.68
	0.40
	0.36
	1.57
	1.10
	0.75
	0.52
	0.37
	0.45
	0.52

	1961
	0.60
	0.54
	0.40
	0.72
	0.54
	1.15
	0.68
	0.35
	0.19
	0.16
	8.16
	2.45

	1962
	1.99
	2.09
	0.63
	0.70
	0.47
	9.41
	3.00
	0.48
	0.39
	0.55
	0.52
	0.38

	1963
	0.42
	0.38
	0.65
	0.66
	0.49
	0.43
	0.61
	0.37
	1.28
	0.64
	0.75
	7.68

	1964
	2.11
	0.72
	0.33
	0.19
	0.18
	0.84
	0.64
	0.54
	0.52
	0.44
	0.37
	0.32

	1965
	5.10
	5.39
	1.59
	0.63
	0.79
	0.40
	0.46
	0.63
	0.47
	0.31
	1.00
	0.88

	1966
	0.46
	0.31
	0.57
	0.29
	0.66
	1.06
	7.53
	5.93
	1.41
	0.69
	0.68
	0.71

	1967
	0.58
	0.77
	0.40
	0.08
	0.09
	0.52
	0.58
	0.44
	4.00
	1.19
	0.58
	0.77

	1968
	0.78
	1.70
	0.63
	0.36
	0.38
	0.59
	0.58
	0.24
	0.60
	0.53
	0.46
	0.47

	1969
	0.64
	0.45
	0.12
	0.19
	0.66
	0.39
	0.14
	0.07
	0.13
	0.20
	1.22
	0.69

	1970
	0.54
	0.39
	5.11
	1.33
	0.66
	0.76
	1.28
	1.66
	0.72
	5.32
	5.53
	1.28

	1971
	0.40
	0.98
	0.49
	0.28
	1.71
	0.78
	0.55
	0.43
	0.48
	0.44
	0.73
	0.59

	1972
	0.39
	0.29
	0.21
	0.19
	0.18
	0.30
	0.62
	0.44
	0.38
	0.35
	0.37
	0.43

	1973
	0.38
	0.52
	0.38
	0.70
	0.78
	0.99
	0.62
	0.85
	0.59
	0.33
	1.05
	0.81

	1974
	0.47
	0.71
	0.34
	0.39
	0.37
	0.45
	0.43
	0.27
	0.34
	0.47
	0.71
	2.29

	1975
	0.69
	0.52
	0.50
	0.30
	0.36
	0.52
	0.35
	0.43
	0.46
	0.71
	0.63
	0.51

	1976
	5.19
	3.81
	0.81
	0.26
	3.14
	1.35
	0.54
	4.92
	1.72
	0.38
	0.48
	0.87

	1977
	0.62
	0.85
	0.46
	0.27
	0.11
	0.14
	0.32
	0.25
	0.45
	0.37
	0.42
	0.42

	1978
	0.51
	1.03
	0.59
	0.48
	0.41
	0.24
	0.17
	0.52
	0.53
	2.13
	2.00
	1.76

	1979
	0.60
	0.26
	0.16
	0.35
	0.23
	0.12
	0.41
	0.36
	0.47
	0.39
	0.37
	0.65

	1980
	1.74
	1.54
	1.02
	5.63
	1.75
	3.79
	4.84
	15.20
	5.16
	0.67
	7.64
	2.64

	1981
	2.09
	0.88
	0.68
	0.41
	0.42
	0.50
	7.44
	2.01
	0.60
	0.77
	0.60
	1.66

	1982
	1.35
	0.69
	0.34
	0.10
	0.28
	0.23
	0.27
	0.36
	2.67
	5.87
	1.57
	0.73

	1983
	1.50
	1.01
	0.62
	0.32
	0.27
	0.63
	0.55
	0.28
	0.31
	0.75
	0.55
	0.35

	1984
	0.95
	0.70
	0.52
	0.61
	0.77
	0.45
	0.64
	0.41
	0.41
	0.69
	0.50
	0.36

	1985
	3.67
	1.88
	1.35
	0.62
	0.37
	0.26
	0.23
	0.09
	0.10
	0.19
	2.34
	1.03

	1986
	2.10
	0.87
	0.42
	0.40
	0.39
	0.40
	2.82
	0.89
	0.45
	0.37
	0.60
	6.47

	1987
	1.80
	0.30
	0.37
	0.25
	0.19
	0.19
	0.72
	0.62
	0.53
	0.40
	0.51
	0.57

	1988
	0.50
	0.39
	0.36
	0.22
	0.16
	0.22
	1.25
	0.57
	0.33
	0.35
	0.31
	0.27

	1989
	4.03
	3.86
	0.69
	0.21
	1.35
	0.53
	0.93
	0.69
	1.55
	0.63
	0.39
	0.38

	1990
	0.81
	0.81
	0.37
	0.30
	0.45
	0.34
	0.26
	0.22
	0.36
	0.44
	0.40
	0.31

	1991
	1.61
	0.78
	0.80
	0.45
	0.54
	0.47
	0.37
	0.49
	0.53
	2.28
	1.83
	0.63

	1992
	6.21
	2.59
	0.50
	0.73
	0.54
	0.39
	1.72
	1.25
	0.61
	0.39
	0.36
	9.47

	1993
	2.62
	0.55
	0.68
	0.61
	0.52
	0.52
	0.76
	0.50
	0.35
	0.48
	2.72
	1.13

	1994
	1.31
	0.76
	2.72
	1.17
	0.58
	1.10
	1.79
	1.20
	0.68
	0.44
	0.36
	0.34

	1995
	0.35
	3.83
	1.83
	0.47
	0.26
	0.23
	0.26
	0.12
	0.11
	0.32
	0.39
	0.43

	1996
	6.24
	13.93
	4.31
	0.46
	0.62
	1.74
	1.41
	1.91
	1.26
	0.61
	0.66
	0.56

	1997
	1.01
	0.63
	0.18
	0.29
	0.28
	2.09
	0.70
	0.26
	0.16
	0.29
	0.42
	0.39

	1998
	0.29
	0.38
	0.38
	0.38
	0.48
	0.70
	0.76
	0.45
	0.19
	0.22
	0.32
	0.46

	1999
	1.37
	0.70
	0.18
	2.13
	0.89
	2.42
	0.79
	0.22
	0.11
	0.06
	0.11
	0.08

	2000
	0.33
	1.69
	3.40
	0.84
	0.43
	0.45
	0.68
	0.45
	0.22
	0.35
	0.66
	0.67

	2001
	0.56
	1.58
	0.65
	0.38
	0.28
	0.11
	0.26
	0.27
	0.43
	1.66
	1.21
	2.33

	2002
	0.70
	0.32
	0.49
	0.27
	0.26
	11.89
	3.83
	1.17
	0.70
	0.47
	0.43
	0.35

	2003
	0.54
	0.42
	0.31
	0.35
	0.47
	0.65
	0.65
	0.42
	0.38
	0.36
	0.42
	0.72
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Occurrence of Abiotic States - Scenario 4
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Figure 6.4
A graphic representation of the percentage occurrence of the abiotic states under Scenario 4

6.5.2 Abiotic EHI for the Future Scenario 4

6.5.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	58
	For the Goukamma River Estuary low flows are defined as the months in which river inflows are less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under the future Scenario 4, low flows now occur for 71% (~9 months) of the year.

Following the guidelines provided in DWAF (2004) score 58%.
	Low

	b.% Similarity in mean annual frequency of floods
	90
	As this development scenario comprises baseflow abstraction it is assumed that floods will be largely unmodified.
	Low

	Hydrology score
	71
	
	


6.5.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	57
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 42% of the time (~5 months) under the future Scenario 4.  Following the guidelines provided in DWAF (2004) score 57%.
	Low

	Hydrodynamics and mouth conditions score
	57
	
	


6.5.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	58
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition.  These have been reduced to 29% of the time (~3 months) under the Future Scenario 4.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 58%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	80
	Under Scenario 4 activities in the catchment increase DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 4 these states occur for 29% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 29/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 5 months under Scenario 4 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 25%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 25*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	53
	Turbidity levels in the estuary have probably not changed significantly from that of the reference condition to the present state. A slight increase may be associated with landuse activities in the catchment, up to 5%.

However, due to the reduction in (blackwater) freshwater inflow, the overall transparency in the system will probably increase.  Freshwater inflows are dominant under States 3 (transition) and 4 (freshwater dominated), which are decreased from 8 months under the Reference Condition to 3 months under Scenario 4.  Using guidelines provided in (DWAF 2004) these reflect a modification of 42%.

Final score = 100 – (5+42)
	Low

	2c. 
Dissolved oxygen in the estuary
	58
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence time, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary can become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) has increased from 4 months (reference condition) to 9 months (Scenario 4).  Using guidelines provided in DWAF (2004) these reflect a modification of 42%.
	Low

	2d. 
Levels of toxins
	90
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may introduce agricultural chemicals (pesticides)to the estuary, although there are no data to verify this.  Allow for a 10% modification.
	Low

	Water Quality score
	55
	
	


6.5.2.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% Similarity in intertidal area exposed 
	80
	Allow for a 15 change in the intertidal area due changes in floods and land use.  Allow an additional 5% for stabilisation of the dune field along the eastern bank.
	Low

	1b
	% Similarity in sand fraction relative to total sand and mud
	85
	Allow for a 15% 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
	85
	Allow for a 15% change in the intertidal area due to changes in floods, land use and artificial breaching.
	Low

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into the estuary 
	80
	Sedimentation may have occurred due to a change in landuse 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 
	80
	Sedimentation may have occurred due to change in land-use in the catchment.
	Low


6.5.3 Biotic Components 

6.5.3.1 Predicted change in biotic characteristics of the future Scenario 4 compared with the Reference Condition, as well as the causes of these changes

	MICROALGAE

	The Goukamma Estuary has changed significantly from the reference condition.  It is expected that the period of low flows (<0.8 m3/s) will increase by 35% from the reference state.  This causes the mouth of the estuary to close more frequently (42% of the year compared to 21%), periods of stratification to decrease (29% compared to 64%), water clarity to increase (29% from that of the present state), dissolved oxygen to decrease (34% from that of the present state) and nutrient concentrations to increase (10%).  As a result of the more stable and saline conditions due to the extended periods of mouth closure, the biomass of phytoplankton should decrease slightly as small diatoms and flagellates become dominant.  As the water column clears and the level of nutrients increases slightly, as well as the 10% increase in sand content as a result of landuse activities, an increase in the subtidal benthic chlorophyll a biomass is expected.  The intertidal zone is flooded more frequently due to the increased mouth closure thus reducing microalgal biomass.

Confidence: Low

	MACROPHYTES

	Scenario 4 represents increased water abstraction; the estuary will receive 58.6% of the natural MAR.  Disturbance of the riparian zone by farming activities along with the canoe launch site and picnic area all constitute a loss of habitat.  The weir in the upper reaches has further reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference condition) to 71% (Scenario 4) and a decrease in floods would increase sediment stability and promote macrophyte growth.  Nutrient input may increase the growth and distribution of reeds and macroalgae, although this would only be the case during periods of high flow.  The small increase in nutrients may also promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Mouth closure has increased from 21 to 42% of the time.  The increased residence times would favour the growth of macrophytes, as saline water extends upstream and displaces brackish habitats.

Confidence: Low

	INVERTEBRATES (including zooplankton, benthic invertebrates and macrocrustaceans)

	The invertebrate community is predicted to change significantly from the natural state.  This scenario affects baseflows particularly as the transition State 4 and the freshwater dominated State 5 occur less frequently (a decrease from 64% under the reference condition to 29%).  Marine dominance would extend further upstream compared to that of the reference condition as baseflow MAR decreases to 58.6%, when compared to the reference condition and 84.9% when compared to present state.  The mouth now closes for 42% of the time under this scenario.

Phytoplankton biomass has also decreased, when compared to that of the reference condition due to reduced nutrient inflow from the river and across the mouth.  Consequently the abundance and speices composition of the invertebrate communities changes.  This scenario continues along the same trajectory as Scenario 3, largely as further abstractions continue to affect the baseflow.

There is an increase in the cover of subtidal macrophytes and this favours species that inhabiting these, such as isopods and amphipods.  In the upper estuary, a combination of weaker baseflows and changes in the distribution of macrophytes affects species such as the carid shrimp Palaemon capensis and species of Macrobrachium who favour low salinity water.

Confidence: Medium

	FISH

	As with the present day, with the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coast-wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from that of the reference condition under Scenario 4.  There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the growth of macrophytes due to agricultural nutrient input  and sediment stabilisation.  The increase in mouth closure, from 21% to 41% will not significantly impact on fish recruitment as fish are more likely to respond to the high natural flow variability.  There may be impacts on fish recruitment if mouth closure increases during periods of peak recruitment period (August/September-December) and/or the duration of mouth closure increases.

Confidence: Low

	BIRDS

	There is expected to be an increase in piscivores and herbivores due to increase in system productivity, but a decrease in wader numbers.  Overall there is a slight increase in bird numbers, but this is not significantly different from that of Scenario 3.

Confidence: Low


6.5.4 Biotic EHI for the Future Scenario 4:

6.5.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any changes to species richness.
	Low

	2a. Abundance
	86
	A reduction in river flow is likely to increase the frequency of mouth closure by 14% and increase nutrient levels by 10% when compared to the present state.  As a result, there is likely to be an overall (5%) decrease in phytoplankton biomass, as the increase in nutrients is countered by the high residence time that limits growth.
	Low

	2b. Community composition
	78
	There has been a decrease in river flow and flooding that causes the mouth to close more frequently.  As a result, there are fewer periods of vertical salinity stratification and less river water entering the estuary.  This favours a shift to a more stable and saline environment that is dominated by small flagellates and diatoms.  River flow has decreased (26%) and the closed mouth state has increased (14%) compared to that of the present state.  A 14% change in community composition is expected.
	Low

	Benthic microalgae

	1. Species richness
	100

(100%)
	Although the estuary may change states frequently, it is unlikely to impact upon species richness.
	Low

	2a. Abundance
	80
	Changes to the present state include: a decrease in turbidity (29%), an increase in nutrients (10%), a reduction in the intertidal area (5%) due to land use and stabilisation of the east bank.  The subtidal morphology has been also been affected (5%) by reduced floods, land use and artificial breaching practices.  However, a 10% change in the sediment type and associated increase in organic load are low.  Thus, it is unlikely that there has been a large change in MPB biomass so a 15% change from that of the present is expected.
	Low

	2b. Community composition
	75
	The mouth of the estuary closes more often than that of the present state (14%).  This floods the intertidal sediments more frequently and the water column clears (29%).  In addition, there may be a 10% change in sediment type associated with land use impacts.  There is an increase in nutrient levels of 10%.  Overall a 12% change is expected when compared to that of the present.
	Low

	Microalgae score
	75
	
	


6.5.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	70

(84%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Disturbance of the riparian zone and competition from invasive species may decrease species richness up to 5%.  The increase in salinity may further decrease species richness (11%).
	Low

	2a. Abundance/Biomass
	64
	Disturbance of the riparian zone and a weir in the upper reaches has reduced estuarine habitat by 10%.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference conditions) to 71% (Scenario 4) and a decrease in floods would increase sediment stability and increase the growth of macrophytes by up to 35%.  Nutrient input could increase the growth and distribution of reeds and macroalgae by 5%.  Mouth closure has increased from 21 to 42% of the time.  The increased residence times would favour the growth of macrophytes, an increase of 6%.
	Low

	2b. Community composition
	74
	Disturbance of the riparian zone (10%) and the increase in nutrients (5%) may promote the growth of weedy and invasive species resulting in a change in community composition.  Saline water would extend further upstream, displace brackish habitats and further change community composition (11%).
	Low

	Macrophytes score
	64
	
	


6.5.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	Although there has been a significant decrease in river baseflow, zooplankton species richness is unlikely to have changed.  Freshwater species are confined to the uppermost reaches due to the extension of more saline water upstream.
	Low

	2a. Abundance
	75
	Abundance levels have decreased further compared to that of the present state, due to a decrease in baseflow (MAR now 58.6% compared to the reference conditions 72.6% under Scenario 3) and a further decrease in phytoplankton biomass.  In localized areas, some nutrients from adjacent farming activities will result in pulses of nutrients entering the system.  Typical estuarine zooplankton are also likely to decrease compared to that of the present state due to reduced freshwater pulsing, which favours species such as Pseudodiaptomus hessei.
	Low

	2b. Community composition
	75
	Similarly, community composition is likely to change but especially due to salinity distribution. 
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow compared to that of the reference condition (to 58.6% MAR), species richness of benthic zooplankton is unlikely to have changed, since species associated with lower salinity values are still present.
	Low

	2a. Abundance
	75
	Abundance levels have probably decreased significantly as low baseflows persist for 9 months of the year (States 3 and 4 now occur for 3 months only – 29% of the time compared to 64% of the time under the reference condition).  In addition, there is a decrease in the abundance of species associated with non-vegetated areas due to their being less open habitat.  In contrast, species associated with vegetated areas, such as isopods and amphipods, will increase as macrophyte cover increases.  Overall, there is a decrease when compared to the reference condition.
	Low

	2b. Community composition
	75
	Because of the change in proportion of vegetated benthic habitats and an increase in the tidal influence upstream, the community composition is likely to change from that of the reference condition. 
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc)

	1. Species richness
	100

(100%)
	Although there has been a decrease in river inflow compared to that of the reference condition (to 58.6% MAR), the species richness of benthic zooplankton is unlikely to change as species tolerant of lower salinity values are still present.
	Low

	2a. Abundance
	75
	Abundance levels probably decrease due to the 10% decrease of estuarine habitat compared to that of the reference condition.  In addition, the decrease in open habitats will further cause a reduction in abundance.  In contrast, there will be an increase in species associated with vegetated areas, such as isopods and amphipods, as the cover of macrophytes increases.  Overall, abundance decreases when compared to that of the reference condition.
	Low

	2b. Community composition
	75
	Community composition is likely to be markedly different to that of the reference condition due to the changes in macrophyte cover and the increase in tidal influence upstream.  In addition, species of freshwater prawn, such as Palaemon capensis and Macrobrachium ,will be restricted to the uppermost reaches because of upstream intrusion of more saline water.
	Low

	Invertebrates score
	75
	
	


6.5.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	80 

(90%)
	The frequency of mouth closure has increased by 100%, from 21% under the reference condition to 41%, and is open for extended periods during the peak recruitment periods.  There is a shift from their being more marine (estuarine independent) species and fewer estuarine (dependent) species in the estuary.  One alien freshwater species (Micropterus salmoides) in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses mirroring their coastal wide declines, there is little change to the fish assemblage of the Goukamma Estuary when the reference condition is compared to that of Scenario 4.  There may be a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input and sediment stabilisation.  Overall, fish response to the high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.
	Low

	2b. Community composition
	85
	The fish assemblage is still typical of an oligotrophic, temporarily open/closed blackwater system.  There may be fewer piscivorous predators.
	Low

	Fish score
	85
	
	


6.5.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	85

(93%)
	There is a slight reduction in species richness due to the loss of waders.
	Low

	2a. Abundance
	82
	There is expected to be an increase in piscivores and herbivores due to an increase in system productivity.  Overall there is a slight increase in bird numbers.
	Low

	2b. Community composition
	82
	Community composition shifts in favour towards piscivores and herbivores.
	Low

	Bird score
	82
	
	


6.6 FUTURE SCENARIO 5: DAM DEVELOPMENT WITH A 48 MCM CAPACITY AND A FIRM YIELD OF 17.9 MCM

6.6.1 Abiotic Components

6.6.1.1 Seasonal variability in river inflow

The occurrences of the flow distributions (mean monthly flows in m3/s) under Scenario 5 to the Goukamma Estuary, derived from a 84-year simulated data set, is shown in Table 6.10.  The full 84-year series of simulated monthly runoff data for Scenario 5 is provided in Table 6.11.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 6.5.

Table 6.10
 A summary of the monthly flow distribution under Scenario 5
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	6.85
	7.01
	5.74
	6.43
	3.82
	6.41
	8.00
	12.46
	3.57
	5.25
	10.11
	10.08

	95%ile
	4.02
	3.71
	3.39
	2.70
	1.78
	2.47
	3.72
	3.18
	1.96
	2.01
	5.26
	6.55

	90%ile
	1.77
	2.73
	1.85
	1.34
	1.27
	1.60
	2.26
	1.34
	1.29
	1.17
	1.54
	2.99

	80%ile
	1.32
	1.81
	0.97
	0.84
	0.97
	0.93
	1.02
	0.52
	0.55
	0.53
	0.80
	1.80

	70%ile
	1.05
	1.28
	0.78
	0.71
	0.76
	0.86
	0.74
	0.43
	0.44
	0.45
	0.58
	0.91

	60%ile
	0.76
	0.98
	0.74
	0.59
	0.65
	0.75
	0.72
	0.32
	0.30
	0.30
	0.52
	0.72

	50%ile
	0.57
	0.89
	0.72
	0.53
	0.57
	0.66
	0.68
	0.28
	0.28
	0.30
	0.40
	0.57

	40%ile
	0.55
	0.86
	0.58
	0.40
	0.48
	0.63
	0.65
	0.28
	0.28
	0.30
	0.39
	0.45

	30%ile
	0.45
	0.77
	0.45
	0.32
	0.36
	0.52
	0.56
	0.28
	0.28
	0.30
	0.38
	0.39

	20%ile
	0.45
	0.48
	0.38
	0.26
	0.29
	0.40
	0.45
	0.27
	0.27
	0.25
	0.38
	0.39

	10%ile
	0.42
	0.36
	0.27
	0.20
	0.19
	0.25
	0.28
	0.21
	0.23
	0.23
	0.31
	0.36

	1%ile
	0.32
	0.23
	0.12
	0.06
	0.10
	0.11
	0.13
	0.09
	0.09
	0.11
	0.23
	0.22


6.6.1.2 Scenario 5 flood regime

The 99%ile indicate that estuary floods are reduced between 30 and 40% under Scenario 5.  This reduction would be less for very large floods.

Confidence: Low

6.6.1.3 Present sediment processes

There has been a reduction in the magnitude and occurrence of major floods.  Thus, the flushing of sediments during these flood events is also reduced.  This means that the sedimentation processes in the estuary will be different from that expected for the reference condition.  The estuary probably still has the natural cycling of accumulation between and scouring during major floods.  There may be some increased erosion in the catchment causing some siltation in the estuary.

Artificial breaching at lower water levels may exacerbate siltation in the lower reaches.

Confidence: Low

Table 6.11
Simulated monthly flows in the Goukamma Estuary for Future Scenario 5 in m3/s
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.41
	0.46
	0.97
	0.62
	1.24
	1.37
	1.15
	0.40
	0.28
	0.30
	0.38
	0.49

	1921
	0.45
	0.85
	0.99
	1.02
	0.60
	0.67
	3.35
	0.64
	0.39
	0.52
	0.54
	0.60

	1922
	0.76
	1.98
	0.78
	0.63
	0.48
	0.31
	0.72
	0.50
	0.51
	0.30
	0.38
	0.37

	1923
	0.42
	0.91
	0.55
	0.33
	0.35
	0.26
	0.38
	0.28
	0.28
	0.23
	0.42
	1.21

	1924
	0.56
	0.86
	0.84
	0.60
	0.26
	0.83
	0.72
	0.28
	0.29
	0.30
	0.52
	10.08

	1925
	1.31
	0.89
	0.73
	0.37
	0.28
	0.75
	0.66
	0.27
	0.28
	0.30
	0.39
	0.39

	1926
	0.55
	1.64
	0.74
	0.20
	0.61
	0.43
	0.18
	0.28
	0.28
	0.23
	0.38
	0.38

	1927
	0.40
	0.40
	0.25
	0.24
	0.45
	1.37
	1.01
	0.28
	0.28
	0.23
	0.38
	0.45

	1928
	0.44
	1.60
	0.97
	0.40
	0.36
	0.53
	0.46
	0.28
	0.28
	0.48
	0.75
	0.71

	1929
	0.48
	0.46
	0.47
	0.42
	1.81
	1.00
	0.65
	0.41
	0.48
	0.30
	0.67
	0.70

	1930
	0.55
	0.51
	0.49
	1.04
	0.67
	0.35
	0.70
	0.28
	0.27
	0.30
	0.43
	0.72

	1931
	0.98
	0.91
	5.74
	6.06
	1.60
	0.81
	0.45
	0.28
	0.30
	0.30
	0.38
	7.95

	1932
	1.33
	0.94
	0.41
	0.00
	0.34
	0.66
	0.68
	0.28
	0.28
	0.27
	1.44
	0.83

	1933
	0.37
	0.91
	0.46
	0.26
	0.49
	0.75
	0.55
	0.18
	0.22
	0.46
	0.47
	0.44

	1934
	1.32
	1.60
	0.61
	0.27
	0.72
	0.54
	0.72
	12.39
	3.57
	0.49
	0.52
	2.11

	1935
	1.54
	2.16
	1.41
	0.60
	0.71
	0.65
	0.42
	0.43
	0.28
	0.42
	0.39
	0.68

	1936
	0.55
	2.79
	1.16
	0.45
	0.68
	1.71
	0.74
	0.16
	0.26
	0.30
	0.39
	0.72

	1937
	0.55
	0.93
	0.76
	0.63
	0.27
	0.39
	0.62
	0.28
	0.27
	0.24
	0.35
	0.45

	1938
	0.55
	1.24
	0.78
	0.25
	1.27
	0.87
	0.64
	0.15
	0.03
	0.59
	3.22
	1.62

	1939
	0.56
	0.78
	0.54
	1.03
	2.04
	2.18
	0.66
	0.28
	0.27
	0.27
	0.26
	0.42

	1940
	0.45
	0.66
	0.29
	0.34
	0.48
	0.40
	2.45
	0.49
	0.36
	0.30
	0.33
	0.39

	1941
	0.67
	0.99
	1.45
	2.72
	0.86
	0.83
	0.70
	0.46
	0.52
	0.30
	0.38
	0.39

	1942
	0.56
	0.88
	0.85
	1.31
	0.72
	0.86
	0.69
	0.27
	0.25
	0.18
	0.39
	3.14

	1943
	0.85
	2.89
	2.33
	0.47
	0.39
	0.68
	0.65
	3.29
	2.35
	2.01
	1.04
	3.39

	1944
	1.38
	0.49
	0.35
	0.20
	0.14
	0.10
	0.10
	2.35
	1.98
	0.76
	0.57
	0.42

	1945
	1.53
	0.88
	0.45
	0.55
	0.65
	2.09
	1.04
	0.26
	0.24
	0.25
	0.32
	0.39

	1946
	0.42
	0.33
	0.21
	0.18
	0.25
	0.90
	0.71
	0.28
	0.28
	1.65
	0.54
	0.93

	1947
	0.58
	0.84
	0.33
	1.68
	0.88
	0.46
	0.93
	0.33
	0.27
	0.24
	0.28
	0.45

	1948
	1.15
	1.01
	0.74
	1.02
	0.91
	0.39
	0.60
	0.43
	0.28
	0.21
	0.25
	0.39

	1949
	0.44
	3.01
	0.95
	0.15
	0.32
	0.40
	0.37
	0.26
	0.15
	0.95
	0.81
	0.72

	1950
	0.78
	6.33
	4.95
	8.22
	2.85
	0.63
	0.37
	0.28
	0.46
	3.71
	2.69
	2.47

	1951
	0.55
	0.10
	0.12
	0.77
	0.76
	0.38
	0.66
	0.36
	0.33
	0.30
	0.87
	6.19

	1952
	2.32
	0.89
	0.74
	0.54
	1.20
	0.65
	0.61
	0.27
	1.41
	2.48
	5.43
	2.64

	1953
	7.98
	4.27
	0.79
	0.27
	0.07
	0.61
	0.71
	0.87
	1.00
	1.17
	16.04
	6.06

	1954
	0.45
	4.28
	1.04
	0.72
	8.54
	2.72
	0.58
	0.28
	0.28
	0.30
	0.38
	0.42

	1955
	0.62
	2.40
	0.78
	0.43
	0.64
	0.92
	0.72
	2.11
	0.84
	0.24
	0.26
	0.39

	1956
	1.79
	1.69
	1.27
	0.59
	0.94
	0.75
	0.56
	0.28
	0.52
	0.30
	0.53
	2.27

	1957
	1.40
	0.41
	0.33
	0.32
	0.25
	0.86
	0.72
	0.47
	0.50
	0.29
	0.53
	0.41

	1958
	0.45
	0.43
	0.41
	3.52
	1.24
	0.94
	2.38
	0.54
	0.28
	0.49
	4.66
	1.90

	1959
	4.03
	1.34
	0.67
	1.26
	0.60
	2.89
	1.77
	0.67
	0.61
	0.45
	0.38
	1.04

	1960
	0.57
	0.82
	0.75
	0.54
	0.35
	1.08
	0.97
	0.45
	0.28
	0.30
	0.38
	0.39

	1961
	0.50
	0.68
	0.44
	0.83
	0.64
	0.91
	0.72
	0.27
	0.23
	0.13
	8.89
	1.86

	1962
	1.05
	2.25
	0.73
	0.80
	0.55
	9.35
	3.82
	0.28
	0.28
	0.30
	0.39
	0.38

	1963
	0.43
	0.38
	0.74
	0.75
	0.57
	0.58
	0.66
	0.28
	0.71
	0.34
	0.57
	8.01

	1964
	1.11
	0.86
	0.33
	0.19
	0.18
	0.84
	0.69
	0.30
	0.28
	0.30
	0.36
	0.30

	1965
	3.96
	3.84
	2.02
	0.72
	1.02
	0.52
	0.50
	0.41
	0.28
	0.24
	0.69
	0.74

	1966
	0.45
	0.31
	0.69
	0.30
	0.84
	0.88
	8.09
	4.53
	1.52
	0.79
	0.73
	0.79

	1967
	0.45
	0.88
	0.43
	0.08
	0.11
	0.66
	0.62
	0.28
	2.75
	0.54
	0.39
	0.66

	1968
	0.81
	2.21
	0.73
	0.42
	0.40
	0.69
	0.64
	0.22
	0.43
	0.30
	0.38
	0.39

	1969
	0.55
	0.48
	0.12
	0.19
	0.83
	0.51
	0.14
	0.07
	0.16
	0.19
	0.80
	0.55

	1970
	0.45
	0.39
	5.74
	1.55
	0.82
	0.82
	1.06
	0.67
	0.57
	5.15
	5.36
	1.00

	1971
	0.42
	1.01
	0.59
	0.29
	1.38
	0.83
	0.56
	0.28
	0.28
	0.30
	0.55
	0.46

	1972
	0.39
	0.29
	0.21
	0.19
	0.19
	0.34
	0.67
	0.28
	0.28
	0.28
	0.36
	0.39

	1973
	0.38
	0.64
	0.41
	0.81
	1.01
	0.87
	0.67
	0.46
	0.43
	0.25
	0.72
	0.69

	1974
	0.45
	0.85
	0.34
	0.52
	0.38
	0.61
	0.48
	0.26
	0.28
	0.30
	0.54
	1.74

	1975
	0.56
	0.63
	0.61
	0.32
	0.36
	0.65
	0.39
	0.28
	0.28
	0.49
	0.44
	0.39

	1976
	4.16
	2.66
	0.85
	0.26
	1.81
	0.99
	0.54
	3.63
	0.94
	0.30
	0.38
	0.74

	1977
	0.54
	0.93
	0.51
	0.27
	0.14
	0.15
	0.32
	0.24
	0.28
	0.30
	0.38
	0.39

	1978
	0.45
	1.03
	0.71
	0.60
	0.46
	0.27
	0.17
	0.28
	0.28
	1.80
	0.92
	1.35

	1979
	0.49
	0.26
	0.16
	0.37
	0.24
	0.12
	0.47
	0.28
	0.28
	0.30
	0.37
	0.51

	1980
	0.91
	1.28
	0.91
	6.06
	1.39
	2.52
	4.96
	12.80
	3.57
	0.43
	8.20
	2.16

	1981
	1.10
	0.99
	0.75
	0.55
	0.48
	0.64
	7.98
	0.85
	0.44
	0.57
	0.50
	2.19

	1982
	1.73
	0.83
	0.35
	0.10
	0.30
	0.26
	0.28
	0.28
	1.82
	5.71
	0.85
	0.60

	
	
	
	
	
	
	
	
	
	
	
	
	

	1983
	1.82
	1.25
	0.72
	0.34
	0.29
	0.72
	0.56
	0.26
	0.27
	0.49
	0.39
	0.36

	1984
	0.63
	0.85
	0.67
	0.71
	1.00
	0.61
	0.69
	0.28
	0.28
	0.48
	0.39
	0.36

	1985
	1.38
	1.49
	1.01
	0.71
	0.37
	0.29
	0.24
	0.09
	0.10
	0.18
	0.97
	0.84

	1986
	1.11
	0.98
	0.46
	0.54
	0.44
	0.52
	2.61
	0.47
	0.28
	0.30
	0.41
	6.61

	1987
	0.94
	0.30
	0.38
	0.25
	0.19
	0.20
	0.75
	0.41
	0.30
	0.30
	0.39
	0.44

	1988
	0.45
	0.39
	0.36
	0.22
	0.17
	0.24
	1.05
	0.35
	0.27
	0.27
	0.29
	0.25

	1989
	1.43
	2.68
	0.76
	0.21
	1.26
	0.66
	0.87
	0.43
	0.78
	0.30
	0.38
	0.38

	1990
	0.59
	0.90
	0.40
	0.32
	0.53
	0.42
	0.28
	0.19
	0.28
	0.30
	0.38
	0.28

	1991
	0.86
	0.88
	0.84
	0.57
	0.65
	0.63
	0.43
	0.28
	0.30
	2.01
	0.90
	0.49

	1992
	6.56
	2.00
	0.60
	0.85
	0.65
	0.51
	1.52
	0.56
	0.44
	0.30
	0.36
	10.09

	1993
	1.21
	0.70
	0.75
	0.71
	0.61
	0.65
	0.78
	0.28
	0.28
	0.30
	1.59
	0.90

	1994
	0.74
	0.87
	2.64
	1.35
	0.73
	0.89
	1.96
	1.55
	0.70
	0.30
	0.35
	0.34

	1995
	0.36
	2.76
	2.35
	0.59
	0.27
	0.25
	0.27
	0.12
	0.12
	0.25
	0.38
	0.39

	1996
	6.61
	10.38
	5.09
	0.57
	0.78
	1.42
	1.83
	2.53
	1.63
	0.54
	0.70
	0.43

	1997
	1.21
	0.78
	0.18
	0.31
	0.31
	1.42
	0.73
	0.25
	0.22
	0.24
	0.38
	0.38

	1998
	0.29
	0.38
	0.41
	0.48
	0.56
	0.78
	0.78
	0.28
	0.23
	0.22
	0.29
	0.39

	1999
	0.76
	0.85
	0.18
	2.59
	1.12
	1.68
	0.80
	0.19
	0.13
	0.02
	0.11
	0.07

	2000
	0.33
	1.36
	3.52
	0.92
	0.49
	0.61
	0.72
	0.28
	0.24
	0.28
	0.50
	0.53

	2001
	0.45
	1.30
	0.74
	0.48
	0.29
	0.11
	0.27
	0.26
	0.28
	1.17
	0.80
	1.77

	2002
	0.56
	0.32
	0.58
	0.27
	0.28
	5.81
	3.78
	0.54
	0.54
	0.30
	0.38
	0.35

	2003
	0.45
	0.44
	0.32
	0.39
	0.55
	0.74
	0.70
	0.28
	0.28
	0.29
	0.38
	0.59
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Figure 6.5
A graphic representation of the percentage occurrence of the abiotic states under Scenario 5

6.6.2 Abiotic EHI for the Future Scenario 5

6.6.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	58
	For the Goukamma River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under the future Scenario 5, low flows now occur for 71% (~9 months) of the year.

Following the guidelines provided in DWAF (2004) score 58%.
	Low

	b.% similarity in mean annual frequency of floods
	65
	Judging by the reduction in the 99%ile high flows is deemed to be between 30 and 40% depending upon the size of the flood.
	Low

	Hydrology score
	61
	
	


6.6.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	45
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 48% of the time (~6 months) under the future Scenario 5.  Following the guidelines provided in DWAF (2004) score 45%.
	Low

	Hydrodynamics and mouth conditions score
	45
	
	


6.6.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	58
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 29% of the time (~3 months) under the future Scenario 5.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 58%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	76
	Nutrient inputs from the sea could enter the estuary (e.g. during upwelling).  This would affect the closed mouth state (State 1), which increased from 2 months under the reference condition to 6 months under Scenario 5.  Using guidelines provided in (DWAF 2004) this reflects a modification of 33%.  However, upwelling may not occur during all closures, therefore allow for a 17% modification (33 divided by 2).

Under Scenario 5 activities in the catchment increase DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 5 these states occur for 29% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 29/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 6 months under Scenario 5 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 33%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 33*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	53
	Turbidity levels in the estuary have probably not changed significantly from the reference condition to the present state.  Slight increases may be associated with catchment land use activities.  Allow for a 5% modification.

However, with a reduction in freshwater inflow, the overall transparency in the system may increase due to this being a black water system.  State 3 (transition) and State 4 (freshwater dominated), when freshwater inflow is significant, has decreased from 8 months under the reference condition to 3 months under Scenario 5.  Using guidelines provided in (DWAF 2004) this reflects a modification of 42%.

Final score = 100 – (5+42)
	Low

	2c. 
Dissolved oxygen in the estuary
	58
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence time, particularly State 1 (closed mouth) and State 2 (marine dominated state), the deeper bottom waters (<1 m) in the upper estuary can become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) increased from 4 months (reference condition) to 9 months (Scenario 5).  Using guidelines provided in DWAF (2004) this reflects a modification of 42%.
	Low

	2d. 
Levels of toxins
	85
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals (pesticides) although there are no data to verify this.  Allow a 15% modification (also reflecting a marked increase in mouth closure, which should increase accumulation effects).
	Low

	Water Quality score
	55
	
	


6.6.2.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% similarity in intertidal area exposed 
	60
	Allow for a 35% change in the intertidal area due changes in floods and land use.  Allow for an additional 5% change due to stabilisation of the dune field along the eastern bank.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	65
	Allow for a 35% 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
	65
	Allow for a 35% change in the intertidal area due to changes in floods, land use and artificial breaching.
	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 
	50


	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 
	50


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


6.6.3 Biotic Components 

6.6.3.1 Predicted change in biotic characteristics of the future Scenario 5 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	The Goukamma Estuary has changed significantly from the reference condition.  It is expected that the period of low flows (<0.8 m3/s) will increase by 35% from the reference state causing the mouth of the estuary to close more frequently (48% of the year compared to 21%).  In addition, the periods of stratification are expected to decrease (29% compared to 64%), water clarity to increase (29% from present), dissolved oxygen to decrease (34% from present) and nutrient concentrations to increase (12%).  As a result of the more stable and saline conditions, phytoplankton biomass should decrease slightly as low densities of small diatoms and flagellates become more dominant in the estuary during the extended periods of mouth closure.  As the water column becomes clearer and nutrients in the water column increase it is expected that there will be a slight increase in the biomass of subtidal benthic chlorophyll a.  However, this increase will be restricted by sediment type; there is a 30% change (less mud) in the sand content, when compared to the present state due to land use.  The intertidal zone will become flooded more frequently due to mouth closure, reducing microalgal biomass.

Confidence: Low

	MACROPHYTES

	Under Scenario 5 the estuary will receive 52.9% of the natural MAR.  There is a decrease in the frequency of floods and an increase in mouth closure, with the associated changes to the intertidal and subtidal habitats, due to the presence of the dam.  A more stable system is predicted, which would increase the distribution and growth of macrophytes.  Disturbance of the riparian zone by farming activities, the canoe launch site and picnic area have also caused a some losses to the estuarine habitat.  In addition, the weir in the upper reaches has reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.

The increase in low flow conditions from 36% under the reference condition to 71%  under Scenario 5 and a decrease in flood frequency would increase sediment stability and promote macrophyte growth up to 35%.  Nutrient input could increase the growth and distribution of reeds and macroalgae.  However nutrients would probably only enter the estuary during the high flow states.  The small increase in nutrients may also promote the growth of weedy/opportunistic species, which would displace other slower growing species.  The frequency of mouth closure has increased from 21 to 48%.  These increased residence times would favour nutrient uptake by the macrophytes, this their biomass would increase.  Saline water would extend further upstream and displace brackish habitats.

Confidence: Low

	INVERTEBRATES (including zooplankton, benthic invertebrates and macrocrustaceans)

	The invertebrate community is predicted to change significantly from that of the natural state.  This scenario affects both baseflow and floods.  The transition (State 4) and the freshwater dominated (State 5) occur less frequently, as there has been a decrease from 64% under natural conditions to 29% of the time here.  Floods have been reduced by 30-40%.  Marine dominance would extend further upstream as there is a decrease in baseflow MAR to 52.9% when conmpared to the natural state and 84.9% when compared to that of the present state.  Mouth closure now occurs for 48% of the time.

Phytoplankton biomass has decreased when compared to the reference condition due to reduced nutrient inflows from the river and across the mouth.  Invertebrate communities respond to these changes through a change in abundance and community composition.  This scenario continues along the same trajectory as Scenario 3, due to abstractions that affect baseflows and reduce floodings.

There is an increase in the cover of subtidal macrophytes and this will favour species that prefer vegetated areas, such as isopods and amphipods.  In the upper estuary, weaker baseflows and a change in the distribution of macrophytes in the middle and upper reaches will affect species such as the carid shrimp Palaemon capensis and species of Macrobrachium who favour low salinity water.

Confidence: Medium

	FISH

	As with the present day, other than the exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus, which have estuarine population statuses that tend to mirror their coastal wide declines, there are few changes expected to the fish assemblage of the Goukamma Estuary under Scenario 5 when compared to that of the reference condition.  There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input and sediment stabilisation.  Mouth closure increases by 130% over that of the reference condition, from 21% to 48% of the time.  However, fish assemblage structure is unlikely to change and recruitment as the fish response to high natural flow variability is still likely to outweigh that due to anthropogenic changes in the estuary.  The fish assemblage of the reference condition is typically that of an oligotrophic, blackwater system where mouth closure is frequent and for extended periods.  Should mouth closure occur during periods of peak recruitment (August/September-December) and/or the duration of mouth closure increases, there may be a greater impact on recruitment than if these were spread out over the entire year.  There may be a loss of some species from the system, especially those with short recruitment windows.  Similarly, instead of being an annual event, recruitment of some species may only occur biannually or more frequently.

Confidence: Low

	BIRDS

	There is expected to be an increase in piscivores and herbivores due to increase in system productivity, but this occurs with a decrease in wader numbers.  Overall there will be a slight increase in bird numbers, but not significantly so when compared to the previous scenario.

Confidence: Low


6.6.4 Biotic EHI for the Future Scenario 5

6.6.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	80

(90%)
	The estuary is likely to change states frequently.  However, during extreme droughts it is possible for the estuary to remain closed with short periods of the marine state occurring (20%ile).  In addition, the dam could restrict freshwater taxa from entering the estuary.
	Low

	2a. Abundance
	87
	The construction of a dam and subsequent reduction in river flow are likely to increase the frequency of mouth closure by 20% and nutrients are likely to increase by 12% when compared to the present.

As a result, there is likely to be an overall (8%) decrease in phytoplankton biomass, as an increase in nutrients will increase biomass but a high residence time will limit growth.
	Low

	2b. Community composition
	72
	There has been a decrease in river flow and floods, which has resulted in the mouth of the estuary being closed more frequently.  As a result, there are fewer periods of vertical salinity stratification and less river water entering the estuary.  This  favours a shift to a more stable and saline environment dominated by small flagellates and diatoms.

River flow has decreased by 32% and the closed mouth state has increased by 20% when compared to the present state.  Expect a 20% change in community composition from that of the present state.
	Low

	Benthic microalgae

	1. Species richness
	90

(95%)
	The estuary is likely to change states frequently.  However, during extreme droughts it is possible for the estuary to remain closed with short periods of the marine state occurring (20%ile).  In this situation, it is likely that species adapted to marine or low salinity water are lost.  Assume a 5% decrease.
	Low

	2a. Abundance
	75
	When compared to the present state the following changes have taken place: turbidity has decreased (29%), nutrients have increased (12%), the intertidal area has changed (25%) due to land use and stabilisation of the east bank and the subtidal morphology has been affected (25%) by reduced floods, land use and artificial breaching practices.

In addition, sediment type has changed by 30% (presumed to be coarser) and the organic load entering the estuary through sediment deposition is still low.  As a result, it is unlikely that there has been a large change in MPB biomass.  Allow for a 20% change from present.
	Low

	2b. Community composition
	67
	The mouth of the estuary closes 20% more often than the present state resulting in the intertidal sediments becoming flooded more frequently, which results in the water column becoming clearer (29%).

In addition, sediment type may change by 30% due to land use changes that favour an increased dominance of episammic species of MPB.  In addition the availability of nutrients has increased by 12%.  Allow for a 20% change compared to present.
	Low

	Microalgae score
	67
	
	


6.6.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	62

(79%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species (5%).  Disturbance of the riparian zone and competition from invasive species may have decrease species richness.  The increase in salinity may decrease species richness by 11%.  A reduction in flooding may result in a loss of pioneer species (5%).
	Low

	2a. Abundance/Biomass
	58
	Disturbance of the riparian zone and a weir in the upper reaches has reduced the estuarine habitat by 10%.  The increase in low flow conditions from 36% under the reference condition to 71% under Scenario 5, and a decrease in floods would increase sediment stability and promote macrophyte growth (35% + 5%).

Nutrient input could increase the growth and distribution of reeds and macroalgae by 5%.  Mouth closure has increased from 21 to 48% of the time.  The increased residence time would favour nutrient uptake by macrophytes, which would increase biomass (7%).


	Low

	2b. Community composition
	69
	Disturbance of the riparian zone (10%) and the increase in nutrients (5%) may promote the growth of weedy and invasive species resulting in a change in community composition.  Saline water would extend further upstream, displace brackish habitats and change community composition by 11%.  The reduction in flooding may promote the expansion of emergent macrophytes at the expense of submerged macrophytes (5%).
	Low

	Macrophytes score
	58
	
	


6.6.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	The significant reduction in baseflows (low flows extend for about 9 months of the year), by 30 - 40% and the extended period of mouth closure for 48% of the time will influence species richness.  Some freshwater species are likely to disappear from the uppermost reaches of the estuary due to the upstream extension of more saline water.
	Low

	2a. Abundance
	55
	Abundance levels have decreased further when compared to the present state, due to a decrease in baseflows.  In some areas there are nutrient inputs from adjacent farming activities that together with the reduced freshwater inflows should decrease the presence of typically estuarine zooplankton, such as Pseudodiaptomus hessei, when compared to the present state.
	Low

	2b. Community composition
	55
	The community composition is likely to change as described above, particularly with respect to salinity distribution.
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	Because of the decrease in river inflow to 52.6% MAR when compared to that of the natural state, there is a sharp reduction in the pulsing of freshwater inputs.  Species richness of benthic zooplankton is likely to decrease as species associated with the lower salinity values no longer have suitable habitat, even in the uppermost reaches.
	Low

	2a. Abundance
	55
	Abundance levels have probably decreased significantly as low baseflows now persist for 9 months of the year.  States 3 and 4 now occur for 3 months, 29% of the time compared to 64% of the time under the reference condition.  The decrease in habitat will further decrease abundance levels as those species associated with non-vegetated areas are lost.  In contrast, species associated with vegetated areas, such as isopods and amphipods, will increase due to the increase in macrophyte cover, when compared to the previous scenario.  Overall there is a decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	55
	Community composition is likely to change, when compared to that of the reference condition, due to changes the ratio of vegetated vs. non-vegetated benthic habitats and an increase in tidal influences upstream.
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc)

	1. Species richness
	100

(100%)
	Because of the decrease in river inflow to 52.6% that of the reference condition MAR, there is a sharp reduction in river pulsing (including floods).  The species richness of benthic zooplankton is likely to decrease slightly as species associated with the lower salinity values will no longer have suitable habitat in the uppermost reaches.
	Low

	2a. Abundance
	55
	Abundance levels will decrease significantly as low baseflows now persist for 9 months of the year; States 3 and 4 now occur for 3 months only – 29% of the time compared to 64% under the reference condition.  River pulsing (including floods) has also been reduced by 30 - 40%).  In addition, there is likely to be a further decrease in abundance of species associated with non-vegetated areas, while those associated with vegetated areas, such as isopods and amphipods will increase as the cover of macrophytes increases compared to that of the previous scenario.  Overall there is a decrease in abundance when compared to that of the reference condition.
	Low

	2b. Community composition
	55
	Because of the changes in the ratio of vegetated vs. non-vegetated benthic habitats and the increased tidal influence extending upstream the community composition is expected to change markedly compared to that of the reference condition.
	Low

	Invertebrates score
	55
	
	


6.6.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	72

(85%)
	Mouth closure has increased by 130%, from 21% under the reference condition to 48%.  The mouth is still open for long enough during peak recruitment periods.

The occurrence of marine species (estuarine independent) and that of estuarine dependent fish may be slightly less in the lower estuary.  Consequently, there may be a loss of some species from the system, especially those with short recruitment windows.  Similarly one alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species, such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus that have estuarine population statuses that mirror their coastal declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from the reference condition to Scenario 5.

There may be a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from the agricultural nutrient input and sediment stabilisation.

Overall, fish response to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.  There is likely to be an overall increase in abundance due to the extended periods of mouth closure, a lack of continuous recruitment by opportunistic species such as Liza richardsonii and other causes of natural mortality such as predation.
	Low

	2b. Community composition
	80
	The fish assemblage is still typical of an oligotrophic, temporarily open/closed blackwater system.  There may be fewer piscivorous predators due to their being nationally overexploited.

Closure over the limited recruitment windows of some species may see recruitment occurring biannually or over longer periods.

Apart from the loss of some species from the estuary there may also be fewer year classes at any one time compared to that found for the reference condition.
	Low

	Fish score
	72
	
	


6.6.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	85

(93%)
	There is a slight loss of species richness due to the loss of waders.
	Low

	2a. Abundance
	82
	There is expected to be an increase in piscivores and herbivores due to increase in system productivity.  With the decrease in wader numbers there will be an overall increase in bird numbers, but not significantly so from that of the previous scenario.
	Low

	2b. Community composition
	82
	The community composition shifts in favour of piscivores and herbivores.
	Low

	Bird score
	82
	
	


6.7 FUTURE SCENARIO 6: DAM DEVELOPMENT WITH A 72 MCM CAPAPCITY AND A FIRM YIELD OF 25.1 MCM

6.7.1 Abiotic Components

6.7.1.1 Seasonal variability in river inflow

The occurrences of the flow distributions (mean monthly flows in m3/s) under Scenario 6 to the Goukamma Estuary, derived from a 84-year simulated data set, is provided in Table 6.12. The full 84-year series of simulated monthly runoff data for Scenario 6 is provided in Table 6.13.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 6.6.

Table 6.12 
A summary of the monthly flow distribution under Scenario 6
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	4.50
	6.01
	4.50
	2.36
	3.57
	3.86
	4.02
	8.51
	5.83
	2.79
	9.67
	4.20

	95%ile
	2.54
	2.44
	1.83
	0.92
	1.74
	1.24
	1.76
	2.35
	1.55
	0.80
	4.06
	3.17

	90%ile
	1.64
	1.57
	1.25
	0.74
	1.19
	0.92
	1.24
	0.80
	0.72
	0.59
	0.79
	2.21

	80%ile
	1.15
	1.09
	0.75
	0.62
	0.86
	0.80
	0.73
	0.42
	0.41
	0.49
	0.54
	0.99

	70%ile
	0.94
	0.89
	0.59
	0.49
	0.63
	0.70
	0.59
	0.32
	0.35
	0.39
	0.49
	0.57

	60%ile
	0.75
	0.75
	0.53
	0.43
	0.56
	0.59
	0.58
	0.28
	0.29
	0.30
	0.46
	0.52

	50%ile
	0.56
	0.69
	0.47
	0.34
	0.47
	0.49
	0.57
	0.28
	0.28
	0.30
	0.39
	0.48

	40%ile
	0.55
	0.68
	0.46
	0.30
	0.35
	0.44
	0.53
	0.28
	0.28
	0.30
	0.39
	0.39

	30%ile
	0.45
	0.67
	0.41
	0.27
	0.30
	0.41
	0.48
	0.27
	0.28
	0.30
	0.38
	0.39

	20%ile
	0.45
	0.42
	0.34
	0.24
	0.27
	0.33
	0.39
	0.26
	0.27
	0.25
	0.37
	0.39

	10%ile
	0.42
	0.34
	0.25
	0.17
	0.18
	0.22
	0.28
	0.22
	0.23
	0.23
	0.29
	0.34

	1%ile
	0.32
	0.22
	0.10
	0.04
	0.07
	0.11
	0.13
	0.12
	0.09
	0.15
	0.19
	0.22


6.7.1.2 Scenario 6 flood regime

The 99%ile indicates that there is a 52 to 65% reduction in floods to the estuary under Scenario 6.  This reduction would be less for very large floods.

Confidence: Low

6.7.1.3 Scenario 6 sediment processes

The hydrological data indicates that the magnitude and occurrence of major floods has been reduced.  This also means that the flushing of sediments during flood events has been reduced.  It is therefore likely that sedimentation processes in the estuary will be different from those of the reference condition.

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 causing siltation in the estuary.

Artificial breaching at lower water levels may also cause further siltation in the lower reaches.

Confidence: Low

Table 6.13
Simulated monthly flow to the Goukamma Estuary for the Future Scenario 6 in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.41
	0.41
	0.75
	0.44
	1.15
	0.90
	0.76
	0.28
	0.28
	0.30
	0.38
	0.39

	1921
	0.45
	0.68
	0.77
	0.69
	0.52
	0.51
	1.31
	0.45
	0.33
	0.47
	0.48
	0.49

	1922
	0.75
	1.08
	0.59
	0.45
	0.35
	0.27
	0.58
	0.42
	0.40
	0.30
	0.37
	0.34

	1923
	0.42
	0.70
	0.45
	0.28
	0.30
	0.22
	0.34
	0.27
	0.28
	0.23
	0.40
	0.66

	1924
	0.56
	0.68
	0.64
	0.44
	0.24
	0.63
	0.58
	0.28
	0.28
	0.30
	0.47
	1.86

	1925
	1.02
	0.69
	0.48
	0.30
	0.26
	0.59
	0.54
	0.27
	0.28
	0.30
	0.39
	0.39

	1926
	0.55
	0.99
	0.53
	0.18
	0.55
	0.36
	0.18
	0.28
	0.28
	0.23
	0.38
	0.35

	1927
	0.40
	0.37
	0.24
	0.22
	0.32
	0.90
	0.72
	0.28
	0.28
	0.23
	0.37
	0.39

	1928
	0.43
	0.98
	0.75
	0.30
	0.30
	0.42
	0.40
	0.28
	0.28
	0.44
	0.51
	0.52

	1929
	0.48
	0.41
	0.42
	0.31
	1.77
	0.83
	0.53
	0.28
	0.37
	0.30
	0.50
	0.52

	1930
	0.55
	0.45
	0.43
	0.69
	0.57
	0.30
	0.58
	0.28
	0.27
	0.30
	0.41
	0.52

	1931
	0.89
	0.70
	1.63
	1.18
	1.55
	0.60
	0.39
	0.28
	0.29
	0.30
	0.38
	1.61

	1932
	1.09
	0.72
	0.39
	0.00
	0.29
	0.47
	0.57
	0.28
	0.28
	0.27
	0.66
	0.54

	1933
	0.37
	0.70
	0.41
	0.24
	0.36
	0.59
	0.48
	0.21
	0.22
	0.42
	0.43
	0.39

	1934
	1.02
	0.97
	0.46
	0.24
	0.58
	0.42
	0.58
	8.81
	6.00
	0.60
	0.55
	2.10

	1935
	1.32
	1.94
	1.17
	0.43
	0.58
	0.45
	0.36
	0.31
	0.28
	0.39
	0.39
	0.51

	1936
	0.55
	1.13
	0.91
	0.32
	0.57
	1.26
	0.59
	0.19
	0.26
	0.30
	0.39
	0.52

	1937
	0.55
	0.71
	0.57
	0.45
	0.25
	0.33
	0.50
	0.27
	0.27
	0.24
	0.34
	0.39

	1938
	0.55
	0.86
	0.58
	0.23
	1.19
	0.74
	0.51
	0.18
	0.03
	0.49
	0.72
	0.83

	1939
	0.56
	0.67
	0.45
	0.69
	1.77
	0.87
	0.55
	0.27
	0.27
	0.27
	0.21
	0.39

	1940
	0.45
	0.62
	0.27
	0.28
	0.35
	0.34
	1.05
	0.42
	0.31
	0.30
	0.31
	0.39

	1941
	0.67
	0.76
	0.96
	0.86
	0.74
	0.62
	0.58
	0.39
	0.40
	0.30
	0.38
	0.39

	1942
	0.56
	0.69
	0.64
	0.72
	0.58
	0.71
	0.58
	0.25
	0.25
	0.20
	0.39
	1.07

	1943
	0.83
	1.32
	1.84
	0.32
	0.31
	0.54
	0.52
	2.66
	2.13
	1.80
	0.82
	3.17

	1944
	1.15
	0.44
	0.32
	0.18
	0.11
	0.10
	0.10
	0.53
	1.90
	0.75
	0.41
	0.39

	1945
	1.07
	0.69
	0.41
	0.38
	0.56
	1.15
	1.09
	0.25
	0.24
	0.25
	0.31
	0.39

	1946
	0.42
	0.31
	0.21
	0.16
	0.23
	0.79
	0.58
	0.28
	0.28
	0.54
	0.48
	0.56

	1947
	0.58
	0.68
	0.31
	0.76
	0.77
	0.37
	0.70
	0.28
	0.27
	0.24
	0.24
	0.39

	1948
	0.94
	0.77
	0.52
	0.69
	0.80
	0.33
	0.50
	0.32
	0.28
	0.21
	0.20
	0.39

	1949
	0.44
	1.36
	0.73
	0.13
	0.28
	0.34
	0.33
	0.25
	0.15
	0.51
	0.53
	0.52

	1950
	0.77
	2.07
	4.42
	8.02
	2.60
	0.44
	0.33
	0.27
	0.36
	2.68
	2.75
	2.25

	1951
	0.54
	0.10
	0.10
	0.56
	0.63
	0.32
	0.54
	0.28
	0.30
	0.30
	0.57
	3.86

	1952
	2.60
	0.69
	0.53
	0.35
	1.12
	0.45
	0.50
	0.26
	0.75
	2.08
	5.24
	2.41

	1953
	7.80
	4.04
	0.60
	0.25
	0.05
	0.43
	0.58
	0.47
	0.49
	0.80
	15.89
	5.83

	1954
	0.45
	3.82
	0.79
	0.50
	8.31
	2.48
	0.49
	0.27
	0.28
	0.30
	0.38
	0.39

	1955
	0.62
	1.11
	0.59
	0.31
	0.56
	0.80
	0.58
	1.04
	0.61
	0.24
	0.22
	0.39

	1956
	0.96
	1.45
	1.05
	0.43
	0.84
	0.59
	0.48
	0.28
	0.40
	0.30
	0.47
	0.93

	1957
	1.15
	0.38
	0.30
	0.27
	0.23
	0.70
	0.58
	0.41
	0.39
	0.29
	0.47
	0.39

	1958
	0.45
	0.39
	0.39
	0.93
	1.16
	0.80
	1.03
	0.90
	0.28
	0.44
	4.29
	1.66

	1959
	3.82
	1.09
	0.47
	0.72
	0.52
	2.80
	1.54
	0.45
	0.39
	0.30
	0.38
	0.55

	1960
	0.54
	0.68
	0.55
	0.34
	0.30
	0.85
	0.71
	0.37
	0.28
	0.30
	0.38
	0.39

	1961
	0.50
	0.64
	0.40
	0.62
	0.56
	0.79
	0.58
	0.27
	0.23
	0.17
	2.13
	2.94

	1962
	2.42
	2.50
	0.48
	0.59
	0.42
	9.03
	3.59
	0.28
	0.28
	0.30
	0.39
	0.35

	1963
	0.42
	0.35
	0.52
	0.54
	0.48
	0.42
	0.54
	0.27
	0.54
	0.33
	0.49
	3.14

	1964
	2.49
	0.68
	0.30
	0.16
	0.17
	0.64
	0.58
	0.28
	0.28
	0.30
	0.36
	0.30

	1965
	1.35
	4.53
	1.78
	0.50
	0.92
	0.41
	0.44
	0.28
	0.28
	0.24
	0.51
	0.52

	1966
	0.44
	0.30
	0.47
	0.26
	0.72
	0.76
	3.32
	6.61
	1.57
	0.57
	0.51
	0.56

	1967
	0.45
	0.69
	0.40
	0.04
	0.07
	0.48
	0.50
	0.28
	1.09
	0.49
	0.39
	0.51

	1968
	0.58
	1.65
	0.47
	0.31
	0.31
	0.57
	0.51
	0.23
	0.34
	0.30
	0.38
	0.39

	1969
	0.55
	0.43
	0.10
	0.17
	0.71
	0.41
	0.14
	0.09
	0.16
	0.20
	0.52
	0.46

	1970
	0.45
	0.36
	1.63
	0.74
	0.71
	0.60
	0.74
	0.46
	0.43
	0.72
	6.05
	1.35

	1971
	0.42
	0.78
	0.46
	0.26
	1.31
	0.61
	0.48
	0.28
	0.28
	0.30
	0.49
	0.39

	1972
	0.39
	0.28
	0.20
	0.17
	0.17
	0.30
	0.55
	0.28
	0.28
	0.28
	0.35
	0.38

	1973
	0.38
	0.60
	0.38
	0.60
	0.91
	0.72
	0.55
	0.40
	0.34
	0.25
	0.51
	0.51

	1974
	0.45
	0.68
	0.31
	0.34
	0.30
	0.43
	0.42
	0.24
	0.28
	0.30
	0.48
	0.88

	1975
	0.56
	0.58
	0.46
	0.27
	0.30
	0.46
	0.35
	0.28
	0.28
	0.44
	0.42
	0.39

	1976
	1.37
	1.26
	0.64
	0.24
	1.77
	0.82
	0.47
	0.58
	0.64
	0.30
	0.38
	0.52

	1977
	0.54
	0.71
	0.45
	0.25
	0.10
	0.14
	0.30
	0.23
	0.28
	0.30
	0.38
	0.38

	1978
	0.45
	0.79
	0.47
	0.44
	0.33
	0.23
	0.17
	0.28
	0.28
	0.55
	0.60
	0.72

	1979
	0.49
	0.24
	0.14
	0.30
	0.22
	0.12
	0.41
	0.27
	0.28
	0.30
	0.36
	0.42

	1980
	0.88
	0.88
	0.70
	1.18
	1.32
	0.99
	1.79
	8.45
	5.79
	0.49
	8.39
	3.23

	1981
	2.55
	0.80
	0.56
	0.37
	0.34
	0.45
	6.14
	2.36
	0.35
	0.72
	0.40
	1.85

	1982
	1.51
	0.68
	0.32
	0.08
	0.27
	0.22
	0.28
	0.27
	0.86
	3.37
	1.77
	0.64

	
	
	
	
	
	
	
	
	
	
	
	
	

	1983
	1.73
	1.01
	0.47
	0.28
	0.26
	0.58
	0.48
	0.24
	0.27
	0.45
	0.39
	0.34

	1984
	0.63
	0.68
	0.47
	0.49
	0.90
	0.43
	0.58
	0.28
	0.28
	0.44
	0.39
	0.34

	1985
	1.05
	0.95
	0.79
	0.49
	0.30
	0.25
	0.24
	0.13
	0.10
	0.20
	0.64
	0.54

	1986
	0.91
	0.76
	0.41
	0.35
	0.31
	0.41
	1.09
	0.41
	0.28
	0.30
	0.40
	1.46

	1987
	1.38
	0.29
	0.35
	0.23
	0.18
	0.18
	0.60
	0.28
	0.29
	0.30
	0.39
	0.39

	1988
	0.45
	0.36
	0.33
	0.20
	0.15
	0.21
	0.73
	0.28
	0.27
	0.27
	0.26
	0.25

	1989
	1.08
	1.27
	0.57
	0.19
	1.18
	0.49
	0.69
	0.33
	0.59
	0.30
	0.37
	0.35

	1990
	0.59
	0.70
	0.37
	0.27
	0.39
	0.35
	0.28
	0.21
	0.28
	0.30
	0.38
	0.28

	1991
	0.83
	0.69
	0.64
	0.42
	0.56
	0.44
	0.37
	0.28
	0.29
	0.56
	0.58
	0.39

	1992
	1.63
	1.08
	0.46
	0.63
	0.56
	0.41
	0.84
	0.43
	0.35
	0.30
	0.35
	3.60

	1993
	3.15
	0.66
	0.56
	0.49
	0.55
	0.46
	0.64
	0.28
	0.28
	0.30
	0.66
	0.60

	1994
	1.48
	0.68
	2.77
	1.21
	0.58
	0.78
	2.11
	1.33
	0.47
	0.30
	0.34
	0.34

	1995
	0.36
	1.61
	2.12
	0.43
	0.25
	0.21
	0.27
	0.15
	0.12
	0.25
	0.37
	0.39

	1996
	1.64
	13.23
	4.85
	0.42
	0.65
	1.00
	1.60
	2.32
	1.41
	0.31
	0.49
	0.39

	1997
	0.81
	0.67
	0.17
	0.27
	0.27
	0.90
	0.58
	0.24
	0.22
	0.24
	0.38
	0.35

	1998
	0.29
	0.35
	0.38
	0.33
	0.46
	0.60
	0.65
	0.28
	0.23
	0.22
	0.26
	0.39

	1999
	0.75
	0.68
	0.17
	0.84
	1.03
	0.92
	0.67
	0.21
	0.13
	0.08
	0.11
	0.07

	2000
	0.33
	0.91
	1.29
	0.68
	0.36
	0.43
	0.58
	0.28
	0.24
	0.28
	0.45
	0.44

	2001
	0.45
	0.89
	0.52
	0.33
	0.27
	0.11
	0.27
	0.24
	0.28
	0.52
	0.52
	0.89

	2002
	0.56
	0.30
	0.46
	0.24
	0.25
	1.25
	1.44
	0.43
	0.42
	0.30
	0.38
	0.34

	2003
	0.45
	0.40
	0.29
	0.30
	0.44
	0.59
	0.58
	0.28
	0.28
	0.29
	0.38
	0.49
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Figure 6.6
A graphic representation of the percentage occurrence of the abiotic states under Scenario 6
6.7.2 Abiotic EHI for the future Scenario 6

6.7.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	50
	For the Goukamma River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under Scenario 6 low flows now occur for 82% (~10 months) of the year.

Following the guidelines provided in DWAF (2004) score 50%.
	Low

	b.% Similarity in mean annual frequency of floods
	50
	Judging by the 99%ile the reduction in high flows is deemed to be between 50 and 60% depending on the size of the flood.
	Low

	Hydrology score
	50
	
	


6.7.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	33
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 58% of the time (~7 months) under Scenario 6.  Following the guidelines provided in DWAF (2004) score 33 (Note: method scores mouth closure conservatively).
	Low

	Hydrodynamics and mouth conditions score
	33
	
	


6.7.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	50
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 18% of the time (~2 months) under Scenario 6.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 50%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	75
	Under Scenario 6 activities in the catchment increase DIN concentrations in freshwater inflow by ~50% from the Reference Condition, although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 6 these states occur for 18% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~50% during these states, the modification is  (a = 18/2*0.5) 
Further, an increase in State 1 (closed) from 2 months under the reference condition to 6 months under Scenario 6 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 42%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 42*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	45
	Turbidity levels in the estuary of the present state have probably not changed significantly from that of the reference condition.  A slight increase is expected to be associated with land use activities in the catchment.  Allow for a 5% modification.

However, with a reduction in freshwater inflow, the overall transparency in the blackwater has probably increased.  The significance of freshwater inflow has decreased from 8 months under the reference condition to 2 months under Scenario 6.  Using guidelines provided in (DWAF 2004) this reflects a modification of 50%.

Final score = 100 – (5+50)
	Low

	2c. 
Dissolved oxygen in the estuary
	50
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence times, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary can become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) has increased from 4 months under the reference condition to 10 months under Scenario 2.  Using guidelines provided in DWAF (2004) this reflects a modification of 50%.
	Low

	2d. 
Levels of toxins
	85
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals (pesticides) although there are no data to verify this.  Further, a marked increase in mouth closure will also increase these accumulation effects.  Allow a 15% modification.
	Low

	Water Quality score
	47
	
	


6.7.2.4 Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% Similarity in intertidal area exposed
	40
	Allow for a 55% change in the intertidal area due changes in floods and land use.  Allow an additional 5% for stabilisation of the dune field along the eastern bank.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	45
	Allow for a 55% 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
	45
	Allow for a 55% change in the intertidal area due to changes in floods, land use and artificial breaching.
	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
	30


	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, jetties) rather than modifications to water flow into estuary
	30


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


6.7.3 Biotic Components 

6.7.3.1 Predicted change in biotic characteristics of the future Scenario 6 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	The Goukamma Estuary has changed significantly from the reference condition.  It is expected that the period of low flows (<0.8 m3/s) will increase by 46% from the reference state causing the mouth of the estuary to close more frequently (58% of the year compared to 21%), the periods of stratification to decrease (18% compared to 64%), water clarity to increase (37% from that of the present), dissolved oxygen to decrease (42% from that of the present) and nutrient concentrations to increase (14%).

As a result of the more stable and saline conditions, phytoplankton biomass should decrease slightly as low densities of small diatoms and flagellates become more dominant in the estuary during the extended periods of mouth closure.  As the water column becomes clearer, nutrients in the water column increase slightly and there is a 50% change (due to their being less mud) in the sand content, when compared to that of the present.  There is expected to be a slight light decrease in the biomass  of subtidal benthic chlorophyll a.  The intertidal zone will become flooded more frequently due to mouth closure, reducing microalgal biomass.

Confidence: Low

	MACROPHYTES

	Scenario 6 represents a dam development scenario where the estuary will receive 40.1% of the natural MAR.  Because of the dam there is a decrease in the frequency of floods, an increase in mouth closure and a change in the intertidal and subtidal habitats.  A more stable system is predicted that would increase the distribution and growth of macrophytes.  Disturbance of the riparian zone by farming activities, the canoe launch site and picnic area have resulted in a small loss of habitat.  The weir in the upper reaches has reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference condition) to 82% (Scenario 6) and a decrease in floods would increase sediment stability and promote macrophyte growth.

An increase in the input of nutrients could increase the growth and distribution of reeds and macroalgae.  However, nutrients would probably only enter the estuary during the high flow states.  The small increase in nutrients may also promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Mouth closure has increased from 21 to 58% of the time.  The increased residence times would favour nutrient uptake and subsequent increase in biomass of macrophytes.  Saline water would extend further upstream and displace brackish habitats.

Confidence: Low

	INVERTEBRATES (including zooplankton, benthic invertebrates and macrocrustaceans)

	The invertebrate community is predicted to change significantly from that of the reference condition.  This scenario affects both baseflows and floods.  The transition State 4 and the freshwater dominated State 5 occur less frequently (a decrease from 64% of the time under the reference condition to 18% of the time under this scenario).  Floods have been reduced by 52 – 65%.  The tidal influence of the marine ecosystem would extend further upstream compared to that of the reference condition.  This is associated with a decrease in baseflows as MAR is now 40.1% when compared to the reference condition and 84.9% when compared to present state.  The mouth now closes for 58% of the time under this scenario.

Phytoplankton biomass has also decreased when compared to that of the reference condition due to reduced nutrient inflow from the river and across the mouth.   Invertebrate communities will respond to these changes via changes in species composition and the abudance of different species.  This scenario therefore represents a situation that continues along the same trajectory as Scenario 5, largely due to further abstractions that affect the baseflow and a reduction in floods.

There will also be an increase in the cover of subtidal macrophytes and this will favour species that prefer vegetated areas, such as numerous species of isopods and amphipods.  In the upper estuary, weaker baseflows and a change in the distribution of macrophytes in the middle and upper reaches will affect species such as the carid shrimp, Palaemon capensis and species of Macrobrachium who favour low salinity water.

Confidence: Medium

	FISH

	As with the present day, with the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus that have estuarine population statuses mirroring their coastal wide declines, there is likely to have been little change in the fish assemblage of the Goukamma Estuary from the reference condition to that of scenario 6.  There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input and sediment stabilisation.  Mouth closure has increased by 176% from 21 to 58% of the time when copmpared to that of the reference condition.

The structure of the fish assemblage is unlikely to change much as the response of fish recruitment to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.  This is in some part due to the reference condition fish assemblage being typical of an oligotrophic, blackwater system where mouth closure occurs frequently and for extended periods.

If mouth closure increases entirely during the peak recruitment period (August/September-December) and/or the duration of mouth closure increases, there may be a greater impact on recruitment than would be th case if these were spread out over the entire year.  This will result in a loss of those species with short recruitment windows.  Similarly, instead of being an annual event, recruitment of some species may only occur biannually or over longer periods.

Confidence: Low

	BIRDS

	Trends of the previous scenarios are further exacerbated, but with slight changes only. There is expected to be an increase in piscivores and herbivores due to an increase in system productivity, but there is a decrease in wader numbers.  Overall there is a slight increase in bird numbers, more so than in the previous scenario.

Confidence: Low


6.7.4 Biotic EHI for the Future Scenario 6
6.7.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	64

(80%)
	The estuary is still likely to change states frequently.  However when compared to Scenario 5, during extreme droughts it is more possible for the estuary to remain closed with short periods of a marine state (20%ile).

In addition, the dam could restrict freshwater taxa from entering the estuary.
	Low

	2a. Abundance
	80
	The construction of a dam and subsequent reduction in river flow is likely to increase the frequency of mouth closure by 30% and the level of nutrients by 14% when compared to the present state.  As a result, there is likely to be an overall 15% decrease in phytoplankton biomass in response to an increase in  nutrients; growth is limited to some extent by the high residence time.
	Low

	2b. Community composition
	62
	There has been a decrease in river flow and the occurrence of floods, which causes the mouth of the estuary to close more frequently.  As a result, there are fewer periods of vertical salinity stratification and less freshwater entering the estuary.  This favours a shift to a more stable and saline environment that is dominated by small flagellates and diatoms.

River flow has decreased by 45% and the closed mouth state has increased by 30% when compared to the present state.  Expect a 30% change in community composition from that of the present.
	Low

	Benthic microalgae

	1. Species richness
	80

(90%)
	The estuary is still likely to change states frequently.  However, during extreme droughts it is possible for the estuary to remain closed with short periods of a marine state persisting (20%ile).  In this situation, it is likely that species adapted to marine or lower salinity water are lost.  Assume a 10% decrease.
	Low

	2a. Abundance
	70
	The following changes are expected when compared to the present state: turbidity has decreased (37%), nutrients have increased (14%), the intertidal area has changed (45%) due to land use and stabilisation of the east bank and the subtidal morphology has been affected (45%) by reduced flooding, land use and artificial breaching practices.  In addition, sediment type has changed by 50% (presumed to be coarser) and the organic load being deposited in the estuary is low.  As a result, it is unlikely that there has been a large change in MPB biomass.  Allow for a 25% change from that of the present state.
	Low

	2b. Community composition
	57
	The mouth of the estuary closes more often than during the present state (30%) resulting in the intertidal sediments becoming flooded more frequently and the water column to become clearer (37%).  In addition, there may be 50% change in sediment type due to land use favouring the increased dominance of episammic species of MPB.  Nutrients have increased by 14%.  Allow for a 30% change when compared to that of the present state.
	Low

	Microalgae score
	57
	
	


6.7.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	52 

(72%)
	The increase in nutrients may promote the growth of weedy/opportunistic species, which would displace other slower growing species (5%).  Disturbance of the riparian zone and competition from invasive species may decrease species richness.  The increase in salinity may further decrease species richness (13%).  The reduction in flooding may result in a loss of pioneer species (10%).
	Low

	2a. Abundance/Biomass
	49
	Disturbance of the riparian zone and a weir in the upper reaches has reduced estuarine habitat by 10%.  The increase in low flow conditions from 46% (reference condition) to 82% (Scenario 6) and decrease in floods would increase sediment stability and promote macrophyte growth (36% + 10%).  Nutrient input could increase the growth and distribution of reeds and macroalgae (5%).  Mouth closure has increased from 21 to 58% of the time.  The increased residence times would favour nutrient uptake by the macrophytes thus increasing their biomass (10%).
	Low

	2b. Community composition
	62
	Disturbance of the riparian zone (10%) and the increase in nutrients (5%) may promote the growth of weedy and invasive species resulting in a change in community composition.  Saline water would extend further upstream, displace brackish habitats and further alter community composition (13%).  The reduction in flooding may promote the expansion of emergent macrophytes at the expense of submerged macrophytes (10%).
	Low

	Macrophytes score
	49
	
	


6.7.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	50

70%
	The combination of a significant reduction in baseflows (low flows extend for about 10 months of the year), a 50 – 65% reduction in flooding and an extended period of mouth closure for 58% of the time will influence species richness.  Some freshwater species are likely to disappear from the uppermost reaches of the estuary due to the upstream extension of more saline water.
	Low

	2a. Abundance
	45
	Abundance levels have decreased further when compared to that of the present state, due to a decrease in baseflows, where MAR is now 40.1% and 52.9% when compared to that of the reference condition and Scenario 5 respectively.  In some areas the input of nutrients from adjacent farming activities will result in pulses of nutrients entering the system.  The occurrence of typically estuarine zooplankton is likely to decrease when compared to the present state because of reduced freshwater pulsing, which favours species such as Pseudodiaptomus hessei.
	Low

	2b. Community composition
	45
	The community composition is likely to change particularly with respect to changes in the salinity distribution.
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	50

(70%)
	The species richness of zooplankton is likely to decrease as species associated with the lower salinity values will no longer have suitable habitat due to the decrease in river inflow when compared to the reference condition (40.1% MAR) and a sharp reduction in river pulsing (including floods).
	Low

	2a. Abundance
	45
	Abundance levels have probably decreased significantly as low baseflows now persists for 10 months of the year.  States 3 and 4 now occur for 2 months; 18% of the time compared to 64% of the time under the reference condition.  There is likely to be further decreases in the abundance of species associated with a reduction in non-vegetated areas.  In contrast species associated with vegetated areas, such as isopods and amphipods, will increase due to the increase in macrophyte cover, when compared to the previous scenario).  Overall there is a decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	45
	Because of the change in vegetated vs. non-vegetated benthic habitats and an increase in the dominance of the marine environment upstream, the community composition is likely to change markedly when compared to the reference condition.
	Low

	Larger hyperbenthic organisms (crabs, non-burrowing shrimps etc)

	1. Species richness
	50

(70%)
	Because of the decrease in river inflow compared to the reference condition (40.1% MAR), there is a sharp reduction in river pulsing (including floods).  The species richness of zooplankton is likely to decrease as species associated with the lower salinity values no longer are favoured.
	Low

	2a. Abundance
	45
	Abundance levels will decrease significantly as low baseflows now persists for 10 months of the year.  States 3 and 4 now occur for 2 months (18% compared to 64% for that of the reference condition).  River pulsing (including floods) has been reduced by 50 – 65%.  In addition to decreases in habitat, there is likely to be further decreases in the abundance of species associated with non-vegetated areas.  In contrast, species associated with vegetated areas, such as isopods and amphipods will increase as macrophyte cover increases over that of the previous scenario.  Overall there is a decrease in abundance when compared to the reference condition.
	Low

	2b. Community composition
	45
	Because of the change in vegetated vs. non-vegetated benthic habitats and the increased marine influence upstream, the community composition is likely to change markedly from that of the Reference Condition.
	Low

	Invertebrates score
	45
	
	


6.7.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	65

(80%)
	The frequency of mouth closure has increased 176% to 58% from 21% for that of the reference condition.  The mouth is still open for long enough during the peak recruitment periods.

The occurrence of estuarine independent marine species and estuarine dependent fish may be slightly less.  There may thus be a loss of some species from the system, especially those with short recruitment windows.  Similarly one alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species, such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus that have estuarine population statuses mirroring their coastal wide declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from the reference condition to that of Scenario 6.

There may be a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the increase in macrophyte growth arising from agricultural nutrient input and sediment stabilisation.  Overall, the response of fish to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.  However extended periods of mouth closure and a lack of continuous recruitment by opportunistic species such as Liza richardsonii, coupled with predation and other causes of natural mortality in the estuary, may decrease overall abundance.
	Low

	2b. Community composition
	80
	Fish assemblage are still typical of an oligotrophic, temporarily open/closed blackwater system.  There may be fewer piscivorous predators, which are nationally overexploited.

Closure over the limited recruitment windows of some species may see recruitment occurring biannually or over longer periods.  Apart from the loss of some species from the estuary there may also be fewer year classes at any one time compared to reference.
	Low

	Fish score
	65
	
	


6.7.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	80

(90%)
	There is a slight loss of species richness due to the loss of waders.
	Low

	2a. Abundance
	80
	There is expected to be an increase in piscivores and herbivores due to increase in system productivity.

Overall there is a slight increase in bird numbers over that of the previous scenario.
	Low

	2b. Community composition
	80
	The community composition shifts in favour to that of piscivores and herbivores.
	Low

	Bird score
	80
	
	


6.8 FUTURE SCENARIO 7: SIMILAR TO SCENARIO 4, BUT WITH REDUCED NUTRIENT INPUT, REMOVAL OF UPSTREAM WEIRS AND RELOCATION OF BUFFLESBAAI ROAD

6.8.1 Abiotic Components 

6.8.1.1 Seasonal variability in river inflow:

The occurrences of the flow distributions (mean monthly flows in m3/s) under Scenario 1 to the Goukamma Estuary, derived from a 84-year simulated data set, is provided in Table 6.14.  The full 84-year series of simulated monthly runoff data for Scenario 1 is provided in Table 6.15.  A graphic representation of the percentage occurrence of the various abiotic states is presented in Figure 6.7.

Table 6.14
A summary of the monthly flow distribution under Scenario 7
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	8.21
	12.84
	7.99
	8.04
	7.05
	11.65
	9.38
	16.98
	6.89
	7.35
	11.27
	11.48

	95%ile
	6.71
	6.04
	5.04
	3.76
	4.03
	4.51
	5.18
	6.03
	4.41
	3.95
	6.45
	8.48

	90%ile
	5.03
	5.20
	3.09
	2.22
	2.60
	3.52
	3.99
	3.38
	2.80
	2.80
	4.25
	4.28

	80%ile
	3.50
	3.51
	2.04
	1.58
	1.60
	2.33
	2.24
	1.99
	1.42
	1.60
	2.37
	3.23

	70%ile
	2.64
	2.53
	1.43
	1.26
	1.19
	1.96
	1.49
	1.41
	1.19
	1.37
	1.59
	2.13

	60%ile
	2.14
	1.67
	1.20
	0.80
	0.98
	1.40
	1.33
	1.09
	0.98
	1.08
	1.37
	1.78

	50%ile
	1.51
	1.20
	0.97
	0.61
	0.83
	1.00
	0.99
	0.79
	0.83
	0.83
	1.16
	1.47

	40%ile
	1.34
	1.02
	0.68
	0.49
	0.59
	0.78
	0.84
	0.71
	0.70
	0.69
	0.93
	1.14

	30%ile
	1.08
	0.91
	0.45
	0.34
	0.45
	0.58
	0.69
	0.52
	0.54
	0.50
	0.68
	0.94

	20%ile
	0.86
	0.56
	0.33
	0.27
	0.30
	0.42
	0.52
	0.41
	0.38
	0.39
	0.57
	0.69

	10%ile
	0.66
	0.39
	0.23
	0.18
	0.18
	0.26
	0.30
	0.28
	0.21
	0.29
	0.42
	0.45

	1%ile
	0.34
	0.23
	0.05
	0.07
	0.07
	0.10
	0.13
	0.11
	0.08
	0.16
	0.22
	0.28


6.8.1.2 Scenario 7 flood regime

The Scenario 7 flood regime is very similar to that of the reference condition.  The simulated monthly runoff data indicate very little change to high flow months.  The 99%ile indicates that there is ~ 5% decrease in floods to the estuary.  This reduction would be even less for very large floods.

Confidence: Low

6.8.1.3 Scenario 7 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 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 causing some siltation in the estuary.

Artificial breaching at lower water levels may also have caused some siltation in the lower reaches.

Confidence: Low

Table 6.15
Simulated monthly flow to the Goukamma Estuary for the Future Scenario 7 in m3/s

	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.50
	0.52
	2.30
	0.93
	2.44
	3.51
	2.57
	1.24
	0.79
	0.83
	0.73
	1.23

	1921
	0.88
	1.02
	2.40
	1.88
	0.88
	1.01
	5.27
	2.77
	1.09
	1.93
	1.52
	1.52

	1922
	2.50
	4.26
	1.41
	0.94
	0.61
	0.30
	1.40
	2.06
	1.39
	0.61
	0.54
	0.48

	1923
	0.65
	1.36
	0.65
	0.37
	0.42
	0.27
	0.44
	0.51
	0.53
	0.33
	1.26
	2.94

	1924
	1.46
	1.08
	1.71
	0.88
	0.26
	1.74
	1.39
	0.78
	0.97
	0.69
	1.49
	11.63

	1925
	4.95
	1.19
	0.99
	0.45
	0.26
	1.40
	0.88
	0.45
	0.94
	1.11
	0.96
	0.94

	1926
	1.37
	3.61
	1.20
	0.18
	0.91
	0.47
	0.18
	0.80
	0.59
	0.28
	0.62
	0.57

	1927
	0.52
	0.47
	0.21
	0.25
	0.57
	3.52
	2.32
	0.73
	0.43
	0.31
	0.59
	1.16

	1928
	0.77
	3.51
	2.32
	0.50
	0.44
	0.59
	0.54
	0.68
	0.67
	1.52
	2.25
	1.79

	1929
	1.19
	0.54
	0.50
	0.51
	5.45
	2.55
	0.84
	1.27
	1.30
	1.17
	1.95
	1.75

	1930
	1.34
	0.60
	0.51
	1.90
	1.02
	0.36
	1.14
	0.73
	0.34
	1.26
	1.27
	1.82

	1931
	3.32
	1.33
	13.62
	7.82
	4.10
	1.58
	0.50
	0.75
	0.97
	0.82
	0.61
	9.55

	1932
	5.08
	1.51
	0.39
	0.04
	0.40
	0.96
	0.99
	0.87
	0.66
	0.44
	4.36
	2.05

	1933
	0.40
	1.34
	0.50
	0.27
	0.65
	1.41
	0.69
	0.24
	0.19
	1.48
	1.38
	1.11

	1934
	5.07
	3.51
	0.75
	0.27
	1.08
	0.60
	1.34
	16.90
	7.17
	1.49
	1.41
	3.14

	1935
	2.27
	2.93
	2.15
	0.80
	1.04
	0.88
	0.47
	1.41
	0.95
	1.41
	0.97
	1.72

	1936
	1.35
	4.65
	1.93
	0.52
	1.01
	3.52
	1.48
	0.21
	0.27
	1.09
	0.94
	1.81

	1937
	1.41
	1.48
	1.34
	0.95
	0.29
	0.39
	0.77
	0.53
	0.39
	0.34
	0.49
	1.14

	1938
	1.37
	2.71
	1.43
	0.28
	2.61
	2.08
	0.81
	0.20
	0.05
	2.37
	5.92
	3.74

	1939
	1.42
	0.91
	0.60
	1.88
	6.51
	2.96
	0.88
	0.48
	0.39
	0.41
	0.29
	1.04

	1940
	0.95
	0.84
	0.26
	0.38
	0.63
	0.43
	4.39
	1.95
	1.08
	0.77
	0.43
	0.69

	1941
	2.16
	1.86
	3.44
	3.78
	1.36
	1.71
	1.12
	1.75
	1.42
	0.86
	0.87
	0.71

	1942
	1.42
	1.18
	1.71
	2.22
	1.09
	1.96
	1.08
	0.37
	0.27
	0.22
	1.14
	5.41

	1943
	2.88
	6.10
	3.25
	0.55
	0.46
	1.09
	0.84
	6.17
	3.16
	2.82
	1.74
	4.26

	1944
	2.09
	0.57
	0.30
	0.18
	0.11
	0.10
	0.10
	5.23
	4.80
	1.73
	1.24
	1.02

	1945
	2.38
	1.15
	0.45
	0.67
	0.98
	4.79
	2.09
	0.34
	0.22
	0.37
	0.43
	0.74

	1946
	0.66
	0.35
	0.16
	0.17
	0.25
	2.24
	1.27
	0.80
	0.93
	3.59
	1.59
	2.27

	1947
	1.70
	0.97
	0.29
	2.61
	1.44
	0.48
	2.10
	1.10
	0.39
	0.35
	0.33
	1.16

	1948
	3.98
	1.98
	1.17
	1.88
	1.50
	0.42
	0.74
	1.46
	0.80
	0.23
	0.26
	0.91

	1949
	0.79
	6.39
	2.18
	0.14
	0.36
	0.43
	0.42
	0.34
	0.16
	2.76
	2.47
	1.84

	1950
	2.64
	12.20
	5.85
	9.11
	3.67
	0.77
	0.40
	0.50
	1.25
	5.82
	3.86
	3.29

	1951
	1.24
	0.14
	0.03
	1.42
	1.20
	0.41
	0.89
	1.19
	1.05
	1.02
	3.09
	8.19

	1952
	3.65
	1.14
	1.16
	0.62
	2.28
	0.91
	0.73
	0.44
	3.81
	4.41
	6.54
	3.45

	1953
	8.93
	5.09
	1.39
	0.28
	0.06
	0.74
	1.32
	3.57
	2.00
	1.87
	17.27
	6.97

	1954
	0.92
	5.24
	1.80
	1.26
	9.70
	3.48
	0.67
	0.51
	0.66
	0.75
	0.71
	1.03

	1955
	1.89
	4.49
	1.44
	0.50
	0.96
	2.31
	1.39
	3.50
	1.60
	0.32
	0.27
	0.66

	1956
	4.11
	2.51
	2.04
	0.79
	1.54
	1.39
	0.68
	0.63
	1.44
	1.01
	1.51
	4.29

	1957
	2.17
	0.47
	0.27
	0.34
	0.26
	1.96
	1.43
	1.87
	1.37
	0.50
	1.51
	1.02

	1958
	0.83
	0.51
	0.41
	4.65
	2.43
	2.37
	4.32
	2.22
	0.73
	1.48
	5.78
	2.68

	1959
	4.84
	2.09
	0.79
	2.13
	0.87
	4.59
	2.54
	1.34
	1.29
	1.09
	0.69
	2.12

	1960
	1.28
	0.94
	1.29
	0.62
	0.42
	2.84
	2.19
	1.66
	0.94
	0.50
	0.75
	0.93

	1961
	1.22
	0.86
	0.45
	1.57
	0.97
	2.24
	1.39
	0.46
	0.21
	0.18
	10.04
	4.04

	1962
	3.43
	3.60
	1.02
	1.48
	0.75
	11.22
	4.63
	0.83
	0.55
	1.04
	0.96
	0.52

	1963
	0.66
	0.42
	1.17
	1.40
	0.84
	0.67
	0.89
	0.53
	2.46
	1.36
	1.64
	9.79

	1964
	3.57
	0.99
	0.30
	0.16
	0.16
	1.80
	1.04
	1.04
	0.96
	0.75
	0.53
	0.37

	1965
	6.87
	7.29
	2.84
	1.28
	1.70
	0.57
	0.58
	1.29
	0.83
	0.34
	2.02
	1.86

	1966
	0.81
	0.31
	0.91
	0.33
	1.35
	2.12
	9.53
	7.92
	2.56
	1.39
	1.36
	1.44

	1967
	1.08
	1.10
	0.42
	0.07
	0.07
	0.99
	0.78
	0.74
	5.93
	2.30
	1.14
	1.69

	1968
	1.67
	3.03
	1.01
	0.49
	0.49
	1.17
	0.80
	0.29
	1.19
	1.00
	0.79
	0.79

	1969
	1.34
	0.61
	0.06
	0.18
	1.34
	0.58
	0.14
	0.08
	0.14
	0.24
	2.37
	1.49

	1970
	1.05
	0.46
	6.83
	2.44
	1.32
	1.67
	2.47
	3.03
	1.53
	7.23
	7.53
	2.35

	1971
	0.56
	1.92
	0.69
	0.28
	3.10
	1.67
	0.67
	0.70
	0.82
	0.73
	1.60
	1.17

	1972
	0.46
	0.26
	0.15
	0.18
	0.18
	0.35
	0.95
	0.76
	0.55
	0.46
	0.52
	0.68

	1973
	0.46
	0.82
	0.41
	1.54
	1.71
	2.02
	0.93
	1.81
	1.18
	0.40
	2.08
	1.74

	1974
	0.82
	0.99
	0.32
	0.61
	0.48
	0.73
	0.58
	0.32
	0.41
	0.84
	1.57
	4.04

	1975
	1.51
	0.77
	0.74
	0.35
	0.45
	0.92
	0.48
	0.70
	0.78
	1.57
	1.32
	0.91

	1976
	6.99
	5.61
	1.70
	0.27
	4.99
	2.48
	0.64
	6.68
	3.00
	0.52
	0.80
	1.82

	1977
	1.27
	1.45
	0.56
	0.28
	0.11
	0.13
	0.35
	0.30
	0.77
	0.56
	0.67
	0.69

	1978
	0.97
	2.10
	0.97
	0.87
	0.58
	0.28
	0.17
	1.00
	0.99
	3.75
	3.57
	3.18

	1979
	1.18
	0.25
	0.09
	0.46
	0.24
	0.11
	0.57
	0.52
	0.82
	0.62
	0.54
	1.37

	1980
	3.14
	2.84
	2.03
	7.38
	3.06
	5.49
	6.75
	17.35
	6.84
	1.30
	9.51
	4.20

	1981
	3.45
	1.72
	1.23
	0.63
	0.58
	0.87
	9.35
	3.37
	1.16
	1.65
	1.18
	2.98

	1982
	2.48
	0.95
	0.29
	0.10
	0.30
	0.26
	0.31
	0.51
	4.52
	7.98
	2.83
	1.53

	1983
	2.72
	2.00
	0.97
	0.38
	0.28
	1.31
	0.69
	0.31
	0.34
	1.67
	1.09
	0.45

	1984
	1.94
	1.01
	0.84
	1.28
	1.68
	0.75
	1.00
	0.66
	0.61
	1.49
	0.93
	0.45

	1985
	5.39
	3.28
	2.50
	1.26
	0.45
	0.28
	0.24
	0.12
	0.09
	0.22
	4.01
	2.09

	1986
	3.62
	1.82
	0.47
	0.64
	0.54
	0.57
	4.60
	1.86
	0.72
	0.52
	1.21
	8.53

	1987
	3.13
	0.28
	0.34
	0.26
	0.18
	0.20
	1.57
	1.30
	1.01
	0.63
	0.95
	1.10

	1988
	0.91
	0.45
	0.33
	0.22
	0.15
	0.24
	2.43
	1.17
	0.38
	0.45
	0.37
	0.32

	1989
	5.78
	5.71
	1.38
	0.20
	2.58
	1.01
	1.94
	1.50
	2.90
	1.31
	0.53
	0.51

	1990
	1.73
	1.30
	0.38
	0.34
	0.72
	0.45
	0.30
	0.26
	0.49
	0.75
	0.65
	0.37

	1991
	2.91
	1.21
	1.72
	0.75
	0.98
	0.81
	0.50
	0.88
	1.00
	3.98
	3.29
	1.26

	1992
	7.97
	4.24
	0.69
	1.58
	0.97
	0.53
	3.09
	2.39
	1.21
	0.56
	0.47
	11.45

	1993
	4.21
	0.86
	1.32
	1.26
	0.91
	0.92
	1.66
	0.92
	0.42
	0.84
	4.55
	2.22

	1994
	2.43
	1.11
	4.36
	2.23
	1.09
	2.16
	3.20
	2.28
	1.38
	0.69
	0.45
	0.39

	1995
	0.38
	5.58
	3.19
	0.81
	0.26
	0.24
	0.29
	0.16
	0.11
	0.37
	0.61
	0.70

	1996
	8.07
	15.99
	5.98
	0.72
	1.19
	3.08
	2.63
	3.38
	2.38
	1.18
	1.32
	1.02

	1997
	1.98
	0.93
	0.12
	0.31
	0.34
	3.59
	1.48
	0.29
	0.19
	0.32
	0.67
	0.57

	1998
	0.28
	0.42
	0.41
	0.58
	0.82
	1.52
	1.68
	0.78
	0.23
	0.23
	0.37
	0.79

	1999
	2.59
	1.05
	0.12
	3.63
	1.90
	4.06
	1.71
	0.24
	0.11
	0.08
	0.05
	0.10

	2000
	0.35
	3.05
	5.16
	1.77
	0.63
	0.74
	1.43
	0.77
	0.26
	0.45
	1.42
	1.41

	2001
	1.08
	2.87
	1.18
	0.57
	0.31
	0.10
	0.28
	0.31
	0.70
	3.08
	2.37
	4.05

	2002
	1.51
	0.30
	0.68
	0.29
	0.28
	13.75
	5.49
	2.27
	1.46
	0.79
	0.68
	0.44

	2003
	1.00
	0.53
	0.27
	0.48
	0.79
	1.39
	1.12
	0.67
	0.54
	0.49
	0.66
	1.57
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Figure 6.7
A graphic representation of the percentage occurrence of the abiotic states under Scenario 7
6.8.2 Abiotic EHI for the Future Scenario 7

6.8.2.1 Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.% Similarity in period of low flows OR present MAR as a% of MAR in the reference condition
	92
	For the Goukamma River Estuary low flows are defined as the months in which river inflow to the estuary is less than 0.8 m3/s i.e. flows representative of State 1 (closed mouth) and State 2 (marine dominated).

Months with flows of less than 0.8 m3/s occurred under the reference condition for 36% (~4 months) of the year.  Under Scenario 1 low flows occur for 40% (~5 months) of the year.

Following the guidelines provided in DWAF (2004) score 92%.
	Low

	b.% Similarity in mean annual frequency of floods
	95
	The reduction in high flows is deemed to be between 5 and 10% depending upon the size of the flood.
	Low

	Hydrology score
	93
	
	


6.8.2.2 Hydrodynamics and mouth condition

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	89
	Extended periods of mouth closure (State 1) only occurred for 21% of the time (~2 months) under the reference condition but increased to 24% of the time (~3 months) under Scenario 1.  Following the guidelines provided in DWAF (2004) score 89% (Note: this method scores mouth closure conservatively).
	Low

	Hydrodynamics and mouth conditions score
	89
	
	


6.8.2.3 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	92
	States with a strong freshwater presence, i.e. State 3 (transition) and State 4 (freshwater dominated) occurred for 64% of the time (~8 months) under the reference condition, but have been reduced to 59% of the time (~7 months) under Scenario 1.  As a result the system has become more saline and less stratified.

Following the guidelines provided in DWAF (2004) score 92%.
	Low

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	87
	Under Scenario 7 activities in the catchment increase DIN concentrations in freshwater inflow by ~25% from the Reference Condition (assuming improved agricultural practices from the Present State), although DRP concentrations do not change significantly. The effect of higher DIN is apparent in estuary during states when river inflow is significant, i.e. States 3 (transition) and 4 (freshwater dominated).  Under Scenario 7 these states occur for 59% (using guidelines provided in DWAF, 2004).  To reflect that the change only occurs in DIN (and not DRP) and that that DIN increased by ~25% during these states, the modification is  (a = 59/2*0.25)  
Further, an increase in State 1 (closed) from 2 months under the reference condition to 3 months under Scenario 7 reduced nutrient inputs from the sea, particularly during upwelling. Using DWAF (2004) guidelines the increase in State 1 reflects a modification of 8%. Assuming that this situation reduced nutrient inputs from the sea by 50%, the modification is (b = 8*0.5)
The final score is as follows: 100 - (a+b)
	Low

	2b. Suspended solids (turbidity) in the estuary
	87
	Turbidity levels of the present state estuary have probably not changed significantly from that of the reference condition.  There is a slight increase expected due to land use activities in the catchment.  Allow for a 5% modification.

Freshwater inflow is decreased from 8 months under the reference condition to 7 months under Scenario 1.  With this reduction in freshwater inflow, the overall transparency in the system probably will increase (black water system) compared to that of States 3 (transition) and 4 (freshwater dominated), where freshwater inflow is significant.  Using guidelines provided in (DWAF 2004) these reflect a modification of 8%.

Final score = 100 – (5+8)
	Low

	2c. 
Dissolved oxygen in the estuary
	92
	Surface waters in the estuary are generally oxygenated (> 4 mg/l) during all states.  During periods of marked vertical stratification and long residence times, particularly during State 1 (closed mouth) and State 2 (marine dominated) the deeper bottom waters (<1 m) in the upper estuary may become hypoxic.

The occurrence of State 1 (closed mouth) and State 2 (marine dominated) has increased from 4 months (reference condition) to 5 months (Scenario 1).  Using guidelines provided in DWAF (2004) these reflect a modification of 8%.
	Low

	2d. 
Levels of toxins
	90
	There are no large urban settlements in the catchment.  However, agricultural activities in the catchment may have marginally elevated levels of agricultural chemicals and pesticides although there are no data to verify this.  Allow for a 10% modification.
	Low

	Water Quality score
	85
	
	


6.8.2.4 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 for a 5% change in the intertidal area due to changes in floods and land use.  A reduction in afforestation would allow for a more natural hydrograph and can reduce erosion in the catchment.
	Low

	1b
	% Similarity in sand fraction relative to total sand and mud
	95
	Allow for a 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
	98
	Allow for a 2% change in the intertidal area due to changes in land use.  A reduction in afforestation would allow for a more natural hydrograph and can reduce erosion in the catchment.
	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 
	50
	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
	50


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


6.8.3 Biotic Components 

6.8.3.1 Predicted change in biotic characteristics of the future Scenario 7 compared with the Reference Condition, as well as the causes of these changes

	MICROALGAE

	River flow and flood frequency/intensity has increased slightly in this scenario.  The mouth of the estuary is less likely to close (a 4% change from the reference condition) and there may be a slight (~2%) increase in nutrients in the estuary.  As a result, phytoplankton biomass is expected to increase slightly (~2%) from that of the present state.  The increased flow should support a slight increase in the presence of dinoflagellates due to the mouth opening more frequently and their being more chlorophytes and freshwater diatoms in the riverwater.  The intertidal and subtidal environments should be more similar to the reference state (a 5% improvement from the present state) but the sand content should remain unchanged.  As a result, the intertidal zone should become exposed during low tides more frequently supporting a slightly higher benthic microalgal biomass.  The community composition should be more similar to the reference condition due to the mouth being open more frequently and the slight increase in turbidity of the water column.

Confidence: Low

	MACROPHYTES

	Scenario 7 represents an improvement in conditions when compared to the present state as afforestation is reduced and replaced by indigenous vegetation, which will increase the MAR to the estuary.  This Scenario is similar to that of Scenario 1 except that 5% of the anthropogenic disturbances have been removed.  Alien vegetation would be removed from the riparian zone and there would be an improvement in the intertidal and subtidal habitat.  Disturbance of the riparian zone by farming activities, the canoe launch site and picnic area have resulted in a small loss of habitat.  The weir in the upper reaches has reduced estuarine habitat by approximately 0.5 km.  Approximately 10% of the total estuarine macrophyte area has been lost.  The increase in low flow conditions from 36% (reference condition) to 40% (Scenario 7) and the decrease in floods would increase sediment stability and promote macrophyte growth.  Nutrient input could increase the growth and distribution of reeds and macroalgae.  However nutrients would probably only enter the estuary during the high flow states.  The small increase in nutrients may also promote the growth of weedy/opportunistic species, which would displace other slower growing species.  Mouth closure has increased from 21 to 24% of the time.  The increased residence times would favour nutrient uptake by macrophytes, which would increase their biomass.  The small increase in salinity would probably not affect the macrophytes.

Confidence: Low

	INVERTEBRATES (including zooplankton, benthic invertebrates and macrocrustaceans)

	Although very similar to Scenario 1, this scenario represents an improvement in terms of freshwater runoff.  The biomass of benthic invertebrates is predicted to remain low and the small increase in MAR is likely to reduce the difference between this scenario and that of the reference condition.  Consequently, if salinity decreases below 17 - 21 psu in the middle-upper reaches then recruitment may only take place through immigration from downstream where salinity values still exceed the minimum required for reproduction.

Confidence: Low

	FISH

	As with the present state, with the exception of exploited fish species such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus that have estuarine population statuses mirroring their coastal wide declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from the reference condition to that of Scenario 7.  There may be a slight increase in species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to the macrophyte growth arising from agricultural nutrient input.  Overall, the increase in mouth closure from 4 to 14% of the time is unlikely to impact on recruitment as the fish response to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.

Confidence: Low

	BIRDS

	The mouth conditions, habitats and productivity of the system are not significantly different from those of the present state. There are no significant changes in numbers of any group expected.

Confidence: Low


6.8.4 Biotic EHI for the future Scenario 7

6.8.4.1 Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1. Species richness
	100

(100%)
	The estuary is still likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	97
	River flow and flood frequency/intensity has increased slightly under this scenario.  The mouth of the estuary is less likely to close (a 4% change from that of the reference condition) and there may be a ~2% increase in nutrients levels.  As a result, phytoplankton biomass is expected to increase slightly by ~2% from that of the present state.
	Low

	2b. Community composition
	91
	The increased flow should support an increase in the presence of dinoflagellates due to the mouth being open more frequently and their being more chlorophytes and freshwater diatoms from the river water.  Allow for a 4% increase over that of the present state.
	Low

	Benthic microalgae

	1. Species richness
	100

(100%)
	The estuary is likely to change states frequently and it is unlikely that there will be any change in species richness.
	Low

	2a. Abundance
	97
	The intertidal and subtidal environments should be more similar to that of the reference condition (a 5% improvement from that of the present state) but the sand content should remain unchanged.  As a result, the intertidal zone should become exposed during low tides more frequently.  This may support a higher benthic microalgal biomass.
	Low

	2b. Community composition
	91
	The community composition should be more similar to that of the reference condition due to the increased frequency of mouth openings and the increase in water column turbidity.  Allow for a 4% increase over that of the present state.
	Low

	Microalgae score
	91
	
	


6.8.4.2 Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(93%)
	The increase in nutrients may promote the growth of weedy/opportunistic species which would displace other slower growing species.
	Low

	2a. Abundance/Biomass
	98
	Disturbance of the riparian zone and a weir in the upper reaches has reduced the estuarine habitat by 10%.  The increase in low flow conditions from 36% (reference condition) to 40% (Scenario 7) and a decrease in flooding would increase sediment stability and promote macrophyte growth (4%).  An increase in nutrient input could increase the growth and distribution of reeds and macroalgae (4%).  Mouth closure has increased from 21 to 24% of the time.  The increased residence times would favour nutrient uptake by the macrophytes, which would increase biomass by 1%.
	Low

	2b. Community composition
	93
	Disturbance of the riparian zone (5%) and the increase in nutrients may promote the growth of weedy and invasive species resulting in a small change in community composition (2%).
	Low

	Macrophytes score
	90
	
	


6.8.4.3 Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1. Species richness
	100

(100%)
	No change predicted with respect to species richness compared to the reference condition.
	Low

	2a. Abundance
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low

	2b. Community composition
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low

	Macroinvertebrates (Benthos)

	1. Species richness
	100

(100%)
	No change predicted with respect to species richness compared to the reference condition.
	Low

	2a. Abundance
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low

	2b. Community composition
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low

	Macrocrustacea 

	1. Species richness
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low

	2a. Abundance
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low

	2b. Community composition
	100

(100%)
	No change predicted with respect to species richness compared to the reference condition.
	Low

	Invertebrates score
	95
	Abundance levels likely to be very similar to the reference condition – allow for a small change.
	Low


6.8.4.4 Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(95%)
	There has been a slight increase in the frequency of mouth closure but the mouth is still open for long enough during the peak recruitment periods.  The occurrence of estuarine independent marine species may be slightly less.  One alien freshwater species (Micropterus salmoides) occurs in the upper reaches.
	Low

	2a. Abundance
	90
	With the exception of exploited fish species, such as dusky kob Argyrosomus japonicus and white steenbras Lithognathus lithognathus that have estuarine population statuses mirroring their coastal wide declines, there is likely to be little change in the fish assemblage of the Goukamma Estuary from that of the reference conditions to that for Scenario 7.  There may have been a slight increase in the abundance of species such as pipefish Syngnathus temminckii and Cape stumpnose Rhabdosargus holubi in response to an increase in macrophyte growth due to agricultural nutrient input.  Overall the fish response to high natural flow variability is likely to outweigh that due to anthropogenic changes in the estuary.
	Low

	2b. Community composition
	90
	The fish assemblage still typical of an oligotrophic, temporarily open/closed blackwater system.  There may be fewer of the nationally overexploited piscivorous predators.  Removal of the weirs may facilitate an expansion of species such as Myxus capensis and Monodactylus falciformis further upstream.
	Low

	Fish score
	90
	
	


6.8.4.5 Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90 

(95%)
	As for present day.
	Low

	2a. Abundance
	90
	The mouth conditions, habitats and productivity of the system are not significantly different from present conditions.

No significant changes in numbers of any group are expected.
	Low

	2b. Community composition
	90
	As for present day.
	Low

	Bird score
	90
	
	


7 RECOMMENDED ECOLOGICAL WATER REQUIREMENTS FOR THE GOUKAMMA ESTUARY

The individual Estuarine Health Index scores, as well as the corresponding Ecological Reserve Categories for the scenarios are listed in Table 7.1.

Table 7.1.
Summary of individual Estuarine Health Index scores and Ecological Reserve Category for the Future Development Scenarios 1 to 7

	Variable
	Weight
	Present
	Runoff scenario

	
	
	
	1
	2
	3
	4
	5
	6
	7

	Hydrology
	25
	91
	93
	86
	81
	71
	61
	50
	93

	Hydrodynamics/mouth condition
	25
	84
	89
	75
	63
	57
	45
	33
	89

	Water quality
	25
	86
	85
	80
	72
	55
	55
	47
	89

	Physical habitat alteration
	25
	90
	94
	84
	84
	84
	64
	44
	97

	Habitat Health Score
	88
	90
	81
	75
	67
	56
	43
	92

	Microalgae
	20
	87
	91
	77
	75
	75
	67
	57
	91

	Macrophytes
	20
	87
	88
	82
	77
	64
	58
	49
	90

	Invertebrates
	20
	90
	95
	85
	80
	75
	55
	45
	95

	Fish
	20
	90
	90
	80
	80
	80
	72
	65
	90

	Birds
	20
	90
	90
	85
	82
	82
	82
	80
	90

	Biotic Health Score
	89
	91
	82
	79
	75
	67
	59
	91

	Estuarine Health Index Score
	88
	91
	81
	77
	71
	61
	51
	92

	Ecological Reserve Category (ERC)
	A/B
	A/B
	B
	B-
	C
	C
	D
	A


The evaluation of the simulated runoff scenarios was used to derive the recommended Ecological Water Requirement.  The recommended Ecological Water 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 EC.

In evaluating future Scenarios 1 to 6 it was assumed that only river inflow from the Goukamma Catchment will be reduced and that all other related anthropogenic activities (e.g. fishing, bait collection, boating and human disturbance) will remain similar to the present situation.  Note that future Scenario 7 is similar to future Scenario 1 in freshwater flows, but it assumes the following mitigation actions:

· A reduction in nutrient input;

· a removal of the upstream weirs; and

· relocation of the Buffelsbaai road further inland.

Taking the above into account, future Scenario 7 was selected as the Recommended Ecological Water Requirement for the Goukamma Estuary (Table 7.2).

Table 7.2
Summary of flow distributions of the Recommended Ecological Flow Scenario (Scenario 7) for the Goukamma Estuary

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

	99%ile
	8.21
	12.84
	7.99
	8.04
	7.05
	11.65
	9.38
	16.98
	6.89
	7.35
	11.27
	11.48

	90%ile
	5.03
	5.20
	3.09
	2.22
	2.60
	3.52
	3.99
	3.38
	2.80
	2.80
	4.25
	4.28

	80%ile
	3.50
	3.51
	2.04
	1.58
	1.60
	2.33
	2.24
	1.99
	1.42
	1.60
	2.37
	3.23

	70%ile
	2.64
	2.53
	1.43
	1.26
	1.19
	1.96
	1.49
	1.41
	1.19
	1.37
	1.59
	2.13

	60%ile
	2.14
	1.67
	1.20
	0.80
	0.98
	1.40
	1.33
	1.09
	0.98
	1.08
	1.37
	1.78

	50%ile
	1.51
	1.20
	0.97
	0.61
	0.83
	1.00
	0.99
	0.79
	0.83
	0.83
	1.16
	1.47

	40%ile
	1.34
	1.02
	0.68
	0.49
	0.59
	0.78
	0.84
	0.71
	0.70
	0.69
	0.93
	1.14

	30%ile
	1.08
	0.91
	0.45
	0.34
	0.45
	0.58
	0.69
	0.52
	0.54
	0.50
	0.68
	0.94

	20%ile
	0.86
	0.56
	0.33
	0.27
	0.30
	0.42
	0.52
	0.41
	0.38
	0.39
	0.57
	0.69

	10%ile
	0.66
	0.39
	0.23
	0.18
	0.18
	0.26
	0.30
	0.28
	0.21
	0.29
	0.42
	0.45

	1%ile
	0.34
	0.23
	0.05
	0.07
	0.07
	0.10
	0.13
	0.11
	0.08
	0.16
	0.22
	0.28


The Goukamma Estuary is an important system from a biodiversity conservation perspective as it contributes towards reaching the national conservation targets stipulated in the National Spatial Biodiversity Assessment and C.A.P.E. Estuaries Conservation Plan (Turpie 2004, Turpie and Clark 2007).  An increase in river inflow in itself (i.e. future Scenario 1) would not be sufficient to ensure the recommend level of estuarine functioning.  This precautionary approach was recommended, as this was a rapid level investigation with low confidence in the overall results.

The following restoration measures are required to improve the present health of the Goukamma Estuary:

· Reduce the nutrient input from agricultural return flow into the Goukamma Estuary through better land use practises.  In addition, the impact of the effluent discharges from dairy farms should also be mitigated through the development artificial wetlands.

· Relocate the Buffelsbaai road further inland in the ficinity where it is currently restricting the natural mouth dynamics of the Goukamma Estuary and contributes to the loss of intertidal and subtidal habitats in the system.

·  Remove the upstream weirs (old and new) to allow for an increase in estuarine habitat and allow for migration of estuarine fauna (e.g. fish and eels).

Any assessment of future development scenarios should also include an evaluation of the successful implementation of the non-flow related mitigation measures in restoring the floodplain and intertidal habitats.

8 COOPERATIVE GOVERNANCE

To effectively set and achieve the national management objectives for the Goukamma Estuary, a high level of cooperative governance between the different management authorities is required.  For example, there needs to be:

· Agreement between DWAF and DEAT: Marine and Coastal Management on the overall level of biodiversity protection for the Goukamma Estuary.

· A corresponding Reserve allocation from the DWAF.

· Cooperation from local farmers and the Department of Agriculture on improved farming practises in the catchment.

· Agreement from Public Works/local municipality regarding the relocation of the Buffelsbaai road further inland where it restricts the Goukamma Estuary’s dynamics.

· Cooperation from local farmers and DWAF regarding the removal of the weirs located within the estuarine area; and

· Agreement from CapeNature to monitor compliance with the implementation and effectiveness of these actions.

It is also recommended that an Estuarine Management Plan be developed for the Goukamma Estuary following the guidelines developed for the estuaries of the Cape Floral Region (Van Niekerk and Taljaard 2007).  This 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.  Currently various spheres of government, ranging from the local (e.g. development) to the national (e.g. fishing) level, manage the estuary.
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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 
	Provided by Ninham Shand 
	Provided for 1920 – 2003. 

	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 (long-term sediment dynamics, equilibrium, budget)
	None
	

	Aerial photographs of estuary (earliest available year as well as most recent)
	Yes
	Collected for DEAT

	Continuous water level recordings near mouth of the estuary
	Water level data available from 2004-2006
	DWAF

	Mouth observations 
	Yes on a monthly basis
	CapeNature

	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)
	 2008 
	DWAF

	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 
	Feb 2008
	Once of survey (Appendix A)

	Measurements of organic content and toxic substances (e.g. trace metals and hydrocarbons) in sediments along length of the estuary. 
	No data
	

	Water quality (e.g. system variables, nutrients and toxic substances) measurements on river water entering at the head of the estuary 
	No data
	

	Water quality (e.g. system variables, nutrients and toxic substances) measurements on near-shore seawater
	DWAF, 1995
	


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.
	No data
	Trevor Harrison measured chl a at 4 sites in June 1994 (mouth closed) but all values were below detectable limits.

	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).
	No 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.
	No data
	


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)
	Yes
	Available from DEAT

	Available orthophoto maps
	Yes 
	Available from Surveys & Mapping

	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.
	No data
	

	Permanent transects:

- Measurements of percentage plant cover along an elevation gradient

-Measurements of salinity, water level, sediment moisture content and turbidity
	No data
	


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.
	No data
	

	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
	Salinity data available – see above
	

	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
	

	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.
	No data
	

	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 that require a connection to the marine environment at specific times of the year.
	
	

	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.
	No data
	


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.
	
	


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). 
	Summer count 1979 (Underhill & Cooper 1984)

Summer and winter Count data 98 – 07 (CWAC)
	A site visit was conducted in February 2007


Appendix B

Goukamma Simulated Development Scenarios 

Ninham Shand

A Sparks

INTRODUCTION

Please see the Scenario Report for the details of the hydrological modelling for the estuary.

The main objective of the scenario generation for the estuarine team was to present a minimum of six scenarios, inclusive of natural and present day conditions, to the estuarine team for their consideration.  These scenarios represented a range of hypothetical upstream developments. In the case of the Goukamma River these comprised diversions of various volumes (without storage) and dams of various sizes, all at a point just upstream of the estuary.

As recommended by DWAF, the scenarios were based on the current day streamflow entering the estuary determined using DWAFs hydrology for the period 1920-2003 determined as part of the Outeniqua Coast Water Situation Study.  The streamflow contributions of those coastal portions of the quaternary areas that drain direct to the sea were excluded from the inflow to the estuary.  

When modelling the diversion scenarios, most scenarios allowed the recommended ecological low flow to bypass the abstraction point before abstraction commenced.  

When modelling the dam scenarios the full environmental requirements were released from the dams i.e. both low and high flow requirements.  

The capacities and riverine EWRs for each of the scenarios are included in columns A and B of Tables 1 and 2.  The preliminary estimate of the impact on the estuary can be gauged using the average supply to the estuary (column D) though monthly flow duration curves would provide a more detailed overview of the impacts.  The average abstraction listed for the diversions in Table 1 is not a firm yield –the firm yield for the diversions would depend on the size of the off-channel storage selected and would be less than the average abstraction. 

The files containing the monthly streamflow sequences for each of the scenarios are listed in column E of Tables 1 and 2.  

Table 1
Diversion scenarios

	Diversion abstraction rate (m3/s)
	Ecological  Water Requirement
	Average abstraction (Yield would also depend on the storage provided)
	Average Estuary supply

	Column A
	B
	C
	D

	0.25
	Recommended Ecological Category  - low
	4
	45

	0.5
	Recommended Ecological Category  - low
	7
	42

	2.0
	Recommended Ecological Category  - low
	15
	34


Table 2
Dam scenarios

	Dam Capacity
	Ecological Water Requirement
	Historical Firm Yield
	Average Estuary supply

	Column A
	B
	C
	D

	*24
	Recommended Ecological Category  - low
	14.8
	34

	48
	Recommended Ecological Category  - low
	17.9
	30

	72
	Alternative Ecological Category (Category down)
	25.1
	23


In addition to the streamflow sequences listed above, a scenario was generated with an MAR midway between the Present State flows and the Reference Condition. This could  be achieved through a reduction in afforestation.

Appendix C

Goukamma Estuary


Physical Data Report
Lara van Niekerk

Piet Huizinga

Goukamma Estuary Water levels data (unpublished data, Neil van Wyk, DWAF)
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Goukamma Estuary Physical data collected 6 February 2008 (CSIR)

	STN
	TIME
	DISTANCE (km)
	Width (m)
	Surface area (m2)
	Volume  (m3)
	DEPTH (m)

	1
	15:15:00
	0.15
	40
	6000
	8,400
	1.40

	 
	15:15:00
	
	
	
	
	0.50

	 
	15:15:00
	
	
	
	
	0.00

	2
	15:36:00
	1.40
	70
	87500
	148,750
	1.70

	 
	15:36:00
	
	200 m (0.9 km from mouth)
	
	
	1.00

	 
	15:36:00
	
	
	
	
	0.00

	3
	15:44:00
	2.60
	50
	60000
	66,000
	1.10

	 
	15:44:00
	
	
	
	
	0.00

	4
	15:58:00
	4.10
	30
	45000
	97,830
	2.17

	 
	15:58:00
	
	
	
	
	1.50

	 
	15:58:00
	
	
	
	
	1.00

	 
	15:58:00
	
	
	
	
	0.00

	4A
	16:23:00
	5.10
	40
	40000
	64,000
	1.60

	 
	16:23:00
	
	
	
	
	1.00

	 
	16:23:00
	
	
	
	
	0.50

	 
	16:23:00
	
	
	
	
	0.00

	5
	16:35:00
	5.90
	40
	32000
	80,000
	2.50

	 
	16:35:00
	
	
	
	
	2.00

	 
	16:35:00
	
	
	
	
	1.50

	 
	16:35:00
	
	
	
	
	1.00

	 
	16:35:00
	
	
	
	
	0.50

	 
	16:35:00
	
	
	
	
	0.25

	 
	16:35:00
	
	
	
	
	0.00

	6
	16:40:00
	7.10
	30
	36000
	72,000
	2.00

	 
	16:40:00
	
	
	
	
	1.50

	 
	16:40:00
	
	
	
	
	1.00

	 
	16:40:00
	
	
	
	
	0.50

	 
	16:40:00
	
	
	
	
	0.00

	7
	16:50:00
	8.40
	30
	39000
	58,500
	1.50

	 
	16:50:00
	
	
	
	
	1.00

	 
	16:50:00
	
	
	
	
	0.75

	 
	16:50:00
	
	
	
	
	0.50

	 
	16:50:00
	
	
	
	
	0.00

	8
	17:00:00
	8.90
	20
	10000
	8,000
	0.80

	 
	17:00:00
	
	
	
	
	0.00

	Total
	
	
	
	355,500
	603,480
	


Summary of Goukamma Monthly Mouth Observations by CapeNature (unpublished data, Mr K Spencer)


	 
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	
	

	Jan
	 
	 
	 
	 
	 
	Open 8/1 Close 8/1 Open 27/1 Close 28/1
	Close 30/1
	Close 16/1
	 
	Open 4/1
	 
	 
	 
	Open 8/1
	 
	 
	
	

	Feb
	 
	 
	 
	 
	 
	Close 2/2
	Close1/2 Open 3/2 Close 12/2 Open 24/2 Close 28/2
	Open 14/2
	 
	Close 10/2
	 
	 
	 
	 
	 
	 
	
	

	Mar
	 
	 
	 
	 
	 
	Open 1/3 Close 10/3
	Open 10/3
	 
	Close 7/3 Open 17/3
	 
	 
	 
	 
	 
	 
	 
	
	

	Apr
	 
	 
	 
	 
	 
	Open 1/4 Close 24/04 
	 
	 
	Close 22/4
	 
	 
	 
	 
	 
	 
	 
	
	

	May
	 
	Close 30/5
	 
	Close 13/5
	 
	 
	Close 25/5
	Closed 24/5
	Open 14/5 Close 23/5
	Open 23/5
	 
	Open 24/4
	Close 17/5 Open 22/5
	 
	 
	 
	
	

	Jun
	 
	Open 22/06 High seas
	 
	Open 17/6 Close 22/6
	 
	Open 15/6
	 
	 
	 
	Close 13/6 Open 16/6 Close 19/6 Open 25/6 Close 29/6
	 
	 
	Close 7/6 Open 17/6
	 
	 
	 
	
	

	Jul
	 
	Close 8/07 Open 26/7 
	Close 4/07
	Open 1/7 Close 13/7
	 
	Close 1/7 Open 4/7
	 
	 
	Open 24/7 Close 30/7
	Open 1/7 Close 6/7 Open 10/7 Close 16/7 Open 19/7
	 
	 
	 
	 
	 
	 
	
	

	Aug
	 
	Close 14/08
	 
	 
	Close 11/8
	 
	 
	 
	Open 8/8
	 
	 
	Open 21/8
	 
	 
	 
	 
	
	

	Sep
	Open Flood
	 
	Open 21/9
	Open 18/9
	 
	 
	Open 28/9
	 
	Close 9/9 Open 10/9
	 
	Open 15/9
	 
	 
	 
	 
	 
	
	

	Oct
	 
	Open 3/10
	Close 20/10 Open 27/10 Close 28/10 
	 
	Close 6/10 Open 8/10
	 
	 
	Open 24/10
	Close 8/10 Open 13/10
	 
	 
	 
	 
	 
	Open 8/10
	 
	
	

	Nov
	 
	 
	Open 2/11 Close 21/11 Open 24/11
	 
	Close 22/11
	 
	 
	 
	 
	 
	 
	Close 7/11 Open 8/11
	Open 13/11
	?
	 
	 
	
	

	Dec
	 
	 
	 
	 
	Close 1/12 Open 25/12 Close 29/12
	Close 8/12 Open 16/12 
	 
	 
	Close 30/12
	 
	 
	 
	?
	?
	 
	 
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Total
	%

	Open
	4
	8
	7
	7
	8
	0
	4
	4
	3
	3
	8
	5
	5
	9
	2
	4
	81
	48.8

	Open/

closed
	
	3
	3
	3
	3
	4
	5
	4
	8
	5
	0
	3
	3
	1
	2
	
	47
	28.3

	Closed
	
	1
	1
	1
	0
	1
	3
	4
	1
	2
	3
	3
	3
	5
	2
	
	30
	18.1

	Artificial Open
	
	
	1
	1
	1
	7
	0
	0
	0
	0
	1
	0
	0
	0
	0
	
	11
	6.6

	?
	
	
	
	
	
	
	
	
	
	2
	
	1
	1
	
	6
	
	169
	


Observed mouth state superimposed on the simulated monthly flows:

	 
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	 

	Jan
	 
	1.13
	2.06
	0.72
	0.65
	0.26
	0.49
	3.36
	1.61
	0.49
	0.23
	0.41
	Jan

	Feb
	 
	0.82
	0.99
	0.22
	1.10
	0.28
	0.72
	1.73
	0.56
	0.25
	0.23
	0.69
	Feb

	Mar
	 
	0.83
	1.97
	0.21
	2.82
	3.30
	1.36
	3.74
	0.67
	0.07
	13.27
	1.24
	Mar

	Apr
	 
	1.50
	2.91
	0.25
	2.39
	1.34
	1.50
	1.56
	1.28
	0.26
	5.25
	1.00
	Apr

	May
	 
	0.83
	2.09
	0.12
	3.05
	0.26
	0.68
	0.22
	0.68
	0.27
	2.05
	0.60
	May

	Jun
	 
	0.39
	1.29
	0.08
	2.19
	0.16
	0.19
	0.09
	0.22
	0.62
	1.34
	0.48
	Jun

	Jul
	 
	0.77
	0.66
	0.33
	1.12
	0.29
	0.22
	0.06
	0.41
	2.72
	0.74
	0.44
	Jul

	Aug
	 
	4.10
	0.44
	0.53
	1.26
	0.60
	0.32
	0.02
	1.27
	2.11
	0.64
	0.59
	Aug

	Sep
	10.89
	2.02
	0.37
	0.61
	0.97
	0.49
	0.71
	0.08
	1.25
	3.64
	0.40
	1.40
	Sep

	Oct
	3.99
	2.24
	0.35
	7.61
	1.84
	0.23
	2.33
	0.30
	0.97
	1.37
	0.92
	 
	Oct

	Nov
	0.80
	1.02
	5.25
	15.35
	0.85
	0.36
	0.89
	2.78
	2.62
	0.27
	0.46
	 
	Nov

	Dec
	1.20
	4.09
	2.95
	5.68
	0.08
	0.34
	0.07
	4.77
	1.05
	0.61
	0.22
	 
	Dec


Appendix C

Water Quality Summary Report 

S Taljaard

WATER QUALITY OF THE FRESHWATER INPUTS TO AND GOUKAMMA ESTUARIES, extract from document by Heather Malan, Freshwater Research Unit, UCT dated 24 April 2008

The following approach was used:

1. The Goukamma River was delineated into Water Quality Sub-Units (WQSUs) i.e. reaches that would be expected to be homogenous in terms of WQ.  The data sources used in this exercise are described in the Delineation report for the Outeniqua study (DWAF 2007). 

2. Water quality data from DWAF’s Water Management System (WMS) database were requested for the WQ monitoring stations located in the lower portion of the study river and for other rivers that could be used for extrapolation. 

3. The data were examined for their suitability in representing the WQ of the reaches under consideration. Statistical parameters were calculated using the methods outlined in DWAF (2007 in prep.).

4. The WQ Reference Condition of the freshwater inflows into the two estuaries was described using expert judgment.

Availability of water quality data from DWAF monitoring stations in the lower reaches of the Goukamma River (K40E)

	Water quality monitoring station
	Monitoring station description
	Location

(co-ordinates)
	Data available

	K4H004-Q01
	@ Buffels Vermaak, Goukamma. At uppermost extent of tidal reach (N2 bridge).
	34°01’57”S 22°56’23”E
	1998 – 1999. Monthly sampling. Standard variables + temp, Tot P, Kjeldahl N, turbidity. n = 11.


This river was divided into three WQSUs:

	WQSU
	Description
	Monitoring points
	Land-use and impacts

	WQSU 1
	From source to upper edge of forested area.

Map: 3322DD Karatara
	No DWAF monitoring station
	This WQSU extends from the source in the Outeniqua Mountains to the edge of the forested region (approximately 33° 52’ S 22° 56’ E). This is a conservation area (pristine fynbos).

	
	
	No RHP site
	

	WQSU 2
	From upper edge of forested area to N2 bridge

Map: 3322DD Karatara
	No DWAF monitoring station
	Stretches from edge of forested area to upper limit of tidal influence (N2 bridge). Upper reaches (Homtini River) largely conservation areas with indigenous forests and plantation.  Possible localized impacts from Rhenendal (interview with local resident), i.e., possible sewage inflows from village.  Localised agriculture (dairy, vegetables) in Rhenendal area.

	
	
	RHP (Homtini)
	Overall EcoStatus = Good. Water Quality = Natural.

	WQSU 3
	From upper limit of tidal influence (N2 bridge) to sea.

Map: 3422BB Sedgefield
	K4H004@ Buffels Vermaak (at N2 bridge, ie, within tidal influence)
	In the lower reaches (below the N2) there is intensive dairy farming. Goukamma Nature Reserve lies further downstream at the estuary.

	
	
	No RHP site
	

	
	
	No RHP data
	


Water quality in this river is currently estimated to be in a slightly impacted condition. The confidence in this assessment is, however, low as WQ data were extrapolated from the adjoining (Karatara) catchment. Nevertheless, this catchment has similar topography and landuse as the Goukamma (primarily forestry and indigenous vegetation). This assessment is also supported by the biomonitoring data.  There is some concern about increasing SRP levels as these are increasing in the Karatara catchment, and may well also be increasing in the Goukamma. Furthermore there have been concerns regarding sewage effluent from the village of Rhenendal. Thus nutrients in the system should be given especial attention in the monitoring programme. 

For WQSU1, there are no DWAF physico-chemical monitoring data, although RHP data have been collected.  According to the 1:50 000 map for the area, the tidal reach for the Goukamma River extends as far as the national road, a distance of approximately 9 km.  This point was been used to mark the lower extent of WQSU 1.  Monitoring station K4H004-Q01 is located just within this reach and thus within the tidal influence. 

WQSU2 stretches from the edge of mountainous/forested area to the upper limit of tidal influence (at approximately the N2 Bridge). Landuse in the upper reaches (Homtini R.) is largely conservation areas with indigenous forests and forestry plantations. There may possibly be localized impacts from the small village of Rhenendal (Van Staden, DWAF, pers. com. and interview with local resident) i.e. sewage inflows from the village. There is also some agricultural activity (dairy, vegetables) around Rhenendal. Although there is no DWAF monitoring station in this WQWU, RHP monitoring is carried out. The overall ecostatus for the upper Homtini is good with both the invertebrate and water quality assessments in the “natural” category. The invertebrate assessment for the current study at the EWR site was a “B” category. However, this is likely to be a consequence of poor habitat rather than WQ impacts (Magoba, R. pers. com. 2008). 

There is no DWAF monitoring station in the Goukamma/Homtini catchment so data from the adjacent Karatara catchment (monitoring station K4H002-Q01 Karatara R @ Karatara State Forest) were used. The Goukamma and Karatara Rivers are comparable in terms of landuse and the topology of the catchment (deeply incised channels with densely forested sides). Monitoring station K4H002-Q01 is located fairly high up in the catchment, just below the mountainous area and above the settlement of Karatara. The water quality for this monitoring station is good for all variables except for phosphate (“C” category). This value is higher than would be expected for both the Karatara and Goukamma Rivers and may be a consequence of the forestry activities in the catchment (or, as discussed previously, over-conservative boundary values for phosphate). 

The upper limit of the tidal influence as given in the 1:50 000 topographical map for the region is roughly at the N2 Bridge (9 km from the mouth). Although this lowest WQSU is in the estuarine reaches of the river, water quality is assessed here in order to provide input to the estuarine component of the study. In the lower reaches (below the N2) there is intensive dairy farming. Goukamma Nature Reserve lies further downstream at the estuary. A DWAF monitoring station K4H004-Q01@ Buffels Vermaak is present at the upper-most boundary of the WQSU (located at the N2 Bridge). Unfortunately only 12 months of data were collected at this site (1998 -1999; n = 11). Thus the confidence in this assessment is very low. 

The limited data (Table 16) show that TIN and SRP are relatively low (A and B category respectively). Electrical conductivity is higher than would be expected for unimpacted freshwaters – but this is likely to be a consequence of the tidal influence and should be disregarded. The quality of the water from upstream (WQSU 2) is good. However, there is intense dairy farming in WQSU 3 (downstream of K4H004-Q01), which can be expected to increase the nutrient levels in this reach and thus the water reaching the estuary. 

Summary statistics for K4H004 (Goukamma R. @ Buffels Vermaak)

	
	EC
	pH
	TIN

(mg/L)
	SRP

(mg/L)
	TP

(mg/L)
	Turbidity

(NTU)
	Temp

°C

	Median
	43*
	7.07
	0.07
	0.02
	0.03
	1.00
	23

	n
	11
	11
	11
	11
	11
	12
	7


* Salinity high due to tidal influence

PES categories and overall site assessment for Goukamma River WQSU 1 

	RIVER
	Goukamma River 
	WATER QUALITY MONITORING POINTS

	WQSU
	WQSU 1
	RC
	Rooi R. @ George

K3H002-Q01 (’77 – ’79 n = 84)

	EWR SITE
	None
	PES
	K3H002-Q01 (’01 – ’06 n = 65) 

	Confidence assessment
	Low to medium because no DWAF monitoring station. However unimpacted catchment and likely to be similar to other mountain streams.

	Water Quality Constituents
	RC Value
	PES Value
	Category/Comment

	Inorganic salts (mg/L)
	MgSO4
	
	
	

	
	Na2SO4
	
	
	

	
	MgCl2
	
	
	

	
	CaCl2
	
	
	

	
	NaCl
	
	
	

	
	CaSO4
	
	
	

	Nutrients (mg/L)
	SRP
	0.014
	≤0.014*
	A category. 

	
	TIN
	0.04
	≤0.25*
	A category. 

	Physical Variables
	pH (5th – 95th%)
	
	3.7 – 6.7
	Naturally acidic. 

	
	Temperature
	
	
	No data but expected to be natural as little development in upstream catchment.

	
	Dissolved oxygen
	
	
	

	
	Turbidity (NTU)
	
	
	

	
	Electrical conductivity (mS/m)
	16
	17
	A category. 

	Response variables
	Chl a: periphyton
	
	
	No data 

	
	Chl a: phytoplankton
	
	
	No data

	
	Macroinvertebrates 
	
	
	No data

	
	Fish community score
	
	
	No data

	Toxics
	
	
	
	No data. 

	OVERALL SITE CLASSIFICATION
	A (expert judgement)


*Expert judgment

PES categories and overall site assessment for Goukamma River WQSU 2 

	RIVER
	Goukamma River 
	WATER QUALITY MONITORING POINTS

	WQSU
	WQSU 2
	RC
	Karatara R. @ Karatara State Forest

K4H002-Q01 (’71 – ’76; n = 107)

	EWR SITE
	Gou 1
	PES
	K4H002-Q01 (’01 – ’06; n = 51)

	Confidence assessment
	Low the monitoring station is in an adjacent catchment. 

	Water Quality Constituents
	RC Value
	PES Value
	Category/Comment
	G-power (Confidence)

	Inorganic salts (mg/L)
	MgSO4
	
	
	
	

	
	Na2SO4
	
	
	
	

	
	MgCl2
	
	
	
	

	
	CaCl2
	
	
	
	

	
	NaCl
	
	
	
	

	
	CaSO4
	
	
	
	

	Nutrients (mg/L)
	SRP
	0.018
	0.048*
	Category = C. Trend = increasing
	0.232 (Low)

	
	TIN
	0.11
	0.11
	Category = A. Trend = stable
	

	Physical Variables
	pH (5th – 95th%)
	
	3.8 – 6.4
	Naturally acidic waters
	0.781 (Medium)

	
	Temperature
	
	
	No data. Unlikely to be a problem
	

	
	Dissolved oxygen
	
	
	
	

	
	Turbidity (NTU)
	
	
	No data. Visual inspection = low turbidity
	

	
	Electrical conductivity (mS/m)
	10
	12
	Category = A. Trend = stable
	 0.997 (High)

	Response variables
	Chl a: periphyton
	
	
	No data. Visual inspection = no excessive algal growth
	

	
	Chl a: phytoplankton
	
	
	
	

	
	Macroinvertebrates 
	
	
	B& category; ASPT = 7.2, SASS = 143 (this study).

Natural (RHP)


	

	
	Fish community score
	
	
	C (this study)
	

	Toxics
	
	
	
	No data, but unlikely to be a problem
	

	OVERALL SITE CLASSIFICATION
	A (PAI model)


*Boundary value recalibrated

& Likely to be an “A” category if suitable habitat available (Magoba, R. pers. com. 2008)

PES categories and overall site assessment for Goukamma River WQSU 3 

	RIVER
	Goukamma River 
	WATER QUALITY MONITORING POINTS

	WQSU
	WQSU 3
	RC
	Default values

	EWR SITE
	None
	PES
	Goukamma R. @ Buffels Vermaak

K4H004-Q01 (’98 – ’99; n=11) + expert judgement

	Confidence assessment
	Low due to limited length of monitoring

	Water Quality Constituents
	RC Value
	PES Value
	Category/Comment

	Inorganic salts (mg/L)
	MgSO4
	
	
	No data

	
	Na2SO4
	
	
	

	
	MgCl2
	
	
	

	
	CaCl2
	
	
	

	
	NaCl
	
	
	

	
	CaSO4
	
	
	

	Nutrients (mg/L)
	SRP 
	≤0.005
	0.02


	B category

	
	TIN
	≤0.25
	0.07
	A category

	Physical Variables
	pH (50th%)
	
	7.1
	

	
	Temperature
	
	
	

	
	Dissolved oxygen
	
	
	

	
	Turbidity (NTU)
	
	1
	Low

	
	Electrical conductivity (mS/m)
	<30
	43
	Likely to be high due to tidal influence 

	Response variables
	Chl a: periphyton
	
	No data, but not expected to be a problem

	
	Chl a: phytoplankton
	
	

	
	Macroinvertebrates (ASPT)
	
	No data

	
	Fish community score
	
	No data

	Toxics
	
	
	
	No data, but not likely to be a major problem.

	OVERALL SITE CLASSIFICATION
	B (expert judgement)


Best estimate of Reference Condition WQ for freshwater inputs to Goukamma estuaries

In the case of the Goukamma River, there are no suitable DWAF WQ data that indicate Reference Condition WQ (and very limited data to indicate present day WQ).  Thus expert judgment was used to describe the Reference Condition WQ for the lowest freshwater reaches supplying the study estuaries.

As described in the Delineation report for this study (DWAF 2007) the rivers of the Outeniqua region in the natural condition would typically be peat-stained (due to humic acids leached from the nutrient-poor fynbos vegetation) and exhibit low pH, conductivity,  nutrient values and low sediment loads. From the description of the ecoregions through which the rivers flow, it would be expected that the Reference Condition water quality of these rivers would be very similar in the lower reaches of the Goukamm and Kaaimans rivers.  
The Kaaimans River is situated in a relatively undisturbed catchment in which the predominant landuse is natural vegetation. There are also no significant point-sources of pollution. A WQ monitoring station (K3H001-Q01; Kaaimans River @ Barbierskraal) is located in the middle reaches of this river and was used to extrapolate to describe the Reference Condition WQ expected at the lower Goukamma and Groot Brak rivers. 

K3H001-Q01; Kaaimans River @ Barbierskraal: Reference Condition data taken from 1977 – end 1981 (median values reported)

Ammonium-N: 20 µg/L (n = 87)

Nitrate + Nitrite-N: 20 µg/L (n = 88)

pH: 4.82 (n = 89)

DRP: 11 µg/l (n = 88)

Electrical conductivity: 17 mS/m (n = 175)

The Reference Condition for the lowest freshwater reaches of the Goukamma River is expected to be similar to the above with slightly higher levels of all constituents (apart from pH). This is because K3H001 is situated in the middle part of the catchment and thus does not receive the loading of chemical constituents from the entire catchment as a more downstream site would. Similar Reference Condition WQ would be expected for the Groot Brak River except that the expected electrical conductivity levels would be slightly higher due to the drier climate.   

The above descriptions of Reference Condition WQ are based on expert judgment and extrapolation from a different river (and river reach) and thus only a low confidence can be placed on this description. 

Sampling stations
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Analytical Methods
Physico-chemical data were measured in situ, using an YSI Meter – 6600.  Macronutrient samples were filtered in the field through 0.45 µm Millipore filters (except for total phosphorus).  Samples were stored in polyethylene sampling bottles and frozen until further analysis.  Macronutrient samples were analysed by accredited analytical laboratories using an Auto-analyser (detection limits for dissolved nitrate, nitrite, total ammonium, inorganic phosphate and total:  10 µg l-1) according to the methods described in CSIR (2002).  

Salinity Profiles
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Data – 6 February 2008

	STN
	TIME
	DISTANCE

km
	DEPTH 

m
	TEMP 

oC
	SAL 

ppt
	DO

mg/l
	DO 

%sat
	TURB

NTU
	NO2-N 

µg/L
	NO3+NO2-N

µg/L
	NH4-N

µg/L
	PO4-P

µg/L
	Total P

µg/L
	SiO4-Si

µg/L

	1
	15:15:00
	0.15
	1.40
	23.67
	34.96
	7.4
	106
	4
	
	
	
	
	
	

	
	15:15:00
	0.15
	0.50
	24.10
	34.73
	7.4
	106
	4
	
	
	
	
	
	

	
	15:15:00
	0.15
	0.00
	24.13
	34.56
	7.4
	107
	4
	<10
	25
	<10
	11
	34
	100

	2
	15:36:00
	1.40
	1.70
	24.18
	34.73
	7.2
	105
	4
	
	
	
	
	
	

	
	15:36:00
	1.40
	1.00
	24.18
	34.67
	7.3
	105
	4
	
	
	
	
	
	

	
	15:36:00
	1.40
	0.00
	24.18
	34.62
	7.3
	106
	4
	<10
	13
	<10
	<10
	24
	100

	3
	15:44:00
	2.60
	1.10
	24.61
	34.20
	7.3
	106
	4
	
	
	
	
	
	

	
	15:44:00
	2.60
	0.00
	24.60
	34.15
	7.3
	106
	4
	<10
	27
	<10
	<10
	43
	100

	4
	15:58:00
	4.10
	2.17
	23.26
	31.49
	6.6
	92
	5
	
	
	
	
	
	

	
	15:58:00
	4.10
	1.50
	24.69
	28.49
	7.0
	98
	5
	
	
	
	
	
	

	
	15:58:00
	4.10
	1.00
	24.60
	27.86
	7.2
	102
	5
	
	
	
	
	
	

	
	15:58:00
	4.10
	0.00
	25.59
	26.16
	7.7
	111
	5
	<10
	66
	<10
	<10
	54
	620

	4A
	16:23:00
	5.10
	1.60
	23.90
	29.33
	6.2
	84
	5
	
	
	
	
	
	

	
	16:23:00
	5.10
	1.00
	25.26
	26.14
	7.1
	101
	5
	
	
	
	
	
	

	
	16:23:00
	5.10
	0.50
	25.82
	24.00
	8.0
	112
	5
	
	
	
	
	
	

	
	16:23:00
	5.10
	0.00
	25.93
	14.30
	9.8
	137
	6
	<10
	94
	<10
	<10
	53
	1217

	5
	16:35:00
	5.90
	2.50
	22.65
	30.40
	4.4
	61
	5
	
	
	
	
	
	

	
	16:35:00
	5.90
	2.00
	22.72
	30.19
	4.2
	56
	5
	
	
	
	
	
	

	
	16:35:00
	5.90
	1.50
	22.79
	29.69
	3.9
	54
	5
	
	
	
	
	
	

	
	16:35:00
	5.90
	1.00
	23.14
	27.46
	3.8
	53
	5
	
	
	
	
	
	

	
	16:35:00
	5.90
	0.50
	25.33
	21.36
	5.9
	82
	5
	
	
	
	
	
	

	
	16:35:00
	5.90
	0.25
	28.00
	14.18
	9.0
	120
	6
	
	
	
	
	
	

	
	16:35:00
	5.90
	0.00
	28.55
	9.65
	8.8
	125
	6
	<10
	174
	37
	<10
	70
	1704

	6
	16:40:00
	7.10
	2.00
	23.27
	27.70
	3.3
	44
	7
	
	
	
	
	
	

	
	16:40:00
	7.10
	1.50
	23.23
	27.60
	2.8
	39
	6
	
	
	
	
	
	

	
	16:40:00
	7.10
	1.00
	23.36
	25.78
	2.8
	38
	5
	
	
	
	
	
	

	
	16:40:00
	7.10
	0.50
	26.90
	12.17
	4.0
	54
	6
	
	
	
	
	
	

	
	16:40:00
	7.10
	0.00
	26.96
	9.71
	5.8
	79
	6
	<10
	124
	85
	<10
	60
	1293

	7
	16:50:00
	8.20
	1.50
	24.07
	24.33
	3.5
	48
	6
	
	
	
	
	
	

	
	16:50:00
	8.20
	1.00
	24.04
	24.04
	3.1
	41
	6
	
	
	
	
	
	

	
	16:50:00
	8.20
	0.75
	26.00
	8.13
	6.0
	84
	7
	
	
	
	
	
	

	
	16:50:00
	8.20
	0.50
	28.77
	5.26
	4.7
	60
	6
	
	
	
	
	
	

	
	16:50:00
	8.20
	0.00
	29.12
	3.00
	7.8
	106
	8
	<10
	62
	58
	<10
	38
	1125

	8
	17:00:00
	8.90
	0.80
	25.21
	0.23
	8.3
	101
	9
	
	
	
	
	
	

	
	17:00:00
	8.90
	0.00
	26.78
	0.23
	9.3
	117
	8
	<10
	26
	18
	<10
	12
	2000

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	14:15:00
	5.90
	0.00
	26.55
	7.40
	5.4
	66
	6
	
	
	
	
	
	

	6
	14:27:00
	7.10
	0.00
	27.93
	6.85
	7.4
	97
	6
	
	
	
	
	
	


Data Interpretation Graphs
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� 	Small changes (< 3%) in the hydrodynamics and mouth condition Score rated the Goukamma Estuary in an A Category. As this was a Rapid level determination with low confidence in the Mouth Status component, the workshop participants decided to define the Present Ecological Status of the Goukamma 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 Habitat assessment not achieved in this study.
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