ECOLOGICAL WATER REQUIREMENTS STUDY
INTERMEDIATE LEVEL
SUNDAYS ESTUARY - TEMPLATES 
October 2008

EXECUTIVE SUMMARY

This report outlines results from the Intermediate RDM (Environmental Water Requirement study) on the Sundays Estuary.  Nelson Mandela Metropolitan University co-ordinated the study for SANParks.  The Department of Water Affairs and Forestry and the Water Research Commission paid for the hydrological component of the study conducted by Ninham Shand Consulting Engineers (Appendix A).  The original Terms of Reference for the SANParks project are indicated below.  This report covers Tasks 1 to 5. The Resource Directed Measures for protection of water resources procedure was followed as indicated by the Department of Water Affairs and Forestry (DWAF 2004). The Ecospecifications and Monitoring component are provided in Appendix H.  Task 6 will be completed in 2009.
	Terms of reference for the SANParks project

Task 1: An assessment of the current ecological state and resource utilization levels. 

This will be done using the Estuarine Health index and requires information on the change in hydrology, hydrodynamics and water quality over time. 

Time frame: 28 months: July 2007- October 2009
Product:  Draft report and final report upon comments 

Task 2: Determination of the water quantity and quality that is required for the estuary. Information gathered during Task 1 will be used. 

Time frame: 18 months: July 2007 – October 2008

Product: Recommendations on system requirements and report

Task 3: Field research to improve confidence in reserve determination including:

· Flow related aspects

· Water quality changes

· Biological response

· Non –flow related aspects

· Resource utilization (fishing & bait collecting)

· Bank destruction

Time frame: 12 months: July 2007- July 2008

Product: Report on field trip activities

Task 4: Determination of the estuarine response to altered freshwater inflow. The response of the biota in terms of species richness, abundance and community composition will be assessed. Specialist reports will be produced and a workshop will be held to determine the response of the estuary to altered freshwater inflow scenarios and to set the ecological reserve.  

Time frame: 18 months: July 2007  - October 2008
Product: Progress report and  final report upon comments 

Task 5: Develop a monitoring program
· that identifies key environmental surrogates

· to assess compliance to the recommended reserve

· to assess estuarine health

Time frame: 18 months: July 2007 - October 2008
Product: Recommended monitoring programme, including requirements for implementation.

Task 6: Recommendations toward a management plan for the Sundays River Estuary, including an implementation strategy for the ecological reserve, and taking into account tasks 1-5 

above, to fulfil the conservation and management mandate of SANParks.

Time frame: 18 months: October 2007  - December 2009
Product: Draft Management plan for Sundays River Estuary and final Management plan upon workshop with SANParks staff 




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

· Appendix A
Specialist report – Hydrology

· Appendix B
Specialist report – Physical dynamics and Water quality

· Appendix C
Specialist report – Microalgae

· Appendix D
Specialist report – Macrophytes

· Appendix E
Specialist report – Invertebrates
· Appendix F
Specialist report – Larval fish and zooplankton
· Appendix G
Specialist report – Fish

· Appendix H
Specialist report – Birds

· Appendix I
Ecospecifications and Monitoring Report
Project Team

The specialist team responsible for this study was:

	Role/Expertise
	Lead specialists
	Contact details

	Project leaders & 

Report preparation
	Prof Tris Wooldridge & Prof Janine Adams
	Nelson Mandela Metropolitan University

	Hydrology
	Ms Louise Hayes
	Ninham Shand Consulting Engineers, Louise.Hayes@shands.co.za

	Hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

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

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

	Macrophytes
	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
	Prof Alan Whitfield

Dr Paul Cowley
	South African Institute of Aquatic Biodiversity

a.whitfield@ru.ac.za
p.cowley@ru.ac.za

	Larval Fish
	Dr Nadine Strydom
Ms Kate Sutherland
	Nelson Mandela Metropolitan University, Nadine.strydom@nmmu.ac.za
Kate.sutherland@nmmu.ac.za

	Birds
	Dr Philip Whittington
	East London Museum

Philw@elmuseum.org.za

	Project reviewer
	Prof Guy Bate
	Nelson Mandela Metropolitan University,
Guy.bate@nmmu.ac.za


Assumptions and Limitations

The following assumptions and limitations must be taken into account:

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

· The accuracy of the predicted Abiotic States for the Sundays 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. 
· 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%)


Background

The Sundays catchment lies with in a transition zone with a bimodal rainfall character. Summer rainfall prevails in the northern part of the drainage basin while the rainfall distrubution in the south has two peaks in late autumn and winter. The Sundays River originates north of Graaff Reinet with a cathment of 20 730 km2 (Reddering and Esterhuysen 1981). Landuse in the catchment is mostly agricultural and includes sheep farming and citrus cultivation. The total length of the Sundays River is 481 km (CSIR, 1987) and the width varies from 50 to 80 m (CSIR, 1983). 

The CSIR (1987) gives the simulated mean annual run‑off for the period October 1921 to September 1977 as 202.26 x 10 6m3 and Jezewski and Roberts (1986) as 204 x 106 m3. Ninham Shand revised this assessment for this study to 273 x 106 m3 under Reference conditions reduced to 260  x 106 m3 under the Present State (5% reduction). Jezewski and Roberts (1986) calculated the 2‑year flood peak discharge as 675 m3/s.
There are numerous large dams on the river. The Van Ryneveld's Pass Dam situated at the junction of the Sundays and Gats rivers, has a capacity of 52 x 106 m3 (Noble and Hemens, 1978). Lake Mentz which is fed by the Voël, Volkers and Sondags rivers was built in 1922 and has a storage capacity of 200 x 106 m3. The quality of the water in this dam deteriorated rapidly during the 1970s due to abnormally high rainfall resulting in saline baseflow with high chloride concentrations. This had harmful effects on the citrus trees. A link canal was completed in 1978 enabling water of low salinity to be transferred via the Great Fish River to Lake Mentz (Hall and Görgens, 1979).

The Sundays Estuary is about 24 km long. Its tidal inlet to Algoa Bay is permanently open. The estuary is incised into the unconsolidated coastal plain sediments for most of its length (Reddering and Esterhuysen 1981).  The maximum width of the estuary is 800 m near the mouth but only 50 to 100 m wide along most of the system. Because the channel is incised into older, partially consolidated sediments, the banks are often vertical and about 3 to 4 m high (Reddering and Esterhuysen 1981). Tidal flats occur in the sandy areas near the mouth, but further upstream intertidal areas rarely exceed 5 m.

Geographical boundaries of the Sundays Estuary
For the purposes of the study, the geographical boundaries for the Sundays Estuary are (Figure 1):

· Downstream boundary:  Estuary mouth (33o 44’ 11.81”S ; 25o 51’ 7.54” E)
· Upstream boundary:  Extent of tidal influence, about 23 km from the mouth (33o 37’ 24.57”S ; 25o 42’ 56.60” E).

· Lateral boundaries:   5 m contour above Mean Sea Level (MSL) along each bank.  
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Figure A.
Map showing the Sundays Estuary
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Present Ecological Status (PES)
The Estuarine Health Index (EHI) scores allocated to the Sundays Estuary (Present State) were as follows:

	Variable
	Weight
	Score
	Weighted  Score

	 Hydrology
	25
	75
	19

	 Hydrodynamics and mouth condition
	25
	100
	25

	 Water quality
	25
	35.8
	9

	 Physical habitat alteration
	25
	89
	22

	 Habitat health score
	
	
	75

	 Microalgae
	20
	37
	7

	 Macrophytes
	20
	50
	10

	 Invertebrates
	20
	60
	12

	 Fish
	20
	70
	14

	 Birds
	20
	80
	16

	 Biotic Health Score
	59

	 Estuarine Health score
	67


The Estuarine Health Index score for the Sundays Estuary, based on its Present State, is 67, translating into a Present Ecological Status of a C.  The estuary is moderately modified as it is now much fresher compared to the reference condition.  There has been some input of toxins (herbicides and pesticides) as a result of agricultural activities.  There has been a significant increase in nutrients (DIN and DIP) representing an 83% modification from reference conditions.  This has resulted in dense phytoplankton blooms which have increased zooplankton and fish biomass.  Because of low flow nutrient rich conditions in the upper reaches of the estuary there has been an increase in the distribution and biomass of pondweed and common reed.  Invasive aquatics such as the waterfern are also present.  An increase in baseflow and lower salinity has resulted in reeds extending downstream into the middle reaches of the estuary.  These changes have resulted in a decrease in insect and fish feeding birds.  Intense fishing pressure has had a significant impact on the predatory fish.
	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


The Functional importance of the Sundays on a regional scale is estimated to be 100, since the estuary serves as an important nursery area for marine fish.
	Functional importance 
	Score

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

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

	Movement corridor for river invertebrates and fish breeding in sea
	60

	Roosting area for marine or coastal birds
	80

	Catchment detritus, nutrients and sediments to sea
	80

	Functional importance score  (Maximum score) 
	100


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

	Criterion
	Weight
	Score
	Weighted score

	Size
	15
	100
	15

	Zonal Type Rarity
	10
	20
	2

	Habitat diversity
	25
	70
	18

	Biodiversity Importance
	25
	87.5
	22

	Functional importance
	25
	100
	25

	Estuarine Importance Score
	81


The overall Estuarine Importance Score for the Sundays Estuary, based on its Present State, is 81, signifying that the estuary is a highly important system.
	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, 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
	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

This study concluded that the pressures currently contributing to the degraded health of the Sundays Estuary are poor water quality and fishing pressure.  These impacts can be mitigated. Therefore the Recommended Ecological Category for the Sundays Estuary is a Category B. 

Quantification of Ecological Reserve Scenarios

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

CHECK THIS TABLE WITH THE LATEST TEMPLATE DOCUMENT
	Name
	Description
	MAR (million m3)
	% remaining

	Reference
	
	273
	100%

	Present
	215 Million m3 transfer from Skoenmakers; 25.6 Million m3 to PE 
	260
	95%

	Future Scenario 1*
	Increased transfer from Fish of 100Mm3/a for emerging farmers (30Mm3) and PE (41Mm3)
	327
	120%

	Future Scenario 2*
	Decrease present day transfers from Fish by 10%, other demands same as in present day scenario
	239
	88%

	Future Scenario 3*
	Decrease present day transfers from Fish by 30%, other demands same as in present day scenario. 
	199
	73%

	Future Scenario 4
	Present day transfer from Fish (215Mm3); 41Mm3 to PE (no constraints), 30Mm3 for emerging farmers, return flow scheme - 45Mm3 abstracted for PE upstream of estuary "inflows"
	150
	55%

	Future Scenario 5
	Similar to Present State (215 Million m3 transfer from Skoenmakers; 25.6 Million m3 to PE), but reducing nutrient input and fishing effects by 50% 
	260
	95%

	Future Scenario 6
	Increased transfer from Fish of 100Mm3/a for emerging farmers (30Mm3) and PE (41Mm3), return flow scheme - 45Mm3 abstracted for PE upstream of estuary "inflows", but reducing nutrient input and fishing effects by 50%
	242.6
	89%

	Future Scenario 7
	Increased transfer from Fish of 100Mm3/a for emerging farmers (30Mm3) and PE (41Mm3), return flow scheme - 45Mm3 abstracted for PE upstream of estuary "inflows" (Similar to Future Scenario 6)
	242.6
	89%


* Note: PE demand not fully met in any of these scenarios due to capacity constraints in pipeline from Skeepersvlakte

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

	vARIABLE
	WEIGHT
	 PRESENT
	   rUN-OFF SCENARIOS

	
	
	
	1
	2
	3
	4
	5
	6
	7

	 Hydrology
	25
	75
	78
	75
	75
	73
	75
	82
	82

	 Hydrodynamics/
 mouth condition
	25
	100
	100
	100
	100
	55
	100
	100
	100

	 Water quality
	25
	36
	36
	37
	42
	58
	60
	67
	45

	 Physical habitat      alteration
	25
	89
	89
	89
	89
	73
	89
	89
	89

	Habitat Health Score
	75
	76
	75
	76
	65
	81
	84
	79

	 Microalgae
	20
	37
	37
	38
	43
	50
	61
	60
	45

	 Macrophytes
	20
	50
	45
	55
	65
	40
	75
	80
	60

	 Invertebrates
	20
	60
	50
	65
	75
	50
	70
	80
	70

	 Fish
	20
	70
	60
	75
	80
	50
	85
	90
	78

	 Birds
	20
	80
	93
	99
	99
	59
	99
	94
	97

	Biotic Health Score
	59
	57
	66
	72
	50
	78
	81
	70

	 Estuarine Health Index Score
	67
	66
	71
	74
	57
	80
	83
	74

	 Ecological Reserve Category (ERC)
	C
	C
	C+
	C+
	D+
	B
	B
	C+


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

Scenarios 5 and 6 were the only two scenarios that placed the estuary in the Ecological Category “B”.  In both these scenarios nutrient input and fishing impacts were reduced by 50%.  The run-off scenario for Scenario 5 is the same as the Present State and Scenario 6 is similar to Scenario 1 in terms of transfer volumes but return flow is abstracted during winter so that 2.5 months will have no river inflow to the estuary.  This would approach reference conditions as the marine state would return in the winer months.  The run-off scenario for Scenario 7 is the same as that for Scenario 6 but with the anthropogenic impacts.  The estuary remains in a C for Scenario 7 clearly indicating that that the issues of water quality and fishing pressure have to be addressed if the ecological state of the estuary is to be improved.  Fishing is taking place in an important nursery area and this has a major impact on the estuary.  Nutrient input has resulted in eutrophic conditions in the upper reaches of the estuary.

Scenario 5 was selected as the Recommended Ecological Flow Requirement for the Sundays Estuary.  This is the present day flow but with 50% of river inflow nutrients reduced and 50% of the fishing pressure removed.  Scenario 6 could have been selected as the Ecological Category was also B.  However the feasibility of re-introducing the marine state during the winter months May, June, and July will only be considered from an operational point of view in 15 years time.

A summary of flow distributions (mean monthly flows in m3/s) for the Recommended Ecological Flow Scenario (Scenario 5), derived from the 84-year simulated data set, is provided below: 

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

	99%ile
	47.10
	64.37
	64.39
	48.38
	87.06
	147.85
	68.23
	89.05
	29.49
	65.53
	148.22
	67.86

	95%ile
	19.13
	27.42
	29.39
	27.95
	31.14
	89.21
	43.57
	23.02
	6.96
	5.90
	18.61
	38.32

	90%ile
	15.20
	14.77
	14.93
	13.75
	18.49
	33.54
	23.93
	9.18
	4.06
	4.15
	7.19
	12.66

	80%ile
	7.60
	8.25
	6.59
	5.59
	10.41
	15.19
	14.63
	4.56
	1.15
	3.10
	4.81
	7.01

	70%ile
	4.89
	6.40
	4.75
	4.44
	7.45
	8.91
	10.74
	3.08
	1.04
	2.42
	4.44
	5.19

	60%ile
	2.85
	4.45
	4.09
	3.87
	5.57
	5.49
	8.16
	2.69
	1.02
	2.17
	4.11
	4.15

	50%ile
	2.34
	3.91
	3.27
	3.52
	5.07
	3.69
	7.25
	2.44
	1.02
	1.84
	4.01
	4.02

	40%ile
	1.96
	3.19
	2.59
	3.14
	4.71
	2.81
	6.72
	2.29
	1.00
	1.72
	3.92
	3.92

	30%ile
	1.81
	2.75
	2.31
	2.96
	4.51
	2.33
	6.13
	2.21
	0.99
	1.64
	3.89
	3.82

	20%ile
	1.80
	2.36
	2.16
	2.80
	3.94
	2.15
	5.91
	2.14
	0.99
	1.56
	3.86
	3.75

	10%ile
	1.76
	2.02
	2.15
	2.44
	3.58
	2.01
	5.59
	2.07
	0.98
	1.49
	3.81
	3.70

	1%ile
	1.74
	1.97
	2.14
	2.20
	3.44
	2.00
	5.27
	2.01
	0.97
	1.38
	3.77
	3.67


The findings of this Sundays Estuarine RDM study will be integrated in the management plan developed for the estuary in 2009.  The Estuarine Management Plan will provide a framework for implementing the proposed mitigation measures for improving the health of the estuary.  Although SANParks will be the lead agent for the Management Plan, the  plan will also assist in allocating roles and responsibilities to other authorities managing activities in and around the estuary such as the Nelson Mandela Metropole, the DWAF, DEAT: MCM and Department of Agriculture.

1
INTRODUCTION

The South African National Parks (SANParks) received financing from the International Bank for Reconstruction and Development (IBRD) toward the cost of the expansion and development of the Addo Elephant National Park.   The Nelson Mandela Metropolitan University was then contracted by SANParks to determine the freshwater requirements of the Sundays Estuary and develop a proposal towards a management plan for the estuary.  However, there was insufficient funding to cover the full costs of the Reserve Study and the RDM Directorate of the Department of Water Affairs and Forestry (DWAF) agreed to fund the Hydrological component undertaken by Ninham Shand (Pty) Ltd, Cape Town.  In addition, the World Wildlife Fund (WWF, SA) covered the cost of the fieldwork component required for developing a management framework for the utilisation of the fishery resource in the estuary.
The following Specialists were subcontracted to undertake tasks required by the procedure:

	Role/Expertise
	Lead specialists
	Contact details

	Project leaders & 

Report preparation
	Prof Tris Wooldridge & Prof Janine Adams
	Nelson Mandela Metropolitan University

	Hydrology
	Ms Louise Hayes
	Ninham Shand Consulting Engineers, Louise.Hayes@shands.co.za

	Hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

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

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

	Macrophytes
	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
	Prof Alan Whitfield

Dr Paul Cowley
	South African Institute of Aquatic Biodiversity

a.whitfield@ru.ac.za
p.cowley@ru.ac.za

	Larval Fish
	Dr Nadine Strydom
Ms Kate Sutherland
	Nelson Mandela Metropolitan University, Nadine.strydom@nmmu.ac.za
Kate.sutherland@nmmu.ac.za

	Birds
	Dr Philip Whittington
	East London Museum

Philw@elmuseum.org.za

	Project reviewer
	Prof Guy Bate
	Nelson Mandela Metropolitan University,
Guy.bate@nmmu.ac.za


Terms of Reference were as follows:

· Task 1: 
An assessment of the current ecological state and resource utilization levels. 

To be undertaken using the Estuarine Health index and requires information on the change in hydrology, hydrodynamics and water quality over time. 

· Task 2: 
Determine water quantity and quality required for estuarine structure and function. Information gathered during Task 1 will be used. 

· Task 3: 
Field research to improve confidence in reserve determination including:

Flow related aspects

· Water quality changes

· Biological response

Non –flow related aspects

· Resource utilization (fishing & bait collecting)

· Bank destruction

· Task 4: Determination of the estuarine response to altered freshwater inflow. Specialist   reports will be produced and a workshop will be held to determine the response of the estuary to altered freshwater inflow scenarios and to set the ecological reserve.  

· Task 5: 
Develop a monitoring program

· that identifies key environmental surrogates

· to assess compliance to the recommended reserve

· to assess estuarine health

· Task 6: Recommendations toward a management plan for the Sundays River Estuary, including an implementation strategy for the ecological reserve, and taking into account tasks 1-5 above, to fulfill the conservation and management mandate of SANParks.  Task 6 represents the next phase of the work and is due for completion in December 2009.
2
ASSUMPTIONS AND LIMITATIONS
The following assumptions and limitation must be taken into account:

· The accuracy of predicted Abiotic States for the Sundays Estuary and the distribution of these states under Reference Condition, Present State and Future Scenarios depend largely on the accuracy of the simulated runoff data and the number of observed breaching and closing events recorded during the study. 
· Criteria for 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%)


3
GEOGRAPHICAL BOUNDARIES

For the purposes of the study, the geographical boundaries for the Sundays Estuary are (Figure 1):

· Downstream boundary:  Estuary mouth (33o 44’ 11.81”S ; 25o 51’ 7.54” E)
· Upstream boundary:  Extent of tidal influence, about 23 km from the mouth (33o 37’ 24.57”S ; 25o 42’ 56.60” E).

· Lateral boundaries:   5 m contour above Mean Sea Level (MSL) along each bank.  
[image: image13.wmf]-
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Figure 1. Map of the Sundays Estuary
4 Ecological Reserve Categorisation

Characteristic Abiotic States 

Based on historical data on the Sundays Estuary four typical abiotic conditions have been identified:
· Freshwater dominated (estuary fresh throughout)
· Large transition (strong freshwater front present in middle and part of lower reaches)
· Small transition (freshwater front present in upper and middle reaches)
· Marine dominated (fresh water influence limited to very upper reaches)
If in the future river inflow remains low for extended periods (e.g. longer than 6 months) it highly likely that a fifth abiotic condition could also developed:

· Closed mouth
The abiotic characteristics for the different states are summarised below:

Freshwater-dominated State
Average Flow range. This state is represented by river inflow between 0.5 and 20 m3/s
Confidence: Medium
State of the mouth. The mouth will be open
Confidence: High
Flood plain inundation patterns.  There will be no flood plain inundation at this flow range.
Confidence: High
Amplitude of tidal variation.  During peak flood flows, that will last for a few days (< week) at a time, the tidal amplitude in the estuary will be damped. Subsequent to major flood events, the tidal range can increased by 0.1 - 0.5 m (depending on the tide) due to the effective scouring of the estuarine channels in the mouth region, which in turn will decrease the low water levels.

After some months marine sediment will once again enter the lower estuary and the system will resume its normal tidal variation. The tidal range in the estuary at spring tides is 1.2 – 1.5 m and about 0.1 to 0.3 m at neaps. The tidal prism averages about 2.2 x 10 6 m3, decreasing to about 0.6 x 10 6 m 3 at neaps. The flood-ebb tidal cycle is markedly asymmetrical, with the flood tide inside the mouth lasting about 4.5 hours and a delayed of up to 2.5 hours between the mouth ad the head of the estuary (MacKay and Schuman 1990).
Confidence: Medium
Retention times of water masses.  During large flood events the retention time in the estuary would be less then a day.
Confidence: Low
Salinity distributions in the estuary.  The during the flood event the Sundays Estuary will be freshwater dominated, with only a small intrusion of marine water in the lower 2 km during the high tide.
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Confidence:  Medium
Temperatures. Temperature shows strong seasonal patterns, following typical seasonal trends in atmospheric temperature, i.e. warm in summer (20-27 °C) and cooler in winter (12-18 °C) (similar under Reference Condition).  
Confidence:  High

pH.  Levels in the estuary typically range between 8 and 8.5 (similar under Reference Condition).

Confidence: High

Dissolved oxygen.  The estuary is generally oxygenated (> 4 mg/l) (similar under Reference Condition).

Confidence:  High

Turbidity/Suspended solids. During high flow event, river inflow is expected to introduce high suspended solid concentrations, thus reducing transparency throughout the estuary.  However, as a result of erosion in the catchment, linked to agricultural activities, suspended solid loads is higher in the Present State compared with the Reference Condition.

Confidence:  Medium

Dissolved inorganic nitrogen (DIN).  Under the Reference Condition strong river inflow would have introduced elevated DIN concentrations (~100 ug/l) throughout the estuary.  However, under the Present State nutrient enrichment results in much elevated DIN concentrations (~1000 µg/l) being introduced throughout the estuary.

Confidence:  Medium

Dissolved reactive phosphate (DRP). Under the Reference Condition DRP concentrations throughout the estuary would have been low (< 20 µg/l).  However, under the Present State nutrient enrichment results in elevated DRP concentrations (~200 µg/l) being introduced throughout the estuary.

Confidence:  Medium

Dissolved reactive silicate (DRS).  DRS concentrations throughout the estuary will be high (~10 000 µg/l) (similar under Reference Condition).

Confidence:  Medium

Large Transition State
Average Flow range. This state is represented by river inflow between 0.5 and 20 m3/s

Confidence: Medium

State of the mouth. The mouth will be open

Confidence: High

Flood plain inundation patterns.  There will be no flood plain inundation at this flow range.

Confidence: High

Amplitude of tidal variation.  Amplitude of tidal variation.  The mean tidal rage at the coast is about 1.6 m, but coastal trapped waves with an amplitude of 0.5 m can also influence the water level in the estuary. The tidal range in the estuary at spring tides is 1.2 – 1.5 m and about 0.1 to 0.3 m at neaps. The tidal prism averages about 2.2 x 10 6 m3, decreasing to about 0.6 x 10 6 m 3 at neaps. The flood-ebb tidal cycle is markedly asymmetrical, with the flood tide inside the mouth lasting about 4.5 hours and a delayed of up to 2.5 hours between the mouth ad the head of the estuary (MacKay and Schuman 1990).
Confidence: High: 

Retention times of water masses.  Retention time in the estuary would vary according to the state of the time:

	Lower
	Middle
	Upper

	1 – 2 days
	Surface: 1- 3 days

Bottom: < 1 week
	1 – 2 days


Confidence: Low
Salinity distributions in the estuary.  During this state the Sundays Estuary will be fresh in the upper and most of its middle reaches (< 5 ppt), with a prominent front in the lower reaches at about 10 km from the mouth. The salinity profile will be highly stratified and vary between 5 and 20 ppt in this region. The lower reaches will vary between 30 to 20 ppt depending on the state of the tide and the river inflow.
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Confidence: Medium
Temperatures. Temperature shows strong seasonal patterns, following typical seasonal trends in atmospheric temperature, i.e. warm in summer (20-27 °C) and cooler in winter (12-18 °C).  Upwelling may on occasion reduce temperature in the saline reaches near the mouth (~10oC) resulting in a sudden drop in water temperature, particularly during summer (similar under Reference Condition).

Confidence:  High

pH.  Levels in the estuary typically range between 8 and 8.5 (similar under Reference Condition).

Confidence: High

Dissolved oxygen.  The estuary is generally oxygenated (> 4 mg/l) (similar under Reference Condition).  Under the Present State nutrient enrichment results in localised areas of dense algal blooms which can cause super-saturated conditions during the day.  Under the Present State increased primary production increases organic loading.  However, residence time in the upper and middle estuary is too short to result in hypoxia developing in deeper waters.
Confidence:  Medium/Low

Turbidity/Suspended solids.. TSS/turbidity concentrations is expected to be low in the lower estuary (dominated by marine waters) (~10 mg/l and 10 NTU), but will increase towards the brackish and fresher reaches (middle and upper estuary) as a result of elevated levels of in situ water column primary production (the result of anthropogenic nutrient enrichment).  The estuary will therefore to be more transparent in lower, saline parts of the estuary (~1.5 m) decreasing towards the fresher and brackish areas (~0.5 m).  The extent of reduced transparency will depend on the extent of increased in situ primary production.  Under the Reference Condition, when water column primary production would have been less, average transparency in the fresher and brackish areas would have been greater (~1 m).  

Confidence:  Medium/Low

Dissolved inorganic nitrogen (DIN).  Under the Reference Condition a significant plug of DIN would have been introduced to the upper and middle reaches of the estuary) (~100 µg/l).  However, under the Present State nutrient enrichment results in much elevated DIN concentrations being introduced into the upper, middle and top part of lower reaches (~1000 µg/l) of the estuary, particularly during winter (assuming that the influence of high nutrient waters from river inflow will extent into the top part of the lower reaches).

Confidence:  Medium

Dissolved reactive phosphate (DRP). Under the Reference Condition DRP concentrations throughout the estuary would have been low (< 20 µg/l).  However, under the Present State nutrient enrichment results in elevated DRP concentrations (~200 µg/l) being introduced into the upper, middle and top part of lower reaches (~1000 µg/l) particularly during winter (assuming that the influence of high nutrient waters from river inflow will extent into the top part of the lower reaches).

Confidence:  Medium

Dissolved reactive silicate (DRS).  DRS concentrations will be a function of salinity ranging from 100 µg/l in the saline reaches near the mouth, increasing to ~10 000 µg/l in the fresher upper, middle and top part of the lower reaches (similar under Reference Condition).

Confidence:  Medium

Small Transition State
Average Flow range. This state is represented by river inflow between 0.5 and 20 m3/s

Confidence: Medium

State of the mouth. The mouth will be open

Confidence: High

Flood plain inundation patterns.  There will be no flood plain inundation at this flow range.

Confidence: High

Amplitude of tidal variation.  The mean tidal rage at the coast is about 1.6 m, but coastal trapped waves with an amplitude of 0.5 m can also influence the water level in the estuary. The tidal range in the estuary at spring tides is 1.2 – 1.5 m and about 0.1 to 0.3 m at neaps. The tidal prism averages about 2.2 x 10 6 m3, decreasing to about 0.6 x 10 6 m 3 at neaps. The flood-ebb tidal cycle is markedly asymmetrical, with the flood tide inside the mouth lasting about 4.5 hours and a delayed of up to 2.5 hours between the mouth ad the head of the estuary (MacKay and Schuman 1990).
Confidence: High 


Retention times of water masses.  Retention time in the estuary would vary according to the state of the time:

	Lower
	Middle
	Upper

	3 – 7 days
	Surface: 3 - 7 days

Bottom: 1 - 2 week
	2 – 7 days


Confidence: Low

Estimated (maximum) tidal velocities along the estuary: 
Confidence: 

Salinity distributions in the estuary.  During this state the Sundays Estuary will be fresh in the upper reaches (< 5 ppt), with a prominent front in the middle reaches (salinities between 5 and 20 ppt). The lower reaches will vary between 35 to 20 ppt depending on the state of the tide and the river inflow.
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Confidence: Medium
Temperatures. Temperature shows strong seasonal patterns, following typical seasonal trends in atmospheric temperature, i.e. warm in summer (20-27 °C) and cooler in winter (12-18 °C).  Upwelling may on occasion reduce temperature in the lower saline reaches (~10oC) resulting in a sudden drop in water temperature, particularly during summer (similar under Reference Condition).

Confidence:  High

pH.  Levels in the estuary typically range between 8 and 8.5 (similar under Reference Condition).

Confidence: High

Dissolved oxygen.  The estuary is generally oxygenated (> 4 mg/l), but bottom waters in deeper areas of the middle reaches can become hypoxic particular during summer as a result of high water temperatures, strong vertical stratification and longer residence times (similar under Reference Condition).  Under the Present State nutrient enrichment results in localised areas of dense algal blooms which can cause super-saturated conditions during the day.  Under the Present State increased primary production increases organic loading, intensifying hypoxia in deeper waters of the middle reaches.
Confidence:  Medium/Low

Turbidity/Suspended solids. TSS/turbidity concentrations is expected to be low in the saline lower estuary (~10 mg/l and 10 NTU), but will increase towards the brackish and fresher reaches (middle and upper estuary) as a result of elevated levels of in situ water column primary production (the result of anthropogenic nutrient enrichment).  The estuary will therefore to be more transparent in higher salinity areas (~1.5 m) decreasing towards the fresher and brackish areas (~0.5 m).  The extent of reduced transparency will depend on the extent of increased in situ primary production.  Under the Reference Condition, when in situ water column primary production would have been less, average transparency in the fresher and brackish areas would have been greater (~1 m).  

Confidence:  Medium/Low


Dissolved inorganic nitrogen (DIN).  Under the Reference Condition a significant plug of DIN would have been introduced to the upper and middle reaches of the estuary (~100 µg/l).  However, under the Present State nutrient enrichment results in much elevated DIN concentrations being introduced into the fresher sections of the upper and middle reaches (~1000 µg/l) particularly during winter (assuming that the influence of high nutrient waters from river inflow will extent into the middle reaches).

Confidence:  Medium

Dissolved reactive phosphate (DRP). Under the Reference Condition DRP concentrations throughout the estuary would have been low (< 20 µg/l).  However, under the Present State nutrient enrichment results in much elevated DRP concentrations (~200 µg/l) being introduced into the fresher sections of the upper and middle reaches of the estuary (assuming that the influence of high nutrient waters from river inflow will extent into the middle reaches). 

Confidence:  Medium

Dissolved reactive silicate (DRS).  DRS concentrations will be a function of salinity ranging from 100 µg/l in the saline lower reaches, increasing to ~10 000 µg/l in the fresher upper and  middle reaches (similar under Reference Condition).
Confidence:  Medium
Marine-dominated State
Average Flow range. River inflow less than 0.5 m3/s

Confidence: Medium
State of the mouth. The mouth is open.

Confidence: High
Flood plain inundation patterns.  There will be no flood plain inundation at this flow range.

Confidence: High 

Amplitude of tidal variation.  The mean tidal rage at the coast is about 1.6 m, but coastal trapped waves with an amplitude of 0.5 m can also influence the water level in the estuary. The tidal range in the estuary at spring tides is 1.2 – 1.5 m and about 0.1 to 0.3 m at neaps. The tidal prism averages about 2.2 x 106 m3, decreasing to about 0.6 x 106 m3 at neaps. The flood-ebb tidal cycle is markedly asymmetrical, with the flood tide inside the mouth lasting about 4.5 hours and a delayed of up to 2.5 hours between the mouth ad the head of the estuary (MacKay and Schuman 1990).
Confidence: High

Retention times of water masses.  Retention time in the estuary would vary according to the state of the time:

	Lower
	Middle
	Upper

	< 1 week
	Surface: 1 – 2 weeks

Bottom: 2 - 4 weeks
	1 – 2 weeks


Confidence: Low


Salinity distributions in the estuary.  During this state the Sundays Estuary will be marine dominated in the lower and middle reaches (>30 ppt), with a weak front in the upper reaches at about 20 km from the mouth. Salinity in the upper reaches will range from 30 to 1 ppt over a limited area in the very upper reaches of the system. Under very low inflow conditions the estuary may become marine dominated throughout.

Confidence: Medium
Temperatures. Temperature shows strong seasonal patterns, following typical seasonal trends in atmospheric temperature, i.e. warm in summer (20-27 °C) and cooler in winter (12-18 °C).  Upwelling may on occasion reduce temperature in the saline lower and middle reaches (~10oC) resulting in a sudden drop in water temperature, particularly during summer (similar under Reference Condition).
Confidence:  High

pH.  Levels in the estuary typically range between 8 and 8.5 (similar under Reference Condition).

Confidence: High

Dissolved oxygen.  The estuary is generally oxygenated (> 4 mg/l), but bottom waters in deeper areas of the middle and upper reaches can become hypoxic particular during summer as a result of high water temperatures, strong vertical stratification and longer residence times (similar under Reference Condition).  Under the Present State nutrient enrichment results in localised areas of dense algal blooms which can cause super-saturated conditions during the day.  Under the Present State increased primary production increases organic loading, intensifying hypoxia in deeper waters of the middle and upper reaches.

Confidence:  Medium/Low

Turbidity/Suspended solids. TSS/turbidity concentrations is expected to be low in the lower and middle estuary (dominated by marine waters) (~10 mg/l and 10 NTU), but will increase towards the brackish and fresher middle and upper reaches as a result of elevated levels of in situ water column primary production (the result of anthropogenic nutrient enrichment).  The estuary will therefore to be more transparent in saline lower and middle reaches (~1.5 m) decreasing towards the fresher and brackish upper reaches (~0.5 m).  Under the Reference Condition, when in situ water column primary production would have been less, average transparency in the fresher and brackish areas would have been greater (~1 m).

Confidence:  Medium/Low
Dissolved inorganic nitrogen (DIN).  Under the Reference Condition DIN concentrations throughout the estuary would have been low (< 50 µg/l).  However, under the Present State nutrient enrichment will maintain elevated DIN concentrations in the fresher upper estuary (~1000 µg/l) particularly during winter.

Confidence:  Medium

Dissolved reactive phosphate (DRP).  Under the Reference Condition DRP concentrations throughout the estuary would have been low (< 20 µg/l).  However, under the Present State nutrient enrichment will maintain elevated DRP concentrations (~200 µg/l) in the fresher upper estuary.
Confidence:  Medium

Dissolved reactive silicate (DRS).  DRS concentrations will be a function of salinity ranging from 100 µg/l in the saline lower reaches, increasing to ~10 000 µg/l in the fresher upper and  middle reaches (similar under Reference Condition).

Confidence:  Medium

Closed Mouth State
Average Flow range.  River inflow of less than 0.5 m3/s for longer than 6 - 9  months. The lower the flow range, the more likely the estuary is to close. If these low flow periods occur frequently, it will  also lead to sediment build-up in the lower reaches, which will increase the likelihood and duration of closed mouth conditions.
Confidence: Low
State of the mouth. Closed
Confidence: 

Flood plain inundation patterns.  Extensive flood plain inundation during the closed phase due to backflooding just before a breaching.
Confidence: 

Amplitude of tidal variation.  None
Confidence: 

Retention times of water masses.  Retention time will depend on the period of mouth closure.
Confidence: 

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

Salinity distributions in the estuary.  The estuary will homogenously well mixed and saline ( 25 – 30 ppt). As there is long period of little to no inflow associated with this conditions the estuary might even become hypersaline (45 ppt) if the mouth stays closed for a few months.

Confidence:  Low
Temperatures. Temperature shows strong seasonal patterns, following typical seasonal trends in atmospheric temperature, i.e. warm in summer (20-27 °C) and cooler in winter (12-18 °C).

Confidence:  High
pH.  Levels in the estuary typically range between 8 and 8.5.

Confidence: High

Dissolved oxygen.  The estuary is generally oxygenated (> 4 mg/l), but bottom water in deeper areas can become hypoxic particular during summer as a result of high water temperatures and long residence times.  Higher organic loading as a result of nutrient enrichment and associated in situ primary production can also intensify hypoxia in deeper waters.

Confidence:  Medium/Low


Turbidity/Suspended solids. Assuming that the system will be marine-dominated under the closed state (20 - 30 ppt) transparency in the system is likely to be relatively high (> 1 m).  However, limited river inflow into the upper reaches may still stimulate in situ water column primary production (result of anthropogenic nutrient enrichment) in the very upper reaches reducing transparency in those areas (~0.5 m).  

Confidence:  Low

Dissolved inorganic nitrogen (DIN).  Assuming that the system will be marine-dominated under the closed state (20 - 30 ppt) DIN concentrations is expected to be low – similar to that of seawater.  However limited river inflow into the upper reaches still introduce high DIN concentrations to the very upper reaches (~500 µg/l) - particularly during winter.

Confidence:  Low

Dissolved reactive phosphate (DRP).  Assuming that the system will be marine-dominated under the closed state (20 - 30 ppt) DIN concentrations is expected to be low – similar to that of seawater.  However limited river inflow into the upper reaches still introduce high DRP concentration to the very upper reaches (~100 µg/l) - particularly during winter.

Confidence:  Low

Dissolved reactive silicate (DRS).  Assuming that the system will be marine-dominated under the closed state (20 - 30 ppt) DRS concentrations is expected to be lower – similar to that of seawater (~100 ug/l).  However limited river inflow into the upper reaches still introduce high DRS concentration to that area (~5 000 µg/l).

Confidence:  Low

4.1.1 
Abiotic States versus Flow distribution patterns

The transition between the different states will not be instantaneous, but will take place gradually.  

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 the 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

· To provide a conceptual overview of the annual distribution of Abiotic States under the different scenarios, the median (50%ile) and drought flows (10%ile) monthly flows were used.  

4.2     Description of Present State

4.2.1
Abiotic Components

Four distinct abiotic states, resulting in the following combination of conditions occurring in the estuary were identified:

	State
	Name
	Average Monthly Flow (m3/s)

	1
	Freshwater dominated (estuary fresh throughout) that revert back to a Small transition condition after the event
	> 15.0

	2
	Large transition condition (strong freshwater front present in middle and part of lower reaches) that revert back to a Small transition condition after the event
	2.0 - 5.0

	3
	Small transition (freshwater front present in upper and middle reaches)
	0.5 - 2.0

	4
	Marine dominated (fresh water influence limited to very upper reaches)
	<0.5

	5
	Closed mouth
	<0.5 for 6 months


Seasonal variability in river inflow

Monthly simulated runoff data for the Present State is provided in Table 1.  A summary of the occurrences of flow distributions (mean monthly flows in m3/s) for the Present State of the Sundays Estuary, derived from the 84-year simulated data set, is provided below:

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

	99%ile
	47.10
	64.37
	64.39
	48.38
	87.06
	147.85
	68.23
	89.05
	29.49
	65.53
	148.22
	67.86

	95%ile
	19.13
	27.42
	29.39
	27.95
	31.14
	89.21
	43.57
	23.02
	6.96
	5.90
	18.61
	38.32

	90%ile
	15.20
	14.77
	14.93
	13.75
	18.49
	33.54
	23.93
	9.18
	4.06
	4.15
	7.19
	12.66

	80%ile
	7.60
	8.25
	6.59
	5.59
	10.41
	15.19
	14.63
	4.56
	1.15
	3.10
	4.81
	7.01

	70%ile
	4.89
	6.40
	4.75
	4.44
	7.45
	8.91
	10.74
	3.08
	1.04
	2.42
	4.44
	5.19

	60%ile
	2.85
	4.45
	4.09
	3.87
	5.57
	5.49
	8.16
	2.69
	1.02
	2.17
	4.11
	4.15

	50%ile
	2.34
	3.91
	3.27
	3.52
	5.07
	3.69
	7.25
	2.44
	1.02
	1.84
	4.01
	4.02

	40%ile
	1.96
	3.19
	2.59
	3.14
	4.71
	2.81
	6.72
	2.29
	1.00
	1.72
	3.92
	3.92

	30%ile
	1.81
	2.75
	2.31
	2.96
	4.51
	2.33
	6.13
	2.21
	0.99
	1.64
	3.89
	3.82

	20%ile
	1.80
	2.36
	2.16
	2.80
	3.94
	2.15
	5.91
	2.14
	0.99
	1.56
	3.86
	3.75

	10%ile
	1.76
	2.02
	2.15
	2.44
	3.58
	2.01
	5.59
	2.07
	0.98
	1.49
	3.81
	3.70

	1%ile
	1.74
	1.97
	2.14
	2.20
	3.44
	2.00
	5.27
	2.01
	0.97
	1.38
	3.77
	3.67


Present flood regime

The Present State flood regime is judged to be somewhat modified from the Reference Conditions based on the fact that the simulated monthly runoff data indicate some change to high flow months.  There is between a 10 and 20 % decrease in floods to the estuary, with the larger events (e.g. 1:100 and 1:50) less reduced. 
Confidence:  Medium
Present sediment processes

Reddering and Esterhuysen (1981) concluded on the basis of grain size analyses of the surface (upper 0.5 m) substrate that sand becomes finer from the mouth up into the estuary. Marine sand extends up the estuary to about 1.5 km, whereas aeolian sand is usually found on the south western bank of the lower estuary and within 70 m of the bank. 
Floods scour the channel bottom until a resilient horizon is reached, which is usually characterised by a lag gravel of pebbles and coarse shell fragments but which in some locations is also found in the form of very compacted clay (Swart, 1986a).

The flood‑tidal delta grew at about 40 000 m3/y over a three year period (1986 ‑ 1989). The flood‑tidal delta in the Sundays Estuary results from the flood dominance of tidal currents, the spatial asymmetry of tidal currents, and the turbulent, sediment‑laden nature of the flood tide. All these factors combine to carry and deposit sand in the lower estuary (Reddering and Esterhuysen, 1981). Within the flood‑tidal delta, sand moves in pulses which mainly result from channel migration and changes in wave activity within the estuary. Sand pulses have a profound effect on the sediment processes of flood‑tide deltas, dominating morphology, creating large cross‑bed sets and governing major bounding surfaces. It can therefore be assumed that a slow build‑up of sand normally takes place in the vicinity of the mouth and that this is removed periodically during floods.
A study of available aerial photographs indicates that the estuary mouth has not changed significantly over the last 80 years. The mouth always remains open although the growth of sand spits and flood‑tidal shoals have a tendency to constrict the inlet. The large inner sand spit, which is always present, was particularly prominent during 1983 when the river discharge was very low. Sand spits develop on both the eastern and the western bank of the mouth. Sediment is trapped inside the mouth and partly consists of aeolian sand from the dunes and an influx of the marine sandbar. The channel area, from Barkly Bridge to the mouth, has remained almost constant over the time period 1939 to 1976, namely between 300 and 314 ha. 

From available data it is concluded that the sediment balance in the estuary has reached a steady‑state condition controlled by river floods, with insignificant sediment build‑up (Reddering and Esterhuysen, 1981). The reduction in floods from the Reference conditions have most likely only contributed to a small increase in marine sediment in the lower reaches of the estuary and an increase in the period between resetting events.
The readily available source of sediment from the surrounding dunefield is counteracted by regular floods and a relatively high river baseflow which assist in maintain a permanently open mouth. Flow is therefore the single most important driver in maintaining the open mouth conditions at the Sundays. This process can also be observed in similar systems along the Cape South Coast, for example, a 1971 aerial photograph of the Great Fish showed that it closed in April 1970 during a period of prolonged low baseflow.  Therefore, taking a precautionary approach this study assumes that if there were a significant reduction in floods to the Sundays Estuary or a considerable decrease in baseflow for extended periods (< 0.5 m3/s for significant periods at a time (> 6 months)) in the estuary, there is a high probability that the inlet may become so constricted that mouth closure can occur.  This will change the Sundays Estuary from a permanently open estuary to a temporarily open/closed system.

Confidence:  Medium
Table 1: Simulated monthly flows to the Sundays Estuary for the Present State in m3/s
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	1.81
	2.76
	10.25
	5.44
	8.73
	18.62
	24.43
	6.32
	1.02
	1.81
	3.87
	3.73

	1921
	1.75
	30.62
	113.17
	37.17
	4.22
	2.88
	6.30
	3.04
	1.40
	2.68
	4.23
	3.93

	1922
	1.79
	20.39
	8.09
	4.16
	5.05
	3.37
	6.86
	2.26
	1.03
	5.42
	5.03
	3.76

	1923
	1.86
	6.16
	3.07
	2.93
	7.94
	4.66
	6.36
	2.03
	0.99
	1.37
	3.89
	4.83

	1924
	1.79
	1.97
	4.66
	3.87
	4.05
	11.74
	11.29
	2.94
	1.05
	2.26
	4.05
	5.20

	1925
	1.92
	2.79
	3.25
	3.00
	3.42
	2.08
	5.19
	2.14
	0.99
	1.83
	3.77
	3.82

	1926
	1.98
	5.60
	3.25
	2.79
	3.54
	2.23
	5.86
	2.39
	0.99
	1.62
	4.01
	3.70

	1927
	1.75
	1.97
	2.20
	2.96
	3.49
	126.31
	52.05
	2.21
	1.00
	1.47
	3.84
	9.08

	1928
	3.16
	2.21
	2.41
	2.88
	4.70
	2.11
	6.03
	2.08
	0.99
	2.98
	4.38
	11.95

	1929
	5.08
	2.47
	6.25
	4.95
	7.55
	5.66
	6.77
	2.07
	1.07
	1.90
	4.49
	4.03

	1930
	6.02
	3.70
	2.16
	4.46
	4.13
	9.83
	10.00
	2.51
	0.99
	3.86
	4.70
	3.81

	1931
	7.62
	4.79
	40.06
	32.59
	10.67
	2.30
	5.76
	2.42
	0.99
	1.80
	3.90
	46.66

	1932
	21.40
	6.76
	2.75
	2.97
	5.11
	2.28
	12.21
	4.08
	1.02
	1.50
	13.46
	7.21

	1933
	1.83
	6.96
	4.45
	6.25
	14.90
	32.89
	15.61
	2.32
	1.01
	6.81
	5.67
	3.95

	1934
	7.59
	5.05
	2.72
	3.18
	4.72
	2.01
	9.54
	24.41
	7.28
	3.23
	4.19
	4.50

	1935
	1.92
	4.16
	3.56
	2.99
	5.26
	17.21
	12.91
	2.56
	1.02
	2.17
	4.02
	3.81

	1936
	12.63
	25.69
	8.21
	3.65
	5.48
	2.38
	5.75
	2.25
	0.98
	1.55
	3.78
	3.84

	1937
	1.78
	3.38
	17.77
	10.17
	4.65
	2.12
	7.23
	2.53
	0.99
	1.74
	3.82
	3.86

	1938
	3.25
	7.04
	3.51
	3.12
	19.37
	9.57
	6.56
	2.25
	1.01
	2.38
	33.80
	14.20

	1939
	10.71
	4.37
	2.17
	2.94
	33.98
	28.30
	10.74
	2.70
	0.99
	2.27
	3.99
	5.72

	1940
	2.10
	2.32
	2.15
	3.87
	5.17
	2.04
	14.14
	4.82
	1.03
	1.65
	3.91
	3.69

	1941
	28.23
	11.26
	4.50
	6.56
	4.85
	2.25
	6.05
	2.21
	1.00
	1.63
	4.03
	3.86

	1942
	16.78
	7.80
	2.25
	3.51
	3.70
	3.08
	6.95
	2.36
	4.17
	4.27
	4.36
	4.16

	1943
	1.78
	74.40
	28.85
	3.42
	5.51
	5.07
	6.71
	131.86
	44.55
	3.35
	4.05
	4.04

	1944
	2.67
	2.46
	2.15
	2.87
	4.74
	4.53
	6.74
	3.52
	1.37
	2.35
	3.92
	3.69

	1945
	1.76
	1.98
	2.14
	2.20
	4.77
	4.09
	8.16
	3.02
	0.99
	1.65
	3.85
	3.72

	1946
	3.11
	2.92
	2.16
	2.80
	3.50
	3.72
	6.50
	2.14
	1.02
	1.75
	3.89
	4.78

	1947
	3.26
	3.54
	3.60
	3.59
	13.18
	5.59
	66.83
	22.27
	1.03
	1.71
	3.86
	3.73

	1948
	1.80
	2.00
	2.14
	2.66
	3.82
	2.00
	5.58
	4.41
	0.98
	2.12
	3.78
	3.65

	1949
	1.74
	18.38
	7.10
	2.79
	5.15
	20.31
	17.25
	2.97
	0.99
	1.85
	4.99
	6.38

	1950
	5.38
	11.30
	10.31
	25.46
	12.50
	2.34
	5.76
	2.09
	0.97
	1.81
	4.01
	6.89

	1951
	2.70
	2.20
	2.15
	2.47
	38.60
	15.20
	6.22
	2.47
	1.08
	1.69
	4.82
	89.48

	1952
	29.08
	3.91
	3.39
	3.05
	6.15
	2.28
	5.77
	2.03
	1.01
	1.47
	4.89
	7.66

	1953
	95.81
	51.99
	11.34
	4.00
	3.60
	87.86
	37.51
	4.73
	1.13
	2.40
	4.05
	3.89

	1954
	1.81
	4.47
	2.57
	2.87
	20.71
	9.69
	7.28
	2.24
	0.99
	1.65
	3.87
	3.72

	1955
	1.75
	8.69
	4.24
	3.14
	4.70
	6.94
	7.36
	2.87
	1.02
	1.66
	3.78
	8.00

	1956
	4.88
	7.37
	5.97
	3.59
	7.87
	8.89
	7.86
	2.19
	1.00
	1.59
	3.87
	3.80

	1957
	1.76
	1.97
	2.15
	4.08
	4.01
	2.00
	5.60
	16.81
	4.61
	2.84
	3.92
	3.92

	1958
	1.81
	2.18
	3.29
	6.59
	4.94
	9.01
	22.77
	6.98
	1.04
	3.89
	5.28
	4.02

	1959
	1.80
	2.01
	2.16
	5.37
	4.54
	2.44
	6.29
	2.41
	1.02
	1.56
	4.57
	4.13

	1960
	1.83
	3.00
	2.42
	4.91
	4.41
	109.93
	59.32
	5.55
	1.23
	2.17
	4.80
	3.99

	1961
	1.76
	1.97
	2.14
	2.73
	9.72
	7.91
	8.32
	2.42
	1.02
	1.43
	4.76
	3.98

	1962
	2.32
	4.20
	2.44
	45.96
	29.61
	72.21
	39.01
	4.10
	1.06
	2.01
	4.00
	3.74

	1963
	2.85
	6.36
	4.98
	3.34
	5.09
	2.80
	6.14
	2.07
	6.79
	5.10
	4.49
	5.70

	1964
	2.41
	2.77
	4.85
	3.54
	3.46
	2.18
	8.62
	3.21
	1.15
	3.30
	4.29
	4.01

	1965
	13.32
	15.78
	4.74
	4.44
	4.13
	2.02
	6.08
	2.18
	0.99
	1.39
	3.93
	4.16

	1966
	1.76
	2.48
	2.25
	2.71
	3.71
	3.41
	8.14
	26.25
	7.87
	3.42
	4.07
	3.87

	1967
	1.79
	2.10
	2.15
	2.30
	3.48
	3.89
	7.88
	2.52
	6.32
	4.61
	4.12
	37.30

	1968
	12.38
	2.33
	2.16
	2.35
	6.39
	7.97
	8.71
	2.51
	1.02
	1.52
	3.86
	3.74

	1969
	2.10
	2.58
	2.15
	2.34
	5.59
	2.18
	5.43
	2.25
	0.97
	1.43
	15.49
	7.69

	1970
	2.85
	2.77
	30.40
	13.89
	6.65
	3.34
	15.80
	5.79
	1.15
	8.00
	171.48
	59.87

	1971
	3.02
	2.68
	2.32
	5.81
	4.75
	6.85
	7.59
	2.14
	0.99
	1.50
	3.85
	3.68

	1972
	1.74
	2.03
	2.16
	2.20
	10.42
	11.08
	15.37
	4.45
	1.01
	1.58
	4.56
	3.98

	1973
	1.80
	3.14
	5.11
	54.93
	82.39
	206.10
	72.01
	9.67
	2.00
	2.90
	8.39
	5.66

	1974
	1.90
	8.07
	3.82
	2.96
	6.96
	15.19
	10.01
	2.07
	0.98
	2.24
	3.89
	20.55

	1975
	6.82
	3.06
	9.77
	13.42
	26.01
	91.72
	34.41
	3.03
	1.06
	2.12
	4.03
	3.79

	1976
	17.90
	8.52
	2.34
	2.70
	99.67
	33.82
	10.76
	73.21
	23.91
	2.94
	3.90
	3.93

	1977
	1.81
	4.35
	6.16
	4.22
	3.67
	3.66
	6.81
	2.16
	1.03
	1.76
	3.93
	3.72

	1978
	2.08
	3.70
	4.12
	3.89
	6.60
	2.58
	5.77
	2.67
	1.04
	92.84
	139.62
	40.23

	1979
	2.00
	2.52
	2.16
	5.17
	9.03
	4.08
	6.05
	2.02
	1.01
	1.54
	3.84
	4.04

	1980
	1.97
	9.85
	4.64
	4.03
	7.44
	39.90
	18.51
	13.13
	3.80
	3.01
	7.85
	5.19

	1981
	13.22
	5.99
	4.34
	3.54
	3.45
	2.00
	20.60
	8.04
	1.02
	3.79
	4.43
	4.28

	1982
	1.96
	2.39
	2.15
	2.35
	3.54
	2.00
	5.43
	2.06
	0.98
	55.43
	24.39
	4.28

	1983
	2.42
	4.28
	3.99
	3.51
	3.50
	2.04
	5.68
	2.09
	1.03
	1.55
	3.84
	3.68

	1984
	1.76
	3.92
	2.37
	10.84
	11.51
	3.18
	6.85
	2.35
	1.00
	2.20
	3.79
	3.77

	1985
	6.31
	12.41
	46.35
	18.72
	4.55
	2.01
	5.48
	2.01
	0.97
	1.39
	3.88
	3.71

	1986
	17.04
	8.77
	2.19
	2.57
	4.53
	2.03
	5.53
	2.28
	1.00
	1.48
	3.80
	8.22

	1987
	2.73
	4.37
	2.46
	2.65
	10.40
	18.24
	12.21
	3.06
	1.00
	1.60
	3.85
	6.31

	1988
	2.37
	3.79
	4.88
	4.55
	4.65
	2.72
	13.08
	4.43
	1.02
	1.54
	3.88
	3.77

	1989
	8.12
	60.66
	19.15
	3.23
	5.61
	2.47
	6.00
	2.10
	1.00
	1.61
	3.84
	3.69

	1990
	1.81
	2.01
	2.15
	3.26
	3.65
	2.00
	5.30
	2.01
	0.97
	1.68
	3.81
	3.84

	1991
	16.01
	7.20
	3.15
	2.95
	4.67
	2.46
	5.95
	2.03
	0.99
	2.03
	4.98
	4.09

	1992
	2.95
	5.96
	2.68
	3.65
	4.40
	2.01
	5.95
	2.20
	1.67
	2.90
	3.97
	12.96

	1993
	5.00
	3.76
	16.46
	19.62
	16.43
	8.72
	7.60
	2.28
	0.98
	1.71
	4.34
	4.10
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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):  Road and rail bridges with their embankments are situated near the head of the estuary. The national road crosses the estuary on the old MacKay Bridge (built in 1895) 8.5 km from the mouth and the new freeway crosses it 7.8 km from the mouth. According to the CSIR (1983), the freeway bridge with its embankments could affect major flood flows as it lies across a meander. Jetties on the left bank about 3 to 7 km from the mouth create minor channel constrictions and aid side bar formation (Swart 1986).
Confidence: Medium

	Discharges into estuary affecting water quality:   There are no significant wastewater discharges into the estuary.  However, extensive citrus agriculture in the catchment has introduced significantly higher DIN and DRP loads to the estuary, possible also toxic substances (pesticides/herbicides), although the latter still needs to be confirmed through field measurement programmes 
Confidence:  Medium

	Human exploitation (consumptive or non-consumptive):  

There is significant angling pressure (mostly recreational) on certain predatory fish species within the Sundays Estuary. Targeted species include dusky kob Argyrosomus japonicus, spotted grunter Pomadasys commersonnii and white steenbras Lithognathus lithognathus. Both dusky kob and white steenbras are classified as over-exploited in South African waters. Reports of illegal gill netting in the upper reaches of the estuary have also been received.
Confidence:  Medium

	Artificial mouth breaching:   N/A
Confidence: 


4.2.2 
Biotic Components

	MICROALGAE

	Phytoplankton

The present state of microalgae were assessed based on four datasets; August 2006, March 2007, February 2008 and June 2008. 

Species richness: There were no data available, however, if a considerable change in the estuary state occurs then it is likely that there would be a loss of taxa; loss of marine taxa if mouth were to close for extended periods or loss of freshwater taxa if flow were low or nonexistent extended periods. 

Abundance: Average chlorophyll a of the four sampling dates were 13.8 µg l-1, 31.5 µg l-1, 14.4 µg l-1 and 8.2 µg l-1
 with median concentrations of 15.0 µg l-1, 4.1 µg l-1, 14.5 µg l-1 and 1.3 µg l-1
, respectively. Based on the median chlorophyll a classification scheme of Snow (2007) the phytoplankton biomass was categorised as high, medium, high and low, respectively, compared to other estuaries. Hilmer (1990) measured an average chl a concentration of 13.4 ± 1.6 µg l-1 (median = 10.3, n = 1980; classified as high) and Scharler (2000) 17.9 ± 1.4 µg l-1 (bloom concentrations in middle and upper estuary; classified as high). Community composition: A flagellate bloom (possibly from the genus Chlamydomonas) was recorded 0.2 km from the mouth in March 2007. The flagellate contributed up to 82% of the phytoplankton relative abundance at this site (up to 31 325 cells ml-1). Hilmer & Bate (1990) found that the freshwater algae of the Sundays River were adapted to a range of salinity because the river water was slightly brackish. In February 2008, a diatom bloom (Cyclotella atomus) was recorded 21.9 km from the mouth (55 738 cells ml-1). Chlorophytes were also recorded in high numbers, followed by flagellates. A dinoflagellate bloom (>11 000 cells ml-1) was recorded at 12.5 km from the mouth in June 2008 with chlorophytes and flagellates in relatively high concentrations.
Benthic microalgae

Species richness: Current methods analyse for benthic diatom relative abundance. The aim is to collate these RA data from a number of RDM studies into an index, based on using estuarine diatoms as indicators of water quality. However, there aren’t sufficient data to draw conclusions with regards to species richness but changes would be expected if considerable changes in estuary state occur.
Abundance: Average benthic chlorophyll a samples from the three sampling dates were 57.4 µg g-1, 15.7 µg g-1 and 6.37 µg g-1
 with median concentrations of 3.7 µg g-1, 5.1 µg g-1 and 5.3 µg g-1, respectively. Based on the median chlorophyll a classification scheme of Snow (2007),
 the estuary can be classified as having a medium intertidal biomass on all three occasions. Snow (2007) measured average intertidal chl a in July 2002 – 10.2 ± 1.0 µg g-1 (median = 8.5 µg g-1; classified as high) – and in February 2003 – 9.1 ± 1.0 µg g-1 (median = 8.0; classified as high).
Community composition: There were no data available. However, it is likely that there will be a shift in community composition from an epipelic benthic community to an episammic community in response to an increase in the coarseness of estuarine sediment.

Confidence: High

	MACROPHYTES

	The Sundays Estuary is a narrow, channel-like system.  The lack of intertidal area limits the development of extensive salt marsh or mudflat areas.  The intertidal and supratidal zones are restricted to a combined width of 5 m on average. The estuary channel is incised into older, partially consolidated sediments, creating steep banks that are 3 – 4 m high (Reddering & Esterhuysen 1981).  The townships of Cannonvale and Colchester occur on a fluvial terrace elevated 3 – 25 m above the present river bed and consist of silt and fine grained sand deposits (Hattingh 1996).  Daines (1988) identified 120 plant species that belong to 48 families in the Sundays Estuary and concluded “this rich floral diversity is due to the sharp salinity gradients along the axis as well as the elevation gradient up the side of the estuary”.  Most of the identified species were succulents belonging to Valley Bushveld and not true estuarine species.

Reeds and sedges are the dominant plant community type and cover 29 ha. They typically occur in the fresh and brackish zones (< 15 psu) of the middle and upper reaches Common reed, Phragmites australis occurs at isolated sites in the lower reaches of the estuary.  From the N2 bridge extending into the upper reaches common reed and the sedge, Schoenoplectus scirpoideus are almost continuous along the length of the estuary.  

A small supratidal salt marsh area occurs on the east bank near the mouth. The dominant species is Sarcocornia pillansii which is usually indicative of highly saline habitats.  The western bank near the mouth is mostly composed of mobile dune sands. Patches of intertidal salt marsh, mainly Sarcocornia perennis occur along the length of the estuary into the middle-upper reaches.  Other species include Triglochin spp, and Chenolea diffusa.  In total salt marsh covers an area of 21.7 ha.  

Submerged macrophytes consist of thick beds of Potamogeton pectinatus (pondweed) that occur in the upper reaches of the estuary where the salinity of the water column is less than 10 psu. 
 Table 1: Areas covered by different mapping units for the Sundays Estuary
Area (ha)

Area (ha)

Alien vegetation

3.5

Phragmites. australis

2.2

Dune vegetation

9.9

Reeds and sedges

26.7

Grass

1.8

Saltmarsh

21.8

Juncus community

2.5

Water channel

198.4

Mud

0.6

Sand

114.8

Sandy mud

3.0

Bare ground

0.4

Confidence: High

	INVERTEBRATES

	Zooplankton

Zooplankton biomass in the Sundays estuary is among the highest recorded for a South African estuary. The endemic mesozooplankton (retained by a 200 µm mesh net) in the estuary is dominated by three species of copepods and two mysid species.  Numerically, copepods are more important with maximum abundance exceeding 200 000 m-3 (Wooldridge & Bailey 1982).  Mysid abundance may on occasions, exceed 10 000 m-3.  Mysids are more important in terms of biomass, their contribution seldom falling below 70% and often exceeding 90% of total mesozooplankton biomass.  In the following discussion, attention will focus on a dominant copepod and mysid species.  

The copepod Pseudodiaptomus hessei has a wide salinity tolerance range (<1 - 70) and is widely distributed in estuaries around southern Africa.  It is usually the dominant estuarine endemic copepod with a preference for and the ability to remain in mesohaline areas where maximum phytoplankton production occurs - i.e. in the highly stratified to partly mixed zone in the Sundays.  In an extensive study on the feeding ecology of the Sundays mezozooplankton, it was estimated that in summer up to 30- 40% of daily phytoplankton production was removed in the lower and middle estuary (Wooldridge 1999).

An analysis of P. hessei temporal distribution indicates that peaks in population abundance do not necessarily follow a seasonal pattern, but are primarily linked to freshwater pulsing that may occur during any season (Wooldridge 1999).  P. hessei  has a high turnover rate (the P/B ratio varies between 70 and 100) and abundance levels increase rapidly following freshwater pulses.  During periods of no freshwater inflow (the Krom is a good example), population levels decrease to near-zero levels.  There is therefore a direct link between riverine inflow and population abundance levels, probably as a result of the concommitant positive response of the microzoo- and phyto-plankton on which the copepods feed. 

Rhopalophthalmus terranatalis is the largest mysid in South African estuaries and it is also the most abundant mysid in the Sundays. It is mainly a predatory feeder, with young mysids feeding extensively on copepods.  Adult R. terranatalis feed extensively on larger zooplankters.  Both copepods and mysids further support a high biomass of fish feeding in the water column.  

. 

Benthic invertebrates

The benthos of the Sundays River Estuary is characterized by relatively few species, although over 150 species are known from Eastern Cape Estuaries.  The gastropod Nassarius kraussianus and the mudprawn Upogebia africana are important intertidal macrobenthic species in the Sundays, accounting for 44% and 33% of the total macroinvertebrate production respectively (Winter & Baird 1988).  The latter species requires an open tidal inlet to complete its life cycle.  Larvae are released into the estuarine plankton and are transported to the marine environment during specific stages of the lunar cycle. Postlarvae then return to the estuary to settle.  Recent work on trophic linkages using carbon isotopes (Wooldridge, unpublished), suggest that mudprawns also obtain most of their carbon from phytoplankton sources.

In a later study, Forbes (1994) identified six intertidal benthic macrofaunal zones.  These range from a marine community at the mouth to three communities associated with freshwater in the upper estuary.  Although there was no correlation between faunal distribution patterns and the hydrodynamic zones described by MacKay & Schumann (1990), water movement plays a leading role in determining sediment characteristics, as well as transporting organic material utilized by sessile filter feeders. Salinity and the circulation zones are probably only underlying determinants of community structure, while sediment characteristics play a dominant role.  

In recent survey, Forbes (1996, unpublished data) recorded Upogebia africana densities of nearly 500 prawns per m2. These are among the highest recorded for an Eastern Cape estuary, although the area colonized is small compared to other systems having extensive mudflats.
Subtidally, the zoobenthos was represented by 27 species, with 20 recorded in July 2007 and 23 in February 2008.  In July, the community was dominated by polychaetes and by chironomid larvae in February 2008. Other major taxonomic groups were tanaeids and amphipods, although their contribution was relatively low.  Overall, the benthic community is relatively low in species richness and biomass. 
Hyperbenthos
The hyperbenthic community was dominated by mysid shrimps that attain extremely high levels of abundance. Two species are particularly important – Mesopodopsis wooldridgei at lower stations and Rhopalophthalmus terranatalis in the middle estuary.  Levels of abundance are the highest for any South African estuary to-date.

Confidence: High

	FISH

	A total of 51 fish species from 27 families have been recorded from the Sundays Estuary. Thirteen of these species spawn in estuaries and include resident taxa such as the estuarine roundherring Gilchristella aestuaria and prison goby Caffrogobius gilchristi. A total of nine marine species, including the Cape stumpnose Rhabdosargus holubi and white steenbras Lithognathus lithognathus, are dependent on estuaries as nursery areas. A further 18 marine species (e.g. blacktail Diplodus capensis and southern mullet Liza richardsonii) are at least partially dependent on estuaries as nursery areas. There were also nine stenohaline marine species (e.g. zebra Diplodus hottentotus and sand steenbras Lithognathus mormyrus) that were recorded in very low numbers. Catadromous taxa are represented by the freshwater mullet Myxus capensis which is able to survive in the estuary if the river is unavailable for colonisation. Although it is probable that catadromous anguillid eels such as Anguilla mossambica use the Sundays Estuary as a conduit to the river catchment, no specimens were sampled. Based on their distributional ranges, 19 (37%) of the fish species recorded in the Sundays Estuary are southern African endemics. The high degree of endemism can be attributed to the locality of the Sundays Estuary within the warm temperate biogeographic region.

Confidence: High

	BIRDS

	Distribution

The lower section of the estuary, i.e. below the N2 bridge, was the section most used by waterbirds both in terms of actual numbers of birds recorded (ranging from 69% in winter to 89% in summer) and diversity of species (25 in summer, 30 in winter). Numbers found in the middle section varied from 7%-8% in spring and summer but rose to 23% in winter, due to higher numbers of Little Grebes and Yellow-billed Ducks recorded in July. However, species diversity remained relatively constant, ranging from 16 in summer to 19 in spring. The upper reaches recorded fewer birds ranging from 4% in summer to 8% in winter and also had the lowest diversity of species (8 in summer to 13 in spring).

The bulk of the birds occurring in the lower estuary consisted of feeding waders (or shorebirds) and roosting terns, both of which utilised exposed sandbanks at low tide. Some waders utilised exposed mud or sand at the margins of the middle section but terns were absent from both middle and upper sections of the river. Ducks and rails were found more frequently in the middle and upper sections.

Most waterbird species recorded are expected to feed at least some of the time within the estuary. Black-crowned Night Herons were found roosting in the upper section in November and are nocturnal feeders. Most of the terns in the lower section use the sandbanks to roost and although the Caspian Terns and a few Common and Little Terns were observed feeding, the majority probably feed at sea. Damara Tern breeds in the dunefield to the east and was only recorded on the estuary in winter. This may indicate that the Eastern Cape population is non-migratory and this will be the subject of a subsequent study. A pair of Egyptian Geese with small goslings were observed in the Middle section in March and an African Fish Eagle nest was located in a gum tree in the Upper section. Although this did not appear to be in use during the survey, a pair of adult birds and an immature were observed within the vicinity. It is likely that other species, such as the rails and kingfishers, also breed within the system. A male Mallard was recorded on two of the surveys and is an introduced pest, hybridising with indigenous Yellow-billed Ducks.

Species diversity

A total of 51 waterbird species were recorded during the survey belonging to 19 families and seven orders. Most belonged to the orders Charadriiformes and Ciconiiformes with 23 and 12 species respectively. The families with the most species recorded were Laridae (gulls and terns) and Scolopacidae (sandpipers, godwits and curlews) with eight and even species respectively. Three passerine species were included: Cape Reed Warbler, Cape Wagtail and Red Bishop. The former feeds and breeds in waterside vegetation and the latter require emergent aquatic vegetation to breed. Cape Wagtails have a catholic choice of habitat but are generally found around water. The Cape Cormorant, African Black Oystercatcher and Caspian Tern are considered “near-threatened” and the Damara Tern is classified as “endangered” in South Africa due to low and decreasing numbers. The lower estuary probably forms an important resting and bathing point for this small breeding population of Damara Terns. Waterbird species were put into nine categories of feeding guilds. The guilds with the largest numbers of species were Estuarine Invertebrate Feeders and Piscivorous species with 13 and 12 species respectively. Roosting terns made up over 50% of birds present on the estuary in November and March. If these are included in the piscivorous category then this would be the dominant feeding guild at all times. However, most of these birds only use the estuary for roosting, feeding at sea. Estuarine invertebrate feeders were the next most frequently recorded category with between 23% and 29% of all birds present.

Seasonal Variability

Numbers of species recorded did not differ much with season; 39 in winter, 41 in spring and 38 in summer. Eleven of the species (eight waders and three terns) are Palaearctic migrants and were either absent in winter or present in much lower numbers. Roosting terns comprised over 50% of birds present in November and March but only 14% in July. Of the resident wader species, only African Black Oystercatcher increased in number during the winter. Yellow-billed Duck numbers were highest in winter and low in summer.
Confidence: High


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

	Mouth condition (provide temporal implications where applicable)
	Microalgae:

It is likely that mouth closure in this estuary will cause a slight change in community composition and species richness in response to the loss of marine taxa. The more stable conditions and loss of salinity stratification are likely to favour a shift in community composition from one dominated by dinoflagellates in the middle reaches of the estuary to an increase in small flagellates.

Confidence: Medium

	
	Macrophytes:

The permanently open estuary ensures that there is a salinity gradient along which different macrophyte types are distributed.

Confidence: High

	
	Invertebrates:

No change to the state of the mouth.

Confidence: Medium

	
	Fish: 

The permanently open mouth allows free movement of fish between the estuary and marine environment. The strong salinity gradient ensures excellent freshwater and estuarine based cues for the attraction of larval fishes into this system.
Confidence: High

	
	Birds: 
The abiotic specialist report indicates that the Sundays River has a permanently open mouth and has had so since at least 1939. It is predicted that the mouth will remain open in all scenarios so no change in bird numbers or composition is predicted.

Confidence: High

	Exposure of intertidal areas during low tide
	Microalgae:

No significant difference in biomass between subtidal and intertidal zones so exposure is not likely to affect biomass.

Confidence: Medium

	
	Macrophytes:

Scattered patches of salt marsh are found in the lower and middle reaches where there is an intertidal area.  Thick reed and sedge beds occur in the intertidal zone of the upper reaches.

Confidence: High

	
	Invertebrates:

The Sundays River Estuary is well-incised in the floodplain, with steep and narrow intertidal areas.  Towards the lower estuary, intertidal mudbanks around 10 m in width are exposed at low tide.  These banks support a high biomass of mudprawn, Upogebia africana.  At the mouth an expansive flood-tidal delta is exposed at low tide and this sandbank has a rich and abundant infauna.

Confidence: High

	
	Fish:

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

Confidence: High

	
	Birds: 
The rich and abundant invertebrate fauna, indicated above, regularly support 8-10 species of invertebrate feeding waders, which attain maximum numbers at low tide. Flocks of up to 500 roosting terns may occur on exposed sandbanks. These two groups form the bulk of the birds using the estuary in summer.

Confidence: High

	Sediment processes and characteristics
	Microalgae:

Sediment processes potentially provide nutrients and sediment particle size can affect type of MPB (epilithic, episammic or epilithic).

Confidence: Medium

	
	Macrophytes:

Floods and the associated high silt load increase water turbidity reducing photosynthesis and growth of submerged macrophytes.  During low flow conditions the stable sediment environment and high nutrient input promotes the growth of reeds (Phragmites australis) and pondweed (Potamogeton pectinatus) in the upper reaches of the estuary.

Confidence:  High

	
	Invertebrates:

The estuary carries a high silt load during floods, and these fine sediments are deposited as a layer of unconsolidated sediments.  These sediments have the potential to smother benthic communities and it is probable that significant diebacks occur after floods.  Sand accumulation in the lower estuary is scoured by floods of sufficient magnitude.

Confidence: Medium

	
	Fish:

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

Confidence: High

	
	Birds: 
Present sediment processes that bring sand into the lower estuary allowing formation of exposed sand and mud at low tide provide suitable habitat for invertebrate feeding waders and resting places for terns and cormorants. Flood conditions with increasing turbidity may temporarily reduce the suitable habitat available to ducks and rails in the upper and middle estuary and perhaps “wash out” breeding attempts by these groups, Cape Reed Warbler and Red Bishop. Increased turbidity during floods may temporarily decrease the visibility of prey to piscivorous species, such as kingfishers, cormorants and herons.
Confidence: Medium

	Retention times of water masses
	Microalgae:

Flushing time – could affect oxygen and cyanophytes if water becomes anoxic.

Confidence: High

	
	Macrophytes:

Low flow and high water retention time increases nutrient uptake and growth of submerged and emergent macrophytes.

Confidence: High 

	
	Invertebrates:

The retention time of the water in the estuary is important for smaller zooplanktonic organisms, as the smaller size component is vulnerable to being flushed out of the estuary.  However, vertical stratification is well developed and the longer residence time of bottom waters is utilized by the zooplankton through vertical migratory behaviour to aid retention in the estuary.

Confidence: Medium

	
	Fish:

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

	
	Birds: 
May be indirectly affected. High water retention benefits species utilising macrophytes in the upper and middle sections, while low retention time may reduce the biomass and species of fish available to piscivores.
Confidence: Medium

	Flow velocities 
	Microalgae:

Flow velocity affects retention time and potentially sets up strong stratification; this creates ideal conditions for dinoflagellate blooms.

Confidence: H

	
	Macrophytes:

High flow is important as it flushes out the upper reaches of the estuary clearing the main channel of macrophyte growth.

Confidence: High

	
	Invertebrates:

Strong currents are avoided by the water column component and populations migrate to areas of weaker flow.
Confidence: Medium 

	
	Fish:

Under most tidal conditions fish are well adapted to the changing flow velocities. However, during river flood events when water velocities increase significantly, fish eggs and larvae of species such as the estuarine roundherring (Gilchristella aestuaria) may be lost from the estuary into the sea. 

Confidence: Medium

	
	Birds: 
Species using the estuary are likely to be adapted to the normal range of flow velocities recorded but they may be temporary changes to the species community during flood events (see above).
Confidence: Low

	Volume of water in estuary
	Microalgae:

Unlikely to change if mouth remains open. However, any changes will affect amount of available habitat for phytoplankton and amount of benthic areas covered.

Confidence: High

	
	Macrophytes:

The volume of water determines the available habitat for submerged macrophytes in the upper reaches of the estuary.

Confidence: High

	
	Invertebrates:

The change in water volume is unlikely to influence invertebrates in the estuary, although changes in water volume will occur as sandbanks in the mouth change configuration over time.

Confidence: Medium

	
	Fish:

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

Confidence: High

	
	Birds: 
The bulk of the birds present in the lower estuary depend on periodic shallow water to feed (or for exposed sand on which to roost in the case of terns). Increased water volume which inundated exposed sand/mudbanks would severely reduce the foraging areas available to estuarine invertebrate feeders and roosting areas for terns and cormorants. However, piscivorous species are likely to benefit from increased ranges of fish in the estuary.
Confidence: Medium

	Salinities
	Microalgae:

Diatoms, chlorophytes and flagellates have been measured in bloom concentrations in fresh upper reaches. Dinoflagellates have formed blooms in brackish middle reaches (5 – 15 ppt). Maximum chl a measured in REI (3-5 ppt).

Confidence: High

	
	Macrophytes:

A continual flow of freshwater into estuaries creates a salinity gradient along which different macrophyte communities are distributed. Systems that lack freshwater inflow do not exhibit spatial separation between macrophytes.

Confidence: High

	
	Invertebrates:

Salinity gradients in the estuary are important in terms of providing different habitats for freshwater associated species in the upper estuary, euryhaline species in the middle-lower reaches and marine associated species near the mouth. Vertical stratification is also important as a mechanism of structuring communities in the water column.  The dynamic nature of the salinity regime leads to a relatively low level of species richness, but high biomsss. 

Confidence: Medium

	
	Fish:

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

Confidence: High

	
	Birds: 
Although not directly affected by salinity, bird species composition and distribution is governed by distribution of their food. Some duck species, e.g. Cape Teal are more tolerant of higher salinities then species recorded during the surveys.
Confidence: Medium

	Other water quality variables 
	Microalgae:

Nutrients – as nutrients increase there is an associated increase in biomass. Could lead to eutrophication and eventually to high organic content (possible oxygen depletion if organic matter accumulates in deeper reaches).

Confidence: High

	
	Macrophytes:

Nutrient input from agricultural return flow has increased growth of pondweed and common reed.  In addition to these plants invasive aquatics such as Azolla indicate eutrophication.

Confidence: High

	
	Invertebrates:

Turbidity is an important variable utilized by mysid shrimps particularly to avoid predators in the water column.  These mysids form very large swarms and are an important source of food for higher trophic levels.

Confidence: High

	
	Fish:

If increased nutrients result in greater primary and secondary productivity within the estuary, the numbers and biomass of fishes within the system will be expected to increase. However, if widespread eutrophication occurs, this could eventually lead to declines in fish abundance.
Confidence: Medium

	
	Birds: 
Increase in biomass of macrophytes and fish will benefit several species using the middle and upper sections and the piscivorous species. Increasing cover of Phragmites beds will benefit species using these for feeding and nesting. The increased levels of DIN and DRP in winter may explain the larger numbers of vegetation feeding species recorded during the July survey. 

However, should eutrophication result in anoxic conditions and death/depletion of fish, many species, particularly piscivores, could be negatively affected.
Confidence: Medium


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:

Two bridges and a number of jetties: thes structures could increase stability of the channels and cause slight decrease in benthic MPB biomass.

Confidence: Medium

	
	Macrophytes:

Bridges often reduce water flow causing local sedimentation which encourages reed growth.
Confidence: High

	
	Invertebrates:

Jetties and bridges provide the most important hard structures in the estuary utilized by invertebrates that require these habitats on which to settle.

Confidence: Medium

	
	Fish:

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

Confidence: Medium

	
	Birds: 
Jetties are used by some species such as cormorants, plovers and ducks as roosting points while kingfishers may use them as foraging posts. Bridges provide nesting opportunities for some non aquatic species, e.g. Little Swifts, Rock Pigeons. 
Confidence: High

	Human exploitation (consumptive and non-consumptive)
	Microalgae:

This is generally focussed at fishing, bait digging etc. Not likely to impact on microalgae.

Confidence: M

	
	Macrophytes:

None  

Confidence: Medium

	
	Invertebrates:

The relatively small area available for colonization by intertidal organisms results in relatively heavy exploitation of benthic populations of mud and sand prawns.

Confidence: Medium 

	
	Fish:

By virtue of the close proximity of the Sundays Estuary to Colchester and Port Elizabeth, recreational angling is likely to have a major effect on the abundance and biomass of predatory fishes within this system. 

Confidence: Medium

	
	Birds: 
No consumptive exploitation is known to take place. Fishing pressure may reduce the food resources available to piscivores. Unregulated access to sandbanks by boat-based recreation could result in severe disturbance to feeding and roosting terns and waders.
Confidence: Medium


4.3 Reference Condition 
4.3.1
Abiotic Components

Seasonal variability in river inflow:

Monthly simulated runoff data for the Sundays Estuary Reference (or natural) Condition is provided in Table 2.  A summary of flow distribution (mean monthly flows in m3/s) for the Reference Condition, derived from the 84-year simulated data set, is provided below:

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

	99%ile
	59.34
	85.84
	101.59
	90.70
	127.14
	198.81
	75.82
	103.33
	35.55
	79.47
	154.64
	71.81

	95%ile
	25.86
	36.52
	38.03
	36.27
	53.24
	115.81
	49.70
	31.55
	10.87
	5.47
	29.28
	36.95

	90%ile
	23.85
	18.78
	23.56
	23.93
	35.12
	46.64
	33.13
	9.97
	5.69
	3.75
	4.73
	15.58

	80%ile
	8.51
	11.46
	8.90
	5.90
	13.40
	26.83
	15.15
	5.07
	1.41
	0.98
	1.71
	4.67

	70%ile
	4.33
	8.30
	6.28
	4.46
	8.80
	13.57
	8.76
	2.73
	0.83
	0.68
	0.92
	2.23

	60%ile
	2.38
	5.25
	4.58
	2.80
	6.46
	10.89
	5.67
	1.63
	0.53
	0.47
	0.49
	0.88

	50%ile
	1.75
	2.95
	2.82
	1.98
	4.21
	5.41
	3.30
	0.78
	0.40
	0.33
	0.35
	0.51

	40%ile
	0.69
	1.86
	1.73
	1.28
	2.47
	2.86
	2.09
	0.47
	0.31
	0.23
	0.22
	0.30

	30%ile
	0.49
	1.01
	1.11
	0.73
	2.10
	2.05
	1.16
	0.39
	0.19
	0.17
	0.18
	0.20

	20%ile
	0.30
	0.77
	0.36
	0.39
	1.64
	1.64
	0.66
	0.20
	0.14
	0.13
	0.13
	0.14

	10%ile
	0.17
	0.26
	0.16
	0.07
	0.33
	0.74
	0.40
	0.12
	0.11
	0.08
	0.09
	0.10

	1%ile
	0.06
	0.07
	0.02
	0.00
	0.01
	0.15
	0.13
	0.02
	0.04
	0.03
	0.06
	0.08


Reference flood regime

Under the Reference Conditions floods were between 10 and 20 % larger than under the Present State.
Confidence:  Medium
Reference sediment processes

The Sundays Estuary sediment processes would have been reset more regularly, leading to a more unstable substrate and somewhat less marine and aeolian sediment deposition in the lower estuary.
Confidence:  Medium
Table 2: Simulated monthly flows to the Sundays Estuary for the Reference Condition in m3/s 
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	0.73
	0.96
	15.53
	5.22
	10.01
	27.92
	34.58
	8.80
	0.42
	0.19
	0.13
	0.13

	1921
	0.10
	49.39
	139.82
	45.52
	1.71
	1.95
	0.95
	0.93
	1.45
	0.97
	0.59
	0.50

	1922
	0.19
	22.86
	7.76
	2.26
	4.29
	4.30
	2.18
	0.43
	0.49
	4.61
	1.70
	0.18

	1923
	0.40
	6.90
	2.22
	0.86
	5.84
	8.20
	2.31
	0.04
	0.05
	0.05
	0.13
	1.47

	1924
	0.53
	0.14
	6.26
	2.24
	3.06
	27.32
	14.43
	2.06
	0.73
	0.68
	0.36
	2.74

	1925
	1.06
	1.23
	2.02
	0.59
	0.01
	0.22
	0.19
	0.37
	0.82
	0.29
	0.06
	0.19

	1926
	0.39
	5.67
	2.95
	0.39
	0.21
	1.94
	0.66
	0.51
	0.20
	0.27
	0.32
	0.14

	1927
	0.06
	0.27
	1.13
	0.71
	0.22
	182.85
	64.20
	0.47
	0.08
	0.09
	0.15
	8.28

	1928
	2.91
	0.22
	1.34
	0.58
	2.30
	2.73
	1.16
	0.24
	0.17
	3.96
	1.71
	17.07

	1929
	7.59
	0.79
	8.84
	5.97
	9.29
	7.81
	2.07
	0.11
	0.41
	0.24
	0.83
	0.47

	1930
	7.80
	2.81
	0.18
	4.51
	1.66
	26.14
	11.08
	0.72
	0.05
	5.46
	2.04
	0.20

	1931
	8.92
	4.48
	57.66
	37.86
	11.19
	1.71
	0.16
	0.73
	0.37
	0.40
	0.21
	52.60

	1932
	24.00
	7.18
	1.58
	0.11
	1.73
	1.61
	8.60
	2.73
	0.11
	0.10
	12.77
	4.73

	1933
	0.20
	14.24
	8.98
	12.54
	22.71
	38.43
	13.33
	0.75
	0.10
	5.49
	2.05
	0.30

	1934
	8.23
	5.35
	2.37
	1.01
	7.47
	2.67
	5.15
	38.97
	13.68
	0.68
	0.56
	1.31

	1935
	0.50
	3.09
	2.54
	0.53
	2.98
	30.55
	10.47
	0.98
	0.37
	0.83
	0.38
	0.22

	1936
	14.68
	29.59
	8.20
	3.66
	6.49
	2.02
	0.19
	0.40
	0.17
	0.16
	0.08
	0.28

	1937
	0.65
	2.21
	36.11
	14.35
	3.06
	1.29
	2.95
	0.92
	0.49
	0.31
	0.10
	0.17

	1938
	2.98
	9.87
	3.68
	2.71
	35.84
	13.36
	1.34
	0.24
	0.14
	1.59
	47.42
	16.70

	1939
	16.25
	5.65
	0.32
	0.57
	52.77
	39.67
	8.35
	3.48
	1.24
	1.00
	0.41
	4.56

	1940
	1.73
	0.56
	0.20
	4.37
	7.07
	1.66
	17.19
	5.62
	0.18
	0.18
	0.31
	0.15

	1941
	37.83
	13.08
	2.66
	6.70
	4.65
	3.19
	1.21
	0.39
	0.23
	0.11
	0.49
	0.37

	1942
	24.09
	9.22
	0.93
	1.39
	0.48
	4.17
	4.00
	1.06
	4.51
	1.60
	0.88
	0.74

	1943
	0.21
	103.72
	37.69
	2.13
	5.61
	9.78
	2.89
	133.34
	46.59
	0.66
	0.34
	0.32

	1944
	2.15
	0.77
	0.02
	1.80
	2.51
	9.20
	3.21
	2.09
	1.16
	0.69
	0.31
	0.11

	1945
	0.12
	0.05
	0.01
	0.11
	2.29
	3.44
	4.76
	2.14
	0.39
	0.14
	0.11
	0.10

	1946
	2.46
	1.80
	0.47
	0.31
	0.32
	2.78
	1.07
	0.13
	0.11
	0.34
	0.21
	1.94

	1947
	2.27
	2.33
	10.96
	4.46
	28.19
	14.78
	82.01
	25.90
	0.15
	0.34
	0.18
	0.10

	1948
	0.21
	0.09
	0.19
	0.24
	0.59
	0.21
	0.50
	9.66
	3.32
	0.06
	0.06
	0.06

	1949
	0.09
	16.44
	5.53
	0.35
	11.33
	44.11
	18.87
	3.49
	0.71
	0.34
	1.53
	6.80

	1950
	6.57
	12.39
	13.49
	26.90
	12.70
	1.93
	0.25
	0.09
	0.05
	0.35
	0.25
	4.44

	1951
	1.89
	0.21
	0.02
	0.08
	67.97
	22.91
	1.27
	0.42
	0.19
	0.32
	1.04
	86.18

	1952
	28.11
	2.30
	4.16
	1.22
	6.35
	2.24
	0.40
	0.11
	0.11
	0.07
	1.59
	5.65

	1953
	117.48
	61.22
	16.51
	3.77
	0.31
	113.78
	41.89
	3.94
	1.38
	0.54
	0.34
	0.25

	1954
	0.14
	6.00
	1.95
	0.93
	23.91
	13.36
	3.39
	0.45
	0.32
	0.18
	0.18
	0.12

	1955
	0.38
	11.71
	4.29
	0.83
	4.14
	13.59
	4.31
	1.75
	0.66
	0.07
	0.08
	4.55

	1956
	6.24
	9.75
	7.57
	2.05
	6.97
	13.43
	4.00
	0.17
	0.27
	0.13
	0.18
	0.15

	1957
	0.13
	0.08
	1.67
	5.85
	1.96
	0.02
	0.64
	29.15
	10.14
	0.16
	0.14
	0.50

	1958
	0.43
	0.70
	4.98
	5.66
	2.53
	12.31
	23.90
	6.93
	0.31
	3.08
	1.91
	0.52

	1959
	0.32
	0.17
	0.35
	5.63
	2.10
	2.16
	1.25
	0.72
	0.29
	0.12
	2.21
	1.00

	1960
	0.27
	2.11
	1.13
	5.53
	2.19
	184.49
	67.48
	5.53
	1.71
	0.49
	1.93
	0.70

	1961
	0.08
	0.77
	0.33
	0.52
	14.17
	11.99
	3.94
	0.49
	0.09
	0.08
	1.25
	0.51

	1962
	0.81
	4.14
	1.32
	99.28
	37.57
	80.89
	38.82
	3.79
	0.30
	0.87
	0.39
	0.17

	1963
	3.32
	9.95
	7.37
	1.56
	2.29
	2.02
	0.94
	0.17
	9.55
	3.25
	0.78
	2.41

	1964
	1.76
	0.96
	4.60
	1.70
	0.33
	1.21
	6.00
	2.13
	1.67
	4.59
	1.57
	0.30

	1965
	23.48
	20.91
	4.20
	3.62
	1.61
	0.78
	0.65
	0.19
	0.06
	0.06
	0.16
	0.93

	1966
	0.36
	0.78
	0.37
	1.78
	2.30
	6.53
	7.28
	36.01
	12.24
	0.88
	0.43
	0.20

	1967
	0.52
	0.46
	0.11
	0.00
	0.00
	11.16
	5.88
	0.81
	6.19
	2.23
	0.47
	36.53

	1968
	12.13
	0.28
	0.22
	0.06
	8.70
	12.16
	9.60
	2.16
	0.16
	0.12
	0.11
	0.11

	1969
	2.24
	1.03
	0.07
	0.03
	3.82
	1.15
	0.06
	0.86
	0.33
	0.03
	37.28
	12.97

	1970
	2.41
	1.01
	38.66
	16.08
	5.97
	3.32
	12.33
	4.87
	0.54
	9.74
	195.28
	66.50

	1971
	2.73
	0.98
	0.60
	5.54
	2.11
	15.53
	5.81
	0.24
	0.13
	0.09
	0.09
	0.09

	1972
	0.06
	0.11
	0.10
	0.01
	15.01
	23.25
	17.17
	3.66
	0.14
	0.21
	1.45
	0.59

	1973
	0.64
	1.18
	4.98
	87.53
	121.40
	237.52
	73.53
	10.10
	3.68
	0.22
	7.80
	3.15

	1974
	0.26
	15.33
	5.47
	0.40
	7.23
	26.52
	8.67
	0.13
	1.36
	0.62
	0.18
	17.09

	1975
	5.67
	1.71
	25.77
	25.56
	36.27
	119.58
	38.84
	1.81
	0.66
	0.95
	0.44
	0.16

	1976
	26.36
	10.38
	0.84
	0.22
	142.64
	47.72
	6.98
	92.23
	31.47
	0.27
	0.18
	0.28

	1977
	0.32
	2.66
	8.18
	3.22
	0.48
	6.42
	2.75
	0.21
	0.46
	0.21
	0.24
	0.12

	1978
	0.68
	1.72
	5.21
	2.83
	8.37
	2.68
	0.17
	1.16
	0.51
	93.72
	139.60
	37.74

	1979
	1.36
	0.93
	0.18
	2.55
	12.90
	6.61
	1.12
	0.03
	0.10
	0.08
	0.16
	0.86

	1980
	0.53
	11.29
	5.41
	3.56
	9.38
	48.84
	16.22
	19.06
	6.97
	0.34
	5.81
	2.21

	1981
	17.14
	6.27
	4.48
	1.55
	0.11
	0.65
	29.72
	9.63
	0.87
	2.40
	0.90
	0.89

	1982
	1.23
	1.01
	0.23
	0.01
	0.02
	0.19
	0.45
	0.15
	0.95
	74.19
	24.97
	0.88

	1983
	1.87
	4.56
	6.45
	1.96
	0.09
	0.52
	0.99
	0.38
	0.31
	0.15
	0.13
	0.09

	1984
	0.65
	4.86
	1.54
	20.10
	18.50
	3.67
	1.57
	0.52
	0.77
	0.33
	0.09
	0.12

	1985
	7.76
	19.79
	87.44
	33.82
	4.43
	1.57
	0.39
	0.02
	0.04
	0.03
	0.10
	0.09

	1986
	25.59
	12.84
	1.31
	0.00
	1.84
	0.58
	0.62
	0.41
	0.34
	0.16
	0.09
	10.66

	1987
	3.50
	8.21
	2.72
	0.08
	54.12
	27.30
	11.05
	2.74
	0.41
	0.21
	0.11
	4.64

	1988
	1.75
	2.68
	12.98
	15.33
	8.75
	4.40
	17.20
	5.38
	0.15
	0.15
	0.16
	0.11

	1989
	10.88
	79.23
	24.50
	0.73
	2.46
	2.20
	0.84
	0.16
	0.40
	0.18
	0.18
	0.11

	1990
	0.19
	0.31
	0.55
	2.00
	1.09
	0.79
	0.24
	0.01
	0.82
	0.29
	0.06
	0.30

	1991
	25.34
	9.05
	2.93
	0.93
	1.80
	2.05
	0.58
	0.03
	1.07
	0.49
	1.95
	0.78

	1992
	1.88
	3.62
	0.99
	1.25
	2.08
	0.94
	1.27
	0.44
	1.69
	0.65
	0.19
	10.29

	1993
	4.18
	4.09
	21.39
	35.42
	33.43
	13.57
	3.10
	0.31
	0.13
	0.55
	0.68
	0.41
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4.3.2
Biotic Components

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

	MICROALGAE

	The estuary is significantly fresher than the reference state – marine state has been lost.  There has been an associated increase in nutrient concentrations (83%) and turbidity (21%). Conditions are frequently favourable for the development of dense phytoplankton blooms – chlorophytes, diatoms and dinoflagellates – i.e. strong vertical salinity stratification (>10 ppt gradient) and high nutrient concentrations (N & P). Median concentration during the reference state was probably very low (< 1.0 µg L-1) punctuated with low concentrations (1.0 to 3.5 µg/L). During the present state, concentrations have been high (>8.0 µg L-1) punctuated by medium and low concentrations (particularly during very low or very high river inputs). As a result, it is likely that there has been an increase in biomass due to nutrients (83% - 100% of estuary), decrease due to turbidity (21% - 90% of estuary ( 19%) and salinity stratification (36% - 50% of estuary ( 18%). This is particularly the case at the REI – salinity of 3-5 ppt (Hilmer 1990). It is likely that there has been an 82% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 57% increase.

There were no data for the reference state so it was assumed that the community composition was ~60% flagellates, ~15% diatoms, ~15% dinoflagellates and ~10% the rest (chlorophytes & cyanophytes). It is likely that cell density would have been less than 1000 cells ml-1 for all groups. Results from recent studies have found high densities of diatoms in the upper reaches (up to 60 000 cells ml-1), chlorophytes in the upper reaches (up to 30 000 cells ml-1), flagellates in the upper reaches (up to 12 000 cells ml-1), dinoflagellates in the middle and lower reaches (>60 000 cells ml-1) and low densities of cyanophytes at depth in the middle reaches (<1000 cells ml-1). The data indicate a 10% ↓ in diatoms, 5% ↓ in flagellates and dinoflagellates and a 20% ↑ in chlorophytes; 40% change in relative abundances.

The estuary is permanently open, channel-like and turbid (Secchi < 1.0 m), particularly in the middle and upper reaches of the estuary. In addition, dense stands of Phragmites reeds dominate the intertidal zone in the upper half of the estuary (>12 km). As a result, there is little available intertidal area for microalgae to colonise. The only distinct area where the deposition of fines occurs is across the estuary from Colchester (~5 km from the mouth) but this is a small area (<5% of the estuary). Median chl a was >8 µg g-1 in July 02 and Feb 03, which is classified as high compared to other estuaries, presumably the result of elevated nutrient concentrations and the sedimentation of flocculated material that contained microalgal cells. No significant difference was found between subtidal and intertidal sites and the highest concentration, 79 ± 22 µg g-1, was measured 12.1 km from the mouth. This site was turbid, the intertidal zone was made up of compacted clay and the water column was strongly stratified. A high density dinoflagellate bloom was recorded at this site and it’s possible that the deposition of phytoplankton cells contribute to benthic chl a. Assuming the median concentration has increased from <3.5 µg g-1 to 8 µg g-1 and the worst case scenario is >13.4 µg g-1, then the increase represents a 40% increase – largely the result of elevated nutrients.

Confidence: Medium

	MACROPHYTES

	Low flows no longer occur and there is a 10-20% decrease in floods.  The estuary is much fresher due to the loss of the marine dominant phase.  A significant increase in DIN and DRP concentrations in river inflow under the Present State have greatly increased nutrient inputs to the estuary compared with the Reference Condition (83% modification).  The decrease in salinity, increase in nutrients and increase in sediment stability has increased both submerged and emergent macrophyte growth.  Dense beds of emergent reeds, Phragmites australis, occur in the upper reaches and the water column is filled with pondweed, Potamogeton pectinatus that thrives at salinity less than 10 ppt.  Agricultural return flow combined with low flow conditions creates stagnant enriched conditions in the upper reaches of the estuary.  Dense floating masses of the invasive water fern Azolla filiculoides occur in the upper reaches.

Low salinity has extended further downstream which has resulted in the expansion of dense reed beds into the middle reaches of the estuary. Previously Phragmites australis was reported as occurring upstream of the MacKay bridge (Marais 1981; Wooldridge & Bailey 1982), now reed stands occur from the N2 bridge upstream.

Confidence: High

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Compared to reference condition, marine dominance now occurs less frequently and the estuary has become more euryhaline because of less frequent flooding (reduction in high flows 10-20%) that ensured a more open mouth as well as the absence of low flows that occurred for 33% of the time under Reference condition.  Under present day conditions, the mouth is choked with sediment much of the time and this results in less marine dominance.

In addition, there has been a significant increase in chlorophyll-a concentration generally (82% increase in biomass 70% of the time).  This will in turn, lead to a greater biomass of zooplankton (probably 30-40% increase in biomass overall).  From a spatial; perspective, the REI reaches have extended further downstream and this will favour the dominant copepod, Pseudodiaptomus hessei (spatial distribution increased).  From a mysid perspective, this ensures a larger food supply for the omnivore Mesopodopsis wooldridgei and the predator Rhopalophthalmus terranatalis.

The benthic community has also increased in biomass, particularly in the lower reaches where the flood tidal delta has become more extensive due to less frequent flooding.  Overall, about a 30% increase in invertebrate benthic biomass.

The REI reaches have also extended further downstream and this will lead to a downstream extension of the fringing reedbeds. Because of less frequent flooding, scouring of these reeds is less frequent.  This will lead to a 30 – 40% increase in invertebrate biomass of species that utilize these habitats (Palaemon perengueyi, Macrobrachium species).

Confidence: Medium

	FISH

	As indicated above, marine dominance now occurs less frequently than in the Reference Condition and there is less frequent flooding in addition to a lack of low flows that occurred for 33% of the time previously.  Under present day conditions, the mouth region has a more extensive flood tidal delta and this will effectively reduce the tidal prism within the estuary. The combination of the above effects will probably be a reduction in the number and variety of stenohaline marine fish species within the system when compared to the Reference Condition.

The significant increase in chlorophyll-a concentrations within the middle and upper reaches of the estuary, and the greater biomass of zooplankton associated with this trend, would provide ideal feeding grounds for planktonic fish species such as the estuarine roundherring Gilchristella aestuaria. Increases in the benthic invertebrate biomass, particularly in the lower reaches, would have a positive impact on zoobenthic carnivores such as the white steenbras Lithognathus lithognathus. Similarly an increase in the biomass of hyperbenthic invertebrate species such as Palaemon perengueyi would boost food availability to a wide variety of predatory fish species within the system. All these increases deviate from the fish assemblage in the Reference Condition.

Confidence: Medium

	BIRDS

	The increased biomass of emergent and submerged macrophytes and the spread of reed beds lower down the estuary is likely to have increased populations of species feeding on these or utilising them for breeding habitat, e.g. Moorhen, Red-knobbed Coot, Red Bishop, Cape Reed Warbler. However, stagnant conditions in the upper reaches and the expansion of Azolla filiculoides over the surface may have reduced numbers of species that feed on aquatic invertebrates and fish, e.g. Little Grebe, kingfishers.

Extension of the tidal delta has almost certainly increased the foraging and roosting areas available for waders, cormorants, terns etc. Reduction of stenohaline fish may not have adversely affected piscivorous birds as these species are presumably still available to the birds that prey on them in the marine environment. Increased fish biomass resulting from increased chlorophyll A and zooplankton concentrations is likely to have increased the numbers of piscivorous birds using the estuary.

It is likely that the present species composition is similar to that of the reference state.

Confidence: Low


4.4      Present Ecological Status of the Sundays Estuary 
4.4.1 
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	67
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under the Present State low flows do not occur. 

Following the guidelines provided in DWAF (2004) score 67%. 

	H

	b. % similarity in mean annual frequency of floods
	87
	The reduction in high flows is deemed to be about 13 % depending on the size of the flood.


	L

	Hydrology score
	75
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure will not occur under the Present State.
	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	64
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the estuary is much fresher under the Present state due to the loss of the marine dominated state (State 4).

Reference Condition:
St

%

Salinity

Upper (0.33)

Middle (0.33)

Lower (0.33)

5

0

30

30

30

4

33

15
35

35
3

22

1

15

30

2

31

1

10

20

1

13

1

5

15

Present State:
St

%

Salinity

Upper (0.33)

Middle (0.33)

Lower (0.33)

5

0

30

30

30

4

0

15
35

35
3

16

1

15

30

2

74

1

10

20

1

10

1

5

15

	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	17
	A significant increase in DIN and DRP concentrations in river inflow under the Present State have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

74

16

0

Weight

1

0.84

0.67

0.33

The above reflects a modification of 83%.

	M

	2b. Suspended solids (turbidity) in the estuary
	58
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas of the estuary (strongest river influence) under States 2-4 has resulted in more turbid/less transparent compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).
Therefore any river inflow will contribute to higher turbidity/less transparency in the estuary (assume a 50% shift from Reference Condition). Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

74

16

0

Weight

1

0.84

0.67

0.33

Assuming a shift of 50% in affected areas the above reflect a modification of 42 (50% of 83).

	M/L

	2c. 
Dissolved oxygen in the estuary
	92
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4 (assume a 50% shift from the Reference Condition).  Under the Present State States 3 and 4 occur for 16% of the time. This reflects a modification of 8 (50% of 16).

	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 30% modification.


	L

	Water Quality score
	35.8
	
	



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
	The intertidal areas are judge to be very similar to the Reference Condition. There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under the Present State than under the Reference Conditions due to the decrease in floods. There is also significant localised habitat disturbance due to bank stabilisation and the development of jetties. 


	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There might be an increase in the sandy sediment near the mouth area due to the reduction in floods.


	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology.


	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary might occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.
In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M


4.4.2 
Biotic Component

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%)
	Phytoplankton not identified to species level. No change in mouth condition (remains open) so full range of salinity will always exist during the period of a year. No loss of species expected. 
	M

	2a. Abundance
	37%
	The marine state has been lost and the base flow has become more consistent. There has been an increase in nutrient concentrations (83%) and turbidity (42%). Conditions are frequently favourable for the development of dense phytoplankton blooms – chlorophytes, diatoms and dinoflagellates – i.e. strong vertical salinity stratification (>10 ppt gradient) and high nutrient concentrations (N & P). Median concentration during the reference state was probably very low (< 1.0 µg/L) punctuated with low concentrations (1.0 to 3.5 µg/L). During the present state, concentrations have been high (>8.0 µg/L) punctuated by medium and low concentrations (particularly during very low or very high river inputs). As a result, it is likely that there has been an increase in biomass due to nutrients (83% - 100% of estuary), decrease due to turbidity (42%/4 ( 11%) and increase due to salinity stratification (36% - 50% of estuary ( 18%). This is particularly the case at the REI – salinity of 3-5 ppt (Hilmer 1990). It is likely that there has been an 82% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 63% increase.
	H

	2b. Community composition
	60%
	There were no data for the reference state so it was assumed that the community composition was ~60% flagellates, ~15% diatoms, ~15% dinoflagellates and ~10% the rest (chlorophytes & cyanophytes). It is likely that cell density would have been less than 1000 cells/ml for all groups. Results from recent studies have found high densities of diatoms in the upper reaches (up to 60 000 cells/ml), chlorophytes in the upper reaches (up to 30 000 cells/ml), flagellates in the upper reaches (up to 12 000 cells/ml), dinoflagellates in the middle and lower reaches (>60 000 cells/ml) and low densities of cyanophytes at depth in the middle reaches (<1000 cells/ml). The data indicate a 10% ↓ in diatoms, 5% ↓ in flagellates and dinoflagellates and a 20% ↑ in chlorophytes; 40% change in relative abundances.
	M

	Benthic microalgae

	1.  Species richness
	Score = 100

(100%)
	Benthic microalgae – diatoms excluded - not identified to species level. No change in mouth condition (remains open) so full range of salinity will always exist during the period of a year. No loss of species expected.
	M

	2a. Abundance
	60%
	The estuary is permanently open, channel-like and turbid (Secchi < 1.0 m), particularly in the middle and upper reaches of the estuary. In addition, dense stands of Phragmites reeds dominate the intertidal zone in the upper half of the estuary (>12 km). As a result, there is little available intertidal area for microalgae to colonise. The only distinct area where the deposition of fines occurs is across the estuary from Colchester (~5 km from the mouth) but this is a small area (<5% of the estuary). Median chl a was >8 µg/g in July 02 and Feb 03, which is classified as high compared to other estuaries, presumably the result of elevated nutrient concentrations and the sedimentation of flocculated material that contained microalgal cells. No significant difference was found between subtidal and intertidal sites and the highest concentration, 79 ± 22 µg/g, was measured 12.1 km from the mouth. This site was turbid, the intertidal zone was made up of compacted clay and the water column was strongly stratified. A high density dinoflagellate bloom was recorded at this site and it’s possible that the deposition of phytoplankton cells contribute to benthic chl a. Assuming the median concentration has increased from <3.5 µg/g to 8 µg/g and the worst case scenario is >13.4 µg/g, then the increase represents a 40% increase – largely the result of elevated nutrients.
	H

	2b. Community composition
	90%
	Method only focuses on diatoms. However, a change in sediment type and organic load can affect composition; high loads of organic matter are likely to favour cyanophytes and as sediment becomes coarser the MPB changes from epipelic to episammic communities. There has been a possible 10% increase in coarse sediment near the mouth therefore assume a 10% change in community composition.
	L

	Microalgae score
	37%
	
	



Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	The increase in freshwater conditions has not resulted in a loss of species as the salt tolerant species still occur in the middle and lower reaches of the estuary.

	M

	2a. Abundance/Biomass
	50%
	The reduction in freshwater floods has resulted in stagnant waters in the upper reaches of the estuary.  Agricultural return flow has resulted in nutrient enrichment.  This has increased the biomass of Potamogeton pectinatus and  Phragmites australis (40% change). This increase in organic load has the potential to cause anoxic conditions during decomposition.  The increase in freshwater conditions downstream has resulted in the expansion of Phragmites into the middle reaches of the estuaries (10% change).   


	H

	2b. Community composition
	60%
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus (20%).  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks (20%).


	H

	Macrophytes score
	50%
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	Score

100 = 

	No change in species richness compared to natural.
	M

	2a. Abundance
	60
	The absence of the marine state for much of the time under present day conditions, the increase in base flow and nutrient enrichment that now persists for much of the time will lead to a 30-40% increase in zooplankton biomass overall.  Most of this increase will be associated with the mysids that also benefit from the increase in phytoplankton (Mesopodopsis wooldridgei) and the greater biomass in food supply for the predatory mysid, Rhopalophthalmus terranatalis.  


	M

	2b. Community composition
	60
	The mix in species will change significantly from the natural state, due mostly to the increase in volume of the REI reaches (periods of low flows – 33% under natural conditions, but no longer occur under present day conditions) and reduced marine dominance because of the restricted mouth that now persists for longer. Large floods now reduced by 10-20%.


	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =
100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	50
	The subtidal hyperbenthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal. The persistence of the floodtidal delta under present day conditions now ensures that the aperiodic removal of the delta by large floods (reduced by 10-20%) is less frequent.  Therefore, greatest change in abundance in the intertidal benthos is associated with the delta region that has become more stable.

	M

	2b. Community composition
	60
	Because of the increase in food availability, reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 10-20% change in species mix in the estuary.  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under present day conditions. 


	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 
100

(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	70
	As above 
	M

	2b. Community composition
	85
	As above
	M

	Invertebrates score
	50
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 95 (98%)
	Loss of at least one stenohaline marine fish species due to increased sand shoaling in the mouth region and slightly reduced salinity in the lower reaches.

	L

	2a. Abundance
	70
	Increased zooplankton biomass will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species such as Gilchristella aestuaria and Atherina breviceps. The increase in benthic invertebrates associated with reduced sediment scouring would favour those fish species preying on zoobenthos, e.g. Lithognathus lithognathus and Pomadasys commersonnii. There is also strong evidence of increased abundance and biomass of certain mugilid species (e.g. striped mullet Liza tricuspidens) that may be linked to elevated levels of microalgae, filamentous algae and detritus. The combined increase of the above components (+40% overall) will have been offset by an estimated decrease in angling fish species (-10% overall).

	M

	2b. Community composition
	70
	The increase in abundance of zooplanktivorous fish species will have resulted in a change in the ichthyofaunal community composition. To a certain extent the increase in abundance of zoobenthic, hyperbenthic and detritus feeding fishes will offset the imbalance created by the zooplanktonic feeding fishes increase. However, the selective loss of angling fish species would have caused the overall community composition to deviate from the Reference Condition. 

	M

	Fish score
	70
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 92(96 %)
	The species composition is unlikely to have changed much from the reference state. Two species (Cape Teal and Turnstone) were not recorded during the present survey or in previous ad hoc visits by PA Whittington, by AP Martin in 1986/87 or by Underhill et al. (1980) but visits and may have been present in the reference state.


	L

	2a. Abundance
	80
	The increase in emergent vegetation is likely to have increased numbers of birds using the reed-beds but stagnation, increased turbidity and Azolla cover may have caused numbers of aquatic insectivores and piscivores in the upper reaches to have declined. Changes to the size of the tidal delta may have increased numbers of waders and roosting terns. Piscivorous species in the lower estuary probably increased in response to changes in fish biomass.  Recreational activities such as bait collection and boating could cause some disturbance.  The birds would remain in the system but this would impact their feeding.  The global decrease in paleartic migrant waders may have reduced numbers in the Sundays Estuary.


	L

	2b. Community composition
	90
	The composition of feeding guilds would be largely unchanged from the reference state. A small decrease in aquatic invertebrate feeders would be expected along with small increases in the proportions of vegetation feeders and piscivores.


	L

	Bird score
	80
	
	


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

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

	Water Quality
	95
	Nutrient enrichment in the catchment is the major source of modification in WQ within the Sundays Estuary.

	M

	Microalgae
	75
	Large increase in nutrients. However, there has been a loss of the marine phase, the system is more stratified and there has been a slight decrease in floods
	M

	Macrophytes
	70
	Nutrient enrichment has increased biomass and distribution of submerged and emergent macrophytes.  It has also encouraged the growth of floating aquatic invasives.

	M

	Invertebrates
	80
	Nutrient enrichment allows for the development of a greater biomass of phytoplankton that is utilized by the grazing community.

	M

	Fish
	90
	Food web changes brought about mainly by nutrient enrichment, together with severe fishing pressure on predatory species, account for 90% of the changes recorded. 

	M

	Birds
	93
	Changes in abundance of birds feeding on or breeding in macrophytic plants are indirectly associated with nutrient enrichment. Loss of piscivorous species due to growth of invasive aliens is probably compensated by the increase in invertebrate and fish biomass. The effects of recreational fishing on bird populations are unknown at present.

	L

	
	
	
	


5 Quantification of Ecological Reserve Scenarios 
5.1 Simulated runoff Scenarios

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

	Name
	Description
	MAR (million m3)
	% remaining

	Reference
	
	273
	100%

	Present
	215 Million m3 transfer from Skoenmakers; 25.6 Million m3 to PE. 

	260
	95%

	Future Scenario 1*
	Increased transfer from Fish of 100Mm3/a for emerging farmers (30Mm3) and PE (41Mm3).

	327
	120%

	Future Scenario 2*
	Decrease present day transfers from Fish by 10%, other demands same as in present day scenario.

	239
	88%

	Future Scenario 3*
	Decrease present day transfers from Fish by 30%, other demands same as in present day scenario. 

	199
	73%

	Future Scenario 4
	Present day transfer from Fish (215Mm3); 41Mm3 to PE (no constraints), 30Mm3 for emerging farmers, return flow scheme - 45Mm3 abstracted for PE upstream of estuary "inflows".

	150
	55%

	Future Scenario 5
	Similar to Present State (215 Million m3 transfer from Skoenmakers; 25.6 Million m3 to PE), but reducing nutrient input and fishing effects by 50% .

	260
	95%

	Future Scenario 6
	Increased transfer from Fish of 100Mm3/a for emerging farmers (30Mm3) and PE (41Mm3), return flow scheme - 45Mm3 abstracted for PE upstream of estuary "inflows", but reducing nutrient input and fishing effects by 50%.

	242.6
	89%

	Future Scenario 7
	Increased transfer from Fish of 100Mm3/a for emerging farmers (30Mm3) and PE (41Mm3), return flow scheme - 45Mm3 abstracted for PE upstream of estuary "inflows" (Similar to Future Scenario 6).

	242.6
	89%


* Note: PE demand not fully met in any of these scenarios due to capacity constraints in pipeline from Skeepersvlakte
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Figure 2. Flow duration curve for the Sundays Estuary flow scenarios

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 the 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

· To provide a conceptual overview of the annual distribution of Abiotic States under the different scenarios, median (50%ile) monthly flows were used.  
· Drought flows are represented by the 10%ile occurrence of simulated monthly flows.

5.2 Future Scenario 1: 

5.2.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 1 is provided in Table 3.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 1, derived from the 84-year simulated data set, is provided below: 
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	48.86
	67.22
	67.01
	51.48
	90.27
	149.86
	71.26
	90.27
	29.28
	67.29
	150.43
	70.24

	95%ile
	20.89
	30.30
	32.02
	31.05
	34.35
	91.22
	46.61
	24.24
	6.76
	7.66
	20.81
	40.70

	90%ile
	16.96
	17.52
	17.55
	16.84
	21.70
	35.55
	26.96
	10.40
	3.85
	5.71
	9.40
	15.03

	80%ile
	9.37
	11.22
	9.21
	8.73
	13.63
	17.20
	17.87
	5.78
	0.64
	4.72
	7.01
	9.39

	70%ile
	6.66
	9.15
	7.38
	7.55
	10.67
	10.91
	13.78
	4.30
	0.53
	4.17
	6.64
	7.56

	60%ile
	4.61
	7.50
	6.71
	6.98
	8.79
	7.49
	11.19
	3.91
	0.51
	3.92
	6.31
	6.52

	50%ile
	4.00
	6.72
	5.89
	6.62
	8.28
	5.70
	10.32
	3.67
	0.51
	3.60
	6.22
	6.39

	40%ile
	3.59
	6.02
	5.21
	6.28
	7.92
	4.82
	9.75
	3.51
	0.50
	3.48
	6.12
	6.30

	30%ile
	3.40
	5.52
	4.96
	6.08
	7.73
	4.34
	9.18
	3.43
	0.48
	3.40
	6.09
	6.19

	20%ile
	3.30
	5.13
	4.65
	6.01
	7.15
	4.09
	9.03
	3.36
	0.48
	3.31
	6.06
	6.13

	10%ile
	3.20
	5.05
	4.44
	5.78
	6.79
	3.70
	8.81
	3.29
	0.47
	3.25
	6.02
	6.08

	1%ile
	3.09
	4.82
	4.39
	5.70
	6.65
	3.54
	8.72
	3.23
	0.46
	3.14
	5.98
	6.04


Scenario 1 flood regime

The flood regime will be similar to Present State.
Confidence:  Medium
Scenario 1 sediment processes

The sediment processes will be similar to Present State.

Confidence:  Medium
Table 3. Simulated monthly flow to the Sundays Estuary for the Future Scenario 1 in m3/s
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	3.546
	5.549
	12.87
	8.532
	11.941
	20.628
	27.46
	7.538
	0.515
	3.572
	6.078
	6.102

	1921
	3.142
	33.756
	115.792
	40.267
	7.433
	4.881
	9.332
	4.259
	0.903
	4.433
	6.434
	6.304

	1922
	3.189
	23.508
	10.709
	7.256
	8.264
	5.377
	9.894
	3.477
	0.521
	7.176
	7.231
	6.131

	1923
	3.507
	9.028
	5.694
	6.024
	11.153
	6.664
	9.395
	3.254
	0.477
	3.127
	6.091
	7.2

	1924
	3.39
	4.882
	7.295
	6.962
	7.265
	13.747
	14.323
	4.158
	0.54
	4.02
	6.259
	7.578

	1925
	3.657
	5.572
	5.873
	6.094
	6.638
	3.553
	8.762
	3.363
	0.485
	3.585
	5.97
	6.189

	1926
	3.579
	8.514
	5.871
	5.889
	6.756
	4.238
	8.898
	3.611
	0.477
	3.373
	6.215
	6.073

	1927
	3.073
	4.971
	5.002
	6.052
	6.707
	128.312
	55.081
	3.435
	0.495
	3.223
	6.045
	11.457

	1928
	4.924
	4.958
	5.031
	5.973
	7.917
	4.111
	9.064
	3.301
	0.484
	4.742
	6.584
	14.326

	1929
	6.848
	5.221
	8.871
	8.045
	10.759
	7.668
	9.807
	3.292
	0.563
	3.659
	6.696
	6.404

	1930
	7.786
	6.452
	4.503
	7.819
	7.347
	11.837
	13.038
	3.735
	0.476
	5.615
	6.905
	6.179

	1931
	9.389
	7.538
	42.682
	35.68
	13.884
	4.303
	8.793
	3.642
	0.476
	3.554
	6.104
	49.028

	1932
	23.168
	9.51
	5.374
	6.064
	8.322
	4.28
	15.248
	5.297
	0.51
	3.255
	15.66
	9.58

	1933
	3.219
	10.093
	7.068
	9.345
	18.111
	34.896
	18.646
	3.544
	0.498
	8.565
	7.873
	6.319

	1934
	9.354
	7.8
	5.344
	6.273
	7.938
	3.967
	12.622
	25.628
	7.071
	4.702
	6.393
	6.871

	1935
	3.399
	7.205
	6.185
	6.087
	8.473
	19.215
	15.946
	3.777
	0.514
	3.923
	6.22
	6.187

	1936
	14.394
	28.446
	10.834
	6.747
	8.692
	4.382
	8.784
	3.468
	0.469
	3.309
	5.982
	6.215

	1937
	3.469
	6.208
	20.395
	13.268
	7.864
	4.059
	10.327
	3.747
	0.484
	3.501
	6.022
	6.231

	1938
	5.011
	9.789
	6.127
	6.217
	22.58
	11.576
	9.592
	3.467
	0.498
	4.134
	36.003
	16.576

	1939
	12.471
	7.123
	4.747
	6.078
	37.191
	30.306
	13.773
	3.919
	0.48
	4.025
	6.193
	8.095

	1940
	3.865
	5.076
	4.441
	7.283
	8.384
	3.715
	17.51
	6.037
	0.525
	3.404
	6.116
	6.067

	1941
	29.996
	14.009
	7.121
	9.656
	8.06
	4.251
	9.082
	3.43
	0.487
	3.39
	6.232
	6.233

	1942
	18.55
	10.55
	4.87
	6.61
	6.916
	5.086
	9.985
	3.581
	3.96
	5.734
	6.565
	6.531

	1943
	3.205
	77.505
	31.472
	6.516
	8.725
	7.071
	9.748
	133.077
	44.341
	4.819
	6.249
	6.412

	1944
	4.432
	5.21
	4.362
	6.365
	7.955
	6.532
	9.771
	4.741
	0.869
	4.102
	6.121
	6.065

	1945
	3.166
	4.833
	4.394
	5.867
	8.008
	6.093
	11.197
	4.246
	0.482
	3.407
	6.054
	6.089

	1946
	4.876
	5.667
	4.667
	6.005
	6.711
	5.729
	9.538
	3.359
	0.51
	3.51
	6.096
	7.155

	1947
	5.03
	6.291
	6.217
	6.683
	16.393
	7.598
	69.861
	23.495
	0.51
	3.478
	6.069
	6.1

	1948
	3.293
	4.9
	4.606
	6.018
	7.035
	3.603
	9.028
	5.629
	0.472
	3.875
	5.981
	6.026

	1949
	3.121
	21.521
	9.718
	5.886
	8.366
	22.31
	20.288
	4.193
	0.483
	3.605
	7.198
	8.756

	1950
	7.146
	14.056
	12.929
	28.552
	15.716
	4.343
	8.792
	3.311
	0.465
	3.57
	6.217
	9.261

	1951
	4.465
	4.947
	4.413
	5.92
	41.818
	17.205
	9.252
	3.689
	0.575
	3.452
	7.029
	91.857

	1952
	30.845
	6.658
	6.013
	6.146
	9.365
	4.279
	8.808
	3.246
	0.496
	3.23
	7.092
	10.033

	1953
	97.574
	54.739
	13.964
	7.096
	6.811
	89.868
	40.548
	5.955
	0.616
	4.154
	6.251
	6.261

	1954
	3.167
	7.633
	5.192
	5.967
	23.922
	11.69
	10.311
	3.459
	0.483
	3.409
	6.078
	6.088

	1955
	3.278
	11.686
	6.86
	6.232
	7.918
	8.94
	10.396
	4.091
	0.51
	3.415
	5.988
	10.375

	1956
	6.643
	10.125
	8.592
	6.68
	11.084
	10.898
	10.893
	3.414
	0.491
	3.342
	6.078
	6.173

	1957
	3.19
	4.801
	4.796
	7.394
	7.227
	3.526
	9.115
	18.035
	4.398
	4.306
	6.123
	6.294

	1958
	3.394
	5.118
	5.911
	9.683
	8.155
	11.018
	25.802
	8.197
	0.521
	5.653
	7.482
	6.395

	1959
	3.344
	4.981
	4.636
	8.609
	7.757
	4.445
	9.326
	3.633
	0.513
	3.317
	6.776
	6.498

	1960
	3.383
	5.962
	5.046
	8.002
	7.619
	111.93
	62.358
	6.775
	0.731
	3.912
	7.002
	6.363

	1961
	3.153
	5.01
	4.453
	6.214
	12.937
	9.912
	11.349
	3.64
	0.506
	3.182
	6.967
	6.349

	1962
	3.855
	7.185
	5.065
	49.059
	32.826
	74.216
	42.044
	5.318
	0.546
	3.766
	6.208
	6.116

	1963
	4.612
	9.108
	7.603
	6.431
	8.305
	4.801
	9.171
	3.291
	6.586
	6.571
	6.697
	8.07

	1964
	4.176
	5.525
	7.469
	6.634
	6.673
	4.182
	11.65
	4.432
	0.644
	5.058
	6.499
	6.387

	1965
	15.081
	18.53
	7.365
	7.534
	7.339
	4.024
	9.11
	3.397
	0.48
	3.148
	6.136
	6.536

	1966
	3.261
	5.5
	4.654
	6.015
	6.926
	5.414
	11.173
	27.468
	7.659
	4.884
	6.271
	6.246

	1967
	3.331
	5.079
	4.462
	5.694
	6.691
	5.891
	10.917
	3.738
	5.815
	6.365
	6.322
	39.671

	1968
	14.146
	5.077
	4.454
	5.763
	9.602
	9.97
	11.742
	3.726
	0.51
	3.282
	6.062
	6.111

	1969
	3.862
	5.331
	4.421
	5.77
	8.801
	3.962
	8.688
	3.475
	0.465
	3.188
	17.697
	10.06

	1970
	4.615
	5.522
	33.026
	16.987
	9.866
	5.345
	18.838
	7.011
	0.631
	9.773
	173.687
	62.242

	1971
	4.782
	5.429
	4.943
	8.906
	7.96
	8.85
	10.619
	3.361
	0.48
	3.259
	6.055
	6.051

	1972
	3.091
	5.06
	4.444
	5.737
	13.653
	13.086
	18.403
	5.669
	0.497
	3.335
	6.769
	6.351

	1973
	3.493
	5.968
	7.727
	58.025
	85.607
	208.104
	75.043
	10.886
	1.79
	4.367
	10.59
	8.035

	1974
	3.309
	11.183
	6.44
	6.057
	10.17
	17.195
	13.04
	3.293
	0.476
	3.999
	6.093
	22.926

	1975
	8.585
	5.811
	12.393
	16.51
	29.229
	93.728
	37.447
	4.254
	0.547
	3.877
	6.232
	6.164

	1976
	19.669
	11.275
	4.96
	5.791
	102.885
	35.829
	13.799
	74.436
	23.705
	4.405
	6.105
	6.3

	1977
	3.335
	7.341
	8.784
	7.317
	6.88
	5.666
	9.839
	3.383
	0.522
	3.514
	6.131
	6.092

	1978
	3.701
	6.602
	6.741
	6.985
	9.814
	4.581
	8.806
	3.889
	0.533
	94.6
	141.822
	42.602

	1979
	3.767
	5.274
	4.478
	8.562
	12.242
	6.084
	9.082
	3.239
	0.499
	3.296
	6.048
	6.409

	1980
	3.463
	12.881
	7.26
	7.124
	10.658
	41.903
	21.548
	14.349
	3.588
	4.482
	10.05
	7.559

	1981
	14.981
	8.738
	6.961
	6.631
	6.661
	3.548
	24.11
	9.263
	0.514
	5.55
	6.639
	6.649

	1982
	3.727
	5.138
	4.413
	5.797
	6.756
	3.55
	8.922
	3.285
	0.469
	57.192
	26.593
	6.655

	1983
	4.189
	7.03
	6.61
	6.608
	6.713
	3.817
	8.954
	3.308
	0.519
	3.306
	6.043
	6.052

	1984
	3.408
	6.787
	4.996
	13.934
	14.723
	5.182
	9.881
	3.569
	0.49
	3.962
	5.997
	6.142

	1985
	8.07
	15.158
	48.974
	21.813
	7.765
	3.764
	8.764
	3.229
	0.462
	3.142
	6.081
	6.078

	1986
	18.804
	11.524
	4.776
	5.698
	7.74
	3.677
	8.929
	3.506
	0.488
	3.232
	6.006
	10.59

	1987
	4.499
	7.121
	5.086
	5.74
	13.616
	20.24
	15.242
	4.282
	0.488
	3.354
	6.058
	8.684

	1988
	4.139
	6.54
	7.502
	7.65
	7.859
	4.728
	16.118
	5.651
	0.513
	3.298
	6.089
	6.145

	1989
	9.884
	63.416
	21.771
	6.323
	8.82
	4.472
	9.039
	3.321
	0.488
	3.363
	6.049
	6.068

	1990
	3.223
	5.115
	4.64
	6.485
	6.861
	3.615
	8.731
	3.228
	0.458
	3.434
	6.014
	6.215

	1991
	17.771
	9.949
	5.775
	6.042
	7.881
	4.46
	8.988
	3.252
	0.476
	3.786
	7.189
	6.46

	1992
	4.713
	8.71
	5.263
	6.788
	7.61
	3.819
	9.179
	3.419
	1.168
	4.649
	6.169
	15.335

	1993
	6.763
	6.507
	19.084
	22.718
	19.646
	10.72
	10.637
	3.498
	0.471
	3.463
	6.546
	6.477

	Average
	8.08
	10.849
	10.182
	10.016
	13.255
	17.79
	15.949
	8.116
	1.931
	6.036
	11.509
	10.864
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EHI for the Future Scenario 1
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	71
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated) and State 5 (Closed mouth).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 1 State 4 only occur for 4% of the time. 

Following the guidelines provided in DWAF (2004) score 71%. 


	H

	b. % similarity in mean annual frequency of floods
	88
	The reduction in high flows is deemed to be between 12 % depending on the size of the flood.


	L

	Hydrology score
	78
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure will not occur under Scenario 1.
	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	64
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the estuary is much fresher under Scenario 1 due to the decrease in the marine dominated state (State 4).
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	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	17
	A significant increase in DIN and DRP concentrations in river inflow under Scenario 1 have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper ,middle and top part of lower; 1 entire estuary):
State

1
2
3

4
% occurrence

12
81

3
4
Weight

1

0.84

0.67

0.33

The above reflects a modification of 83%.

	M

	2b. Suspended solids (turbidity) in the estuary
	58
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas of the estuary (strongest river influence) under States 2-4 has resulted in more turbid/less transparent compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).

Therefore any river inflow will contribute to higher turbidity/less transparency in the estuary (assume a 50% shift from Reference Condition). Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1
2
3

4
% occurrence

12
81

3
4
Weight

1

0.84

0.67

0.33

Assuming a shift of 50% in affected areas the above reflects a modification of 42 (50% of 83). 

	M/L

	2c. 
Dissolved oxygen in the estuary
	96
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4 (assume a 50% shift from the Reference Condition).  Under Scenario 1 States 3 and 4 occur for 7% of the time. This reflects a modification of 4 (50% of 7).

	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 70% modification.


	L

	Water Quality score
	35.8
	
	



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
	The intertidal areas are judge to be very similar to the Reference Condition. There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under Scenario 1 than under the Reference Conditions due to the decrease in floods. There is also some localised habitat disturbance due to the development of jetties. 


	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There might be an increase in the sandy sediment near the mouth area due to the reduction in floods.


	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary might occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.
In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M



5.2.2
Biotic Components 

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

	Flow is 25% higher than the present state but there are unlikely to be changes associated with nutrients, suspended solids and salinity stratification. As a result, phytoplankton abundance is unlikely to be different to the present state.

Benthic microalgal abundance is likely to be similar to the present state.

Confidence: Medium

	MACROPHYTES

	There is an expansion in pondweed and reeds further downstream as the estuary becomes slightly fresher and marine dominance decreases due to a 25% increase in baseflow.  The decrease in variability results in stable conditions which would encourage macrophyte growth.
Confidence:  Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	This scenario continues along the trajectory from present state with an increase in baseflow of 25%.  Marine dominance only occurs 4% of the time compared to 33% of the time under natural conditions.  The estuary continues to become fresher and marine dominance decreases.  Stratification still persists, in the middle reaches particularly, providing suitable habitat for the subtidal benthic community and zooplankton.  The REI will extend further downstream because of the increase in baseflow and this will result in the copepod Pseudodiaptomus hessei increasing in biomass.  However, stratification still persists in the middle reaches and this provides suitable habitat in terms of salinity for invertebrates.  In general, inter and intra-annual variability is reduced under this scenario compared to the natural state.
Confidence: Medium

	FISH

	Marine dominance now occurs less frequently than in the Present State due to a 25% increase in baseflow. This will lead to a slight reduction in the number and variety of stenohaline marine fish species entering the system and an increase in the biomass of freshwater species at the head of the estuary. The slight increase in chlorophyll-a concentrations when compared to the Present State, and the greater biomass of copepods associated with this trend, would provide improved feeding grounds for planktonic fish species such as the estuarine roundherring Gilchristella aestuaria. The abundance and biomass of other predatory fish species are likely to be similar to that recorded in the Present State. 

Confidence: Medium

	BIRDS

	Increased flow and reduction in incidences of marine dominance is likely to allow species associated with emergent vegetation, such as duck, rails, Cape Reed Warblers and nesting Red Bishops to expand their range in the middle section of the estuary. Other duck species and African Sedge Warbler may also be recorded (and may already be present although not recorded during the survey). Piscivorous species are likely to increase in number as fish biomass increases at the head of the estuary.
Confidence: Low


EHI for the future Scenario 1:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	37%
	Similar to present state. As a result, it is likely that there has been an increase in biomass due to nutrients (83% - 100% of estuary), decrease due to turbidity (42%/4 ( 11%) and increase due to salinity stratification (36% - 50% of estuary ( 18%). This is particularly the case at the REI – salinity of 3-5 ppt (Hilmer 1990). It is likely that there has been an 82% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 63% increase.

	H

	2b. Community composition
	61%
	A 4% increase in oxygen favouring a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 4% increase ( 1% change from present). 

	L

	Benthic microalgae

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	60%
	Similar to present state.
	H

	2b. Community composition
	90%
	Similar to present state.
	L

	Microalgae score
	37
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 ( %)
	Despite the increase in freshwater conditions  salt tolerant species still occur in the middle and lower reaches of the estuary.

	M

	2a. Abundance/Biomass
	45
	There is an expansion in pondweed and reeds further downstream as the estuary becomes slightly fresher and marine dominance decreases due to a 25% increase in baseflow.  The decrease in variability results in stable conditions which would encourage macrophyte growth.

	H

	2b. Community composition
	55
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus (20%).  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks (25%).

	M

	Macrophytes score
	45
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	Score

100 = 
(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	55
	The absence of the marine state for much of the time under Scenario 1 (now 4% of the time), the increase in base flow and nutrient enrichment that now persists for much of the time will lead to a 35-45% increase in zooplankton biomass overall.  Most of this increase will be associated with the mysids that also benefit from the increase in phytoplankton (Mesopodopsis wooldridgei) and the greater biomass in food supply for the predatory mysid, Rhopalophthalmus terranatalis.  Variability in biomass now reduced because of less variable physic-chemical conditions, salinity particularly. 

	M

	2b. Community composition
	60
	The mix in species will change significantly from the natural state, due mostly to the increase in volume of the REI reaches (periods of low flows used to occur 33% of the time, now 4% of the time) and reduced marine dominance because of the restricted mouth that now persists for longer. Large floods now reduced by 10-20%.

	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =
100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	50
	The subtidal hyperbenthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal.  The persistence of the floodtidal delta under present day conditions now ensures that the aperiodic removal of the delta by large floods (reduced by 10-20%) is less frequent.  Therefore, greater change in abundance in the intertidal benthos is associated with the delta region because of more stable conditions or less frequent removal.

	M

	2b. Community composition
	60
	Because of the increase in food availability, reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 15-20% change in species mix in the estuary (similar to present day conditions).  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under present day conditions. 


	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

100

(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	50
	As above 
	M

	2b. Community composition
	60
	As above
	M

	Invertebrates score
	50
	
	



Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 92 (96%)
	Loss of at least two stenohaline marine fish species due to increased sand shoaling in the mouth region and reduced salinity in the lower reaches due to increased baseflow.

	L

	2a. Abundance
	60
	Increased zooplankton biomass will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species. The abundance of fish species preying on zoobenthos and those feeding on microalgae, filamentous algae and detritus are likely to be similar to the Present State. Freshwater fish species are likely to be more abundant in the upper reaches and head region than in the Present State. The decline in abundance of angling fish species would offset the increase in abundance of some of the other non-angling taxa.

	M

	2b. Community composition
	60
	The increase in abundance of zooplanktivorous fish species when compared to the other trophic groups in the Present State will lead to an increased deviation from the Reference Condition. 

	M

	Fish score
	60
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (100 %)
	No change in species richness is anticipated
	M

	2a. Abundance
	93
	Numbers of reed-dwelling birds are expected to increase in the middle sections. Numbers of piscivores are also likely to increase, particularly in the upper reaches as fish biomass increases.
Recreatinal activities such as bait collection and boating could cause some disturbance.  The birds would remain in the system but this would impact their feeding.  The global decrease in paleartic migrant waders may have reduced numbers in the Sundays Estuary.


	L

	2b. Community composition
	95
	Piscivorous species are likely to occur in slightly larger proportions than in the reference state.

	L

	Bird score
	93
	
	


5.3 Future Scenario 2: 

5.3.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 2 is provided in Table 4.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 2, derived from the 84-year simulated data set, is provided below: 

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

	99%ile
	46.57
	63.49
	63.60
	47.07
	85.82
	146.01
	67.35
	88.56
	29.30
	64.81
	147.52
	67.13

	95%ile
	18.60
	26.49
	28.58
	27.06
	29.87
	88.56
	42.69
	22.53
	6.78
	5.18
	17.58
	37.58

	90%ile
	14.67
	14.03
	14.14
	12.86
	17.56
	32.89
	23.05
	8.69
	3.87
	3.56
	6.49
	11.92

	80%ile
	7.08
	7.21
	5.80
	4.27
	8.26
	14.54
	13.35
	4.07
	1.15
	2.51
	3.90
	6.28

	70%ile
	4.36
	5.62
	3.78
	3.12
	6.34
	8.25
	9.86
	2.59
	1.04
	1.70
	3.60
	4.45

	60%ile
	2.43
	3.92
	3.17
	2.70
	4.48
	4.83
	6.95
	2.20
	1.02
	1.47
	3.40
	3.41

	50%ile
	2.02
	2.99
	2.63
	2.39
	3.75
	2.70
	6.05
	1.96
	1.02
	1.31
	3.28
	3.28

	40%ile
	1.87
	2.31
	2.23
	2.25
	3.48
	2.23
	5.72
	1.80
	1.00
	1.27
	3.09
	3.18

	30%ile
	1.80
	2.08
	2.17
	2.22
	3.19
	2.08
	5.12
	1.72
	0.99
	1.25
	2.93
	3.08

	20%ile
	1.79
	2.02
	2.15
	2.21
	2.49
	2.03
	4.51
	1.65
	0.99
	1.24
	2.82
	3.01

	10%ile
	1.76
	1.99
	2.14
	2.21
	2.21
	2.00
	3.93
	1.58
	0.98
	1.24
	2.70
	2.96

	1%ile
	1.74
	1.97
	2.14
	2.20
	2.19
	2.00
	2.28
	1.52
	0.97
	1.22
	2.62
	2.93


Scenario 2 flood regime

The flood regime will be similar to Present State.

Confidence:  Medium
Scenario 2 sediment processes

The sediment processes will be similar to Present State.

Confidence:  Medium
 Table 4. Simulated monthly flow to the Sundays Estuary for the Future Scenario 2 in m3/s

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

	1920
	1.801
	2.028
	8.967
	4.549
	7.799
	17.967
	23.545
	5.828
	1.024
	1.264
	3.005
	2.99

	1921
	1.749
	29.349
	112.381
	36.283
	3.292
	2.264
	5.373
	2.549
	1.403
	1.961
	3.531
	3.192

	1922
	1.787
	19.115
	7.299
	3.272
	4.122
	2.716
	5.98
	1.767
	1.03
	4.692
	4.328
	3.019

	1923
	1.845
	4.899
	2.284
	2.219
	6.819
	4.004
	5.481
	1.544
	0.985
	1.229
	2.613
	4.088

	1924
	1.78
	1.972
	2.685
	2.978
	3.124
	11.086
	10.408
	2.448
	1.048
	1.539
	3.356
	4.465

	1925
	1.912
	2.014
	2.44
	2.3
	2.196
	2.08
	3.317
	1.653
	0.993
	1.245
	2.929
	3.077

	1926
	1.969
	4.332
	2.592
	2.208
	2.21
	2.203
	4.296
	1.901
	0.985
	1.23
	2.978
	2.96

	1927
	1.746
	1.973
	2.144
	2.208
	2.195
	124.029
	51.167
	1.725
	1.003
	1.247
	2.644
	8.345

	1928
	2.634
	2.041
	2.181
	2.211
	2.43
	2.064
	4.485
	1.591
	0.993
	2.261
	3.681
	11.214

	1929
	4.558
	2.082
	5.128
	4.061
	6.618
	5.007
	5.892
	1.582
	1.072
	1.292
	3.681
	3.292

	1930
	5.496
	2.962
	2.147
	2.807
	3.206
	9.176
	9.124
	2.025
	0.985
	3.133
	4.002
	3.067

	1931
	7.098
	4.047
	39.272
	31.697
	9.742
	2.225
	4.287
	1.932
	0.985
	1.29
	2.987
	45.916

	1932
	20.878
	6.019
	2.65
	2.21
	3.32
	2.157
	10.784
	3.587
	1.019
	1.254
	12.279
	6.467

	1933
	1.825
	5.694
	3.658
	5.361
	13.97
	32.235
	14.732
	1.834
	1.007
	6.082
	4.97
	3.207

	1934
	7.064
	4.309
	2.168
	2.219
	3.628
	1.998
	8.001
	23.918
	7.092
	2.692
	3.49
	3.759

	1935
	1.92
	2.891
	2.774
	2.222
	4.204
	16.554
	12.032
	2.067
	1.023
	1.491
	3.27
	3.075

	1936
	12.103
	24.956
	7.424
	2.763
	4.55
	2.04
	4.545
	1.758
	0.977
	1.229
	2.683
	3.103

	1937
	1.768
	2.179
	16.928
	9.284
	3.722
	2.105
	5.692
	2.037
	0.993
	1.244
	2.899
	3.119

	1938
	2.721
	6.299
	2.717
	2.233
	18.438
	8.915
	5.678
	1.757
	1.007
	1.653
	33.1
	13.463

	1939
	10.18
	3.633
	2.158
	2.207
	32.064
	27.646
	9.859
	2.209
	0.988
	1.544
	3.29
	4.983

	1940
	1.799
	1.991
	2.144
	2.207
	3.629
	2.03
	12.595
	4.327
	1.034
	1.269
	2.871
	2.955

	1941
	27.706
	10.518
	3.711
	5.673
	3.919
	2.003
	4.746
	1.72
	0.996
	1.247
	2.996
	3.121

	1942
	16.259
	7.059
	2.199
	2.321
	2.328
	2.426
	6.071
	1.871
	3.981
	3.723
	3.661
	3.419

	1943
	1.778
	73.128
	28.061
	2.532
	4.584
	4.41
	5.833
	131.367
	44.361
	2.809
	3.346
	3.299

	1944
	2.141
	2.037
	2.144
	2.208
	2.442
	3.871
	5.856
	3.031
	1.368
	1.631
	3.218
	2.953

	1945
	1.753
	1.976
	2.14
	2.2
	2.218
	2.629
	6.83
	2.536
	0.991
	1.239
	2.843
	2.977

	1946
	2.586
	2.176
	2.144
	2.208
	2.187
	2.903
	5.117
	1.649
	1.019
	1.352
	2.873
	4.043

	1947
	2.74
	2.801
	2.807
	2.699
	12.251
	4.937
	65.947
	21.785
	1.028
	1.263
	2.895
	2.988

	1948
	1.794
	1.996
	2.14
	2.207
	2.203
	1.997
	2.361
	3.919
	0.98
	1.396
	3.078
	2.913

	1949
	1.735
	17.109
	6.728
	2.211
	3.455
	19.65
	16.374
	2.483
	0.992
	1.336
	4.085
	5.644

	1950
	4.855
	10.566
	9.519
	24.568
	11.574
	2.024
	4.53
	1.601
	0.974
	1.316
	3.089
	6.149

	1951
	2.455
	2.052
	2.147
	2.245
	35.276
	14.545
	5.338
	1.979
	1.084
	1.274
	3.824
	88.745

	1952
	28.555
	3.167
	2.603
	2.223
	5.158
	2.046
	4.459
	1.536
	1.005
	1.248
	3.694
	6.921

	1953
	95.283
	51.248
	10.554
	3.113
	2.67
	87.207
	36.634
	4.245
	1.125
	1.673
	3.348
	3.149

	1954
	1.805
	3.2
	2.192
	2.226
	19.085
	9.029
	6.397
	1.749
	0.992
	1.243
	2.864
	2.976

	1955
	1.746
	7.425
	3.45
	2.248
	3.776
	6.279
	6.482
	2.381
	1.019
	1.24
	2.783
	7.263

	1956
	4.353
	6.634
	5.182
	2.696
	6.943
	8.238
	6.979
	1.704
	1
	1.25
	2.791
	3.061

	1957
	1.757
	1.972
	2.14
	2.274
	2.216
	1.997
	3.864
	16.326
	4.419
	2.295
	3.22
	3.181

	1958
	1.801
	1.999
	2.195
	5.005
	4.014
	8.357
	21.888
	6.487
	1.039
	3.163
	4.579
	3.283

	1959
	1.793
	1.984
	2.147
	2.593
	3.616
	2.082
	5.108
	1.923
	1.022
	1.269
	3.445
	3.386

	1960
	1.82
	2.123
	2.196
	3.117
	3.478
	109.269
	58.443
	5.065
	1.227
	1.445
	4.099
	3.251

	1961
	1.756
	1.98
	2.14
	2.207
	6.328
	7.251
	7.435
	1.93
	1.015
	1.243
	3.526
	3.237

	1962
	2.309
	2.939
	2.243
	44.496
	28.684
	71.555
	38.13
	3.608
	1.055
	1.305
	3.286
	3.004

	1963
	2.321
	5.617
	4.193
	2.447
	4.164
	2.148
	5.249
	1.581
	6.606
	4.56
	3.794
	4.957

	1964
	2.19
	2.025
	3.775
	2.65
	2.531
	2.015
	7.231
	2.722
	1.153
	2.576
	3.596
	3.275

	1965
	12.79
	15.04
	3.955
	3.55
	3.197
	2.001
	4.545
	1.687
	0.988
	1.229
	2.678
	3.424

	1966
	1.753
	2.281
	2.241
	2.208
	2.199
	2.236
	6.25
	25.758
	7.68
	2.873
	3.368
	3.134

	1967
	1.782
	1.991
	2.144
	2.2
	2.187
	2.02
	6.029
	2.028
	6.322
	3.886
	3.419
	36.559

	1968
	11.856
	2.04
	2.151
	2.208
	3.403
	7.309
	7.828
	2.016
	1.019
	1.269
	2.697
	2.999

	1969
	1.786
	1.988
	2.14
	2.2
	2.76
	2.168
	3.816
	1.765
	0.974
	1.222
	14.283
	6.948

	1970
	2.325
	2.107
	29.543
	13.003
	5.725
	2.684
	14.924
	5.301
	1.149
	7.281
	170.784
	59.129

	1971
	2.491
	2.168
	2.177
	4.084
	3.818
	6.189
	6.705
	1.651
	0.988
	1.239
	2.697
	2.939

	1972
	1.742
	2.026
	2.159
	2.2
	6.473
	10.425
	14.489
	3.959
	1.006
	1.242
	3.481
	3.239

	1973
	1.793
	2.747
	3.495
	54.042
	81.466
	205.444
	71.129
	9.176
	1.811
	2.356
	7.687
	4.923

	1974
	1.897
	6.801
	3.03
	2.3
	5.785
	14.535
	9.126
	1.583
	0.984
	1.52
	3.19
	19.814

	1975
	6.774
	2.175
	8.661
	12.526
	25.087
	91.067
	33.533
	2.544
	1.056
	1.44
	3.285
	3.052

	1976
	17.379
	7.784
	2.221
	2.207
	97.6
	33.168
	9.884
	72.726
	23.726
	2.395
	3.202
	3.188

	1977
	1.805
	3.997
	4.508
	3.334
	2.739
	3.006
	5.925
	1.673
	1.031
	1.274
	2.991
	2.98

	1978
	2.074
	2.437
	3.331
	3.002
	5.673
	2.089
	4.72
	2.179
	1.042
	92.113
	138.92
	39.49

	1979
	1.867
	2.013
	2.147
	2.948
	8.101
	3.423
	5.168
	1.529
	1.008
	1.243
	2.723
	3.297

	1980
	1.962
	8.585
	3.85
	3.14
	6.517
	39.242
	17.634
	12.639
	3.609
	2.471
	7.147
	4.446

	1981
	12.69
	5.247
	3.551
	2.647
	2.52
	2.001
	19.053
	7.553
	1.023
	3.067
	3.736
	3.537

	1982
	1.875
	2.022
	2.144
	2.2
	2.195
	1.998
	2.076
	1.575
	0.977
	54.706
	23.69
	3.543

	1983
	1.945
	3.492
	3.199
	2.624
	2.572
	2.035
	4.145
	1.598
	1.028
	1.278
	2.693
	2.94

	1984
	1.75
	2.656
	2.173
	9.377
	10.582
	2.522
	5.966
	1.859
	0.999
	1.482
	3.094
	3.03

	1985
	5.78
	11.667
	45.564
	17.829
	3.624
	2.001
	3.935
	1.519
	0.97
	1.218
	2.628
	2.966

	1986
	16.513
	8.034
	2.17
	2.208
	2.298
	2.027
	3.924
	1.796
	0.997
	1.244
	2.618
	7.478

	1987
	2.209
	3.63
	2.142
	2.208
	8.503
	17.579
	11.328
	2.572
	0.996
	1.243
	2.789
	5.571

	1988
	1.849
	3.049
	4.092
	3.666
	3.718
	2.07
	12.202
	3.941
	1.022
	1.269
	2.74
	3.033

	1989
	7.593
	59.926
	18.361
	2.339
	4.678
	2.452
	4.471
	1.611
	0.997
	1.244
	2.789
	2.955

	1990
	1.806
	1.999
	2.14
	2.207
	2.195
	1.998
	2.536
	1.518
	0.966
	1.215
	2.853
	3.103

	1991
	15.481
	6.458
	2.367
	2.272
	3.508
	2.064
	4.803
	1.542
	0.985
	1.306
	4.286
	3.348

	1992
	2.931
	4.702
	2.666
	2.263
	3.198
	1.997
	4.408
	1.709
	1.674
	2.173
	3.266
	12.223

	1993
	4.472
	3.017
	15.674
	18.734
	15.504
	8.059
	6.723
	1.788
	0.98
	1.219
	3.409
	3.365

	Average
	6.174
	7.305
	7.093
	5.967
	8.705
	15.34
	11.647
	6.406
	2.38
	3.806
	8.414
	7.751
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EHI for the Future Scenario 2
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	67
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated) and State 5 (Closed mouth).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 2 low flows do not occur. 

Following the guidelines provided in DWAF (2004) score 67%. 

	H

	b. % similarity in mean annual frequency of floods
	86
	The reduction in high flows is deemed to be about 14 % depending on the size of the flood.

	L

	Hydrology score
	75
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure will not occur under Scenario 2.
	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	66
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the Sundays Estuary is much fresher under Scenario 2 due to the loss of the marine dominated state (State 4).
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	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	18
	A significant increase in DIN and DRP concentrations in river inflow under Scenario 2 have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper ,middle and top part of lower; 1 entire estuary):
State

1
2
3
4
% occurrence

10

67

24

0

Weight

1

0.84

0.67

0.33

The above reflects a modification of 82%.

	M

	2b. Suspended solids (turbidity) in the estuary
	59
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas of the estuary (strongest river influence) under States 2-4 has resulted in more turbid/less transparent compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).

Therefore any river inflow will contribute to higher turbidity/less transparency in the estuary (assume a 50% shift from Reference Condition). Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1
2
3
4
% occurrence

10

67

24

0

Weight

1

0.84

0.67

0.33

Assuming a shift of 50% in affected areas the above reflect a modification of 41 (50% of 82). 

	M/L

	2c. 
Dissolved oxygen in the estuary
	88
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4 (assume a 50% shift from the Reference Condition).  Under Scenario 2 States 3 and 4 occur for 24% of the time. This reflects a modification of 12 (50% of 24).

	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 70% modification.


	L

	Water Quality score
	37.2
	
	



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
	The intertidal areas are judge to be very similar to the Reference Condition. There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under the Scenario 2 than under the Reference Conditions due to the decrease in floods. There is also some localised habitat disturbance due to the development of jetties. 


	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There might be an increase in the sandy sediment near the mouth area due to the reduction in floods.


	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary might occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.
In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties.
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M



5.3.2
Biotic Components 

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

	There is likely to be a slight decrease in MAR from present (7%), an increase in overall salinity (2%) and a decrease in turbidity (1%). No marine state.
It is likely that there has been an increase in phytoplankton biomass from the reference condition due to increased nutrients (82% - 100% of estuary), a decrease due to elevated turbidity (41%/4 ( 10%) and increase due to an increase in salinity stratification (34% - 50% of estuary ( 17%). It is likely that there has been an 89% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 62% increase (1% decrease from present state).
A possible decrease in oxygen from present favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 4% increase ( 1% change from present).
A possible increase in subtidal chl a due to a 1% decrease in turbidity; 1% (0.5%) increase from present. 

Confidence: Medium

	MACROPHYTES

	MAR is 88% of the reference condition as there is a 10% decrease in present day transfers from the Fish River.  The slight increase in salinity may limit the further encroachment of Phragmites australis downstream.  The decrease in transfer water would reduce agricultural return-flow and nutrient input.  This would control further submerged and emergent macrophyte growth.
Confidence:  Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	This scenario leads to a decrease in MAR through a reduction in artificial release by about 7% and the estuary now receives 88% of Natural MAR.  There will also be a slight increase in marine influence upstream (salinity penetration upstream – high transition period is reduced from 81% of the time to 67% of the time compared to the previous scenario , while the low transition state increases from 3% of the time to 24% of the time compared to the previous scenario). Mouth condition remains unchanged. If nutrient input is reduced because of a lower flow rate, zooplankton biomass will decrease by about 5-10% compared to present and therefore move along a trajectory that is closer to natural. Stratification still persists in the middle reaches particularly, providing suitable habitat for the subtidal benthic community and zooplankton.  In terms of biomass, no change predicted for the subtidal zoobenthos compared to present.  The REI is likely to reduce slightly because of the reduction in baseflow.  In general, inter and intra-annual variability still remains similar to the present state, but considerably reduced compared to the natural state.

Confidence: Medium

	FISH

	Marine dominance of the estuary is now similar to the Present State and the number and variety of stenohaline marine fish species within the system is likely to be very similar to the Present State. The increase in chlorophyll-a concentrations within the middle and upper reaches of the estuary when compared to the Reference Condition, and the greater biomass of zooplankton associated with this trend, would provide ideal feeding grounds for planktonic fish species. Increases in the benthic invertebrate biomass, particularly in the lower reaches, would have a positive impact on zoobenthic carnivores. 

Confidence: Medium

	BIRDS

	There is unlikely to be much difference in bird composition to Scenario 1
Confidence: Low


EHI for the future Scenario 2:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%)
	Same as present.
	L

	2a. Abundance
	38%
	There is likely to be a slight decrease in MAR from present (7%), an increase in overall salinity (2%) and a decrease in turbidity (1%). No marine state.

It is likely that there has been an increase in biomass from the reference condition due to nutrients (82% - 100% of estuary), decrease due to turbidity (41%/4 ( 10%) and increase due to salinity stratification (34% - 50% of estuary ( 17%). It is likely that there has been an 89% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 62% increase (1% decrease from present state). 

	M

	2b. Community composition
	59%
	A possible decrease in oxygen from present favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 4% increase ( 1% change from present). 

	L

	Benthic microalgae

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	61%
	Similar to present state. Possible increase in subtidal chl a due to 1% decrease in turbidity; 1% (0.5%) increase from present. 

	H

	2b. Community composition
	90%
	Similar to present state.
	L

	Microalgae score
	38
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100 %)
	No changes in species richness.
	M

	2a. Abundance/Biomass
	55%
	The reduction in freshwater floods has resulted in stagnant waters in the upper reaches of the estuary.  Agricultural return flow has resulted in nutrient enrichment.  This has increased the biomass of Potamogeton pectinatus and  Phragmites australis (35% change). This increase in organic load has the potential to cause anoxic conditions during decomposition.  The increase in freshwater conditions downstream has resulted in the expansion of Phragmites into the middle reaches of the estuary (10% change).   


	M

	2b. Community composition
	65%
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus (15%).  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks (20%).

	M

	Macrophytes score
	55%
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score

100 = 
(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	65
	The absence of the marine state for much of the time under present day conditions, the decrease in artificial release by about 10% and consequent reduction in nutrient enrichment that now persists for much of the time will lead to a 5% reduction in zooplankton biomass compared to the present state.  Biomass levels therefore move along a trajectory towards the natural state, but still remain elevated because of the reasons stated above.


	M

	2b. Community composition
	65
	The mix in species will change significantly from the natural state, due mostly to the increase in volume of the REI reaches - periods of low flows occurred for 33% under natural conditions.  These low flows no longer occur under this scenario, although there is a reduction in the volume of freshwater released artificially (10%) compared to present.  Salinity will extend upstream compared to present (High transition state reduced from 81 to 67% of the time compared to the previous scenario) and result in a slight change in the community mix that is move along a trajectory more similar to natural.  Large floods still reduced by 10-20%.


	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =
100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	80
	The subtidal hyperbenthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal. The persistence of the floodtidal delta under this scenario still remains (compared to present) as the removal of the delta by large floods (reduced by 10-20%) remains unchanged.  Therefore, the greatest change in abundance in the intertidal benthos remains associated with the delta region because of more stable conditions or less frequent removal.

	M

	2b. Community composition
	75
	Because of the increase in food availability, reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 10-20% change in species mix in the estuary.  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under this scenario. 

	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

100

(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	80
	As above 
	M

	2b. Community composition
	75
	As above
	M

	Invertebrates score
	65
	
	



Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 95 (98%)
	Loss of at least one stenohaline marine fish species due to increased sand shoaling in the mouth region and slightly reduced salinity in the lower reaches.

	L

	2a. Abundance
	80
	Increased zooplankton abundance and biomass will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species. The abundance of all other fish species would be expected to be more similar to the Reference Condition than under the Present State. The decline in abundance of angling fish species would offset the increase in abundance of some of the other non-angling taxa.

	M

	2b. Community composition
	75
	The increase in abundance of zooplanktivorous fish species will result in a change in the ichthyofaunal community composition. To a certain extent the slight increase in abundance of zoobenthic, hyperbenthic and detritus feeding fishes arising from increased nutrient inputs when compared the Reference State will offset the imbalance created by the zooplanktonic feeding fishes increase. The decline in abundance of angling fish species will result in a further deviation from the Reference community composition. 

	M

	Fish score
	75
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (100 %)
	No change expected in species present.
	M

	2a. Abundance
	99
	Stagnation of water under reduced flow in the upper reaches may reduce numbers of species that feed on aquatic invertebrates and fish.

	L

	2b. Community composition
	99
	Little change is expected.

	L

	Bird score
	99
	
	


5.4 Future Scenario 3: 

5.4.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 3 is provided in Table 5.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 3, derived from the 84-year simulated data set, is provided below: 

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

	99%ile
	45.23
	61.35
	62.03
	40.88
	83.00
	135.26
	62.02
	87.58
	28.92
	54.55
	146.13
	65.37

	95%ile
	16.80
	24.16
	26.08
	25.29
	26.52
	85.84
	40.93
	16.86
	6.46
	4.08
	13.10
	32.30

	90%ile
	11.37
	12.55
	9.68
	11.08
	12.22
	31.58
	20.74
	6.52
	3.41
	2.38
	4.01
	7.45

	80%ile
	5.99
	4.79
	4.19
	2.73
	3.97
	8.70
	10.97
	3.10
	1.15
	1.61
	2.02
	3.46

	70%ile
	3.00
	3.78
	2.85
	2.39
	2.70
	3.86
	6.98
	1.54
	1.04
	1.36
	1.68
	2.26

	60%ile
	2.22
	2.62
	2.55
	2.29
	2.46
	2.63
	3.89
	1.39
	1.02
	1.29
	1.54
	1.78

	50%ile
	1.93
	2.25
	2.28
	2.25
	2.32
	2.20
	3.01
	1.28
	1.02
	1.27
	1.48
	1.73

	40%ile
	1.85
	2.11
	2.20
	2.22
	2.26
	2.08
	1.58
	1.26
	1.00
	1.25
	1.47
	1.68

	30%ile
	1.80
	2.04
	2.16
	2.21
	2.22
	2.05
	1.33
	1.25
	0.99
	1.24
	1.45
	1.65

	20%ile
	1.79
	2.01
	2.15
	2.21
	2.20
	2.02
	1.30
	1.24
	0.99
	1.24
	1.44
	1.64

	10%ile
	1.76
	1.99
	2.14
	2.21
	2.20
	2.00
	1.29
	1.24
	0.98
	1.23
	1.43
	1.63

	1%ile
	1.74
	1.86
	2.02
	2.11
	2.14
	1.98
	1.28
	1.23
	0.97
	1.22
	1.42
	1.61


Scenario 3 flood regime

The flood regime will be similar to Present State.

Confidence:  Medium
Scenario 3 sediment processes

The sediment processes will be similar to Present State.

Confidence:  Medium
 Table 5. Simulated monthly flow to the Sundays Estuary for the Future Scenario 3 in m3/s
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	1920
	1.801
	2.028
	4.997
	2.771
	5.945
	16.656
	21.785
	4.851
	1.024
	1.263
	1.449
	1.638

	1921
	1.749
	25.429
	110.805
	34.506
	2.227
	2.249
	1.569
	1.624
	1.403
	1.641
	1.651
	1.734

	1922
	1.787
	15.884
	6.588
	2.39
	2.289
	2.063
	1.823
	1.285
	1.03
	2.752
	2.931
	1.681

	1923
	1.845
	2.221
	2.161
	2.207
	4.919
	2.832
	1.296
	1.244
	0.985
	1.229
	1.455
	1.73

	1924
	1.78
	1.972
	2.65
	2.389
	2.194
	2.613
	8.346
	1.471
	1.048
	1.293
	1.481
	2.261

	1925
	1.912
	2.014
	2.44
	2.3
	2.195
	2.08
	1.312
	1.241
	0.993
	1.245
	1.433
	1.679

	1926
	1.969
	3.37
	2.579
	2.208
	2.195
	1.944
	1.354
	1.248
	0.985
	1.229
	1.447
	1.635

	1927
	1.746
	1.573
	1.704
	1.884
	2.016
	109.792
	49.407
	1.284
	1.003
	1.247
	1.443
	4.662

	1928
	2.227
	2.041
	2.181
	2.211
	2.416
	2.064
	1.281
	1.237
	0.993
	1.254
	1.461
	4.671

	1929
	2.973
	2.078
	2.309
	2.257
	3.785
	3.696
	4.132
	1.259
	1.072
	1.291
	1.527
	1.71

	1930
	3.261
	2.437
	2.147
	2.392
	2.26
	3.459
	7.364
	1.325
	0.985
	1.64
	2.379
	1.69

	1931
	5.952
	2.923
	37.36
	29.919
	7.888
	2.225
	1.376
	1.244
	0.985
	1.288
	1.469
	42.62

	1932
	19.828
	4.542
	2.65
	2.21
	2.692
	2.157
	4.873
	2.439
	1.019
	1.254
	8.149
	4.99

	1933
	1.825
	3.154
	2.313
	3.359
	12.116
	30.924
	12.972
	1.286
	1.007
	5.55
	2.991
	1.722

	1934
	6.042
	3.495
	2.158
	2.208
	2.195
	1.998
	3.417
	19.703
	6.717
	1.608
	2.092
	2.281

	1935
	1.92
	2.662
	2.371
	2.208
	2.645
	10.167
	10.272
	1.293
	1.023
	1.489
	1.558
	1.673

	1936
	9.701
	23.478
	5.848
	2.225
	2.195
	2.035
	1.3
	1.237
	0.977
	1.229
	1.425
	1.632

	1937
	1.768
	2.168
	10.604
	7.507
	2.351
	2.105
	2.156
	1.255
	0.993
	1.243
	1.436
	1.627

	1938
	2.37
	3.513
	2.586
	2.215
	12.263
	7.604
	3.918
	1.281
	1.007
	1.585
	29.829
	11.986

	1939
	9.131
	2.454
	2.158
	2.207
	26.358
	26.334
	8.099
	1.266
	0.988
	1.242
	1.438
	2.779

	1940
	1.793
	1.991
	2.144
	2.207
	2.299
	2.03
	3.57
	3.35
	1.034
	1.269
	1.446
	1.623

	1941
	25.15
	9.041
	3.483
	3.134
	2.369
	2.001
	1.288
	1.248
	0.996
	1.247
	1.435
	1.627

	1942
	13.089
	5.582
	2.199
	2.318
	2.223
	2.001
	1.315
	1.251
	3.485
	2.116
	1.583
	1.729

	1943
	1.778
	69.204
	26.485
	2.259
	2.307
	2.779
	3.305
	130.389
	43.986
	1.725
	1.949
	1.822

	1944
	1.912
	2.032
	2.144
	2.208
	2.399
	2.07
	1.287
	1.541
	1.368
	1.394
	1.486
	1.642

	1945
	1.753
	1.976
	2.14
	2.2
	2.218
	2.629
	1.536
	1.26
	0.991
	1.238
	1.431
	1.619

	1946
	1.983
	2.06
	2.144
	2.208
	2.187
	2.855
	1.608
	1.259
	1.019
	1.351
	1.502
	1.654

	1947
	2.517
	2.363
	2.184
	2.207
	2.436
	2.082
	59.303
	20.807
	1.028
	1.26
	1.446
	1.627

	1948
	1.794
	1.996
	2.14
	2.207
	2.203
	1.997
	1.288
	1.244
	0.98
	1.221
	1.414
	1.608

	1949
	1.735
	16.129
	6.725
	2.211
	2.195
	6.148
	14.614
	1.505
	0.992
	1.347
	1.82
	3.574

	1950
	4.05
	8.84
	7.943
	22.791
	9.72
	2.019
	1.441
	1.237
	0.974
	1.329
	1.513
	3.294

	1951
	2.451
	2.052
	2.147
	2.245
	26.936
	13.233
	3.578
	1.441
	1.084
	1.272
	1.568
	86.222

	1952
	27.505
	2.058
	2.161
	2.207
	2.343
	2.044
	1.281
	1.233
	1.005
	1.248
	1.48
	3.17

	1953
	93.171
	49.771
	8.978
	2.277
	2.195
	83.726
	34.874
	3.268
	1.125
	1.329
	1.545
	1.757

	1954
	1.805
	2.11
	2.188
	2.226
	11.489
	7.718
	4.637
	1.247
	0.992
	1.243
	1.435
	1.631

	1955
	1.746
	4.258
	2.895
	2.21
	2.195
	2.233
	3.411
	1.404
	1.019
	1.24
	1.425
	4.362

	1956
	3.225
	5.157
	3.606
	2.326
	3.712
	6.8
	5.219
	1.255
	1
	1.25
	1.447
	1.646

	1957
	1.757
	1.972
	2.14
	2.274
	2.215
	1.997
	1.292
	6.389
	4.044
	1.288
	1.747
	1.704

	1958
	1.801
	1.999
	2.195
	3.74
	2.75
	4.099
	18.293
	5.51
	1.039
	2.5
	2.404
	1.806

	1959
	1.793
	1.984
	2.147
	2.275
	2.216
	2.075
	1.4
	1.314
	1.022
	1.269
	1.465
	1.731

	1960
	1.82
	2.122
	2.196
	2.707
	2.494
	97.526
	56.683
	4.087
	1.227
	1.267
	1.467
	1.752

	1961
	1.756
	1.98
	2.14
	2.207
	2.33
	4.366
	3.771
	1.467
	1.015
	1.243
	1.516
	1.668

	1962
	2.309
	2.465
	2.243
	38.148
	26.83
	70.244
	36.37
	2.631
	1.055
	1.293
	1.479
	1.646

	1963
	1.836
	2.458
	2.617
	2.226
	2.613
	2.131
	1.334
	1.263
	4.798
	3.286
	2.397
	3.48

	1964
	2.187
	2.025
	2.421
	2.299
	2.195
	2.015
	1.322
	1.411
	1.153
	1.745
	1.676
	1.745

	1965
	9.807
	13.562
	3.902
	2.348
	2.244
	2.001
	1.296
	1.251
	0.988
	1.229
	1.499
	1.666

	1966
	1.753
	2.281
	2.241
	2.208
	2.199
	2.236
	2.414
	15.33
	7.305
	1.789
	1.971
	1.723

	1967
	1.782
	1.991
	2.144
	2.2
	2.187
	2.02
	1.811
	1.426
	6.322
	3.093
	1.571
	29.22

	1968
	10.748
	2.04
	2.151
	2.208
	2.301
	3.829
	2.739
	1.253
	1.019
	1.269
	1.458
	1.643

	1969
	1.779
	1.988
	2.14
	2.2
	2.749
	2.168
	1.281
	1.234
	0.974
	1.222
	4.444
	3.502

	1970
	2.016
	2.095
	25.863
	11.226
	3.87
	2.502
	12.006
	4.324
	1.149
	5.834
	169.386
	57.652

	1971
	2.241
	2.16
	2.177
	2.229
	2.252
	2.102
	4.067
	1.244
	0.988
	1.239
	1.436
	1.627

	1972
	1.742
	2.026
	2.159
	2.2
	2.633
	3.658
	12.729
	2.982
	1.006
	1.242
	1.534
	1.691

	1973
	1.793
	2.747
	2.843
	48.28
	79.611
	204.132
	69.369
	8.199
	1.436
	1.311
	6.252
	3.446

	1974
	1.897
	4.257
	2.243
	2.289
	2.472
	12.082
	7.366
	1.244
	0.984
	1.239
	1.476
	16.921

	1975
	6.774
	2.172
	4.61
	10.749
	23.233
	89.756
	31.773
	1.567
	1.056
	1.439
	1.55
	1.669

	1976
	15.171
	6.307
	2.221
	2.207
	92.158
	31.857
	8.124
	71.748
	23.351
	1.358
	1.759
	1.747

	1977
	1.805
	3.997
	3.779
	2.553
	2.199
	2.009
	1.466
	1.311
	1.031
	1.273
	1.454
	1.639

	1978
	2.074
	2.271
	2.879
	2.62
	2.524
	2.078
	1.284
	1.307
	1.042
	83.84
	137.522
	38.012

	1979
	1.867
	2.013
	2.147
	2.4
	2.273
	1.997
	2.2
	1.233
	1.008
	1.243
	1.44
	1.67

	1980
	1.962
	4.524
	2.954
	2.58
	2.594
	37.508
	15.874
	11.661
	3.234
	1.388
	5.75
	2.969

	1981
	11.64
	3.769
	2.312
	2.252
	2.195
	2.001
	12.884
	6.576
	1.023
	1.621
	2.339
	2.06

	1982
	1.875
	2.022
	2.144
	2.2
	2.195
	1.998
	1.281
	1.23
	0.977
	43.717
	22.293
	2.066

	1983
	1.933
	2.228
	2.206
	2.215
	2.195
	2.035
	1.3
	1.237
	1.028
	1.278
	1.459
	1.64

	1984
	1.75
	2.08
	2.173
	2.814
	4.111
	2.107
	3.29
	1.254
	0.999
	1.249
	1.431
	1.616

	1985
	3.405
	10.19
	43.988
	16.052
	2.238
	2.001
	1.281
	1.233
	0.97
	1.218
	1.452
	1.647

	1986
	12.265
	6.556
	2.17
	2.208
	2.284
	2.027
	1.289
	1.241
	0.997
	1.244
	1.436
	1.976

	1987
	1.875
	1.983
	2.14
	2.208
	2.73
	13.581
	9.568
	1.595
	0.996
	1.243
	1.447
	2.572

	1988
	1.81
	1.998
	2.62
	2.36
	2.199
	2.053
	6.934
	2.964
	1.022
	1.269
	1.454
	1.635

	1989
	4.968
	58.448
	16.785
	2.225
	3.542
	2.452
	1.315
	1.248
	0.997
	1.243
	1.432
	1.628

	1990
	1.806
	1.999
	2.14
	2.207
	2.195
	1.998
	1.281
	1.23
	0.966
	1.214
	1.433
	1.632

	1991
	7.053
	3.851
	2.35
	2.263
	2.288
	2.057
	1.3
	1.244
	0.985
	1.258
	1.976
	1.866

	1992
	2.931
	3.967
	2.666
	2.254
	2.21
	1.997
	1.289
	1.24
	1.674
	1.494
	1.472
	8.501

	1993
	4.059
	2.17
	9.985
	11.322
	13.65
	6.748
	4.963
	1.246
	0.98
	1.235
	1.793
	1.784
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EHI for the Future Scenario 3
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	67
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated) and State 5 (Closed mouth).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 3 low flows do not occur. 

Following the guidelines provided in DWAF (2004) score 67%. 


	H

	b. % similarity in mean annual frequency of floods
	86
	The reduction in high flows is deemed to be about 14 % depending on the size of the flood.


	L

	Hydrology score
	75
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure will not occur under Scenario 3.
	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	72
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the Sundays Estuary is much fresher under Scenario 2 due to the loss of the marine dominated state (State 4).

St

%

Salinity

Upper (0.33)

Middle (0.33)

Lower (0.33)

5

0

30

30

30

4

0

15
35

35
3

44

1

15

30

2

48

1

10

20

1

8

1

5

15


	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	22
	A significant increase in DIN and DRP concentrations in river inflow under Scenario 3 have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper ,middle and top part of lower; 1 entire estuary):

State

1
2
3
4
% occurrence

8
48
44
0
Weight

1
0.84
0.67

0.33

The above reflects a modification of 78%.

	M

	2b. Suspended solids (turbidity) in the estuary
	61
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas of the estuary (strongest river influence) under States 2-4 has resulted in more turbid/less transparent compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).

Therefore any river inflow will contribute to higher turbidity/less transparency in the estuary (assume a 50% shift from Reference Condition). Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1
2
3
4
% occurrence

8
48
44
0
Weight

1
0.84
0.67

0.33

Assuming a shift of 50% in affected areas the above reflect a modification of 39 (50% of 78). 


	M/L

	2c. 
Dissolved oxygen in the estuary
	78
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4 (assume a 50% shift from the Reference Condition).  Under Scenario 3 States 3 and 4 occur for 44% of the time. This reflects a modification of 22 (50% of 44).


	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 30% modification.


	L

	Water Quality score
	42
	
	



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
	The intertidal areas are judge to be very similar to the Reference Condition. There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under the Scenario 3 than under the Reference Conditions due to the decrease in floods. There is also some localised habitat disturbance due to the development of jetties.
 
	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There might be an increase in the sandy sediment near the mouth area due to the reduction in floods.


	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary might occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.
In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M


5.4.2
Biotic Components 

1.
Predicted change in biotic characteristics of the future Scenario 3 compared with the Reference Condition, as well as the causes of these changes:

	MICROALGAE

	There is likely to be a decrease in MAR from present (22%), an increase in overall salinity (8%) and a decrease in turbidity (3%). No marine state.
It is likely that there has been an increase in phytoplankton biomass from the reference condition due to an increase in nutrients (78% - 100% of estuary), decrease due to elevated turbidity (39%/4 ( 10%) and increase due to increased salinity stratification (28% - 50% of estuary ( 14%). It is likely that there has been an 82% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 57% increase. 
A 14% decrease in oxygen from the present state is likely to favour a slight increase in water-column and benthic cyanophytes, particularly in the deeper middle reaches (one third of the 14% increase ( 5% change from present). 

Possible increase in subtidal chl a due to a 3% decrease in turbidity affecting the upper 2/3 of the estuary; 2% decrease from present. 

Confidence: Medium

	MACROPHYTES

	MAR is 73% of the reference condition as there is a 30% decrease in present day transfers from the Fish River.  The slight increase in salinity may limit the further encroachment of Phragmites australis downstream.  The decrease in transfer water would reduce agricultural return-flow and nutrient input.  This would control further submerged and emergent macrophyte growth.

Confidence:  Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	This scenario leads to a decrease in MAR through a reduction in artificial release by about 30%compared to present and the estuary now receives 73% of Natural MAR.  There will also be a slight increase in marine influence upstream (salinity penetration upstream – high transition period is reduced from 67% of the time to 48% of the time compared to the previous scenario; while the low transition state increases from 24% of the time to 44% of the time compared to the previous scenario).  Mouth condition and large floods remains unchanged.  If nutrient input is reduced because of a lower flow rate, zooplankton biomass will decrease by about 10-20% compared to present and therefore move along a trajectory that is closer to natural. Stratification still persists in the middle reaches particularly, providing suitable habitat for the subtidal benthic community and zooplankton.  In terms of biomass, no change predicted for the subtidal zoobenthos compared to present.  The REI is likely to reduce slightly because of the reduction in baseflow.  In general, inter and intra-annual variability still remains similar to the present state, but considerably reduced compared to the natural state.

Confidence: Medium

	FISH

	Marine dominance of the estuary is now closer to the Reference Condition than either the Present State or Scenario 1 & 2.  Under Scenario 3 the number and variety of stenohaline marine fish species within the system is likely to be very similar to the Reference Condition. The increase in chlorophyll-a concentrations within the middle and upper reaches of the estuary when compared to the Reference Condition, and the greater biomass of zooplankton associated with this trend, would provide ideal feeding grounds for planktonic fish species. Increases in the benthic invertebrate biomass, particularly in the lower reaches, would have a positive impact on zoobenthic carnivores. 

Confidence: Medium

	BIRDS

	Little difference is expected from the reference state but greater planktonic biomass and increased incidence of some fish species would favour piscivorous birds.
Confidence: Low


EHI for the future Scenario 3:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	43%
	There is likely to be a decrease in MAR from present (22%), an increase in overall salinity (8%) and a decrease in turbidity (3%). No marine state.

It is likely that there has been an increase in biomass from the reference condition due to nutrients (78% - 100% of estuary), decrease due to turbidity (39%/4 ( 10%) and increase due to salinity stratification (28% - 50% of estuary ( 14%). It is likely that there has been a 82% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 57% increase.

	M/L

	2b. Community composition
	55%
	A 14% decrease in oxygen from present state favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 14% increase ( 5% change from present).

	L

	Benthic microalgae

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	62%
	Similar to present state. Possible increase in subtidal chl a due to 3% decrease in turbidity; 2% decrease from present.

	M/L

	2b. Community composition
	85%
	A 14% decrease in oxygen from present favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 14% increase ( 5% change from present).

	L

	Microalgae score
	43
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100 %)
	No changes in species richness.
	M

	2a. Abundance/Biomass
	65%
	The reduction in freshwater floods has resulted in stagnant waters in the upper reaches of the estuary.  Agricultural return flow has resulted in nutrient enrichment.  This has increased the biomass of Potamogeton pectinatus and  Phragmites australis (30% change). This increase in organic load has the potential to cause anoxic conditions during decomposition.  The increase in freshwater conditions downstream has resulted in the expansion of Phragmites into the middle reaches of the estuary (5% change).   


	M

	2b. Community composition
	75%
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus.  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks.


	M

	Macrophytes score
	65%
	
	


Invertebrates
Zooplankton

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score

100 = 
(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	75
	The absence of the marine state for much of the time under this scenario, the decrease in artificial release by about 30% compared to present day conditions and consequent reduction in nutrient enrichment that now persists for much of the time will lead to a 10-20% reduction in zooplankton biomass compared to the present state.  Biomass levels therefore move along a trajectory towards the natural state, but still remain elevated because of the reasons stated above.


	M

	2b. Community composition
	75
	The mix in species will change significantly from the natural state, due mostly to the increase in volume of the REI reaches - periods of low flows occurred for 33% under natural conditions.  These low flows no longer occur under this scenario, although there is a reduction in the volume of freshwater released artificially (30%) compared to present.  Salinity will extend upstream compared to present (High transition state reduced from 67 to 48% of the time compared to the previous scenario) and result in a slight change in the community mix that is move along a trajectory more similar to natural.  Large floods still reduced by 10-20%.

	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =

100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	80
	The subtidal hyperbenthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal. The persistence of the floodtidal delta under this scenario still remains (compared to present) as the removal of the delta by large floods (reduced by 10-20%) remains unchanged.  Therefore, the greatest change in abundance in the intertidal benthos remains associated with the delta region because of more stable conditions or less frequent removal.

	M

	2b. Community composition
	75
	Because of the increase in food availability, reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 15-20% change in species mix in the estuary (compared to natural).  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under this scenario. 

	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

100

(… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	80
	As above 
	M

	2b. Community composition
	75
	As above
	M

	Invertebrates score
	75
	
	



Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	No loss of marine fish species arising from increased euhaline conditions in the lower reaches.

	L

	2a. Abundance
	80
	Increased zooplankton abundance and biomass will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species. The abundance of all other fish species would be expected to be more similar to the Reference Condition than under the Present State. The decline in abundance of angling fish species would offset the increase in abundance of some of the other non-angling taxa.

	M

	2b. Community composition
	85
	The increase in abundance of zooplanktivorous fish species will have resulted in a change in the ichthyofaunal community composition. To a certain extent the slight increase in abundance of zoobenthic, hyperbenthic and detritus feeding fishes arising from increased nutrient inputs when compared the Reference State will offset the imbalance created by the zooplanktonic feeding fishes increase. The decline in abundance of angling fish species will result in a further deviation from the Reference community composition.

	M

	Fish score
	80
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (100 %)
	No change in species composition.
	M

	2a. Abundance
	99
	Marginal increases in reed-bed associated species.

	L

	2b. Community composition
	100
	Little change expected from reference condition.

	L

	Bird score
	99
	
	


5.5 Future Scenario 4: 

5.5.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 4 is provided in Table 4.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 4, derived from the 84-year simulated data set, is provided below: 
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	43.61
	59.34
	57.96
	39.75
	79.39
	130.31
	62.36
	82.38
	25.16
	54.95
	142.32
	61.77

	95%ile
	14.16
	22.83
	24.98
	23.58
	25.68
	82.17
	38.61
	18.48
	3.99
	1.46
	10.55
	33.27

	90%ile
	9.17
	11.70
	8.61
	9.76
	13.18
	28.75
	19.60
	5.33
	0.94
	0.14
	1.99
	5.72

	80%ile
	3.57
	4.47
	3.02
	1.36
	4.46
	10.38
	9.89
	0.92
	0.00
	0.00
	0.00
	1.39

	70%ile
	0.69
	2.14
	0.88
	0.38
	2.52
	4.69
	6.27
	0.00
	0.00
	0.00
	0.00
	0.05

	60%ile
	0.11
	1.36
	0.56
	0.20
	1.41
	1.72
	3.90
	0.00
	0.00
	0.00
	0.00
	0.00

	50%ile
	0.00
	0.31
	0.26
	0.14
	0.62
	0.26
	3.01
	0.00
	0.00
	0.00
	0.00
	0.00

	40%ile
	0.00
	0.02
	0.09
	0.10
	0.26
	0.02
	2.10
	0.00
	0.00
	0.00
	0.00
	0.00

	30%ile
	0.00
	0.00
	0.05
	0.09
	0.04
	0.00
	0.88
	0.00
	0.00
	0.00
	0.00
	0.00

	20%ile
	0.00
	0.00
	0.04
	0.09
	0.00
	0.00
	0.36
	0.00
	0.00
	0.00
	0.00
	0.00

	10%ile
	0.00
	0.00
	0.03
	0.09
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1%ile
	0.00
	0.00
	0.03
	0.08
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Scenario 4 flood regime

The flood regime will be similar to Present State.

Confidence:  Medium
Scenario 4 sediment processes

The reduction in baseflows will lead to infilling of the lower reaches  of the estuary by marine and aolian sediment, which in turn will lead to mouth closure. 
Confidence:  Low
Table 4. Simulated monthly flow to the Sundays Estuary for the Future Scenario 4 in m3/s

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

	1920
	0
	0
	6.008
	1.654
	5.128
	14.377
	19.974
	2.575
	0
	0
	0
	0

	1921
	0
	22.92
	104.818
	32.051
	0.825
	0.163
	1.739
	0
	0
	0
	0
	0

	1922
	0
	14.951
	4.471
	0.369
	1.617
	0
	2.908
	0
	0
	0.144
	0
	0

	1923
	0
	2.725
	0.054
	0.091
	2.925
	0.968
	2.729
	0
	0
	0
	0
	0

	1924
	0
	0
	0.544
	0.277
	0
	3.928
	7.432
	0
	0
	 0
	0
	0

	1925
	0
	  0
	0.335
	0.185
	0
	0
	0
	0
	0
	0
	0
	0

	1926
	0
	1.063
	0.471
	0.091
	0
	0.114
	0
	0
	0
	0
	0
	0

	1927
	0
	0
	0.037
	0.091
	0
	106.69
	46.622
	0
	0
	0
	0
	0.769

	1928
	0
	0
	0.074
	0.095
	0.177
	0
	0
	0
	0
	0
	0
	4.081

	1929
	2.614
	0.03
	2.437
	1.188
	4.011
	1.96
	3.145
	0
	0
	0
	0
	0

	1930
	0.777
	0.149
	0.04
	0.278
	0.018
	5.514
	6.2
	0
	0
	0
	0
	0

	1931
	3.422
	2.278
	35.26
	27.828
	7.007
	0.14
	0.683
	0
	0
	0
	0
	37.404

	1932
	18.547
	4.199
	0.552
	0.095
	0.455
	0.069
	6
	0.496
	0
	0
	5.346
	3.606

	1933
	0
	3.765
	0.719
	2.447
	10.985
	28.185
	11.676
	0
	0
	3.564
	0.977
	0

	1934
	3.791
	1.686
	0.052
	0.091
	0
	0
	3.902
	20.265
	3.809
	0
	0.193
	0.958

	1935
	0
	1.211
	0.264
	0.091
	0.606
	12.933
	8.98
	0
	0
	0
	0
	0

	1936
	6.299
	22.784
	4.478
	0.11
	1.829
	0
	0.884
	0
	0
	0
	0
	0

	1937
	0
	0
	9.133
	6.177
	1.241
	0.017
	2.021
	0
	0
	0
	0
	0

	1938
	0.121
	1.212
	0.48
	0.099
	13.481
	5.665
	2.932
	0
	0
	0
	24.113
	10.219

	1939
	7.965
	1.861
	0.052
	0.091
	26.692
	23.522
	6.929
	0
	0
	0
	0
	0

	1940
	0
	0
	0.037
	0.091
	0.062
	0
	6.694
	1.173
	0
	0
	0
	0

	1941
	21.291
	8.462
	1.372
	2.239
	1.429
	0
	1.035
	0
	0
	0
	0
	0

	1942
	9.254
	5.147
	0.096
	0.203
	0
	0
	1.227
	0
	1.482
	0.139
	0
	0.007

	1943
	0
	68.944
	24.288
	0.132
	1.629
	1.356
	3.079
	125.271
	40.243
	0
	0.172
	0.509

	1944
	0.262
	0.019
	0.037
	0.091
	0.16
	0
	2.646
	0
	0
	0
	0
	0

	1945
	0
	0
	0.033
	0.084
	0
	0.551
	0
	0
	0
	0
	0
	0

	1946
	0
	0
	0.037
	0.091
	0
	0.815
	0
	0
	0
	0
	0
	0

	1947
	0.266
	0.057
	0.078
	0.091
	4.01
	1.817
	61.121
	18.035
	0
	0
	0
	0

	1948
	0
	0
	0.033
	0.091
	0
	0
	0
	0
	0
	0
	0
	0

	1949
	0
	13.835
	4.613
	0.083
	0
	9.987
	13.085
	0
	0
	0
	0
	0

	1950
	2.449
	8.637
	6.396
	21.286
	8.913
	0
	0.853
	0
	0
	0
	0
	1.226

	1951
	0.199
	0
	0.04
	0.129
	27.648
	10.967
	2.593
	0
	0
	0
	0
	81.423

	1952
	26.572
	1.399
	0.055
	0.091
	1.523
	0
	0.808
	0
	0
	0
	0
	1.101

	1953
	89.669
	48.255
	7.373
	0.286
	0.232
	80.932
	32.666
	1.083
	0
	0
	0
	0

	1954
	0
	0
	0.081
	0.11
	13.612
	5.844
	3.611
	0
	0
	0
	0
	0

	1955
	0
	1.95
	0.79
	0.095
	0
	2.249
	3.684
	0
	0
	0
	0
	2.268

	1956
	0.479
	4.187
	2.185
	0.217
	4.005
	4.992
	4.159
	0
	0
	0
	0
	0

	1957
	0
	0
	0.033
	0.158
	0
	0
	0
	7.538
	1.17
	0
	0
	0

	1958
	0
	0
	0.089
	1.63
	1.438
	5.184
	18.712
	3.31
	0
	0.52
	0.051
	0

	1959
	0
	0
	0.04
	0.158
	0
	0
	1.263
	0
	0
	0
	0
	0

	1960
	0
	0
	0.089
	0.587
	0.255
	97.868
	53.106
	1.874
	0
	0
	0
	0

	1961
	0
	0
	0.033
	0.091
	0.639
	4.134
	4.658
	0
	0
	0
	0
	0

	1962
	0.053
	0.161
	0.141
	37.176
	25.137
	66.409
	34.292
	0.491
	0
	0
	0
	0

	1963
	0
	1.111
	1.222
	0.11
	1.178
	0.043
	1.616
	0
	2.794
	0.574
	0.825
	2.139

	1964
	0.03
	0.317
	1.111
	0.185
	0
	0
	3.155
	0
	0
	0
	0
	0

	1965
	8.969
	13.019
	1.802
	0.233
	0.494
	0
	0.842
	0
	0
	0
	0
	0

	1966
	0
	0
	0.134
	0.091
	0
	0.148
	0.37
	19.319
	4.425
	0
	0.245
	0.348

	1967
	0
	0
	0.037
	0.084
	0
	0
	0.89
	0
	4.322
	1.104
	0
	31.585

	1968
	9.942
	0
	0.044
	0.091
	0.062
	3.857
	4.994
	0
	0
	0
	0
	0

	1969
	0
	0
	0.033
	0.084
	0.509
	0.081
	0
	0
	0
	0
	2.429
	2.632

	1970
	0.438
	0.317
	26.276
	9.982
	3.177
	0.41
	11.262
	2.169
	0
	2.109
	162.25
	54.507

	1971
	0.61
	0.232
	0.07
	0.659
	1.326
	3.009
	3.894
	0
	0
	0
	0
	0

	1972
	0
	0
	0.052
	0.084
	0.402
	4.671
	11.353
	0.803
	0
	0
	0
	0

	1973
	0
	0.438
	0.737
	46.709
	75.448
	194.185
	65.725
	5.796
	0
	0
	2.628
	2.093

	1974
	0
	4.887
	0.141
	0.173
	2.47
	11.025
	6.224
	0
	0
	0
	0
	14.829

	1975
	4.516
	0
	3.884
	9.246
	21.569
	84.477
	29.669
	0
	0
	0
	0
	0

	1976
	11.797
	5.941
	0.114
	0.091
	90.045
	28.993
	6.965
	66.515
	19.576
	0
	0
	0.021

	1977
	0
	1.683
	2.103
	0.51
	0.298
	0
	3.134
	0
	0
	0
	0
	0

	1978
	0
	0
	0.775
	0.508
	0.284
	0
	0
	0
	0
	85.387
	134.945
	36.409

	1979
	0
	0
	0.04
	0.293
	4.722
	0.373
	2.431
	0
	0
	0
	0
	0

	1980
	0
	2.233
	0.854
	0.464
	3.533
	35.759
	14.743
	9.209
	0.393
	0
	3.586
	1.645

	1981
	10.404
	3.422
	0.617
	0.136
	0
	0
	14.522
	4.239
	0
	0
	0
	0

	1982
	0
	0
	0.037
	0.084
	0
	0
	0
	0
	0
	43.686
	20.201
	0.744

	1983
	0.03
	1.759
	0.278
	0.099
	0
	0
	0.347
	0
	0
	0
	0
	0

	1984
	0
	0
	0.066
	1.638
	7.768
	0.02
	2.685
	0
	0
	0
	0
	0

	1985
	0.93
	8.221
	40.629
	14.292
	1.14
	0
	0.263
	0
	0
	0
	0
	0

	1986
	8.948
	6.127
	0.063
	0.091
	0.043
	0
	0
	0
	0
	0
	0
	0

	1987
	0
	0.126
	0.033
	0.091
	4.279
	13.826
	8.291
	0
	0
	0
	0
	0

	1988
	0
	0
	0.638
	0.815
	1.211
	0
	8.258
	0.797
	0
	0
	0
	0

	1989
	2.574
	55.782
	14.994
	0.098
	1.616
	0.364
	0.861
	0
	0
	0
	0
	0

	1990
	0
	0
	0.033
	0.091
	0
	0
	0
	0
	0
	0
	0
	0

	1991
	4.822
	2.133
	0.246
	0.147
	0.047
	0
	0.688
	0
	0
	0
	0
	0

	1992
	0.676
	1.671
	0.561
	0.14
	0
	0
	0
	0
	0
	0
	0
	6.423

	1993
	1.805
	0.312
	12.535
	15.414
	12.49
	4.823
	3.927
	0
	0
	0
	0
	0
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EHI for the Future Scenario 4
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	67
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated) and State 5 (Closed mouth).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 4 State 4 and 5 occur for 66% of the time. 

Following the guidelines provided in DWAF (2004) score 67%. 


	H

	b. % similarity in mean annual frequency of floods
	82
	The reduction in high flows is deemed to be about 18 % depending on the size of the flood.


	M

	Hydrology score
	73
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	25
	Mouth closure is can occur under Scenario 4. Taking a precautionary approach a score of 0 is given as the estuary would stay closed for  more than a year at a time under drought conditions.

	L

	Hydrodynamics  and mouth conditions score
	25
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	67
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the estuary is much more saline under Scenario 4 due to the increase in the marine dominated state (State 4) and closed mouth condition (State 5).

St

%

Salinity

Upper (0.33)

Middle (0.33)

Lower (0.33)

5

14

30

30

30

4 

52

35

35

15

3

11

1

15

30

2

17

1

10

20

1

7

1

5

15


	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	52
	A significant increase in DIN and DRP concentrations in river inflow under Scenario 4 have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.13 very upper; 0.33 upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4 

5

% occurrence

7

17

11

52
14
Weight

1

0.84

0.67

0.33

0.16
The above reflects a modification of 48%.

	M

	2b. Suspended solids (turbidity) in the estuary
	76
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas of the estuary (strongest river influence) under States 2-5 has resulted in more turbid/less transparent compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).

Therefore any river inflow will contribute to higher turbidity/less transparency in the estuary (assume a 50% shift from Reference Condition). Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4 

5

% occurrence

7

17

11

52

14

Weight

1

0.84

0.67

0.33

0.16
Assuming a shift of 50% in affected areas the above reflect a modification of 24 (50% of 48). 


	M/L

	2c. 
Dissolved oxygen in the estuary
	61
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3-5 (assume a 50% shift from the Reference Condition).  Under Scenario 4 States 3-5 occur for 77% of the time. This reflects a modification of 39 (50% of 77).


	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 30% modification.


	L

	Water Quality score
	58
	
	


Physical habitat alteration
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% similarity in intertidal area exposed 
	50
	There will be infilling of the intertidal areas in the lower estuary due to the reduction in floods and baseflows. The influx will be of aeolian and marine origin. As a whole the intertidal areas are more stable under the Scenario 4 than under the Reference Conditions due to the decrease in floods. There is also some localised habitat disturbance due to the development of jetties.
In addition there is also a complete loss of the intertidal areas for 15 % of the time due to mouth closure. 


	L

	1b
	% similarity in sand fraction relative to total sand and mud
	70
	There might be an increase in the sandy sediment (marine and aeolian in nature) in the lower reaches due to the reduction in floods and baseflows.


	L

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	70
	Due to the reduction in floods  and baseflows infilling of the subtidal zone in lower estuary will occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.

In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	L

	
	Physical habitat score
	72.5
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M



5.5.2
Biotic Components 

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 mouth is likely to close during this scenario, for periods in excess of a year at times. As a result, expect a slight loss of water-column and MPB taxa (particularly of marine origin).
There is likely to be a decrease in MAR from present (33%), an increase in overall salinity (33%) and a decrease in turbidity (18%). As a result, it is likely that there will be an increase in phytoplankton biomass from the reference condition due to nutrients (48% - 100% of estuary), decrease due to turbidity (24%/4 ( 6%) and increase due to salinity stratification (33% - 50% of estuary ( 14%). It is likely that there will be a 59% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 41% increase.
A 31% decrease in oxygen from present state is likely to favour an increase in cyanophytes, particularly in the deeper middle reaches (one third of the 31% increase ( 10% change from present).
Confidence: Medium

	MACROPHYTES

	There is an increase in marine dominance which now occurs for most of the time.  Flooding does not change compared to natural.  The mouth can close every second year for short periods and for a full year every 20 years.  

State 4 occurs for 52% of the time where the freshwater influence is limited to the very upper reaches.  The estuary will be marine dominated in the lower and middle reaches (>30 ppt), with a weak front in the upper reaches at about 20 km from the mouth.  Saline water from the N2 bridge upstream will result in the die-back of reeds for approximately 10 km.  Azolla filiculoides and  Potamogeton pectinatus will disappear.  The latter may be replaced by the submerged macrophyte Ruppia cirrhosa which has a wider salinity tolerance range.

Confidence:  Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Compared to reference condition, marine dominance now occurs more of the time.  Marine dominance now occurs for 6 months for most of the year every second year    Weak pulses occur for a few months only.  Flooding does not change compared to natural (10 – 20% decrease). Mouth closes on average every second year for short periods and for a full year every 20 years.  Under this scenario, the mouth is choked with sediment much of the time and this leads to reduced tidal influence and water exchange weak.

There has been a significant decrease in chlorophyll-a concentration due to the reduction in freshwater inflow and the estuary now receives 55% of Natural MAR.  This will in turn, lead to a lower biomass of zooplankton on average (probably 30-40% decrease in biomass overall).  From a spatial; perspective, the REI now probably occupies a small region in the upper estuary and during dry periods, may only occur in the uppermost section.

The benthic community is likely to remain unchanged in terms of biomass, although a number of species will be lost, particularly in the uppermost reaches.  During periods of mouth closure, marine associated species will disappear from the estuary, particularly when the mouth remains closed for up to a year (Once every 20 years).  Intertidal organisms such as Upogebia africana will also fluctuate in abundance, due to lack of recruitment during mouth closure (this species requires an obligatory marine phase of development).  However, it is unlikely to disappear completely from the estuary if the mouth does not close for longer than a year.

Confidence: Low

	FISH

	Most marine stragglers will be absent from the system during the closed mouth phase and some marine migrants will undergo major reductions in abundance in those years when the mouth is closed for prolonged periods. Since the majority of fish species utilizing the estuary are from the marine environment this will lead to an estimated 40% decline in abundance. This decline in abundance could be even greater if mouth closure was to occur during spring and summer which coincides with the peak immigration period of estuary-associated marine larvae, i.e. October – March. If the system is closed during spring and summer there is a strong possibility that a population explosion by the Mozambique tilapia Oreochromis mossambicus  will occur.  
Confidence: Low

	BIRDS

	Closure of the estuary, inundation of intertidal areas, accumulation of sand in the lower section and contraction of reed-beds due to increasing salinity are likely to result in loss of some species, reduction in numbers and changes to the composition of the bird community.
Confidence: Low


EHI for the future Scenario 4:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 90

(95%)
	Expect a slight loss of species during the closed mouth state.
	M

	2a. Abundance
	59%
	There is likely to be a decrease in MAR from present (33%), an increase in overall salinity (33%) and a decrease in turbidity (18%). Marine state can occur for a period of >1 yr.

It is likely that there has been an increase in biomass from the reference condition due to nutrients (48% - 100% of estuary), decrease due to turbidity (24%/4 ( 6%) and increase due to salinity stratification (33% - 50% of estuary ( 14%). It is likely that there has been a 59% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 41% increase.

	L

	2b. Community composition
	50%
	A 31% decrease in oxygen from present state favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 31% increase ( 10% change from present).

	L

	Benthic microalgae

	1.  Species richness
	Score = 90
(95%)
	Mouth can be closed for >1 yr so possible to lose marine and freshwater taxa, limited to extreme upper and lower estuary – 5%

	L

	2a. Abundance
	69%
	Similar to present state. Possible slight increase in subtidal chl a due to 18% decrease in turbidity; 9% decrease from present.

	L

	2b. Community composition
	80%
	A 31% decrease in oxygen from present favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 31% increase ( 10% change from present).

	L

	Microalgae score
	50
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90% or original)
	Potamogeton pectinatus pondweed grows at salinity less than 10 ppt.  It will disappear from the estuary.


	M

	2a. Abundance/Biomass
	40
	Saline water from the N2 bridge upstream for 52% of the time will result in die-back of reeds and pondweed.


	M

	2b. Community composition
	50
	There will be a loss of reeds, salt marsh may develop in this habitat.


	M

	Macrophytes score
	40
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	Score = 

80

(90 %)

of original species
	Under this scenario, there is high probability that species richness will decline because of extended marine dominance. Loss of some species in the uppermost reaches and during periods of mouth closure particularly.  


	M

	2a. Abundance
	50 
	Abundance levels will decline significantly because of a significant reduction in riverine inflow and associated nutrients compared to natural.  The copepod Pseudodiaptomus hessei will decline significantly in abundance – the pioneer characteristic of this species following pulse events will have a ripple effect throughout the food web.  Because this estuary is plankton driven, the impact is most severe on this group.

	M

	2b. Community composition
	60
	As above
	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score = 

80

(90 %)

of original species
	Under this scenario, there is high probability that species richness will decline because of extended marine dominance. Loss of some species in the uppermost reaches and during periods of mouth closure particularly.  During mouth closure, marine associated species will decline (e.g. some amphipods and isopods)

	M

	2a. Abundance
	60
	Because of the dieback in the Phragmites beds, abundance levels of species associated with these beds will decline.  In the lower estuary, the increased accumulation of sandy substrata will lead to an increase in species associated with these sediments (as opposed to muds). Associated with increased marine dominance is significant die-back of Phragmites reedbeds and species associated with them (Macrobrachium spp.).

	M

	2b. Community composition
	60
	As above
	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

80

(90 %)

of original specie
	As above
	L

	2a. Abundance
	60
	As above
	L

	2b. Community composition
	60
	As above
	L

	Invertebrates score
	50
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 65 (80%)
	Loss of many marine stragglers and some marine migrants in those years when the estuary mouth is closed for prolonged periods.

	M

	2a. Abundance
	50
	On average, there will be a major reduction in those species affected by mouth closure. Since the majority of fish species utilizing the estuary are from the marine environment this will lead to an estimated 40% decline in abundance. In addition, the decline in abundance of angling fish species would further reduce the score by a further 10%.

	L

	2b. Community composition
	50
	The loss of a marine connection to the sea for extended periods is likely to have a major impact on the species composition of marine stragglers and those marine fishes that recruit mainly during spring and summer. When the system closes in spring and summer there is a strong possibility of a population explosion by the Mozambique tilapia Oreochromis mossambicus. An additional reduction in the numbers of marine angling species will cause a further deviation from the Reference fish community composition.   

	L

	Fish score
	50
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (76 %)
	With the contraction of reed-beds, several vegetative species and those depending on reed-beds for breeding or cover are likely to disappear from the estuary. The scarcer waders, Cape Cormorant and some tern species may cease to use the lower section due to accumulation of sand and covering of intertidal areas.

	L

	2a. Abundance
	59
	Absence of some species and predicted declines in numbers of ducks due to habitat contraction, reduction in piscivores due to predicted 50% reduction in fish and reduction in numbers of birds due to mouth closure, especially roosting terns, will markedly reduce abundance in the system (49%-72%).

	L

	2b. Community composition
	63
	Marked reduction in reed-bed birds, a reduced piscivorous component and reductions in waders and roosting terns results in changes to the composition of the avifauna (43%-74%)

	L

	Bird score
	59
	
	


5.6 Future Scenario 5: Similar to Present State, but with a 50% reduction in nutrient input and fishing effects
5.6.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 5 is provided in Table 4.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 5, derived from the 84-year simulated data set, is provided below: 
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	47.10
	64.37
	64.39
	48.38
	87.06
	147.85
	68.23
	89.05
	29.49
	65.53
	148.22
	67.86

	95%ile
	19.13
	27.42
	29.39
	27.95
	31.14
	89.21
	43.57
	23.02
	6.96
	5.90
	18.61
	38.32

	90%ile
	15.20
	14.77
	14.93
	13.75
	18.49
	33.54
	23.93
	9.18
	4.06
	4.15
	7.19
	12.66

	80%ile
	7.60
	8.25
	6.59
	5.59
	10.41
	15.19
	14.63
	4.56
	1.15
	3.10
	4.81
	7.01

	70%ile
	4.89
	6.40
	4.75
	4.44
	7.45
	8.91
	10.74
	3.08
	1.04
	2.42
	4.44
	5.19

	60%ile
	2.85
	4.45
	4.09
	3.87
	5.57
	5.49
	8.16
	2.69
	1.02
	2.17
	4.11
	4.15

	50%ile
	2.34
	3.91
	3.27
	3.52
	5.07
	3.69
	7.25
	2.44
	1.02
	1.84
	4.01
	4.02

	40%ile
	1.96
	3.19
	2.59
	3.14
	4.71
	2.81
	6.72
	2.29
	1.00
	1.72
	3.92
	3.92

	30%ile
	1.81
	2.75
	2.31
	2.96
	4.51
	2.33
	6.13
	2.21
	0.99
	1.64
	3.89
	3.82

	20%ile
	1.80
	2.36
	2.16
	2.80
	3.94
	2.15
	5.91
	2.14
	0.99
	1.56
	3.86
	3.75

	10%ile
	1.76
	2.02
	2.15
	2.44
	3.58
	2.01
	5.59
	2.07
	0.98
	1.49
	3.81
	3.70

	1%ile
	1.74
	1.97
	2.14
	2.20
	3.44
	2.00
	5.27
	2.01
	0.97
	1.38
	3.77
	3.67


Scenario 5 flood regime

The flood regime will be similar to Present State.

Confidence:  Medium
Scenario 5 sediment processes

The sediment processes will be similar to Present State.

Confidence:  Medium
Table 4. Simulated monthly flow to the Sundays Estuary for the Future Scenario 5 in m3/s

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

	1920
	1.81
	2.76
	10.25
	5.44
	8.73
	18.62
	24.43
	6.32
	1.02
	1.81
	3.87
	3.73

	1921
	1.75
	30.62
	113.17
	37.17
	4.22
	2.88
	6.30
	3.04
	1.40
	2.68
	4.23
	3.93

	1922
	1.79
	20.39
	8.09
	4.16
	5.05
	3.37
	6.86
	2.26
	1.03
	5.42
	5.03
	3.76

	1923
	1.86
	6.16
	3.07
	2.93
	7.94
	4.66
	6.36
	2.03
	0.99
	1.37
	3.89
	4.83

	1924
	1.79
	1.97
	4.66
	3.87
	4.05
	11.74
	11.29
	2.94
	1.05
	2.26
	4.05
	5.20

	1925
	1.92
	2.79
	3.25
	3.00
	3.42
	2.08
	5.19
	2.14
	0.99
	1.83
	3.77
	3.82

	1926
	1.98
	5.60
	3.25
	2.79
	3.54
	2.23
	5.86
	2.39
	0.99
	1.62
	4.01
	3.70

	1927
	1.75
	1.97
	2.20
	2.96
	3.49
	126.31
	52.05
	2.21
	1.00
	1.47
	3.84
	9.08

	1928
	3.16
	2.21
	2.41
	2.88
	4.70
	2.11
	6.03
	2.08
	0.99
	2.98
	4.38
	11.95

	1929
	5.08
	2.47
	6.25
	4.95
	7.55
	5.66
	6.77
	2.07
	1.07
	1.90
	4.49
	4.03

	1930
	6.02
	3.70
	2.16
	4.46
	4.13
	9.83
	10.00
	2.51
	0.99
	3.86
	4.70
	3.81

	1931
	7.62
	4.79
	40.06
	32.59
	10.67
	2.30
	5.76
	2.42
	0.99
	1.80
	3.90
	46.66

	1932
	21.40
	6.76
	2.75
	2.97
	5.11
	2.28
	12.21
	4.08
	1.02
	1.50
	13.46
	7.21

	1933
	1.83
	6.96
	4.45
	6.25
	14.90
	32.89
	15.61
	2.32
	1.01
	6.81
	5.67
	3.95

	1934
	7.59
	5.05
	2.72
	3.18
	4.72
	2.01
	9.54
	24.41
	7.28
	3.23
	4.19
	4.50

	1935
	1.92
	4.16
	3.56
	2.99
	5.26
	17.21
	12.91
	2.56
	1.02
	2.17
	4.02
	3.81

	1936
	12.63
	25.69
	8.21
	3.65
	5.48
	2.38
	5.75
	2.25
	0.98
	1.55
	3.78
	3.84

	1937
	1.78
	3.38
	17.77
	10.17
	4.65
	2.12
	7.23
	2.53
	0.99
	1.74
	3.82
	3.86

	1938
	3.25
	7.04
	3.51
	3.12
	19.37
	9.57
	6.56
	2.25
	1.01
	2.38
	33.80
	14.20

	1939
	10.71
	4.37
	2.17
	2.94
	33.98
	28.30
	10.74
	2.70
	0.99
	2.27
	3.99
	5.72

	1940
	2.10
	2.32
	2.15
	3.87
	5.17
	2.04
	14.14
	4.82
	1.03
	1.65
	3.91
	3.69

	1941
	28.23
	11.26
	4.50
	6.56
	4.85
	2.25
	6.05
	2.21
	1.00
	1.63
	4.03
	3.86

	1942
	16.78
	7.80
	2.25
	3.51
	3.70
	3.08
	6.95
	2.36
	4.17
	4.27
	4.36
	4.16

	1943
	1.78
	74.40
	28.85
	3.42
	5.51
	5.07
	6.71
	131.86
	44.55
	3.35
	4.05
	4.04

	1944
	2.67
	2.46
	2.15
	2.87
	4.74
	4.53
	6.74
	3.52
	1.37
	2.35
	3.92
	3.69

	1945
	1.76
	1.98
	2.14
	2.20
	4.77
	4.09
	8.16
	3.02
	0.99
	1.65
	3.85
	3.72

	1946
	3.11
	2.92
	2.16
	2.80
	3.50
	3.72
	6.50
	2.14
	1.02
	1.75
	3.89
	4.78

	1947
	3.26
	3.54
	3.60
	3.59
	13.18
	5.59
	66.83
	22.27
	1.03
	1.71
	3.86
	3.73

	1948
	1.80
	2.00
	2.14
	2.66
	3.82
	2.00
	5.58
	4.41
	0.98
	2.12
	3.78
	3.65

	1949
	1.74
	18.38
	7.10
	2.79
	5.15
	20.31
	17.25
	2.97
	0.99
	1.85
	4.99
	6.38

	1950
	5.38
	11.30
	10.31
	25.46
	12.50
	2.34
	5.76
	2.09
	0.97
	1.81
	4.01
	6.89

	1951
	2.70
	2.20
	2.15
	2.47
	38.60
	15.20
	6.22
	2.47
	1.08
	1.69
	4.82
	89.48

	1952
	29.08
	3.91
	3.39
	3.05
	6.15
	2.28
	5.77
	2.03
	1.01
	1.47
	4.89
	7.66

	1953
	95.81
	51.99
	11.34
	4.00
	3.60
	87.86
	37.51
	4.73
	1.13
	2.40
	4.05
	3.89

	1954
	1.81
	4.47
	2.57
	2.87
	20.71
	9.69
	7.28
	2.24
	0.99
	1.65
	3.87
	3.72

	1955
	1.75
	8.69
	4.24
	3.14
	4.70
	6.94
	7.36
	2.87
	1.02
	1.66
	3.78
	8.00

	1956
	4.88
	7.37
	5.97
	3.59
	7.87
	8.89
	7.86
	2.19
	1.00
	1.59
	3.87
	3.80

	1957
	1.76
	1.97
	2.15
	4.08
	4.01
	2.00
	5.60
	16.81
	4.61
	2.84
	3.92
	3.92

	1958
	1.81
	2.18
	3.29
	6.59
	4.94
	9.01
	22.77
	6.98
	1.04
	3.89
	5.28
	4.02

	1959
	1.80
	2.01
	2.16
	5.37
	4.54
	2.44
	6.29
	2.41
	1.02
	1.56
	4.57
	4.13

	1960
	1.83
	3.00
	2.42
	4.91
	4.41
	109.93
	59.32
	5.55
	1.23
	2.17
	4.80
	3.99

	1961
	1.76
	1.97
	2.14
	2.73
	9.72
	7.91
	8.32
	2.42
	1.02
	1.43
	4.76
	3.98

	1962
	2.32
	4.20
	2.44
	45.96
	29.61
	72.21
	39.01
	4.10
	1.06
	2.01
	4.00
	3.74

	1963
	2.85
	6.36
	4.98
	3.34
	5.09
	2.80
	6.14
	2.07
	6.79
	5.10
	4.49
	5.70

	1964
	2.41
	2.77
	4.85
	3.54
	3.46
	2.18
	8.62
	3.21
	1.15
	3.30
	4.29
	4.01

	1965
	13.32
	15.78
	4.74
	4.44
	4.13
	2.02
	6.08
	2.18
	0.99
	1.39
	3.93
	4.16

	1966
	1.76
	2.48
	2.25
	2.71
	3.71
	3.41
	8.14
	26.25
	7.87
	3.42
	4.07
	3.87

	1967
	1.79
	2.10
	2.15
	2.30
	3.48
	3.89
	7.88
	2.52
	6.32
	4.61
	4.12
	37.30

	1968
	12.38
	2.33
	2.16
	2.35
	6.39
	7.97
	8.71
	2.51
	1.02
	1.52
	3.86
	3.74

	1969
	2.10
	2.58
	2.15
	2.34
	5.59
	2.18
	5.43
	2.25
	0.97
	1.43
	15.49
	7.69

	1970
	2.85
	2.77
	30.40
	13.89
	6.65
	3.34
	15.80
	5.79
	1.15
	8.00
	171.48
	59.87

	1971
	3.02
	2.68
	2.32
	5.81
	4.75
	6.85
	7.59
	2.14
	0.99
	1.50
	3.85
	3.68

	1972
	1.74
	2.03
	2.16
	2.20
	10.42
	11.08
	15.37
	4.45
	1.01
	1.58
	4.56
	3.98

	1973
	1.80
	3.14
	5.11
	54.93
	82.39
	206.10
	72.01
	9.67
	2.00
	2.90
	8.39
	5.66

	1974
	1.90
	8.07
	3.82
	2.96
	6.96
	15.19
	10.01
	2.07
	0.98
	2.24
	3.89
	20.55

	1975
	6.82
	3.06
	9.77
	13.42
	26.01
	91.72
	34.41
	3.03
	1.06
	2.12
	4.03
	3.79

	1976
	17.90
	8.52
	2.34
	2.70
	99.67
	33.82
	10.76
	73.21
	23.91
	2.94
	3.90
	3.93

	1977
	1.81
	4.35
	6.16
	4.22
	3.67
	3.66
	6.81
	2.16
	1.03
	1.76
	3.93
	3.72

	1978
	2.08
	3.70
	4.12
	3.89
	6.60
	2.58
	5.77
	2.67
	1.04
	92.84
	139.62
	40.23

	1979
	2.00
	2.52
	2.16
	5.17
	9.03
	4.08
	6.05
	2.02
	1.01
	1.54
	3.84
	4.04

	1980
	1.97
	9.85
	4.64
	4.03
	7.44
	39.90
	18.51
	13.13
	3.80
	3.01
	7.85
	5.19

	1981
	13.22
	5.99
	4.34
	3.54
	3.45
	2.00
	20.60
	8.04
	1.02
	3.79
	4.43
	4.28

	1982
	1.96
	2.39
	2.15
	2.35
	3.54
	2.00
	5.43
	2.06
	0.98
	55.43
	24.39
	4.28

	1983
	2.42
	4.28
	3.99
	3.51
	3.50
	2.04
	5.68
	2.09
	1.03
	1.55
	3.84
	3.68

	1984
	1.76
	3.92
	2.37
	10.84
	11.51
	3.18
	6.85
	2.35
	1.00
	2.20
	3.79
	3.77

	1985
	6.31
	12.41
	46.35
	18.72
	4.55
	2.01
	5.48
	2.01
	0.97
	1.39
	3.88
	3.71

	1986
	17.04
	8.77
	2.19
	2.57
	4.53
	2.03
	5.53
	2.28
	1.00
	1.48
	3.80
	8.22

	1987
	2.73
	4.37
	2.46
	2.65
	10.40
	18.24
	12.21
	3.06
	1.00
	1.60
	3.85
	6.31

	1988
	2.37
	3.79
	4.88
	4.55
	4.65
	2.72
	13.08
	4.43
	1.02
	1.54
	3.88
	3.77

	1989
	8.12
	60.66
	19.15
	3.23
	5.61
	2.47
	6.00
	2.10
	1.00
	1.61
	3.84
	3.69

	1990
	1.81
	2.01
	2.15
	3.26
	3.65
	2.00
	5.30
	2.01
	0.97
	1.68
	3.81
	3.84

	1991
	16.01
	7.20
	3.15
	2.95
	4.67
	2.46
	5.95
	2.03
	0.99
	2.03
	4.98
	4.09

	1992
	2.95
	5.96
	2.68
	3.65
	4.40
	2.01
	5.95
	2.20
	1.67
	2.90
	3.97
	12.96

	1993
	5.00
	3.76
	16.46
	19.62
	16.43
	8.72
	7.60
	2.28
	0.98
	1.71
	4.34
	4.10
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EHI for the Future Scenario 5
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	67
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 5 low flows do not occur. 

Following the guidelines provided in DWAF (2004) score 67%. 

	H

	b. % similarity in mean annual frequency of floods
	87
	The reduction in high flows is deemed to be about 13 % depending on the size of the flood.


	L

	Hydrology score
	75
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure will not occur under the Present State.
	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	64
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the estuary is much fresher under Scenario 5 due to the loss of the marine dominated state (State 4).
St

%

Salinity

Upper (0.33)

Middle (0.33)

Lower (0.33)

5

0

30

30

30

4

0

15

35

35

3

16

1

15

30

2

74

1

10

20

1

10

1

5

15


	M

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	58
	A significant increase in DIN and DRP concentrations in river inflow under the Present State have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

74

16

0

Weight

1

0.84

0.67

0.33

Assume a 50% reduction in DIN/DRP in river inflow compared to the Reference Conditions.  This reflects a modification of 42 (50% of 83 – weighted score of occurrence of different states). 

	M

	2b. Suspended solids (turbidity) in the estuary
	79
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas (strongest river influence) under States 2-4 results in more turbid/less transparent conditions compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).  

Any river inflow will therefore contribute to higher turbidity/less transparency in the estuary.  However, Scenario 5 assumes a 50% reduction in nutrient inputs from the river (thus assume a 25% shift under this scenario, half of what is assumed for the Present State with the higher nutrient loads).  Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

74

16

0

Weight

1

0.84

0.67

0.33

Assuming a shift of 25% in affected areas the above reflect a modification of 21 (25% of 83). 


	M/L

	2c. 
Dissolved oxygen in the estuary
	96
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4. However, Scenario 5 assumes a 50% reduction in nutrient inputs from the river (thus assume a 25% shift under this scenario, half of what is assumed for the Present State with the higher nutrient loads). Under Scenario 5 States 3 and 4 occur for 16% of the time. This reflects a modification of 4 (25% of 16).


	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 30% modification.


	L

	Water Quality score
	60.4
	
	


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
	The intertidal areas are judge to be very similar to the Reference Condition. There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under the Present State than under the Reference Conditions due to the decrease in floods. There is also localised habitat disturbance due to bank stabilisation and the development of jetties. 


	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There might be an increase in the sandy sediment near the mouth area due to the reduction in floods.


	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary might occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.
In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M



5.6.2
Biotic Components 

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

	There is no change in the mouth condition during this scenario so it is unlikely that there will be any loss of taxa. 

There is likely to be a decrease in MAR from present (33%), an increase in overall salinity (33%) and an increase in turbidity (36%). Marine state can occur for a period of >1 yr.
It is likely that there will be an increase in biomass from the reference condition due to nutrients (42% - 100% of estuary), decrease due to turbidity (22%/4 ( 6%) and increase due to salinity stratification (36% - 50% of estuary ( 18%). It is likely that there will be 54% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 38% increase.
A possible increase in oxygen is likely to favour a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 4% increase ( 1% change from present).
Possible increase in subtidal chl a due to a 5% decrease in turbidity in the upper 2/3 of the estuary; 3% decrease from present.

Confidence: Medium

	MACROPHYTES

	Low flows no longer occur and there is a 10-20% decrease in floods.  The estuary is much fresher due to the loss of the marine dominant phase.  An increase in DIN and DRP concentrations in river inflow under the Present State increased nutrient inputs to the estuary compared with the Reference Condition This was an 83% modification.  For this Scenario the nutrients are decreased by 50% (42% modification). The decrease in salinity, increase in nutrients and increase in sediment stability has increased both submerged and emergent macrophyte growth.  Dense beds of emergent reeds, Phragmites australis, occur in the upper reaches and the water column is filled with pondweed, Potamogeton pectinatus that thrives at salinity less than 10 ppt.  Azolla filiculoides may not occur as frequently as it does presently because of reduced nutrient input.

Confidence:  M

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Under this scenario, nutrient levels are more similar to natural (50% reduction in nutrients compared to present) and there will be a corresponding reduction in zooplankton biomass because of reduced phytoplankton production.  However, pulses of freshwater (natural variability in flow) will remain unchanged and periods of marine dominance will not be present.  Thus abundance levels will be closer to natural, but variability will be absent compared to natural.

The mix in species will also change compared to the natural state, due to the lack of the marine dominant state and the absence of natural variability. Large floods now reduced by 10-20%.
Confidence: M

	FISH

	Fish abundance and biomass will be more similar to the Reference Condition than the Present State. The absence of low flows and absence of the marine dominant state may preclude certain stenohaline marine fish species from entering the estuary. 
Confidence: Medium

	BIRDS

	Lowering of density of reed-beds may result in small reductions to density of some species but closeness of macrophytes and fish species to natural conditions will result in little change.
Confidence: Low


EHI for the future Scenario 5:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%) 
	No change in mouth state.
	M

	2a. Abundance
	62%
	There is likely to be a decrease in MAR from present (33%), an increase in overall salinity (33%) and an increase in turbidity (36%). Marine state can occur for a period of >1 yr.

It is likely that there has been an increase in biomass from the reference condition due to nutrients (42% - 100% of estuary), decrease due to turbidity (22%/4 ( 6%) and increase due to salinity stratification (36% - 50% of estuary ( 18%). It is likely that there has been a 54% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 38% increase.

	L

	2b. Community composition
	61%
	A possible increase in oxygen, compared to present, favouring a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 4% increase ( 1% change from present).

	L

	Benthic microalgae

	1.  Species richness
	Score = 100
(100%)
	Same as present state.
	L

	2a. Abundance
	63%
	Similar to present state. Possible increase in subtidal chl a due to 5% decrease in turbidity; 3% decrease from present.

	M

	2b. Community composition
	91%
	A 4% increase in oxygen from present favouring a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 4% increase ( 1% change from present).

	L

	Microalgae score
	61
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	The increase in freshwater conditions has not resulted in a loss of species as the salt tolerant species still occur in the middle and lower reaches of the estuary.

	M

	2a. Abundance/Biomass
	75
	The reduction in freshwater floods has resulted in water with a high residence time in the upper reaches of the estuary.  Agricultural return flow has resulted in nutrient enrichment.  This has increased the biomass of Potamogeton pectinatus and  Phragmites australis (20% change). The increase in freshwater conditions downstream has resulted in the expansion of Phragmites into the middle reaches of the estuaries (5% change).   


	H

	2b. Community composition
	85
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus (5%).  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks (10%).


	H

	Macrophytes score
	75
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	Score

100 = 


	No change in species richness compared to natural.
	M

	2a. Abundance
	70
	Under this scenario, abundance levels of zooplankton will be closer to the natural state because of the reduced nutrient input and corresponding reduction in phytoplankton biomass. However, pulses of freshwater (natural variability in flow) will remain unchanged and periods of marine dominance will not be present.  Thus abundance levels will be closer to natural, but variability will be absent compared to natural.

	M

	2b. Community composition
	70
	The mix in species will change compared to the natural state, due to the lack of the marine dominant state and the absence of natural variability. Large floods now reduced by 10-20% and remain unchanged compared to present.

	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =

100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	80
	The subtidal benthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal. The persistence of the floodtidal delta under present day conditions now ensures that the aperiodic removal of the delta by large floods (reduced by 10-20%) is less frequent.  Therefore, greatest change in abundance in the intertidal benthos is associated with the delta region becoming more stable – less frequent scouring and removal on benthic organisms..

	M

	2b. Community composition
	80
	Because of the decrease in food availability compared to present (nutrients removed from inflowing freshwater), reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 10-20% change in species mix in the estuary.  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under present day conditions. 

	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

100

(… %)
	No change in species richness compared to natural.
	L

	2a. Abundance
	85
	As above 
	L

	2b. Community composition
	80
	As above
	L

	Invertebrates score
	70
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 95 (98%)
	Loss of one stenohaline marine species in comparison to Reference Condition.
	L

	2a. Abundance
	85
	Slight increases in zooplankton abundance and biomass when compared to the Reference Condition will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species. The abundance of all other fish species would be expected to be more similar to the Reference Condition than under the Present State. The decline in abundance of angling fish species would tend to offset the increase in abundance of some of the other non-angling taxa.

	L

	2b. Community composition
	90
	The slight increase in abundance of zooplanktivorous fish species will have resulted in a change in the ichthyofaunal community composition when compared to the Reference Condition. Similar increases in abundance of zoobenthic, hyperbenthic and detritus feeding fishes arising from slightly increased nutrient inputs when compared the Reference Condition will offset the imbalance created by the zooplanktonic feeding fishes increase. The more muted decline in abundance of angling fish species will result in a slight deviation from the Reference community composition.

	L

	Fish score
	85
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (100 %)
	Near reference condition, therefore species component expected to be the same.


	L

	2a. Abundance
	99
	Minor decrease in some reed-bed dwellers due to lower density of reeds.


	L

	2b. Community composition
	99
	Minor reduction in proportion of vegetative species.


	L

	Bird score
	99
	
	L


5.7 Future Scenario 6: Increase flow from transfer (similar to Scenario 1) with the abstraction for Port Elizabeth (similar to Scenario 4), but with a 50% reduction in nutrient input and fishing effects
5.7.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 6 is provided in Table 5.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 6, derived from the 84-year simulated data set, is provided below: 
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	46.39
	63.28
	61.46
	46.84
	84.22
	141.32
	65.98
	84.26
	26.19
	62.28
	145.62
	66.25

	95%ile
	18.68
	27.65
	28.49
	27.53
	30.67
	84.99
	42.22
	20.69
	4.63
	4.27
	17.32
	37.91

	90%ile
	14.75
	15.28
	14.49
	13.72
	18.59
	31.57
	23.21
	7.20
	1.72
	2.93
	6.81
	12.38

	80%ile
	7.46
	9.09
	6.35
	5.79
	10.86
	13.81
	14.49
	2.79
	0.00
	1.66
	4.20
	6.81

	70%ile
	4.76
	7.06
	4.59
	4.67
	8.03
	7.83
	10.55
	1.36
	0.00
	0.54
	3.89
	5.02

	60%ile
	2.77
	5.54
	3.91
	4.15
	6.25
	4.54
	8.08
	0.99
	0.00
	0.02
	3.71
	4.00

	50%ile
	2.19
	4.75
	3.11
	3.79
	5.77
	2.85
	7.23
	0.77
	0.00
	0.00
	3.61
	3.88

	40%ile
	1.80
	4.10
	2.45
	3.46
	5.41
	2.00
	6.69
	0.61
	0.00
	0.00
	3.38
	3.78

	30%ile
	1.61
	3.60
	2.22
	3.27
	5.23
	1.54
	6.14
	0.54
	0.00
	0.00
	3.11
	3.68

	20%ile
	1.52
	3.23
	1.92
	3.20
	4.67
	1.30
	6.00
	0.47
	0.00
	0.00
	2.97
	3.62

	10%ile
	1.42
	3.15
	1.72
	2.99
	4.34
	0.93
	5.78
	0.40
	0.00
	0.00
	2.91
	3.57

	1%ile
	1.31
	2.93
	1.66
	2.90
	4.20
	0.78
	5.70
	0.34
	0.00
	0.00
	2.76
	3.54


Scenario 6 flood regime

The flood regime will be similar to Present State.

Confidence:  Medium
Scenario 6 sediment processes

The sediment processes will be similar to Present State.

Confidence:  Medium
Table 4. Simulated monthly flow to the Sundays Estuary for the Future Scenario 6 in m3/s

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

	1920
	1.749
	3.628
	9.754
	5.608
	9.251
	17.191
	23.587
	4.448
	0
	0
	3.216
	3.594

	1921
	1.359
	30.584
	108.323
	36.004
	4.948
	2.063
	6.291
	1.343
	0
	0.879
	3.888
	3.792

	1922
	1.405
	21.374
	7.898
	4.396
	5.74
	2.523
	6.818
	0.58
	0
	3.147
	4.655
	3.625

	1923
	1.711
	6.938
	2.911
	3.216
	8.62
	3.786
	6.344
	0.366
	0
	0
	2.765
	4.647

	1924
	1.598
	2.99
	4.457
	4.118
	4.77
	10.506
	11.047
	1.23
	0
	0.121
	3.714
	5.015

	1925
	1.858
	3.649
	3.096
	3.288
	4.19
	0.79
	5.743
	0.468
	0
	0
	3.086
	3.677

	1926
	1.785
	6.513
	3.1
	3.088
	4.303
	1.447
	5.874
	0.705
	0
	0
	3.109
	3.565

	1927
	1.293
	3.074
	2.252
	3.243
	4.256
	120.723
	50.237
	0.541
	0
	0
	2.83
	8.751

	1928
	3.08
	3.066
	2.281
	3.168
	5.4
	1.32
	6.028
	0.41
	0
	0.747
	4.021
	11.573

	1929
	4.949
	3.319
	5.941
	5.141
	8.138
	4.778
	6.76
	0.403
	0
	0
	3.931
	3.886

	1930
	5.839
	4.507
	1.778
	4.933
	4.868
	8.666
	9.819
	0.826
	0
	1.587
	4.334
	3.669

	1931
	7.439
	5.565
	38.763
	31.782
	11.13
	1.511
	5.775
	0.734
	0
	0
	3.181
	45.736

	1932
	20.882
	7.486
	2.631
	3.255
	5.801
	1.486
	12.09
	2.37
	0
	0
	12.254
	6.994

	1933
	1.438
	7.961
	4.223
	6.401
	15.105
	31.001
	15.291
	0.646
	0
	4.61
	5.326
	3.806

	1934
	7.487
	5.843
	2.577
	3.453
	5.425
	1.18
	9.521
	22.138
	4.844
	2.26
	3.848
	4.346

	1935
	1.612
	5.231
	3.386
	3.277
	5.956
	15.747
	12.595
	0.866
	0
	0.01
	3.68
	3.677

	1936
	12.399
	26.075
	7.982
	3.904
	6.124
	1.576
	5.763
	0.568
	0
	0
	2.821
	3.7

	1937
	1.67
	4.26
	16.939
	10.131
	5.364
	1.273
	7.231
	0.834
	0
	0
	3.057
	3.716

	1938
	3.172
	7.736
	3.344
	3.4
	19.442
	8.483
	6.548
	0.571
	0
	0.202
	32.116
	13.607

	1939
	10.3
	5.148
	2.01
	3.267
	33.277
	26.34
	10.544
	0.999
	0
	0.061
	3.648
	5.494

	1940
	2.049
	3.175
	1.719
	4.412
	5.839
	0.943
	14.169
	3.049
	0
	0
	3.099
	3.56

	1941
	27.119
	11.75
	4.336
	6.721
	5.552
	1.45
	6.046
	0.533
	0
	0
	3.157
	3.718

	1942
	16.16
	8.435
	2.129
	3.779
	4.456
	2.243
	6.906
	0.677
	1.84
	3.274
	4.01
	4.008

	1943
	1.42
	73.169
	27.792
	3.687
	6.182
	4.174
	6.688
	127.147
	41.277
	2.377
	3.712
	3.897

	1944
	2.597
	3.306
	1.643
	3.54
	5.436
	3.622
	6.701
	1.795
	0
	0.522
	3.583
	3.559

	1945
	1.381
	2.943
	1.673
	3.067
	5.495
	3.241
	8.067
	1.311
	0
	0
	3
	3.58

	1946
	3.019
	3.741
	1.933
	3.199
	4.259
	2.896
	6.489
	0.466
	0
	0
	3.169
	4.595

	1947
	3.196
	4.351
	3.409
	3.843
	13.467
	4.635
	64.734
	19.909
	0
	0
	3.112
	3.592

	1948
	1.505
	3.008
	1.875
	3.211
	4.55
	0.833
	5.995
	2.623
	0
	0
	3.357
	3.519

	1949
	1.337
	19.527
	6.968
	3.085
	5.832
	18.622
	16.7
	1.259
	0
	0
	4.292
	6.129

	1950
	5.281
	11.925
	9.9
	25.233
	13.036
	1.539
	5.77
	0.419
	0
	0
	3.293
	6.685

	1951
	2.655
	3.057
	1.692
	3.12
	37.699
	13.785
	6.208
	0.79
	0
	0
	4.066
	88.835

	1952
	28.907
	4.686
	3.214
	3.333
	6.779
	1.481
	5.785
	0.357
	0
	0
	3.83
	7.409

	1953
	93.663
	51.542
	10.877
	4.24
	4.355
	83.748
	36.281
	2.957
	0
	0.329
	3.71
	3.752

	1954
	1.385
	5.611
	2.435
	3.163
	20.972
	8.662
	7.226
	0.561
	0
	0
	3.025
	3.58

	1955
	1.488
	9.574
	4.057
	3.415
	5.406
	5.918
	7.293
	1.165
	0
	0
	2.969
	7.796

	1956
	4.739
	7.995
	5.69
	3.847
	8.484
	7.81
	7.767
	0.519
	0
	0
	2.97
	3.662

	1957
	1.404
	2.913
	2.055
	4.522
	4.751
	0.761
	6.077
	14.624
	2.204
	1.874
	3.583
	3.778

	1958
	1.601
	3.215
	3.118
	6.774
	5.662
	8.002
	22.321
	5.184
	0
	1.717
	4.91
	3.883

	1959
	1.554
	3.085
	1.903
	5.675
	5.255
	1.638
	6.284
	0.73
	0
	0
	3.634
	3.975

	1960
	1.591
	4.024
	2.296
	5.121
	5.121
	103.917
	56.721
	3.748
	0
	0.206
	4.419
	3.843

	1961
	1.37
	3.112
	1.73
	3.397
	10.186
	6.952
	8.273
	0.745
	0
	0
	3.681
	3.831

	1962
	2.065
	5.207
	2.318
	44.613
	29.26
	69.225
	37.907
	2.364
	0
	0
	3.553
	3.608

	1963
	2.762
	7.01
	4.726
	3.604
	5.795
	1.979
	6.133
	0.402
	4.399
	4.091
	4.137
	5.527

	1964
	2.365
	3.605
	4.616
	3.803
	4.206
	1.386
	8.482
	1.494
	0
	1.227
	3.952
	3.872

	1965
	12.876
	16.307
	4.592
	4.66
	4.859
	1.234
	6.073
	0.502
	0
	0
	2.833
	4.007

	1966
	1.472
	3.593
	1.926
	3.208
	4.464
	2.566
	8.089
	24.042
	5.459
	2.432
	3.73
	3.735

	1967
	1.54
	3.178
	1.738
	2.902
	4.24
	3.008
	7.81
	0.835
	4.522
	3.181
	3.779
	36.898

	1968
	12.277
	3.18
	1.732
	2.968
	6.995
	6.986
	8.609
	0.816
	0
	0
	2.919
	3.602

	1969
	2.044
	3.417
	1.699
	2.975
	6.27
	1.184
	5.671
	0.574
	0
	0
	13.986
	7.41

	1970
	2.774
	3.605
	29.78
	13.936
	7.3
	2.517
	15.609
	4.043
	0
	5.72
	165.557
	57.894

	1971
	2.945
	3.52
	2.197
	5.956
	5.449
	5.827
	7.509
	0.467
	0
	0
	2.858
	3.545

	1972
	1.31
	3.162
	1.722
	2.943
	10.868
	9.934
	14.962
	2.676
	0
	0
	3.63
	3.834

	1973
	1.695
	4.061
	4.881
	52.867
	79.576
	197.003
	69.34
	7.669
	0
	1.615
	7.918
	5.481

	1974
	1.526
	8.996
	3.624
	3.252
	7.565
	13.843
	9.839
	0.403
	0
	0.037
	3.555
	20.351

	1975
	6.786
	3.883
	9.336
	13.2
	25.69
	87.299
	33.284
	1.325
	0
	0
	3.688
	3.655

	1976
	17.5
	9.228
	2.217
	2.995
	96.794
	31.811
	10.58
	68.391
	20.611
	1.973
	3.568
	3.788

	1977
	1.545
	5.428
	5.93
	4.464
	4.421
	2.795
	6.767
	0.492
	0
	0
	3.212
	3.584

	1978
	1.906
	4.64
	3.944
	4.152
	7.227
	1.768
	5.783
	0.973
	0
	90.24
	138.251
	39.796

	1979
	1.964
	3.366
	1.754
	5.646
	9.522
	3.191
	6.046
	0.35
	0
	0
	2.905
	3.887

	1980
	1.673
	10.738
	4.444
	4.281
	8.023
	38.577
	18.359
	11.083
	1.427
	2.048
	7.452
	5.033

	1981
	12.739
	6.709
	4.122
	3.795
	4.212
	0.782
	20.429
	6.112
	0
	1.553
	4.08
	4.12

	1982
	1.922
	3.236
	1.691
	3
	4.302
	0.783
	5.894
	0.394
	0
	51.934
	23.509
	4.131

	1983
	2.365
	5.046
	3.783
	3.772
	4.262
	1.039
	5.924
	0.416
	0
	0
	2.929
	3.545

	1984
	1.611
	4.805
	2.247
	10.767
	11.891
	2.342
	6.808
	0.666
	0
	0.017
	3.461
	3.63

	1985
	6.121
	12.878
	44.131
	18.246
	5.263
	0.987
	5.743
	0.341
	0
	0
	2.753
	3.57

	1986
	16.554
	9.414
	2.039
	2.906
	5.244
	0.906
	5.9
	0.604
	0
	0
	2.795
	7.876

	1987
	2.655
	5.118
	2.331
	2.946
	10.848
	16.648
	11.906
	1.346
	0
	0
	2.957
	6.055

	1988
	2.312
	4.568
	4.652
	4.769
	5.334
	1.906
	12.809
	2.671
	0
	0
	2.963
	3.634

	1989
	7.92
	59.618
	18.498
	3.502
	6.332
	1.683
	6.007
	0.43
	0
	0
	2.957
	3.56

	1990
	1.438
	3.212
	1.907
	3.654
	4.402
	0.845
	5.712
	0.339
	0
	0
	2.958
	3.699

	1991
	15.553
	7.909
	2.999
	3.237
	5.377
	1.651
	5.957
	0.363
	0
	0
	4.453
	3.946

	1992
	2.912
	6.737
	2.529
	3.947
	5.098
	1.039
	6.137
	0.522
	0
	1.342
	3.628
	12.722

	1993
	4.922
	4.547
	16.039
	19.368
	16.613
	7.641
	7.542
	0.599
	0
	0
	3.522
	3.958
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EHI for the Future Scenario 6
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	82
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated) and State 5 (Closed mouth).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 6 State 4 and 5 occur for 15% of the time. 

Following the guidelines provided in DWAF (2004) score 82%. 

	M

	b. % similarity in mean annual frequency of floods
	83
	The reduction in high flows is deemed to be about 17 % depending on the size of the flood.

	M

	Hydrology score
	82
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure is can occur under Scenario 4. Taking a precautionary approach a score of 0 is given as the estuary would stay closed for  more than a year at a time under drought conditions.

	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	72
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the estuary is much more fresh under Scenario 6 due to the increase in the  marine dominated state (State 4) and closed mouth condition (State 5).

St
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	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	63
	A significant increase in DIN and DRP concentrations in river inflow under the Present State have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

60
15
15
Weight

1

0.84

0.67

0.33

Assume a 50% reduction in DIN/DRP in river inflow compared to the Reference Conditions.  This reflects a modification of 37 (50% of 73 – weighted score of occurrence of different states). 


	M

	2b. Suspended solids (turbidity) in the estuary
	82
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas (strongest river influence) under States 2-4 results in more turbid/less transparent conditions compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).  

Any river inflow will therefore contribute to higher turbidity/less transparency in the estuary.  However, Scenario 5 assumes a 50% reduction in nutrient inputs from the river (thus assume a 25% shift under this scenario, half of what is assumed for the Present State with the higher nutrient loads).  Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

60
15
15
Weight

1

0.84

0.67

0.33

Assuming a shift of 25% in affected areas the above reflect a modification of 18 (25% of 73). 


	M/L

	2c. 
Dissolved oxygen in the estuary
	93
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4. However, Scenario 6 assumes a 50% reduction in nutrient inputs from the river (thus assume a 25% shift under this scenario, half of what is assumed for the Present State with the higher nutrient loads). Under Scenario 6 States 3 and 4 occur for 30% of the time. This reflects a modification of 7 (25% of 30).


	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 30% modification.


	L

	Water Quality score
	66.6
	
	


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
	The intertidal areas are judge to be very similar to the Reference Condition. 
There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under the Scenario 6 than under the Reference Conditions due to the decrease in floods. 
There is also some localised habitat disturbance due to the development of jetties. 

	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There will be an increase in the sandy sediment near the mouth area due to the reduction in floods.

	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary will occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.

In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.

	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties
	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M



5.7.2
Biotic Components 

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

	There is no change in the mouth state expected during this scenario.
There is likely to be a decrease in MAR from present (6%), an increase in overall salinity (8%) and an increase in turbidity (24%). As a result, it is likely that there will be an increase in biomass from the reference condition due to nutrients (37% - 100% of estuary), decrease due to turbidity (18%/4 ( 5%) and increase due to salinity stratification (28% - 50% of estuary ( 14%). It is likely that there will be a 46% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 32% increase.
A possible 1% increase in oxygen, compared to present, favouring a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 1% increase ( 0.3% change from present). Score the same as present for both benthic and water-column communities.
A possible increase in subtidal chl a due to a 24% decrease in turbidity; 12% increase from present.
Confidence: Medium

	MACROPHYTES

	Salinity gradients are closer to natural as the marine state is re-introduced in May, June and July,  Nutrients are reduced by 50 % compared to the present state.  The estuary is still fresher than natural due to the loss of the marine dominant phase.  The decrease in salinity, increase in nutrients and increase in sediment stability has increased both submerged and emergent macrophyte growth.  Dense beds of emergent reeds, Phragmites australis, occur in the upper reaches and the water column is filled with pondweed, Potamogeton pectinatus thrives at salinity less than 10 ppt.  Azolla filiculoides may not occur as frequently as it does presently because of reduced nutrient input

Confidence:  Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Marine influence during May – July and the reduction in nutrient inflow will lead towards more natural conditions, although freshwater conditions still persist for a greater proportion of the time compared to natural.  Some nutrients (50% compared to present) still persist and this will influence zooplankton production which is predicted to be higher compared to natural.   Natural variability remains less when compared to natural (less marine influence during dry season and reduction in floods particularly). 
Confidence: Medium

	FISH

	The composition and abundance of the various fish species will be more similar to the Reference Condition than the Present State. This is because the salinity regime and fish food resources will be closer to the Reference Condition than is the case at present. 

Confidence: Medium

	BIRDS

	Minor decrease in reed-bed birds due to reduced nutrients.
Confidence: Low


EHI for the future Scenario 6:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%) 
	No change in mouth state.
	M

	2a. Abundance
	68%
	There is likely to be a decrease in MAR from present (6%), an increase in overall salinity (8%) and an increase in turbidity (24%). 

It is likely that there will be an increase in biomass from the reference condition due to nutrients (37% - 100% of estuary), decrease due to turbidity (18%/4 ( 5%) and increase due to salinity stratification (28% - 50% of estuary ( 14%). It is likely that there will be a 46% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 32% increase.

	L

	2b. Community composition
	60%
	A possible 1% increase in oxygen, compared to present, favouring a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 1% increase ( 0.3% change from present). Score the same as present.

	L

	Benthic microalgae

	1.  Species richness
	Score = 100
(100%)
	Same as present state.
	L

	2a. Abundance
	48%
	Possible increase in subtidal chl a due to 24% decrease in turbidity; 12% increase from present.

	M

	2b. Community composition
	90%
	A possible 1% increase in oxygen, compared to present, favouring a slight decrease in cyanophytes, particularly in the deeper middle reaches (one third of the 1% increase ( 0.3% change from present). Score the same as present.

	L

	Microalgae score
	48
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	The increase in freshwater conditions has not resulted in a loss of species as the salt tolerant species still occur in the middle and lower reaches of the estuary.

	M

	2a. Abundance/Biomass
	80
	The reduction in freshwater floods has resulted in water with a high residence time in the upper reaches of the estuary.  Agricultural return flow has resulted in nutrient enrichment.  This has increased the biomass of Potamogeton pectinatus and  Phragmites australis (20% change). The higher salinity conditions In the winter months would prevent the downstream spread of Phragmites..   


	M

	2b. Community composition
	90
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus (5%).  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks (5%).


	M

	Macrophytes score
	80
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	Score

100 = 


	No change in species richness compared to natural.
	M

	2a. Abundance
	85
	Under this scenario, abundance levels of zooplankton will shift along the trajectory towards natural state. Marine dominated state now persists for 15% of the time (winter) compared to 33% of the time under natural conditions. This will result in lower abundance during the marine dominated state.  Consequently, some variability between states is restored and is much closer to natural.

	M

	2b. Community composition
	80
	The mix in species will change compared to the natural state, although the mix of species during marine dominated state will be close to natural. Large floods now reduced by 10-20% and remain unchanged compared to present.

	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =

100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	85
	The subtidal benthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal. The persistence of the floodtidal delta under present day conditions now ensures that the aperiodic removal of the delta by large floods (reduced by 10-20%) is less frequent.  Therefore, greatest change in abundance in the intertidal benthos is associated with the delta region.  However, the benthic community associated with the flood tidal delta will be less affected by the marine dominated phase because of its location at the mouth compared to other benthic species higher up the estuary. 

	M

	2b. Community composition
	80
	Because of the decrease in food availability compared to present (nutrients removed from inflowing freshwater), reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 10-20% change in species mix in the estuary.  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under present day conditions. 

	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

100

(… %)
	No change in species richness compared to natural.
	L

	2a. Abundance
	85
	As above 
	L

	2b. Community composition
	80
	As above
	L

	Invertebrates score
	80
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	No loss in fish species richness when compared to the Reference Condition.
	M

	2a. Abundance
	90
	Slight increases in zooplankton abundance and biomass when compared to the Reference Condition will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species such as Gilchristella aestuaria. The abundance of all other fish species would be expected to be more similar to the Reference Condition than under the Present State. The decline in abundance of angling fish species would tend to offset the increase in abundance of some of the other non-angling taxa.

	L

	2b. Community composition
	90
	The slight increase in abundance of zooplanktivorous fish species will have resulted in a change in the ichthyofaunal community composition when compared to the Reference Condition. Similar increases in abundance of zoobenthic, hyperbenthic and detritus feeding fishes arising from slightly increased nutrient inputs when compared the Reference Condition will offset the imbalance created by the zooplanktonic feeding fishes increase. The more muted decline in abundance of angling fish species will result in a slight deviation from the Reference community composition.

	L

	Fish score
	90
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (100 %)
	Near reference condition, therefore species component expected to be the same

	L

	2a. Abundance
	99
	Minor increase in some reed-bed dwellers and piscivores due to increased zoobenthic fish numbers.

	L

	2b. Community composition
	99
	Minor changes in proportions of vegetative and piscivorous species

	L

	Bird score
	99
	
	


5.8 Future Scenario 7: Increase flow from transfer (similar to Scenario 1), but allow for abstraction for Port Elizabeth (similar to Scenario 4).
5.8.1
Abiotic Components 

Seasonal variability in river inflow:

Monthly simulated runoff data for the Future Scenario 7 is provided in Table 5.  A summary of flow distributions (mean monthly flows in m3/s) for the Future Scenario 7, derived from the 84-year simulated data set, is provided below: 
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	99%ile
	46.39
	63.28
	61.46
	46.84
	84.22
	141.32
	65.98
	84.26
	26.19
	62.28
	145.62
	66.25

	95%ile
	18.68
	27.65
	28.49
	27.53
	30.67
	84.99
	42.22
	20.69
	4.63
	4.27
	17.32
	37.91

	90%ile
	14.75
	15.28
	14.49
	13.72
	18.59
	31.57
	23.21
	7.20
	1.72
	2.93
	6.81
	12.38

	80%ile
	7.46
	9.09
	6.35
	5.79
	10.86
	13.81
	14.49
	2.79
	0.00
	1.66
	4.20
	6.81

	70%ile
	4.76
	7.06
	4.59
	4.67
	8.03
	7.83
	10.55
	1.36
	0.00
	0.54
	3.89
	5.02

	60%ile
	2.77
	5.54
	3.91
	4.15
	6.25
	4.54
	8.08
	0.99
	0.00
	0.02
	3.71
	4.00

	50%ile
	2.19
	4.75
	3.11
	3.79
	5.77
	2.85
	7.23
	0.77
	0.00
	0.00
	3.61
	3.88

	40%ile
	1.80
	4.10
	2.45
	3.46
	5.41
	2.00
	6.69
	0.61
	0.00
	0.00
	3.38
	3.78

	30%ile
	1.61
	3.60
	2.22
	3.27
	5.23
	1.54
	6.14
	0.54
	0.00
	0.00
	3.11
	3.68

	20%ile
	1.52
	3.23
	1.92
	3.20
	4.67
	1.30
	6.00
	0.47
	0.00
	0.00
	2.97
	3.62

	10%ile
	1.42
	3.15
	1.72
	2.99
	4.34
	0.93
	5.78
	0.40
	0.00
	0.00
	2.91
	3.57

	1%ile
	1.31
	2.93
	1.66
	2.90
	4.20
	0.78
	5.70
	0.34
	0.00
	0.00
	2.76
	3.54


Scenario 7 flood regime

The flood regime will be similar to Present State.

Confidence:  Medium
Scenario 7 sediment processes

The sediment processes will be similar to Present State.

Confidence:  Medium
Table 5. Simulated monthly flow to the Sundays Estuary for the Future Scenario 7 in m3/s

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

	1920
	1.749
	3.628
	9.754
	5.608
	9.251
	17.191
	23.587
	4.448
	0
	0
	3.216
	3.594

	1921
	1.359
	30.584
	108.323
	36.004
	4.948
	2.063
	6.291
	1.343
	0
	0.879
	3.888
	3.792

	1922
	1.405
	21.374
	7.898
	4.396
	5.74
	2.523
	6.818
	0.58
	0
	3.147
	4.655
	3.625

	1923
	1.711
	6.938
	2.911
	3.216
	8.62
	3.786
	6.344
	0.366
	0
	0
	2.765
	4.647

	1924
	1.598
	2.99
	4.457
	4.118
	4.77
	10.506
	11.047
	1.23
	0
	0.121
	3.714
	5.015

	1925
	1.858
	3.649
	3.096
	3.288
	4.19
	0.79
	5.743
	0.468
	0
	0
	3.086
	3.677

	1926
	1.785
	6.513
	3.1
	3.088
	4.303
	1.447
	5.874
	0.705
	0
	0
	3.109
	3.565

	1927
	1.293
	3.074
	2.252
	3.243
	4.256
	120.723
	50.237
	0.541
	0
	0
	2.83
	8.751

	1928
	3.08
	3.066
	2.281
	3.168
	5.4
	1.32
	6.028
	0.41
	0
	0.747
	4.021
	11.573

	1929
	4.949
	3.319
	5.941
	5.141
	8.138
	4.778
	6.76
	0.403
	0
	0
	3.931
	3.886

	1930
	5.839
	4.507
	1.778
	4.933
	4.868
	8.666
	9.819
	0.826
	0
	1.587
	4.334
	3.669

	1931
	7.439
	5.565
	38.763
	31.782
	11.13
	1.511
	5.775
	0.734
	0
	0
	3.181
	45.736

	1932
	20.882
	7.486
	2.631
	3.255
	5.801
	1.486
	12.09
	2.37
	0
	0
	12.254
	6.994

	1933
	1.438
	7.961
	4.223
	6.401
	15.105
	31.001
	15.291
	0.646
	0
	4.61
	5.326
	3.806

	1934
	7.487
	5.843
	2.577
	3.453
	5.425
	1.18
	9.521
	22.138
	4.844
	2.26
	3.848
	4.346

	1935
	1.612
	5.231
	3.386
	3.277
	5.956
	15.747
	12.595
	0.866
	0
	0.01
	3.68
	3.677

	1936
	12.399
	26.075
	7.982
	3.904
	6.124
	1.576
	5.763
	0.568
	0
	0
	2.821
	3.7

	1937
	1.67
	4.26
	16.939
	10.131
	5.364
	1.273
	7.231
	0.834
	0
	0
	3.057
	3.716

	1938
	3.172
	7.736
	3.344
	3.4
	19.442
	8.483
	6.548
	0.571
	0
	0.202
	32.116
	13.607

	1939
	10.3
	5.148
	2.01
	3.267
	33.277
	26.34
	10.544
	0.999
	0
	0.061
	3.648
	5.494

	1940
	2.049
	3.175
	1.719
	4.412
	5.839
	0.943
	14.169
	3.049
	0
	0
	3.099
	3.56

	1941
	27.119
	11.75
	4.336
	6.721
	5.552
	1.45
	6.046
	0.533
	0
	0
	3.157
	3.718

	1942
	16.16
	8.435
	2.129
	3.779
	4.456
	2.243
	6.906
	0.677
	1.84
	3.274
	4.01
	4.008

	1943
	1.42
	73.169
	27.792
	3.687
	6.182
	4.174
	6.688
	127.147
	41.277
	2.377
	3.712
	3.897

	1944
	2.597
	3.306
	1.643
	3.54
	5.436
	3.622
	6.701
	1.795
	0
	0.522
	3.583
	3.559

	1945
	1.381
	2.943
	1.673
	3.067
	5.495
	3.241
	8.067
	1.311
	0
	0
	3
	3.58

	1946
	3.019
	3.741
	1.933
	3.199
	4.259
	2.896
	6.489
	0.466
	0
	0
	3.169
	4.595

	1947
	3.196
	4.351
	3.409
	3.843
	13.467
	4.635
	64.734
	19.909
	0
	0
	3.112
	3.592

	1948
	1.505
	3.008
	1.875
	3.211
	4.55
	0.833
	5.995
	2.623
	0
	0
	3.357
	3.519

	1949
	1.337
	19.527
	6.968
	3.085
	5.832
	18.622
	16.7
	1.259
	0
	0
	4.292
	6.129

	1950
	5.281
	11.925
	9.9
	25.233
	13.036
	1.539
	5.77
	0.419
	0
	0
	3.293
	6.685

	1951
	2.655
	3.057
	1.692
	3.12
	37.699
	13.785
	6.208
	0.79
	0
	0
	4.066
	88.835

	1952
	28.907
	4.686
	3.214
	3.333
	6.779
	1.481
	5.785
	0.357
	0
	0
	3.83
	7.409

	1953
	93.663
	51.542
	10.877
	4.24
	4.355
	83.748
	36.281
	2.957
	0
	0.329
	3.71
	3.752

	1954
	1.385
	5.611
	2.435
	3.163
	20.972
	8.662
	7.226
	0.561
	0
	0
	3.025
	3.58

	1955
	1.488
	9.574
	4.057
	3.415
	5.406
	5.918
	7.293
	1.165
	0
	0
	2.969
	7.796

	1956
	4.739
	7.995
	5.69
	3.847
	8.484
	7.81
	7.767
	0.519
	0
	0
	2.97
	3.662

	1957
	1.404
	2.913
	2.055
	4.522
	4.751
	0.761
	6.077
	14.624
	2.204
	1.874
	3.583
	3.778

	1958
	1.601
	3.215
	3.118
	6.774
	5.662
	8.002
	22.321
	5.184
	0
	1.717
	4.91
	3.883

	1959
	1.554
	3.085
	1.903
	5.675
	5.255
	1.638
	6.284
	0.73
	0
	0
	3.634
	3.975

	1960
	1.591
	4.024
	2.296
	5.121
	5.121
	103.917
	56.721
	3.748
	0
	0.206
	4.419
	3.843

	1961
	1.37
	3.112
	1.73
	3.397
	10.186
	6.952
	8.273
	0.745
	0
	0
	3.681
	3.831

	1962
	2.065
	5.207
	2.318
	44.613
	29.26
	69.225
	37.907
	2.364
	0
	0
	3.553
	3.608

	1963
	2.762
	7.01
	4.726
	3.604
	5.795
	1.979
	6.133
	0.402
	4.399
	4.091
	4.137
	5.527

	1964
	2.365
	3.605
	4.616
	3.803
	4.206
	1.386
	8.482
	1.494
	0
	1.227
	3.952
	3.872

	1965
	12.876
	16.307
	4.592
	4.66
	4.859
	1.234
	6.073
	0.502
	0
	0
	2.833
	4.007

	1966
	1.472
	3.593
	1.926
	3.208
	4.464
	2.566
	8.089
	24.042
	5.459
	2.432
	3.73
	3.735

	1967
	1.54
	3.178
	1.738
	2.902
	4.24
	3.008
	7.81
	0.835
	4.522
	3.181
	3.779
	36.898

	1968
	12.277
	3.18
	1.732
	2.968
	6.995
	6.986
	8.609
	0.816
	0
	0
	2.919
	3.602

	1969
	2.044
	3.417
	1.699
	2.975
	6.27
	1.184
	5.671
	0.574
	0
	0
	13.986
	7.41

	1970
	2.774
	3.605
	29.78
	13.936
	7.3
	2.517
	15.609
	4.043
	0
	5.72
	165.557
	57.894

	1971
	2.945
	3.52
	2.197
	5.956
	5.449
	5.827
	7.509
	0.467
	0
	0
	2.858
	3.545

	1972
	1.31
	3.162
	1.722
	2.943
	10.868
	9.934
	14.962
	2.676
	0
	0
	3.63
	3.834

	1973
	1.695
	4.061
	4.881
	52.867
	79.576
	197.003
	69.34
	7.669
	0
	1.615
	7.918
	5.481

	1974
	1.526
	8.996
	3.624
	3.252
	7.565
	13.843
	9.839
	0.403
	0
	0.037
	3.555
	20.351

	1975
	6.786
	3.883
	9.336
	13.2
	25.69
	87.299
	33.284
	1.325
	0
	0
	3.688
	3.655

	1976
	17.5
	9.228
	2.217
	2.995
	96.794
	31.811
	10.58
	68.391
	20.611
	1.973
	3.568
	3.788

	1977
	1.545
	5.428
	5.93
	4.464
	4.421
	2.795
	6.767
	0.492
	0
	0
	3.212
	3.584

	1978
	1.906
	4.64
	3.944
	4.152
	7.227
	1.768
	5.783
	0.973
	0
	90.24
	138.251
	39.796

	1979
	1.964
	3.366
	1.754
	5.646
	9.522
	3.191
	6.046
	0.35
	0
	0
	2.905
	3.887

	1980
	1.673
	10.738
	4.444
	4.281
	8.023
	38.577
	18.359
	11.083
	1.427
	2.048
	7.452
	5.033

	1981
	12.739
	6.709
	4.122
	3.795
	4.212
	0.782
	20.429
	6.112
	0
	1.553
	4.08
	4.12

	1982
	1.922
	3.236
	1.691
	3
	4.302
	0.783
	5.894
	0.394
	0
	51.934
	23.509
	4.131

	1983
	2.365
	5.046
	3.783
	3.772
	4.262
	1.039
	5.924
	0.416
	0
	0
	2.929
	3.545

	1984
	1.611
	4.805
	2.247
	10.767
	11.891
	2.342
	6.808
	0.666
	0
	0.017
	3.461
	3.63

	1985
	6.121
	12.878
	44.131
	18.246
	5.263
	0.987
	5.743
	0.341
	0
	0
	2.753
	3.57

	1986
	16.554
	9.414
	2.039
	2.906
	5.244
	0.906
	5.9
	0.604
	0
	0
	2.795
	7.876

	1987
	2.655
	5.118
	2.331
	2.946
	10.848
	16.648
	11.906
	1.346
	0
	0
	2.957
	6.055

	1988
	2.312
	4.568
	4.652
	4.769
	5.334
	1.906
	12.809
	2.671
	0
	0
	2.963
	3.634

	1989
	7.92
	59.618
	18.498
	3.502
	6.332
	1.683
	6.007
	0.43
	0
	0
	2.957
	3.56

	1990
	1.438
	3.212
	1.907
	3.654
	4.402
	0.845
	5.712
	0.339
	0
	0
	2.958
	3.699

	1991
	15.553
	7.909
	2.999
	3.237
	5.377
	1.651
	5.957
	0.363
	0
	0
	4.453
	3.946

	1992
	2.912
	6.737
	2.529
	3.947
	5.098
	1.039
	6.137
	0.522
	0
	1.342
	3.628
	12.722

	1993
	4.922
	4.547
	16.039
	19.368
	16.613
	7.641
	7.542
	0.599
	0
	0
	3.522
	3.958
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EHI for the Future Scenario 7
Abiotic Components

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	82
	For the Sundays River Estuary low flows are defined as months in which river inflow to the estuary are less than 0.5 m3/s i.e. flows representative of State 4 (Marine dominated) and State 5 (Closed mouth).

Months with flows of less than 0.5 m3/s occurred under the Reference Condition for 33% (4 months) of the year. Under Scenario 6 State 4 and 5 occur for 15% of the time. 

Following the guidelines provided in DWAF (2004) score 82%. 

	M

	b. % similarity in mean annual frequency of floods
	83
	The reduction in high flows is deemed to be about 17 % depending on the size of the flood.

	M

	Hydrology score
	82
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Mouth closure is can occur under Scenario 7. Taking a precautionary approach a score of 0 is given as the estuary would stay closed for  more than a year at a time under drought conditions.

	H

	Hydrodynamics  and mouth conditions score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	72
	Average salinity values were allocated under the various states for the upper lower and middle estuary and multiplied with the % occurrence of the various states. 

In general the estuary is much more fresh under Scenario 7 due to the increase in the marine dominated state (State 4) and closed mouth condition (State 5).

St

%

Salinity

Upper (0.33)

Middle (0.33)

Lower (0.33)

5

0

30

30

30

4

15

35

35

15

3

15

1

15

30

2

60

1

10

20

1

10

1

5

15


	M/L

	2a.
Nitrate/phosphate (inorganic nutrient) concentration in the estuary
	27
	A significant increase in DIN and DRP concentrations in river inflow under Scenario 4 have greatly increased nutrient inputs to the estuary compared with the Reference Condition.  Any river inflow will contribute to this loading but to different extents.  Percentage occurrence of states is therefore used as a proxy for increased inorganic nutrients.  These values have been weighted to reflect the section/s of the estuary that have been modified (0.13 very upper; 0.33 upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

60
15
15
Weight

1

0.84

0.67

0.33

The above reflects a modification of 73%.

	M

	2b. Suspended solids (turbidity) in the estuary
	63
	Elevated in situ primary production (anthropogenic nutrient enrichment) typically occurring in the fresh and brackish areas of the estuary (strongest river influence) under States 2-4 has resulted in more turbid/less transparent compared with the Reference Condition.  Also erosion in the catchment increased suspended solid loads into the estuary during floods (State 1).

Therefore any river inflow will contribute to higher turbidity/less transparency in the estuary (assume a 50% shift from Reference Condition). Percentage  occurrence of states is therefore used as a proxy, but weighted to reflect the section/s of the estuary that have been modified (0.33 only upper; 0.67 upper and middle; 0.84 upper, middle and top part of lower; 1 entire estuary):
State

1

2

3

4

% occurrence

10

60
15
15
Weight

1

0.84

0.67

0.33

Assuming a shift of 50% in affected areas the above reflect a modification of 37 (50% of 73). 


	M/L

	2c. 
Dissolved oxygen in the estuary
	85
	As a result of elevated in situ primary production (anthropogenic nutrient enrichment), associated organic loading is expected to enhance hypoxia in deeper waters during States 3 and 4 (assume a 50% shift from the Reference Condition).  Under Scenario 7 States 3-5 occur for 30% of the time. This reflects a modification of 15 (50% of 30).


	M/L

	2d. 
Levels of toxins
	70
	Historical data suggest no significant trace metal accumulation in the estuary.  However, considering the extensive agriculture activities in the catchment it is likely that the system receives some toxic inputs (e.g. pesticides/ herbicides) from these anthropogenic sources.  Allow a 30% modification.


	L

	Water Quality score
	45
	
	


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
	The intertidal areas are judge to be very similar to the Reference Condition. 

There might be some gain in the sandy intertidal areas in the lower estuary due to the reduction in floods. As a whole the intertidal areas are more stable under the Scenario 6 than under the Reference Conditions due to the decrease in floods. 

There is also some localised habitat disturbance due to the development of jetties. 


	M

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	There will be an increase in the sandy sediment near the mouth area due to the reduction in floods.


	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	Due to the reduction in floods some infilling of the subtidal zone in lower estuary will occur due to an ingress of aeolian and marine sediment. 

In general the estuary substrate will also be more stable than under the Reference condition.
In addition there has been stabilisation of the subtidal area due to the construction of bridges and jetties.


	M

	
	Physical habitat score
	88.8
	
	

	Anthropogenic influence:

	
	Percentage of overall change in intertidal and Supratidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	10
	Possible reduction in the sediment load reaching the estuary due to trapping by large Dams, but this is somewhat off set by the reduction in floods. Localised impacts due to the construction of jetties


	M

	
	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 
	20
	Some stabilisation of the subtidal area due to bridges and localised disturbed habitat as a result of jetties.
	M



5.8.2
Biotic Components 

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

	The mouth of the estuary is unlikely to close during this scenario.
There is likely to be a decrease in MAR from present (6%), an increase in overall salinity (8%) and a decrease in turbidity (5%). No marine state. As a result, it is likely that there will be an increase in biomass from the reference condition due to nutrients (73% - 100% of estuary), decrease due to turbidity (37%/4 ( 9%) and increase due to salinity stratification (28% - 50% of estuary ( 14%). It is likely that there will be 78% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 55% increase.
A 7% decrease in oxygen from present state favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 7% increase ( 2% change from present).
Subtidal chl a could increase, compared to present, due to 5% decrease in turbidity in the upper 2/3 of the estuary; 3% decrease from present.
Confidence: Medium

	MACROPHYTES

	Low flows now occur in May, June and July.  There is a 10-20% decrease in floods.  A significant increase in DIN and DRP concentrations in river inflow occurs under this Scenario which has greatly increased nutrient inputs to the estuary compared with the Reference Condition (83% modification). Less inflow will occur during the winter months and high nutrients will be limited to the upper reaches. The overall decrease in salinity, increase in nutrients and increase in sediment stability has increased both submerged and emergent macrophyte growth.  Dense beds of emergent reeds, Phragmites australis, occur in the upper reaches and the water column is filled with pondweed, Potamogeton pectinatus thrives at salinity less than 10 ppt.  Dense floating masses of the invasive water fern Azolla filiculoides occur in the upper reaches. Higher salinity in the winter months would prevent expansion of  reed beds into the middle-lower reaches of the estuary. 
Confidence:  Medium

	INVERTEBRATES (including Zooplankton, Benthic invertebrates and Macro crustaceans)

	Marine influence during May – July will lead towards more natural conditions from a salinity perspective, but under this scenario, nutrient levels will remain as present and therefore much higher compared to the natural state. Freshwater conditions also persist for a greater proportion of the time compared to natural.  Zooplankton production is predicted to be much higher compared to natural because of elevated nutrient supply.   Natural variability also remains less when compared to natural (less marine influence during dry season and reduction in floods particularly). 

Confidence: Medium

	FISH

	The increase in phytoplankton chlorophyll-a concentrations within the estuary and the greater biomass of zooplankton associated with this trend would result in an increased abundance of planktonic fish species such as the estuarine roundherring Gilchristella aestuaria (when compared to the Reference Condition). The large stocks of G. aestuaria would favour piscivorous fish such as the dusky kob Argyrosomus japonicus.
Confidence: Medium

	BIRDS

	Minor increase in piscivorous species on account of changes to abundance of fish in upper reaches and of zoobenthic species.
Confidence: Low


EHI for the future Scenario 7:

Microalgae

	VARIABLE
	score
	MOTIVATION
	CONFIDENCE

	Phytoplankton

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	45%
	There is likely to be a decrease in MAR from present (6%), an increase in overall salinity (8%) and a decrease in turbidity (5%). No marine state.
It is likely that there will be an increase in biomass from the reference condition due to nutrients (73% - 100% of estuary), decrease due to turbidity (37%/4 ( 9%) and increase due to salinity stratification (28% - 50% of estuary ( 14%). It is likely that there has been a 78% increase in biomass 70% of the time (1 of 6 sampling sessions was similar to reference and 1 was slightly higher); 55% increase.

	M/L

	2b. Community composition
	58%
	A 7% decrease in oxygen from present state favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 7% increase ( 2% change from present).

	L

	Benthic microalgae

	1.  Species richness
	Score = 100

(100%)
	Same as present state.
	L

	2a. Abundance
	63%
	Possible increase in subtidal chl a, compared to present, due to 5% decrease in turbidity; 3% decrease from present.

	M/L

	2b. Community composition
	92%
	A 7% decrease in oxygen from present state favouring a slight increase in cyanophytes, particularly in the deeper middle reaches (one third of the 7% increase ( 2% change from present).

	L

	Microalgae score
	45
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	The increase in freshwater conditions has not resulted in a loss of species as the salt tolerant species still occur in the middle and lower reaches of the estuary.

	M

	2a. Abundance/Biomass
	60
	The reduction in freshwater floods has resulted in water with a long residence time in the upper reaches of the estuary.  Agricultural return flow has resulted in nutrient enrichment.  This has increased the biomass of Potamogeton pectinatus and Phragmites australis (35% change). The increase in freshwater conditions downstream has resulted in the expansion of Phragmites into the middle reaches of the estuaries (5% change).   


	M

	2b. Community composition
	70
	Aquatic waterweeds such as Azolla filiculoides occur in the upper reaches.  Dense floating mats could outshade and outcompete the submerged macrophytes such as Potamogeton pectinatus (15%).  Reed expansion has resulted in the loss of open water habitat and exposed intertidal mudbanks (15%).


	M

	Macrophytes score
	60
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	Zooplankton

	1.   Species richness
	Score

100 = 


	No change in species richness compared to natural.
	M

	2a. Abundance
	70
	Under this scenario, abundance levels of zooplankton will shift along the trajectory away from the natural state. Marine dominated state now persists for 15% of the time (winter) compared to 33% of the time under natural conditions. However, nutrients derived from agricultural practice will still be present, elevating zooplankton abundance by 25-30%. (Increase in abundance slightly lower compared to present because of slightly lower nutrient levels in winter – at the time of marine dominance). Nutrients will largely influence the biota in the middle-upper estuary rather than the lower estuary. Consequently, some variability between states is restored and is closer to natural.

	M

	2b. Community composition
	75
	The mix in species will change compared to the natural state, although the mix of species during marine dominated state will be close to natural. Large floods now reduced by 10-20% and remain unchanged compared to present.

	M


	Macroinvertebrates (Benthos)

	1.   Species richness
	Score =

100

 (… %)
	No change in species richness compared to natural.
	M

	2a. Abundance
	85
	The subtidal benthos is not a significant component of the invertebrate community from an abundance/biomass perspective and the change compared to natural is probably marginal. The persistence of the floodtidal delta under present day conditions now ensures that the aperiodic removal of the delta by large floods (reduced by 10-20%) is less frequent.  Therefore, greatest change in abundance in the intertidal benthos is associated with the delta region.  However, the benthic community associated with the flood tidal delta will be less affected by the marine dominated phase because of its location at the mouth compared to other benthic species higher up the estuary. 

	M

	2b. Community composition
	80
	Because of the decrease in food availability compared to present (nutrients removed from inflowing freshwater), reduced marine dominance and the disappearance of low flow periods (occurred 33% of the time under natural conditions) will result in a 10-20% change in species mix in the estuary.  The increase in the REI region downstream will also result in the upper reaches of the estuary linked to an oligohaline fauna persisting all the time under present day conditions. 

	M

	Larger invertebrates (crabs and prawns)

	1.   Species richness
	Score = 

100

(… %)
	No change in species richness compared to natural.
	L

	2a. Abundance
	85
	As above 
	L

	2b. Community composition
	80
	As above
	L

	Invertebrates score
	70
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = 100 (100%)
	No loss in fish species richness when compared to the Reference Condition.
	M

	2a. Abundance
	78
	Slight increases in zooplankton abundance and biomass when compared to Scenario 6 will favour newly recruited fish larvae and early juveniles, as well as planktivorous fish species such as Gilchristella aestuaria. The abundance of all other fish species would be expected to be more similar to the Reference Condition than under the Present State. The decline in abundance of angling fish species would tend to offset the increase in abundance of some of the other non-angling taxa.

	L

	2b. Community composition
	80
	The increase in abundance of zooplanktivorous fish species when compared to Scenario 6 will have resulted in a change in the ichthyofaunal community composition when compared to the Reference Condition. The decline in abundance of angling fish species will result in a further deviation from the Reference community composition when compared to Scenario 6.

	L

	Fish score
	78
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	Score = (100 %)
	Near reference condition, therefore species component expected to be the same

	L

	2a. Abundance
	99
	Minor increase in some piscivorous species due to changes in fish abundance

	L

	2b. Community composition
	97
	Slight adjustment from present due to above

	L

	Bird score
	97
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