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Executive Summary

Assumptions and Limitations

The following assumptions and limitations need to be taken into account for this study:

· The determination of the Ecological Reserve on a Rapid level is based on the methodology for estuaries as set out in DWAF (1999): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 1.0) and subsequent revisions of the methods of which the documentation in currently in preparation (B Weston, DWAF, pers. comm.).  

· The determination of the Ecological Reserve on a Rapid level for the Mhlanga Estuary was based on available data and information (refer to Appendix A). 

· The results of this study are based on the simulated runoff data provided to the study team by the DWAF for the Present State and Reference Condition.  The accuracy of this rapid determination is largely dependent on the accuracy of those simulated results (particularly the base flows).  Should at a future time it be found that the simulated runoff for the Present State and/or the Reference Condition were not representative of the actual situation, the Present Ecological Status, the recommended Ecological Category, the recommended Ecological Water Requirement Scenario as well as the Ecological Categories associated with the different future runoff scenarios, provided in this report may have to be re-assessed.

· The simulated runoff data obtained from the DWAF for this Rapid Reserve Determination indicates that the natural mean annual runoff (MAR) into the Mhlanga Estuary was approximately 12.4 x 106 m3, which is equivalent to an average flow of 0.39 m3/s.  

Simulated monthly runoff scenarios were generated by Mr M Roux of the DWAF. He provided the following background information. The catchment of the Mhlanga River forms part of the U30B quaternary catchment. The former catchment area was found by planimetering to be 79 km2. The U30B quaternary catchment area is 221 km2 (WR90 Publication). The CCWR rainfall map shows that the rainfall distribution over the U30B catchment is fairly homogeneous. The natural monthly flow record (October 1920 to September 1990), for the quaternary catchment U30B (obtained from the WR90 CD and converted to m3/s) was therefore scaled by area only. The scaling factor is 79/221.
· Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

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

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

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


Geographical Boundaries

For the purposes of the Rapid Ecological Reserve determination on the Mhlanga Estuary, the geographical boundaries are estimated as follows (Gauss Projection, Clarke 1880 Spheroid):

· Downstream boundary: The estuary mouth (29041’40” S, 31004’55” E).

· Upstream boundary:  Head of tidal influence, approximately 2.5 km from the mouth (29042’30” S, 31005’55” E)

· Lateral boundaries: 5 m contour above MSL along the banks.
Present Ecological Status (PES) of the Mhlanga Estuary

The Present Ecological Status is determined using the Estuarine Health Index.  The Health Index consists of a Habitat health score and a Biological health score.  The average of these two scores provides the Estuarine Health Index (EHI) score.  In the case of the Mhlanga Estuary the score was 68, as indicated below:

	VARIABLE
	WEIGHT
	SCORES FOR 

PRESENT STATE

	Hydrology
	25
	100

	Hydrodynamics and mouth condition
	25
	60

	Water quality
	25
	56

	Physical habitat alteration
	25
	83

	Habitat health score
	
	75

	Microalgae
	20
	40

	Macrophytes
	20
	65

	Invertebrates
	20
	60

	Fish
	20
	80

	Birds
	20
	65

	Biotic health score
	
	62

	ESTUARINE HEALTH SCORE
	68


The EHI score for the Mhlanga Estuary, based on its Present State, is 68, translating into a Present Ecological Status of Category C:

	EHI Score
	PRESENT ECOLOGICAL STATUS
	GENERAL DESCRIPTION 

	91 – 100
	A-/A+
	Unmodified, natural

	76 – 90
	B-/B+
	Largely natural with few modifications

	61 – 75
	C-/C+
	Moderately modified

	41 – 60
	D-/D+
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Importance of the Mhlanga Estuary

The Estuarine Importance Score allocated to the Mhlanga Estuary was as follows:
	CRITERION
	SCORE
	WEIGHT
	WEIGHTED SCORE

	Estuary Size
	90
	15
	14

	Zonal Rarity Type
	10
	10
	1

	Habitat Diversity
	70
	25
	18

	Biodiversity Importance
	69.5
	25
	17

	Functional Importance
	80
	25
	20

	ESTUARINE IMPORTANCE SCORE
	69


The Estuarine Importance Score for the Mhlanga Estuary, based on its Present State, is 69, indicating that the estuary is Important:

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


Recommended Ecological Category for the Mhlanga Estuary

The recommended Ecological Category (EC) represents the level of protection assigned to an estuary.  In turn, it is used to determine the recommended Ecological Water Requirement Scenario.

For estuaries the first step is to determine the 'minimum' Ecological Category of an estuary, equivalent to Present Ecological Status (PES).  The relationship between Estuarine Health Index Score, Present Ecological Status and Ecological Category is as follows:

	ESTUARINE HEALTH INDEX SCORE
	PRESENT ECOLOGICAL STATUS
	DESCRIPTION
	ECOLOGICAL CATEGORY
	CORRESPONDING MANAGEMENT CLASS

	91 – 100
	A
	Unmodified, natural
	A-/A+
	Natural

(Class I)

	76 – 90
	B
	Largely natural with few modifications
	B-/B+
	Good

(Class II)

	61 – 75
	C
	Moderately modified
	C-/C+
	Fair

(Class III)

	41 – 60
	D
	Largely modified
	D-/D+
	

	21 – 40
	E
	Highly degraded
	E
	Poor

(unacceptable)

	0 – 20
	F
	Extremely degraded
	F
	


NOTE:  Should the present ecological status of an estuary be either a Category 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 ‘minimum’ Ecological Category (based on its Present Ecological Status) needs to be modified to assign a recommended EC depends on:

· Importance of the estuary.

· Modifying determinants, i.e. protected area status and desired protected area status - a status of ‘area requiring high protection’ should be assigned to estuaries that are identified as vital for the full and most efficient representation of estuarine biodiversity in South Africa.

The proposed rules for allocation of the recommended Ecological Category are as follows: 

	CURRENT/DESIRED PROTECTION STATUS

AND ESTUARINE IMPORTANCE
	ECOLOGICAL CATEGORY
	POLICY BASIS

	Protected area
	A or Best Attainable State
	Protected and desired protected areas should be restored to and maintained in the best possible state of health.

	Desired Protected Area 

(based on complementarity)
	A or Best Attainable State
	

	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.


Because the Mhlanga Estuary is rated as ‘Important’ (reflected by the estuarine importance score of 69) the recommended Ecological Category should be equivalent to the Present Ecological Status (PES) + 1,  i.e. Category C +1 = B.  

The achievability of the recommended Ecological Category for the Mhlanga Estuary was assessed by evaluating the reversibility of present anthropogenic influences that have resulted in a Category C.  At the estuarine specialist workshop it was concluded that the main reason for the estuary being in a Category C was the treated sewage effluent discharge into the estuary (although there are also other anthropogenic influences such as flood plain development, bridge construction, mouth manipulation and human disturbances). The discharge increased flows through the mouth, resulting in more intermittent openings compared to the Reference Condition.  Also, the discharge introduces a large amount of inorganic nitrogen and phosphorus to the system, creating eutrophic conditions.  Alternative routing of the sewage effluent, e.g. discharging directly to sea or, possibly recycling were considered viable options to ‘reverse’ present anthropogenic influences on the estuary and to improve the Ecological Category to a Category B.  
	Thus, the recommended Ecological Category for the Mhlanga Estuary is estimated as Category B.

 (Confidence = Low)


NOTE:

	Other factors, such as the socio-economic and financial implications of removing the sewage effluent from the estuary, would still need to be discussed between the DWAF and other stakeholders.  

It is also important to confirm through measurements whether the sewage effluent is the major source of nutrient enrichment in the estuary and not, for example other anthropogenic sources e.g. contaminated storm water runoff.


Quantification of Ecological Water Requirement Scenarios

A summary of the simulated future runoff scenarios (in comparison to the Present State and Reference flows) is as follows:

	SCENARIO
	DESCRIPTION
	MAR 

(x 106 M3)
	% OF NATURAL MAR

	Reference
	Reference river flows
	12.4
	-

	Present
	Reference Condition plus 0.23 m3/s (20 Ml/day) discharge from the treatment works (Present flows)
	19.6
	158

	1
	Half of the Reference Condition.  This scenario was used to test the sensitivity of the estuary to flow reductions.  In the evaluation of this scenario it was therefore assumed that the water quality in the estuary would be similar to the Present State and that only flows changed.
	6.2 
	50

	2
	Reference Conditions plus 0.5 m3/s (43.2 Ml/day) discharge from the treatment works
	28.0
	226

	3
	Reference Conditions plus 1.0 m3/s (84.4 Ml/day) discharge from the treatment works.
	43.5
	351

	4
	Reference Conditions plus 0.38 m3/s (33 Ml/day) discharge from the treatment works (allowable discharge volume according to current licence agreements).
	24.3 
	196


The individual Estuarine Health Index scores, as well as the corresponding Ecological Category for the different scenarios are presented below:

	VARIABLE
	WEIGHT
	Present State
	Future 

Scenario 1
	Future 

Scenario 2
	Future 

Scenario 3
	Future 

Scenario 4

	MAR (x 106 m3)
	19.6
	6.2
	28.0
	43.5
	24.3

	Capping flows included in scenario:
	20 Ml/day
	None
	43.2 Ml/day
	84.4 Ml/day
	33 Ml/day

	Hydrology
	25
	100
	100
	0
	0
	17

	Hydrodynamics
	25
	60
	80
	0
	0
	0

	Water quality
	25
	62
	54
	50
	44
	54

	Physical habitat alterations
	25
	83
	90
	45
	45
	53

	Habitat Score
	50
	75
	81
	24
	16
	31

	Microalgae
	25
	40
	25
	25
	17
	25

	Macrophytes
	25
	65
	70
	60
	55
	65

	Invertebrates
	25
	60
	50
	35
	25
	35

	Fish 
	25
	80
	40
	30
	30
	40

	Birds
	-
	65
	50
	60
	50
	60

	Biological Score
	50
	62
	47
	42
	18
	45

	EHI INDEX SCORE
	
	69
	64
	33
	17
	38

	
	
	
	
	
	
	

	EC
	
	C
	C
	E
	F
	E


To select the recommended ‘Ecological Water Requirement Scenario’, the general rule for estuaries states that, the simulated runoff scenario representing the largest modification in flow, but that which would still keep the estuary in the recommended Ecological Category (in this case a Category B) should be the recommended ‘Ecological Water Requirement Scenario’.

None of the scenarios evaluated as part of this Rapid determination provided an Ecological Category B.  The workshop concluded that the only way in which the Ecological Category could be improved to a B, would be to remove the sewage effluent from the estuary because a significant proportion of the changes currently observed in the estuary are as result of the consistent inflow and quality of the effluent. The recommended ‘Ecological Water Requirement Scenario’ for an Ecological Category of B would therefore exclude any discharges into the estuary, i.e. no capping flows. 

For the purposes of this rapid assessment, a conservative estimate of the recommended ‘Ecological Water Requirement Scenario’ for the Mhlanga Estuary (to meet the recommended Ecological Category of B) is estimated at a MAR of 12.4 x 106 m3, similar to the Reference Condition, with the following distribution:

	MONTH
	FLOW (m3/s) – flow should > % in given month


	
	90%ile
	80%ile
	70%ile
	60%ile
	50%ile
	40%ile
	30%ile
	20%ile
	10%ile
	1%ile

	OCT
	0.5
	0.29
	0.24
	0.2
	0.17
	0.15
	0.13
	0.11
	0.09
	0.06

	NOV
	1.52
	0.65
	0.31
	0.25
	0.22
	0.2
	0.18
	0.13
	0.12
	0.05

	DEC
	0.93
	0.41
	0.27
	0.24
	0.21
	0.19
	0.17
	0.14
	0.12
	0.06

	JAN
	0.85
	0.43
	0.24
	0.22
	0.2
	0.17
	0.15
	0.14
	0.11
	0.08

	FEB
	1.69
	0.74
	0.33
	0.27
	0.23
	0.18
	0.16
	0.15
	0.12
	0.08

	MAR
	1.36
	0.94
	0.65
	0.3
	0.24
	0.19
	0.17
	0.13
	0.1
	0.06

	APR
	1.63
	0.6
	0.4
	0.25
	0.21
	0.18
	0.16
	0.13
	0.09
	0.04

	MAY
	0.93
	0.29
	0.24
	0.21
	0.18
	0.16
	0.13
	0.11
	0.07
	0.05

	JUN
	0.34
	0.25
	0.21
	0.18
	0.16
	0.13
	0.11
	0.1
	0.07
	0.05

	JUL
	0.27
	0.23
	0.17
	0.13
	0.12
	0.11
	0.09
	0.08
	0.07
	0.04

	AUG
	0.28
	0.21
	0.16
	0.13
	0.11
	0.1
	0.09
	0.08
	0.07
	0.04

	SEP
	0.3
	0.22
	0.18
	0.16
	0.15
	0.12
	0.1
	0.08
	0.07
	0.05


NOTE:

	· Although the recommended ‘Ecological Water Requirement Scenario’ provided in this Rapid assessment resembles the flows during the Reference Condition, the re-introduction of such a flow regime will no longer result in an Ecological Category of A, due the impact of other non-flow related anthropogenic activities on the estuary, such as the road construction, bridge embankment, flood plain development, mouth manipulation practices and human disturbance and its affect on birds.

· The recommended ‘Ecological Water Requirement Scenario’ provided in this Rapid assessment is considered to be a conservative estimate.  Based on expert opinion, the Mhlanga Estuary is probably not that sensitive to mouth closure as illustrated with Scenario 1.  It may therefore be possible that in the event of the sewage effluent discharge being removed, the recommended ‘Ecological Water Requirement Scenario’ to keep the estuary in an Ecological Category B, may even be lower than the recommended 12.4 x 106 m3 (MAR).  However, further refinements to the recommended ‘Ecological Water Requirement Scenario’ should only be undertaken once more accurate data to quantify the relationship between mouth closure and flow have been acquired (e.g. as part of the Water Research Commission project currently being undertaken on the Mhlanga Estuary).

· The recommended ‘Ecological Water Requirement Scenario’ for an Ecological Category of B, at this stage, excludes any discharges into the estuary, i.e. no capping flows.

· The Present Ecological Status of the Mhlanga Estuary (Ecological Category of a C) is considered to be close to a state of equilibrium, rather than on a trajectory of change.  Present flows (MAR = 19.6 x 106 m3) should therefore maintain the estuary in an Ecological Category of a C.  These flows include a capping flow of 20 Ml/day. Some biotic components i.e. microalgae and macroinvertebrates indicate that the estuary may be on a trajectory of change.  Monitoring is required to verify this.

· Increasing the capping flow to 33 Ml/day (MAR = 24.3 x 106 m3) is likely to take the estuary to an Ecological Category of E.

· A capping flow between 20 Ml/day and 33 Ml/day is likely to result in an Ecological Category of D, but with the uncertainties in the relationship between the hydrology and hydrodynamics of the system, such refinements are not considered appropriate at this stage.  Similarly, the refinement of capping flows within a particular Ecological Category range is not appropriate either.  Such refinements should only be attempted once more accurate data to quantify the relationship between mouth closure and flow have been acquired.

· Although the preliminary determination of the Ecological Reserve on a Rapid level does not specify details on water quality requirements of estuaries (i.e. information that will be required to determine the critical limits in terms of effluent quality) results from this study suggests that effluent volume, rather than quality, might be the limiting factor when considering future extensions to the sewage works. 


Recommendations on Additional Monitoring Requirements

Data requirements to improve the confidence of the preliminary Ecological Reserve determination are set out in the method for Intermediate level determination (medium confidence), as well as for comprehensive level determinations (medium to high confidence).  It is envisaged that the intensive sampling programme, currently undertaken in the Mhlanga Estuary as part of a Water Research Commission project on RDM related issues, will provide most of these requirements.  

In particular, acquisition of the following data sets is required to improve the confidence of the preliminary determination of the Ecological Reserve on the Mhlanga Estuary:

· Continuous record of water level variation in the estuary near the mouth (for medium confidence as required for the Intermediate level at least a 5-year record is recommended).

· Continuous flow gauging of river inflow to the estuary (for medium confidence as required for the Intermediate level at least a 5-year record is recommended).  This information would be required to establish a relationship between flow and mouth condition, as well as to calibrate the simulated runoff data sets.

· Inflow rates of the sewage effluent discharge, if not continuous at least at a frequency that will capture the variability of flow.

· At least monthly records of the water quality of the river inflow to the estuary that could be collected as part of the national water quality monitoring programme of the DWAF.

· Data on the water quality of the sewage effluent discharge into the estuary.  These have to be collected at a frequency that will capture the variability of water quality.
Comparison between Mhlanga and Mdloti Estuaries
Present Ecological Status

Based on the results of the preliminary Ecological Reserve determination on the Mdloti Estuary (report in preparation), the Present Ecological Status of the Mdloti Estuary was estimated as a Category D.  The Present Ecological Status of the Mhlanga Estuary is estimated as a Category C (this report).  Details on the Estuarine Health Index scores are listed below:

	VARIABLE
	WEIGHT
	MDLOTI ESTUARY
	MHLANGA ESTUARY

	Hydrology
	25
	58
	100

	Hydrodynamics
	25
	57
	60

	Water quality
	25
	35
	62

	Physical habitat alterations
	25
	60
	83

	Habitat Score
	50
	52.5
	75

	Microalgae
	25
	50
	40

	Macrophytes
	25
	50
	65

	Invertebrates
	25
	60
	60

	Fish 
	25
	35
	80

	Birds
	-
	40
	65

	Biological Score
	50
	47
	62

	EHI INDEX SCORE
	
	50
	69

	
	
	
	

	EC
	
	D
	C


In both estuaries the modifications from Reference Condition were largely as a result of anthropogenic influences other than changes to river inflow.  Key anthropogenic impacts in the case of the Mdloti Estuary include:

· Structures such as the national road bridge and recreational facilities near the mouth

· Bank  stabilisation (e.g. embankment)

· Artificial mouth manipulation practices

· Upstream sand mining 

· Flood plain development

· Human disturbance (in the case of birds)

· Sewage effluent discharges into the river upstream of the estuary.

Key anthropogenic influences (other than changes in river inflow) in the case of the Mhlanga Estuary include:

· Sewage effluent discharge into the estuary

· Flood plain development

· Bridge embankment and Road construction

· Artificial mouth manipulation practices

· Human disturbance (in the case of birds).

The Present Ecological Status of both estuaries is considered to be close to a state of equilibrium, rather than on a trajectory of change.  However in the Mhlanga Estuary there were indications that the microalgal and macroinvertebrate components may be showing a trajectory of change.

Preliminary results indicate that the Mdloti Estuary is probably more sensitive to reductions in inflow compared to the Mhlanga Estuary - the Mdloti Estuary, under the Reference Condition was in a semi-closed state for long periods, while the Mhlanga Estuary was predominantly closed under the Reference Condition.  

However, this study showed that the Mhlanga Estuary appears to be very sensitive to increases in inflow, reflecting the sensitivity of the system to frequent and prolonged open mouth conditions.  The sensitivity of the Mdloti Estuary for increased inflows was not explicitly addressed, but it is envisaged that it will become sensitive to increased inflows when these start to markedly change the periods during which the estuary would be in the semi-closed or closed state, i.e. when increased inflows results in more frequent mouth opening.  

Estuarine Importance and Prioritisation

Both the Mdloti and Mhlanga estuaries are rated as important estuaries based on Turpie et al. (2002).  Details on the Estuarine Importance scores are listed below:

	VARIABLE
	WEIGHT
	MDLOTI ESTUARY
	MHLANGA ESTUARY

	Estuary size
	15
	80
	90

	Zonal type rarity
	10
	10
	10

	Habitat diversity
	25
	90
	70

	Biodiversity importance
	25
	63.5
	69.5

	Functional Importance*
	25
	60
	80

	ESTUARINE IMPORTANCE SCORE
	
	66.4
	69

	RATING 
	
	Important
	Important


In terms of prioritisation the Mhlanga and Mdloti estuaries is ranked 55 and 56, respectively out of about 250 South African estuaries (Turpie et al., 2002).
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APPENDIX A:  List of Available Data and Information available for this Study

APPENDIX B:  Detailed information on the Hydrodynamics of the Mhlanga Estuary

APPENDIX C:  Template for Presentation of Results as Required by the DWAF
1.
Introduction

1.1
Background

The Durban Metropolitan Council is planning the consolidation of the sewage works which at present are releasing treated sewage water into the Mdloti and Mhlanga estuaries. The plan is to replace these by one new sewage treatment plant, which will release more treated sewage water than at present into the Mdloti or Mhlanga estuaries.  The Council approached the DWAF about the work required to establish whether such a plan can proceed. In March 2002 a Rapid Reserve Determination of the Mdloti Estuary was completed.  The DWAF now requires a Rapid Reserve Determination for the Mhlanga Estuary.  In the previous study the maximum capping flow that could be allowed in the Mhlanga Estuary as a result of sewage discharge was discussed (i.e. 35 Ml/day).  DWAF would like further comment on and an update of these figures.

The core specialist team appointed for this project was as follows:

	TEAM MEMBER
	Role/Expertise
	Contact details

	Dr Janine Adams
	Project Coordination & Macrophytes
	University of Port Elizabeth btajba@upe.ac.za 

	Susan Taljaard
	Preparation of Templates & Reports
	CSIR, Stellenbosch staljaar@csir.co.za 

	Lara van Niekerk
	Hydrodynamics
	CSIR, Stellenbosch lvnieker@csir.co.za 

	Piet Huizinga
	Hydrodynamics (advisory role)
	CSIR, Stellenbosch phuizing@csir.co.za 

	Prof Renzo Perissinotto
	Water quality and Microalgae
	University of Natal (Durban) renzo@biology.und.ac.za 

	Shamilla Pillay
	Macrophytes
	CSIR, Durban spillay@csir.co.za 

	Nicolette Demetriades
	Invertebrates and Birds
	Marine & Estuarine Research nicolette@mer.co.za 

	Prof Ticky Forbes
	Invertebrates and Birds
	University of Natal (Durban) forbesa@biology.und.ac.za 

	Dr Alan Whitfield
	Fish
	South African Institute for Aquatic Biodiversity

A.Whitfield@ru.ac.za 

	Dr Allan Connell
	Fish
	CSIR, Durban aconnell@csir.co.za 


The following persons also participated in the project workshop to ensure capacity building:

	PERSON
	Contact details

	Ingrid Zietsman
	University of Natal (Durban) zietsmani@nu.ac.za 

	Akash Anandraj
	University of Natal (Durban) akash@julian.mantec.ac.za 

	Prof Derek Stretch
	University of Natal (Durban) stretchd@nu.ac.za 

	Kogi Iyer
	University of Natal (Durban) Kogilami@yahoo.com 

	Alan Blair
	CSIR, Durban ablair@csir.co.za 

	Xolani Thwala
	University of Natal (Durban) xolanithuwala@ananzi.co.za 

	Dr Israel Kibirige
	University of Natal (Durban) Kibrigei@nu.ac.za 

	Saras Mundree
	CSIR, Durban smundree@csir.co.za 


The Department of Water Affairs and Forestry was represented by:

	PERSON
	Contact details

	Barbara Weston
	Ecological and Social Studies, WestonB@dwaf.gov.za 

	Lin Gravelet-Blondin
	Kwazulu Natal Regional Office gravel@dwaf.kzntl.gov.za 

	Charles Joubert
	Kwazulu Natal Regional Office joubertc@dwaf.kzntl.gov.za 


The following people attended as observers:

	PERSON
	Contact details

	Bill Pfaff
	eThekwini Water Services billpf@dmws.durban.gov.za 

	John Harrison
	eThekwini Water Services johnha@dmws.durban.gov.za 


1.2
Assumptions and Limitations

The following assumptions and limitations need to be taken into account for this study:

· The determination of the Ecological Reserve on a Rapid level is based on the methodology for estuaries as set out in DWAF (1999): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 1.0) and subsequent revisions of the methods of which the documentation in currently in preparation (B Weston, DWAF, pers. comm.).  

· The determination of the Ecological Reserve on a Rapid level for the Mhlanga Estuary was based on available data and information (refer to Appendix A). 

· The results of this study are based on the simulated runoff data provided to the study team by the DWAF for the Present State and Reference Condition.  The accuracy of this rapid determination is largely dependent on the accuracy of those simulated results (particularly the base flows).  Should at a future time it be found that the simulated runoff for the Present State and/or the Reference Condition were not representative of the actual situation, the Present Ecological Status, the recommended Ecological Category, the recommended Ecological Water Requirement Scenario as well as the Ecological Categories associated with the different future runoff scenarios provided in this report may have to be re-assessed.

· The simulated runoff data obtained from the DWAF for this Rapid Reserve Determination indicates that the natural mean annual runoff (MAR) into the Mhlanga Estuary was approximately 12.4 x 106 m3, which is equivalent to an average flow of 0.39 m3/s.  

Simulated monthly runoff scenarios were generated by Mr M Roux of the DWAF. He provided the following background information. The catchment of the Mhlanga River forms part of the U30B quaternary catchment. The former catchment area was found by planimetering to be 79 km2. The U30B quaternary catchment area is 221 km2 (WR90 Publication). The CCWR rainfall map shows that the rainfall distribution over the U30B catchment is fairly homogeneous. The natural monthly flow record (October 1920 to September 1990), for the quaternary catchment U30B (obtained from the WR90 CD and converted to m3/s) was therefore scaled by area only. The scaling factor is 79/221.
· Criteria for confidence limits attached to statements throughout this report 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%)


1.3
Process for Preliminary Determination of Ecological Reserve (Rapid Level) for Estuaries

The process followed in the preliminary determination of the Ecological Reserve on a Rapid level for estuaries is illustrated in Figure 1.1.  The rapid determination is generally based on available information. It is therefore important that a desktop assessment of available information on the different abiotic and biotic components is conducted prior to the workshop. The process comprises of the following steps:

Step 1:  Initiation of RDM study.  During the initiation of an RDM study, it is important to establish the level at which the study needs to be conducted (e.g. rapid, intermediate or comprehensive), as well as the reserve components that need to be addressed (e.g. rivers, estuaries, wetlands or groundwater).  The key outcome of Step 1 is therefore the detailed scope of the RDM study.  In the case of the Mhlanga Estuary, it was decided to conduct the Ecological Reserve study on the estuary at a Rapid level.  

Step 2:  Definition of Resource Units.  Each estuary is delineated as a separate resource unit within a larger catchment, characterized by site dependent abiotic and biotic characteristics. For estuaries, the default geographical boundaries are defined as follows:

· Downstream boundary: The estuary mouth (However, there are systems where the ‘estuary’ often expands to the near-shore marine environment and where this boundary definition may need to be reconsidered in future).

· Upstream boundary:  The extent of tidal influence, i.e. the point up to where tidal variation in water levels can still be detected or the extent of saline intrusion which ever is furthest upstream. 
· Lateral boundaries: The 5 m above MSL contour along each bank.
The geographical boundaries for the Mhlanga Estuary are addressed in Chapter 2 of this report.

Step 3:  Ecological Categorisation.  The main outcome of this step is to define a recommended Ecological Category for the estuary.  For the Mhlanga Estuary, the ecological categorisation step is dealt with in Chapter 3.

The method for estuaries uses simulated runoff scenarios, where scenarios are typically simulated over a 50-70 year period and are presented as average monthly flows that represent inflows at the head of the estuary.  For the definition of the recommended Ecological Category simulated runoff scenarios for the present state and the reference condition are used.

Firstly, the Present State of an estuary is defined as a quantitative description of the present abiotic and biotic characteristics and functioning of the system (Chapter 3.1). For estuaries, the following components are usually:

Abiotic (or driving components):

· Physical dynamics (including hydrodynamics and sediment dynamics)

· Water quality 

Biotic (response) components:

· Estuarine flora (microalgae and macrophytes)
· Estuarine fauna (invertebrates, fish and birds).
(Sediment dynamics are not included as part of a Rapid level determination and were therefore not included in this study on the Mhlanga Estuary.)
Thereafter the Reference Condition of an estuary is defined (Chapter 3.2).  For the purposes of the preliminary determination of the Ecological Reserve, the reference condition of an estuary refers to the ecological status that it would have had:

· when receiving 100% of the natural MAR

· before any human development in the catchment or within the estuary

· before any mouth manipulation practices (e.g. artificial breaching).

Typically, the reference conditions in an estuary refer to its ecological status 50 to 100 years ago.

The present state and reference condition of an estuary are then used to determine the Present Ecological Status (PES) (Chapter 3.3).  The PES is a measure of the health of a resource, based on a comparison between the reference condition and the present state. An Estuarine Health Index (EHI) is used to determine the PES for estuaries.  

Also included in this step is an assessment of the Estuarine Importance (ecological) of an estuary (Chapter 3.4).  Estuarine importance is an expression of the importance of an estuary to the maintenance of ecological diversity and functioning on local and wider scales.    Variables were discussed in a workshop setting, regarding their suitability for inclusion in an Estuarine Importance Index.  The importance scores have been derived for most South African estuaries as part of a project entitled: Classification and prioritisation of South African estuaries on the basis of health and conservation status for determination of the estuarine water reserve (Turpie et al., 2002).  The only importance score that needs to be derived by the estuarine ecological reserve team (at the specialist workshop) is the functionality score (e.g. link with freshwater and marine environment).

Finally, the Present Ecological Status and estuarine importance score are used to come to a recommended Ecological Category for an estuary, according to pre-defined guidelines as is discussed in Chapter 3.5.

Step 4:  Quantification of Ecological Water Requirement Scenarios.  The method for the preliminary determination of the Ecological Reserve for estuaries uses a ‘top down’ approach, i.e. simulated runoff scenarios are used to assess the response of the estuary to changes in freshwater input. For the quantification of Ecological Water Requirement Scenarios simulated flows for a range of future scenarios are required.   Scenarios are typically simulated over a 50-70 year period and are presented as average monthly flows and should represent inflows at the head of the estuary. For the Mhlanga Estuary, three future runoff scenarios were provided by the DWAF.
To determine the Ecological Category of the estuary associated with each of the flow scenarios, the runoff simulations together with an understanding of the present state are used to determine changes in abiotic states within an estuary for each of the scenarios.  Changes in abiotic characteristics are then assessed in terms of the biological implications, using the same estuarine health index that was used to derive the Present Ecological Status.  Results from these evaluations are then used to select the ‘recommended Ecological Water Requirement scenario’, defined as the run-off 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 Ecological Category. 

The quantification of ecological reserve scenarios for the Mhlanga Estuary is dealt with in Chapter 4.

The output of a preliminary determination of the Ecological Reserve on a Rapid level provides:

· Recommended Ecological Category and the associated recommended Ecological Water Requirement Scenario

· Ecological Categories for different runoff scenarios assessed as part of Step 4.

If requested, the specialist team can also provide additional monitoring requirements.  However, these can be obtained from the data requirements stipulated in the preliminary determination of the Ecological Reserve on a Intermediate or Comprehensive level in the Estuaries methods, depending on the level of confidence that would be required by the DWAF.  

The preliminary determination of the Ecological Reserve on a Rapid level does not require the determination of Ecological Specifications (i.e. Resource Quality Objectives for the Ecological Component).  

Although the rapid method also does not require the preparation of a detailed Resources Monitoring Programme, key baseline data requirements, that would be required to improve the confidence of the rapid preliminary ecological reserve determination, should be provided.  In this regard, the data requirements recommended in the methodologies for the intermediate and comprehensive ecological reserve determinations need to be consulted. 
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Figure 1.1:
Flow diagram showing the process followed in the preliminary determination of the Ecological Reserve determination on a Rapid level for estuaries
2.
Definition of Resource Unit

For the purposes of the Rapid Ecological Reserve determination on the Mhlanga Estuary, the geographical boundaries are estimated as follows (Gauss Projection, Clarke 1880 Spheroid):

· Downstream boundary: The estuary mouth (29041’40” S, 31004’55” E)

· Upstream boundary:  Head of tidal influence, approximately 2.5 km from the mouth (29042’30” S, 31005’55” E)

· Lateral boundaries: 5 m contour above MSL along the banks.
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Figure 2.1:  Map of the Mhlanga Estuary

3.
Ecological Categorisation

3.1.
Description of Present State

3.1.1 Abiotic components

a. Seasonal variability in river inflow: 

Monthly-simulated runoff data for the Present State, over a 70-year period (1920-1989) were obtained from the Department of Water Affairs and are provided in Table 3.1. The Present State MAR is 19.6 x106 m3, 158% of the MAR under the Reference Condition (i.e. 12.4 x 106 m3). A statistical analysis of the monthly-simulated runoff data in m3/s for Present State is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	0.73
	1.75
	1.16
	1.08
	1.92
	1.59
	1.86
	1.16
	0.57
	0.50
	0.51
	0.53

	80%ile
	0.52
	0.88
	0.64
	0.66
	0.97
	1.17
	0.83
	0.52
	0.48
	0.46
	0.44
	0.45

	70%ile
	0.47
	0.54
	0.50
	0.47
	0.56
	0.88
	0.63
	0.47
	0.44
	0.40
	0.39
	0.41

	60%ile
	0.43
	0.48
	0.47
	0.45
	0.50
	0.53
	0.48
	0.44
	0.41
	0.36
	0.36
	0.39

	50%ile
	0.40
	0.45
	0.44
	0.43
	0.46
	0.47
	0.44
	0.41
	0.39
	0.35
	0.34
	0.38

	40%ile
	0.38
	0.43
	0.42
	0.40
	0.41
	0.42
	0.41
	0.39
	0.36
	0.34
	0.33
	0.35

	30%ile
	0.36
	0.41
	0.40
	0.38
	0.39
	0.40
	0.39
	0.36
	0.34
	0.32
	0.32
	0.33

	20%ile
	0.34
	0.36
	0.37
	0.37
	0.38
	0.36
	0.36
	0.34
	0.33
	0.31
	0.31
	0.31

	10%ile
	0.32
	0.35
	0.35
	0.34
	0.35
	0.33
	0.32
	0.30
	0.30
	0.30
	0.30
	0.30

	1%ile
	0.29
	0.28
	0.29
	0.31
	0.31
	0.29
	0.27
	0.28
	0.28
	0.27
	0.27
	0.28


Confidence: Low
b.
Present flood regime:
Not addressed as part of a Rapid RDM determination.  It is assumed that floods will not be affected by the type of abstractions for licences allocated based on an Ecological Reserve determination done on a Rapid level.

c.
Present sediment processes and characteristics: 

Not addressed as part of a Rapid RDM determination.  It is assumed that floods (which primarily affect sediment process) will not be affected by the type of abstractions to be allocated on an Ecological Reserve determination done on a Rapid level.

d.
Typical Abiotic States for the Mhlanga Estuary:
Based on the limited data available, four Abiotic States were derived for the Mhlanga Estuary, of which the occurrence and duration varies depending on river inflow rate. These states are:

	State
	Flow range

	1: Predominantly Closed
	< 0.4 m3/s

	2: Predominantly Semi-closed
	0.4 - 0.5 m3/s

	3: Predominantly Open, with marine influence
	0.5 - 5 m3/s

	4. Predominantly Open, fresh water dominated
	> 5 m3/s


The transitions between the different states will not be instantaneous, but will take place gradually. The estimates of the occurrences of the different states by direct correlation with river flow will probably nevertheless be reasonably accurate and can be used to assess the ecological consequences of different scenarios.
Table 3.1:  Monthly runoff data (in m3/s) for Present State simulated over a 70-year period

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

	1920
	0.38
	0.42
	0.42
	0.40
	0.41
	0.40
	0.38
	0.35
	0.33
	0.30
	0.28
	0.30
	0.36

	1921
	0.40
	4.68
	3.11
	0.87
	0.39
	0.35
	0.35
	0.36
	0.41
	0.40
	0.40
	0.40
	1.01

	1922
	1.82
	1.56
	0.64
	0.45
	0.54
	0.49
	0.44
	0.36
	0.32
	0.30
	0.29
	0.29
	0.62

	1923
	0.28
	0.27
	0.30
	0.35
	0.40
	0.36
	0.33
	0.30
	0.29
	0.28
	0.28
	0.33
	0.31

	1924
	0.38
	0.42
	0.44
	0.44
	0.46
	7.10
	2.81
	0.46
	0.40
	0.36
	0.35
	0.38
	1.17

	1925
	0.45
	0.44
	0.37
	0.31
	0.30
	0.33
	0.34
	0.31
	0.31
	0.32
	0.30
	0.31
	0.34

	1926
	0.36
	0.40
	0.37
	0.33
	0.37
	3.80
	1.64
	0.40
	0.34
	0.31
	0.33
	0.34
	0.75

	1927
	0.34
	0.33
	0.34
	0.39
	0.43
	0.39
	0.36
	0.32
	0.30
	0.28
	0.28
	0.29
	0.34

	1928
	0.32
	0.35
	0.37
	0.37
	0.37
	1.04
	0.71
	0.42
	0.58
	1.02
	0.69
	0.97
	0.60

	1929
	1.51
	0.84
	0.44
	0.39
	0.37
	0.35
	0.36
	0.34
	0.33
	0.32
	0.36
	0.45
	0.51

	1930
	0.48
	0.46
	0.42
	0.43
	0.41
	0.36
	0.36
	0.33
	0.30
	0.34
	0.37
	0.35
	0.38

	1931
	0.34
	0.32
	0.31
	0.34
	1.76
	1.34
	0.66
	0.47
	0.44
	0.37
	0.33
	0.33
	0.58

	1932
	0.36
	0.40
	0.40
	0.37
	0.33
	0.30
	0.31
	0.30
	0.30
	0.30
	0.31
	0.30
	0.33

	1933
	0.30
	0.36
	0.44
	0.59
	0.57
	0.50
	0.76
	0.65
	0.54
	0.49
	0.52
	0.48
	0.52

	1934
	0.40
	0.35
	0.36
	0.42
	0.50
	0.50
	0.46
	2.09
	7.81
	2.74
	0.54
	0.49
	1.39

	1935
	0.40
	0.35
	0.31
	0.32
	0.61
	1.06
	0.67
	1.68
	0.94
	0.45
	0.38
	0.34
	0.63

	1936
	0.36
	2.96
	1.27
	0.37
	0.39
	0.39
	0.39
	0.37
	0.36
	0.35
	0.36
	0.36
	0.66

	1937
	0.34
	0.35
	0.90
	0.65
	1.62
	0.78
	0.42
	0.40
	0.41
	0.47
	0.49
	0.43
	0.60

	1938
	0.42
	0.50
	0.50
	0.44
	1.09
	1.15
	0.66
	0.50
	0.50
	0.46
	0.43
	0.49
	0.59

	1939
	0.55
	0.91
	0.66
	0.46
	0.38
	0.33
	0.32
	0.62
	0.94
	0.63
	0.43
	0.39
	0.55

	1940
	0.38
	1.40
	0.83
	0.45
	0.36
	0.32
	0.39
	0.40
	0.36
	0.32
	0.31
	0.33
	0.49

	1941
	0.36
	0.38
	0.34
	0.37
	0.41
	0.47
	0.51
	0.48
	0.46
	0.41
	0.41
	0.46
	0.42

	1942
	0.51
	1.80
	2.88
	1.14
	0.51
	0.86
	2.38
	1.18
	0.57
	0.71
	1.28
	0.77
	1.22

	1943
	1.92
	1.82
	0.75
	0.38
	0.36
	0.45
	0.49
	0.42
	0.39
	0.37
	0.35
	0.45
	0.68

	1944
	0.56
	0.55
	0.42
	0.33
	0.39
	2.58
	1.22
	0.44
	0.40
	0.34
	0.31
	0.29
	0.65

	1945
	0.30
	0.29
	0.28
	0.31
	0.34
	0.37
	0.45
	0.44
	0.38
	0.33
	0.30
	0.29
	0.34

	1946
	0.31
	0.36
	0.39
	0.41
	1.90
	0.95
	0.55
	0.49
	0.48
	0.48
	0.44
	0.42
	0.59

	1947
	0.39
	0.47
	0.50
	0.48
	0.53
	0.68
	1.09
	0.66
	0.41
	0.34
	0.31
	0.30
	0.51

	1948
	0.38
	0.50
	0.46
	0.39
	0.43
	0.42
	0.44
	0.43
	0.38
	0.34
	0.31
	0.33
	0.40

	1949
	0.40
	0.98
	1.42
	0.75
	0.45
	0.40
	0.38
	0.36
	0.35
	0.32
	0.33
	0.33
	0.54

	1950
	0.31
	0.29
	0.34
	0.39
	0.38
	0.40
	0.44
	0.38
	0.34
	0.32
	0.40
	0.53
	0.38

	1951
	0.54
	0.46
	0.44
	0.72
	0.57
	0.40
	0.43
	0.48
	0.47
	0.41
	0.39
	0.36
	0.47

	1952
	0.34
	0.35
	0.39
	3.87
	3.12
	0.89
	0.41
	0.34
	0.31
	0.29
	0.30
	0.35
	0.90

	1953
	0.39
	0.43
	0.48
	0.47
	0.48
	0.46
	0.42
	0.38
	0.37
	0.34
	0.33
	0.41
	0.41

	1954
	4.00
	1.79
	0.48
	0.70
	0.58
	0.66
	0.62
	0.50
	0.43
	0.37
	0.33
	0.35
	0.91

	1955
	0.41
	0.47
	0.44
	0.35
	0.40
	1.53
	0.90
	0.47
	0.40
	0.35
	0.36
	0.42
	0.54

	1956
	0.43
	0.43
	3.06
	1.35
	0.49
	0.48
	2.79
	1.24
	0.42
	0.35
	0.33
	0.39
	0.99

	1957
	0.59
	0.64
	0.54
	1.97
	3.65
	1.31
	2.54
	1.16
	0.44
	0.36
	0.32
	0.36
	1.14

	1958
	0.40
	0.43
	0.45
	0.40
	0.38
	0.33
	0.29
	0.35
	0.41
	0.37
	0.37
	0.40
	0.38

	1959
	0.45
	0.47
	0.42
	0.36
	0.35
	0.37
	0.41
	0.39
	0.35
	0.32
	0.31
	0.31
	0.38

	1960
	0.34
	0.43
	1.15
	0.74
	0.48
	0.41
	2.94
	1.32
	0.56
	0.54
	0.47
	0.46
	0.82

	1961
	0.48
	0.48
	0.41
	0.36
	0.36
	0.37
	0.39
	0.35
	0.32
	0.30
	0.32
	0.35
	0.37

	1962
	0.35
	1.74
	0.89
	0.92
	0.67
	0.54
	0.54
	0.44
	0.41
	0.48
	0.51
	0.45
	0.66

	1963
	0.41
	0.40
	0.37
	1.61
	0.94
	0.42
	0.39
	0.36
	0.34
	0.33
	0.32
	0.32
	0.51

	1964
	0.38
	0.44
	0.41
	0.37
	0.34
	0.29
	0.26
	0.28
	0.38
	0.46
	0.51
	0.53
	0.39

	1965
	0.52
	0.51
	0.45
	0.42
	0.41
	0.33
	0.29
	0.32
	0.37
	0.35
	0.34
	0.34
	0.39

	1966
	0.35
	0.38
	0.40
	0.45
	0.55
	1.54
	0.92
	0.50
	0.41
	0.35
	0.32
	0.30
	0.54

	1967
	0.33
	0.44
	0.43
	0.59
	0.56
	0.45
	0.41
	0.35
	0.32
	0.29
	0.33
	0.40
	0.41

	1968
	0.43
	0.42
	0.38
	0.34
	0.33
	1.25
	0.81
	0.66
	0.57
	0.44
	0.38
	0.37
	0.53

	1969
	0.73
	0.85
	0.60
	0.46
	0.38
	0.30
	0.28
	0.30
	0.34
	0.34
	0.33
	0.38
	0.44

	1970
	0.47
	0.51
	0.50
	0.47
	0.52
	1.57
	0.90
	2.63
	1.25
	0.49
	0.60
	0.60
	0.88

	1971
	0.50
	0.42
	0.40
	0.38
	0.44
	0.45
	0.43
	0.47
	0.53
	0.50
	0.44
	0.38
	0.45

	1972
	0.35
	0.35
	0.35
	0.36
	0.38
	0.38
	0.38
	0.34
	0.31
	0.29
	0.33
	0.66
	0.37

	1973
	0.62
	0.58
	0.50
	0.44
	1.63
	0.87
	0.50
	0.47
	0.45
	0.40
	0.35
	0.33
	0.59

	1974
	0.31
	0.32
	0.38
	1.21
	1.21
	0.59
	0.40
	0.36
	0.33
	0.31
	0.30
	0.39
	0.51

	1975
	0.46
	0.44
	0.46
	1.07
	1.51
	5.40
	3.78
	1.06
	0.45
	0.38
	0.39
	0.40
	1.32

	1976
	0.48
	0.54
	0.46
	0.47
	3.18
	1.34
	0.48
	0.39
	0.35
	0.32
	0.32
	0.39
	0.71

	1977
	0.45
	0.48
	0.44
	0.47
	0.54
	0.53
	0.56
	0.49
	0.40
	0.36
	0.35
	0.38
	0.45

	1978
	0.69
	2.23
	1.02
	0.42
	0.38
	0.34
	0.32
	0.30
	0.30
	0.30
	0.32
	0.36
	0.58

	1979
	0.41
	0.41
	0.37
	0.34
	0.32
	0.28
	0.27
	0.27
	0.27
	0.26
	0.26
	0.41
	0.32

	1980
	0.52
	0.52
	0.48
	0.48
	0.56
	0.49
	0.39
	0.42
	0.46
	0.42
	0.55
	1.09
	0.53

	1981
	0.74
	0.87
	0.57
	0.43
	0.43
	0.40
	0.41
	0.37
	0.34
	0.31
	0.29
	0.29
	0.45

	1982
	0.34
	0.39
	0.36
	0.34
	0.32
	0.30
	0.29
	0.28
	0.28
	0.30
	0.34
	0.36
	0.33

	1983
	0.38
	1.12
	1.20
	3.88
	4.25
	1.86
	1.82
	0.90
	0.52
	0.85
	0.68
	0.52
	1.48

	1984
	0.47
	0.45
	0.37
	0.39
	4.82
	1.78
	0.36
	0.30
	0.30
	0.29
	0.28
	0.28
	0.82

	1985
	1.02
	0.75
	0.49
	0.49
	0.49
	0.44
	0.45
	0.39
	0.34
	0.31
	0.31
	0.31
	0.48

	1986
	0.32
	0.34
	0.38
	0.44
	0.46
	0.47
	0.47
	0.45
	0.51
	0.50
	0.48
	8.90
	1.13

	1987
	3.51
	0.92
	0.58
	0.38
	2.46
	6.09
	2.22
	1.70
	0.98
	0.52
	0.49
	0.45
	1.69

	1988
	0.42
	0.45
	0.50
	0.47
	2.05
	0.93
	0.41
	0.39
	0.35
	0.32
	0.31
	0.30
	0.57

	1989
	0.33
	2.72
	1.22
	0.42
	0.39
	1.03
	0.71
	0.44
	0.37
	0.32
	0.30
	0.28
	0.71

	Average
	0.58
	0.74
	0.63
	0.63
	0.84
	0.96
	0.75
	0.56
	0.53
	0.42
	0.39
	0.53
	0.63

	Median
	0.40
	0.45
	0.44
	0.43
	0.46
	0.47
	0.44
	0.41
	0.39
	0.35
	0.34
	0.38
	0.54

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Closed
	< 0.4
	Semi-closed
	0.4-0.5
	Open (Estuarine)
	0.5-5.0
	Open (Fluvial)
	> 5.0
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.4
	36
	21
	24
	29
	26
	26
	25
	35
	40
	49
	52
	47
	

	0.4-0.5
	17
	24
	27
	24
	16
	15
	19
	21
	17
	14
	9
	14
	

	0.5-5.0
	17
	25
	19
	17
	28
	26
	26
	14
	12
	7
	9
	8
	

	> 5.0
	0
	0
	0
	0
	0
	3
	0
	0
	1
	0
	0
	1
	


e.
Typical abiotic characteristics of the Abiotic States identified for the Mhlanga Estuary:
	ABIOTIC STATE 1:  PREDOMINANTLY CLOSED STATE

	Typical flow patterns:  At inflows lower than 0.4 m3/s the mouth will be predominantly closed. The losses because of seepage of water through the berm will then be similar to the river flow entering the estuary. The water level in the estuary will depend on the river flow and will be lower than the height of the berm. 

Confidence:  Medium

	State of the mouth:  Mouth closed

Confidence:  Medium

	Water levels and flood plain inundation patterns:  Extended inundation of surrounding flood plain due to mouth closure and related back flooding will occur, especially at the higher water levels. The extent to which the flood plain will be inundated will depend on the water level in the estuary and the height of the berm. (Berm height not available for Mhlanga Estuary, but can probably reach levels of +3.O m MSL or more).
Confidence: Medium

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): No tidal variation. 
Confidence:  High

	Retention times of water masses:  The retention time will vary from a few days to months depending on the duration of the closed state. Under present day conditions mouth closure sometimes occurs for a few months at a time.

Confidence:  Medium

	Total volume:  No data available to provide any details on total volume
Confidence:  -

	Salinity distributions in the estuary: Where the closed state does not prevail for extended periods, i.e. more than a few days, salinity distribution patterns will be similar to that of the semi-closed state.  

Seawater sometimes enters the estuary because of waves over-washing the berm. This results in an increase in salinity behind the berm.

If the closed state occurs for longer periods, i.e. a few months at a time, stratification will decrease due to mixing processes forming a relatively well-mixed brackish water body throughout the estuary. The estuary will become fresher due to continuous inflow of fresh water and decreasing of over-wash events (at higher berm levels).
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Confidence:   Low


	ABIOTIC STATE 1 continued…

	System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen): During prolonged period of closure, temperature does not exhibit any significant gradient along the length of the estuary, ranging from minima of about 13-14oC in winter (June-August) to maxima of about 30-32oC in summer (January-March). A vertical gradient of 2-3 oC is however always noticeable and is a clear indication of the thermal stratification that occurs as a result of poor mixing. The closed phase of the Mhlanga Estuary coincides with a decrease in mixing and the progressive settling out of mineral and organic particles from the water-column. This is expected to lower the pH, as there is less buffering capacity to neutralize carbonates/ bicarbonates. 

pH also depends both on temperature and salinity. A typical horizontal, surface profile during February 2003 shows for instance an increase from 7.87 in the upper reaches (oligohaline) to 8.18 in the middle reaches and 8.42 in the lower reaches, as salinity increases towards mesohaline conditions. In the vertical, there is typically a decrease of about ½ unit in response to an increase in temperature   

As suspended solids settle out of the water-column, light penetration increases lowering substantially the light extinction coefficient (k, m-1).  Values in the range of 0.2-3 m-1 were typically observed in the estuary from the onset of the closed phase. 

Wind mixing and freshwater inflow can ensure relatively well-oxygenated surface waters even during a prolonged closed phase. However, bottom levels of oxygen can drop well below 50% saturation at times, particularly in the middle and upper reaches. This was repeatedly observed, particularly in March 2002 and February 2003, i.e. the longest closed periods, when DO dropped to near-anoxic levels of 1-4 mg/l. In fact, in February 2003 semi-anoxic conditions were widespread all the way to the surface in the upper reaches of the estuary.
Confidence:  High

	Inorganic Nutrients:  During the closed phase, dissolved inorganic nitrogen (DIN, ammonium + nitrate) levels varied between 550 (g N/l during October 2002 and 5124 (g N/l in March 2002. Dissolved inorganic phosphorus (DIP, orthophosphate) varied between 363 (g P/l during September 2002 and 2263 (g P/l during March 2002. The DIN: DIP ratio during the closed phase was always below the critical Redfield value of 16, attaining a minimum of 1.09 in October 2002.  There is clearly enrichment in all macronutrient species in this estuary, with values often being an order of magnitude higher than what would be expected in a closed phase situation as measured in other estuaries (see for instance Nozais et al., 2001 and Perissinotto et al. 2003).  The enhancement is particularly obvious for DIP, and this seems to be the main factor affecting the consistently low DIN:DIP ratio. Under normal conditions a ratio of less than 16 is indicative of nitrogen limitation, in this case it is more likely an indication of phosphorus eutrophication.

Confidence: High


	ABIOTIC STATE 2:  PREDOMINANTLY SEMI-CLOSED STATE

	Typical flow patterns:  Flows normally between 0.4 and 0.5 m3/s. This indicates that a semi-closed state probably occurs in a narrow band of river flow.

Confidence:  Medium

	State of the mouth:  Mouth of the estuary would be in a perched, semi-closed state.  A small outflow channel will be present, but tidal inflow will not occur. There will sometimes be overwashing by waves.

Confidence:  Medium

	Water levels and Flood plain inundation patterns:  The water level will be high and flood plain inundation of the low-lying areas will occur due to the elevated mouth position and restricted mouth opening. The extent to which inundation would occur will depend on the water level and the height of the berm (currently no data available).
Confidence: Medium

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): No tidal variation will occur.
Confidence:  High

	Retention times of water masses:  The retention time will be longer than in the open state varying from a few days to a few weeks depending on the duration of the semi-closed state. 

Confidence:  Medium

	Total volume:  No data available to provide any details on total volume
Confidence:  -


	ABIOTIC STATE 2 continued…

	Salinity distributions in the estuary:  
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During the semi-closed state the river inflow is low.  Saline water trapped in the estuary, having entered the system during the previous open phase, forms a saline bottom layer with freshwater flowing out to sea as a surface layer.  During the semi-closed state bottom salinities can also be elevated through over-wash as a result of wave action during spring tides and storm events. It has been shown elsewhere that over-wash can markedly increase salinities in small systems such as the Mhlanga Estuary. If this state should persist for months at a time with little or no over wash, salinities in the estuary may continuously decrease through entrainment as the fresh surface layer ‘erodes’ into the more saline bottom layers.

Furthermore, if the semi-closed state persists for several months, there will be a gradual build-up of the berm.  As a result over-wash events become restricted to spring high tides and storm events thus reducing the input of high salinity seawater into the lower reaches even further.   

Confidence:  Low

	System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen): 

The semi-closed phase was investigated at the Mhlanga Estuary on two occasions: in June and in November 2002. Temperature consistently increased slightly (1-3 oC) from the upper reaches to the mouth. In the vertical, there was a decrease of about 0.1-3 oC from surface to bottom in November and a similar decrease in June, but this time in the opposite direction, i.e. from bottom to surface. This situation is clearly very similar to that described in the closed phase above. 

pH again increased slightly from the upper reaches to the mouth, possibly in response to the increase in salinity in the same direction. In the vertical, the increase was only minor and hardly noticeable in June. During a semi-closed situation, there are no tidal effects and the inflow of freshwater is minimal. The ion/ mineral content in the water is thus expected to be low and the pH around neutral levels. 

Irradiance levels and light penetration are virtually the same as those observed during the closed phase, with Kd ranging from 0.21 to 2.8 m‑1.  

Dissolved oxygen was always above 50% saturation at the surface, but reached semi-anoxic levels at the bottom on both occasions and particularly in the middle reaches, with 2.9-3.5 mg/l.

Confidence:  High

	Inorganic Nutrients:  

The nutrient environment is expected to be affected by a steady input via freshwater, but given the low flow rates characteristic of this situation this should not differ substantially from that observed during the closed phase. During the semi-closed phase, DIN and DIP concentrations in the Mhlanga Estuary never dropped below 700 (g N/l and 930 (g P/l, respectively, i.e. higher than the minima recorded during the closed phase. The maxima, however, were very similar to those of the closed phase, about 4900 (g N/l for DIN and 1860 (g P/l for DIP. Again, the DIN:DIP ratio was consistently well below 16, ranging from about 2 to 7 and suggesting a condition of eutrophication with very high phosphorus levels.

Confidence: High


	ABIOTIC STATE 3:  PREDOMINANTLY OPEN, with marine influence 

	Typical flow patterns:  At inflow between 0.5 and 5 m3/s the mouth generally remains open with tidal flows through the mouth and seawater intrusion in the estuary.

Confidence:  Medium

	State of the mouth:  The mouth of the Mhlanga Estuary will be open and there will be intrusion of seawater. The size of the mouth will be limited and complete drainage of the estuary will normally not occur. 

Confidence:  Medium

	Flood plain inundation patterns:  The water level will probably vary between + 0.6 and + 1.1 m MSL because of tidal influence. This will be much lower than in the Closed and Semi-closed states and much of the flood plain will be permanently exposed. Flooding and drying of the intertidal area will occur. 
Confidence:  Medium

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  The amplitude of tidal variation will be limited and will probably be approximately 0.25 m at springtide and will be reduced to approximately 0.1 m at neap tide.
Confidence:  Low

	Retention times of water masses:  The retention time will vary from a few days during lower inflows (0.5 – 1 m3/s) to less than a day during the higher flows close to 5 m3/s. 

Confidence:  Medium

	Total volume:  No data available to provide any details on total volume
Confidence:  -

	Salinity distributions in the estuary:  No data are available, but it is expected that during an open state a well-developed horizontal salinity gradient forms in the estuary with marked saline penetration up to about 2 km from the mouth.  The estuary is shallow therefore strong vertical stratification is not expected to develop during the state.  
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Confidence:  Low

	System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen): Temperature is expected to be vertically uniform where the tidal effect is most marked (i.e. lower reaches), but this is then replaced by stratification, as soon as the effect of tidal mixing ceases. Both winter and summer data show a trend of increase in temperature from the upper reaches to the mouth. However, while this increase is minimal in summer, e.g. 1 oC in January 2003, it can be substantial in winter, e.g. about 5 oC in July 2002. In the vertical, the gradient is almost negligible (<1 oC) near the mouth but very marked (4-5 oC) in the upper and sometimes even the middle reaches. 

Significant changes in pH are seen from the mouth to the upper reaches. At the mouth, typical seawater values of about 8.2 are found throughout the water-column. These eventually decrease to about 7.5 in the upper reaches, where a very minor vertical gradient also starts to develop. 

Suspended solids increase towards the mouth, again as a result of tidal mixing. Light extinction coefficients are high throughout the estuary, and attain maximum levels in the lower and middle reaches, e.g. 14 m-1 in January 2003. Dissolved oxygen concentrations are always above 50% saturation, as a result of the strong mixing energy available during an open phase. 
Confidence:  High

	Inorganic Nutrients:  Macronutrient concentrations are supposed to increase substantially during the open phase, although the tidally-dominated period does not necessarily show this, as the high nutrient content of the freshwater runoff is counterbalanced by the generally poor nutrient content of the oceanic waters moved in by the tide. During the Mhlanga Estuary open phase, dissolved inorganic nitrogen concentrations (DIN) in the water column varied from 239 (g N/l in August 2002 to 5852 (g N/l in July 2002. Dissolved inorganic phosphorus levels  (DIP) varied between 242 (g P/l during January 2003 and 2533 (g P/l in July 2002. The DIN: DIP ratio during the open phase of the Mhlanga ranged between 0.50 in August 2002, i.e. again well below the critical value of 16, to 27 in January 2003 – one of the few occasions when the Redfield ratio was finally exceeded in the estuary. This was possibly the result of phosphorus eutrophication having been eventually neutralized by dilution with nutrient-poor seawater.

Confidence: High


	ABIOTIC STATE 4:  PREDOMINANTLY OPEN AND FRESH WATER DOMINATED

	Typical flow patterns:  At river flows greater than 5 m3/s the mouth will normally be fully open and because of the strong river flow limited or no seawater intrusion in the estuary will take place.

Confidence:  Medium

	State of the mouth:  The mouth of the Mhlanga Estuary will be fully open at this state. Especially after a flood the mouth might be scoured deep enough to allow almost complete drainage of the estuary at low tide.  

Confidence:  Low

	Flood plain inundation patterns:  The water level will probably be very high during floods inundating the flood plains. Such floods will scour the mouth deeply and after the flood the water level can drop very low at low tide until the mouth becomes restricted again. Therefore, directly after a flood, until such a time as equilibrium is restored, flood plain inundation will be strongly reduced. 
Confidence:  Medium

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  Limited tidal variation will occur during a flood when the water level is high, but tidal variations will occur again when the flood flows are reduced. Directly after a flood, until such a time as equilibrium is restored, low water levels of about 0.0 m MSL and tidal variations of up 1 meter can be expected. 
Confidence:  Medium

	Retention times of water masses:  The retention time will normally be less than one day. 

Confidence:  Low

	Total volume:  No data available to provide any details on total volume
Confidence:  -

	Salinity distributions in the estuary:  The estuary will be mostly fresh during this open fresh water dominated state, with limited salinity penetration in the mouth area at high tide.
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Confidence:  Low

	System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen): Strong and unidirectional flows create a virtually perfectly uniform water-column during this phase. No or very weak vertical gradients are observed in either temperature, pH or dissolved oxygen profiles. Horizontally, from mouth to head temperature changes are normally 1 0C,  pH <1 unit and DO < 2 mg.l-1. Dissolved oxygen levels are always well above 50% throughout the water-column. Suspended solids exhibit their highest levels throughout the estuary during this phase. Light extinction coefficients are among the highest observed, 5-14 m‑1.

Confidence:  Medium

	Inorganic Nutrients:  Macronutrient concentrations increase to minima of 2800 (g N/l for DIN and 1085 (g P/l for DIP. Their maximum values, however, remain within the range observed during the other phases, about 4900 (g N/l and 1550 (g P/l, respectively. DIN:DIP ratios exceed on one occasion the critical level of 16, indicating again a possible dilution effect of large freshwater inflow on the estuary’s eutrophic waters.  

Confidence: Medium


f.
Occurrence and duration of different abiotic states during the Present State:

The occurrence and duration of the different Abiotic States during the Present State are illustrated in the simulated monthly river flow table (Table 3.1). 
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To provide a conceptual overview of the annual distribution of Abiotic States under the Present state, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
g. Non-flow related anthropogenic influences, presently affecting Abiotic characteristics in the estuary:

	Structures (e.g. weirs, bridges, mouth stabilization):  N/A

Confidence:  -

	Human exploitation (e.g. sand mining):  It is likely that encroachment of sugar cane down to the estuary/river average water mark affects the silt loading of the freshwater runoff. This would increase the light extinction coefficient and the pH of estuarine waters.

Confidence:  Medium

	Discharges into the estuary affecting water quality (e.g. dump sites, storm water, sewage discharges, etc):  It is quite clear that the sewage discharge in the upper reaches affects the macronutrient content of the whole estuary. The eutrophication seems to affect in particular the phosphorus content of the waters. The predominance of DIP:DIP ratios of < 16 in all reaches of the estuary, despite its high concentration of inorganic nitrogen,  seems to indicate that phosphorus is always present in concentrations far exceeding the demand of the primary producers.    

 Confidence:  Medium

	Input of Toxic substances from catchment:  No data available.  However, the use of pesticides in the catchment could have resulted in some accumulation of these substances in the estuary

Confidence:  Low


3.1.2 Biotic components

a.
Description of the present state of biotic components:
	MICROALGAE

	No data on species diversity, richness and/or rarity are currently available for either phytoplankton or microphytobenthos. Samples for this purpose have, however, been collected at quarterly intervals during the course of the WRC-Amazon Project, from March 2002 to March 2003. The study of these samples forms part of the PhD thesis proposal of Ms. S.  Mundree and will probably be completed only next year. On the other hand, monthly data on biomass distribution and its seasonal variations are available for both phytoplankton and microphytobenthos (Perissinotto et al. 2003). 

Phytoplankton.  Cooper et al. (1993) reported a range in chlorophyll-a concentration of 1.2-7.4 mg chl a m-3 during their snapshot survey of the Mhlanga Estuary. The lowest value recorded so far during the WRC-Amazon study is 0.73 mg chl a m-3, recorded in June 2002, while the highest  is 303 mg chl a m-3 and was recorded in October 2002.  To our knowledge, the latter value is the highest ever recorded in any South African estuary.  With the exception of March 2002, the highest values were always recorded during the closed phase of the estuary and after a period of 9-11 days since the closure of the mouth (e.g. Oct 2002, Feb 2003). The lowest levels occurred from April to July 2002, and coincided with open mouth conditions persisting for 1-15 days prior to sampling. The nanophytoplankton size-fraction (2-20 μm) virtually dominated phytoplankton biomass during the entire study period, during both open and closed phases. This was followed by the picophytoplankton (<2μm) and then the microphytoplankton (>20 μm). The only exception to this was in January 2003, in the surface waters of the middle and upper reaches of the Mhlanga, when total biomass was dominated by microphytoplankton,  which contributed 53% of the total stock.

Microphytobenthos. Microphytobenthic chl-a concentrations ranged from 1.6 to 510 mg chl-a m-2, with the highest values not always associated with a closed mouth state (Perissinotto et al. 2003). Indeed high concentrations were also observed during the open conditions of January 2003 and the partly open phase of June 2002. The mean microphytobenthic biomass was lowest in the lower reaches of the estuary (70.8 mg chl-a m-2 ( 97.3 SD) and highest in the middle reaches (103 mg chl-a m-2 ( 115 SD). The upper reaches exhibited a mean microphytobenthic biomass of 85.9 mg chl a m-2 ( 76.3 SD. When standardized to the same units, the mean microphytobenthic chl-a concentrations generally exceeded water column phytoplankton concentrations, thus confirming the pattern observed in previous studies carried out at the Mdloti, Mpenjati and Nyara estuaries, where microalgal biomass within the sediment has been shown to exceed by 1 to 3 orders of magnitude that in the water column (Nozais et al., 2001).
Confidence: Medium

	MACROPHYTES

	The estuary is characterised by extensive reeds swamps that cover an area of approximately 69.9 ha.   “(e)mhlanga” is said to mean the “reedy place” in Zulu (Begg 1978).  Pillay (1998) found that the dominant species in the reed swamps was the common reed Phragmites australis.  Several sedges including Scirpus scirpoideus were patchily interspersed amongst the reeds. On the south side of the mouth reedswamp extends southward parallel to the coast along a tributary channel landward of the dune thicket.

The reeds are important as they stabilize the banks, take up nutrients from sewage input and thus play an important role in maintenance of water quality.  Detrital input from the reeds drives the food chain.  Whitfield (1980c) found that fish diet consisted of 90 % of detritus. Begg (1978) also stated that the reeds act as a buffer in preventing rapid changes in salinity taking place at the base of the Hawaan forest. This is a relic patch of climax coastal forest that covers an area of approximately 50-60 ha and contains a number of rare species.
A small area of swamp forest (0.2 ha) consisting of Barringtonia racemosa and Hibiscus tiliaceus is present.  Swamp forest can be described as forested wetlands that are subjected to high water table levels, high soil saturation and periodic or continuous flooding (Wessels 1997).  Individual or small clusters of Barringtonia trees occurred within the reed swamp area and a small population of Hibiscus tiliaceus was located within the reed swamp below the coastal road bridge (Pillay 1998) This may possibly be as a result of sediment accretion in this area due to the road.  

Begg (1984) reports the presence of the submerged macrophyte Potamogeton pectinatus in the early 1980’s.  At this time salinity was mostly less than 10 ppt.  There are no indications that submerged macrophytes occur in the estuary now.

Confidence: High

	INVERTEBRATES 

	Overall the macrobenthos are depauperate as there are fewer than 10 species. The shallow burrowing benthic community is dominated by polychaete worms; the only deeper burrowing species is the sand prawn Callianassa kraussi in the lower and mid reaches of the estuary where it probably dominates the benthic biomass.  Overall low diversity, low richness, no endemics and no Red Data species.  Abundance, especially of smaller species is spatially and seasonally variable but no measures of productivity are available. 

Confidence:  High


	FISH

	Almost 50 fish species have been recorded in the Mhlanga Estuary of which the estuarine round-herring Gilchristella aestuaria, Mozambique tilapia Oreochromis mossambicus, longarm mullet Valamugil cunnesius, freshwater mullet Myxus capensis, groovy mullet Liza dumerili, longspine glassy Ambassis ambassis, river goby Glossogobius callidus, Cape stumpnose Rhabdosargus holubi, spotted grunter Pomadasys commersonnii, diamond mullet Liza alata, flathead mullet Mugil cephalus and thornfish Terapon jarbua are usually the numerically dominant taxa. In terms of biomass, O. mossambicus, V. cunnesius, R.holubi, M. capensis, P. commersonnii, T. jarbua, L.alata, M. cephalus, dusky kob Argyrosomus japonicus and leervis Lichia amia tend to dominate the ichthyofauna. 

There are three major ecological guilds, with O. mossambicus being the dominant freshwater species in the system; G. aestuaria, G. callidus and A. ambassis the dominant estuarine residents; and V.cunnesius, R.holubi, M. capensis, M.cephalus, P. commersonnii, L. alata and T. jarbua the dominant marine migrants. According to Harrison & Whitfield (1995) approximately 48% of the ichthyofauna is derived from estuarine species, 34% from marine migrants and 18% from freshwater taxa. These percentages are likely to vary according both spatially and temporally, with Whitfield (1980a-c) recording a 46% contribution by marine migrants and Begg (1984) a 56% contribution by this guild. 

During 2002,Clarias gariepinus was a prominent contributor to the biomass of gillnet catches, as summarised in the following table (Blair pers comm.)

March 2002

June 2002

Sept 2002

Dec 2002

Clarias gariepinus

Oreochromis

Mullet

66.8

19.6

11.6

42.4

54.0

1.5

34.9

63.6

0

20.5

40.8

30.8

During the winter the system is often closed and food resources are relatively abundant. Freshwater species predominate in the upper reaches of the system while marine migrants mainly inhabit the middle and lower reaches. The fish community in winter tends to be dominated by marine migrants using the estuary as a nursery area. When the system opens with the onset of the spring/summer rains, adult and sub-adult marine migrant species emigrate from the system and larvae and 0+ juveniles begin recruiting into the system. Spring and summer is also the peak breeding period of resident estuarine and freshwater species and, because the system drains when it opens, these species are concentrated in the deeper lower reaches and dominate the fish community. During the open phases, however, food resources and habitat in the estuary are drastically reduced and, coupled with the influx of 0+ juvenile marine species, this results in a decrease in the proportion of estuarine and freshwater species during summer. In autumn, reduced river flow is insufficient to maintain an open mouth and the system normally closes. Once closed the estuary quickly fills, inundating previously exposed habitats and food resources increase. This also results in the partial redistribution of freshwater species upstream and marine migrants again dominate the estuary. 

Confidence: Medium

	BIRDS

	Dominated by piscivores including a resident pair of fish eagles, and opportunistic herons, egrets, darters, white breasted and reed cormorants, giant and pied kingfishers.  Fair diversity in size and mode of prey capture but very low overall abundance; no species exceeding six individuals at any one time.  Only goliath heron can be considered as unusual.  No endemics are present.  Wading species include common sandpiper, greenshank and water dikkop but negligible numbers have been found in all cases.

Confidence:  High


b.
Description of the effect of abiotic characteristics and processes, as well as other biotic components on estuarine biota:  
	MOUTH CONDITIONS

	Microalgae:  Mouth conditions clearly affect a number of physico-chemical factors, which in turn have major effects on microalgae.  Typically, during a predominantly closed phase both water-column and sediments become relatively stable; light penetration to depth is enhanced by the settling out of silt and other particulate materials from the water-column; salinity penetration is limited to mouth area; and macronutrient concentrations should decrease slowly as a result of algal uptake. Bloom concentrations, particularly in the water-column, have been observed some 9-11 days after uninterrupted mouth closure. Species diversity during this phase is expected to be relatively low and dominated by a few strongly-adapted or opportunistic species. The community structure of the phytoplankton is decisively dominated by small nanoplanktonic algae, a reflection of the “recycled” macronutrient environment that characterizes this phase. 

Conversely, during predominantly open mouth conditions the estuary first experiences flushing and scouring action, which often results in the complete annihilation of the algal communities that had become established during the closed phase. Later, with the river flow becoming eventually counterbalanced by the tidal inflow, fine sediment is resuspended thereby reducing light penetration to depth; a steady nutrient flow will replenish the water-column of any losses due to algal uptake, neritic waters will penetrate deep into the middle/upper reaches of the estuary. As a result, biomass concentrations decrease but species diversity increases as several new riverine and marine taxa are introduced.  

Confidence:  Medium

	Macrophytes:  Mouth condition and the associated fluctuations in water level and salinity would influence the macrophytes.  There are no plant communities characteristic of saline intertidal conditions.  Prolonged open mouth conditions could result in dry conditions in the reed and swamp forest area. Prolonged inundation especially with saline water has been shown to have adverse effects on swamp forests.  In the Mgobeseleni system near Sodwana, large amounts of swamp forests were destroyed as a result of this (Bruton and Appleton, 1975). A similar situation was recorded in Lake Mzingazi.

Submergence affects Phragmites australis differently depending on season.  In spring, new plants and shoots are establishing and submergence inhibits growth.  Submergence during autumn would have a negative effect on plants, as this is when nutrients are remobilized for spring growth.  Winter submergence is less severe than for the other seasons as this is when Phragmites australis dies back naturally and the nutrients for spring growth has already been translocated to the rhizomes.  

In general long term mouth closure could result in a reduction in area of reeds and sedges and possibly a loss of the swamp forest species.  The closed mouth situation and high water levels appear to restrict reed encroachment into the main channel.

Confidence: Medium

	Invertebrates:  Closed mouth results in loss of tides and absence of organisms dependent on intertidal habitats.  Mouth closure prevents movement of migratory species.
Confidence: High

	Fish: The state of the mouth is critical to the biology and ecology of all fish species in the estuary but particularly for the marine migrants that use the system as a nursery area.

Confidence: High

	Birds:   Closed mouth, no tides and therefore no foraging areas for wading birds.  Closed mouth increases water volume and hence size of habitat exploited by piscivorous species.

Confidence:  High


	EXPOSURE OF INTER-TIDAL AREAS DURING LOW TIDE

	Microalgae:  This will, of course, eliminate phytoplankton from part of the total estuarine area during low tide, and will also have a significant effect on the benthic microalgae.  Desiccation, in particular, may have a negative effect in the upper intertidal area and comparative measurements from other estuaries indicate that subtidal and intertidal chl-a concentrations may be quite different at times (see for instance Adams et al. 1999).

Confidence:  Medium

	Macrophytes:  Tidal conditions are limited to periods when the mouth is open.  The Mhlanga is a perched estuary so there is minimal intertidal area.  The macrophytes present are not associated with intertidal conditions.  Begg (1984) reported an increase in hydrogen sulphide when water levels dropped and the reed beds were drained.

Confidence:  High

	Invertebrates:  Irrelevant  - no macrobenthic intertidal fauna.

Confidence: High

	Fish: N/A

Confidence:

	Birds:  Irrelevant – no evidence of use of intertidal areas by wading birds.
Confidence:   High


	SEDIMENT PROCESSES AND CHARACTERISTICS

	Microalgae:  Resuspended sediments will decrease light penetration through the water-column, thus affecting negatively both phytoplankton and microphytobenthos. Kd  values of 5-14 m-1 were observed often in the presence of high silt loading in the water-column, particularly during and immediately after breaching events. 

Within the sediment itself, much higher chlorophyll-a concentrations were observed in mud cores, compared to coarse sand samples. This generally translates into higher biomass in the upper and middle reaches than at the mouth of the estuary. Also, periods immediately following scouring events exhibit the lowest chl-a concentrations recorded during the study period (Perissinotto et al. 2003)

Confidence: Medium

	Macrophytes:  The lack of submerged macrophytes in KwaZulu-Natal estuaries has often been attributed to an increase in catchment and bank erosion, sedimentation and lack of light.  Begg in the 1980’s recorded pondweed, Potamogeton pectinatus in the Mhlanga Estuary.  Currently there are no submerged macrophytes.  Some of the earlier reports considered the lagoon to be much larger, reporting that the draining of a large swamp area (for planting cane) at the head of the estuary led to siltation of the deep areas and increase in reed growth which had previously been controlled by tidal saline water (Begg 1978).

Confidence:  Medium

	Invertebrates: Substrata are typically sandy but effects on macrobenthos are probably overshadowed by salinity effects.

Confidence: Medium

	Fish:  Export of sediments during the outflow phase is important in resetting the estuary profile and therefore the habitat diversity for fishes. This is especially important to the survival of estuarine dependent fish during breaching.

Confidence: Medium

	Birds: Irrelevant

Confidence:  High


	RETENTION TIMES OF WATER MASSES

	Microalgae:  This is very closely related to the state of the mouth.  Retention periods of estuarine waters of 9-11 days have resulted in the densest phytoplankton blooms ever recorded in any South African estuary (max of 303 mgChl-a.m-3 in October 2002).  Retention times of ( 1 day coincide with the maintenance of open mouth conditions and are normally associated with the lowest biomass levels observed in the water-column, but not necessarily within the sediment.

Confidence: Medium

	Macrophytes:  Greater water retention time would allow for nutrient uptake by macrophytes and therefore increase macrophyte productivity.  However, long retention times may promote the development of algal blooms especially if nutrient levels are high.  This could include nuisance growths of blue-greens, which can include toxic species especially if waters are relatively non-saline.

Lack of flushing due to closed mouth conditions could also lead to accumulation of detritus and anoxic conditions.    Anaerobic conditions also prevent the development of a population of consumers, which can utilise the excess detritus (Schleyer and Roberts 1987).  Anoxic conditions have been reported in the Mhlanga estuary (Cooper et al. 1993, Perissinotto et al. 2003). 

Confidence: Medium

	Invertebrates: Longer retention times would favour the development of the benthic fauna by expanding the available habitat.  Zooplankton would also be favoured by the expanded habitat and the opportunity to increase biomass on the basis of an expanded phytoplankton food supply.

Confidence:  High

	Fish:  The food web on which the fishes depend requires a prolonged closed phase to increase both estuarine productivity and food availability.  Also increases habitat diversity
Confidence: High

	Birds:  Longer periods would allow for fish growth and possible development of a larger resource for piscivorous species.

Confidence:  Medium


	FLOW VELOCITIES

	Microalgae:  Turbulence at high flow rates will stir up sediment and other particles and will also transport algal cells out of the euphotic zone during part of the day. During the WRC-Amazon study, highest flow rates were recorded in January 2003 (8.35 m3/s), August 2002 (2.03 m3/s), September 2002 (1.09 m3/s) and June 2002 (1.08 m3/s). These were all associated with very low phytoplankton biomass. However, at least on one of these occasions (January 2003) microphytobenthic biomass was still very high in the estuary, 46-313 mgChl-a.m-2.  

Confidence:  Medium

	Macrophytes:  During floods both submerged macrophytes and reeds would be removed due to high flow velocities. Flooding is an important process that would prevent reed encroachment into the main channel of the estuary. There are presently no submerged macrophytes in the Mhlanga Estuary. 
Confidence:  Medium

	Invertebrates:  Abnormally high flow rates would scour benthic habitats and remove the zooplankton community.
Confidence: High

	Fish:  High flow velocities, especially during river flooding, reduce the nursery areas available to juvenile fishes and can cause certain species to temporarily leave the estuary.

Confidence: Medium

	Birds:  Any adverse effects on, for example foraging would be very temporary.

Confidence:  Low


	VOLUME OF WATER IN ESTUARY

	Microalgae:  An increase in volume will increase the average water depth and consequently will diminish the intensity of light reaching the bottom of the water-column and the sediment. This, however, did not seem to have had a significant impact on the biomass of microphytobenthos during the period of study at the Mhlanga (Perissinotto et al. 2003). An increase in volume will also extend the submerged area of the estuary and this will certainly result in higher total algal biomass, even if its concentration per unit area does not change. The opposite applies to a decrease in water volume, in both cases (i.e. light intensity and submerged area).

Confidence: Medium

	Macrophytes:   Increased volumes for longer periods would restrict growth of common reed, Phragmites australis into the main channel.  Increased water levels in the lower reaches could lead to loss of the small patch of Hibiscus tiliaceus.
Confidence: Medium

	Invertebrates:   Greater volumes mean greater inundation and increase in benthic and water column habitat. 

Confidence: High

	Fish:  Low water volumes during the open phase limit both the number and size of fishes that can inhabit the estuary. The large water volume during the closed phase is essential in providing habitat diversity and access to productive littoral habitats.  

Confidence: High

	Birds:  Greater area of habitat for fish and potentially greater food resource for diving/swimming piscivores.  Possible adverse effect on wading species.

Confidence: Medium


	SALINITIES

	Microalgae:  Salinity is expected to have a major impact on the community structure of microalgae, in terms of its species composition. However, the ability of different species to tolerate salinity changes in South African estuaries is at present very poorly known.  As far as biomass is concerned, a negative correlation was often found during the WRC-Amazon study between salinity levels and either phytoplankton or microphytobenthic biomass. This is likely the result of the higher salinities observed during the open phase, when tidal penetration is maximal and microalgal biomass generally depressed (Perissinotto et al. 2003).

Confidence: Low

	Macrophytes:  The macrophytes present indicate brackish conditions i.e. less than 15 ppt.  Salinity less than this would favour reeds and the development of freshwater submerged and floating macrophytes.  At salinity greater than this there will be a reduction in growth and then potential dieback. In Lake Mzingazi salinity of 22 – 30 ppt caused dieback of swamp forest species i.e. Hibiscus tiliaceus and Barringtonia racemosa (Cyrus pers.comm.).  Begg (1978) reported Potamogeton pectinatus in the Mhlanga estuary, this submerged macrophyte grows best at salinity less than 10 ppt. 

Confidence:  Medium

	Invertebrates:  Sustained low salinities would adversely affect the estuarine species although a small number of euryhaline polychaetes and crustaceans would survive.  

Confidence: High

	Fish:  Apart from the outflow phase (following breaching of the sand bar at the mouth), salinities in the estuary are suitable for all recorded freshwater, estuarine and marine fish species. No fish kills that can be attributed to low salinities have been recorded in the Mhlanga system. There have been cases where breaching when fresh, can cause death from sudden osmotic shock, if fish are forced into the sea (emphasises importance of some water retention)

Confidence: Medium

	Birds:  No direct effect – effect would be via impacts on food resources.

Confidence:  High


	OTHER WATER QUALITY VARIABLES

	Microalgae:  Macronutrient concentrations are obviously of key importance to microalgae. While normally an increase in either DIN or DIP or both is able to trigger a very rapid response in microalgal productivity and biomass, at the Mhlanga Estuary the concentrations of both nutrient species are always far in excess of demand and at least an order of magnitude above the limiting thresholds of 28 (g N/l and 6.2 (g P/l for nitrogen and phosphorus, respectively (Fisher et al. 1988). Even during the October 2002 bloom of 303 mgChl-a.m-3, the DIN and DIP concentrations in the area were in excess of 40 and 30 (M, respectively. In particular, the abnormally high DIP concentrations indicate a widespread eutrophication of the system, probably as a result of the sewage outflow.

Confidence: Low

	Macrophytes:  A reduction in freshwater input coupled with high nutrient input could increase reed and sedge growth and encroachment into the main channel.  However this would be a dynamic process, as large floods would uproot reeds and export this out of the system.   
Confidence: Medium

	Invertebrates: Potential adverse effect of low oxygen levels.

Confidence: Medium

	Fish: Artificially elevated nutrient and/or organic inputs that may result in algal blooms or oxygen depletion of the water column, can cause fish kills.

Confidence: Low

	Birds: Effects generally indirect via impacts on food resource.

Confidence:  Medium


	OTHER BIOTIC COMPONENTS

	Microalgae:  A top-down control over microalgal biomass is generally expected from the grazing activities of zooplankton and meio/macrofauna. Filter-feeders will exert pressure on the phytoplankton and deposit-feeders mainly on the microphytobenthos. During the WRC-Amazon study, phytoplankton biomass was positively correlated with zooplankton abundance (i.e. the major potential grazers) during the closed phase (r = 0.88, p < 0.001) of the Mhlanga, The greatest contributor to phytoplankton biomass in this study was the nanophytoplankton, which is an important food source for most components of the zooplankton of temporarily-open estuaries (Kibirige & Perissinotto 2003). A positive correlation between zooplankton and microphytobenthic biomass was also obtained, but in this case it was not significant (Perissinotto et al. 2003). 

Confidence:  High

	Macrophytes:  Macrophyte productivity may be influenced by nutrient uptake by algae.   Pulses of high nutrients are more likely to be quickly assimilated by algal populations which in turn may promote the development of populations of primary consumers of algae.   This is likely to be a short term response as nutrients are recycled.

Confidence: Low

	Invertebrates:  Alterations in the productivity and/or availability of estuarine food sources will result in a change in the invertebrate assemblage of this estuary.
Confidence: High

	Fish: Alterations in the productivity and/or availability of estuarine food sources will result in a change in the fish assemblage of this estuary. 

Confidence: High

	Birds:  Alterations in the productivity and/or availability of estuarine food sources may result in a change in the bird assemblage of this estuary. 

Confidence: High


c. Non-flow related anthropogenic influences affecting biotic characteristics in the estuary
	STRUCTURES (E.G. WEIRS, BRIDGES, JETTIES)

	Microalgae:  No major influences would have been caused by existing physical structures.

Confidence: Medium

	Macrophytes:   Very likely that the bridge and causeway construction have stabilised the immediate upstream area and allowed establishment of Phragmites.  The small population of Hibiscus tiliaceus near the road may have colonized sediment deposited due to road construction in this area.
Confidence: Low

	Invertebrates:  Some habitat lost through bridge and causeway construction.

Confidenc:  Medium

	Fish:  The embankments associated with the road bridge near the mouth of the system have encroached onto reed beds that were previously part of the estuary, thus reducing organic inputs into the estuary. The extent to which these embankments have affected the detrital resources for fishes in the estuary is unknown.

Confidence: Low

	Birds:  Possible loss of foraging areas.
Confidence:  Medium


	HUMAN EXPLOITATION (CONSUMPTIVE AND NON-CONSUMPTIVE)

	Microalgae: N/A

Confidence: -

	Macrophytes: Reed harvesting would be an advantage to the system as it would export nutrients and lead to a better water quality profile in the long term.

Confidence: Low

	Invertebrates:  Low levels of bait collecting, principally the sand prawn Callianassa kraussi. However populations are inaccessible during high water level, i.e. closed mouth conditions.

Confidence: High

	Fish:   Low intensity hook and line angling from the shore but access is relatively difficult.  No boating is allowed on the estuary. Subsistence and recreational fishing will impact on the fish resources within the estuary. 

Confidence:  High

	Birds: Human disturbance has influenced bird numbers in the Mhlanga Estuary.

Confidence:  Medium


	FLOOD PLAIN DEVELOPMENTS

	Microalgae:  Development within the Mhlanga flood plain is currently within minimal levels, as most of this area is part of the Nature Reserve. The embankment that crosses the floodplain near the coast is probably only of minor importance for microalgae.

Confidence: Medium 

	Macrophytes:  The floodplain on the north side of the main estuary channel has been extensively altered by sugar cane cultivation.  These areas were probably Phragmites dominated wetland but may have been fringed with hygrophilous grasses and freshwater sedges.  The area between the northwest corner of the Hawaan Forest and the channel was probably also altered in the past for sugar cane cultivation.  This area is now covered by primary woodland (Albizia adiantifolia/ Brachylaena discolor).

Confidence: Medium

	Invertebrates:  Habitat loss through sugar cane cultivation.

Confidence: Medium

	Fish:  Sugar cane cultivation on the floodplain has encroached on the vegetation surrounding the estuary, thus influencing detrital inputs into the estuarine food web which would influence food availability for fishes.

Confidence: Low

	Birds:   Marshland and riparian habitat loss through cane cultivation and spread of alien invasive plants.

Confidence:   Medium


	OTHER

	Microalgae:  The sewage works appear to have a major impact on the nutrient status of the estuary, with a generalized eutrophication observed throughout the WRC-Amazon study. As a result, anomalous phytoplankton blooms and anoxic conditions have been recorded (Perissinotto et al. 2003).

Confidence: High

	Macrophytes: N/A

Confidence: -

	Invertebrates: Unseasonal breaching of system results in loss of invertebrate habitat and flushing out of animals from the system.

Confidence: Medium

	Fish: N/A
Confidence: -

	Birds:   Human disturbance has influenced bird numbers in the Mhlanga Estuary. No direct impact as a result of unseasonal breaching, but loss of food sources during low water levels could have had an influence on the birds.

Confidence:  Medium


3.2
Reference Condition

3.2.1
Abiotic Components 

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Reference Condition, over a 70-year period (1920-1989) were obtained from the Department of Water Affairs and are provided in Table 3.2. The MAR under the Reference Condition is 12.4 x 106 m3.  A statistical analysis of the monthly-simulated runoff data in m3/s for Reference Condition is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	0.50
	1.52
	0.93
	0.85
	1.69
	1.36
	1.63
	0.93
	0.34
	0.27
	0.28
	0.30

	80%ile
	0.29
	0.65
	0.41
	0.43
	0.74
	0.94
	0.60
	0.29
	0.25
	0.23
	0.21
	0.22

	70%ile
	0.24
	0.31
	0.27
	0.24
	0.33
	0.65
	0.40
	0.24
	0.21
	0.17
	0.16
	0.18

	60%ile
	0.20
	0.25
	0.24
	0.22
	0.27
	0.30
	0.25
	0.21
	0.18
	0.13
	0.13
	0.16

	50%ile
	0.17
	0.22
	0.21
	0.20
	0.23
	0.24
	0.21
	0.18
	0.16
	0.12
	0.11
	0.15

	40%ile
	0.15
	0.20
	0.19
	0.17
	0.18
	0.19
	0.18
	0.16
	0.13
	0.11
	0.10
	0.12

	30%ile
	0.13
	0.18
	0.17
	0.15
	0.16
	0.17
	0.16
	0.13
	0.11
	0.09
	0.09
	0.10

	20%ile
	0.11
	0.13
	0.14
	0.14
	0.15
	0.13
	0.13
	0.11
	0.10
	0.08
	0.08
	0.08

	10%ile
	0.09
	0.12
	0.12
	0.11
	0.12
	0.10
	0.09
	0.07
	0.07
	0.07
	0.07
	0.07

	1%ile
	0.06
	0.05
	0.06
	0.08
	0.08
	0.06
	0.04
	0.05
	0.05
	0.04
	0.04
	0.05


Confidence:  Low

b.
Present flood regime:  

Not addressed as part of a Rapid RDM determination.  It is assumed that floods will not be affected by the type of abstractions to be allocated on an Ecological Reserve determination done on a Rapid level.

c.
Present sediment processes and characteristics: 

Not addressed as part of a Rapid RDM determination.  It is assumed that floods (which primarily affect sediment process) will not be affected by the type of abstractions to be allocated on an Ecological Reserve determination done on a Rapid level.

Table 3.2:  Monthly runoff data (in m3/s) for Reference Condition simulated over a 70-year period

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

	1920
	0.15
	0.19
	0.19
	0.17
	0.18
	0.17
	0.15
	0.12
	0.10
	0.07
	0.05
	0.07
	0.13

	1921
	0.17
	4.45
	2.88
	0.64
	0.16
	0.12
	0.12
	0.13
	0.18
	0.17
	0.17
	0.17
	0.78

	1922
	1.59
	1.33
	0.41
	0.22
	0.31
	0.26
	0.21
	0.13
	0.09
	0.07
	0.06
	0.06
	0.39

	1923
	0.05
	0.04
	0.07
	0.12
	0.17
	0.13
	0.10
	0.07
	0.06
	0.05
	0.05
	0.10
	0.08

	1924
	0.15
	0.19
	0.21
	0.21
	0.23
	6.87
	2.58
	0.23
	0.17
	0.13
	0.12
	0.15
	0.94

	1925
	0.22
	0.21
	0.14
	0.08
	0.07
	0.10
	0.11
	0.08
	0.08
	0.09
	0.07
	0.08
	0.11

	1926
	0.13
	0.17
	0.14
	0.10
	0.14
	3.57
	1.41
	0.17
	0.11
	0.08
	0.10
	0.11
	0.52

	1927
	0.11
	0.10
	0.11
	0.16
	0.20
	0.16
	0.13
	0.09
	0.07
	0.05
	0.05
	0.06
	0.11

	1928
	0.09
	0.12
	0.14
	0.14
	0.14
	0.81
	0.48
	0.19
	0.35
	0.79
	0.46
	0.74
	0.37

	1929
	1.28
	0.61
	0.21
	0.16
	0.14
	0.12
	0.13
	0.11
	0.10
	0.09
	0.13
	0.22
	0.28

	1930
	0.25
	0.23
	0.19
	0.20
	0.18
	0.13
	0.13
	0.10
	0.07
	0.11
	0.14
	0.12
	0.15

	1931
	0.11
	0.09
	0.08
	0.11
	1.53
	1.11
	0.43
	0.24
	0.21
	0.14
	0.10
	0.10
	0.35

	1932
	0.13
	0.17
	0.17
	0.14
	0.10
	0.07
	0.08
	0.07
	0.07
	0.07
	0.08
	0.07
	0.10

	1933
	0.07
	0.13
	0.21
	0.36
	0.34
	0.27
	0.53
	0.42
	0.31
	0.26
	0.29
	0.25
	0.29

	1934
	0.17
	0.12
	0.13
	0.19
	0.27
	0.27
	0.23
	1.86
	7.58
	2.51
	0.31
	0.26
	1.16

	1935
	0.17
	0.12
	0.08
	0.09
	0.38
	0.83
	0.44
	1.45
	0.71
	0.22
	0.15
	0.11
	0.40

	1936
	0.13
	2.73
	1.04
	0.14
	0.16
	0.16
	0.16
	0.14
	0.13
	0.12
	0.13
	0.13
	0.43

	1937
	0.11
	0.12
	0.67
	0.42
	1.39
	0.55
	0.19
	0.17
	0.18
	0.24
	0.26
	0.20
	0.37

	1938
	0.19
	0.27
	0.27
	0.21
	0.86
	0.92
	0.43
	0.27
	0.27
	0.23
	0.20
	0.26
	0.36

	1939
	0.32
	0.68
	0.43
	0.23
	0.15
	0.10
	0.09
	0.39
	0.71
	0.40
	0.20
	0.16
	0.32

	1940
	0.15
	1.17
	0.60
	0.22
	0.13
	0.09
	0.16
	0.17
	0.13
	0.09
	0.08
	0.10
	0.26

	1941
	0.13
	0.15
	0.11
	0.14
	0.18
	0.24
	0.28
	0.25
	0.23
	0.18
	0.18
	0.23
	0.19

	1942
	0.28
	1.57
	2.65
	0.91
	0.28
	0.63
	2.15
	0.95
	0.34
	0.48
	1.05
	0.54
	0.99

	1943
	1.69
	1.59
	0.52
	0.15
	0.13
	0.22
	0.26
	0.19
	0.16
	0.14
	0.12
	0.22
	0.45

	1944
	0.33
	0.32
	0.19
	0.10
	0.16
	2.35
	0.99
	0.21
	0.17
	0.11
	0.08
	0.06
	0.42

	1945
	0.07
	0.06
	0.05
	0.08
	0.11
	0.14
	0.22
	0.21
	0.15
	0.10
	0.07
	0.06
	0.11

	1946
	0.08
	0.13
	0.16
	0.18
	1.67
	0.72
	0.32
	0.26
	0.25
	0.25
	0.21
	0.19
	0.36

	1947
	0.16
	0.24
	0.27
	0.25
	0.30
	0.45
	0.86
	0.43
	0.18
	0.11
	0.08
	0.07
	0.28

	1948
	0.15
	0.27
	0.23
	0.16
	0.20
	0.19
	0.21
	0.20
	0.15
	0.11
	0.08
	0.10
	0.17

	1949
	0.17
	0.75
	1.19
	0.52
	0.22
	0.17
	0.15
	0.13
	0.12
	0.09
	0.10
	0.10
	0.31

	1950
	0.08
	0.06
	0.11
	0.16
	0.15
	0.17
	0.21
	0.15
	0.11
	0.09
	0.17
	0.30
	0.15

	1951
	0.31
	0.23
	0.21
	0.49
	0.34
	0.17
	0.20
	0.25
	0.24
	0.18
	0.16
	0.13
	0.24

	1952
	0.11
	0.12
	0.16
	3.64
	2.89
	0.66
	0.18
	0.11
	0.08
	0.06
	0.07
	0.12
	0.67

	1953
	0.16
	0.20
	0.25
	0.24
	0.25
	0.23
	0.19
	0.15
	0.14
	0.11
	0.10
	0.18
	0.18

	1954
	3.77
	1.56
	0.25
	0.47
	0.35
	0.43
	0.39
	0.27
	0.20
	0.14
	0.10
	0.12
	0.68

	1955
	0.18
	0.24
	0.21
	0.12
	0.17
	1.30
	0.67
	0.24
	0.17
	0.12
	0.13
	0.19
	0.31

	1956
	0.20
	0.20
	2.83
	1.12
	0.26
	0.25
	2.56
	1.01
	0.19
	0.12
	0.10
	0.16
	0.76

	1957
	0.36
	0.41
	0.31
	1.74
	3.42
	1.08
	2.31
	0.93
	0.21
	0.13
	0.09
	0.13
	0.91

	1958
	0.17
	0.20
	0.22
	0.17
	0.15
	0.10
	0.06
	0.12
	0.18
	0.14
	0.14
	0.17
	0.15

	1959
	0.22
	0.24
	0.19
	0.13
	0.12
	0.14
	0.18
	0.16
	0.12
	0.09
	0.08
	0.08
	0.15

	1960
	0.11
	0.20
	0.92
	0.51
	0.25
	0.18
	2.71
	1.09
	0.33
	0.31
	0.24
	0.23
	0.59

	1961
	0.25
	0.25
	0.18
	0.13
	0.13
	0.14
	0.16
	0.12
	0.09
	0.07
	0.09
	0.12
	0.14

	1962
	0.12
	1.51
	0.66
	0.69
	0.44
	0.31
	0.31
	0.21
	0.18
	0.25
	0.28
	0.22
	0.43

	1963
	0.18
	0.17
	0.14
	1.38
	0.71
	0.19
	0.16
	0.13
	0.11
	0.10
	0.09
	0.09
	0.28

	1964
	0.15
	0.21
	0.18
	0.14
	0.11
	0.06
	0.03
	0.05
	0.15
	0.23
	0.28
	0.30
	0.16

	1965
	0.29
	0.28
	0.22
	0.19
	0.18
	0.10
	0.06
	0.09
	0.14
	0.12
	0.11
	0.11
	0.16

	1966
	0.12
	0.15
	0.17
	0.22
	0.32
	1.31
	0.69
	0.27
	0.18
	0.12
	0.09
	0.07
	0.31

	1967
	0.10
	0.21
	0.20
	0.36
	0.33
	0.22
	0.18
	0.12
	0.09
	0.06
	0.10
	0.17
	0.18

	1968
	0.20
	0.19
	0.15
	0.11
	0.10
	1.02
	0.58
	0.43
	0.34
	0.21
	0.15
	0.14
	0.30

	1969
	0.50
	0.62
	0.37
	0.23
	0.15
	0.07
	0.05
	0.07
	0.11
	0.11
	0.10
	0.15
	0.21

	1970
	0.24
	0.28
	0.27
	0.24
	0.29
	1.34
	0.67
	2.40
	1.02
	0.26
	0.37
	0.37
	0.65

	1971
	0.27
	0.19
	0.17
	0.15
	0.21
	0.22
	0.20
	0.24
	0.30
	0.27
	0.21
	0.15
	0.22

	1972
	0.12
	0.12
	0.12
	0.13
	0.15
	0.15
	0.15
	0.11
	0.08
	0.06
	0.10
	0.43
	0.14

	1973
	0.39
	0.35
	0.27
	0.21
	1.40
	0.64
	0.27
	0.24
	0.22
	0.17
	0.12
	0.10
	0.36

	1974
	0.08
	0.09
	0.15
	0.98
	0.98
	0.36
	0.17
	0.13
	0.10
	0.08
	0.07
	0.16
	0.28

	1975
	0.23
	0.21
	0.23
	0.84
	1.28
	5.17
	3.55
	0.83
	0.22
	0.15
	0.16
	0.17
	1.09

	1976
	0.25
	0.31
	0.23
	0.24
	2.95
	1.11
	0.25
	0.16
	0.12
	0.09
	0.09
	0.16
	0.48

	1977
	0.22
	0.25
	0.21
	0.24
	0.31
	0.30
	0.33
	0.26
	0.17
	0.13
	0.12
	0.15
	0.22

	1978
	0.46
	2.00
	0.79
	0.19
	0.15
	0.11
	0.09
	0.07
	0.07
	0.07
	0.09
	0.13
	0.35

	1979
	0.18
	0.18
	0.14
	0.11
	0.09
	0.05
	0.04
	0.04
	0.04
	0.03
	0.03
	0.18
	0.09

	1980
	0.29
	0.29
	0.25
	0.25
	0.33
	0.26
	0.16
	0.19
	0.23
	0.19
	0.32
	0.86
	0.30

	1981
	0.51
	0.64
	0.34
	0.20
	0.20
	0.17
	0.18
	0.14
	0.11
	0.08
	0.06
	0.06
	0.22

	1982
	0.11
	0.16
	0.13
	0.11
	0.09
	0.07
	0.06
	0.05
	0.05
	0.07
	0.11
	0.13
	0.10

	1983
	0.15
	0.89
	0.97
	3.65
	4.02
	1.63
	1.59
	0.67
	0.29
	0.62
	0.45
	0.29
	1.25

	1984
	0.24
	0.22
	0.14
	0.16
	4.59
	1.55
	0.13
	0.07
	0.07
	0.06
	0.05
	0.05
	0.59

	1985
	0.79
	0.52
	0.26
	0.26
	0.26
	0.21
	0.22
	0.16
	0.11
	0.08
	0.08
	0.08
	0.25

	1986
	0.09
	0.11
	0.15
	0.21
	0.23
	0.24
	0.24
	0.22
	0.28
	0.27
	0.25
	8.67
	0.90

	1987
	3.28
	0.69
	0.35
	0.15
	2.23
	5.86
	1.99
	1.47
	0.75
	0.29
	0.26
	0.22
	1.46

	1988
	0.19
	0.22
	0.27
	0.24
	1.82
	0.70
	0.18
	0.16
	0.12
	0.09
	0.08
	0.07
	0.34

	1989
	0.10
	2.49
	0.99
	0.19
	0.16
	0.80
	0.48
	0.21
	0.14
	0.09
	0.07
	0.05
	0.48

	Average
	0.35
	0.51
	0.40
	0.40
	0.61
	0.73
	0.52
	0.33
	0.30
	0.19
	0.16
	0.30
	0.40

	Median
	0.17
	0.22
	0.21
	0.20
	0.23
	0.24
	0.21
	0.18
	0.16
	0.12
	0.11
	0.15
	0.31

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Closed
	< 0.4
	Semi-closed
	0.4-0.5
	Open (Brackish)
	0.5-5.0
	Open (Fluvial)
	> 5.0
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.4
	61
	51
	55
	55
	54
	44
	49
	57
	65
	66
	67
	65
	

	0.4-0.5
	2
	1
	2
	3
	1
	2
	5
	3
	0
	1
	2
	1
	

	0.5-5.0
	7
	18
	13
	12
	15
	21
	16
	10
	4
	3
	1
	3
	

	> 5.0
	0
	0
	0
	0
	0
	3
	0
	0
	1
	0
	0
	1
	


d.
Occurrence and duration of different Abiotic States during the Reference Condition:

The occurrence and duration of the different Abiotic States during the Reference Condition are illustrated in the simulated monthly river flow table (Table 3.2). 

To provide a conceptual overview of the annual distribution of Abiotic States under the Reference Condition, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e. Changes in the abiotic characteristics from Reference Condition to Present State, resulting from non-flow related anthropogenic

	Structures within the estuary (e.g. weirs, bridges, mouth stabilization):  Bridge and causeway construction has reduced the total area.

Confidence:  Medium

	Human exploitation, e.g. sand mining):  It is likely that encroachment of sugar cane plantations down to the estuary/river average water mark have affected the silt loading of the freshwater runoff. This would have increased the light extinction coefficient and the pH of estuarine waters.

Confidence:  Medium

	Discharges into the estuary affecting water quality (e.g. dump sites, storm water, sewage discharges, etc):  It is quite clear that the sewage discharge in the upper reaches have affected the macronutrient content of the whole estuary. The eutrophication seems to have affected in particular the phosphorus content of the waters. The predominance of DIP:DIP ratios of < 16 in all reaches of the estuary, despite its high concentration of inorganic nitrogen,  seems to indicate that phosphorus is now always present in concentrations far exceeding the demand of the primary producers.  This situation would not have existed in the estuary’s pristine (reference) condition.

 Confidence:  Medium

	Other:  N/A
Confidence:  -


3.2.2
Biotic Components

a.
Change in biotic characteristics from the Reference Condition to the Present State: 

	MICROALGAE

	As a result of the sewage effluents, DIN and DIP concentrations at the Mhlanga are currently far in excess of microalgal demands and at least an order of magnitude above their limiting thresholds of 28 (g N/l and 6.2 (g P/l for nitrogen and phosphorus, respectively (Fisher et al. 1988). Dense phytoplankton blooms, such as the one recorded in October 2002 with 303 mgChl-a.m-3, would most probably not have occurred under the estuary’s pristine condition. In mitigation to this effect, there is however the increse in flow rates by an average of 0.23 m3.s-1, due to the same sewage effluent. This increases the frequency of mouth breaching and therefore shortens the residence time of water in the estuary.  In summary, microalgal blooms would probably occur more often if the residence time of the eutrophic waters were longer, i.e. like in the pristine condition, but would probably not occur at all if the macronutrient loading were similar to that of its pristine conditions.

Confidence:  Low/Medium

	MACROPHYTES

	There has been an expansion of the reedbeds on both sides of the causeway possibly due to sedimentation, reduced flood effects and increased nutrient input.  Overall there has been little change in species diversity, richness, rarity and community composition.  The seasonal dynamics of the mouth appears not to have changed from reference conditions i.e. mouth opens during the mouths October to April, and closes in the winter months (June, July, August).  Closed mouth conditions and stable water levels during the winter period would allow for detrital build up in the estuary. The mouth opens more frequently under present conditions, these dynamic events would result in detrital flushing and fluctuating water conditions in the reed and swamp forest areas which may influence macrophyte growth and productivity.  Flooding of the wetland areas is important in supplying detritus to the estuary and sea.  If frequent mouth opening occurs and high water levels required to flood the wetlands are not attained then detrital input and hence secondary productivity will be reduced.  

An increase in open mouth conditions would increase salinity in the estuary.  This will have little effect on the macrophytes, as salinity changes would be within the tolerance range of the dominant species (15 ppt).  Mouth breaching and unstable sediment conditions characterised by fluctuating water levels could preclude submerged macrophytes such as Potamogeton pectinatus from growing in the estuary.  Begg (1978) reported this plant in the estuary in the early 1980s.

In general increased flow velocities and more frequent mouth opening might have affected wetlands that are believed to have occurred at the head of the estuary.   However it is now difficult to determine since such wetlands have already been lost due to cultivation and road development.

Confidence: Low

	INVERTEBRATES 

	Probable habitat loss due to changes described under macrophytes but unlikely to have been permanent long term changes in species diversity, richness, rarity and community composition.  Therefore some loss in species from the Reference Conditions, but no indication that major limiting parameters have changed.  A less stable closed phase under the Present State probably resulted in a decreased abundance.  Increased exposure of the intertidal area as a result of more intermittent opening of the mouth under the Present State could have also affected abundance (this is associated with increased flow due to sewage effluent and possible also unauthorised mouth manipulations).  Destruction of habitat (e.g. reed swamps) could also have resulted in a decrease in abundance. Although there would have been some change, there is no obvious indication of major habitat changes.
Confidence:  Medium

	FISH

	The decrease in closed mouth conditions between the Reference Condition and the Present State will have reduced the available food resources for fishes in the estuary. Reductions in dissolved oxygen following the senescence of recently recorded algal blooms will reduce the habitat available to fishes and may even cause fish kills if anoxic conditions arise.  Based on species richness calculations for similar estuaries in the subtropical region, the Mhlanga Estuary ranks in the “high species richness” category (see Harrison et al. 2000).  Fish are adaptable organisms and taking into account that no marked changes are predicted in habitat affecting fish from the Reference Condition to the Present State, changes in species richness of fish is expected to have been little.  Based on percentage abundance, the fish assemblage in the Mhlanga Estuary also ranked highly when compared to similar estuaries in the subtropical region (see Harrison et al. 2000 for details).  A decrease in abundance in invertebrates (a food source to fish) under the Present State probably also resulted in some decrease in fish abundance.  Again the Mhlanga Estuary ranked highly when compared with the expected fish assemblage for this type of estuary in the KwaZulu-Natal region (see Harrison et al. 2000 for details).
Confidence: Medium

	BIRDS

	Changes to the floodplain and riparian vegetation plus disturbance through human presence can be expected to have had some effect on birds in the Mhlanga Estuary.  An increase in the fluctuation in water level (as reflected by the change in inter-tidal area exposed) could also have had an effect.
Confidence:  Low


3.3
Present Ecological Status of the Mhlanga Estuary

The Present Ecological Status is determined using the Estuarine Health Index (EHI) described in detail in Appendix E3 of the methodology for estuaries as set out in DWAF (1999): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 1.0) and subsequent revisions of the methods of which the documentation in currently in preparation (B Weston, DWAF, pers. comm.). Details regarding the individual scoring systems is included in those reports.

The EHI is sub-divided into:

· The Habitat Health score determined by Abiotic variables (hydrology, hydrodynamics and mouth condition, water quality, physical habitat alteration and human disturbance of habitat and biota)

· The Biological Health score determined by Biotic variables (microalgae, macrophytes, invertebrates, fish and birds – due to budgetary constraints, birds were not included in this assessment)

The scores are 'percentage deviation' of the Present State from the Reference Condition, e.g. if the Present State is still the same as the Reference Condition, then the score is 100.

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      


	100
	For the Mhlanga Estuary low flows are defined as flows associated with the Closed state (i.e. <0.4 m3/s) and the Semi-closed state (between 0.4 and 0.5 m3/s). Months with median low flows of less than 0.4 m3/s decreased from 12 under the Reference Condition to 5 under the Present State. While the Semi-closed state increased to 7 months under the Present State (Nov – May). Therefore, there has been no overall change in the periods of low flow from Reference Condition to Present State.

Changes to both the closed and semi-closed states can have implications for the biota as these alter the system in terms of tidal variation, salinity penetration and migration routes to the marine environment.
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	-
	N/A
	

	
	100
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	60
	For the Mhlanga Estuary mouth closure occurs at flows less than 0.4 m3/s. Out of a total of 840 months (70 years), mouth closure decreased from 82.0% in the Reference Conditions to 48.8 % under the Present State.

Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure  (Table D.5d in the method).
	Low

	
	60
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	80
	There has been some modification in the salinity distribution due to the decrease in closed mouth conditions from 12 months to 5 months (Jun to Oct) and the increase of the Semi-closed state to 7 months (Nov to May). Instead of having a well-mixed fresh to brackish estuary, the estuary changes into a more saline, semi-closed system with vertical stratification (see description of states).
	Low

	2a. Nitrate and phosphate concentration in the estuary
	40
	It is quite clear that the sewage discharge in the upper reaches have affected the macronutrient content of the whole estuary. DIN and DIP values are always above 238 (g N/l and 242 (g P/l, respectively. The eutrophication seems to have affected in particular the phosphorus content of the waters. The predominance of DIN:DIP ratios of < 16 in all reaches of the estuary, despite its high concentration of inorganic nitrogen,  seems to indicate that phosphorus is now always present in concentrations far exceeding the demand of the primary producers. 
	Medium

	2b. Suspended solids present in inflowing freshwater
	70
	Encroachment of sugar cane plantations down to the estuary/river average watermark is likely to have affected the silt loading of the freshwater runoff. This would have increased the light extinction coefficient and the pH of estuarine waters.
	Medium

	2c. Dissolved oxygen (DO) in the estuary
	60
	Eutrophication could cause periodical algal blooms (like the one observed in October 2002, with 300 mgChl-a.m-3) that would eventually die and sink to the bottom causing anoxic conditions in the deeper layers of the estuary. Semi-anoxic conditions have indeed been recorded on several occasions.
	Medium

	2d. Levels of toxins
	60
	No data are available, but it is expected that pesticides introduced by sugar cane farming in the catchment could have resulted in moderate modifications under the Present State compared with the Reference Condition 
	Low

	
	56
	
	


Physical habitat alteration

	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	80
	As a result of more intermittent mouth opening under the Present State (due to increased flow as a result of the sewage effluent and possible also unauthorised mouth manipulations), there would have been some change in the size of the intertidal area exposed from the Reference to Present State. Some changes in the intertidal area might have occurred due to the road bridge crossing the estuary.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	No major change from the Reference Condition, since there are no large dam developments in the catchment that could have markedly affected sediment distribution patterns in the estuary. Some changes in the sediment distribution patterns in the estuary could have occurred due to changes in land-use activities in the catchment.
	Low

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	80
	As a result of more intermittent mouth opening under the Present State (due to increased flow as a result of the sewage effluent and possibly also unauthorised mouth manipulations), the depth of the sub-tidal area may at times be shallower than the Reference Condition. Some changes in the subtidal area might have occurred due to the road bridge crossing the estuary.
	Low

	
	
	83
	
	


Influence of anthropogenic activities (other than river inflow) on present health of physical habitat:
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	Percentage of overall change in intertidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	100
	Increased flow (as a result of the sewage effluent), mouth manipulation, bridge construction and land-use activities resulted in these modifications.
	High

	Percentage of overall change which in subtidal habitat caused by anthropogenic modifications (e.g.bridges, weirs, bulkheads, training walls, jetties, marinas) rather than modifications to water flow into estuary 
	100
	Increased flow (as a result of the sewage effluent), mouth manipulation and bridge construction resulted in these modifications.
	High


* 
Under the Present State, changes in flow are not as a result of changes in river inflow but rather the introduction of sewage effluent along the bank of the estuary, i.e. an anthropogenic activity other than the modification of river inflow.
Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	40 (65%)
	Eutrophic conditions could lead to a selection of few adapted/opportunistic species, with dramatic reduction in diversity.
	Low

	2a. Abundance
	60
	Blooms may occur whenever the residence time is long enough.
	Medium

	2b. Community composition
	60
	Eutrophication may promote the dominance of groups that are usually poorly represented, e.g. euglenoids, dinoflagellates.
	Low

	
	40
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Lower flows and longer mouth closure under Reference Conditions may have resulted in more swamp development especially on the north bank at the head of the estuary which would have supported more hygrophilous grasses and sedges.
	Low

	2a. Abundance
	80
	Some loss of areas that may have been reed swamp and swamp forest at the head of the estuary.  Possible decrease in biomass due to fluctuating water levels and potential loss of detrital input.  Possible extension of reed beds below the bridge due to sedimentation and increased nutrient input.  Overall small change in abundance.
	Low

	2b. Community composition
	80
	Possible loss of diversity from original swamps that were likely to have occurred at the head of the estuary.  Changes due to invasive aliens.
	Low

	
	65
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90%)
	Some loss in species, but no indication that major limiting parameters have changed.
	Medium

	2a. Abundance
	60
	A less stable closed phase under the Present State probably resulted in decreased abundance.  Increased exposure of the inter-tidal area as a result of more intermittent opening of the mouth under the Present State could have also affected abundance (this is associated with increased flow due to sewage effluent and possibly also unauthorised mouth manipulations).  Destruction of habitat (e.g. reed swamps) could also have resulted in a decrease in abundance 
	Medium

	2b. Community composition
	80
	Although there would have been some change, there is no obvious indication of major habitat changes.
	Medium

	
	60
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90%)
	Based on species richness calculations for similar estuaries in the subtropical region, the Mhlanga Estuary ranks in the “high species richness” category (see Harrison et al. 2000).  Fish are adaptable organisms and taking into account that no marked changes are predicted in habitat affecting fish from the Reference Condition to the Present State, changes in species richness of fish is expected to have been little.
	Medium

	2a. Abundance
	80
	Based on percentage abundance, the fish assemblage in the Mhlanga Estuary also ranked highly when compared to similar estuaries in the subtropical region (see Harrison et al. 2000 for details).  A decrease in abundance in invertebrates (a food source to fish) under the Present State probably also resulted in some decrease in fish abundance.
	Medium

	2b. Community composition
	80
	Again the Mhlanga Estuary ranked highly when compared with the expected fish assemblage for this type of estuary in the KwaZulu-Natal region (see Harrison et al. 2000 for details).
	Medium

	
	80
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%) 
	Changes to the floodplain and riparian vegetation plus disturbance through human presence can be expected to have had some effect on birds in the Mhlanga Estuary. An increase in the fluctuation in water level (as reflected by the change in inter-tidal area exposed) could also have had an effect.
	Low

	2a. Abundance
	70
	
	Low

	2b. Community composition
	70
	
	Low

	
	65
	
	


Effect of non-flow related anthropogenic activities on present health of biotic components

	COMPONENT
	DEGREE (%) TO WHICH ABOVE CHANGE IS CAUSED BY ANTHROPOGENIC ACTIVITY (other than modification of river inflow)*
	MOTIVATION
	CONFIDENCE

	Microalgae
	100
	Changes in the microalgae are largely due to nutrient enrichment and alteration in flow associated with the sewage effluent.
	High

	Macrophytes
	100
	Road construction, agricultural activities and increased flow associated with sewage inflow are largely responsible for the destruction of Hygrophilous grass and sedges that probably occurred at the landward margins of the reed swamps especially on the north bank.  
	High

	Invertebrates
	100
	Mouth manipulation and inflow from the sewage works (increasing intermittent mouth openings), as well as the destruction of habitat through road construction and farming activities largely resulted in the changes predicted for invertebrates
	High

	Fish
	100
	Mouth manipulation, bridge embankments, floodplain developments and fishing have all combined to influence the above change
	High

	Birds
	100
	Human disturbance and changes to habitat as described above largely resulted in the change predicted for birds
	High


* 
Under the Present State, changes in flow are not as a result of changes in river inflow but rather the introduction of sewage effluent along the bank of the estuary, i.e. an anthropogenic activity other than the modification of river inflow.

The Present Ecological Status is determined using the Estuarine Health Index.  The Health Index consists of a Habitat health score and a Biological health score.  The average of these two scores provides the Estuarine Health score.  In the case of the Mhlanga Estuary the score was 68, as indicated in Table 3.3.

Table 3.3:
Estuarine Health Score results for the Present State of the Mhlanga Estuary. 

	VARIABLE
	WEIGHT
	SCORES FOR 

PRESENT STATE

	Hydrology
	25
	100

	Hydrodynamics and mouth condition
	25
	60

	Water quality
	25
	56

	Physical habitat alteration
	25
	83

	Habitat health score
	
	75

	Microalgae
	20
	40

	Macrophytes
	20
	65

	Invertebrates
	20
	60

	Fish
	20
	80

	Birds
	20
	65

	Biotic health score
	
	62

	ESTUARINE HEALTH SCORE
	68


The EHI score for the Mhlanga Estuary, based on its Present State, is 68, translating into a Present Ecological Status of C (Table 3.4)

Table 3.4:
Recommended guidelines for the classification of the Present Ecological Status (PES)   

	EHI Score
	PRESENT ECOLOGICAL STATUS
	GENERAL DESCRIPTION 

	91 – 100
	A-/A+
	Unmodified, natural

	76 – 90
	B-/B+
	Largely natural with few modifications

	61 – 75
	C-/C+
	Moderately modified

	41 – 60
	D-/D+
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


3.4
Estuarine Importance of Mhlanga Estuary

Estuarine importance is an expression of the value of a specific estuary to maintaining ecological diversity and functioning of estuarine systems on local and wider scales.  The variables selected for the estuarine importance rating index were:

· Estuary size

· Zonal type rarity

· Habitat diversity

· Biodiversity importance

· Functional importance

Each of the above can be categorised as measures of rarity, abundance or ecological function.  The rationale for selecting these variables, as well as further details on the estuarine importance index are discussed in detail Appendix E4 of the methodology for estuaries as set out in DWAF (1999): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 1.0) and subsequent revisions of the methods of which the documentation in currently in preparation (B Weston, DWAF, pers. comm.).
For this study, the Ecological importance determination of the Mhlanga Estuary was obtained from the Estuarine Prioritisation for RDM project (Turpie et al. 2002).  The Functional Importance score, however, was derived at the Specialist Workshop held in Durban in April 2003.

The Estuarine Importance Index scores allocated to the Mhlanga Estuary, based on its Present State, were as follows: 

Estuary Size

	SCORE
	MOTIVATION

	90
	Estuary size is defined as the total area (ha) within the geographical boundaries of the estuarine resource unit.  Size is then converted to a measure of importance using scoring guidelines, which is based on 10% rank percentiles of estuaries of known size.  With an area between 100.1 and 200 ha (including the extensive reed swamps), the Mhlanga Estuary is assigned a score of 90.


Zonal Type Rarity

	SCORE
	MOTIVATION

	10
	The estuary is one of 94 temporarily closed estuaries within the Subtropical biogeographical zone.  The Zonal Type Rarity index is thus 1  - the score assigned is 10.


Habitat Diversity

	SCORE
	MOTIVATION

	70
	This score is calculated on the basis of the amount of each habitat type present in the estuary in relation to the total area of this habitat in South African estuaries.  The score (x ha/x ha) for each habitat is summed to obtain the rarity value (Turpie et al, 2002).


Biodiversity Importance 

	SUB-COMPONENTS
	SCORE
	MOTIVATION

	Plants
	30
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the third percentile for the scores generated from all South African estuaries, and is thus assigned a score of 30.

	Invertebrates
	80
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on interpolated presence records from species distributions).  The summed value obtained falls within the eighth percentile for the scores generated from all South African estuaries, and is thus assigned a score of 80.

	Fish
	80
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the eighth percentile for the scores generated from all South African estuaries, and is thus assigned a score of 80.

	Bird
	60
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the sixth percentile for the scores generated from all South African estuaries, and is thus assigned a score of 60.

	Biodiversity score
	69.5
	


Functional Importance

	SUB-COMPONENTS
	SCORE
	SCORING GUIDELINES

	a. Estuary:  Input of detritus and nutrients generated in estuary
	60
	None = 0

Little = 20

Some = 40

Important = 60

Very important = 80

Extremely important =100

	b. Nursery function for marine-living fish and crustaceans

	80
	

	c. Movement corridor for river invertebrates and fish breeding in sea
	20
	

	d. Roosting area for marine or coastal birds
	20
	

	e.  Catchment detritus, nutrients and sediments to sea
	60
	

	Functional score 
	80*
	


*  Using the maximum score of the above

The individual scores obtained above are incorporated into the final Estuarine Importance Score (Table 3.5).
Table 3.5:
Estuarine Importance scores for the Mhlanga Estuary

	CRITERION
	SCORE
	WEIGHT
	WEIGHTED SCORE

	Estuary Size
	90
	15
	14

	Zonal Rarity Type
	10
	10
	1

	Habitat Diversity
	70
	25
	18

	Biodiversity Importance
	69.5
	25
	17

	Functional Importance
	80
	25
	20

	ESTUARINE IMPORTANCE SCORE
	69


The Estuarine Importance Score for the Mhlanga Estuary, based on its Present State, is 69, indicating that the estuary is considered as ‘Important’ (Table 3.6).

Table 3.6:
Interpretation of Estuarine Importance scores for estuaries

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


3.5
Recommended Ecological Category for the Mhlanga Estuary

The recommended Ecological Category represents the level of protection assigned to an estuary.  In turn, it is again used to determine the Ecological Water Requirement Flow Scenario.  
For estuaries the first step is to determine the 'minimum' EC of an estuary, equivalent to Present Ecological Status (PES).  The relationship between Estuarine Health Index Score, Present Ecological Status and Ecological Category is set out in Table 3.7.

Table 3.7:
Relationship between Present Ecological Status and minimum Ecological Category

	ESTUARINE HEALTH INDEX SCORE
	PRESENT ECOLOGICAL STATUS
	DESCRIPTION
	ECOLOGICAL CATEGIRY
	CORRESPONDING MANAGEMENT CLASS

	91 – 100
	A
	Unmodified, natural
	A-/A+
	Natural

(Class I)

	76 – 90
	B
	Largely natural with few modifications
	B-/B+
	Good

(Class II)

	61 – 75
	C
	Moderately modified
	C-/C+
	Fair

(Class III)

	41 – 60
	D
	Largely modified
	D-/D+
	

	21 – 40
	E
	Highly degraded
	E
	Poor

(unacceptable)

	0 – 20
	F
	Extremely degraded
	F
	


NOTE:  Should the present ecological status of an estuary be either a Category 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 ‘minimum’ Ecological Category (based on its Present Ecological Status) needs to be modified to assign a recommended EC depends on:

· Importance of the estuary (determined in Section 3.4 above).

· Modifying determinants, i.e. protected area status and desired protected area status - a status of ‘area requiring high protection’ should be assigned to estuaries that are identified as vital for the full and most efficient representation of estuarine biodiversity.  

The proposed rules for allocation of the recommended Ecological Category are set out in Table 3.8.

Table 3.8:
Proposed rules for allocation of recommended Ecological Category 

	CURRENT/DESIRED PROTECTION STATUS

AND ESTUARINE IMPORTANCE
	ECOLOGICAL 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 

(based on complementarity)
	A or BAS
	

	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.


Because the Mhlanga Estuary is rated as ‘Important’ (reflected by the estuarine importance score of 69) the recommended Ecological Category should be equivalent to the Present Ecological Status (PES) + 1,

 i.e. Category C +1 = B.  

The achievability of the recommended Ecological Category for the Mhlanga Estuary was assessed by evaluating the reversibility of present anthropogenic influences that have resulted in a Category C.  At the estuarine specialist workshop it was concluded that the main reason for the estuary being in a Category C was the treated sewage effluent discharge into the estuary (although there are also other anthropogenic influences such as flood plain development, bridge construction, mouth manipulation and human disturbances). The discharge increased flows through the mouth, resulting in more intermittent openings compared to the Reference Condition.  Also, the discharge introduces a large amount of inorganic nitrogen and phosphorus to the system, creating eutrophic conditions.  Alternative routing of the sewage effluent, e.g. discharging directly to sea or, possibly recycling were considered viable options to ‘reverse’ present anthropogenic influences on the estuary and to improve the Ecological Category to a Category B.  
	Thus, the recommended Ecological Category for the Mhlanga Estuary is estimated as Category B.

 (Confidence = Low)


NOTE:

	Other factors, such as the socio-economic and financial implications of removing the sewage effluent from the estuary, would still need to be discussed between the DWAF and other stakeholders.  

It is also important to confirm through measurements whether the sewage effluent is the major source of nutrient enrichment in the estuary and not, for example other anthropogenic sources e.g. contaminated storm water runoff. 


4.
Quantification of Ecological Water Requirement Scenarios

4.1
Simulated Future Runoff Scenarios

A summary of the simulated future runoff scenarios (in comparison to the Present State flows) is provided in Table 4.1.

Table 4.1:
Summary of the simulated future runoff scenarios for the Mhlanga Estuary
	SCENARIO
	DESCRIPTION
	MAR 

(x 106 M3)
	% OF NATURAL MAR

	Reference
	Reference river flows
	12.4
	-

	Present
	Reference Condition plus 0.23 m3/s (20 Ml/day) discharge from the treatment works (Present flows)
	19.6
	158

	1
	Half of the Reference Condition.  This scenario was used to test the sensitivity of the estuary to flow reductions.  In the evaluation of this scenario it was therefore assumed that the water quality in the estuary would be similar to the Present State and that only flows changed.
	6.2 
	50

	2
	Reference Conditions plus 0.5 m3/s (43.2 Ml/day) discharge from the treatment works
	28.0
	226

	3
	Reference Conditions plus 1.0 m3/s (84.4 Ml/day) discharge from the treatment works.
	43.5
	351

	4
	Reference Conditions plus 0.38 m3/s (33 Ml/day) discharge from the treatment works (allowable discharge volume according to current licence agreements).
	24.3 
	196


4.2
Ecological Water Requirement Assessment Process

4.2.1
Future Scenario 1

a.
Seasonal variability in river inflow

Monthly-simulated runoff data for Future Scenario 1, over a 70-year period (1920-1989) were obtained from the Department of Water Affairs and are provided in Table 4.2. The MAR under the Future Scenario 1 is 6.2 x 106 m3, a 50 % reduction from the Reference condition (i.e. 12.4 x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Future Scenario 1 is provided below.  

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

	90%ile
	0.25
	0.75
	0.46
	0.42
	0.84
	0.68
	0.82
	0.46
	0.17
	0.14
	0.14
	0.15

	80%ile
	0.14
	0.32
	0.20
	0.21
	0.37
	0.47
	0.30
	0.15
	0.12
	0.12
	0.10
	0.11

	70%ile
	0.12
	0.15
	0.13
	0.12
	0.16
	0.32
	0.20
	0.12
	0.10
	0.08
	0.08
	0.09

	60%ile
	0.10
	0.12
	0.12
	0.11
	0.13
	0.15
	0.12
	0.11
	0.09
	0.07
	0.06
	0.08

	50%ile
	0.09
	0.11
	0.11
	0.10
	0.11
	0.12
	0.10
	0.09
	0.08
	0.06
	0.06
	0.07

	40%ile
	0.08
	0.10
	0.09
	0.09
	0.09
	0.10
	0.09
	0.08
	0.06
	0.05
	0.05
	0.06

	30%ile
	0.07
	0.09
	0.08
	0.08
	0.08
	0.08
	0.08
	0.07
	0.06
	0.05
	0.05
	0.05

	20%ile
	0.06
	0.06
	0.07
	0.07
	0.07
	0.07
	0.07
	0.06
	0.05
	0.04
	0.04
	0.04

	10%ile
	0.05
	0.06
	0.06
	0.05
	0.06
	0.05
	0.04
	0.04
	0.04
	0.03
	0.03
	0.03

	1%ile
	0.03
	0.03
	0.03
	0.04
	0.04
	0.03
	0.02
	0.02
	0.03
	0.03
	0.02
	0.02


Confidence:  Low

b.
Present flood regime:  N/A

c.
Present sediment processes and characteristics:  N/A

Table 4.2:
    Monthly runoff data (in m3/s) for Future Scenario 1, simulated over a 70-year period
	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	AVE

	1920
	0.07
	0.1
	0.1
	0.09
	0.09
	0.08
	0.07
	0.06
	0.05
	0.03
	0.02
	0.04
	0.07

	1921
	0.09
	2.23
	1.44
	0.32
	0.08
	0.06
	0.06
	0.07
	0.09
	0.08
	0.08
	0.09
	0.39

	1922
	0.79
	0.66
	0.2
	0.11
	0.15
	0.13
	0.1
	0.07
	0.05
	0.03
	0.03
	0.03
	0.2

	1923
	0.02
	0.02
	0.03
	0.06
	0.09
	0.07
	0.05
	0.04
	0.03
	0.03
	0.02
	0.05
	0.04

	1924
	0.07
	0.1
	0.11
	0.11
	0.12
	3.44
	1.29
	0.11
	0.08
	0.07
	0.06
	0.08
	0.47

	1925
	0.11
	0.11
	0.07
	0.04
	0.03
	0.05
	0.05
	0.04
	0.04
	0.04
	0.04
	0.04
	0.06

	1926
	0.07
	0.09
	0.07
	0.05
	0.07
	1.78
	0.71
	0.09
	0.06
	0.04
	0.05
	0.06
	0.26

	1927
	0.06
	0.05
	0.06
	0.08
	0.1
	0.08
	0.06
	0.05
	0.04
	0.03
	0.02
	0.03
	0.05

	1928
	0.04
	0.06
	0.07
	0.07
	0.07
	0.41
	0.24
	0.1
	0.17
	0.39
	0.23
	0.37
	0.19

	1929
	0.64
	0.31
	0.11
	0.08
	0.07
	0.06
	0.07
	0.06
	0.05
	0.04
	0.07
	0.11
	0.14

	1930
	0.12
	0.11
	0.09
	0.1
	0.09
	0.06
	0.06
	0.05
	0.04
	0.05
	0.07
	0.06
	0.08

	1931
	0.05
	0.04
	0.04
	0.05
	0.76
	0.56
	0.22
	0.12
	0.11
	0.07
	0.05
	0.05
	0.17

	1932
	0.07
	0.08
	0.08
	0.07
	0.05
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.05

	1933
	0.03
	0.06
	0.1
	0.18
	0.17
	0.13
	0.26
	0.21
	0.15
	0.13
	0.15
	0.13
	0.14

	1934
	0.08
	0.06
	0.07
	0.1
	0.13
	0.14
	0.12
	0.93
	3.79
	1.26
	0.16
	0.13
	0.58

	1935
	0.09
	0.06
	0.04
	0.05
	0.19
	0.41
	0.22
	0.72
	0.35
	0.11
	0.07
	0.06
	0.2

	1936
	0.06
	1.37
	0.52
	0.07
	0.08
	0.08
	0.08
	0.07
	0.06
	0.06
	0.06
	0.06
	0.21

	1937
	0.06
	0.06
	0.33
	0.21
	0.69
	0.28
	0.09
	0.09
	0.09
	0.12
	0.13
	0.1
	0.18

	1938
	0.1
	0.14
	0.14
	0.11
	0.43
	0.46
	0.22
	0.14
	0.13
	0.11
	0.1
	0.13
	0.18

	1939
	0.16
	0.34
	0.21
	0.12
	0.08
	0.05
	0.04
	0.2
	0.36
	0.2
	0.1
	0.08
	0.16

	1940
	0.08
	0.59
	0.3
	0.11
	0.06
	0.05
	0.08
	0.09
	0.06
	0.05
	0.04
	0.05
	0.13

	1941
	0.06
	0.07
	0.06
	0.07
	0.09
	0.12
	0.14
	0.13
	0.12
	0.09
	0.09
	0.11
	0.1

	1942
	0.14
	0.79
	1.33
	0.46
	0.14
	0.31
	1.07
	0.47
	0.17
	0.24
	0.53
	0.27
	0.49

	1943
	0.84
	0.8
	0.26
	0.08
	0.07
	0.11
	0.13
	0.1
	0.08
	0.07
	0.06
	0.11
	0.23

	1944
	0.17
	0.16
	0.09
	0.05
	0.08
	1.17
	0.5
	0.1
	0.08
	0.06
	0.04
	0.03
	0.21

	1945
	0.03
	0.03
	0.03
	0.04
	0.06
	0.07
	0.11
	0.11
	0.08
	0.05
	0.03
	0.03
	0.06

	1946
	0.04
	0.06
	0.08
	0.09
	0.83
	0.36
	0.16
	0.13
	0.12
	0.12
	0.1
	0.09
	0.18

	1947
	0.08
	0.12
	0.14
	0.12
	0.15
	0.23
	0.43
	0.21
	0.09
	0.05
	0.04
	0.03
	0.14

	1948
	0.07
	0.13
	0.12
	0.08
	0.1
	0.1
	0.1
	0.1
	0.08
	0.05
	0.04
	0.05
	0.09

	1949
	0.08
	0.37
	0.6
	0.26
	0.11
	0.09
	0.07
	0.06
	0.06
	0.05
	0.05
	0.05
	0.16

	1950
	0.04
	0.03
	0.05
	0.08
	0.07
	0.08
	0.1
	0.08
	0.06
	0.04
	0.09
	0.15
	0.07

	1951
	0.15
	0.12
	0.1
	0.24
	0.17
	0.09
	0.1
	0.12
	0.12
	0.09
	0.08
	0.07
	0.12

	1952
	0.05
	0.06
	0.08
	1.82
	1.45
	0.33
	0.09
	0.05
	0.04
	0.03
	0.03
	0.06
	0.34

	1953
	0.08
	0.1
	0.12
	0.12
	0.13
	0.11
	0.09
	0.07
	0.07
	0.06
	0.05
	0.09
	0.09

	1954
	1.89
	0.78
	0.13
	0.23
	0.17
	0.22
	0.19
	0.14
	0.1
	0.07
	0.05
	0.06
	0.34

	1955
	0.09
	0.12
	0.11
	0.06
	0.08
	0.65
	0.33
	0.12
	0.08
	0.06
	0.06
	0.1
	0.15

	1956
	0.1
	0.1
	1.42
	0.56
	0.13
	0.13
	1.28
	0.51
	0.1
	0.06
	0.05
	0.08
	0.38

	1957
	0.18
	0.21
	0.15
	0.87
	1.71
	0.54
	1.15
	0.46
	0.1
	0.07
	0.05
	0.07
	0.45

	1958
	0.08
	0.1
	0.11
	0.09
	0.08
	0.05
	0.03
	0.06
	0.09
	0.07
	0.07
	0.09
	0.08

	1959
	0.11
	0.12
	0.09
	0.06
	0.06
	0.07
	0.09
	0.08
	0.06
	0.04
	0.04
	0.04
	0.07

	1960
	0.06
	0.1
	0.46
	0.26
	0.12
	0.09
	1.35
	0.54
	0.16
	0.16
	0.12
	0.11
	0.29

	1961
	0.12
	0.13
	0.09
	0.07
	0.06
	0.07
	0.08
	0.06
	0.05
	0.03
	0.05
	0.06
	0.07

	1962
	0.06
	0.75
	0.33
	0.35
	0.22
	0.16
	0.15
	0.1
	0.09
	0.13
	0.14
	0.11
	0.21

	1963
	0.09
	0.08
	0.07
	0.69
	0.35
	0.1
	0.08
	0.07
	0.05
	0.05
	0.05
	0.04
	0.14

	1964
	0.08
	0.1
	0.09
	0.07
	0.05
	0.03
	0.02
	0.02
	0.07
	0.12
	0.14
	0.15
	0.08

	1965
	0.14
	0.14
	0.11
	0.1
	0.09
	0.05
	0.03
	0.05
	0.07
	0.06
	0.06
	0.06
	0.08

	1966
	0.06
	0.08
	0.09
	0.11
	0.16
	0.66
	0.35
	0.14
	0.09
	0.06
	0.05
	0.04
	0.16

	1967
	0.05
	0.1
	0.1
	0.18
	0.16
	0.11
	0.09
	0.06
	0.04
	0.03
	0.05
	0.09
	0.09

	1968
	0.1
	0.09
	0.08
	0.05
	0.05
	0.51
	0.29
	0.22
	0.17
	0.11
	0.08
	0.07
	0.15

	1969
	0.25
	0.31
	0.18
	0.11
	0.07
	0.04
	0.02
	0.04
	0.05
	0.05
	0.05
	0.08
	0.11

	1970
	0.12
	0.14
	0.13
	0.12
	0.14
	0.67
	0.34
	1.2
	0.51
	0.13
	0.19
	0.19
	0.32

	1971
	0.14
	0.1
	0.09
	0.07
	0.11
	0.11
	0.1
	0.12
	0.15
	0.14
	0.1
	0.08
	0.11

	1972
	0.06
	0.06
	0.06
	0.06
	0.08
	0.08
	0.08
	0.06
	0.04
	0.03
	0.05
	0.22
	0.07

	1973
	0.2
	0.17
	0.13
	0.11
	0.7
	0.32
	0.14
	0.12
	0.11
	0.08
	0.06
	0.05
	0.18

	1974
	0.04
	0.04
	0.07
	0.49
	0.49
	0.18
	0.08
	0.06
	0.05
	0.04
	0.03
	0.08
	0.14

	1975
	0.12
	0.11
	0.11
	0.42
	0.64
	2.59
	1.78
	0.41
	0.11
	0.08
	0.08
	0.09
	0.54

	1976
	0.12
	0.15
	0.12
	0.12
	1.48
	0.56
	0.12
	0.08
	0.06
	0.05
	0.05
	0.08
	0.24

	1977
	0.11
	0.12
	0.1
	0.12
	0.15
	0.15
	0.17
	0.13
	0.09
	0.06
	0.06
	0.07
	0.11

	1978
	0.23
	1
	0.4
	0.09
	0.07
	0.05
	0.04
	0.04
	0.03
	0.03
	0.05
	0.06
	0.17

	1979
	0.09
	0.09
	0.07
	0.06
	0.05
	0.03
	0.02
	0.02
	0.02
	0.02
	0.02
	0.09
	0.05

	1980
	0.14
	0.15
	0.13
	0.13
	0.16
	0.13
	0.08
	0.09
	0.12
	0.09
	0.16
	0.43
	0.15

	1981
	0.25
	0.32
	0.17
	0.1
	0.1
	0.08
	0.09
	0.07
	0.05
	0.04
	0.03
	0.03
	0.11

	1982
	0.06
	0.08
	0.07
	0.05
	0.05
	0.03
	0.03
	0.03
	0.03
	0.04
	0.06
	0.06
	0.05

	1983
	0.07
	0.44
	0.48
	1.83
	2.01
	0.82
	0.8
	0.34
	0.14
	0.31
	0.22
	0.14
	0.63

	1984
	0.12
	0.11
	0.07
	0.08
	2.29
	0.78
	0.07
	0.04
	0.03
	0.03
	0.03
	0.02
	0.29

	1985
	0.4
	0.26
	0.13
	0.13
	0.13
	0.11
	0.11
	0.08
	0.05
	0.04
	0.04
	0.04
	0.13

	1986
	0.05
	0.06
	0.08
	0.1
	0.11
	0.12
	0.12
	0.11
	0.14
	0.13
	0.12
	4.34
	0.45

	1987
	1.64
	0.35
	0.18
	0.08
	1.12
	2.93
	0.99
	0.74
	0.38
	0.14
	0.13
	0.11
	0.73

	1988
	0.1
	0.11
	0.13
	0.12
	0.91
	0.35
	0.09
	0.08
	0.06
	0.05
	0.04
	0.04
	0.17

	1989
	0.05
	1.25
	0.49
	0.09
	0.08
	0.4
	0.24
	0.11
	0.07
	0.05
	0.03
	0.02
	0.24

	Average
	0.18
	0.26
	0.20
	0.20
	0.31
	0.37
	0.26
	0.17
	0.15
	0.10
	0.08
	0.15
	0.20

	Median
	0.09
	0.11
	0.11
	0.10
	0.11
	0.12
	0.10
	0.09
	0.08
	0.06
	0.06
	0.07
	0.16

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Closed
	< 0.4
	Semi-closed
	0.4-0.5
	Open (Estuarine)
	0.5-5.0
	Open (Fluvial)
	> 5.0
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.4
	65
	59
	62
	62
	56
	53
	59
	61
	68
	69
	69
	68
	

	0.4-0.5
	0
	1
	3
	3
	2
	3
	2
	3
	0
	0
	0
	1
	

	0.5-5.0
	5
	10
	5
	5
	12
	14
	9
	6
	2
	1
	1
	1
	

	> 5.0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	


d.
Occurrence and duration of different Abiotic States for Future Scenario 1:

The occurrence and duration of the different Abiotic States under Future Scenario 1 are illustrated in the simulated monthly river flow table (Table 4.2). 
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To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 1, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
e.
Predicted change in biotic characteristics of Future Scenario 1 compared with the Reference Condition:

	MICROALGAE

	Assuming that the sewage treatment works remain in operation at their current capacity, the estuary will continue to experience eutrophication and this will be exacerbated by an increase in the residence time of waters in the estuary, as the frequency of closed mouth state increases.  Blooms are then likely to occur more frequently and cause further, prolonged anoxic conditions.  Prolonged mouth closure will further reduce species richness from the Present State. Eutrophically-generated blooms exhibit a selection of few adapted/opportunistic species, with dramatic reduction in diversity.  Dramatic increase in frequency of bloom formation can be expected due to prolonged periods of mouth closure in combination with eutrophic conditions. Eutrophically-generated blooms exhibit dominance of groups that are usually poorly represented, e.g. euglenoids, dinoflagellates.
Confidence: Low/Medium

	MACROPHYTES

	Slight improvement expected from the Present State as flow and mouth condition becomes more similar to the Reference Condition.  Longer closure periods could enhance development of submerged macrophytes. If nutrient input continues then macroalgal blooms may occur during prolonged closed mouth conditions.  Likely to be reed encroachment into the channel but increased mouth closure may result in a larger water surface area in the lower reaches.  

Confidence: Low/Medium

	INVERTEBRATES)

	Longer closure periods with associated sustained low salinities could exclude the sandprawn due to negative effects on egg and larval development.  The already depauperate macrobenthic fauna consists of species tolerant of very low salinities.  Individual abundance of these species could increase with increased periods of closure.  However under Scenario 1 the risk of semi-anoxic conditions developing in the upper and middle reaches of the estuary increases.  In the event of this happening, the abundance of invertebrates in the estuary will be affected markedly.
Confidence: Medium


	FISH

	The fish assemblage is likely to closely represent that found under the Reference Condition in good rainfall years but is likely to deviate considerably during dry years due to the recruitment patterns of marine species being impaired.   During good rainfall years the species richness score will be similar to the Reference Condition, but during dry years the deviation will be greater.  Under Scenario 1 the risk of semi-anoxic conditions developing in the upper and middle reaches of the estuary increases.  In the event of this happening, the abundance and community composition of fish in the estuary will be affected markedly. Also during good rainfall years the species abundance score will be more similar to the Reference State, while during dry years the score can change by about 50%.   
Confidence: Low

	BIRDS

	Possibly little effect on piscivores if marine migrant marine species replaced by freshwater cichlids such as Oreochromis mossambicus. Changes predicted in the species richness of birds are linked to the expected changes in their food sources, i.e. invertebrates and fish. Under Scenario 1, in addition to human disturbance, abundance and community composition of birds will further be influenced by the decrease in abundance predicted for their food sources (i.e. invertebrates and fish).
Confidence:  Low


f. Estuarine Heath Score Assessment for Future Scenario 1:
Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      
	100
	For the Mhlanga Estuary low flows are defined as flows associated with the Closed state (i.e. <0.4 m3/s) and the Semi-closed state (between 0.4 and 0.5 m3/s). For Scenario 1 months with median low flows of less than 0.4 m3/s are similar to the Reference Condition, i.e. 12 months of the year.
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	-
	N/A
	

	
	100
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over the 70- year period
	80
	For the Mhlanga Estuary mouth closure occurs at flows less than 0.4 m3/s. Out of a total of 840 months (70 years), mouth closure increased from 82.0% in the Reference Conditions to 89.4 % under Scenario 1. Following a precautionary approach these observations where scored according to the guidelines provided for changes in mouth closure (Table D.5d in the method).

Although there will only be a 7.4% change in the mean duration of mouth closure, the proportion of time during which the mouth would have been open during the Reference Condition will drop by 40%, i.e. predicted to have been opened 14.6% (123 times) over the 70 year period under the Reference Condition, now only 8.5% (71 times) open mouth conditions 
	Low

	
	80
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. 
Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	90
	From Reference Conditions to Scenario 1 there will be a slight modification in the salinity distribution due to the increase in State 1: Closed mouth conditions (7.4%) and the slight decrease in the State 3: Open with marine influence (6.2%). This implies that the estuary would be slightly fresher than under reference conditions.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	30
	The natural input of “new” macronutrients from the catchment area will obviously decrease substantially. However, assuming that the sewage treatment works would remain in operation at their current capacity, it is likely that the estuary will continue to experience eutrophication, losing some ‘dilution capacity’ for river inflows. This will be exacerbated by an increase in the residence time of waters in the estuary, as the frequency of the closed mouth state increases.
	Medium

	2b.
Suspended solids present in inflowing freshwater
	80
	Although conditions controlling turbulence in the estuary, i.e. open/closed mouth conditions will be similar to the Reference Conditions, modification in suspended solids due to catchment activities will still hold for this scenario, accounting for some change from the reference condition. 
	Medium

	2c.
Dissolved oxygen in inflowing freshwater
	50
	Assuming that the O2 carrying capacity of freshwater remains the same, there will be a net drop in DO brought into the estuary via this medium. Tidal mixing will also decrease in response to a decrease in the frequency of occurrence of an open phase. Prolonged mouth closure (in combination with eutrophic conditions) increases the risk of semi-anoxic conditions from developing in the upper and middle reaches.
	Medium

	2d. Levels of toxins
	60
	Similar to the Present State.  No data are available, but it is expected that pesticides introduced by sugar cane farming in the catchment could have resulted in moderate modifications compared with the Reference Condition
	Low

	
	54
	
	


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
	No major change from the Reference Condition, since there are no large dam developments in the catchment. Duration of mouth closure is similar to the Reference Conditions and will therefore also not markedly alter the similarity in inter-tidal area exposed. Some changes in the inter-tidal area might have occurred due to the bridge crossing the estuary.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	No major change from the Reference Condition, since there are no large dam developments in the catchments that could have markedly affected sediment distribution patterns in the estuary. Some changes in the sediment distribution patterns in the estuary could have occurred due to changes in land-use activities in the catchment.
	Low

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	90
	No major change from the Reference Condition, since there are no large dam developments in the catchment. Duration of mouth closure is similar to the Reference Conditions and will therefore also not markedly alter the depth of the subtidal area. Some changes in the subtidal area might have occurred due to the bridge crossing the estuary and stabilising the channel dynamics.
	Low

	
	
	90
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	25 (50%)
	Prolonged mouth closure will further reduce species richness from the Present State. Eutrophically-generated blooms exhibit a selection of few adapted/opportunistic species, with a dramatic reduction in diversity.
	Low

	2a. Abundance
	40
	Dramatic increase in frequency of bloom formation can be expected due to prolonged periods of mouth closure in combination with eutrophic conditions.
	Medium

	2b. Community composition
	40
	Eutrophically-generated blooms exhibit dominance of groups that are usually poorly represented, e.g. euglenoids, dinoflagellates.
	Low

	
	25
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	90 (80%)
	Slight improvement expected from the Present State as flow and mouth condition becomes more similar to the Reference Condition
	Medium

	2a. Abundance
	90
	May be increased reed encroachment into the channel as a result of nutrient enrichment but this may be offset by a decrease in the lower reaches due to closed conditions and an increase in water level.
	Low

	2b. Community composition
	70
	Potential for macroalgal bloom formation as a result of increased nutrients and low flow closed conditions.
	Low

	
	70
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Prolonged closure results in a gradual decrease in salinity as the estuary becomes well mixed and brackish.  These lower salinities could result in the loss of sand prawns. 
	Medium

	2a. Abundance
	50
	Under Scenario 1 the risk of semi-anoxic conditions developing in the upper and middle reaches of the estuary increases.  In the event of this happening, the abundance of invertebrates in the estuary will be affected markedly.
	Medium

	2b. Community composition
	80
	Overall distribution likely to decrease but species composition unlikely to change.
	Medium

	
	50
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%)
	During good rainfall years the species richness score will be about 90 but during dry years the score is likely to be about 50, i.e. average = 70. 
	Low

	2a. Abundance
	50
	Under Scenario 1 the risk of semi-anoxic conditions developing in the upper and middle reaches of the estuary increases.  In the event of this happening, the abundance and community composition of fish in the estuary will be affected markedly. Also during good rainfall years the species abundance score will be more similar to the Reference State, while during dry years the score can change by about 50%.   
	Low

	2b. Community composition
	40
	
	Low

	
	40
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%)
	Changes predicted in the species richness of birds are linked to the expected changes in their food sources, i.e. invertebrates and fish.
	Low

	2a. Abundance
	60
	In addition to human disturbance, abundance and community composition of birds will be influenced by the decrease in abundance predicted for their food sources (i.e. invertebrates and fish) 
	Low

	2b. Community composition
	70
	
	Low

	
	50
	
	


4.2.2
Future Scenario 2

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 2, over a 70-year period (1920-1989) were obtained from the Department of Water Affairs and are provided in Table 4.2. The MAR under the Future Scenario 2 is 28 x 106 m3, 226% of the MAR under Reference Condition (i.e. 12.4 x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Future Scenario 1is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	1.00
	2.02
	1.43
	1.35
	2.19
	1.86
	2.13
	1.43
	0.84
	0.77
	0.78
	0.80

	80%ile
	0.79
	1.15
	0.91
	0.93
	1.24
	1.44
	1.10
	0.79
	0.75
	0.73
	0.71
	0.72

	70%ile
	0.74
	0.81
	0.77
	0.74
	0.83
	1.15
	0.90
	0.74
	0.71
	0.67
	0.66
	0.68

	60%ile
	0.70
	0.75
	0.74
	0.72
	0.77
	0.80
	0.75
	0.71
	0.68
	0.63
	0.63
	0.66

	50%ile
	0.67
	0.72
	0.71
	0.70
	0.73
	0.74
	0.71
	0.68
	0.66
	0.62
	0.61
	0.65

	40%ile
	0.65
	0.70
	0.69
	0.67
	0.68
	0.69
	0.68
	0.66
	0.63
	0.61
	0.60
	0.62

	30%ile
	0.63
	0.68
	0.67
	0.65
	0.66
	0.67
	0.66
	0.63
	0.61
	0.59
	0.59
	0.60

	20%ile
	0.61
	0.63
	0.64
	0.64
	0.65
	0.63
	0.63
	0.61
	0.60
	0.58
	0.58
	0.58

	10%ile
	0.59
	0.62
	0.62
	0.61
	0.62
	0.60
	0.59
	0.57
	0.57
	0.57
	0.57
	0.57

	1%ile
	0.56
	0.55
	0.56
	0.58
	0.58
	0.56
	0.54
	0.55
	0.55
	0.54
	0.54
	0.55


Confidence:  Low
b.
Flood regime:  N/A

c.
Present sediment processes and characteristics:  N/A

Table 4.3:  Monthly runoff data (in m3/s) for Future Scenario 2, simulated over a 70-year period

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

	1920
	0.65
	0.69
	0.69
	0.67
	0.68
	0.67
	0.65
	0.62
	0.6
	0.57
	0.55
	0.57
	0.63

	1921
	0.67
	4.95
	3.38
	1.14
	0.66
	0.62
	0.62
	0.63
	0.68
	0.67
	0.67
	0.67
	1.28

	1922
	2.09
	1.83
	0.91
	0.72
	0.81
	0.76
	0.71
	0.63
	0.59
	0.57
	0.56
	0.56
	0.89

	1923
	0.55
	0.54
	0.57
	0.62
	0.67
	0.63
	0.6
	0.57
	0.56
	0.55
	0.55
	0.6
	0.58

	1924
	0.65
	0.69
	0.71
	0.71
	0.73
	7.37
	3.08
	0.73
	0.67
	0.63
	0.62
	0.65
	1.44

	1925
	0.72
	0.71
	0.64
	0.58
	0.57
	0.6
	0.61
	0.58
	0.58
	0.59
	0.57
	0.58
	0.61

	1926
	0.63
	0.67
	0.64
	0.6
	0.64
	4.07
	1.91
	0.67
	0.61
	0.58
	0.6
	0.61
	1.02

	1927
	0.61
	0.6
	0.61
	0.66
	0.7
	0.66
	0.63
	0.59
	0.57
	0.55
	0.55
	0.56
	0.61

	1928
	0.59
	0.62
	0.64
	0.64
	0.64
	1.31
	0.98
	0.69
	0.85
	1.29
	0.96
	1.24
	0.87

	1929
	1.78
	1.11
	0.71
	0.66
	0.64
	0.62
	0.63
	0.61
	0.6
	0.59
	0.63
	0.72
	0.78

	1930
	0.75
	0.73
	0.69
	0.7
	0.68
	0.63
	0.63
	0.6
	0.57
	0.61
	0.64
	0.62
	0.65

	1931
	0.61
	0.59
	0.58
	0.61
	2.03
	1.61
	0.93
	0.74
	0.71
	0.64
	0.6
	0.6
	0.85

	1932
	0.63
	0.67
	0.67
	0.64
	0.6
	0.57
	0.58
	0.57
	0.57
	0.57
	0.58
	0.57
	0.6

	1933
	0.57
	0.63
	0.71
	0.86
	0.84
	0.77
	1.03
	0.92
	0.81
	0.76
	0.79
	0.75
	0.79

	1934
	0.67
	0.62
	0.63
	0.69
	0.77
	0.77
	0.73
	2.36
	8.08
	3.01
	0.81
	0.76
	1.66

	1935
	0.67
	0.62
	0.58
	0.59
	0.88
	1.33
	0.94
	1.95
	1.21
	0.72
	0.65
	0.61
	0.9

	1936
	0.63
	3.23
	1.54
	0.64
	0.66
	0.66
	0.66
	0.64
	0.63
	0.62
	0.63
	0.63
	0.93

	1937
	0.61
	0.62
	1.17
	0.92
	1.89
	1.05
	0.69
	0.67
	0.68
	0.74
	0.76
	0.7
	0.87

	1938
	0.69
	0.77
	0.77
	0.71
	1.36
	1.42
	0.93
	0.77
	0.77
	0.73
	0.7
	0.76
	0.86

	1939
	0.82
	1.18
	0.93
	0.73
	0.65
	0.6
	0.59
	0.89
	1.21
	0.9
	0.7
	0.66
	0.82

	1940
	0.65
	1.67
	1.1
	0.72
	0.63
	0.59
	0.66
	0.67
	0.63
	0.59
	0.58
	0.6
	0.76

	1941
	0.63
	0.65
	0.61
	0.64
	0.68
	0.74
	0.78
	0.75
	0.73
	0.68
	0.68
	0.73
	0.69

	1942
	0.78
	2.07
	3.15
	1.41
	0.78
	1.13
	2.65
	1.45
	0.84
	0.98
	1.55
	1.04
	1.49

	1943
	2.19
	2.09
	1.02
	0.65
	0.63
	0.72
	0.76
	0.69
	0.66
	0.64
	0.62
	0.72
	0.95

	1944
	0.83
	0.82
	0.69
	0.6
	0.66
	2.85
	1.49
	0.71
	0.67
	0.61
	0.58
	0.56
	0.92

	1945
	0.57
	0.56
	0.55
	0.58
	0.61
	0.64
	0.72
	0.71
	0.65
	0.6
	0.57
	0.56
	0.61

	1946
	0.58
	0.63
	0.66
	0.68
	2.17
	1.22
	0.82
	0.76
	0.75
	0.75
	0.71
	0.69
	0.86

	1947
	0.66
	0.74
	0.77
	0.75
	0.8
	0.95
	1.36
	0.93
	0.68
	0.61
	0.58
	0.57
	0.78

	1948
	0.65
	0.77
	0.73
	0.66
	0.7
	0.69
	0.71
	0.7
	0.65
	0.61
	0.58
	0.6
	0.67

	1949
	0.67
	1.25
	1.69
	1.02
	0.72
	0.67
	0.65
	0.63
	0.62
	0.59
	0.6
	0.6
	0.81

	1950
	0.58
	0.56
	0.61
	0.66
	0.65
	0.67
	0.71
	0.65
	0.61
	0.59
	0.67
	0.8
	0.65

	1951
	0.81
	0.73
	0.71
	0.99
	0.84
	0.67
	0.7
	0.75
	0.74
	0.68
	0.66
	0.63
	0.74

	1952
	0.61
	0.62
	0.66
	4.14
	3.39
	1.16
	0.68
	0.61
	0.58
	0.56
	0.57
	0.62
	1.17

	1953
	0.66
	0.7
	0.75
	0.74
	0.75
	0.73
	0.69
	0.65
	0.64
	0.61
	0.6
	0.68
	0.68

	1954
	4.27
	2.06
	0.75
	0.97
	0.85
	0.93
	0.89
	0.77
	0.7
	0.64
	0.6
	0.62
	1.18

	1955
	0.68
	0.74
	0.71
	0.62
	0.67
	1.8
	1.17
	0.74
	0.67
	0.62
	0.63
	0.69
	0.81

	1956
	0.7
	0.7
	3.33
	1.62
	0.76
	0.75
	3.06
	1.51
	0.69
	0.62
	0.6
	0.66
	1.26

	1957
	0.86
	0.91
	0.81
	2.24
	3.92
	1.58
	2.81
	1.43
	0.71
	0.63
	0.59
	0.63
	1.41

	1958
	0.67
	0.7
	0.72
	0.67
	0.65
	0.6
	0.56
	0.62
	0.68
	0.64
	0.64
	0.67
	0.65

	1959
	0.72
	0.74
	0.69
	0.63
	0.62
	0.64
	0.68
	0.66
	0.62
	0.59
	0.58
	0.58
	0.65

	1960
	0.61
	0.7
	1.42
	1.01
	0.75
	0.68
	3.21
	1.59
	0.83
	0.81
	0.74
	0.73
	1.09

	1961
	0.75
	0.75
	0.68
	0.63
	0.63
	0.64
	0.66
	0.62
	0.59
	0.57
	0.59
	0.62
	0.64

	1962
	0.62
	2.01
	1.16
	1.19
	0.94
	0.81
	0.81
	0.71
	0.68
	0.75
	0.78
	0.72
	0.93

	1963
	0.68
	0.67
	0.64
	1.88
	1.21
	0.69
	0.66
	0.63
	0.61
	0.6
	0.59
	0.59
	0.78

	1964
	0.65
	0.71
	0.68
	0.64
	0.61
	0.56
	0.53
	0.55
	0.65
	0.73
	0.78
	0.8
	0.66

	1965
	0.79
	0.78
	0.72
	0.69
	0.68
	0.6
	0.56
	0.59
	0.64
	0.62
	0.61
	0.61
	0.66

	1966
	0.62
	0.65
	0.67
	0.72
	0.82
	1.81
	1.19
	0.77
	0.68
	0.62
	0.59
	0.57
	0.81

	1967
	0.6
	0.71
	0.7
	0.86
	0.83
	0.72
	0.68
	0.62
	0.59
	0.56
	0.6
	0.67
	0.68

	1968
	0.7
	0.69
	0.65
	0.61
	0.6
	1.52
	1.08
	0.93
	0.84
	0.71
	0.65
	0.64
	0.8

	1969
	1
	1.12
	0.87
	0.73
	0.65
	0.57
	0.55
	0.57
	0.61
	0.61
	0.6
	0.65
	0.71

	1970
	0.74
	0.78
	0.77
	0.74
	0.79
	1.84
	1.17
	2.9
	1.52
	0.76
	0.87
	0.87
	1.15

	1971
	0.77
	0.69
	0.67
	0.65
	0.71
	0.72
	0.7
	0.74
	0.8
	0.77
	0.71
	0.65
	0.72

	1972
	0.62
	0.62
	0.62
	0.63
	0.65
	0.65
	0.65
	0.61
	0.58
	0.56
	0.6
	0.93
	0.64

	1973
	0.89
	0.85
	0.77
	0.71
	1.9
	1.14
	0.77
	0.74
	0.72
	0.67
	0.62
	0.6
	0.86

	1974
	0.58
	0.59
	0.65
	1.48
	1.48
	0.86
	0.67
	0.63
	0.6
	0.58
	0.57
	0.66
	0.78

	1975
	0.73
	0.71
	0.73
	1.34
	1.78
	5.67
	4.05
	1.33
	0.72
	0.65
	0.66
	0.67
	1.59

	1976
	0.75
	0.81
	0.73
	0.74
	3.45
	1.61
	0.75
	0.66
	0.62
	0.59
	0.59
	0.66
	0.98

	1977
	0.72
	0.75
	0.71
	0.74
	0.81
	0.8
	0.83
	0.76
	0.67
	0.63
	0.62
	0.65
	0.72

	1978
	0.96
	2.5
	1.29
	0.69
	0.65
	0.61
	0.59
	0.57
	0.57
	0.57
	0.59
	0.63
	0.85

	1979
	0.68
	0.68
	0.64
	0.61
	0.59
	0.55
	0.54
	0.54
	0.54
	0.53
	0.53
	0.68
	0.59

	1980
	0.79
	0.79
	0.75
	0.75
	0.83
	0.76
	0.66
	0.69
	0.73
	0.69
	0.82
	1.36
	0.8

	1981
	1.01
	1.14
	0.84
	0.7
	0.7
	0.67
	0.68
	0.64
	0.61
	0.58
	0.56
	0.56
	0.72

	1982
	0.61
	0.66
	0.63
	0.61
	0.59
	0.57
	0.56
	0.55
	0.55
	0.57
	0.61
	0.63
	0.6

	1983
	0.65
	1.39
	1.47
	4.15
	4.52
	2.13
	2.09
	1.17
	0.79
	1.12
	0.95
	0.79
	1.75

	1984
	0.74
	0.72
	0.64
	0.66
	5.09
	2.05
	0.63
	0.57
	0.57
	0.56
	0.55
	0.55
	1.09

	1985
	1.29
	1.02
	0.76
	0.76
	0.76
	0.71
	0.72
	0.66
	0.61
	0.58
	0.58
	0.58
	0.75

	1986
	0.59
	0.61
	0.65
	0.71
	0.73
	0.74
	0.74
	0.72
	0.78
	0.77
	0.75
	9.17
	1.4

	1987
	3.78
	1.19
	0.85
	0.65
	2.73
	6.36
	2.49
	1.97
	1.25
	0.79
	0.76
	0.72
	1.96

	1988
	0.69
	0.72
	0.77
	0.74
	2.32
	1.2
	0.68
	0.66
	0.62
	0.59
	0.58
	0.57
	0.84

	1989
	0.6
	2.99
	1.49
	0.69
	0.66
	1.3
	0.98
	0.71
	0.64
	0.59
	0.57
	0.55
	0.98

	Average
	0.85
	1.01
	0.90
	0.90
	1.11
	1.23
	1.02
	0.83
	0.80
	0.69
	0.66
	0.80
	0.90

	Median
	0.67
	0.72
	0.71
	0.70
	0.73
	0.74
	0.71
	0.68
	0.66
	0.62
	0.61
	0.65
	0.81

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Closed
	< 0.4
	Semi-closed
	0.4-0.5
	Open (Estuarine)
	0.5-5.0
	Open (Fluvial)
	> 5.0
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0.4-0.5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0.5-5.0
	70
	70
	70
	70
	69
	67
	70
	70
	69
	70
	70
	69
	834

	> 5.0
	0
	0
	0
	0
	1
	3
	0
	0
	1
	0
	0
	1
	6


d.
Occurrence and duration of different Abiotic States for Future Scenario 2:

The occurrence and duration of the different Abiotic States under Future Scenario 2 are illustrated in the simulated monthly river flow table (Table 4.4). 

To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 2, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e.
Predicted change in biotic characteristics of Future Scenario 2 compared with the Reference Condition:

	MICROALGAE

	Under Scenario 2, virtually permanently open mouth, the Mhlanga will experience a steady and relatively high input of “new” nutrients that  will be compounded by the existing input of “regenerated” nutrients from the treatment works. However, the short residence time that will result will not allow the formation of any algal blooms. A dramatic decrease in biomass is expected, as the rich nutrient content of the waters cannot be utilized locally because of the short residence time and negative light environment. In fact, we may easily see a dramatic demise of the microalgae, as the light environment will also deteriorate as more sediment is brought in suspension in the water-column. Resident species will virtually disappear and riverine and marine species will replace the original estuarine community.  The community will be transient in nature, periodically dominated by riverine species but at times also by neritic assemblages brought in by the tide.
Confidence: Low/Medium

	MACROPHYTES

	Scenarios 2 and 3 produce the same response in the estuary i.e. once a flow greater than 0.4 m3/s occurs the estuary shifts to a state that is predominantly open with saline intrusion.  On some occasions i.e. twice in a 70 year period for Scenario 3 the addition of 1 m3/s flow could cause the estuary to move to an open (fluvial) state in February.  When the estuary is in State 3 i.e. permanently open with saline intrusion the water level is low and much of the flood plain will be permanently exposed. This could reduce macrophyte growth and abundance and have a significant effect on detrital input to the estuary.  Absence of regular high water levels coincident with mouth closure would also result in changes in peripheral and riparian vegetation due to invasion by indigenous terrestrial and possibly alien species.  There could be a loss of the Hibiscus tiliaceus population if salinity in the lower reaches increases to greater than 15 ppt.

Confidence: Medium


	INVERTEBRATES

	Sustained low salinities associated with a stronger outflow and an open mouth would not generate a significant intertidal habitat due to the perched nature of the Mhlanga estuary. An open mouth would result in a drastically reduced water column and benthic habitat thereby severely impacting both planktonic and benthic communities.  Although densities of invertebrates may not be affected, total habitat (e.g. extensive draining of the estuary due to open mouth conditions), and hence total populations, could be affected.
Confidence:  Medium

	FISH

	The ichthyofaunal community will lose the closed phase nursery habitats and will be subject to widely fluctuating salinities, temperatures and turbidities, depending on the balance between river flow and tidal regime. Although marine migrants will have access to the estuary throughout the year, the limited volume and surface area of the estuary will preclude the support of large numbers or biomass of fishes. The breeding of certain estuarine and freshwater species is likely to be adversely affected due to the absence of a lagoonal type of environment at any time of the year.  With marked loss in the depth of the sub-tidal area, this habitat loss for fish is likely to affect species richness markedly.  A major decline in fish abundance of freshwater, estuarine and marine species is likely due to the reduced habitat availability (water volume) and loss of the stable closed phase.  Community composition under the open phase (predominant state under Scenario 2) differs significantly from that recorded under closed mouth conditions (dominant state predicted for the Reference Condition).
Confidence: Medium/Low

	BIRDS

	Food resources for piscivorous species would be reduced and there is little likelihood of the development of a significant intertidal benthic fauna and therefore little likelihood of the wading species being attracted.  Reduced habitat is likely to result in lower carrying capacity and possible loss of species.  Reduction in food source abundance (invertebrates and fish) may also affect the abundance of birds, in addition to changes expected as a result of human disturbance. Changes predicted in species richness and abundance will also be reflected in community composition.
Confidence:  Medium


f.
Estuarine Heath Score Assessment for Future Scenario 2:
Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      
	0
	For the Mhlanga Estuary low flows are defined as flows associated with the State 1: Closed state (i.e. <0.4 m3/s) and State 2: Semi-closed (between 0.4 and 0.5 m3/s). Months with median low flows of less than 0.4 m3/s decreased from 12 under the Reference Condition to 0 under the Scenario 2.
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	N/A
	
	

	
	0
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over the 70 year period
	0
	For the Mhlanga Estuary mouth closure occurs at flows less than 0.4 m3/s. Out of a total of 840 months (70 years), mouth closure decreased from 82.0% in the Reference Condition to 0 % under Scenario 2.

Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure (Table D.5d in the method).
	Low

	
	0
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.
Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	50
	From Reference Conditions to Scenario 2 there will be a modification in the salinity distribution due to the loss of State 1: Closed mouth conditions (82.0% to 0%), the loss of State 2: Semi-closed mouth (2. 74% to 0%) and the increase of State 3: Open with marine influence from 14.6% to 99.3% of the time. This implies that the estuary would be more saline that under reference conditions, due to the increase in open mouth conditions.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	60
	Under Scenario 2, the Mhlanga Estuary will virtually be turned into a permanently open system, i.e. almost permanently in State 3 (open with marine influence).  However, nutrient input from the sewage treatment works, together with a steady and relatively high input of nutrients from the catchment will still result in eutrophic conditions.  Seawater intrusion associated with State 3 will however allow for some dilution, resulting in the slightly higher score compared to the Present State (virtually no seawater influence).
	Medium

	2b.
Suspended solids present in inflowing freshwater
	50
	These will increase accordingly due to increased turbulence associated with the open mouth state. This may actually lead to a dramatic decrease in light penetration through the water-column, with periodic development of aphotic (< 1% of surface irradiance reaching the bottom) conditions.
	Medium

	2c.
Dissolved oxygen in inflowing freshwater
	60
	DO levels should experience a dramatic enhancement under these conditions, as most factors responsible for the uptake of O2 will now be optimal (runoff, tidal mixing) or unchanged (winds). However, the increase in salinity and suspended solids in the water will decrease the solubility of O2  by about  20%.
	Medium

	2d. Levels of toxins
	60
	Similar to the Present State.  No data are available, but it is expected that pesticides introduced by sugar cane farming in the catchment could have resulted in moderate modifications compared with the Reference Condition
	Low

	
	50
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of inter-tidal sediment structure and distribution to reference condition

	1a
	% similarity in inter-tidal area exposed 
	30
	Under Scenario 2, the mouth will be almost permanently open to the sea resulting in a marked change in the exposed inter-tidal area compared to the Reference Condition when mouth closure occurred for prolonged periods.  Changes to the inter-tidal area as a result of bridge construction will also still remain.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	No major change from the Reference Condition, since there are no large dam developments in the catchment that could have markedly affected sediment distribution patterns in the estuary. Some changes in the sediment distribution patterns in the estuary could have occurred due to changes in land-use activities in the catchment.
	Low

	2
	Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	30
	Under Scenario 2, the mouth will be almost permanently open to the sea resulting in marked change in the depth of the subtidal area (shallower) compared to the Reference Condition when mouth closure occurred for prolonged periods.  Changes to the sub-tidal area as a result of bridge construction (e.g. stabilising of the channel dynamics) will also still remain
	Low

	
	
	45
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	25 (50%)
	Resident species will virtually disappear and riverine and marine species will replace the original estuarine community 
	Low

	2a. Abundance
	40
	A dramatic decrease in biomass is expected, as the rich nutrient content of the waters cannot be utilized locally because of the short residence time and negative light environment.
	Medium

	2b. Community composition
	40
	The community will be transient in nature, periodically dominated by riverine species but at times also by neritic assemblages brought in by the tide. 
	Low

	
	25
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Under Scenario 2, the freshwater swamps at the head of estuary will be lost – possible loss of hygrophilous grass and sedge species.
	Low

	2a. Abundance
	60
	Low water levels and reduction in regular inundation could reduce macrophyte growth and abundance. Possible increase in channel width due to large volumes and flow velocities could result in some reduction in reed swamp area and loss of detrital input.
	Low

	2b. Community composition
	70
	Possible loss of swamps at the head of the estuary compared to reference conditions. Potential loss of Hibiscus tiliaceus population. Reduction in water surface area and competition with terrestrial and alien species could change the community composition.
	Low

	
	60
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	35 (60%)
	Under Scenario 2, alterations predicted in the inter-tidal and sub-tidal habitat, as well as the macrophytes is likely to markedly reduce species richness.  
	Medium

	2a. Abundance
	60
	Although densities of invertebrates may not be affected, total habitat (e.g. extensive draining of the estuary due to open mouth conditions), and hence total populations, could be affected.
	Medium

	2b. Community composition
	80
	General decline in habitat availability but unlikely to be selective loss with consequent loss of particular species.
	Medium

	
	35
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%)
	Loss in the depth of the sub-tidal area represents a significant habitat loss for fish and is likely to affect species richness markedly.
	Low

	2a. Abundance
	30
	A major decline in fish abundance of freshwater, estuarine and marine species is likely due to reduced habitat availability (water volume) and loss of the stable closed phase.
	Medium

	2b. Community composition
	40
	Community composition under the open phase (predominant state under Scenario 2) differs significantly from that recorded under closed mouth conditions (dominant state predicted for the Reference Condition).
	Medium

	
	30
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Reduced habitat likely to result in lower carrying capacity and possible loss of species.  
	Medium

	2a. Abundance
	60
	Reduced habitat likely to result in lower carrying capacity and abundance.  Reduction in the abundance predicted for their food source (invertebrates and fish) may also affect the abundance of birds, in addition to changes expected as a result of human disturbance.
	Medium

	2b. Community composition
	70
	Changes predicted in species richness and abundance will also be reflected in community composition.
	Medium

	
	60
	
	


4.2.3
Future Scenario 3

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 3, over a 70-year period (1920-1989) were obtained from the Department of Water Affairs and are provided in Table 4.2. The MAR under the Future Scenario 3 is 43.5 x 106 m3, a 351% of the MAR under the Reference Condition (i.e. 12.4 x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Future Scenario 3 is provided below.  

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

	90%ile
	1.50
	2.52
	1.93
	1.85
	2.69
	2.36
	2.63
	1.93
	1.34
	1.27
	1.28
	1.30

	80%ile
	1.29
	1.65
	1.41
	1.43
	1.74
	1.94
	1.60
	1.29
	1.25
	1.23
	1.21
	1.22

	70%ile
	1.24
	1.31
	1.27
	1.24
	1.33
	1.65
	1.40
	1.24
	1.21
	1.17
	1.16
	1.18

	60%ile
	1.20
	1.25
	1.24
	1.22
	1.27
	1.30
	1.25
	1.21
	1.18
	1.13
	1.13
	1.16

	50%ile
	1.17
	1.22
	1.21
	1.20
	1.23
	1.24
	1.21
	1.18
	1.16
	1.12
	1.11
	1.15

	40%ile
	1.15
	1.20
	1.19
	1.17
	1.18
	1.19
	1.18
	1.16
	1.13
	1.11
	1.10
	1.12

	30%ile
	1.13
	1.18
	1.17
	1.15
	1.16
	1.17
	1.16
	1.13
	1.11
	1.09
	1.09
	1.10

	20%ile
	1.11
	1.13
	1.14
	1.14
	1.15
	1.13
	1.13
	1.11
	1.10
	1.08
	1.08
	1.08

	10%ile
	1.09
	1.12
	1.12
	1.11
	1.12
	1.10
	1.09
	1.07
	1.07
	1.07
	1.07
	1.07

	1%ile
	1.06
	1.05
	1.06
	1.08
	1.08
	1.06
	1.04
	1.05
	1.05
	1.04
	1.04
	1.05


Confidence:  Low

b.
Flood regime:  N/A

c.
Present sediment processes and characteristics:  N/A

Table 4.4: Monthly runoff data (in m3/s) for Future Scenario 3, simulated over a 70-year period

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

	1920
	1.15
	1.19
	1.19
	1.17
	1.18
	1.17
	1.15
	1.12
	1.1
	1.07
	1.05
	1.07
	1.13

	1921
	1.17
	5.45
	3.88
	1.64
	1.16
	1.12
	1.12
	1.13
	1.18
	1.17
	1.17
	1.17
	1.78

	1922
	2.59
	2.33
	1.41
	1.22
	1.31
	1.26
	1.21
	1.13
	1.09
	1.07
	1.06
	1.06
	1.39

	1923
	1.05
	1.04
	1.07
	1.12
	1.17
	1.13
	1.1
	1.07
	1.06
	1.05
	1.05
	1.1
	1.08

	1924
	1.15
	1.19
	1.21
	1.21
	1.23
	7.87
	3.58
	1.23
	1.17
	1.13
	1.12
	1.15
	1.94

	1925
	1.22
	1.21
	1.14
	1.08
	1.07
	1.1
	1.11
	1.08
	1.08
	1.09
	1.07
	1.08
	1.11

	1926
	1.13
	1.17
	1.14
	1.1
	1.14
	4.57
	2.41
	1.17
	1.11
	1.08
	1.1
	1.11
	1.52

	1927
	1.11
	1.1
	1.11
	1.16
	1.2
	1.16
	1.13
	1.09
	1.07
	1.05
	1.05
	1.06
	1.11

	1928
	1.09
	1.12
	1.14
	1.14
	1.14
	1.81
	1.48
	1.19
	1.35
	1.79
	1.46
	1.74
	1.37

	1929
	2.28
	1.61
	1.21
	1.16
	1.14
	1.12
	1.13
	1.11
	1.1
	1.09
	1.13
	1.22
	1.28

	1930
	1.25
	1.23
	1.19
	1.2
	1.18
	1.13
	1.13
	1.1
	1.07
	1.11
	1.14
	1.12
	1.15

	1931
	1.11
	1.09
	1.08
	1.11
	2.53
	2.11
	1.43
	1.24
	1.21
	1.14
	1.1
	1.1
	1.35

	1932
	1.13
	1.17
	1.17
	1.14
	1.1
	1.07
	1.08
	1.07
	1.07
	1.07
	1.08
	1.07
	1.1

	1933
	1.07
	1.13
	1.21
	1.36
	1.34
	1.27
	1.53
	1.42
	1.31
	1.26
	1.29
	1.25
	1.29

	1934
	1.17
	1.12
	1.13
	1.19
	1.27
	1.27
	1.23
	2.86
	8.58
	3.51
	1.31
	1.26
	2.16

	1935
	1.17
	1.12
	1.08
	1.09
	1.38
	1.83
	1.44
	2.45
	1.71
	1.22
	1.15
	1.11
	1.4

	1936
	1.13
	3.73
	2.04
	1.14
	1.16
	1.16
	1.16
	1.14
	1.13
	1.12
	1.13
	1.13
	1.43

	1937
	1.11
	1.12
	1.67
	1.42
	2.39
	1.55
	1.19
	1.17
	1.18
	1.24
	1.26
	1.2
	1.37

	1938
	1.19
	1.27
	1.27
	1.21
	1.86
	1.92
	1.43
	1.27
	1.27
	1.23
	1.2
	1.26
	1.36

	1939
	1.32
	1.68
	1.43
	1.23
	1.15
	1.1
	1.09
	1.39
	1.71
	1.4
	1.2
	1.16
	1.32

	1940
	1.15
	2.17
	1.6
	1.22
	1.13
	1.09
	1.16
	1.17
	1.13
	1.09
	1.08
	1.1
	1.26

	1941
	1.13
	1.15
	1.11
	1.14
	1.18
	1.24
	1.28
	1.25
	1.23
	1.18
	1.18
	1.23
	1.19

	1942
	1.28
	2.57
	3.65
	1.91
	1.28
	1.63
	3.15
	1.95
	1.34
	1.48
	2.05
	1.54
	1.99

	1943
	2.69
	2.59
	1.52
	1.15
	1.13
	1.22
	1.26
	1.19
	1.16
	1.14
	1.12
	1.22
	1.45

	1944
	1.33
	1.32
	1.19
	1.1
	1.16
	3.35
	1.99
	1.21
	1.17
	1.11
	1.08
	1.06
	1.42

	1945
	1.07
	1.06
	1.05
	1.08
	1.11
	1.14
	1.22
	1.21
	1.15
	1.1
	1.07
	1.06
	1.11

	1946
	1.08
	1.13
	1.16
	1.18
	2.67
	1.72
	1.32
	1.26
	1.25
	1.25
	1.21
	1.19
	1.36

	1947
	1.16
	1.24
	1.27
	1.25
	1.3
	1.45
	1.86
	1.43
	1.18
	1.11
	1.08
	1.07
	1.28

	1948
	1.15
	1.27
	1.23
	1.16
	1.2
	1.19
	1.21
	1.2
	1.15
	1.11
	1.08
	1.1
	1.17

	1949
	1.17
	1.75
	2.19
	1.52
	1.22
	1.17
	1.15
	1.13
	1.12
	1.09
	1.1
	1.1
	1.31

	1950
	1.08
	1.06
	1.11
	1.16
	1.15
	1.17
	1.21
	1.15
	1.11
	1.09
	1.17
	1.3
	1.15

	1951
	1.31
	1.23
	1.21
	1.49
	1.34
	1.17
	1.2
	1.25
	1.24
	1.18
	1.16
	1.13
	1.24

	1952
	1.11
	1.12
	1.16
	4.64
	3.89
	1.66
	1.18
	1.11
	1.08
	1.06
	1.07
	1.12
	1.67

	1953
	1.16
	1.2
	1.25
	1.24
	1.25
	1.23
	1.19
	1.15
	1.14
	1.11
	1.1
	1.18
	1.18

	1954
	4.77
	2.56
	1.25
	1.47
	1.35
	1.43
	1.39
	1.27
	1.2
	1.14
	1.1
	1.12
	1.68

	1955
	1.18
	1.24
	1.21
	1.12
	1.17
	2.3
	1.67
	1.24
	1.17
	1.12
	1.13
	1.19
	1.31

	1956
	1.2
	1.2
	3.83
	2.12
	1.26
	1.25
	3.56
	2.01
	1.19
	1.12
	1.1
	1.16
	1.76

	1957
	1.36
	1.41
	1.31
	2.74
	4.42
	2.08
	3.31
	1.93
	1.21
	1.13
	1.09
	1.13
	1.91

	1958
	1.17
	1.2
	1.22
	1.17
	1.15
	1.1
	1.06
	1.12
	1.18
	1.14
	1.14
	1.17
	1.15

	1959
	1.22
	1.24
	1.19
	1.13
	1.12
	1.14
	1.18
	1.16
	1.12
	1.09
	1.08
	1.08
	1.15

	1960
	1.11
	1.2
	1.92
	1.51
	1.25
	1.18
	3.71
	2.09
	1.33
	1.31
	1.24
	1.23
	1.59

	1961
	1.25
	1.25
	1.18
	1.13
	1.13
	1.14
	1.16
	1.12
	1.09
	1.07
	1.09
	1.12
	1.14

	1962
	1.12
	2.51
	1.66
	1.69
	1.44
	1.31
	1.31
	1.21
	1.18
	1.25
	1.28
	1.22
	1.43

	1963
	1.18
	1.17
	1.14
	2.38
	1.71
	1.19
	1.16
	1.13
	1.11
	1.1
	1.09
	1.09
	1.28

	1964
	1.15
	1.21
	1.18
	1.14
	1.11
	1.06
	1.03
	1.05
	1.15
	1.23
	1.28
	1.3
	1.16

	1965
	1.29
	1.28
	1.22
	1.19
	1.18
	1.1
	1.06
	1.09
	1.14
	1.12
	1.11
	1.11
	1.16

	1966
	1.12
	1.15
	1.17
	1.22
	1.32
	2.31
	1.69
	1.27
	1.18
	1.12
	1.09
	1.07
	1.31

	1967
	1.1
	1.21
	1.2
	1.36
	1.33
	1.22
	1.18
	1.12
	1.09
	1.06
	1.1
	1.17
	1.18

	1968
	1.2
	1.19
	1.15
	1.11
	1.1
	2.02
	1.58
	1.43
	1.34
	1.21
	1.15
	1.14
	1.3

	1969
	1.5
	1.62
	1.37
	1.23
	1.15
	1.07
	1.05
	1.07
	1.11
	1.11
	1.1
	1.15
	1.21

	1970
	1.24
	1.28
	1.27
	1.24
	1.29
	2.34
	1.67
	3.4
	2.02
	1.26
	1.37
	1.37
	1.65

	1971
	1.27
	1.19
	1.17
	1.15
	1.21
	1.22
	1.2
	1.24
	1.3
	1.27
	1.21
	1.15
	1.22

	1972
	1.12
	1.12
	1.12
	1.13
	1.15
	1.15
	1.15
	1.11
	1.08
	1.06
	1.1
	1.43
	1.14

	1973
	1.39
	1.35
	1.27
	1.21
	2.4
	1.64
	1.27
	1.24
	1.22
	1.17
	1.12
	1.1
	1.36

	1974
	1.08
	1.09
	1.15
	1.98
	1.98
	1.36
	1.17
	1.13
	1.1
	1.08
	1.07
	1.16
	1.28

	1975
	1.23
	1.21
	1.23
	1.84
	2.28
	6.17
	4.55
	1.83
	1.22
	1.15
	1.16
	1.17
	2.09

	1976
	1.25
	1.31
	1.23
	1.24
	3.95
	2.11
	1.25
	1.16
	1.12
	1.09
	1.09
	1.16
	1.48

	1977
	1.22
	1.25
	1.21
	1.24
	1.31
	1.3
	1.33
	1.26
	1.17
	1.13
	1.12
	1.15
	1.22

	1978
	1.46
	3
	1.79
	1.19
	1.15
	1.11
	1.09
	1.07
	1.07
	1.07
	1.09
	1.13
	1.35

	1979
	1.18
	1.18
	1.14
	1.11
	1.09
	1.05
	1.04
	1.04
	1.04
	1.03
	1.03
	1.18
	1.09

	1980
	1.29
	1.29
	1.25
	1.25
	1.33
	1.26
	1.16
	1.19
	1.23
	1.19
	1.32
	1.86
	1.3

	1981
	1.51
	1.64
	1.34
	1.2
	1.2
	1.17
	1.18
	1.14
	1.11
	1.08
	1.06
	1.06
	1.22

	1982
	1.11
	1.16
	1.13
	1.11
	1.09
	1.07
	1.06
	1.05
	1.05
	1.07
	1.11
	1.13
	1.1

	1983
	1.15
	1.89
	1.97
	4.65
	5.02
	2.63
	2.59
	1.67
	1.29
	1.62
	1.45
	1.29
	2.25

	1984
	1.24
	1.22
	1.14
	1.16
	5.59
	2.55
	1.13
	1.07
	1.07
	1.06
	1.05
	1.05
	1.59

	1985
	1.79
	1.52
	1.26
	1.26
	1.26
	1.21
	1.22
	1.16
	1.11
	1.08
	1.08
	1.08
	1.25

	1986
	1.09
	1.11
	1.15
	1.21
	1.23
	1.24
	1.24
	1.22
	1.28
	1.27
	1.25
	9.67
	1.9

	1987
	4.28
	1.69
	1.35
	1.15
	3.23
	6.86
	2.99
	2.47
	1.75
	1.29
	1.26
	1.22
	2.46

	1988
	1.19
	1.22
	1.27
	1.24
	2.82
	1.7
	1.18
	1.16
	1.12
	1.09
	1.08
	1.07
	1.34

	1989
	1.1
	3.49
	1.99
	1.19
	1.16
	1.8
	1.48
	1.21
	1.14
	1.09
	1.07
	1.05
	1.48

	Average
	1.35
	1.51
	1.40
	1.40
	1.61
	1.73
	1.52
	1.33
	1.30
	1.19
	1.16
	1.30
	1.40

	Median
	1.17
	1.22
	1.21
	1.20
	1.23
	1.24
	1.21
	1.18
	1.16
	1.12
	1.11
	1.15
	1.31

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Closed
	< 0.4
	Semi-closed
	0.4-0.5
	Open (Estuarine)
	0.5-5.0
	Open (Fluvial)
	> 5.0
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0.4-0.5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0.5-5.0
	70
	69
	70
	70
	68
	67
	70
	70
	69
	70
	70
	69
	832

	> 5.0
	0
	1
	0
	0
	2
	3
	0
	0
	1
	0
	0
	1
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d.
Occurrence and duration of different Abiotic States for Future Scenario 3:

The occurrence and duration of the different Abiotic States under Future Scenario 3 are illustrated in the simulated monthly river flow table (Table 4.4). 

To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 3, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e. Predicted change in biotic characteristics of Future Scenario 3 compared with the Reference Condition:
	MICROALGAE

	Similar to Scenario 2. However, the residence time of macronutrients in the estuary, as well as light penetration through the water, will now decrease substantially. Thus, there seems to be little chance of any resident community of microalgae been able to sustain itself.  No viable resident community, only assemblages advected from the river or the nearshore marine area.
Confidence: Low

	MACROPHYTES

	Under Scenario 3 water levels will be low, there will be a general loss of aquatic habitat and replacement of existing riparian and swamp forest species by terrestrial and alien species. Low water levels and open mouth conditions would reduce reed growth and abundance and have a significant effect on detrital input to the estuary.  There could be a loss of the Hibiscus tiliaceus population if salinity increased in the lower reaches to greater than 15 ppt.

Confidence:  Low

	INVERTEBRATES 

	Greater loss and impermanence of habitat compared to Scenario 2 would translate into further reduction in suitable habitat for zooplanktonic and macrobenthic species.  Total populations could be affected.  The community composition will differ markedly from the reference condition as the system becomes fresh water dominated under Scenario 3.   
Confidence: Low


	FISH

	The ichthyofaunal community will lose the closed phase nursery habitats and will be subject to widely fluctuating salinities, temperatures and turbidities, depending on the balance between river flow and tidal regime. Although marine migrants will have access to the estuary throughout the year, the limited volume and surface area of the estuary will preclude the support of large numbers or biomass of fishes. The breeding of certain estuarine and freshwater species is likely to be adversely affected due to the absence of a lagoonal type of environment at any time of the year.  The system will become freshwater dominated resulting in a loss of marine species.  A major decline in fish abundance of freshwater, estuarine and marine species is likely due to the reduced habitat availability, water volume and loss of the stable closed phase.  Community composition under the freshwater dominated open phase (predominant state under Scenario 3) will differ significantly from that recorded under closed mouth conditions (dominant state predicted for the Reference Condition).
Confidence: Medium/Low

	BIRDS

	Further reduction in food resources will result in loss of both species and individuals.  Exacerbation of Scenario 2 – Further reductions in habitat likely to result in even lower carrying capacity and exacerbated loss of species. This will also result in a loss of community complexity. 
Confidence:  Low


f. Estuarine Heath Score Assessment for Future Scenario 3:
Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      
	0
	For the Mhlanga Estuary low flows are defined as flows associated with the Closed state (i.e. <0.4 m3/s) and the Semi-closed state (between 0.4 and 0.5 m3/s). Months with median low flows of less than 0.4 m3/s decreased from 12 under the Reference Condition to 0 under the Present State.
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	-
	N/A
	

	
	0
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	0
	For the Mhlanga Estuary mouth closure occurs at flows less than 0.4 m3/s. Out of a total of 840 months (70 years), mouth closure decreased from 82.0% in the Reference Conditions to 0 % under Scenario 3.

Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure  (Table D.5d in the method).
	Low

	
	0
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	50
	From Reference Conditions to Scenario 3 there will be a modification in the salinity distribution due to the loss of State 1: Closed mouth conditions (82.0% to 0%), the loss of State 2: Semi-closed mouth (2. 74% to 0%) and the increase of State 3: Open with marine influence from 14.6% to 99.1% of the time. This implies that the estuary would be more saline that under reference conditions, due to the increase in open mouth conditions.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	50
	As for Scenario 2, except that State 4 (open but freshwater dominated) is now dominant, therefore the dilution effect of seawater intrusion is lost.  However, due to stronger flows, the residence time of these nutrients in the estuary will now decrease substantially.
	Low

	2b.
Suspended solids present in inflowing freshwater
	40
	Increased flow and associated increased in turbulence is expected to further increase turbidity in the estuary, slightly more than was predicted for Scenario 2.
	Medium

	2c.
Dissolved oxygen in inflowing freshwater
	80
	Strong turbulence and short residence time of water in the estuary is expected to maintain well-oxygenated conditions throughout the estuary assuming that the sewage effluent is well-oxygenated on entering the estuary.  
	Medium

	2d. Levels of toxins
	60
	Similar to the Present State.  No data are available, but it is expected that pesticides introduced by sugar cane farming in the catchment could have resulted in moderate modifications compared with the Reference Condition.
	Low

	
	44
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of inter-tidal sediment structure and distribution to reference condition

	1a
	% similarity in inter-tidal area exposed 
	30
	Under Scenario 3, the mouth will be permanently open to the sea resulting in marked change in inter-tidal area exposed compared to the Reference Conditions when mouth closure occurred for prolonged periods.  Changes to the inter-tidal area as a result of bridge construction will also still remain.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	No major change from the Reference Condition, since there are no large dam developments in the catchment that could have markedly affected sediment distribution patterns in the estuary. Some changes in the sediment distribution patterns in the estuary could have occurred due to changes in land-use activities in the catchment.
	Low

	2
	Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	30
	Under Scenario 3, the mouth will be permanently open to the sea resulting in marked change in the depth of the subtidal area (shallower) compared to the Reference Conditions when mouth closure occurred for prolonged periods.  Changes to the sub-tidal area as a result of bridge construction (e.g. stabilising of the channel dynamics) will also still remain
	Low

	
	
	45
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	17 (40%)
	Resident species entirely wiped out and replaced with riverine and neritic components.
	Low

	2a. Abundance
	20
	Extremely short residence time and turbulent conditions will not allow any microalgal growth within the estuary itself.
	Low

	2b. Community composition
	20
	No viable resident community, only assemblages advected from the river or the nearshore marine area.
	Low

	
	17
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Freshwater swamps at head of estuary lost – possible loss of the hygrophilous grass and sedge species.  
	Low

	2a. Abundance
	55
	Low water levels and reduction in regular inundation could reduce macrophyte growth and abundance. Possible increase in channel width due to large volumes and flow velocities could result in some reduction in reedswamp area and loss of detrital input.
	Low

	2b. Community composition
	65
	Possible loss of swamps at the head of the estuary present under reference conditions.

Potential loss of Hibiscus tiliaceus population.

Reduction in water surface area and competition with terrestrial and alien species could change the community composition.
	Low

	
	55
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	25 (50%)
	Exacerbation of Scenario 2 – Further reduction in habitat. 
	Low

	2a. Abundance
	30
	Exacerbation of Scenario 2 – Further loss of total habitat and hence total populations could be affected.
	Medium

	2b. Community composition
	30
	The community composition will differ markedly from the original as the system becomes fresh water dominated under Scenario 3.   
	Medium

	
	25
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%)
	The system will become freshwater dominated resulting in a loss of marine species.
	Low

	2a. Abundance
	30
	A major decline in fish abundance of freshwater, estuarine and marine species is likely due to the reduced habitat availability, water volume and loss of the stable closed phase.
	Medium

	2b. Community composition
	30
	Community composition under the freshwater dominated open phase (predominant state under Scenario 3) will differ significantly from that recorded under closed mouth conditions (dominant state predicted for the Reference Condition).
	Medium

	
	30
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%) 
	Exacerbation of Scenario 2 – Further reductions in habitat likely to result in even lower carrying capacity and loss of species.
	Low

	2a. Abundance
	50
	Exacerbation of Scenario 2.  Reduced in carrying capacity as above.
	Low

	2b. Community composition
	60
	Exacerbation of Scenario 2. Reduction in habitat, resulting in loss of species and complexity of community.
	Low

	
	50
	
	


4.2.4
Future Scenario 4

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 4, over a 70-year period (1920-1989) were obtained from the Department of Water Affairs and are provided in Table 4.5. The MAR under the Future Scenario 4 is 24.3 x 106 m3, a 196% of the MAR under the Reference Condition (i.e. 12.4 x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Future Scenario 4 is provided below.  

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

	90%ile
	0.88
	1.90
	1.31
	1.23
	2.07
	1.74
	2.01
	1.31
	0.72
	0.65
	0.66
	0.68

	80%ile
	0.67
	1.03
	0.79
	0.81
	1.12
	1.32
	0.98
	0.67
	0.63
	0.61
	0.59
	0.60

	70%ile
	0.62
	0.69
	0.65
	0.62
	0.71
	1.03
	0.78
	0.62
	0.59
	0.55
	0.54
	0.56

	60%ile
	0.58
	0.63
	0.62
	0.60
	0.65
	0.68
	0.63
	0.59
	0.56
	0.51
	0.51
	0.54

	50%ile
	0.55
	0.60
	0.59
	0.58
	0.61
	0.62
	0.59
	0.56
	0.54
	0.50
	0.49
	0.53

	40%ile
	0.53
	0.58
	0.57
	0.55
	0.56
	0.57
	0.56
	0.54
	0.51
	0.49
	0.48
	0.50

	30%ile
	0.51
	0.56
	0.55
	0.53
	0.54
	0.55
	0.54
	0.51
	0.49
	0.47
	0.47
	0.48

	20%ile
	0.49
	0.51
	0.52
	0.52
	0.53
	0.51
	0.51
	0.49
	0.48
	0.46
	0.46
	0.46

	10%ile
	0.47
	0.50
	0.50
	0.49
	0.50
	0.48
	0.47
	0.45
	0.45
	0.45
	0.45
	0.45

	1%ile
	0.44
	0.43
	0.44
	0.46
	0.46
	0.44
	0.42
	0.43
	0.43
	0.42
	0.42
	0.43


Confidence:  Low

b.
Flood regime:  N/A

c.
Present sediment processes and characteristics:  N/A

Table 4.5: Monthly runoff data (in m3/s) for Future Scenario 4, simulated over a 70-year period

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

	1920
	0.53
	0.57
	0.57
	0.55
	0.56
	0.55
	0.53
	0.50
	0.48
	0.45
	0.43
	0.45
	0.74

	1921
	0.55
	4.83
	3.26
	1.02
	0.54
	0.50
	0.50
	0.51
	0.56
	0.55
	0.55
	0.55
	1.39

	1922
	1.97
	1.71
	0.79
	0.60
	0.69
	0.64
	0.59
	0.51
	0.47
	0.45
	0.44
	0.44
	1.00

	1923
	0.43
	0.42
	0.45
	0.50
	0.55
	0.51
	0.48
	0.45
	0.44
	0.43
	0.43
	0.48
	0.69

	1924
	0.53
	0.57
	0.59
	0.59
	0.61
	7.25
	2.96
	0.61
	0.55
	0.51
	0.50
	0.53
	1.55

	1925
	0.60
	0.59
	0.52
	0.46
	0.45
	0.48
	0.49
	0.46
	0.46
	0.47
	0.45
	0.46
	0.72

	1926
	0.51
	0.55
	0.52
	0.48
	0.52
	3.95
	1.79
	0.55
	0.49
	0.46
	0.48
	0.49
	1.13

	1927
	0.49
	0.48
	0.49
	0.54
	0.58
	0.54
	0.51
	0.47
	0.45
	0.43
	0.43
	0.44
	0.72

	1928
	0.47
	0.50
	0.52
	0.52
	0.52
	1.19
	0.86
	0.57
	0.73
	1.17
	0.84
	1.12
	0.98

	1929
	1.66
	0.99
	0.59
	0.54
	0.52
	0.50
	0.51
	0.49
	0.48
	0.47
	0.51
	0.60
	0.89

	1930
	0.63
	0.61
	0.57
	0.58
	0.56
	0.51
	0.51
	0.48
	0.45
	0.49
	0.52
	0.50
	0.76

	1931
	0.49
	0.47
	0.46
	0.49
	1.91
	1.49
	0.81
	0.62
	0.59
	0.52
	0.48
	0.48
	0.96

	1932
	0.51
	0.55
	0.55
	0.52
	0.48
	0.45
	0.46
	0.45
	0.45
	0.45
	0.46
	0.45
	0.71

	1933
	0.45
	0.51
	0.59
	0.74
	0.72
	0.65
	0.91
	0.80
	0.69
	0.64
	0.67
	0.63
	0.90

	1934
	0.55
	0.50
	0.51
	0.57
	0.65
	0.65
	0.61
	2.24
	7.96
	2.89
	0.69
	0.64
	1.77

	1935
	0.55
	0.50
	0.46
	0.47
	0.76
	1.21
	0.82
	1.83
	1.09
	0.60
	0.53
	0.49
	1.01

	1936
	0.51
	3.11
	1.42
	0.52
	0.54
	0.54
	0.54
	0.52
	0.51
	0.50
	0.51
	0.51
	1.04

	1937
	0.49
	0.50
	1.05
	0.80
	1.77
	0.93
	0.57
	0.55
	0.56
	0.62
	0.64
	0.58
	0.98

	1938
	0.57
	0.65
	0.65
	0.59
	1.24
	1.30
	0.81
	0.65
	0.65
	0.61
	0.58
	0.64
	0.97

	1939
	0.70
	1.06
	0.81
	0.61
	0.53
	0.48
	0.47
	0.77
	1.09
	0.78
	0.58
	0.54
	0.93

	1940
	0.53
	1.55
	0.98
	0.60
	0.51
	0.47
	0.54
	0.55
	0.51
	0.47
	0.46
	0.48
	0.87

	1941
	0.51
	0.53
	0.49
	0.52
	0.56
	0.62
	0.66
	0.63
	0.61
	0.56
	0.56
	0.61
	0.80

	1942
	0.66
	1.95
	3.03
	1.29
	0.66
	1.01
	2.53
	1.33
	0.72
	0.86
	1.43
	0.92
	1.60

	1943
	2.07
	1.97
	0.90
	0.53
	0.51
	0.60
	0.64
	0.57
	0.54
	0.52
	0.50
	0.60
	1.06

	1944
	0.71
	0.70
	0.57
	0.48
	0.54
	2.73
	1.37
	0.59
	0.55
	0.49
	0.46
	0.44
	1.03

	1945
	0.45
	0.44
	0.43
	0.46
	0.49
	0.52
	0.60
	0.59
	0.53
	0.48
	0.45
	0.44
	0.72

	1946
	0.46
	0.51
	0.54
	0.56
	2.05
	1.10
	0.70
	0.64
	0.63
	0.63
	0.59
	0.57
	0.97

	1947
	0.54
	0.62
	0.65
	0.63
	0.68
	0.83
	1.24
	0.81
	0.56
	0.49
	0.46
	0.45
	0.89

	1948
	0.53
	0.65
	0.61
	0.54
	0.58
	0.57
	0.59
	0.58
	0.53
	0.49
	0.46
	0.48
	0.78

	1949
	0.55
	1.13
	1.57
	0.90
	0.60
	0.55
	0.53
	0.51
	0.50
	0.47
	0.48
	0.48
	0.92

	1950
	0.46
	0.44
	0.49
	0.54
	0.53
	0.55
	0.59
	0.53
	0.49
	0.47
	0.55
	0.68
	0.76

	1951
	0.69
	0.61
	0.59
	0.87
	0.72
	0.55
	0.58
	0.63
	0.62
	0.56
	0.54
	0.51
	0.85

	1952
	0.49
	0.50
	0.54
	4.02
	3.27
	1.04
	0.56
	0.49
	0.46
	0.44
	0.45
	0.50
	1.28

	1953
	0.54
	0.58
	0.63
	0.62
	0.63
	0.61
	0.57
	0.53
	0.52
	0.49
	0.48
	0.56
	0.79

	1954
	4.15
	1.94
	0.63
	0.85
	0.73
	0.81
	0.77
	0.65
	0.58
	0.52
	0.48
	0.50
	1.29

	1955
	0.56
	0.62
	0.59
	0.50
	0.55
	1.68
	1.05
	0.62
	0.55
	0.50
	0.51
	0.57
	0.92

	1956
	0.58
	0.58
	3.21
	1.50
	0.64
	0.63
	2.94
	1.39
	0.57
	0.50
	0.48
	0.54
	1.37

	1957
	0.74
	0.79
	0.69
	2.12
	3.80
	1.46
	2.69
	1.31
	0.59
	0.51
	0.47
	0.51
	1.52

	1958
	0.55
	0.58
	0.60
	0.55
	0.53
	0.48
	0.44
	0.50
	0.56
	0.52
	0.52
	0.55
	0.76

	1959
	0.60
	0.62
	0.57
	0.51
	0.50
	0.52
	0.56
	0.54
	0.50
	0.47
	0.46
	0.46
	0.76

	1960
	0.49
	0.58
	1.30
	0.89
	0.63
	0.56
	3.09
	1.47
	0.71
	0.69
	0.62
	0.61
	1.20

	1961
	0.63
	0.63
	0.56
	0.51
	0.51
	0.52
	0.54
	0.50
	0.47
	0.45
	0.47
	0.50
	0.75

	1962
	0.50
	1.89
	1.04
	1.07
	0.82
	0.69
	0.69
	0.59
	0.56
	0.63
	0.66
	0.60
	1.04

	1963
	0.56
	0.55
	0.52
	1.76
	1.09
	0.57
	0.54
	0.51
	0.49
	0.48
	0.47
	0.47
	0.89

	1964
	0.53
	0.59
	0.56
	0.52
	0.49
	0.44
	0.41
	0.43
	0.53
	0.61
	0.66
	0.68
	0.77

	1965
	0.67
	0.66
	0.60
	0.57
	0.56
	0.48
	0.44
	0.47
	0.52
	0.50
	0.49
	0.49
	0.77

	1966
	0.50
	0.53
	0.55
	0.60
	0.70
	1.69
	1.07
	0.65
	0.56
	0.50
	0.47
	0.45
	0.92

	1967
	0.48
	0.59
	0.58
	0.74
	0.71
	0.60
	0.56
	0.50
	0.47
	0.44
	0.48
	0.55
	0.79

	1968
	0.58
	0.57
	0.53
	0.49
	0.48
	1.40
	0.96
	0.81
	0.72
	0.59
	0.53
	0.52
	0.91

	1969
	0.88
	1.00
	0.75
	0.61
	0.53
	0.45
	0.43
	0.45
	0.49
	0.49
	0.48
	0.53
	0.82

	1970
	0.62
	0.66
	0.65
	0.62
	0.67
	1.72
	1.05
	2.78
	1.40
	0.64
	0.75
	0.75
	1.26

	1971
	0.65
	0.57
	0.55
	0.53
	0.59
	0.60
	0.58
	0.62
	0.68
	0.65
	0.59
	0.53
	0.83

	1972
	0.50
	0.50
	0.50
	0.51
	0.53
	0.53
	0.53
	0.49
	0.46
	0.44
	0.48
	0.81
	0.75

	1973
	0.77
	0.73
	0.65
	0.59
	1.78
	1.02
	0.65
	0.62
	0.60
	0.55
	0.50
	0.48
	0.97

	1974
	0.46
	0.47
	0.53
	1.36
	1.36
	0.74
	0.55
	0.51
	0.48
	0.46
	0.45
	0.54
	0.89

	1975
	0.61
	0.59
	0.61
	1.22
	1.66
	5.55
	3.93
	1.21
	0.60
	0.53
	0.54
	0.55
	1.70

	1976
	0.63
	0.69
	0.61
	0.62
	3.33
	1.49
	0.63
	0.54
	0.50
	0.47
	0.47
	0.54
	1.09

	1977
	0.60
	0.63
	0.59
	0.62
	0.69
	0.68
	0.71
	0.64
	0.55
	0.51
	0.50
	0.53
	0.83

	1978
	0.84
	2.38
	1.17
	0.57
	0.53
	0.49
	0.47
	0.45
	0.45
	0.45
	0.47
	0.51
	0.96

	1979
	0.56
	0.56
	0.52
	0.49
	0.47
	0.43
	0.42
	0.42
	0.42
	0.41
	0.41
	0.56
	0.70

	1980
	0.67
	0.67
	0.63
	0.63
	0.71
	0.64
	0.54
	0.57
	0.61
	0.57
	0.70
	1.24
	0.91

	1981
	0.89
	1.02
	0.72
	0.58
	0.58
	0.55
	0.56
	0.52
	0.49
	0.46
	0.44
	0.44
	0.83

	1982
	0.49
	0.54
	0.51
	0.49
	0.47
	0.45
	0.44
	0.43
	0.43
	0.45
	0.49
	0.51
	0.71

	1983
	0.53
	1.27
	1.35
	4.03
	4.40
	2.01
	1.97
	1.05
	0.67
	1.00
	0.83
	0.67
	1.86

	1984
	0.62
	0.60
	0.52
	0.54
	4.97
	1.93
	0.51
	0.45
	0.45
	0.44
	0.43
	0.43
	1.20

	1985
	1.17
	0.90
	0.64
	0.64
	0.64
	0.59
	0.60
	0.54
	0.49
	0.46
	0.46
	0.46
	0.86

	1986
	0.47
	0.49
	0.53
	0.59
	0.61
	0.62
	0.62
	0.60
	0.66
	0.65
	0.63
	9.05
	1.51

	1987
	3.66
	1.07
	0.73
	0.53
	2.61
	6.24
	2.37
	1.85
	1.13
	0.67
	0.64
	0.60
	2.07

	1988
	0.57
	0.60
	0.65
	0.62
	2.20
	1.08
	0.56
	0.54
	0.50
	0.47
	0.46
	0.45
	0.95

	1989
	0.48
	2.87
	1.37
	0.57
	0.54
	1.18
	0.86
	0.59
	0.52
	0.47
	0.45
	0.43
	1.09

	Average
	0.73
	0.89
	0.78
	0.78
	0.99
	1.11
	0.90
	0.71
	0.68
	0.57
	0.54
	0.68
	1.01

	Median
	0.55
	0.60
	0.59
	0.58
	0.61
	0.62
	0.59
	0.56
	0.54
	0.50
	0.49
	0.53
	0.92

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Closed
	< 0.4
	Semi-closed
	0.4-0.5
	Open (Estuarine)
	0.5-5.0
	Open (Fluvial)
	> 5.0
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	0.4-0.5
	19
	13
	8
	11
	8
	13
	12
	19
	27
	39
	41
	29
	

	0.5-5.0
	51
	57
	62
	59
	62
	54
	58
	51
	42
	31
	29
	40
	

	> 5.0
	0
	0
	0
	0
	0
	3
	0
	0
	1
	0
	0
	1
	


d. Occurrence and duration of different Abiotic States for Future Scenario 4:

The occurrence and duration of the different Abiotic States under Future Scenario 4 are illustrated in the simulated monthly river flow table (Table 4.5). 

To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 4, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e. 
Predicted change in biotic characteristics of Future Scenario 4 compared with the Reference Condition:
	MICROALGAE

	Similar to Scenario 2, resident species will virtually disappear and riverine and marine species will replace the original estuarine community (although the semi-closed state may occur, periods of closure under Scenario 4 are probably too short to support resident species).  A dramatic decrease in biomass is expected, as the rich nutrient content of the waters cannot be utilized locally because of the short residence time (open mouth conditions) and negative light environment (increased turbidity).  Also, the community will be transient in nature, periodically dominated by riverine species but at times also by neritic assemblages brought in by the tide.

Confidence: Low

	MACROPHYTES

	Similar to Scenarios 2 and 3, freshwater swamps at head of estuary lost – possible loss of the hygrophilous grasses and sedges.  Low water levels and reduction in regular inundation could reduce macrophyte growth and abundance. Possible increase in channel width due to large volumes and flow velocities could result in some reduction in reed swamp area and loss of detrital input.  Change in abundance will be more than under Scenario 2 (slightly less tidal drainage under Scenario 4 as the semi-closed state does occur at times), but not as severe as for Scenario 3. Possible loss of swamps at the head of the estuary under reference conditions. Potential loss of Hibiscus tiliaceus population due to increase in salinity. Reduction in water surface area and competition with terrestrial and alien species could change the community composition.  Change in community composition will be more than under Scenario 2 (slightly less tidal drainage under Scenario 4 as the semi-closed state does occur at times), but not as severe as for Scenario 3.

Confidence:  Low

	INVERTEBRATES 

	Under Scenario 4, alterations predicted in the inter-tidal and sub-tidal habitat, as well as the macrophytes, are likely to markedly reduce species richness.  Although local densities of invertebrates may not be affected, total habitat reduction following draining of the estuary due to open mouth conditions, and hence total populations, could be affected.  However, the decrease in abundance is expected to be less than for Scenario 2 as the semi-closed state does occur at times, resulting in some increase in the sub-tidal habitat.  Possible reduction in community diversity could occur due to loss of less common species.
Confidence: Medium


	FISH

	With marked loss in the depth of the sub-tidal area (associated with the open state), this habitat loss for fish is likely to affect species richness markedly.  A major decline in fish abundance of freshwater, estuarine and marine species is likely due to the reduced habitat availability (water volume) and loss of the stable closed phase.  However, the reduction in not expected to be as much as for Scenario 2, because the semi-closed does occur at times under Scenario 4.  Community composition under the open phase (predominant state under Scenario 4) differs significantly from that recorded under closed mouth conditions (dominant state predicted for the Reference Condition).  However, the change is not expected to be as much as for Scenario 2, as the semi-closed does occur at times under Scenario 4.

Confidence: Medium 

	BIRDS

	Reduced habitat likely to result in lower carrying capacity and possible loss of species.  In addition to human disturbance, the predicted decrease in abundance of food sources (i.e. invertebrates and fish) may also affect the abundance of birds. Changes predicted in species richness and abundance will also be reflected in community composition.

Confidence:  Low


f.
Estuarine Heath Score Assessment for Future Scenario 4:
Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      
	17


	For the Mhlanga Estuary low flows are defined as flows associated with the State 1: Closed state (i.e. <0.4 m3/s) and State 2: Semi-closed (between 0.4 and 0.5 m3/s). Months with median low flows of less than 0.4 m3/s decreased from 12 under the Reference Condition to 2 under Scenario 4. 
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	-
	N/A
	

	
	17
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	0
	For the Mhlanga Estuary mouth closure occurs at flows less than 0.4 m3/s. Out of a total of 840 months (70 years), mouth closure decreased from 82.0% in the Reference Conditions to 0 % under Scenario 4.

Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure  (Table D.5d in the method).
	Low

	
	0
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	60
	From Reference Conditions to Scenario 4  there will be a modification in the salinity distribution due to the loss of State 1: Closed mouth conditions (82.0% to 0%), the increase of State 2: Semi-closed mouth (2. 74% to 28.5%) and the increase of State 3: Open with marine influence from 14.6% to 71% of the time. This implies that the estuary would be more saline that under reference conditions, due to the increase in open mouth conditions.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	60
	Similar to Scenario 2 – the estuary will virtually be turned into a permanently open system, i.e. almost permanently in State 3 (open with marine influence).  However, nutrient input from the sewage treatment works, together with a steady and relatively high input of nutrients from the catchment will still result in eutrophic conditions.  Seawater intrusion associated with State 3 will however allow for some dilution, resulting in the slightly higher score compared to the Present State (virtually no seawater influence).
	Low

	2b.
Suspended solids in inflowing freshwater
	50
	Similar to Scenario 2 – suspended solids will increase for the Reference Condition due to increased turbulence associated with the open mouth state. This may actually lead to a dramatic decrease in light penetration through the water-column, with periodic development of aphotic (< 1% of surface irradiance reaching the bottom) conditions.
	Medium

	2c.
Dissolved oxygen in inflowing freshwater
	60
	DO levels should experience a dramatic enhancement under these conditions, as most factors responsible for the uptake of O2 will now be optimal (runoff, tidal mixing) or unchanged (winds). However, the increase in salinity and suspended solids in the water will decrease the solubility of O2  by about  20%.
	Medium

	2d. Levels of toxins
	60
	Similar to the Present State.  No data are available, but it is expected that pesticides introduced by sugar cane farming in the catchment could have resulted in moderate modifications compared with the Reference Condition.
	Low

	
	54
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of inter-tidal sediment structure and distribution to reference condition

	1a
	% similarity in inter-tidal area exposed 
	40
	As a result of the increase in open mouth conditions (State 3) under the Scenario 4, there would be an increase in the size of the intertidal area exposed from the Reference to Scenario 4.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	90
	No major change from the Reference Condition, since no there are no large dam developments in the catchment that could have markedly affected sediment distribution patterns in the estuary. Some changes in the sediment distribution patterns in the estuary could have occurred due to changes in land-use activities in the catchment.
	Low

	2
	Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	40
	As a result of the increase in open mouth conditions (State 3) under the Scenario 4, there would be an decrease in the depth of the channel area, i.e. the sub-tidal area will be shallower compared with the Reference Condition during the open state.
	Low

	
	
	53
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	25 (50%)
	Similar to Scenario 2, resident species will virtually disappear and riverine and marine species will replace the original estuarine community (although the semi-closed state may occur, periods of closure under Scenario 4 are probably too short to support resident species)
	Low

	2a. Abundance
	40
	Similar to Scenario 2 a dramatic decrease in biomass is expected, as the rich nutrient content of the waters cannot be utilized locally because of the short residence time (open mouth conditions) and negative light environment (increased turbidity).
	Low

	2b. Community composition
	40
	Similar to Scenario 2, the community will be transient in nature, periodically dominated by riverine species but at times also by neritic assemblages brought in by the tide.
	Low

	
	25
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Freshwater swamps at head of estuary lost – possible loss of the hygrophilous grass and sedge species.  
	Low

	2a. Abundance
	65
	Low water levels and reduction in regular inundation could reduce macrophyte growth and abundance. Possible increase in channel width due to large volumes and flow velocities could result in some reduction in reed swamp area and loss of detrital input.  Change in abundance will be more than under Scenario 2 (slightly less tidal drainage under Scenario 4 as the semi-closed state does occur at times), but not as severe as for Scenario 3.
	Low

	2b. Community composition
	75
	Possible loss of swamps at the head of the estuary present under reference conditions. Potential loss of Hibiscus tiliaceus population due to increased salinity. Reduction in water surface area and competition with terrestrial and alien species could change the community composition.  Change in community composition will be more than under Scenario 2 (slightly less tidal drainage under Scenario 4 as the semi-closed state does occur at times), but not as severe as for Scenario 3.
	Low

	
	65
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	35 (60%)
	Under Scenario 4, alterations predicted in the inter-tidal and sub-tidal habitat, as well as the macrophytes is likely to markedly reduced species richness.  
	Low

	2a. Abundance
	50
	Although local densities of invertebrates may not be affected, total habitat following draining of the estuary due to open mouth conditions, and hence total populations, could be affected.  However, the decrease in abundance is expected to be less than for Scenario 2 as the semi-closed state does occur at times, resulting in some increase in the sub-tidal habitat.
	Medium

	2b. Community composition
	60
	Community diversity likely to be affected due to loss of rarer species.
	Medium

	
	35
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%)
	With marked loss in the depth of the sub-tidal area (associated with the open state), this habitat loss for fish is likely to affect species richness markedly.
	Low

	2a. Abundance
	40
	A major decline in fish abundance of freshwater, estuarine and marine species is likely due to the reduced habitat availability (water volume) and loss of the stable closed phase.  However, the reduction in not expected to be as much as for Scenario 2, because the semi-closed state does occur at times under Scenario 4.
	Medium

	2b. Community composition
	50
	Community composition under the open phase (predominant state under Scenario 4) differs significantly from that recorded under closed mouth conditions (dominant state predicted for the Reference Condition).  However, the change is not expected to be as much as for Scenario 2, as the semi-closed state does occur at times under Scenario 4.
	Medium

	
	40
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	Reduced habitat likely to result in lower carrying capacity and possible loss of species.  
	Low

	2a. Abundance
	60
	In addition to human disturbance, the predicted decrease in abundance of food sources (i.e. invertebrates and fish) may also affect the abundance of birds.
	Low

	2b. Community composition
	70
	Changes predicted in species richness and abundance will also be reflected in community composition.
	Low

	
	60
	
	


4.3 Ecological Categories associated with different Scenarios 

The individual EHI scores, as well as the corresponding EC for the different scenarios are provided in Table 4.6.

TABLE 4.6:
Summary of Estuarine Health Index (EHI) scoring and Ecological Category (EC) associated with different Future Scenarios

	VARIABLE
	WEIGHT
	Present State
	Future 

Scenario 1
	Future 

Scenario 2
	Future 

Scenario 3
	Future 

Scenario 4

	MAR (x 106 m3)
	19.6
	6.2
	28.0
	43.5
	24.3

	Capping flows included in scenario:
	20 Ml/day
	None
	43.2 Ml/day
	84.4 Ml/day
	33 Ml/day

	Hydrology
	25
	100
	100
	0
	0
	17

	Hydrodynamics
	25
	60
	80
	0
	0
	0

	Water quality
	25
	62
	54
	50
	44
	54

	Physical habitat alterations
	25
	83
	90
	45
	45
	53

	Habitat Score
	50
	75
	81
	24
	16
	31

	Microalgae
	25
	40
	25
	25
	17
	25

	Macrophytes
	25
	65
	70
	60
	55
	65

	Invertebrates
	25
	60
	50
	35
	25
	35

	Fish 
	25
	80
	40
	30
	30
	40

	Birds
	-
	65
	50
	60
	50
	60

	Biological Score
	50
	62
	47
	42
	18
	45

	EHI INDEX SCORE
	
	69
	64
	33
	17
	38

	
	
	
	
	
	
	

	EC
	
	C
	C
	E
	F
	E


The Ecological Category corresponding to Scenario 1 (representing river inflow half of that under the Reference Condition) were similar to the Present State, i.e. Category C, suggesting that the estuary is probably not that sensitive to reductions in river inflow, probably as a result of it being predominantly closed under the Reference Condition.  

However, the estuary appears to be very sensitive to increases in inflow above that of the Reference Condition, reflecting the sensitivity of the system to frequent and prolonged open mouth conditions.  For example the results indicate sewage discharged into the estuary over the present volume (i.e. 20 Ml/day), is likely to flip the estuary into an Ecological Category of E (Scenarios 2 and 4) or F (Scenario F).  Therefore, even the allowable volume under the current licence agreement (i.e. 33 Ml/day), as represented by Scenario 4, is likely to result in an Ecological Category of E.

A capping flow between 20 Ml/day (Present State – Ecological Category C) and 33 Ml/day (Scenario 4 – Ecological Category E) is likely to result in an Ecological Category of D, but with the uncertainties in the relationship between the hydrology and hydrodynamics of the system, such fine tuning is not considered appropriate at this stage.  Similarly, the refinement of capping flows within a particular Ecological Category range is not appropriate either at this stage. 

To select the recommended ‘Ecological Water Requirement Scenario’, the general rule for estuaries states that, the simulated runoff scenario representing the largest modification in flow, but that which would still keep the estuary in the recommended Ecological Category (in this case a Category B) should be the recommended ‘Ecological Water Requirement Scenario’.

None of the scenarios evaluated as part of this Rapid determination provided an Ecological Category B.  The workshop concluded that the only way in which the Ecological Category could be improved to a B, would be to remove the sewage effluent from the estuary because a significant proportion of the changes currently observed in the estuary are as result of the consistent inflow and quality of the effluent. The recommended ‘Ecological Water Requirement Scenario’ for an Ecological Category of B would therefore exclude any discharges into the estuary, i.e. no capping flows. 

For the purposes of this rapid assessment, a conservative estimate of the recommended ‘Ecological Water Requirement Scenario’ for the Mhlanga Estuary (to meet the recommended Ecological Category of B) is estimated at a MAR of 12.4 x 106 m3, similar to the Reference Condition, with the following distribution:

	MONTH
	FLOW (m3/s) – flow should > % in given month


	
	90%ile
	80%ile
	70%ile
	60%ile
	50%ile
	40%ile
	30%ile
	20%ile
	10%ile
	1%ile

	OCT
	0.5
	0.29
	0.24
	0.2
	0.17
	0.15
	0.13
	0.11
	0.09
	0.06

	NOV
	1.52
	0.65
	0.31
	0.25
	0.22
	0.2
	0.18
	0.13
	0.12
	0.05

	DEC
	0.93
	0.41
	0.27
	0.24
	0.21
	0.19
	0.17
	0.14
	0.12
	0.06

	JAN
	0.85
	0.43
	0.24
	0.22
	0.2
	0.17
	0.15
	0.14
	0.11
	0.08

	FEB
	1.69
	0.74
	0.33
	0.27
	0.23
	0.18
	0.16
	0.15
	0.12
	0.08

	MAR
	1.36
	0.94
	0.65
	0.3
	0.24
	0.19
	0.17
	0.13
	0.1
	0.06

	APR
	1.63
	0.6
	0.4
	0.25
	0.21
	0.18
	0.16
	0.13
	0.09
	0.04

	MAY
	0.93
	0.29
	0.24
	0.21
	0.18
	0.16
	0.13
	0.11
	0.07
	0.05

	JUN
	0.34
	0.25
	0.21
	0.18
	0.16
	0.13
	0.11
	0.1
	0.07
	0.05

	JUL
	0.27
	0.23
	0.17
	0.13
	0.12
	0.11
	0.09
	0.08
	0.07
	0.04

	AUG
	0.28
	0.21
	0.16
	0.13
	0.11
	0.1
	0.09
	0.08
	0.07
	0.04

	SEP
	0.3
	0.22
	0.18
	0.16
	0.15
	0.12
	0.1
	0.08
	0.07
	0.05


NOTE:

	· Although the recommended ‘Ecological Water Requirement Scenario’ provided in this Rapid assessment resembles the flows during the Reference Condition, the re-introduction of such a flow regime will no longer result in an Ecological Category of A, due the impact of other non-flow related anthropogenic activities on the estuary, such as the road construction, bridge embankment, flood plain development, mouth manipulation practices and human disturbance and its affect on birds.

· The recommended ‘Ecological Water Requirement Scenario’ provided in this Rapid assessment is considered to be a conservative estimate.  Based on expert opinion, the Mhlanga Estuary is probably not that sensitive to mouth closure as illustrated with Scenario 1.  It may therefore be possible that in the event of the sewage effluent discharge being removed, the recommended ‘Ecological Water Requirement Scenario’ to keep the estuary in an Ecological Category B, may even be lower than the recommended 12.4 x 106 m3 (MAR).  However, further refinements to the recommended ‘Ecological Water Requirement Scenario’ should only be undertaken once more accurate data to quantify the relationship between mouth closure and flow have been acquired (e.g. as part of the Water Research Commission project currently being undertaken on the Mhlanga Estuary).

· Although the preliminary determination of the Ecological Reserve on a Rapid level does not specify details on water quality requirements of estuaries (i.e. information that will be required to determine the critical limits in terms of effluent quality) results from this study suggests that effluent volume, rather than quality, might be the limiting factor when considering future extensions to the sewage works. 


5.
Recommendations on Additional Monitoring Requirements

Data requirements to improve the confidence of the preliminary Ecological Reserve determination are set out in the method for Intermediate level determination (medium confidence), as well as for comprehensive level determinations (medium to high confidence).  It is envisaged that the intensive sampling programme, currently undertaken in the Mhlanga Estuary as part of a Water Research Commission project on RDM related issues, will provide most of these requirements.  

In particular, acquisition of the following data sets is required to improve the confidence of the preliminary determination of the Ecological Reserve on the Mhlanga Estuary:

· Continuous record of water level variation in the estuary near the mouth (for medium confidence as required for the Intermediate level at least a 5-year record is recommended).

· Continuous flow gauging of river inflow to the estuary (for medium confidence as required for the Intermediate level at least a 5-year record is recommended).  This information would be required to establish a relationship between flow and mouth condition, as well as to calibrate the simulated runoff data sets.

· Inflow rates of the sewage effluent discharge, if not continuous at least at a frequency that will capture the variability of flow.

· At least monthly records of the water quality of the river inflow to the estuary that could be collected as part of the national water quality monitoring programme of the DWAF.

· Data on the water quality of the sewage effluent discharge into the estuary.  These have to be collected at a frequency that will capture the variability of water quality.

6.
Comparison between Mhlanga and Mdloti Estuaries

6.1
Present Ecological Status

Based on the results of the preliminary Ecological Reserve determination on the Mdloti Estuary (report in preparation), the Present Ecological Status of the Mdloti Estuary was estimated as a Category D.  The Present Ecological Status of the Mhlanga Estuary is estimated as a Category C (this report).  Details on the Estuarine Health Index scores are listed below:

	VARIABLE
	WEIGHT
	MDLOTI ESTUARY
	MHLANGA ESTUARY

	Hydrology
	25
	58
	100

	Hydrodynamics
	25
	57
	60

	Water quality
	25
	35
	62

	Physical habitat alterations
	25
	60
	83

	Habitat Score
	50
	52.5
	75

	Microalgae
	25
	50
	40

	Macrophytes
	25
	50
	65

	Invertebrates
	25
	60
	60

	Fish 
	25
	35
	80

	Birds
	-
	40
	65

	Biological Score
	50
	47
	62

	EHI INDEX SCORE
	
	50
	69

	
	
	
	

	EC
	
	D
	C


In both estuaries the modifications from Reference Condition were largely as a result of anthropogenic influences other than changes to river inflow.  Key anthropogenic impacts in the case of the Mdloti Estuary include:

· Structures such as the national road bridge and recreational facilities near the mouth

· Bank  stabilisation (e.g. embankment)

· Artificial mouth manipulation practices

· Upstream sand mining 

· Flood plain development

· Human disturbance (in the case of birds)

· Sewage effluent discharges into the river upstream of the estuary.

Key anthropogenic influences (other than changes in river inflow) in the case of the Mhlanga Estuary include:

· Sewage effluent discharge into the estuary

· Flood plain development

· Bridge embankment and Road construction

· Artificial mouth manipulation practices

· Human disturbance (in the case of birds).

The Present Ecological Status of both estuaries is considered to be close to a state of equilibrium, rather than on a trajectory of change.  However in the Mhlanga Estuary there were indications that the microalgal and macroinvertebrate components may be showing a trajectory of change.

Preliminary results indicate that the Mdloti Estuary is probably more sensitive to reductions in inflow compared to the Mhlanga Estuary - the Mdloti Estuary, under the Reference Condition was in a semi-closed state for long periods, while the Mhlanga Estuary was predominantly closed under the Reference Condition.  

However, this study showed that the Mhlanga Estuary appears to be very sensitive to increases in inflow, reflecting the sensitivity of the system to frequent and prolonged open mouth conditions.  The sensitivity of the Mdloti Estuary for increased inflows was not explicitly addressed, but it is envisaged that it will become sensitive to increased inflows when these start to markedly change the periods during which the estuary would be in the semi-closed or closed state, i.e. when increased inflows results in more frequent mouth opening.  

6.2
Estuarine Importance and Prioritisation

Both the Mdloti and Mhlanga estuaries are rated as important estuaries based on Turpie et al. (2002).  Details on the Estuarine Importance scores are listed below:

	VARIABLE
	WEIGHT
	MDLOTI ESTUARY
	MHLANGA ESTUARY

	Estuary size
	15
	80
	90

	Zonal type rarity
	10
	10
	10

	Habitat diversity
	25
	90
	70

	Biodiversity importance
	25
	63.5
	69.5

	Functional Importance
	25
	60
	80

	ESTUARINE IMPORTANCE SCORE
	
	66.4
	69

	RATING 
	
	Important
	Important


In terms of prioritisation the Mhlanga and Mdloti estuaries is ranked 55 and 56, respectively out of about 250 South African estuaries (Turpie et al., 2002).
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Appendix A

List of Available Data and Information 

Available for This Study
	COMPONENT
	DESCRIPTION OF AVAILABLE DATA (including DATE)
	REFERENCE

	Hydrodynamics
	Simulated monthly runoff data (at the head of the estuary) for present state, reference conditions and the selected future runoff scenarios from 1920-1989 (70 years).
	Provided by DWAF

	
	Measured river inflow data (gauging stations) at the head of the estuary over a 5-15 year period. 
	Not Available.

	
	Measured flow data
	Stretch and Zietsman, 2003.

Perissinotto et al. 2003

	
	Continuous water level recordings near mouth of the estuary. 
	Not Available.

	
	Aerial photographs of estuary (earliest available year as well as most recent). 
	CSIR archives (1937, 1953, 1959, 1967, 1968, 1973, 1976, 1983, 1984, 1987, 1993)

	
	Observations on mouth status and physical dynamics were extracted from various reports.
	Perissinotto et al.,  2003

Stretch and Zietsman, 2003.

Csir, 2000. 
Dwaf, 1971. 
Harrison and Whitfield, 1985.  
Whitfield, 1980.  
Begg, 1978.  
Begg, 1984.  
Harrison et al. 2000. 
Nrio, 1982. 

	
	Salinity and temperature longitudinal data. 
	Perissinotto, et al. 2003

	(Sediment Dynamics)
	Not included as part of a Rapid Ecological Reserve determination

	Water Quality
	1.
Dissolved oxygen, macroutrients, temperature, salinity,    turbidity

2. Dissolved oxygen, salinity, temperature, secchi depth

3. Salinity, temperature, transparency/turbidity

4. Temperature, salinity, dissolved oxygen, macronutrients,

    turbidity, secchi depth, E. coli

5. Temperature, salinity, dissolved oxygen, turbidity

6.
Temperature, salinity, dissolved oxygen, macronutrients, light
	1. Begg 1978

2. Begg 1984

3. Whitfield 1980 a, b, c

4. Cooper et al. 1993

5. Harrison and Whitfield 1995

6. Perissinotto et al. 2003

	Microalgae
	1.
Surface and bottom chlorophyll-a concentrations (snapshot)

2. Surface, bottom and sediment chlorophyll-a concentration;

   size fractionated phytoplankton (upper, middle & lower

   reaches, monthly frequency).
	1. Cooper et al. 1993

2. Perissinotto et al. 2003

	Macrophytes
	1.
Aerial photographs, orthophoto maps.

2. General account of distribution and function. 

3. Detail on area covered by different plant community types and botanical importance.
	1. Begg 1978, 1984

2. Colloty et al. 2000

3. Pillay 1998

	Invertebrates
	1. General list

2. Distribution and abundance of macrobenthos


	1. Begg 1978, 1984, Whitfield 1980b and 1980c

2. Perissinotto et al. 2003

	Fish
	1. General account of fish species recorded in the lagoon

2. Detailed fish species list for the Mhlanga Estuary

3. Fish community trophic structure and recruitment patterns

4. Detailed fish assemblage structure and seasonality

5. State of Mhlanga Estuary using an estuarine fish index

6. Recent information on Mhlanga fish assemblages
	Begg 1978

Begg 1984

Whitfield 1980 a, b, c

Harrison & Whitfield 1995

Harrison et al. 2000

Perissinotto et al. 2003

	Birds
	1. Common species

2. Water associated species
	1. Begg 1978, 1984

2. Perissinotto et al. 2003


Appendix B

Details on the Hydrodynamics of the Mhlanga Estuary

Background on hydrology

The simulated runoff data obtained from the DWAF for this Rapid Reserve Determination indicates that the natural mean annual runoff (MAR) into the Mhlanga Estuary was approximately 12.4 x 106 m3, which is equivalent to an average flow of 0.39 m3/s.  

Simulated monthly runoff scenarios were generated by Mr M Roux of the DWAF. He provided the following background information. The catchment of the Mhlanga River forms part of the U30B quaternary catchment. The former catchment area was found by planimetering to be 79 km2. The U30B quaternary catchment area is 221 km2 (WR90 Publication). The CCWR rainfall map shows that the rainfall distribution over the U30B catchment is fairly homogeneous. The natural monthly flow record (October 1920 to September 1990), for the quaternary catchment U30B (obtained from the WR90 CD and converted to m3/s) was therefore scaled by area only. The scaling factor is 79/221.

Simulated monthly runoff scenarios were generated for: 

	SCENARIO:
	MAR (x106 M3)
	% CHANGE FROM NATURAL MAR

	Reference Conditions
	12.4
	-

	Present State (was generated by adding 0.23 m3/s to Reference Conditions)
	19.6
	158

	Scenario 1:  Half of the Reference Conditions
	6.2 
	50

	Scenario 2:  Reference Conditions + 0.5 m3/s
	28.0
	226

	Scenario 3:  Reference Conditions + 1.0 m3/s
	43.5
	351

	Scenario 4:  Reference condition + 0.38 m3/s
	24.3 
	196


Average treated sewage discharges, seasonal variability unknown (Data from Durban Metro)

Water from two treatment sewage works is currently discharged in the Mhlanga Estuary at an average rate of 20Ml/day (20 000 m3/day) increasing the river flow on average by approximately 0.23 m3/s.   The total capacity of the present treatment works is 33 Ml/day (33000 m3 per day) or 0.38 m3/s. The earlier estimated acceptable capping flow for which a licence was issued for 35 Ml/day. It is anticipated that this capacity (33-35Ml/day) will be reached within the next 4 years.  An estimated effluent of 120Ml/day would be generated if the water treatment works required in the region were fully developed (within the next 100 years). This would mean 120 000 m3 per day or 1.39 m3/s. The combined waste generated from both the Mdloti and Mhlanga regions is estimated to be 240-250 Ml/day (2.78 to 2.89 m3/s).  The initial idea was to ultimately have a central sewage works, situated on the Mdloti system with a final capacity of 250 Ml/day (2.89 m3/s). 

Key aspect:  Mouth condition

The major predicted effect of increasing river flow into the Mhlanga Estuary is that mouth closure periods will be significantly reduced.  

Mouth conditions and river flow

Earlier estimates indicate that the mouth used to be open for less than 10 % of the time. This estimate was used as a basis in earlier investigations undertaken for Durban Metro on the effects of discharges into the estuary. Based on a flow duration curve it was concluded that this correlated with a flow of approximately 3 x 106 m3 per month or on average  1.15 m3/s.

However, there are strong indications that this estimate was wrong:

a. A small estuary such as the Mhlanga closes if the river flow becomes less than losses due to evaporation and seepage through the berm. These losses are probably between 0.3 and 0.5 m3/s.

b. Whitfield (1980) showed that the mouth was open about 25 % of the time in 1978. The simulated runoff data for the Mdloti shows that the runoff in 1978 was equal to the mean annual runoff (MAR). This indicates that the runoff into the Mhlanga was probably also close to average in 1978.

c. Harrison and Whitfield (1995) showed that the mouth was open for about 24 % of the time from June 1990 to May 1991. The runoff in the Mdloti during this period was approximately 93 % of the mean annual runoff (MAR).

d. Harrison and Whitfield (1995) also showed that the mouth was open for about 9 % of the time from June 1991 to May 1992. The runoff in the Mdloti during this period was approximately 37 % of the mean annual runoff (MAR). This indicates that the runoff into the Mhlanga was probably also far below average during this period.

e. Weekly data received from Ezemvelo KwaZulu Natal Wildlife (EKZNW) in November 2001 indicates that the mouth was open for about 45 % of the time between 1999 and 2001. 

f. Data collected daily from 1 March 2002 to 28 February 2003 by EKZNW field staff and collated by Caroline Fox, Nicolette Demetriades  and Renzo Perissinotto showed that the mouth was open or semi-open for 52 % of the time during this period.

This information indicates that under natural conditions the mouth of the Mhlanga could have been open for approximately 25 % of the time and that the earlier estimate of less than 10 % is probably wrong. It also indicates that the mouth is open for 45 to 50 % of the time at present, which could be caused by the increase in flow from the release of treated sewage water.

The flow duration curve indicates that under natural conditions a flow of approximately 800 000 m3/month or 0.31 m3/s would have been exceeded for 25 % of the time. This indicates that mouth closure of the Mhlanga Estuary would normally occur at flows below 0.30 m3/s. 

As mentioned, in 2001 it was estimated by Durban Metro that at that time on average approximately 20 000 m3/day or approximately 0.23 m3/s of treated sewage water was being released into the Mhlanga Estuary. Recent data also indicates that the mouth is at present open for about 50 % of the time. The flow duration curve indicates that a flow of approximately 1 x 106/m3 per month is now exceeded for about 50 % of the time. This indicates that the mouth closes at flows below approximately 0.39 m3/s, which is slightly higher than the earlier estimate for natural conditions.

Based on the limited data available it is estimated that mouth closure of the Mhlanga Estuary occurs at flows below 0.40 m3/s. 

Information obtained from the current WRC project

New information collected as part of a current WRC project  (Perissinotto et al., 2003 and Stretch and Zietsman, 2003) included daily data on mouth condition and river flow collected on twelve occasions between March 2002 and March 2003.  The following table is a comparison of mouth condition and river flow at the Mhlanga Estuary based on these data.
	Date
	Flow (m3/s)
	Mouth State

	19-Apr-02

	0.86
	Open


	19-May-02
	0.73
	Closed



	22-Jun-02

	1.08
	Closed


	14-Jul-02

	0.27
	Open

	16-Aug-02

	2.03
	Semi-closed

	13-Sep-02

	1.09
	Closed



	13-Oct-02
	-
	Closed


	13-Nov-02
	0.34
	Semi-closed

	10-Dec-02
	0.68
	Open

	23-Jan-03
	8.35
	Open


	19-Feb-03

	0.45
	Closed


	21-Mar-03

	0.85
	Closed


	25-Mar-03
	0.30
	Open



The Mhlanga was therefore open at flows of 0.27, 0.30, 0.68, 0.86 and 8.35 m3/s.  It was closed at flows less than 0.27 m3/s and at flows of 0.45, 0.73, 0.85, 1.08 and 1.09 m3/s.  It was semi-closed at flows of 0.34 and 2.03 m3/s.  A possible explanation of these confusing results is given below.

The effect of wave action on the dynamics of the estuary mouth

The mouth of the Mhlanga is on an open beach directly exposed to wave action. The beach slope is steep and the breaker zone is narrow. This means that much wave action still occurs on the beach itself and that much sediment is brought into suspension on the beach.  The breaker zone is often much wider on the south coast of South Africa such as at the mouth of the Great Brak River and most of the wave energy is dissipated offshore, while comparatively little wave action is present on the beach.

The most important influences on the mouth of an estuary are the sediments transported into the mouth directly by wave action. The amounts are comparatively small when the wave action on the beach is weak but large when the wave action is strong. The closing forces are therefore weaker when the breaker zone is wide, or when the mouth is protected by a breakwater or headland and stronger when the breaker zone is narrow and when the mouth is not protected.

For these reasons the flow required to keep the mouth of a small estuary open can vary.  For example, the mouth of the Great Brak Estuary on the south coast normally only closes at neap tide and a small flow of 0.5 m3/s for a few days over neap tide is often sufficient to keep it open.  The mouth of the Mgeni, which is partly protected by a small breakwater, but where the breaker zone is also narrow, closes at river flows of 10 m3/s at springtides.  The mouth of the Mhlanga Estuary is on an open coast with a steep beach slope and closure can probably occur at river flows of up to 10 m3/s.    

The effect of variation in wave heights 

An important aspect is that wave action is not constant. Wave heights are highly variable. They can be very small, in which case the closing forces at an estuary mouth will also be small, but they can also be high, in which case the closing forces will be strong. The closure of an estuary mouth therefore does not always occur under for example the same river flow conditions. Sometimes the mouth will close at higher river flows, because of high waves, while at other times the mouth will remain open at much smaller river flows because the waves remain low. 

The effect of river flow on the dynamics of an estuary mouth

In small estuaries such as the Mhlanga, river flow is the main force keeping the mouth open, while in larger estuaries tidal flows also become important.

However, it is not the river flow itself keeping the mouth open, but the fact that river flow results in an increase in water level. The mouth will be open if the water level in the estuary is higher than the bottom level of the opening in the berm. Continuous outflow of water from the estuary is then maintained.

Natural breaching of an estuary mouth

A closed estuary will breach naturally for the same reason, namely if the water level starts exceeding the level of the berm.  However, the water level in an estuary is not only determined by river flow, but by the balance of river flow and the losses of water, normally by evaporation and seepage through the berm. If the losses are less than the river flow then the water level will increase, if they are equal then the water level will be constant and if they are more then the water level in the estuary will drop.

Time delay effects at closures

Much sediment is often scoured from an estuary mouth during a flood and it might take several days to a few weeks before these sediments are returned and a new berm is formed because of wave action. After a flood closure will only occur when the berm is formed again. 

The dynamics of the Mhlanga mouth and the physical conditions of the estuary

The dynamic processes described above probably influenced the mouth conditions during the observation period from March 2002 till March 2003 and are probably the reason why the results look quite erratic. The question is whether a general correlation can still be drawn between river flow, mouth conditions and the physical conditions of the estuary. Continuous data on river flow, water level variations and mouth observations are required to do this properly, but a first attempt is made based on a generic understanding of the dynamics of estuaries and the limited data available on the Mhlanga Estuary.

Flows at which the mouth remains closed

A closed estuary mouth will breach if the river flow exceeds the losses by evaporation and seepage in the estuary long enough for the water level to exceed the height of the berm.  The limited long term data indicate that this probably will occur if a river flow of 0.4 m3/s or higher is maintained. The mouth will normally remain closed if the river flow remains lower than 0.4 m3/s. The mouth can be open at times at flows below 0.4 m3/s shortly after a breaching or if waves remain low for a certain period, however closure will occur if the waves increase. 

Occurrence of a semi-closed mouth condition
A semi-closed condition of the mouth sometimes occurs at small estuaries such as the Mhlanga. An outflow channel is then present, but it is in a perched position on the berm. Outflow then occurs through the mouth.  Tidal inflow of seawater at flood tides does not occur.  There can be some limited overwash by high waves. The water level in the estuary remains high. A small meandering channel through the berm is an indication that this condition is present. Such a channel can sometimes be observed on aerial photographs.  The available aerial photographs of the Mhlanga Estuary do not show a situation where such a small meandering channel crosses the berm. This is an indication that semi-closed mouth conditions do not  occur very often at the Mhlanga.

A semi-closed mouth is normally maintained by a continuous low baseflow within a certain flow range. Below this flow range the mouth will close and above this flow range the mouth will be fully open with tidal flows going in and out. At the Mhlanga Estuary the baseflow might often not be present for long enough within the required range to maintain a semi-closed condition. The daily data collected from 1 March 2002 to 28 February 2003, shows that the mouth was semi-closed (stated as partly open) for 15 % during this period. This shows that semi-closed mouth conditions do occur, but not that frequently. It therefore probably occurs within a narrow flow range.  The lower end of this range is the flow at which the mouth becomes fully closed. As discussed, it is estimated that this occurs at flows below 0.4 m3/s. The upper limit of this flow range is, because of the limited occurrence of this condition, estimated to be about 0.5 m3/s, but exceptions are possible.  

It is also highly likely that the partly open condition is sometimes caused by the artificial digging of the mouth to let water out of the estuary (Demetriades pers comm.).

Occurrence of open mouth conditions

The mouth of the estuary is frequently open at flows greater than 0.5 m3/s. However, as indicated by the data collected in the past year, at times the mouth closed at these higher flows. The mouth can probably even close at flows of up to 10 m3/s. At these high flows the water level in the estuary will increase rapidly and after a short time the level of the berm will be exceeded and the mouth will breach again. 

Estimates can be made on the time it will take for the mouth to breach again at certain conditions. The following assumptions are made:

· Evaporation and seepage losses through the berm can be as high as 0.4 m3/s 

· The surface area of the estuary is 120000 m2 (Stretch and Zietsman, 2003)

· The water level at closure is + 1.0 m MSL

· The water level at breaching is + 2.5 m MSL *

· Volume of water between + 1.0 m MSL and + 2.5 m MSL is 180000 m3
	Flow (m3/s)
	Time till breaching (days)

	0.6
	10

	0.7
	7

	0.8
	5

	0.9
	4

	1.0
	3.5

	1.5
	1.9

	2.0
	1.3

	3
	0.8 (19 hours)

	4
	0.6 (13.9 hours)

	5
	0.45 ( 10.9 hours)

	7
	0.3 (7.6 hours)

	10
	0.2 (5.2 hours)


* These times will be further reduced at the higher flow rates, because it can take several days before the berm builds up to the level of + 2.5 m MSL. 

Comments on correlation between observed mouth conditions and river flows

The processes described above can be an explanation for the seemingly erratic correlation between the mouth conditions observed in the past year and the river flows that were measured once a month during this period.  It is considered that the estimates reached are the best possible from the limited information available. 

Continuous river flow data and water level recordings are required to confirm the estimates that are reached. These need to be combined with continuous observations of mouth conditions over selected shorter periods to establish the dynamic processes of the mouth.

Relationship between river flow and mouth conditions

Based on the earlier discussions it is estimated that the following relationship exists between mouth conditions and river flow at the Mhlanga Estuary: 

	STATE
	NAME
	FLOWS (m3/s)

	1
	Predominantly closed, where the estuary is cut-off from the sea with no water exchange.
	0 – 0.4

	2
	Predominantly semi-closed, with no seawater intrusion (except occasional over-wash), but with water still flowing out to sea
	0.4 – 0.5

	3
	Predominantly open, estuarine with seawater intrusion 
	0.5 – 5.0

	4
	Predominantly open, with limited or no seawater intrusion, i.e. almost completely fresh 
	> 5.0


Appendix c

Template for Presentation of Results 

as Required by the DWAF

1. Description of the River

River:





Mhlanga River

Drainage Region (monitoring point for Reserve):
Approximately 2.5 km from the estuary mouth (29042’30” S, 31005’55” E)

Water Management Area:
Mvoti to Umzimkulu

2.
Preliminary determination of the recommended Ecological Flow Requirement Scenario - Section 17(1)

MAR of 12.4 million cubic meters, 100% of the natural MAR (12.4 million cubic meters)

NOTE:  This amount accounts for the Ecological Requirements only

3.
Preliminary determination of the Ecological Requirements for Water Quality - Section 17(1)


Not determined as part of a Preliminary Determination of the Ecological Reserve on a Rapid level.

4.
Preliminary determination of recommended Ecological Category


Recommended Ecological Category is Category B


Category B represents ‘largely natural with few modifications’ 

NOTE:

	Alternative routing of the sewage effluent, e.g. discharging directly to sea or, possibly recycling were considered viable options to ‘reverse’ present anthropogenic influences on the estuary and to improve the Ecological Category to a Category B.  

Other factors, such as the socio-economic and financial implications of removing the sewage effluent from the estuary, would still need to be discussed between the DWAF and other stakeholders.  

It is also important to confirm through measurements whether the sewage effluent is the major source of nutrient enrichment in the estuary and not, for example other anthropogenic sources e.g. contaminated storm water runoff.


5.
Applicability

5.1
This preliminary determination of the Reserve in terms of section(1)(a) is applicable to the following water resources or part of the resource:

Mhlanga Estuary within the following geographical boundaries (Gauss Conform Projection, Clarke 1880 spheroid):

· Downstream boundary: The estuary mouth (29041’40” S, 31004’55” E)

· Upstream boundary:  Head of tidal influence, approximately 2.5 km from the mouth (29042’30” S, 31005’55” E)

· Lateral boundaries: 5 m contour above MSL along the banks.
5.2
This preliminary determination of the Reserve in terms of section 17(1)(b) is applicable to the authorising of following water use:

· Section 21(a) - taking water from a water resource

· Section 21 (b) - storing water

· Section 21 (c) - impeding or diverting the flow of water in a watercourse

· Section 21 (e) – engaging in a controlled activity identified as such in section 37(1) or declared under section 38(1)

· Section 21(f) – discharging water into a water resource through a pipe, canal, sewer, sea outfall or other conduit

· Section 21(g) - disposing of waste in a manner which may detrimentally impact on a water resource

· Section 21(h) - disposing in any manner of water which contains waste from, or which has been heated in, any industrial or power generation process

· Section 21 (i) - altering the bed, banks, course or characteristics of a watercourse

6.
Supporting Documentation


Supporting documentation is provided in the following Annexures:

	Annexure A: Preliminary Ecological Flow Requirement  – Water Quantity
	X

	Annexure B: Preliminary Ecological Requirement – Water Quality
	

	Annexure C: Preliminary Basic Human Needs
	

	Annexure D: Resource Quality Objectives
	

	Annexure E: Special conditions and limitations
	

	Annexure F: Background and record of decision
	X

	Annexure G: Methodology
	X

	Annexure H: Specialist reports
	X

	Annexure I:  Map of study area
	X


ANNEXURE A

PRELIMINARY ECOLOGICAL RESERVE – WATER QUANTITY

1) Level of confidence of the determination:  Low (i.e. < 40%)

2) The flow requirement is based on the natural flow contribution of the catchments upstream of the head of the Mhlanga Estuary (29042’30” S, 31005’55” E, approximately 2.5 km upstream of the mouth) (The position of the head of the estuary, however, needs to be confirmed with tidal variation recordings).
3) Table 1 provides a summary of flow distribution (mean monthly flows in m3/s) of the recommended Ecological Flow Requirement Scenario for the Mhlanga Estuary to meet the recommended Ecological Category of B.

4) Table 2 provides a simulated monthly runoff (in mean monthly m3/s) of the recommended Ecological Flow Requirement Scenario to meet the recommended Ecological Category of B.

Category B (recommended Ecological Category)

The recommended Ecological Flow Requirement Scenario for Mhlanga Estuary is estimated at an MAR of 12.4 million cubic meters distributed as set out in Tables 1 and 2.  

TABLE 1:  Mhlanga Estuary:  Summary of flow distribution (in mean monthly m3/s) of the recommended Ecological Flow Requirement Scenario to meet the recommended Ecological Category of B
	MONTH
	FLOW (m3/s) – flow should > % in given month


	
	90%ile
	80%ile
	70%ile
	60%ile
	50%ile
	40%ile
	30%ile
	20%ile
	10%ile
	1%ile

	OCT
	0.5
	0.29
	0.24
	0.2
	0.17
	0.15
	0.13
	0.11
	0.09
	0.06

	NOV
	1.52
	0.65
	0.31
	0.25
	0.22
	0.2
	0.18
	0.13
	0.12
	0.05

	DEC
	0.93
	0.41
	0.27
	0.24
	0.21
	0.19
	0.17
	0.14
	0.12
	0.06

	JAN
	0.85
	0.43
	0.24
	0.22
	0.2
	0.17
	0.15
	0.14
	0.11
	0.08

	FEB
	1.69
	0.74
	0.33
	0.27
	0.23
	0.18
	0.16
	0.15
	0.12
	0.08

	MAR
	1.36
	0.94
	0.65
	0.3
	0.24
	0.19
	0.17
	0.13
	0.1
	0.06

	APR
	1.63
	0.6
	0.4
	0.25
	0.21
	0.18
	0.16
	0.13
	0.09
	0.04

	MAY
	0.93
	0.29
	0.24
	0.21
	0.18
	0.16
	0.13
	0.11
	0.07
	0.05

	JUN
	0.34
	0.25
	0.21
	0.18
	0.16
	0.13
	0.11
	0.1
	0.07
	0.05

	JUL
	0.27
	0.23
	0.17
	0.13
	0.12
	0.11
	0.09
	0.08
	0.07
	0.04

	AUG
	0.28
	0.21
	0.16
	0.13
	0.11
	0.1
	0.09
	0.08
	0.07
	0.04

	SEP
	0.3
	0.22
	0.18
	0.16
	0.15
	0.12
	0.1
	0.08
	0.07
	0.05


NOTE:

	· The recommended ‘Ecological Water Requirement Scenario’ provided in this Rapid assessment is considered to be a conservative estimate.  It may therefore be possible that in the event of the sewage effluent discharge being removed, the recommended ‘Ecological Water Requirement Scenario’ to keep the estuary in an Ecological Category B, may be lower than the recommended 12.4 x 106 m3 (MAR).  However, further refinements to the recommended ‘Ecological Water Requirement Scenario’ should only be undertaken once more accurate data to quantify the relationship between mouth closure and flow have been acquired (e.g. as part of the Water Research Commission project currently being undertaken on the Mhlanga Estuary). 

· The recommended ‘Ecological Water Requirement Scenario’ for an Ecological Category of B, at this stage, excludes any discharges into the estuary, i.e. no capping flows.

· The Present Ecological Status of the Mhlanga Estuary (Ecological Category of a C) is considered to be close to a state of equilibrium, rather than on a trajectory of change.  Present flows (MAR = 19.6 x 106 m3) should therefore maintain the estuary in an Ecological Category of a C.  These flows include a capping flow of 20 Ml/day.  Some biotic components i.e. microalgae and macroinvertebrates indicate that the estuary may be on a trajectory of change.  Monitoring is required to verify this.

· Increasing the capping flow to 33 Ml/day (MAR = 24.3 x 106 m3) is likely to take the estuary to an Ecological Category of E.

· A capping flow between 20 Ml/day and 33 Ml/day is likely to result in an Ecological Category of D, but with the uncertainties in the relationship between the hydrology and hydrodynamics of the system, such refinements are not considered appropriate at this stage.  Similarly, the refinement of capping flows within a particular Ecological Category range is not appropriate either.  Such refinements should only be attempted once more accurate data to quantify the relationship between mouth closure and flow have been acquired. 


TABLE 2:  Mhlanga Estuary:  Simulated runoff (in mean monthly m3/s) of the recommended Ecological Flow Requirement Scenario to meet the recommended Ecological Category of B
	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	1920
	0.15
	0.19
	0.19
	0.17
	0.18
	0.17
	0.15
	0.12
	0.10
	0.07
	0.05
	0.07

	1921
	0.17
	4.45
	2.88
	0.64
	0.16
	0.12
	0.12
	0.13
	0.18
	0.17
	0.17
	0.17

	1922
	1.59
	1.33
	0.41
	0.22
	0.31
	0.26
	0.21
	0.13
	0.09
	0.07
	0.06
	0.06

	1923
	0.05
	0.04
	0.07
	0.12
	0.17
	0.13
	0.10
	0.07
	0.06
	0.05
	0.05
	0.10

	1924
	0.15
	0.19
	0.21
	0.21
	0.23
	6.87
	2.58
	0.23
	0.17
	0.13
	0.12
	0.15

	1925
	0.22
	0.21
	0.14
	0.08
	0.07
	0.10
	0.11
	0.08
	0.08
	0.09
	0.07
	0.08

	1926
	0.13
	0.17
	0.14
	0.10
	0.14
	3.57
	1.41
	0.17
	0.11
	0.08
	0.10
	0.11

	1927
	0.11
	0.10
	0.11
	0.16
	0.20
	0.16
	0.13
	0.09
	0.07
	0.05
	0.05
	0.06

	1928
	0.09
	0.12
	0.14
	0.14
	0.14
	0.81
	0.48
	0.19
	0.35
	0.79
	0.46
	0.74

	1929
	1.28
	0.61
	0.21
	0.16
	0.14
	0.12
	0.13
	0.11
	0.10
	0.09
	0.13
	0.22

	1930
	0.25
	0.23
	0.19
	0.20
	0.18
	0.13
	0.13
	0.10
	0.07
	0.11
	0.14
	0.12

	1931
	0.11
	0.09
	0.08
	0.11
	1.53
	1.11
	0.43
	0.24
	0.21
	0.14
	0.10
	0.10

	1932
	0.13
	0.17
	0.17
	0.14
	0.10
	0.07
	0.08
	0.07
	0.07
	0.07
	0.08
	0.07

	1933
	0.07
	0.13
	0.21
	0.36
	0.34
	0.27
	0.53
	0.42
	0.31
	0.26
	0.29
	0.25

	1934
	0.17
	0.12
	0.13
	0.19
	0.27
	0.27
	0.23
	1.86
	7.58
	2.51
	0.31
	0.26

	1935
	0.17
	0.12
	0.08
	0.09
	0.38
	0.83
	0.44
	1.45
	0.71
	0.22
	0.15
	0.11

	1936
	0.13
	2.73
	1.04
	0.14
	0.16
	0.16
	0.16
	0.14
	0.13
	0.12
	0.13
	0.13

	1937
	0.11
	0.12
	0.67
	0.42
	1.39
	0.55
	0.19
	0.17
	0.18
	0.24
	0.26
	0.20

	1938
	0.19
	0.27
	0.27
	0.21
	0.86
	0.92
	0.43
	0.27
	0.27
	0.23
	0.20
	0.26

	1939
	0.32
	0.68
	0.43
	0.23
	0.15
	0.10
	0.09
	0.39
	0.71
	0.40
	0.20
	0.16

	1940
	0.15
	1.17
	0.60
	0.22
	0.13
	0.09
	0.16
	0.17
	0.13
	0.09
	0.08
	0.10

	1941
	0.13
	0.15
	0.11
	0.14
	0.18
	0.24
	0.28
	0.25
	0.23
	0.18
	0.18
	0.23

	1942
	0.28
	1.57
	2.65
	0.91
	0.28
	0.63
	2.15
	0.95
	0.34
	0.48
	1.05
	0.54

	1943
	1.69
	1.59
	0.52
	0.15
	0.13
	0.22
	0.26
	0.19
	0.16
	0.14
	0.12
	0.22

	1944
	0.33
	0.32
	0.19
	0.10
	0.16
	2.35
	0.99
	0.21
	0.17
	0.11
	0.08
	0.06

	1945
	0.07
	0.06
	0.05
	0.08
	0.11
	0.14
	0.22
	0.21
	0.15
	0.10
	0.07
	0.06

	1946
	0.08
	0.13
	0.16
	0.18
	1.67
	0.72
	0.32
	0.26
	0.25
	0.25
	0.21
	0.19

	1947
	0.16
	0.24
	0.27
	0.25
	0.30
	0.45
	0.86
	0.43
	0.18
	0.11
	0.08
	0.07

	1948
	0.15
	0.27
	0.23
	0.16
	0.20
	0.19
	0.21
	0.20
	0.15
	0.11
	0.08
	0.10

	1949
	0.17
	0.75
	1.19
	0.52
	0.22
	0.17
	0.15
	0.13
	0.12
	0.09
	0.10
	0.10

	1950
	0.08
	0.06
	0.11
	0.16
	0.15
	0.17
	0.21
	0.15
	0.11
	0.09
	0.17
	0.30

	1951
	0.31
	0.23
	0.21
	0.49
	0.34
	0.17
	0.20
	0.25
	0.24
	0.18
	0.16
	0.13

	1952
	0.11
	0.12
	0.16
	3.64
	2.89
	0.66
	0.18
	0.11
	0.08
	0.06
	0.07
	0.12

	1953
	0.16
	0.20
	0.25
	0.24
	0.25
	0.23
	0.19
	0.15
	0.14
	0.11
	0.10
	0.18

	1954
	3.77
	1.56
	0.25
	0.47
	0.35
	0.43
	0.39
	0.27
	0.20
	0.14
	0.10
	0.12

	1955
	0.18
	0.24
	0.21
	0.12
	0.17
	1.30
	0.67
	0.24
	0.17
	0.12
	0.13
	0.19

	1956
	0.20
	0.20
	2.83
	1.12
	0.26
	0.25
	2.56
	1.01
	0.19
	0.12
	0.10
	0.16

	1957
	0.36
	0.41
	0.31
	1.74
	3.42
	1.08
	2.31
	0.93
	0.21
	0.13
	0.09
	0.13

	1958
	0.17
	0.20
	0.22
	0.17
	0.15
	0.10
	0.06
	0.12
	0.18
	0.14
	0.14
	0.17

	1959
	0.22
	0.24
	0.19
	0.13
	0.12
	0.14
	0.18
	0.16
	0.12
	0.09
	0.08
	0.08

	1960
	0.11
	0.20
	0.92
	0.51
	0.25
	0.18
	2.71
	1.09
	0.33
	0.31
	0.24
	0.23

	1961
	0.25
	0.25
	0.18
	0.13
	0.13
	0.14
	0.16
	0.12
	0.09
	0.07
	0.09
	0.12

	1962
	0.12
	1.51
	0.66
	0.69
	0.44
	0.31
	0.31
	0.21
	0.18
	0.25
	0.28
	0.22

	1963
	0.18
	0.17
	0.14
	1.38
	0.71
	0.19
	0.16
	0.13
	0.11
	0.10
	0.09
	0.09

	1964
	0.15
	0.21
	0.18
	0.14
	0.11
	0.06
	0.03
	0.05
	0.15
	0.23
	0.28
	0.30

	1965
	0.29
	0.28
	0.22
	0.19
	0.18
	0.10
	0.06
	0.09
	0.14
	0.12
	0.11
	0.11

	1966
	0.12
	0.15
	0.17
	0.22
	0.32
	1.31
	0.69
	0.27
	0.18
	0.12
	0.09
	0.07

	1967
	0.10
	0.21
	0.20
	0.36
	0.33
	0.22
	0.18
	0.12
	0.09
	0.06
	0.10
	0.17

	1968
	0.20
	0.19
	0.15
	0.11
	0.10
	1.02
	0.58
	0.43
	0.34
	0.21
	0.15
	0.14

	1969
	0.50
	0.62
	0.37
	0.23
	0.15
	0.07
	0.05
	0.07
	0.11
	0.11
	0.10
	0.15

	1970
	0.24
	0.28
	0.27
	0.24
	0.29
	1.34
	0.67
	2.40
	1.02
	0.26
	0.37
	0.37

	1971
	0.27
	0.19
	0.17
	0.15
	0.21
	0.22
	0.20
	0.24
	0.30
	0.27
	0.21
	0.15

	1972
	0.12
	0.12
	0.12
	0.13
	0.15
	0.15
	0.15
	0.11
	0.08
	0.06
	0.10
	0.43

	1973
	0.39
	0.35
	0.27
	0.21
	1.40
	0.64
	0.27
	0.24
	0.22
	0.17
	0.12
	0.10

	1974
	0.08
	0.09
	0.15
	0.98
	0.98
	0.36
	0.17
	0.13
	0.10
	0.08
	0.07
	0.16

	1975
	0.23
	0.21
	0.23
	0.84
	1.28
	5.17
	3.55
	0.83
	0.22
	0.15
	0.16
	0.17

	1976
	0.25
	0.31
	0.23
	0.24
	2.95
	1.11
	0.25
	0.16
	0.12
	0.09
	0.09
	0.16

	1977
	0.22
	0.25
	0.21
	0.24
	0.31
	0.30
	0.33
	0.26
	0.17
	0.13
	0.12
	0.15

	1978
	0.46
	2.00
	0.79
	0.19
	0.15
	0.11
	0.09
	0.07
	0.07
	0.07
	0.09
	0.13

	1979
	0.18
	0.18
	0.14
	0.11
	0.09
	0.05
	0.04
	0.04
	0.04
	0.03
	0.03
	0.18

	1980
	0.29
	0.29
	0.25
	0.25
	0.33
	0.26
	0.16
	0.19
	0.23
	0.19
	0.32
	0.86

	1981
	0.51
	0.64
	0.34
	0.20
	0.20
	0.17
	0.18
	0.14
	0.11
	0.08
	0.06
	0.06

	1982
	0.11
	0.16
	0.13
	0.11
	0.09
	0.07
	0.06
	0.05
	0.05
	0.07
	0.11
	0.13

	1983
	0.15
	0.89
	0.97
	3.65
	4.02
	1.63
	1.59
	0.67
	0.29
	0.62
	0.45
	0.29

	1984
	0.24
	0.22
	0.14
	0.16
	4.59
	1.55
	0.13
	0.07
	0.07
	0.06
	0.05
	0.05

	1985
	0.79
	0.52
	0.26
	0.26
	0.26
	0.21
	0.22
	0.16
	0.11
	0.08
	0.08
	0.08

	1986
	0.09
	0.11
	0.15
	0.21
	0.23
	0.24
	0.24
	0.22
	0.28
	0.27
	0.25
	8.67

	1987
	3.28
	0.69
	0.35
	0.15
	2.23
	5.86
	1.99
	1.47
	0.75
	0.29
	0.26
	0.22

	1988
	0.19
	0.22
	0.27
	0.24
	1.82
	0.70
	0.18
	0.16
	0.12
	0.09
	0.08
	0.07

	1989
	0.10
	2.49
	0.99
	0.19
	0.16
	0.80
	0.48
	0.21
	0.14
	0.09
	0.07
	0.05


ANNEXURE F

BACKGROUND AND RECORD OF DECISION
1.
Project Management


Dept of Botany, University of Port Elizabeth:
Dr J B Adams

2.
Compilation of Rapid RDM Specialist Report


CSIR, Environmentek, Stellenbosch:
Ms S Taljaard

3.
Consultants conducting the Ecological Reserve:

	TEAM MEMBER
	Contact details

	Dr Janine Adams
	University of Port Elizabeth btajba@upe.ac.za 

	Susan Taljaard
	CSIR, Stellenbosch staljaar@csir.co.za 

	Lara van Niekerk
	CSIR, Stellenbosch lvnieker@csir.co.za 

	Piet Huizinga
	CSIR, Stellenbosch phuizing@csir.co.za 

	Prof Renzo Perissinotto
	University of Natal (Durban) renzo@biology.und.ac.za 

	Shamilla Pillay
	CSIR, Durban spillay@csir.co.za 

	Ms Nicolette Demetriades
	University of Natal (Durban) nicolette@mer.co.za 

	Prof Ticky Forbes
	University of Natal (Durban) forbesa@biology.und.co.za 

	Dr Alan Whitfield
	South African Institute for Aquatic Biodiversity A.Whitfield@ru.ac.za 

	Dr Allan Connell
	CSIR, Durban aconnell@csir.co.za 


4.
Motivation for the preliminary Ecological Reserve determination study on a Rapid level


The Durban Metropolitan Council is planning the consolidation of the sewage works which at present are releasing treated sewage water in the Mdloti and Mhlanga estuaries.  The plan is to replace these by one new sewage treatment plant, which will release more treated sewage water than at present into the Mdloti or Mhlanga estuaries.  A preliminary determination of the Ecological Reserve was required.
5.
Scope of Study


Conduct a preliminary determination of the Ecological Reserve on a Rapid level, based on the methodology for estuaries as set out in DWAF (1999): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 1.0) and subsequent revisions of the methods of which the documentation in currently in preparation (B Weston, DWAF, pers. comm.).  

ANNEXURE G:

METHODOLOGY

The process followed in the preliminary determination of the Ecological Reserve on a Rapid level for estuaries is illustrated in Figure 1.  The rapid determination is generally based on available information. It is therefore important that a desktop assessment of available information on the different abiotic and biotic components is conducted prior to the workshop. The process comprises of the following steps:

Step 1:  Initiation of RDM study.  During the initiation of an RDM study, it is important to establish the level as which the study needs to be conducted (e.g. rapid, intermediate or comprehensive), as well as the reserve components that need to be addressed (e.g. rivers, estuaries, wetlands or groundwater).  The key outcome of Step 1 is therefore the detailed scope of the RDM study.  In the case of the Mhlanga Estuary, it was decided to conduct the Ecological Reserve study on the estuary on a Rapid level.  

Step 2:  Definition of Resource Units.  It considered appropriate to delineate each estuary as a separate resource unit within a larger catchment, characterized by site dependent abiotic and biotic characteristics. For estuaries, the default geographical boundaries are defined as follows:

· Downstream boundary: The estuary mouth (However, there are systems where the ‘estuary’ often expands to the near-shore marine environment and where this boundary definition may need to be reconsidered in future).

· Upstream boundary:  The extent of tidal influence, i.e. the point up to where tidal variation in water levels can still be detected or the extent of saline intrusion which ever is furthest upstream. 
· Lateral boundaries: The 5 m above MSL contour along each bank.
Step 3:  Ecological Categorisation.  The main outcome of this step is to define a recommended Ecological Category for the estuary.

The method used for estuaries uses simulated runoff scenarios, where scenarios are typically simulated over a 50-70 year period and are presented as average monthly flows that represent inflows at the head of the estuary.  For the definition of the recommended Ecological Category simulated runoff scenarios for the present state and the reference conditions are used.

Firstly, the Present State of an estuary is defined as a quantitative description of the present abiotic and biotic characteristics and functioning of the system. For estuaries, the following components are usually:

Abiotic (or driving components):

· Physical dynamics (including hydrodynamics and sediment dynamics)

· Water quality 

Biotic (response) components:

· Estuarine flora (microalgae and macrophytes)
· Estuarine fauna (invertebrates, fish and birds).
(Sediment dynamics are not included as part of a Rapid level determination and was therefore not included in this study on the Mhlanga Estuary.)
Thereafter the Reference Condition of an estuary is defined.  For the purposes of the preliminary determination of the Ecological Reserve, the reference condition of an estuary refers to the ecological status that it would have had:

· when receiving 100% of the natural MAR

· before any human development in the catchment or within the estuary

· before any mouth manipulation practices (e.g. artificial breaching)

Typically, the reference conditions in an estuary refer to its ecological status 50 to 100 years ago.

[image: image15.wmf]
Figure 1:
Flow diagram showing the process followed in the preliminary determination of the Ecological Reserve determination on a Rapid level for estuaries
The present state and reference condition of an estuary are then used to determine the Present Ecological Status (PES).  The PES is a measure of the health of a resource, based on a comparison between the reference condition and the present state. An Estuarine Health Index (EHI) is used to determine the PES for estuaries.  

Also included in this step is an assessment of the Estuarine Importance (ecological) of an estuary (Chapter 3.4).  Estuarine importance is an expression of the importance of an estuary to the maintenance of ecological diversity and functioning on local and wider scales.    Variables were discussed in a workshop setting, regarding their suitability for inclusion in an Estuarine Importance Index.  The importance scores have been derived for most South African estuaries as part of a project entitled: Classification and prioritisation of South African estuaries on the basis of health and conservation status for determination of the estuarine water reserve (Turpie et al., 2002).  The only importance score that needs to be derived by the estuarine ecological reserve team (at the specialist workshop) is that for the link with freshwater and marine environment (i.e. functionality score).

Finally, the Present Ecological Status and estuarine importance score are used to come to a recommended Ecological Category for an estuary, according to pre-defined guidelines.
Step 4:  Quantification of Ecological Water Requirement Scenarios.  The method for the preliminary determination of the Ecological Reserve for estuaries uses a ‘top down’ approach, i.e. simulated runoff scenarios are used to resource directed measures.  For the quantification of Ecological Water Requirement Scenarios simulated flows for a range of future scenarios are required.   Scenarios are typically simulated over a 50-70 year period and are presented as average monthly flows and should represent inflows at the head of the estuary. 

To determine the Ecological Category of the estuary, associated with each of the flow scenarios, the runoff simulations together with an understanding of the present state are used to determine changes in abiotic states within an estuary for each of the scenarios.  Changes in abiotic characteristics are then assessed in terms of the biological implications, using the same estuarine health index that was used to derive the Present Ecological Status.  Results from these evaluations are then used to select the ‘recommended Ecological Water Requirement scenario’, defined as the run-off 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 Ecological Category. 

The output of a preliminary determination of the Ecological Reserve on a Rapid level provides:

· Recommended Ecological Category and the associated recommended Ecological Water Requirement Scenario

· Ecological Categories for different runoff scenarios assessed as part of Step 4.

If requested, the specialist team can also provide additional monitoring requirements.  However, these can be obtained from the data requirements stipulated in the preliminary determination of the Ecological Reserve on a Intermediate or Comprehensive level in the Estuaries methods, depending on the level of confidence that would be required by the DWAF.  

Although the rapid method also does not require the preparation of a detailed Resources Monitoring Programme, key baseline data requirements, that would be required to improve the confidence of the rapid preliminary ecological reserve determination, should be provided.  In this regard, the data requirements recommended in the methodologies for the intermediate and comprehensive ecological reserve determinations need to be consulted. 

ANNEXURE H

SPECIALIST REPORTS
DEPARTMENT OF WATER AFFAIRS AND FORESTRY (2002) Preliminary Determination of the Ecological Reserve on a Rapid Level for the Mhlanga Estuary.  Report prepared by S Taljaard (CSIR) with specialist contributions from Dr J B Adams (UPE), A Connell (CSIR) P Huizinga (CSIR), L van Niekerk (CSIR), R Perissinotto (UND), S Pillay (CSIR), N Demetriades (UND), A T Forbes (UND) and A K Whitfield (South African Institute for Biodiversity).  CSIR Report ENV-S-C 2003-082.

ANNEXURE I

MAP OF STUDY AREA
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