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Executive Summary

Assumptions and Limitations

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

a.
Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

	40%
	If no data were available for the Mdloti Estuary or similar estuaries, i.e. low confidence

	60%
	If limited data were available for the Mdloti Estuary or other similar estuaries, i.e. medium confidence

	80%
	If sufficient data were available for the Mdloti Estuary on a particular issue, i.e. high confidence


b.
This study only addresses the Ecological Reserve, and in particular the water quantity component of the aquatic ecosystem.  It does not provide an assessment of the water quality needs of the aquatic ecosystem (as would be stipulated in the Reserve for Water Quality or in Resource Quality Objectives) or specific needs of water uses, such as recreation (e.g. in terms of target ranges for Escherichia coli ).   

c. Although this study will provide insight into the potential effects of increases in flows (i.e. water quantity) from proposed expansions to a sewage treatment plant, it is assumed that potential water quality impacts on the aquatic ecosystem of the estuary and other uses (e.g. recreation) will be addressed as part of an impact assessment study.

Geographical Boundaries

For the purposes of the Rapid Determination of RDM for the Mdloti Estuary, the geographical boundaries are defined as follows (Gauss Conform Projection, Clarke 1880 spheroid):
· Downstream boundary:  Estuary mouth (29° 39’S; 31° 08’E)
· Upstream boundary:  Approximately 2 km upstream of the mouth (29° 39’S; 31°06’E).  This position needs to be confirmed with tidal variation recordings.
· Lateral boundaries: 5 m contour above MSL along the banks, a delineation that could be readily referenced from an ortho-photograph of the area.
Recommended Ecological Reserve Category

The ERC of an estuary is determined by its:

· Present Status Category, which is primarily based on the extent to which the present state deviates from a reference condition 

· The estuary’s importance.

The Estuarine Health index score determined for the Mdloti Estuary, based on its Present State, is 52 translating into a Present Status Category of D, while its Estuarine Importance score came to 66 (low confidence, i.e. <40%).

According to the protocol rules, the recommended ERC for the Mdloti Estuary is Category C, i.e. ‘Present Status Category of a D +1’ (this is also the minimum Category recommended for an ‘Important’ estuary).

Reserve For Water Quantity
Therefore, the estimated Reserve for Water Quantity for the Mdloti Estuary, based on a Rapid determination, is:

Category C (recommended ERC)

MAR of 84.9 x 106 m3 (i.e. 86 % of natural MAR), with the following distribution (low confidence, i.e. < 40%):

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	6.43
	1.52
	0.90
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Nov
	7.63
	5.52
	3.37
	1.50
	0.90
	0.49
	0.40
	0.40
	0.40
	0.40

	Dec
	7.21
	4.42
	3.06
	1.62
	1.13
	0.69
	0.40
	0.40
	0.40
	0.40

	Jan
	7.77
	5.25
	3.61
	2.01
	1.25
	0.62
	0.40
	0.40
	0.40
	0.40

	Feb
	16.99
	9.79
	4.88
	2.77
	2.17
	1.13
	0.77
	0.40
	0.40
	0.40

	Mar
	12.36
	7.87
	5.35
	2.90
	1.95
	1.34
	1.03
	0.62
	0.40
	0.40

	Apr
	5.96
	4.54
	2.83
	2.07
	1.30
	1.01
	0.80
	0.54
	0.40
	0.40

	May
	5.18
	2.94
	1.71
	1.36
	1.08
	0.90
	0.76
	0.62
	0.40
	0.40

	Jun
	2.90
	1.59
	1.18
	1.01
	0.87
	0.74
	0.64
	0.54
	0.45
	0.40

	Jul
	2.23
	1.45
	1.08
	0.73
	0.65
	0.60
	0.52
	0.44
	0.40
	0.40

	Aug
	1.53
	0.83
	0.59
	0.43
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Sep
	2.67
	0.53
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40


Category D

MAR is 72.3 x 106 m3 (i.e. 73 % of natural MAR), with the following distribution (low confidence, i.e. < 40%):

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	6.03
	1.12
	0.50
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Nov
	7.23
	5.12
	2.97
	1.10
	0.50
	0.09
	0.00
	0.00
	0.00
	0.00

	Dec
	6.81
	4.02
	2.66
	1.22
	0.73
	0.29
	0.00
	0.00
	0.00
	0.00

	Jan
	7.37
	4.85
	3.21
	1.61
	0.85
	0.22
	0.00
	0.00
	0.00
	0.00

	Feb
	16.59
	9.39
	4.48
	2.37
	1.77
	0.73
	0.37
	0.00
	0.00
	0.00

	Mar
	11.96
	7.47
	4.95
	2.50
	1.55
	0.94
	0.63
	0.22
	0.00
	0.00

	Apr
	5.56
	4.14
	2.43
	1.67
	0.90
	0.61
	0.40
	0.14
	0.00
	0.00

	May
	4.78
	2.54
	1.31
	0.96
	0.68
	0.50
	0.36
	0.22
	0.00
	0.00

	Jun
	2.50
	1.19
	0.78
	0.61
	0.47
	0.34
	0.24
	0.14
	0.05
	0.00

	Jul
	1.83
	1.05
	0.68
	0.33
	0.25
	0.20
	0.12
	0.04
	0.00
	0.00

	Aug
	1.13
	0.43
	0.19
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Sep
	2.27
	0.13
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Category B

It is unlikely that the ERC of the estuary could be improved to a Category B, by only adjusting the flows. Even if all the runoff is returned to the estuary it will probably remain in a Category C due to other anthropogenic influences such as bank developments, increased nutrient and silt loading and human disturbance associated with activities in the estuary.  

Future Monitoring Programme

For the Mdloti Estuary, the first step would be to obtain monitoring data that could improve the confidence of this Rapid determination of RDM of the Mdloti Estuary (i.e. towards an Intermediate RDM).  This would entail:

Abiotic components (listed in terms of priority):

· Continuous water level recorder should be installed near the mouth of the estuary.  This should be complimented by daily mouth observation to verify data for the semi-closed state. 

· Gauging station needs to be installed at the at the head of the estuary (for at least one year, but preferably on a continuous basis)

· Simulated monthly runoff data (at the head of the estuary) for Present State and Reference Condition needs to be refined (to refine the volume and distribution flows for the Reserve for Water Quantity, future runoff scenarios will have to be generated as well)

· Longitudinal salinity and temperature profiles (in situ) should be taken to establish the relationship with river inflow (this monitoring will be undertaken as part of the WRC (Amazon) Project in 2002/2003)

· Water quality measurements (i.e. system variables and nutrients) taken along the length of the estuary (surface and bottom samples)  (this monitoring will be undertaken as part of the WRC (Amazon) Project in 2002/2003)

· Long term water quality (e.g. system variables, nutrients and toxic substances) measurements should be collected for river inflow as well as effluent discharges into the estuary (monitoring of the river should be undertaken by the DWAF as part of the water quality monitoring network on rivers, while the effluent monitoring could be obtained form Durban Metro)

Biotic components

The biotic monitoring requirements for the Mdloti Estuary, listed below, will largely form part of the Water Research Commission (Amazon Project) in 2002/2003:

· Pelagic microalgae (Phytoplankton): Chlorophyll-a measurements and, possibly, identification of the dominant phytoplankton size-fractions (pico-, nano-, micro-) and/or taxonomic groups (diatoms, dinoflagellates, nanoflagellates and blue-green algae) need to be undertaken.  Monitoring should provide higher resolution between interface (i.e. semi-closed state) and river dominated states.  Data should be collected from 3 stations, just below the surface and just above the bottom 
· Benthic microalgae (Microphytobenthos): Intertidal and subtidal benthic chlorophyll-a measurements and, possibly, identification of the dominant diatom species.  Monitoring should provide higher resolution between interface (i.e. semi-closed) and river-dominated states.  Data should be collected from 3 stations.
· Microalgae:  Simultaneous measurements of flow rate, irradiance, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgal surveys

· Invertebrates:  Sediment map of the estuary needs to be updated 

· Invertebrates:  Sediment samples should be collected from 3 sites for analysis of grain size and organic content .

· Invertebrates:  Water quality variables (salinity, temperature, pH, dissolved oxygen and turbidity) should be collected from the invertebrate sampling sites 
· Invertebrates:  Benthic samples should be collected from 3 representative sites (3 grabs each). Taxa should be identified to the lowest possible level (genus or species) and densities (animal/m2) must also be determined.

·  Invertebrates:  Zooplankton samples must be collected at 3 stations during neap tide using both a sub surface WP2-net (90 micron) and a hyperbenthic sledge.

· Fish:  Collect three sets with 30 m seine net samples (cast netting and gill netting may also be required) 

· Birds:  General bird counts should be conducted during the above sampling exercises
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	Introduction




BACKGROUND 

The Durban Metropolitan Council is planning the consolidation of the sewerage works which at present are releasing treated sewerage water in the Mdloti and Mhlanga estuaries. The plan is to replace these by one new sewerage treatment plant, which will release more treated sewerage water than at present into the Mdloti Estuary.  The Council approached the DWAF about the work required to establish whether such a plan can proceed. The RDM office of DWAF considers that initially a Rapid Determination of Resource Directed Measures (RDM) of the Mdloti Estuary should be undertaken.

This report also contains preliminary estimates of the capping flows of the Mdloti and Mhlanga estuaries, as requested by the DWAF (Appendix B).

STUDY TEAM

The specialist team appointed for this project was as follows:

	TEAM MEMBER
	ROLE/EXPERTISE
	CONTACT DETAILS

	Dr JB Adams
	Project coordination
	Department of Botany, UPE

btajba@upe.ac.za

	Ms S Taljaard
	Preparation of RDM Report 
	CSIR, Stellenbosch

staljaar@csir.co.za 

	P Huizinga
	Physical dynamics (including hydrodynamics)
	CSIR, Stellenbosch

phuizing@csir.co.za

	Ms  L van Niekerk
	
	CSIR, Stellenbosch

lvnieker@csir.zo.za

	Prof R Perissinotto
	Microphytobenthos, plankton & water quality
	School of Life & Enviro. Sciences, University of Natal, Durban

renzo@biology.und.ac.za

	Ms S Pillay
	Macrophytes
	CSIR, Durban

spillay@csir.co.za

	Prof AT Forbes
	Invertebrates & birds
	School of Life & Enviro. Sciences, University of Natal, Durban

forbesa@biology.und.ac.za

	Mr T Harrison
	Fish & water quality
	CSIR, Durban

tharrison@csir.co.za


METHODOLOGY

This Rapid determination of RDM for the Mdloti Estuary was determined based on the methodology for estuaries, i.e. Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (Version 1.0A)  (www-dwaf.pwv.gov.za/idwaf/Documents).  Note that a Rapid determination of RDM does not include the Reserve for Water Quality or Resource Quality Objectives.

For the Rapid Determination of RDM for the Mdloti River Estuary the following process was followed:

1.
Specialists had a one-day to prepare draft reports on each of the abiotic and biotic components using available information and which included:   

· Description of Present State

· Estimate of Reference Condition

· Identification of changes that occurred from the natural to present.

Mr Huizinga consulted with John Hansford of Knight Piesold Consulting Engineers to obtain natural and present day simulated run-off scenarios for the Mdloti Estuary.  
2.
A 1-day workshop was held in Durban on 19 February 2002.  The workshop agenda was as follows:

· Presentation of individual specialist reports 

· Discussion on the Present State and Reference Condition of the Estuary (Step 3)

· Determination of Present Status category using the Estuarine health index (Step 4a) 

· Determination of Ecological Importance (Step 4b)
· Set Ecological Reserve Category (Step 5)

· Set Reserve for Water Quantity (Step 6)

· Recommendation on future monitoring requirements (Step 7)

3.
A draft Rapid RDM Report for the Mdloti River Estuary was produced and circulated to the specialists for comments and inclusion of additional information before submission to the DWAF.

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

a.
Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

	40%
	If no data were available for the Mdloti Estuary or similar estuaries, i.e. low confidence

	60%
	If limited data were available for the Mdloti Estuary or other similar estuaries, i.e. medium confidence

	80%
	If sufficient data were available for the Mdloti Estuary on a particular issue, i.e. high confidence


b.
This study only addresses the Ecological Reserve, and in particular the water quantity component of the aquatic ecosystem.  It does not provide an assessment of the water quality needs of the aquatic ecosystem (as would be stipulated in the Reserve for Water Quality or in Resource Quality Objectives) or specific needs of water uses, such as recreation (e.g. in terms of target ranges for Escherichia coli ).   

c.
Although this study will provide insight into the potential effects of increases in flows (i.e. water quantity) from proposed expansions to a sewage treatment plant, it is assumed that potential water quality impacts on the aquatic ecosystem of the estuary and other uses (e.g. recreation) will be addressed as part of an impact assessment study.

	Step 1:

Delineation of Geographical

Boundaries




The Mdloti Estuary is situated approximately 25 km northeast of Durban (Begg, 1978).  The river is 81 km long with a catchment of 527 km2 (NRIO, 1982).  The Hazelmere Dam, with a total capacity of 24 x 106 m3, is situated 20 km upstream of the estuary. It was constructed in the mid seventies.

The estuary is at present often closed by a large sand barrier; when the system opens, the mouth is sometimes situated across a rocky sill to the south of the sand barrier. In the past, sugarcane farmers required the mouth to be artificially breached when back flooding occurred and cane fields were flooded (Begg 1979).  Records of daily mouth condition from mid 1979 to 1982 indicate that the mouth was frequently artificially breached and that the estuary remained closed for 63% of the time (Begg, 1984) during that period. When the system is closed and the water level is constant an equilibrium is maintained between the volume of water lost by evaporation and by percolating through the extensive sand bar and river inflow into the system (Begg. 1984). The stronger the river flow the higher the water level will be until the mouth is breached.

For the purposes of the Rapid Determination of RDM for the Mdloti Estuary, the geographical boundaries are defined as follows (Gauss Conform Projection, Clarke 1880 spheroid):
· Downstream boundary:  Estuary mouth (29° 39’S; 31° 08’E)
· Upstream boundary:  Approximately 2 km upstream of the mouth (29° 39’S; 31°06’E).  This position needs to be confirmed with tidal variation recordings.
· Lateral boundaries: 5 m contour above MSL along the banks, a delineation that could be readily referenced from an ortho-photograph of the area.
[image: image1.png]



Map of the Mdloti Estuary (Prof R Perissinotto)
	Step 3:

Assessment of Present State

And Reference Condition



Assessment of Present State (Step 3a)

ABIOTIC COMPONENT 

a.
River inflow characteristics under the Present State


Floods:

Rapid determinations of RDM should NOT be used to issue water abstraction licences that will affect the magnitudes of larger floods (e.g. 1:5 year and above).  The Rapid RDM methodology for estuaries, therefore, does not require extensive evaluation of changes in, for example, the magnitude and occurrence of floods.
Monthly flow distribution:

Monthly-simulated runoff data for the Present State, over a 71-year period (1925 to 1995) were obtained from Mr. J Hansford of Knight Piesold Consulting Engineers and are provided in Table 1. The Present State MAR is 72.3 x 106 m3, a 73 % of natural MAR (i.e. MAR 98.7 x 106 m3).
The duration curve data (mean monthly flows in m3/s) for the Present State is provided below:  

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	6.03
	1.12
	0.50
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Nov
	7.23
	5.12
	2.97
	1.10
	0.50
	0.09
	0.00
	0.00
	0.00
	0.00

	Dec
	6.81
	4.02
	2.66
	1.22
	0.73
	0.29
	0.00
	0.00
	0.00
	0.00

	Jan
	7.37
	4.85
	3.21
	1.61
	0.85
	0.22
	0.00
	0.00
	0.00
	0.00

	Feb
	16.59
	9.39
	4.48
	2.37
	1.77
	0.73
	0.37
	0.00
	0.00
	0.00

	Mar
	11.96
	7.47
	4.95
	2.50
	1.55
	0.94
	0.63
	0.22
	0.00
	0.00

	Apr
	5.56
	4.14
	2.43
	1.67
	0.90
	0.61
	0.40
	0.14
	0.00
	0.00

	May
	4.78
	2.54
	1.31
	0.96
	0.68
	0.50
	0.36
	0.22
	0.00
	0.00

	Jun
	2.50
	1.19
	0.78
	0.61
	0.47
	0.34
	0.24
	0.14
	0.05
	0.00

	Jul
	1.83
	1.05
	0.68
	0.33
	0.25
	0.20
	0.12
	0.04
	0.00
	0.00

	Aug
	1.13
	0.43
	0.19
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Sep
	2.27
	0.13
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


b. Typical states (referred to as abiotic states) that occur under different flow ranges for the Mdloti Estuary.

Based on expert opinion and previous assessments, four Abiotic States were identified for the Mdloti River Estuary, of which the occurrence and duration varies depending on river inflow rate.  These states and a first estimate of the corresponding flows are:

	STATE
	NAME
	FLOWS (m3/s)

	1
	Closed, where the estuary is cut-off from the sea with no water exchange.
	0 – 0.3

	2
	Semi-closed, with no seawater intrusion (except occasional over-wash), but with water still flowing out to sea
	0.3 – 2.0

	3
	Open, with seawater intrusion 
	2.0 – 5.0

	4
	Open, with no seawater intrusion, i.e. completely fresh 
	> 5.0



Typical abiotic characteristics prevailing during each of these states are listed on the following pages.

Table 1: Simulated monthly flows (m3/s) for the Present State

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

	1925
	0.00
	0.09
	0.30
	0.00
	0.00
	0.44
	0.42
	0.15
	0.21
	0.21
	0.00
	0.00
	0.12

	1926
	0.07
	1.25
	0.75
	0.22
	4.72
	20.91
	7.20
	0.44
	0.15
	0.05
	0.00
	0.00
	0.33

	1927
	0.00
	0.00
	0.00
	4.63
	2.75
	0.81
	0.37
	0.28
	0.10
	0.00
	0.00
	0.00
	0.05

	1928
	0.00
	0.00
	0.00
	0.00
	0.00
	5.44
	2.27
	0.42
	2.45
	3.07
	1.13
	2.56
	0.77

	1929
	9.21
	5.32
	0.96
	4.78
	1.90
	0.12
	0.19
	0.34
	0.21
	0.12
	0.42
	0.39
	0.41

	1930
	0.37
	0.76
	0.77
	0.90
	0.74
	0.37
	0.22
	0.21
	0.05
	0.19
	0.00
	0.00
	0.29

	1931
	0.00
	0.00
	0.00
	0.00
	17.83
	17.69
	4.86
	1.31
	1.13
	0.55
	0.00
	0.00
	0.28

	1932
	0.00
	0.00
	0.84
	1.11
	0.63
	0.22
	0.08
	0.23
	0.14
	0.12
	0.00
	0.00
	0.13

	1933
	0.00
	0.00
	3.05
	3.25
	1.77
	1.28
	3.38
	2.22
	1.09
	0.71
	0.43
	0.00
	1.18

	1934
	0.00
	0.00
	6.81
	3.21
	1.37
	2.75
	1.27
	4.78
	26.96
	9.40
	0.74
	0.00
	2.06

	1935
	0.00
	0.00
	0.00
	0.00
	10.65
	12.81
	3.56
	5.25
	2.90
	1.04
	0.13
	0.00
	0.58

	1936
	0.00
	17.74
	6.28
	0.36
	4.48
	1.66
	1.67
	0.73
	0.21
	0.16
	0.00
	0.00
	0.54

	1937
	0.00
	0.00
	5.67
	3.18
	3.29
	1.13
	2.53
	1.56
	0.78
	1.10
	0.55
	0.00
	1.11

	1938
	0.00
	5.12
	5.95
	1.91
	9.39
	7.47
	2.43
	1.51
	1.16
	0.80
	0.28
	1.77
	1.84

	1939
	1.12
	5.66
	4.46
	1.15
	0.10
	0.00
	0.00
	13.56
	9.73
	2.56
	0.31
	0.00
	1.14

	1940
	0.00
	15.71
	11.32
	2.35
	0.05
	0.00
	0.32
	0.53
	0.24
	0.03
	0.00
	0.00
	0.14

	1941
	0.00
	0.00
	0.00
	0.00
	0.00
	0.87
	2.01
	1.02
	0.61
	0.33
	0.00
	0.00
	0.00

	1942
	0.00
	5.15
	19.36
	6.06
	2.23
	7.77
	20.60
	8.44
	2.11
	4.40
	7.22
	2.45
	5.61

	1943
	11.40
	10.84
	2.68
	0.07
	0.37
	5.08
	2.31
	0.51
	0.34
	0.29
	0.00
	3.79
	1.41

	1944
	2.13
	1.05
	0.02
	0.00
	0.00
	13.10
	4.98
	0.61
	0.43
	0.14
	0.00
	0.00
	0.28

	1945
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.70
	1.77
	0.67
	0.20
	0.00
	0.00
	0.00

	1946
	0.00
	0.00
	0.00
	0.00
	9.92
	4.24
	1.39
	1.03
	0.99
	0.92
	0.53
	0.13
	0.72

	1947
	0.00
	6.25
	2.66
	4.07
	11.44
	10.52
	3.50
	0.86
	0.32
	0.01
	0.00
	0.00
	1.76

	1948
	0.00
	0.04
	0.00
	0.18
	1.95
	1.51
	1.63
	1.30
	0.71
	0.28
	0.00
	0.00
	0.23

	1949
	0.00
	8.72
	10.80
	3.33
	0.81
	1.55
	0.87
	0.59
	0.44
	0.20
	0.04
	0.00
	0.70

	1950
	0.00
	0.00
	0.00
	0.00
	0.00
	0.56
	0.90
	0.50
	0.20
	0.03
	1.36
	1.46
	0.11

	1951
	2.68
	1.16
	0.73
	8.50
	3.51
	0.27
	0.40
	0.75
	0.57
	0.29
	0.00
	0.00
	0.65

	1952
	0.00
	0.00
	0.00
	23.96
	17.49
	2.91
	0.11
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00

	1953
	0.00
	0.00
	1.93
	1.26
	5.78
	2.50
	0.68
	0.58
	0.48
	0.29
	0.00
	0.00
	0.53

	1954
	21.72
	11.12
	1.20
	4.85
	2.34
	2.19
	1.75
	1.10
	0.63
	0.24
	0.00
	0.00
	1.47

	1955
	0.00
	0.00
	0.34
	0.00
	1.26
	9.91
	4.14
	0.96
	0.57
	0.22
	0.00
	0.00
	0.28

	1956
	0.00
	0.00
	20.22
	7.37
	1.90
	1.27
	13.50
	5.16
	0.61
	0.21
	0.00
	0.00
	0.94

	1957
	7.48
	5.10
	1.22
	11.81
	16.59
	5.36
	11.84
	4.59
	0.73
	0.25
	0.00
	0.00
	4.84

	1958
	0.00
	3.52
	2.34
	0.81
	0.54
	0.05
	0.00
	3.21
	2.14
	0.71
	0.27
	0.00
	0.63

	1959
	0.24
	0.59
	0.28
	0.07
	0.22
	0.50
	0.83
	0.82
	0.43
	0.11
	0.00
	0.00
	0.26

	1960
	0.00
	0.11
	6.72
	6.98
	2.37
	0.47
	18.84
	7.01
	1.66
	1.06
	0.19
	0.00
	1.36

	1961
	0.00
	0.25
	0.00
	0.00
	0.00
	0.00
	0.14
	0.32
	0.12
	0.00
	0.00
	0.00
	0.00

	1962
	0.00
	10.16
	3.74
	5.10
	2.34
	4.95
	2.46
	0.72
	0.54
	1.57
	1.08
	0.12
	1.96

	1963
	0.00
	0.00
	0.00
	12.33
	6.11
	0.69
	0.38
	0.47
	0.38
	0.31
	0.00
	0.00
	0.34

	1964
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	3.41
	2.86
	1.85
	1.29
	0.00

	1965
	0.94
	1.10
	0.60
	0.85
	0.71
	0.00
	0.00
	0.00
	0.51
	0.38
	0.00
	0.00
	0.44

	1966
	0.00
	0.00
	0.03
	4.97
	2.80
	8.43
	4.55
	1.41
	0.64
	0.34
	0.00
	0.00
	0.49

	1967
	0.00
	0.64
	0.00
	2.38
	1.67
	1.59
	0.71
	0.21
	0.04
	0.00
	0.00
	0.08
	0.15

	1968
	0.35
	0.50
	0.16
	0.00
	0.00
	11.13
	4.96
	4.03
	2.31
	0.91
	0.12
	0.00
	0.42

	1969
	4.57
	4.80
	2.81
	1.18
	0.33
	0.00
	0.00
	0.00
	0.22
	0.65
	0.06
	0.13
	0.28

	1970
	6.03
	2.97
	1.30
	0.68
	4.02
	11.96
	4.67
	5.08
	2.78
	2.08
	7.31
	3.18
	3.60

	1971
	0.56
	0.17
	0.00
	0.00
	5.72
	2.39
	0.60
	2.54
	2.50
	1.45
	0.38
	0.00
	0.58

	1972
	0.00
	0.00
	0.00
	0.00
	0.00
	0.63
	0.53
	0.36
	0.11
	0.00
	0.00
	6.11
	0.00

	1973
	2.81
	4.08
	1.60
	0.71
	10.38
	4.88
	1.42
	1.49
	1.23
	0.68
	0.00
	0.00
	1.46

	1974
	0.00
	0.00
	0.00
	5.56
	7.55
	1.89
	0.33
	0.44
	0.28
	0.05
	0.00
	0.08
	0.18

	1975
	0.57
	0.40
	0.73
	6.28
	8.89
	26.82
	16.43
	3.57
	0.79
	0.36
	0.03
	0.00
	0.76

	1976
	1.90
	1.37
	0.29
	2.59
	20.46
	6.76
	0.56
	0.25
	0.09
	0.00
	0.00
	0.00
	0.42

	1977
	0.00
	0.18
	0.00
	0.08
	0.47
	10.47
	4.63
	1.02
	0.47
	0.25
	0.00
	0.00
	0.22

	1978
	0.00
	7.23
	2.79
	0.13
	0.00
	0.00
	0.00
	0.16
	0.43
	0.25
	0.03
	0.00
	0.08

	1979
	1.00
	0.72
	0.07
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	16.35
	0.00

	1980
	6.54
	2.90
	4.02
	23.07
	9.91
	0.72
	0.00
	0.05
	0.45
	0.32
	1.80
	2.27
	2.03

	1981
	1.08
	6.42
	2.39
	1.74
	1.09
	0.66
	0.61
	0.54
	0.31
	0.08
	0.00
	0.00
	0.64

	1982
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00

	1983
	0.00
	5.57
	6.57
	29.76
	20.11
	4.21
	5.56
	2.83
	1.19
	1.83
	1.17
	1.06
	3.52

	1984
	0.50
	0.29
	0.00
	0.00
	39.48
	12.42
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1985
	6.99
	4.03
	0.50
	0.84
	0.54
	0.94
	0.89
	0.50
	0.24
	0.09
	0.00
	0.00
	0.52

	1986
	0.00
	0.00
	0.00
	0.00
	0.73
	1.53
	0.98
	4.54
	3.30
	1.57
	1.02
	68.13
	1.00

	1987
	22.79
	2.24
	0.77
	0.00
	20.58
	30.99
	9.04
	6.45
	3.20
	1.05
	0.64
	0.11
	2.72

	1988
	0.00
	0.00
	1.95
	0.86
	17.59
	5.64
	0.40
	0.49
	0.26
	0.10
	0.00
	0.00
	0.33

	1989
	0.00
	20.79
	8.07
	0.50
	0.34
	4.66
	2.30
	0.68
	0.29
	0.04
	0.05
	0.00
	0.42

	1990
	0.08
	0.67
	3.10
	1.61
	9.49
	7.27
	1.98
	0.71
	0.76
	0.57
	0.00
	0.23
	0.73

	1991
	0.98
	2.74
	0.72
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1992
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.02
	0.00
	0.00
	0.00

	1993
	3.71
	3.65
	9.90
	3.96
	0.37
	2.18
	1.06
	0.22
	0.05
	0.15
	0.00
	0.00
	0.72

	1994
	0.00
	0.01
	0.00
	0.00
	0.00
	0.87
	3.49
	1.31
	1.17
	1.48
	0.40
	0.00
	0.21

	1995
	0.00
	0.00
	26.28
	13.86
	3.97
	1.33
	0.46
	0.28
	0.10
	2.99
	1.56
	0.04
	0.89

	Median
	0.00
	0.50
	0.73
	0.85
	1.77
	1.55
	0.90
	0.68
	0.47
	0.25
	0.00
	0.00
	0.59

	Average
	1.66
	2.66
	2.76
	3.17
	4.70
	4.36
	2.69
	1.62
	1.27
	0.74
	0.44
	1.57
	2.16

	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	
	Closed
	< 0.3
	Semi-closed
	0.3-2.0
	Open (Estuarine)
	2.0-5.0
	Open (Fluvial)
	> 5.0
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.3
	47
	34
	30
	29
	19
	16
	17
	19
	26
	40
	52
	58
	387

	0.3-2.0
	11
	12
	17
	16
	20
	23
	28
	36
	33
	24
	17
	5
	242

	2.0-5.0
	5
	9
	11
	13
	12
	11
	18
	9
	10
	6
	0
	5
	109

	> 5.0
	8
	16
	13
	13
	20
	21
	8
	7
	2
	1
	2
	3
	114


	State 1:  CLOSED STATE

	Typical flow patterns:  0 – 0.3 m3/s

Confidence:  40%

	State of the mouth:  Mouth closed 

Confidence:  40%

	Flood plain inundation patterns:  Extended inundation of surrounding flood plain due to mouth closure and related back flooding would occur. The extent to which the flood plain would be inundated would depend on the height of the berm (data currently not available).

Confidence:  60%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  No tidal variation, all inter tidal areas are flooded.

Confidence:  80%

	Salinity distributions in the estuary:  During this state the estuary is cut off from the sea.  At the onset of the closed state the salinities in the estuary could reflect seawater influence, but it is likely that it will gradually become fresher if river inflow persists. Typically riverine (<0.5) ppt to oligohaline (0.5-5.0 ppt).  Relatively well mixed, with little horizontal but some vertical gradients (Nozais et al, 2001; Mundree, 2001).

Confidence:  80%

	System variables (Temperature, Irradiance and Dissolved oxygen):  Temperature varies seasonally with minimum (13-22 oC) recorded in winter and maximum (22-34 oC) in summer (Nozais et al, 2001; Mundree, 2001).

Very clear water-column, with light extinction coefficients (k, m-1) in the range of 0.9-2.95, implying that between 1.04% and 11.3% of surface PAR reached the bottom (Nozais et al, 2001; Mundree, 2001).

Generally, wind mixing and water flow ensure relatively well-oxygenated surface waters.  Bottom levels of oxygen can, however, drop below 50% saturation at times, particularly in the middle and upper reaches (Blaber et al, 1984).

Confidence:  80%

	Nutrients (Dissolved inorganic nitrogen [DIN] and dissolved inorganic phosphate [DIP]:  Dissolved inorganic Nitrogen (DIN) in the range 0.5-14.3 µM (7-200 µg N/litre); dissolved inorganic Phosphorus (DIP) in the range 0.6-5.5 µM (19-171 µg P/litre). DIN/DIP ratio often well below Redfield 16:1, i.e. potential limiting factor of microalgal growth (Nozais et al, 2001; Mundree, 2001).
Confidence:  80%

	Toxic substances:  No data available on sediments or water column.



	State 2: SEMI- CLOSED STATE

	Typical flow patterns:  0.3 – 2.0 m3/s

Confidence:  40%

	State of the mouth:  The mouth of the estuary is semi-closed.  In the semi-closed mouth state the mouth of an estuary is open, but only a small outflow channel of a few metres wide and a few centimetres deep is present, with limited sea water intrusion and very little to no tidal variation occurring. The state persists for a significant period which distinguishes it from the normal transition phase between the open and closed mouth states. The depth of the outflow channel could be sufficient to allow for fish and invertebrate migration. The semi-closed mouth state should not be confused with overwash by big waves during storm events or during spring tides, which only occur for short periods or under extreme conditions. 

Confidence:  40%

	Flood plain inundation patterns:  A semi-closed mouth have perched inlets, in other words the mouth is located high on the beach and above the influence of the average wave conditions. The result of such a perched or restricted mouth is a relatively high water level in the estuary (around 2.0 m MSL).  Therefore, this state can also cause back flooding into refuge areas surrounding the estuary although not as extensive as would be the case under the closed mouth state.

Confidence: 60%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): The mouth is located high on the beach and above the influence of the average wave conditions. The result of such a perched or restricted mouth is no or limited tidal variation.  There are therefore no inter-tidal areas exposed at low tide or flooded during high tide. Small fluctuations in water level may occur due to changes in river flow, over-wash, water loses and changes in the berm height. 

The outflow channel, which would be the lowest point on the sand berm, would still allow wave driven flow through the mouth at higher tides  (e.g. spring tides) and during storms events. It should also be noted that the freshwater runoff associated with this state is so little that it does not prevent big waves, such as those occurring during a storm and associated with great sediment loads from closing an estuary.

Confidence:  40%

	Salinity distributions in the estuary:  As freshwater runoff progressively decreases during the dry season, the semi-closed mouth condition develops with the related limited tidal intrusion, which in turn initially leads to vertical stratification. As the outflow continues vertical stratification is progressively eroded through the process of entrainment. The estuary therefore becomes fresher, to very fresh if the outflow continues, depending on the duration of the flow conditions. This process is well documented for the Palmiet Estuary (located in the Western Cape). The Palmiet Estuary has a semi-closed mouth during some parts of the year due to a rocky outcrop acting as a channel through which water can flow to the sea.

During high spring tides and storms, over-wash may periodically increase the salinity of the system, only to be eroded once again by the more continuous process of entrainment.

Confidence:  40%

	System variables (Temperature, Irradiance and Dissolved oxygen):  Temperature varies seasonally with minimum values recorded in winter and maximum in summer.  
River flow may increase turbidity.
River mixing may also ensure more well-oxygenated waters, however, should stratification develop when sea water enters the system, bottom water oxygen levels may be lowered.
Confidence:   60%

	Nutrients (Dissolved inorganic nitrogen [DIN] and dissolved inorganic phosphate [DIP]: Increased flow may result in elevated nitrogen and phosphorus levels, however, higher turbidity could limit primary productivity.
Confidence:  60%

	Toxic substances:  No data available on sediments or water column.




	State 3: OPEN STATE, WITH SEAWATER INTRUSION

	Typical flow patterns:  2.0 – 5.0 m3/s

Confidence:  40%

	State of the mouth:  Mouth open

Confidence:  80%

	Flood plain inundation patterns: Limited flood plain inundation as the Mdloti nearly completely drains during a low tide and only partial flooding occurs during a high tide. This flooding at high tide would not occur to the same extent as that for a Closed or Semi-closed State.

Confidence:  40%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): Full tidal variation, but actual measurements are not available.

Confidence:  40%

	Salinity distributions in the estuary:  In the case of smaller estuaries, salinity penetration is often limited during the high flow season and systems are fluvially dominated. Once the river inflow decreases during low flow periods, saline water can penetrate further upstream into the estuary, and the estuary can develop a longitudinal salinity gradient or become vertically stratified, i.e. salinity is close to that of seawater at the mouth and fresh at the head of the estuary.  

Salinities measured during this state ranged between 0.1 and 0.6 ppt (Nozais et al, 2001; Mundree, 2001).
Confidence:  40%

	System variables (Temperature, Irradiance and Dissolved oxygen):  Temperature varies seasonally; generally open phase occurs during summer when temperature levels are maximum, in the range 22-29 oC. Values may be somewhat moderated by the marine influence (Nozais et al, 2001; Mundree, 2001).

Turbidity and light extinction coefficients increase drastically, with K in the range of 8.14 - 28.9 m-1, implying that between 0.01% and 44.3% of surface PAR reached the bottom. Marine influence may reduce turbidity, particularly in the lower reaches (Nozais et al, 2001; Mundree, 2001).

River and tidal mixing also ensure relatively well-oxygenated waters (> 75% saturation throughout). (Blaber et al, 1984).

Confidence:  60%

	Nutrients (Dissolved inorganic nitrogen [DIN] and dissolved inorganic phosphate [DIP]: DIN levels increase from the closed state, in the range of 6.6-204 µM (92 – 2856 µg N/litre), but DIP levels remains steady, 0.3-5.8 µM  (9 – 180 µg P/litre). DIN/DIP ratio well above the Redfield level of 16:1, i.e. no limitation to primary productivity. (Nozais et al, 2001; Mundree, 2001).
Confidence:  80%

	Toxic substances:  No data available



	State 4: OPEN, RIVER DOMINATED STATE

	Typical flow patterns:   > 5.0 m3/s

Confidence:  40%

	State of the mouth:  Mouth open

Confidence:  40%

	Flood plain inundation patterns:  Limited flood plain inundation as the Mdloti drains during low tide and only partial flooding occurs during a high tide. This would not occur to the extent that it occurs under a Closed or Semi-closed State.

Confidence: 40%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  Full tidal variation for the lower flow ranges, during floods tidal variation would be suppressed.

Confidence:  40%

	Salinity distributions in the estuary:  The estuary is completely fluvially dominated and therefore fresh.

Confidence:  40%

	System variables (Temperature, Irradiance and Dissolved oxygen):  Temperature varies seasonally according to inflowing river waters; winter minimum and summer maximum ranges may be greater.  

High river flow results in high concentration of suspended solids, and consequently a dramatic increase in turbidity with k as high as between 20-30 m-1.  

River mixing ensures well-oxygenated waters.

Confidence:  80%

	Nutrients (Dissolved inorganic nitrogen [DIN] and dissolved inorganic phosphate [DIP]:  Nutrient levels are probably similar to inflowing river waters and at their maximum levels. However, high turbidity and short water residence time will limit primary productivity.

Confidence:  60%

	Toxic substances:  Toxic substance levels will be similar to that of inflowing river water (No data available).

Confidence:  40%


c.
Occurrence and duration of the different abiotic states during the Present State
To estimate the occurrence and duration of the different Abiotic states under the Present State median monthly flows and the 10%ile flows, simulated for the 71-year period (1925 to 1995) were used to predict the situation for normal and drought periods respectively:  

	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Median
	2
	2
	2
	2
	2
	2
	2
	1
	1
	1
	2
	2

	10%ile
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Note: States 3 and 4 would occur occasionally, but normally only for a few days to a few weeks at a time.

d.
Human interference presently affecting abiotic components in the Mdloti Estuary:

	Structures (e.g. dams, weirs, bridges, mouth stabilization):  The national road crosses the estuary on a bridge 500m from the mouth. Associated with this is a 250m long embankment across the Mdloti Floodplain. Consequently old flood channels on both the southern and northern banks have been filled in (Begg 1978).

Confidence:  40%

	Human exploitation (consumptive or non-consumptive):  Sand winning operations occur upstream of the estuary.

Confidence:  40%

	Point/diffuse source discharges affecting water quality (e.g. dump sites, storm water, sewage discharges, etc):  Two treatment plants discharge into the river and elevated nutrient and organic loading may result in algal blooms and oxygen depletion; this could cause fish mortalities.  Although current data do not indicate marked influence of the discharge on, for example, nutrient concentrations the estuary, this should be confirmed before further increases in effluent flows are considered. 

Agriculture in the floodplain and catchment results in increased nutrient and silt inputs to the estuary.

Confidence:  40%


BIOTIC COMPONENTS

a.
Micro algae

Describe the present state of micro algae in the Mdloti Estuary:  

	Biomass distribution:  Phytoplankton biomass is relatively low (0.09-8.6 mgChl-a.m-3), but microphytobenthic biomass among the highest recorded in South Africa (75-480 mgChl-a.m-2) (Nozais et al. 2001, Mundree 2001).

Confidence:  60%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):  A preliminary survey of microphytobenthic diversity has resulted in the identification of 33 species of diatoms (Mundree, 2001). Another 20-30 species of diatoms have so far been identified within the phytoplankton (T Moss, unpubl).

Confidence:  60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions: Largest biomass of both phytoplankton and microphytobenthos during the autumn/winter closed phase. Minima immediately after mouth breaching and sediment scouring. Lower biomass but higher diversity during the summer open phase, as many species enter the estuary from the marine neritic region and from the riverine area upstream.
Confidence:  40-60%


Important Abiotic and biotic components that may influence micro algae in the Mdloti Estuary:  

	State of the mouth: State of the mouth is one of the main factors affecting biomass, productivity and diversity.
Confidence:  40%

	Exposure of inter-tidal areas during low tide:  Massive upward migration of benthic microalgae from deeper layers of the sediment.

Confidence:  40%

	Sediment characteristics (including sedimentation):  Muddy/silty sediments contain more microphytobenthic biomass than sandy sediments. However, there is deeper penetration of light in sandy than in muddy sediments, and therefore microalgae will be distributed to greater depths where sand prevails. 

Confidence:  40%

	Retention times of water masses:  Short residence times will not allow microalgae to utilise favourable nutrient availability during periods of fast flow and run-off input. Zooplankton will also be advected out of the estuary under strong flow conditions. 

Confidence: 40%

	Estimated (maximum) tidal velocities along the estuary:  Tides play a key role in the supply of neritic species to the estuary. The stronger the tidal currents, the deeper the penetration of such components will be into the estuary.

Confidence: 40%

	Salinity distribution:  The community structure of both components is expected to change drastically in response to large changes in salinity. Some important zooplankton species are stenohaline (e.g. Gastrosaccus brevifissura) and disappear/reappear from/in the estuary as the salinity decreases/increases. 

Confidence: 40%

	Other water quality parameters (be as specific as possible):  Any type of suspended matter, inorganic or organic, will increase the rate of light extinction through the water, thus limiting the availability of light to the primary producers.
Confidence:  40%

	Other biotic components:  The success of pelagic and benthic grazers is clearly linked to that of the primary producers and any negative impact on primary production will therefore have repercussions throughout the food web.

Confidence:  60%


Human interferences having a direct impact on microalgae in the Mdloti Estuary:

	Structures and Mouth Manipulation:  Artificial breaching at the mouth may cause too frequent and early scouring of the sediment and the flushing out of developing communities.

Confidence: 40% 

	Human exploitation (consumptive or non-consumptive): No information available.
Confidence:  40%

	Floodplain and catchment development:  Cane plantations and subsequent soil erosion are causing abnormally high loading of sediment in run-off water and this is having a negative impact on water-column productivity. 

Confidence:  40%


b.
Macrophytes

Describe the present state of macrophytes in the Mdloti Estuary:  

	Biomass distribution:  The macrophytes consist largely of the following community types: Lagoon Swamp forest ( Barringtonia racemosa in monospecific stands and Barringtonia/Hibiscus mixed populations), and reedswamps.   Lagoon swamp forest occurs on the south bank near the mouth and extends along a drainage channel in this area.  The north bank near the car park has a mixed Barringtonia/ Hibscus (approx 2.5 ha) population and a narrow strip of Barringtonia is located at the waters edge on both banks further upstream.  A habitat rarity score of 13 was calculated on the basis of Area of Barringtonia 7.8 ha divided by an estimate of 600 ha for the country X 1000.  This translates to a habitat importance score of 70.  Reedswamp (10 ha) was insignificant as a proportion to the national average.

Confidence: 80% 

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):  In general species diversity is low because of a limited number of habitat types.  However because of the swamp forest that is estimated to occur in about 60 estuaries a plant rarity score of 1.6 was calculated which translates to a plant importance score of 20.   No rare or endangered species were noted during the field survey but that study was not intended to provide a detailed species list and therefore confidence in the species rarity assessment is low.  True estuarine/ riverine species recorded here numbered 7.

Confidence:  60% 

	Seasonal and inter-annual variability, as well as flood situations and drought conditions: Seasonal variation in plant cover is expected to be low.   Under drought conditions there may be an extension of reeds into the channel area but this will reset with subsequent flooding.  The Barringtonia community is expected to be very stable except the population along the upper channel which could be undermined during a major flood.

Confidence:  40% 


Important Abiotic and biotic components that may influence macrophytes in the Mdloti Estuary:  

	State of the mouth:  Increased/decreased mouth closure is expected to have a minimal long-term effect on the macrophyte distribution.  Under closed mouth conditions there may be some landward increase in reed and aquatic grass (Echinochloa sp) communities.  If closure occurs over a substantial time period.  The die back of these communities adjacent to the channel will counter this increase.

Confidence: 40% 

	Exposure of inter-tidal areas during low tide:  Increased mouth closure will result in flooding of intertidal areas and vice versa.

Confidence: 40% 

	Sediment characteristics (including sedimentation):  No information available
Confidence:  -

	Retention times of water masses:  Closed mouth conditions result in higher productivity through the accumulation of detritus and nutrients.   Higher nutrient levels may effect the total biomass of macrophytes (but is more likely to increase phytoplankton productivity in the short term).

Confidence: 40%

	Estimated (maximum) tidal velocities along the estuary:  The plant communities present in the Mdloti Estuary are not dependant on tidal variation.

Confidence: 60%


	Salinity distribution:  The plant communities are not dependant on seawater input and should there for any reason be an increased tidal variation due to more frequent mouth opening these communities are tolerant of brackish conditions.

Confidence: 60% 

	Other water quality parameters (be as specific as possible):  There are no submerged macrophytes therefore change in turbidity will not have no effect.   The only effect will be from sustained increase in nutrient levels that will most likely result in reed proliferation.

Confidence: 60% 

	Other biotic components:  None envisaged

Confidence:  60% 


Human interferences having a direct impact on macrophytes in the Mdloti Estuary:

	Structures:  Embankments for the national roads / carpark on the north bank have resulted in the destruction of a small part of the Barringtonia community. The car park would have destroyed a substantial area of reedswamp and backwater and could have reduced species diversity e.g. sedges in refuge areas.

Confidence:  60% 

	Human exploitation (consumptive or non-consumptive):  None

Confidence:  40% 

	Floodplain and catchment development:  The most obvious human activities that would have affected the system are the sugar cane plantations along the flood plain.  However these were largely already established when the 1937- aerial photographs were taken and the extent of change from natural conditions cannot be estimated.

Confidence:  60% 


c.
Invertebrates

Describe the present state of invertebrates in the Mdloti Estuary:  

	Biomass distribution:  Zooplankton: biomass has been described as "impoverished" in Blaber et al. (1984). Macrobenthos: Abundance and biomass greater in middle and lower reaches – highest in winter; low in upper reaches all year (Blaber et al. 1984).

Confidence:  60%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):  Zooplankton: Blaber et al. (1984) reported a relatively low diversity, with 1-2 species clearly dominating total abundances, especially during the closed phase.  Macrobenthos: About 12 species, dominated by polychaetes – no rarity value.

Confidence:  60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions: Zooplankton: Reflects the pattern described for microalgae above, with a time-lag of approx 1-3 weeks.  Macrobenthos: Abundance declines in middle and lower reaches during summer high flows.  Abundance generally low in upper reaches at all times (Blaber et al. 1984).

Confidence:  40-60%


Important Abiotic and biotic components that may influence invertebrates in the Mdloti Estuary:  

	State of the mouth:  Zooplankton: State of the mouth is one of the main factors affecting both biomass, productivity and diversity.  Macrobenthos: Numbers typically decline in middle and lower reaches in summer high flow, open mouth periods.

Confidence:  40%

	Exposure of inter-tidal areas during low tide:  Macrobenthos: Would probably adversely affect typical benthos of such a system  which is not normally exposed to such conditions.  Generally closed conditions exclude typical inter-tidal organisms.
Confidence:  40%

	Sediment characteristics (including sedimentation):  Macrobenthos:  Survive best in relatively stable sediments with some organic material.
Confidence:  40%


	Retention times of water masses:  Zooplankton. Short residence times will not allow microalgae to utilise favourable nutrient availability during periods of fast flow and run-off input. Zooplankton will also be advected out of the estuary under strong flow conditions.  Macrobenthos: Development enhanced by intermediate retention times.

Confidence: 40%

	Estimated (maximum) tidal velocities along the estuary:  Zooplankton: Tides play a key role in the supply of neritic species to the estuary. The stronger the tidal currents, the deeper the penetration of such components will be into the estuary.

Macrobenthos:  Depends on current effects on sediment qualities.
Confidence: 40%

	Salinity distribution:  Zooplankton: The community structure is expected to change drastically in response to large changes in salinity. Some important species are stenohaline (e.g. Gastrosaccus brevifissura) and disappear/reappear from/in the estuary as the salinity decreases/increases.  Macrobenthos: Generally low salinities limit diversity and abundance

Confidence:  40%

	Other water quality parameters (be as specific as possible):  Macrobenthos: Oxygen depletion arising from eutrophication would present problems.  Toxic substances, e.g. trace metals may also have an impact if present in elevated concentrations.

Confidence:  40%

	Other biotic components:  Zooplankton: The success of pelagic and benthic grazers is clearly linked to that of the primary producers and any negative impact on primary production will therefore have repercussions throughout the food web. Macrobenthos: Above would filter through to macrobenthos via food availability.

Confidence:  40%


Human interferences having a direct impact on invertebrates in the Mdloti Estuary:

	Structures and Mouth Manipulation:  Zooplankton: Artificial breaching at the mouth may cause too frequent and early scouring of the sediment and the flushing out of developing communities.  Macrobenthos: Loss of habitat through roads and bridge construction.
Confidence:  40%

	Human exploitation (consumptive or non-consumptive):  Zooplankton: no information  available.  Macrobenthos: No information available but probably limited

Confidence:  60%

	Floodplain and catchment development:  Macrobenthos: Loss of habitat through development (on flood plain) and probably siltation (associated with catchment activities).
Confidence:  60%


d.
Fish

Describe the present state of fish in the Mdloti Estuary:  

	Biomass distribution:  Blaber et al. (1984) described the fish fauna of the Mdloti estuary as impoverished and dominated by mullet (Mugilidae).  Disturbed systems typically exhibit a high dominance by a few species; from a fish survey conducted in July 1985 and October 1998, only 2–3 species comprised 90% of the total fish abundance.

Confidence:  60%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species): A total of 42 fish species have been recorded in the Mdloti estuary.  Surveys by Begg (1984) over the period September 1979 to July 1981 captured between 1 and 12 fish species in the Mdloti estuary on any one occasion.  Begg (1984) recorded one red data species, the bigmouth goby (Redigobius bikolanus); this species is rated as vulnerable (Skelton, 1987).  Blaber et al. (1984) captured between 6 and 20 taxa in the Mdloti estuary from December 1980 to November 1981.  A CSIR survey in July 1985 reported 9 fish species while in October 1998, 10 species were captured. 

Confidence:  60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions:  Blaber et al. (1984) noted that the fish species diversity in the Mdloti estuary as a whole was highest during the open phase and lowest when the estuary was closed in winter.
Confidence:  40-60%


Important Abiotic and biotic components that may influence fish in the Mdloti Estuary:  

	State of the mouth:  Manipulation of the mouth of this system may have impacted on use of the system by estuarine-dependent marine species.

Confidence:  40%

	Exposure of inter-tidal areas during low tide:  N/A
Confidence:  - 

	Sediment characteristics (including sedimentation):  Sand winning upstream may increase sedimentation and silt deposition in the estuary, smothering benthic food items.  Increased turbidities may also limit primary production and food availability.
Confidence:  40%

	Retention times of water masses:  Decreased retention time of water may limit primary production and limit food availability.
Confidence:  40%

	Estimated (maximum) tidal velocities along the estuary: Reduced tidal inflow may restrict passive migration of larvae into the estuary.
Confidence: 40%

	Salinity distribution:  Reduced salinities limit fauna only to strongly euryhaline species, however, most estuarine-dependent marine species are strongly euryhaline.
Confidence: 40%

	Other water quality parameters (be as specific as possible):  Should nutrient and organic input result in algal blooms and oxygen depletion, it can cause fish kills.

Confidence:  40%

	Other biotic components:  Alteration of production and food resources may alter fish community structure.

Confidence:  40%


Human interferences having a direct impact on fish in the Mdloti Estuary:

	Structures:  The embankment associated with the road bridge near the mouth of the system has resulted in previous channels being filled in and a consequent loss of habitat.

Confidence:  40%

	Human exploitation (consumptive or non-consumptive):  No information available but human exploitation is expected to be low with limited fishing.
Confidence:  40%

	Floodplain and catchment development:  Begg (1979) has reported Anguillid eels massing at the foot of Hazelmere Dam.  These fish utilise the estuary as a transit route from marine spawning grounds to freshwater rivers and streams.

Confidence:  40%


e.
Birds

Describe the present state of birds in the Mdloti Estuary:  

	Biomass distribution:  Few resident species, some use by migrant waders in summer; highest numbers made up of roosting seabirds.

Confidence:  60%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):  No great diversity nor richness
Confidence:  60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions:  Small consistent numbers of residents, waders present in small numbers in summer especially if the mouth is open. 

Confidence:  40-60%


Important Abiotic and biotic components that may influence birds in the Mdloti Estuary:  

	State of the mouth:  Wading species  probably adversely affected by high water level during closed mouth conditions.  Diving fish feeders probably positively influenced by high level, clear, stable conditions during the closed mouth (state – delete) and possibly also semi-closed state.

Confidence: 60%

	Exposure of inter-tidal areas during low tide:  Exposure of intertidal areas possibly are beneficial for waders because it enhances feeding opportunities, assuming food is present.

Confidence:  60%

	Sediment characteristics (including sedimentation):  Effect on birds would relate to sediment effects on benthos and food availability.

Confidence: 60%

	Retention times of water masses:  Depends on life style – diving fish feeders favoured by longer retention times.

Confidence: 60%

	Estimated (maximum) tidal velocities along the estuary:  Depends on effects on food species.
Confidence:  40%

	Salinity distribution:  Indirectly via effects on food.
Confidence:  60%

	Other water quality parameters (be as specific as possible): Indirectly via effects on food.
Confidence:  60%

	Other biotic components:  Related to effects on food species.
Confidence:  40%


Human interferences having a direct impact on birds in the Mdloti Estuary:

	Structures:  Loss of habitat due to development, noise and human disturbance.

Confidence:  60%

	Human exploitation (consumptive or non-consumptive): Probably no direct exploitation.
Confidence:  40%

	Floodplain and catchment development:  Related to effects on food species.
Confidence:  60% 


Assessment of Reference Condition (Step 3b)

ABIOTIC COMPONENTS

a.
River inflow characteristics under the Reference Condition

Monthly-simulated runoff data in m3/s for, over a 71-year period (1925 to 1995) were obtained from Mr. J Hansford of Knight Piesold Consulting Engineers and are provided in Table 2. The MAR under the Reference Condition is 98.7 x 106 m3. 

The duration curve data (mean monthly flows in m3/s) for the Reference Condition is provided below:  

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	7.88
	2.37
	1.85
	1.43
	1.15
	0.99
	0.91
	0.72
	0.56
	0.41

	Nov
	8.51
	6.32
	3.98
	2.39
	1.74
	1.40
	1.32
	1.09
	0.79
	0.51

	Dec
	8.58
	5.07
	3.73
	2.36
	1.82
	1.57
	1.35
	1.12
	0.85
	0.45

	Jan
	8.45
	5.79
	4.22
	2.61
	1.85
	1.58
	1.21
	1.06
	0.81
	0.45

	Feb
	17.59
	10.27
	5.35
	3.30
	2.67
	1.66
	1.42
	1.23
	0.84
	0.39

	Mar
	12.80
	8.27
	5.71
	3.53
	2.38
	1.96
	1.49
	1.06
	0.64
	0.37

	Apr
	6.37
	4.97
	3.26
	2.54
	1.80
	1.42
	1.18
	0.99
	0.53
	0.27

	May
	5.25
	3.00
	1.93
	1.47
	1.19
	1.02
	0.92
	0.75
	0.64
	0.25

	Jun
	2.93
	1.67
	1.21
	1.06
	0.91
	0.80
	0.67
	0.58
	0.47
	0.23

	Jul
	2.22
	1.47
	1.09
	0.74
	0.66
	0.62
	0.52
	0.46
	0.36
	0.19

	Aug
	1.91
	1.19
	0.96
	0.78
	0.69
	0.66
	0.58
	0.43
	0.35
	0.18

	Sep
	3.40
	1.50
	1.23
	1.03
	0.96
	0.77
	0.67
	0.54
	0.41
	0.20


b. Occurrence and variability of abiotic states under Reference Condition compared with the Present State
To estimate the occurrence and duration of the different Abiotic states under the Present State median monthly flows and the 10%ile flows, simulated for the 71-year period (1925 to 1995) were used to predict the situation for normal and drought periods respectively:  
	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Median
	2
	3
	3
	2
	2
	2
	2
	2
	2
	2
	2
	2

	10%ile
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2



Note: States 3 and 4 would occur occasionally, but normally only for a few days to a few weeks at a time.
(Versus Present State)

	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Median
	2
	2
	2
	2
	2
	2
	2
	1
	1
	1
	2
	2

	10%ile
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Note: States 3 and 4 would occur occasionally, but normally only for a few days to a few weeks at a time.
Table 2.
Simulated monthly flows (m3/s) for the Reference Condition

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

	1925
	0.98
	1.32
	1.35
	0.93
	0.81
	1.36
	1.24
	0.66
	0.62
	0.62
	0.50
	0.67
	0.87

	1926
	1.93
	2.32
	1.82
	1.22
	5.59
	21.75
	8.09
	0.94
	0.59
	0.46
	0.66
	0.83
	1.52

	1927
	1.04
	1.09
	1.36
	5.75
	3.65
	1.62
	1.18
	0.79
	0.54
	0.34
	0.35
	0.47
	1.07

	1928
	0.78
	1.24
	1.23
	1.49
	1.54
	6.26
	3.09
	0.92
	2.81
	3.48
	1.91
	3.67
	1.73

	1929
	10.47
	6.32
	2.05
	5.75
	2.86
	0.91
	0.99
	0.84
	0.65
	0.53
	1.16
	1.50
	1.33

	1930
	1.62
	1.74
	1.85
	1.85
	1.66
	1.16
	1.02
	0.72
	0.48
	0.57
	0.68
	0.67
	1.09

	1931
	0.72
	0.79
	0.93
	1.27
	19.99
	18.64
	5.73
	1.79
	1.58
	0.97
	0.61
	0.59
	1.12

	1932
	0.95
	1.32
	2.52
	2.09
	1.54
	1.03
	0.88
	0.73
	0.58
	0.51
	0.47
	0.41
	0.92

	1933
	0.45
	2.65
	4.25
	4.23
	2.67
	2.06
	4.16
	2.72
	1.54
	1.12
	1.19
	1.06
	2.36

	1934
	0.79
	0.80
	8.58
	4.22
	2.25
	3.53
	2.10
	5.25
	27.47
	9.89
	1.53
	0.99
	2.89

	1935
	0.74
	0.63
	0.44
	0.83
	13.55
	13.68
	4.43
	5.69
	3.34
	1.45
	0.92
	0.59
	1.19

	1936
	0.75
	19.88
	7.44
	1.32
	5.35
	2.49
	2.48
	1.24
	0.63
	0.56
	0.58
	0.54
	1.28

	1937
	0.65
	0.89
	8.13
	4.17
	4.19
	1.96
	3.26
	2.08
	1.21
	1.49
	1.33
	0.89
	1.72

	1938
	1.11
	6.46
	7.03
	2.93
	10.27
	8.27
	3.24
	2.00
	1.60
	1.20
	1.05
	2.88
	2.91

	1939
	2.37
	6.62
	5.51
	2.18
	1.01
	0.58
	0.47
	14.60
	10.21
	3.01
	1.10
	0.86
	2.28

	1940
	0.94
	17.36
	12.47
	3.39
	0.98
	0.74
	1.14
	1.04
	0.67
	0.43
	0.36
	0.41
	0.96

	1941
	0.46
	0.63
	0.50
	0.97
	1.42
	3.98
	2.80
	1.53
	1.04
	0.74
	0.70
	0.77
	0.87

	1942
	0.99
	6.79
	20.55
	7.17
	3.09
	8.54
	21.55
	9.01
	2.55
	4.78
	8.02
	3.64
	6.98

	1943
	12.72
	11.90
	3.77
	1.09
	1.23
	5.84
	3.14
	1.03
	0.75
	0.69
	0.62
	5.00
	2.18

	1944
	3.39
	2.06
	1.12
	0.61
	1.08
	14.09
	5.85
	1.09
	0.88
	0.55
	0.35
	0.28
	1.09

	1945
	0.47
	0.54
	0.46
	0.87
	1.33
	1.31
	3.73
	2.34
	1.11
	0.62
	0.39
	0.37
	0.74

	1946
	0.54
	0.99
	1.39
	1.58
	11.75
	5.05
	2.18
	1.56
	1.39
	1.34
	1.28
	1.27
	1.39

	1947
	1.17
	7.30
	3.73
	5.04
	12.39
	11.39
	4.33
	1.38
	0.76
	0.43
	0.30
	0.26
	2.56

	1948
	0.91
	2.04
	1.67
	1.21
	2.81
	2.28
	2.41
	1.81
	1.14
	0.69
	0.45
	0.55
	1.44

	1949
	1.28
	10.55
	11.91
	4.35
	1.72
	2.31
	1.69
	1.08
	0.88
	0.62
	0.78
	0.87
	1.49

	1950
	0.63
	0.44
	1.11
	1.58
	1.24
	1.81
	1.71
	1.02
	0.63
	0.43
	2.05
	2.59
	1.17

	1951
	3.94
	2.20
	1.74
	9.51
	4.46
	1.06
	1.18
	1.25
	1.00
	0.70
	0.69
	0.68
	1.22

	1952
	0.56
	0.71
	1.10
	26.52
	18.52
	3.76
	0.92
	0.53
	0.37
	0.26
	0.44
	0.99
	0.81

	1953
	1.39
	1.50
	2.96
	2.25
	6.65
	3.30
	1.49
	1.07
	0.91
	0.70
	0.59
	1.20
	1.44

	1954
	23.16
	12.18
	2.31
	5.79
	3.27
	2.96
	2.54
	1.62
	1.06
	0.66
	0.43
	0.68
	2.42

	1955
	1.15
	1.70
	1.57
	0.81
	2.33
	10.70
	4.97
	1.47
	1.00
	0.64
	0.68
	1.05
	1.31

	1956
	1.11
	1.19
	21.44
	8.45
	2.78
	2.06
	14.32
	5.72
	1.06
	0.62
	0.50
	1.32
	1.69

	1957
	8.79
	6.10
	2.30
	12.84
	17.59
	6.20
	12.64
	5.13
	1.17
	0.66
	0.43
	0.96
	5.61

	1958
	1.40
	4.81
	3.40
	1.82
	1.44
	0.87
	0.53
	3.89
	2.59
	1.13
	1.02
	1.11
	1.42

	1959
	1.50
	1.60
	1.34
	1.08
	1.11
	1.27
	1.61
	1.34
	0.86
	0.52
	0.39
	0.43
	1.19

	1960
	0.73
	2.69
	7.76
	7.99
	3.30
	1.27
	19.70
	7.59
	2.08
	1.48
	0.96
	1.02
	2.38

	1961
	1.22
	1.38
	1.02
	0.76
	0.83
	0.99
	1.09
	0.83
	0.56
	0.36
	0.75
	1.00
	0.91

	1962
	0.93
	11.62
	4.83
	6.06
	3.27
	5.71
	3.28
	1.24
	0.95
	1.94
	1.87
	1.27
	2.61

	1963
	1.06
	1.07
	0.85
	13.66
	7.05
	1.51
	1.16
	0.98
	0.80
	0.71
	0.59
	0.53
	1.02

	1964
	1.03
	1.28
	1.26
	1.18
	0.98
	0.50
	0.29
	0.55
	4.79
	3.26
	2.60
	2.44
	1.22

	1965
	2.20
	2.10
	1.66
	1.82
	1.62
	0.78
	0.45
	0.75
	1.03
	0.80
	0.68
	0.71
	0.91

	1966
	0.79
	1.37
	1.65
	5.93
	3.70
	9.27
	5.37
	1.93
	1.07
	0.74
	0.58
	0.41
	1.51

	1967
	0.63
	2.48
	1.75
	3.35
	2.57
	2.38
	1.54
	0.72
	0.47
	0.32
	0.69
	1.33
	1.43

	1968
	1.60
	1.50
	1.21
	0.86
	1.02
	11.92
	5.77
	4.51
	2.77
	1.32
	0.90
	0.86
	1.41

	1969
	6.04
	5.78
	3.87
	2.19
	1.26
	0.58
	0.35
	0.64
	1.13
	1.06
	0.83
	1.23
	1.18

	1970
	7.27
	3.98
	2.36
	1.68
	4.86
	12.80
	5.50
	5.55
	3.23
	2.47
	8.08
	4.34
	4.60

	1971
	1.85
	1.19
	0.81
	0.75
	7.10
	3.22
	1.39
	3.00
	2.93
	1.87
	1.16
	0.76
	1.62

	1972
	0.66
	0.91
	1.08
	1.29
	1.58
	1.49
	1.33
	0.87
	0.54
	0.36
	0.66
	7.31
	0.99

	1973
	4.08
	5.07
	2.69
	1.68
	11.26
	5.68
	2.23
	1.98
	1.67
	1.09
	0.74
	0.56
	2.10

	1974
	0.43
	0.71
	1.18
	8.07
	8.45
	2.73
	1.12
	0.94
	0.72
	0.46
	0.34
	1.59
	1.03

	1975
	1.85
	1.40
	1.76
	7.24
	9.80
	27.82
	17.36
	4.11
	1.23
	0.77
	0.78
	1.01
	1.81

	1976
	3.24
	2.39
	1.35
	3.54
	21.43
	7.62
	1.39
	0.76
	0.52
	0.38
	0.41
	1.07
	1.37

	1977
	1.47
	1.38
	1.02
	1.11
	1.36
	11.27
	5.46
	1.55
	0.91
	0.66
	0.68
	0.84
	1.23

	1978
	1.28
	8.51
	3.87
	1.14
	0.84
	0.57
	0.76
	0.97
	0.86
	0.66
	0.78
	1.03
	0.92

	1979
	2.33
	1.74
	1.13
	1.02
	0.79
	0.43
	0.31
	0.27
	0.25
	0.21
	0.21
	19.66
	0.61

	1980
	7.88
	3.87
	5.07
	24.20
	10.91
	1.56
	0.63
	0.69
	0.89
	0.72
	2.51
	3.40
	2.95

	1981
	2.36
	7.37
	3.48
	2.71
	2.00
	1.43
	1.42
	1.04
	0.74
	0.49
	0.33
	0.29
	1.42

	1982
	0.99
	1.61
	1.44
	1.06
	0.83
	0.64
	0.52
	0.41
	0.37
	0.44
	0.69
	0.71
	0.70

	1983
	0.98
	8.40
	7.62
	30.94
	21.17
	5.02
	6.37
	3.36
	1.63
	2.22
	1.93
	2.21
	4.19

	1984
	1.75
	1.32
	0.70
	1.12
	40.86
	13.41
	0.78
	0.35
	0.28
	0.24
	0.19
	0.21
	0.74

	1985
	10.17
	5.05
	1.57
	1.83
	1.46
	1.70
	1.69
	1.02
	0.66
	0.50
	0.43
	0.43
	1.51

	1986
	0.61
	0.92
	1.46
	1.96
	1.97
	2.30
	1.80
	4.98
	3.72
	2.00
	1.77
	69.92
	1.97

	1987
	24.40
	3.23
	1.87
	0.81
	21.82
	32.03
	9.97
	6.93
	3.61
	1.47
	1.39
	1.27
	3.42

	1988
	0.96
	1.26
	3.04
	1.88
	18.46
	6.51
	1.18
	1.00
	0.70
	0.51
	0.43
	0.39
	1.09

	1989
	0.50
	23.77
	9.21
	1.52
	1.24
	5.41
	3.11
	1.20
	0.73
	0.46
	0.78
	1.02
	1.22

	1990
	1.43
	1.68
	4.11
	2.61
	10.37
	8.06
	2.81
	1.19
	1.19
	0.98
	0.74
	1.36
	1.55

	1991
	2.22
	3.74
	1.83
	0.72
	0.44
	0.24
	0.23
	0.22
	0.17
	0.14
	0.14
	0.17
	0.24

	1992
	0.37
	0.55
	0.46
	0.41
	0.57
	0.53
	0.54
	0.50
	0.40
	0.35
	0.79
	1.78
	0.51

	1993
	9.36
	4.67
	11.00
	4.99
	1.33
	2.93
	1.88
	0.74
	0.47
	0.54
	0.74
	0.66
	1.61

	1994
	1.43
	1.33
	0.75
	0.46
	0.27
	1.59
	4.43
	2.53
	2.20
	1.90
	1.19
	0.68
	1.38

	1995
	0.66
	1.31
	28.23
	14.97
	4.88
	2.14
	1.26
	0.78
	0.53
	3.33
	2.34
	1.19
	1.73

	Median
	1.15
	1.74
	1.82
	1.85
	2.67
	2.38
	1.80
	1.19
	0.91
	0.66
	0.69
	0.96
	1.46

	Average
	2.80
	3.88
	3.89
	4.24
	5.72
	5.20
	3.49
	2.15
	1.73
	1.14
	1.06
	2.48
	3.14

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Closed
	< 0.3
	Semi-closed
	0.3-2.0
	Open (Estuarine)
	2.0-5.0
	Open (Fluvial)
	> 5.0
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.3
	0
	0
	0
	0
	1
	1
	2
	2
	3
	4
	3
	5
	21

	0.3-2.0
	30
	37
	39
	38
	30
	28
	35
	50
	54
	58
	62
	54
	515

	2.0-5.0
	30
	15
	17
	15
	18
	16
	20
	10
	12
	8
	4
	9
	174

	> 5.0
	11
	19
	15
	18
	22
	26
	14
	9
	2
	1
	2
	3
	142


c.
In the absence of anthropogenic influences, other than river flow (identified under Step 3a,) abiotic characteristics in the Mdloti Estuary would have differed from its present state as follows:

	Structures:   Without the embankment at the mouth habitat areas would have been larger 

Confidence:  60%

	Human exploitation (consumptive or non-consumptive):  Effects on sediment fractions in the estuary would have been reduced without the sand winning operations in the upper reaches.

Confidence:  40%

	Point/diffuse source discharges affecting WQ:  Without wastewater discharges and agriculture activities in the floodplain and catchment, nutrient and silt loads entering the estuary from the catchment would have been lower.
Confidence:  60%


BIOTIC COMPONENTS

The following assessment is based on the predicted abiotic characteristics of the Mdloti Estuary for the Reference Conditions and excluding direct human impacts on biotic components identified under the Present State 

a. Microalgae

For microalgae the Reference conditions would have differed from the Present State as follows:

	Species diversity, richness and rarity:  There would have been higher diversity under Reference Conditions.
Motivation:  The present frequency and timing of artificial mouth breaching reduces diversity. 
Confidence:  60%

	Biomass distribution:  For the Reference condition biomass would have been higher in the water-column and lower in the sediment.

Motivation:  Increased sediment loading in the water (high light extinction coefficients) does not allow phytoplankton to utilize the nutrients carried to the estuary with the freshwater run-off. When silt settles out of the water, light availability becomes favourable but by then the bulk of the nutrients has been exported out to sea.

Confidence:   40%

	Seasonal variability and community composition: More efficient utilization of estuarine resources and more regular temporal patterns under the Reference Condition.

Motivation:  Microalgae have high turnover rates and their temporal pattern may recover shortly after disruptions. However, the effects on the grazers will be substantial, given their much lower turnover rate.

Confidence:   40%


For macrophytes the Reference conditions would have differed from the Present State as follows:

	Species diversity, richness and rarity:  Higher during Reference Conditions.
Motivation: Floodplain utilization and engineering structures are expected to have reduced species diversity through limiting of habitats. This reduction in diversity would essentially be noted in the freshwater hygrophilous vegetation occupying backwater areas and seeps (largely sedges).   No information is available on the presence of rare species under reference conditions.  

Confidence:  60%

	Biomass distribution:  Higher during Reference Conditions.
Motivation:  An extensive reed swamp community has been lost on the south bank upstream of the national road. Below this a series of channels drained a wetland/ terrestrial community according to the 1937 aerial photograph.  This community has since been lost and the braided river channel occupies the area.
Confidence:  60%

	Seasonal variability and community composition:  More freshwater dominated plant communities could have been present under Reference Condition.
Motivation: Seasonal variability or community composition is not expected to have changed significantly with the exception of backwater and refuge areas where freshwater dominated plant communities could have been lost.
Confidence:  40%


For invertebrates the Reference conditions would have differed from the Present State as follows:

	Species diversity, richness and rarity:  Zooplankton: higher diversity under Reference Condition.  Macrobenthos: Probably higher diversity.
Motivation:  Zooplankton: Affected by frequency and timing of artificial mouth opening.  Macrobenthos:  As for Zooplankton.

Confidence: 60 %

	Biomass distribution:  Zooplankton: Higher biomass in water column under Reference Condition.  Macrobenthos:  May have extended further upstream assuming loss of habitat through siltation.  
Motivation:  Zooplankton:  Phytoplankton biomass has been reduced from Reference to Present (see above).  Macrobenthos: Under Reference Conditions there was a greater extent of environment and more stable habitat.

Confidence:  60%

	Seasonal variability and community composition:  Zooplankton: More efficient utilization of estuarine resources and more regular temporal patterns under Reference conditions.  Macrobenthos: Fewer fluctuations, more diverse community under Reference Condition.

Motivation:  Zooplankton: Microalgae have high turnover rates and their temporal pattern may recover shortly after disruptions. However, the effects on the grazers will be substantial, given their much lower turnover rate.  Macrobenthos:  More predictable environment under Reference conditions.
Confidence:   60%


For fish the Reference conditions would have differed from the Present State as follows:

	Species diversity, richness and rarity: Higher richness and diversity under Reference condition.  Similar estuaries in the region are expected to have in excess of 19 species.
Motivation:   Loss of habitat due to developments along estuary, mouth manipulation, alterations in natural runoff and water quality.

Confidence:  40%

	Biomass distribution:  More evenness under Reference Conditions.  Similar estuaries in the region are expected to have over 7 species comprising 90% of the abundance.
Motivation: Disturbed communities have a high dominance with few taxa comprising most of the abundance/biomass.

Confidence:  40%

	Seasonal variability and community composition: More predictable and regular utilisation of the system under Reference Conditions.

Motivation:  Erratic mouth manipulation disrupts biotic processes.

Confidence:  40%


For birds the Reference conditions would have differed from the Present State as follows:

	Species diversity, richness and rarity:  Probably higher diversity and abundance under Reference condition.
Motivation:  Associated with effects on habitat size, food (refer to the above) as well as lower levels of human activity and associated disturbance.  (Presumably there would have been LESS human impact under reference conditions
Confidence:  60%

	Biomass distribution:  Would probably been higher under Reference conditions.
Motivation: Would have followed available habitat and food supply.

Confidence:  40%

	Seasonal variability and community composition:  Fewer fluctuations, more diverse community under Reference condition.

Motivation:  More predictable environment.

Confidence:  40%


	Step 4

Determination of Present Status Category And Estuarine Importance




Determining the Present Status Category (Step 4a)

For the determination of RDM, the Present Status Category is determined using the Estuarine Health Index (EHI) described in detail in Appendix E3 of the Resource Directed Measures for Protection of Water Resources:  Estuarine Ecosystem Component (www-dwaf.pwv.gov.za/idwaf/Documents).  Details regarding the individual scoring systems is included in this report.

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)
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. % similiarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	58
	Lost or down graded 5 months out of 12, to lower flow states from the reference condition to the present state. These are the changes from State 3: Open, with seawater intrusion to State 2: Semi-closed in February and March and State 2: Semi-closed to State 1: Closed in August, September and October. Both State 1: Closed and State 2: Semi-closed can have severe implication for the biota in terms of tidal variation, salinity penetration and links with the marine environment.
	40%

	b. % similarity in mean annual frequency of floods
	-
	No data
	-

	Hydrology score
	58
	
	40%


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	57
	Under the reference condition the mouth could have been closed for about 21 months (2.5%) out of a total of 852 months for the 71-year dataset. Under the present state month closure has increased to a possible 387 months (45.4%) out of 852 months. (State 1:Closed)
	40%

	Hydrodynamic Score
	57
	
	40%


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	50
	Changes in the State of the mouth, i.e. decrease in State 3: Open, with seawater intrusion and the increase in State 1: Closed, changed the temporal frequency of salinity regimes. 
	40%

	2a. Nitrate and phosphate concentration in the estuary
	50
	Agricultural runoff and waste discharges resulted in elevated nutrient input.
	40%

	2b. Suspended solids present in inflowing freshwater
	25
	Erosion in the catchment and sand winning in the upper reaches increase silt and turbidity in the estuary, particularly the upper reaches.
	40%

	2c. Dissolved oxygen in estuary
	60
	Low dissolved oxygen is characteristic of bottom waters in the estuary during the closed state (probably also the semi-closed state) due to an increase in stagnant conditions.  With an increase in closed mouth conditions in the Present State compared to Reference condition, lower DO may occur more often. Organic loading from treatment works may also have an influence by increasing oxygen demand in the estuary, particularly in the upper reaches.
	60%

	2d. Levels of toxins
	60
	In studies on trace metals and other organic toxins in fish, trace metals were detected but not considered to be a concern.  Dieldrin was detected in fish. 
	40%

	Water quality score
	25
	
	40%


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1a. Percentage similarity in inter-tidal area exposed
	40
	Decrease in the open states during summer resulted in a change in the character of the inter-tidal area during that time.  Reed areas were lost due to embankment development.  Bridge construction interfered with the inter-tidal area. Inter-tidal areas lost at mouth due to recreational facility.  It was estimated at the workshop that about 90% of the change in inter-tidal area was related to anthropogenic influences other than modification in flow, e.g. embankment development, bridge construction and recreational facilities.
	40%

	1b. 
Percentage similarity in sand fraction relative to total sand and mud of the inter-tidal area 
	60
	As a result of the Hazelmere dam removing some of the sand fraction from catchment-derived sediment and as a result of sand mining, the sand fraction in the estuary has probably been reduced.  Sediment samples collected from the estuary during recent field surveys were muddy, particularly in the upper and middle reaches.
	40%

	2. Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	70
	The embankment primarily caused changes to the sub-tidal area.  Similar to the inter-tidal changes, 90% of changes in sub-tidal area was attributed to anthropogenic influences other than modification in flow 
	60%

	Physical habitat alteration score
	60
	
	40%


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.   Species richness
	50
	Diatoms diversity low in terms of what you expect in sub-tropical systems.  Could be due to a reduction in saline input and less input from the near-shore components because of prolonged closed periods in summer. Mouth manipulation (i.e. artificial breaching) practices result in more regular draining of the estuary that interferes with primary production cycles.  For optimum production longer residence time is required, as would be achieved with a closed or semi-closed state. 
	60%

	b. Abundance
	75
	Mouth manipulation and increased silt inputs to the estuary (reducing light availability) contributed largely to the reduction in abundance. 
	40%

	c. Community composition
	50
	Prolonged low N (due to increase in closed mouth phase), may result in a switch to smaller size classes, i.e. larger contribution of nano-flagellates.
	40%

	Micro algae score
	50
	
	40%


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.   Species richness
	50
	Floodplain utilization and engineering structures are expected to have had a fair effect on species diversity through limiting of habitats. 
	60%

	b. Abundance
	60
	An extensive reed swamp community has been lost on the south bank upstream of the national road. 
	60%

	c. Community composition
	50
	Mainly changed as a result of the loss of backwater and refuge area where freshwater dominated plant communities have been lost.
	40%

	Macrophyte score
	50
	
	40%


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.   Species richness
	65
	Reduction of habitat size is well known to reduce overall numbers of individuals as well as cause loss of rarer species.  
	60%

	b. Abundance
	60
	Under Reference Conditions there was a greater extent of environment and more stable habitat.
	40%

	c. Community composition
	80
	Same as above.
	40%

	Invertebrate score
	60
	
	40%


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.   Species richness
	35
	From similar estuaries in the subtropical region, a richness of over 19 species is expected under natural conditions; between 12 and 19 species is considered ‘moderate’.  Fish species richness in the Mdloti is ‘poor’, generally below 10.  A major contributing factor is mouth manipulations, particularly during April to September.  Because of its perched nature, the estuary drains almost completely resulting in a loss of habitat (i.e. less water column)
	60%

	b. Abundance
	40
	More evenness under Reference Conditions.  Similar estuaries in the region are expected to have over 7 species comprising 90% of the abundance.  Disturbed communities have a high dominance with few taxa comprising most of the abundance/biomass.
	60%

	c. Community composition
	65
	The fish assemblage in the Mdloti estuary (in October 1998) was 64% similar to a reference assemblage derived from similar estuaries in the subtropical region.  This was considered ‘poor’.
	60%

	Fish score
	35
	
	60%


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.   Species richness
	65
	Loss of habitat, reduced food supply as well as greater levels of human activity and associated disturbance.
	60%

	b. Abundance
	40
	Same as above
	40%

	c. Community composition
	70
	Same as above
	40%

	Bird score
	40
	
	40%


The individual scores for each of the above components are incorporated into a Habitat health score and Biological health score.  This allows for the determination of the Estuarine Health Score:
	VARIABLE
	SCORE
	WEIGHT

	Hydrology
	58
	25

	Hydrodynamics and mouth condition
	57
	25

	Water quality
	35
	25

	Physical habitat alteration
	60
	25

	HABITAT HEALTH SCORE
	52.5
	50

	Microalgae
	50
	20

	Macrophytes
	50
	20

	Invertebrates
	60
	20

	Fish 
	35
	20

	Birds
	40
	20

	BIOLOGICAL HEALTH SCORE
	47
	50

	ESTUARINE HEALTH INDEX (EHI) SCORE
	50
	


No provision is made at present for measurement of changes in the health of the adjacent marine environment as a result of changes in the freshwater inputs to estuaries.  However, as there is no separate provision in the current RDM process, it is important to take this aspect into account as an extended measure of estuarine health.  The significance of the estuarine influence on the marine environment differs greatly between estuaries, and can be very high in some cases.  In the absence of data collection, the change in health in the affected marine environment is given a score on the basis of professional opinion of a change in productivity.  

The marine and estuarine health scores together form the extended estuarine health score, to be utilised until such time as the marine environment is dealt with in a more satisfactory way in the RDM process.  This is the only case in which the weighting of the two components of the score is determined in the workshop.  The weighting is to be determined on the basis of the relative importance of the estuary and affected marine systems in terms of their productivity.  This is scored in terms of percentage similarity to the reference condition:

	
	SCORE
	WEIGHT (DETERMINED AT WORKSHOP)

	Estuarine health score 
	50
	90

	Marine health score
	70*
	10

	EXTENDED ESTUARINE HEALTH SCORE (weighted mean)
	52
	


*
Motivation:  Runoff reduced by 30%, therefore still assume 70% similarity

The EHI score determined for the Mloti Estuary, based on its Present State, is 52 translating into a Present Status Category of D (Confidence low, i.e. < 40%)

	EHI Score
	PRESENT STATUS CATEGORY
	GENERAL DESCRIPTION 

	91 – 100
	A
	Unmodified, natural

	76 – 90
	B
	Largely natural with few modifications

	61 – 75
	C
	Moderately modified

	41 – 60
	D
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Determination of the Ecological Importance of the Mdloti  Estuary (Step 4b)
Ecological 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  in Appendix E4 of the Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (www-dwaf.pwv.gov.za/idwaf/Documents).

For this study, the Ecological importance determination of the Mdloti Estuary was obtained from the Estuarine Prioritisation for RDM project (Turpie et al., 2000, report submitted to Social & Ecological Services, DWAF, Pretoria).
The Estuarine Importance Index scores allocated to the Mdloti Estuary, based on its Present State, were as follows: 

	VARIABLE
	SCORE
	WEIGHT

	Estuary size
	80
	15

	Zonal type rarity
	10
	10

	Habitat diversity
	90
	25

	Biodiversity importance
	63.5
	25

	Functional Importance*
	60
	25

	ESTUARINE IMPORTANCE SCORE
	66.4
	


Functional Importance was determined at the workshop as follows:

	SUB-COMPONENT
	SCORE

	Input of detritus and nutrients to coastal zone
	40

	Nursery function for marine-living fish and crustaceans
	60

	Movement corridor for river invertebrates (and fish) breeding in  sea
	60

	Roosing area for marine birds
	60

	Functional Importance score*
	60


The Estuarine Importance Score for the Mdloti Estuary, based on its Present State, is 66 indicating that the estuary is important:
	IMPORTANCE SCORE
	DESCRIPTION

	80 – 100
	Highly important

	60 – 80
	Important

	0 – 60
	Of low to average importance


	Step 5

Determination of the

Ecological Reserve Category




The Ecological Reserve Category (ERC) represents the level of protection assigned to an estuary.  For the Rapid Determination of the RDM in estuaries the first step is to determine the ‘minimum’ ERC of an estuary, based on its Present Status Category.   The relationship between EHI Score, Present Status Category and ERC is as follows:

	EHI Score
	PRESENT STATUS CATEGORIES 
	ECOLOGICAL

 RESERVE CATEGORY

	91 – 100
	A
	A

	76 – 90
	B
	B

	61 – 75
	C
	C

	41 – 60
	D
	D

	21 – 40
	E
	Improve to at least a ERC D

	0 – 20
	F
	Improve to at least a ERC D


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

The minimum ERC that could be allocated to an estuary, based on its Present Status Category can, be elevated depending on:

· Importance of the estuary (determined in Step 4b 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 degree to which the minimum ERC (as derived from the Present Status Category) needs to be set at a higher level compared to the Present Status Category, is dependent on the level of importance, level of protection or desired protection and the best attainable state.  The rules for allocation of the ERC are as follows:
	CURRENT/DESIRED PROTECTION STATUS AND ESTUARINE IMPORTANCE 
	ECOLOGICAL RESERVE CATEGORY

	Protected Area
	A or BAS (Best Attainable State)

	Desired Protected Area (based on complementarity)
	A or BAS

	Highly Important 
	PES + 1, min B, or BAS

	Important 
	PES + 1, min C, or BAS

	Of low to average importance
	PES, min D


According to the rules, the recommended ERC for the Mdloti Estuary is Category C, i.e. ‘Present Status Category of a D +1’ (this is also the minimum Category recommended for an ‘Important’ estuary)

	Step 6

Determination of 

Reserve for Water Quantity




Step 6a:  Determination of the Reserve for Water Quantity (Step 6)

To derive the water quantity component of the Reserve, realistic future river run-off scenarios, together with data for present state and reference conditions, are used to estimate the extent to which the occurrence and duration of typical abiotic states within an estuary are likely to change with changes in river run-off.  In turn, changes in abiotic characteristics are then evaluated in terms of their biological significance.  Results from these evaluations are then used to select an acceptable scenario, defined as the future 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 to keep it in the desired ERC.

The recommended ERC for the Mdloti was set at a Class C.  However, the Present Status of the estuary is equivalent to a Class D.  

To estimate a Reserve for Water quantity for a Class C estuary, three scenarios were considered, i.e.:

· Present flow scenario, but mouth manipulation practices meeting ecological requirements, e.g. no artificial breaching taking place between April and September. (Motivation:  To assess the extent to which mouth manipulation practices affect the health of the estuary under the Present State)

· Present flow scenario, plus an additional constant flow of 0.4 m3/s. (Motivation:  To provide a means of assessing the potential influence of capping flows – this scenario accommodates the 20-year projection of Durban Metro for discharges from the sewerage works to the estuary)

· Reference flow scenario, (i.e. 100% of natural MAR), but other anthropogenic influences, i.e. embankment development, human disturbance of birds, increased silt and nutrient loading from the catchment still present.  It is also assumed that mouth manipulation will no longer occur, assuming that the mouth will not close regularly under the reference flow scenario. (Motivation:  Establish the influence of anthropogenic influences, other than flow, on the Present State of the estuary).

Present Flow Scenario, with improved mouth manipulation

a.
Brief Description of Abiotic Conditions


River inflow characteristics will be similar to that described for the Present State (Table 1).  Duration curve data will also be similar to that of the Present State (see Step 3a).  The estimated occurrence and duration of the different Abiotic states for normal flow periods (represented by median monthly flows) and drought periods (as represented by the 10%ile flows) will also be similar to the Present state, i.e.:

	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Median
	2
	2
	2
	2
	2
	2
	2
	1
	1
	1
	2
	2

	10%ile
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Note: States 3 and 4 would occur occasionally, but normally only for a few days to a few weeks at a time.

This scenario, however, differs from the Present State in that is assumes that mouth manipulation will be managed to meet ecological requirements.  This, for example, requires that artificial breaching of the mouth does not occur between April and September.


It is assumed that all the other anthropogenic influences affecting the health of the estuary will still be present, i.e. the embankment development, increased silt and inorganic nutrient inputs from the catchment (agricultural activities), as well as human disturbances particularly relating to the birds.

b.
EHI Score for the Present Flow Scenario, with improved mouth manipulation

Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	58
	Same as Present State
	40%

	b. % similarity in mean annual frequency of floods
	-
	No data
	-

	Hydrology score
	58
	
	40%


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	57
	Same as Present State
	40%

	Hydrodynamic Score
	57
	
	40%


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	50
	Same as Present State
	40%

	2a.Nitrate and phosphate concentration in the estuary
	50
	Same as Present State
	40%

	2b.Suspended solids in present in inflowing freshwater
	25
	Same as Present State
	40%

	2c.Dissolved oxygen in inflowing freshwater
	60
	Same as Present State
	60%

	2d. Levels of toxins
	60
	Same as Present State
	40%

	Water quality score
	35
	
	40%


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1a. Percentage similarity in inter-tidal area exposed
	40
	Same as Present State
	40%

	1b. 
Percentage similarity in sand fraction relative to total sand and mud of the inter-tidal area 
	60
	Same as Present State
	40%

	2. Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	70
	Same as Present State
	60%

	Physical habitat alteration score
	60
	
	40%


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	70
	Without artificial breaching and the associated flushing effect, the species richness similarity will increase from 50 in the Present State to 70, the Abundance score will increase from 75 to 85 and Community Composition from 50 to 65.
	40%

	b. Abundance
	85
	
	60%

	c. Community composition
	65
	
	40%

	Microalgae score
	65
	
	40%


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	50
	Same as the Present State.  Artificial breaching does not have a major impact on the macrophytes.  It is the cut off by the north embankment and loss of south bank habitats also due to development that has resulted in the loss of the largest area of macrophytes.
	40%

	b. Abundance
	60
	
	60%

	c.Community composition
	50
	
	40%

	Macrophyte score
	50
	
	40%


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	75
	Without artificial breaching, and the associated draining and flushing effects, the similarity in species richness will increase from 60 to 75 and abundance from 65 to 70.  
	60%

	b. Abundance
	70
	
	60%

	c. Community composition
	80
	Same as Present State
	40%

	Invertebrate score
	70
	
	60%


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	65
	No artificial breaching between April and Sept will increase similarity in species richness from 35 in the Present State to 65, abundance from 40 to 60 and community composition from 65 to 70.  
	80%

	b. Abundance
	60
	
	80%

	c. Community composition
	70
	
	80%

	Fish score
	60
	
	80%


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	65
	Same as Present State
	60%

	b. Abundance
	60
	Without artificial breaching, similarity in abundance will increase from 40 in the Present State to 60.
	60%

	c. Community composition
	70
	Same as Present State
	40%

	Bird score
	60
	
	60%


Present Flow Scenario, plus additional constant flow of 0.4 m3/s
a.
Brief Description of Abiotic Conditions

A first estimate of the possible capping flow for the Mdloti Estuary can be made based on the assumption that flows should not exceed the reference condition flows that used to enter the estuary. The difference between the simulated median monthly flows of the present state and reference condition are listed below:

	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Reference Condition
	1.85
	2.67
	2.38
	1.80
	1.19
	0.91
	0.66
	0.69
	0.96
	1.15
	1.74
	1.82

	Present State
	0.85
	1.77
	1.55
	0.90
	0.68
	0.47
	0.25
	0.00
	0.00
	0.00
	0.50
	0.73

	Difference
	1.00
	0.90
	0.83
	0.90
	0.51
	0.43
	0.41
	0.69
	0.96
	1.15
	1.24
	1.09


A conservative estimate for a constant capping flow, therefore, would be equivalent (or smaller) than the smallest difference between the Reference Condition and the Present State, in this case 0.41 m3/s.  (It should be noted that the average flows for the Reference Condition and the Present State are higher than the median flows. The long-term average flow for the Reference Condition is 3.13 m3/s, corresponding to a MAR of 98.7 x 106 m3 and for the Present State it is 2.29 m3/s, corresponding to an MAR of 72.3 x 106 m3).

The 20-year projection of Durban Metro for discharges from the sewerage works into the Mdloti Estuary, i.e. 25Ml/day indicating an average flow of 0.29 m3/s could be accommodated within this scenario in terms of water quantity.  This does not include the influence that changes in water quality, as a result of the discharge, may have on estuarine health.

Monthly-simulated runoff data for this Scenario, taken over a 71-year period (1925 to 1995), therefore were obtained by adding a constant capping flow of 0.4 m3/s to the Present State data set (Table 3).  This scenario is equivalent to a long-term average flow of 2.69 m3/s and a MAR of 84.9 x 106 m3, i.e. 86% of the natural MAR.

Table 3.
Simulated monthly flows (m3/s) for the Present Flow Scenario, plus additional constant flow of 0.4 m3/s 

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

	1925
	0.40
	0.49
	0.70
	0.40
	0.40
	0.84
	0.82
	0.55
	0.61
	0.61
	0.40
	0.40
	0.52

	1926
	0.47
	1.65
	1.15
	0.62
	5.12
	21.31
	7.60
	0.84
	0.55
	0.45
	0.40
	0.40
	0.73

	1927
	0.40
	0.40
	0.40
	5.03
	3.15
	1.21
	0.77
	0.68
	0.50
	0.40
	0.40
	0.40
	0.45

	1928
	0.40
	0.40
	0.40
	0.40
	0.40
	5.84
	2.67
	0.82
	2.85
	3.47
	1.53
	2.96
	1.17

	1929
	9.61
	5.72
	1.36
	5.18
	2.30
	0.52
	0.59
	0.74
	0.61
	0.52
	0.82
	0.79
	0.81

	1930
	0.77
	1.16
	1.17
	1.30
	1.14
	0.77
	0.62
	0.61
	0.45
	0.59
	0.40
	0.40
	0.69

	1931
	0.40
	0.40
	0.40
	0.40
	18.23
	18.09
	5.26
	1.71
	1.53
	0.95
	0.40
	0.40
	0.68

	1932
	0.40
	0.40
	1.24
	1.51
	1.03
	0.62
	0.48
	0.63
	0.54
	0.52
	0.40
	0.40
	0.53

	1933
	0.40
	0.40
	3.45
	3.65
	2.17
	1.68
	3.78
	2.62
	1.49
	1.11
	0.83
	0.40
	1.58

	1934
	0.40
	0.40
	7.21
	3.61
	1.77
	3.15
	1.67
	5.18
	27.36
	9.80
	1.14
	0.40
	2.46

	1935
	0.40
	0.40
	0.40
	0.40
	11.05
	13.21
	3.96
	5.65
	3.30
	1.44
	0.53
	0.40
	0.98

	1936
	0.40
	18.14
	6.68
	0.76
	4.88
	2.06
	2.07
	1.13
	0.61
	0.56
	0.40
	0.40
	0.94

	1937
	0.40
	0.40
	6.07
	3.58
	3.69
	1.53
	2.93
	1.96
	1.18
	1.50
	0.95
	0.40
	1.51

	1938
	0.40
	5.52
	6.35
	2.31
	9.79
	7.87
	2.83
	1.91
	1.56
	1.20
	0.68
	2.17
	2.24

	1939
	1.52
	6.06
	4.86
	1.55
	0.50
	0.40
	0.40
	13.96
	10.13
	2.96
	0.71
	0.40
	1.54

	1940
	0.40
	16.11
	11.72
	2.75
	0.45
	0.40
	0.72
	0.93
	0.64
	0.43
	0.40
	0.40
	0.54

	1941
	0.40
	0.40
	0.40
	0.40
	0.40
	1.27
	2.41
	1.42
	1.01
	0.73
	0.40
	0.40
	0.40

	1942
	0.40
	5.55
	19.76
	6.46
	2.63
	8.17
	21.00
	8.84
	2.51
	4.80
	7.62
	2.85
	6.01

	1943
	11.80
	11.24
	3.08
	0.47
	0.77
	5.48
	2.71
	0.91
	0.74
	0.69
	0.40
	4.19
	1.81

	1944
	2.53
	1.45
	0.42
	0.40
	0.40
	13.50
	5.38
	1.01
	0.83
	0.54
	0.40
	0.40
	0.68

	1945
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	1.10
	2.17
	1.07
	0.60
	0.40
	0.40
	0.40

	1946
	0.40
	0.40
	0.40
	0.40
	10.32
	4.64
	1.79
	1.43
	1.39
	1.32
	0.93
	0.53
	1.12

	1947
	0.40
	6.65
	3.06
	4.47
	11.84
	10.92
	3.90
	1.26
	0.72
	0.41
	0.40
	0.40
	2.16

	1948
	0.40
	0.44
	0.40
	0.58
	2.35
	1.91
	2.03
	1.70
	1.11
	0.68
	0.40
	0.40
	0.63

	1949
	0.40
	9.12
	11.20
	3.73
	1.21
	1.95
	1.27
	0.99
	0.84
	0.60
	0.44
	0.40
	1.10

	1950
	0.40
	0.40
	0.40
	0.40
	0.40
	0.96
	1.30
	0.90
	0.60
	0.43
	1.76
	1.86
	0.51

	1951
	3.08
	1.56
	1.13
	8.90
	3.91
	0.67
	0.80
	1.15
	0.97
	0.69
	0.40
	0.40
	1.05

	1952
	0.40
	0.40
	0.40
	24.36
	17.89
	3.31
	0.51
	0.43
	0.40
	0.40
	0.40
	0.40
	0.40

	1953
	0.40
	0.40
	2.33
	1.66
	6.18
	2.90
	1.08
	0.98
	0.88
	0.69
	0.40
	0.40
	0.93

	1954
	22.12
	11.52
	1.60
	5.25
	2.74
	2.59
	2.15
	1.50
	1.03
	0.64
	0.40
	0.40
	1.87

	1955
	0.40
	0.40
	0.74
	0.40
	1.66
	10.31
	4.54
	1.36
	0.97
	0.62
	0.40
	0.40
	0.68

	1956
	0.40
	0.40
	20.62
	7.77
	2.30
	1.67
	13.90
	5.56
	1.01
	0.61
	0.40
	0.40
	1.34

	1957
	7.88
	5.50
	1.62
	12.21
	16.99
	5.76
	12.24
	4.99
	1.13
	0.65
	0.40
	0.40
	5.24

	1958
	0.40
	3.92
	2.74
	1.21
	0.94
	0.45
	0.40
	3.61
	2.54
	1.11
	0.67
	0.40
	1.03

	1959
	0.64
	0.99
	0.68
	0.47
	0.62
	0.90
	1.23
	1.22
	0.83
	0.51
	0.40
	0.40
	0.66

	1960
	0.40
	0.51
	7.12
	7.38
	2.77
	0.87
	19.24
	7.41
	2.06
	1.46
	0.59
	0.40
	1.76

	1961
	0.40
	0.65
	0.40
	0.40
	0.40
	0.40
	0.54
	0.72
	0.52
	0.40
	0.40
	0.40
	0.40

	1962
	0.40
	10.56
	4.14
	5.50
	2.74
	5.35
	2.86
	1.12
	0.94
	1.97
	1.48
	0.52
	2.36

	1963
	0.40
	0.40
	0.40
	12.73
	6.51
	1.09
	0.78
	0.87
	0.78
	0.71
	0.40
	0.40
	0.74

	1964
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	3.81
	3.26
	2.25
	1.69
	0.40

	1965
	1.34
	1.50
	1.00
	1.25
	1.11
	0.40
	0.40
	0.40
	0.91
	0.78
	0.40
	0.40
	0.84

	1966
	0.40
	0.40
	0.43
	5.37
	3.20
	8.83
	4.95
	1.81
	1.04
	0.74
	0.40
	0.40
	0.89

	1967
	0.40
	1.04
	0.40
	2.78
	2.07
	1.99
	1.11
	0.61
	0.44
	0.40
	0.40
	0.48
	0.55

	1968
	0.75
	0.90
	0.56
	0.40
	0.40
	11.53
	5.36
	4.43
	2.71
	1.31
	0.52
	0.40
	0.82

	1969
	4.97
	5.20
	3.21
	1.58
	0.73
	0.40
	0.40
	0.40
	0.62
	1.05
	0.46
	0.53
	0.68

	1970
	6.43
	3.37
	1.70
	1.08
	4.42
	12.36
	5.07
	5.48
	3.18
	2.48
	7.71
	3.58
	4.00

	1971
	0.96
	0.57
	0.40
	0.40
	6.12
	2.79
	1.00
	2.94
	2.90
	1.85
	0.78
	0.40
	0.98

	1972
	0.40
	0.40
	0.40
	0.40
	0.40
	1.03
	0.93
	0.76
	0.51
	0.40
	0.40
	6.51
	0.40

	1973
	3.21
	4.48
	2.00
	1.11
	10.78
	5.28
	1.82
	1.89
	1.63
	1.08
	0.40
	0.40
	1.86

	1974
	0.40
	0.40
	0.40
	5.96
	7.95
	2.29
	0.73
	0.84
	0.68
	0.45
	0.40
	0.48
	0.58

	1975
	0.97
	0.80
	1.13
	6.68
	9.29
	27.22
	16.83
	3.97
	1.19
	0.76
	0.43
	0.40
	1.16

	1976
	2.30
	1.77
	0.69
	2.99
	20.86
	7.16
	0.96
	0.65
	0.49
	0.40
	0.40
	0.40
	0.82

	1977
	0.40
	0.58
	0.40
	0.48
	0.87
	10.87
	5.03
	1.42
	0.87
	0.65
	0.40
	0.40
	0.62

	1978
	0.40
	7.63
	3.19
	0.53
	0.40
	0.40
	0.40
	0.56
	0.83
	0.65
	0.43
	0.40
	0.48

	1979
	1.40
	1.12
	0.47
	0.42
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	16.75
	0.40

	1980
	6.94
	3.30
	4.42
	23.47
	10.31
	1.12
	0.40
	0.45
	0.85
	0.72
	2.20
	2.67
	2.43

	1981
	1.48
	6.82
	2.79
	2.14
	1.49
	1.06
	1.01
	0.94
	0.71
	0.48
	0.40
	0.40
	1.04

	1982
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.43
	0.40
	0.40
	0.40

	1983
	0.40
	5.97
	6.97
	30.16
	20.51
	4.61
	5.96
	3.23
	1.59
	2.23
	1.57
	1.46
	3.92

	1984
	0.90
	0.69
	0.40
	0.40
	39.88
	12.82
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	1985
	7.39
	4.43
	0.90
	1.24
	0.94
	1.34
	1.29
	0.90
	0.64
	0.49
	0.40
	0.40
	0.92

	1986
	0.40
	0.40
	0.40
	0.40
	1.13
	1.93
	1.38
	4.94
	3.70
	1.97
	1.42
	68.53
	1.40

	1987
	23.19
	2.64
	1.17
	0.40
	20.98
	31.39
	9.44
	6.85
	3.60
	1.45
	1.04
	0.51
	3.12

	1988
	0.40
	0.40
	2.35
	1.26
	17.99
	6.04
	0.80
	0.89
	0.66
	0.50
	0.40
	0.40
	0.73

	1989
	0.40
	21.19
	8.47
	0.90
	0.74
	5.06
	2.70
	1.08
	0.69
	0.44
	0.45
	0.40
	0.82

	1990
	0.48
	1.07
	3.50
	2.01
	9.89
	7.67
	2.38
	1.11
	1.16
	0.97
	0.40
	0.63
	1.13

	1991
	1.38
	3.14
	1.12
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	1992
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.44
	0.42
	0.40
	0.40
	0.40

	1993
	4.11
	4.05
	10.30
	4.36
	0.77
	2.58
	1.46
	0.62
	0.45
	0.55
	0.40
	0.40
	1.12

	1994
	0.40
	0.41
	0.40
	0.40
	0.40
	1.27
	3.89
	1.71
	1.57
	1.88
	0.80
	0.40
	0.61

	1995
	0.40
	0.40
	26.68
	14.26
	4.37
	1.73
	0.86
	0.68
	0.50
	3.39
	1.96
	0.44
	1.29

	Median
	0.40
	0.90
	1.13
	1.25
	2.17
	1.95
	1.30
	1.08
	0.87
	0.65
	0.40
	0.40
	0.99

	Average
	2.06
	3.06
	3.16
	3.57
	5.10
	4.76
	3.09
	2.02
	1.67
	1.14
	0.84
	1.97
	2.69

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Closed
	< 0.3
	Semi-closed
	0.3-2.0
	Open (Estuarine)
	2.0-5.0
	Open (Fluvial)
	> 5.0
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	< 0.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0.3-2.0
	57
	46
	45
	42
	34
	37
	41
	54
	58
	63
	67
	62
	606

	2.0-5.0
	6
	8
	13
	12
	16
	10
	17
	9
	11
	7
	2
	6
	117

	> 5.0
	8
	17
	13
	17
	21
	24
	13
	8
	2
	1
	2
	3
	129


Estimated duration curve data (mean monthly flows in m3/s) for this Scenario are as follows:

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	6.43
	1.52
	0.90
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Nov
	7.63
	5.52
	3.37
	1.50
	0.90
	0.49
	0.40
	0.40
	0.40
	0.40

	Dec
	7.21
	4.42
	3.06
	1.62
	1.13
	0.69
	0.40
	0.40
	0.40
	0.40

	Jan
	7.77
	5.25
	3.61
	2.01
	1.25
	0.62
	0.40
	0.40
	0.40
	0.40

	Feb
	16.99
	9.79
	4.88
	2.77
	2.17
	1.13
	0.77
	0.40
	0.40
	0.40

	Mar
	12.36
	7.87
	5.35
	2.90
	1.95
	1.34
	1.03
	0.62
	0.40
	0.40

	Apr
	5.96
	4.54
	2.83
	2.07
	1.30
	1.01
	0.80
	0.54
	0.40
	0.40

	May
	5.18
	2.94
	1.71
	1.36
	1.08
	0.90
	0.76
	0.62
	0.40
	0.40

	Jun
	2.90
	1.59
	1.18
	1.01
	0.87
	0.74
	0.64
	0.54
	0.45
	0.40

	Jul
	2.23
	1.45
	1.08
	0.73
	0.65
	0.60
	0.52
	0.44
	0.40
	0.40

	Aug
	1.53
	0.83
	0.59
	0.43
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Sep
	2.67
	0.53
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40


The estimated occurrence and duration of the different Abiotic states for normal flow periods (represented by median monthly flows) and drought periods (as represented by the 10%ile flows) under this Scenario are as follows:

	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Median
	2
	3
	2
	2
	3
	2
	2
	2
	2
	2
	2
	2

	10%ile
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2


Note: States 3 and 4 would occur occasionally, but normally only for a few days to a few weeks at a time.

Because mouth closure (i.e. State 1:  Closed mouth) is no longer dominant under this scenario, it is assumed that current mouth manipulation practises, and the associated influence on estuarine health, will no longer be an issue. 


It is assumed that all the other anthropogenic influences affecting the health of the estuary will still be present, i.e. the embankment development, increased silt and inorganic nutrient inputs from the catchment (agricultural activities), as well as human disturbances particularly relating to the birds.
b.
EHI Score for the Present Flow Scenario, with additional constant capping flow of 0.4 m3/s

Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similiarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	92
	Loose state 3 in March, translates into changes of state, 1 month out of 12 months.
	40%

	b. % similarity in mean annual frequency of floods
	-
	No data
	-

	Hydrology score
	92
	
	40%


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	98
	Under the reference condition the mouth could have closed 2.5% over the 71 year simulation (Table 2), while under this scenario it is not likely closed (refer to Table 3) 
	40%

	Hydrodynamic Score
	98
	
	40%


Water quality 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	90
	Should be similar to the Reference Condition, except during March when the mouth will now be semi-closed instead of open. 
	60%

	2a. Nitrate and phosphate concentration in the estuary
	50
	Same as Present State.  Score is mainly related to agricultural and sewerage inputs that will still occur under this scenario.
	60%

	2b.Suspended solids in present in inflowing freshwater
	25
	Same as Present State. Score is mainly related to agricultural practices and sand winning that will still occur under this scenario.
	60%

	2c.Dissolved oxygen in inflowing freshwater
	80
	Will be more similar to the Reference condition, since the mouth will be open again in February.
	60%

	2d. Levels of toxins
	60
	Same as Present State.  Toxins may still enter the system as a result of change in land-use from reference condition
	60%

	Water quality score
	51
	
	60%


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1a. Percentage similarity in inter-tidal area exposed
	40
	Similar to Present State, as more than 90% of present change is not attributed to flow modification.
	40%

	1b. 
Percentage similarity in sand fraction relative to total sand and mud of the inter-tidal area 
	60
	Same as Present State
	40%

	2. Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	70
	Same as Present State
	60%

	Physical habitat alteration score
	60
	
	40%


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	85
	Artificial breaching has a major impact on the microalgae in the estuary.  Under this scenario it is unlikely that the mouth would close, thus no mouth manipulation will be required. ‘Dissimilarity’ is mainly attributed to changes in nutrient inputs and silt loading.
	60%

	b. Abundance
	95
	
	60%

	c. Community composition
	80
	
	60%

	Micro algae score
	80
	
	60%


Macrophytes 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	50
	Same as Present State.  Change in macrophytes are mainly the result of the embankment development not changes in flow.
	40%

	b. Abundance
	60
	
	60%

	c. Community composition
	50
	
	40%

	Macrophyte score
	50
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	90
	The closed state is unlikely to occur under this scenario, thus mouth manipulation will no longer occur.  ‘Dissimilarity is mainly attributed to loss in habitat as a result of bank developments, bridge and causeway construction.
	60%

	b. Abundance
	85
	
	60%

	c. Community composition
	90
	
	60%

	Invertebrate score
	85
	
	60%


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	80
	The closed state is unlikely to occur under this scenario, thus mouth manipulation will no longer occur.  ‘Dissimilarity’ attributed to habitat loss due to bank developments. 
	80%

	b. Abundance
	80
	
	80%

	c. Community composition
	80
	
	80%

	Fish score
	80
	
	80%


Birds 
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	65
	Although artificial breaching will no longer be an issue, bridge, road and causeway construction remain as causes of loss of habitat and human activities and disturbances will still occur.
	60%

	b. Abundance
	60
	
	60%

	c. Community composition
	70
	
	60%

	Bird score
	60
	
	60%


Reference Flow Scenario, but with other anthropogenic influences intact

a. Brief Description of Abiotic Conditions

River inflow characteristics will be similar to that described for the Reference condition (Table 2).  The estimated occurrence and duration of the different Abiotic states for normal flow periods (represented by median monthly flows) and drought periods (as represented by the 10%ile flows) will also be similar to the Reference Conditions, i.e.:


	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec

	Median
	2
	3
	3
	2
	2
	2
	2
	2
	2
	2
	2
	2

	10%ile
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2


Note: State 4 would occur occasionally, but normally only for a few days to a few weeks at a time.

Because mouth closure (i.e. State 1:  Closed mouth) is no longer dominant under the Reference Scenario, it is assumed that current mouth manipulation practises, and the associated influence on estuarine health, will no longer be an issue. 


It is assumed that all the other anthropogenic influences affecting the health of the estuary will still be present, i.e. the embankment development, increased silt and inorganic nutrient inputs from the catchment (agricultural activities), as well as human disturbances particularly relating to the birds.
b.
EHI Score for the Reference Flow Scenario, but with other anthropogenic influences intact

Hydrology

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. % similarity in period of low flows OR Present MAR as a % of MAR in the reference condition
	100
	Will be similar to Reference Condition, i.e. 100.
	80%

	b. % similarity in mean annual frequency of floods
	-
	No data
	-

	Hydrology score
	100
	
	80%


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure, e.g. over a 5 or 10 year period
	100
	Same as Reference Condition, i.e. 100.
	80%

	Hydrodynamic Score
	100
	
	80%


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	100
	Same as Reference condition, i.e. 100.
	80%

	2a. Nitrate and phosphate concentration in the estuary
	50
	Same as present State.  Even if flows are back to natural, agricultural and sewerage inputs will still contribute nutrient loads, more than during reference condition.
	60%

	2b.Suspended solids in present in inflowing freshwater
	25
	Same as Present State . Even if flows are back to natural, erosion and agricultural practices will still contribute to higher silt loads, more than during reference.
	60%

	2c.Dissolved oxygen in inflowing freshwater
	100
	Changes in Present State were mainly a result of a reduction in the open phase, but under Reference flows these will return.
	60%

	2d. Levels of toxins
	60
	Same as Present State.  Even if flows are back to natural, toxins may still enter the system as a result of change in land-use from reference condition.
	60%

	Water quality score
	55
	
	60%


Physical habitat alteration

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1a. Percentage similarity in inter-tidal area exposed
	50
	For the Present State, 10% of change was attributed to modification in flow, i.e. change from open to semi-closed.  If flows are 100% the similarity should increase from 40 to 50.
	40%

	1b. 
Percentage similarity in sand fraction relative to total sand and mud of the inter-tidal area 
	60
	Same as Present State.
	40%

	2. Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	70
	Same as Present State.
	60%

	Physical habitat alteration score
	63
	
	40%


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	85
	Artificial breaching has a major impact on the microalgae in the estuary (see earlier Present State tables).  If flows return to reference flows, the closed state will not occur that often, thus artificial breaching will not be required.  The remaining ‘dissimilarity’ is attributed to increased inorganic N inputs and silt loading.
	60%

	b. Abundance
	95
	
	60%

	c. Community composition
	80
	
	60%

	Micro algae score
	80
	
	60%


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	50
	Same as Present State.  Changes in macrophytes are mainly the result of the embankment development not changes in flow.
	40%

	b. Abundance
	60
	
	60%

	c. Community composition
	50
	
	40%

	Macrophyte score
	50
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	90
	If flows return to reference flow, the occurrence and distribution of open/closed/semi-closed states will also return to the reference pattern.  Because the closed state will not occur that often, impacts associated with artificial breaching will also not be an issue.  Similarity in species richness should increase from 60 in the Present State to 90, Abundance from 60 to 85 and community composition 80 to 90.  ‘Dissimilarity’ is mainly attributed to loss in habitat as a result of bank developments.
	60%

	b. Abundance
	85
	
	60%

	c. Community composition
	90
	
	60%

	Invertebrate score
	85
	
	60%


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	80
	If flows return to reference flow, the occurrence and distribution of open/closed/semi-closed states will also return to the reference pattern.  Because the closed state will not occur that often, impacts associated with artificial breaching will also not be an issue.  Similarity in species richness should increase from 35 in the Present State to 80, Abundance from 40 to 80 and community composition 65 to 80.  ‘Dissimilarity’ is mainly attributed to loss in habitat as a result of bank developments.
	80%

	b. Abundance
	80
	
	80%

	c. Community composition
	80
	
	80%

	Fish score
	80
	
	80%


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Species richness
	65
	Although artificial breaching will no longer be an issue, some habitat loss is permanent and human activities and disturbances will still occur.
	60%

	b. Abundance
	60
	
	60%

	c. Community composition
	70
	
	60%

	Bird score
	60
	
	60%


The individual variable scores obtained for the different scenarios are as follows:
	VARIABLE
	WEIGHT
	Present State
	Present flow scenario, with improved mouth manipulation 
	Present flow scenario, plus 0.4m3/s constant flow 
	Reference flow scenario, but other anthropogenic influences

	Hydrology
	25
	58
	58
	92
	100

	Hydrodynamics
	25
	57
	57
	98
	100

	Water quality
	25
	35
	35
	51
	55

	Physical habitat alterations
	25
	60
	60
	60
	63

	Habitat Score
	50
	53
	53
	75
	79

	Microalgae
	20
	50
	65
	80
	80

	Macrophytes
	20
	50
	50
	50
	50

	Invertebrates
	20
	60
	70
	85
	85

	Fish 
	20
	35
	60
	80
	80

	Birds
	20
	40
	60
	60
	60

	Biological Score
	50
	47
	61
	71
	71

	
	
	
	
	
	

	Estuarine Health Score
	90
	50
	57
	73
	75

	Marine Health Score
	10
	70
	70
	70
	70

	
	
	
	
	
	

	EXTENDED EHI SCORE
	
	52
	58
	73
	75

	
	
	
	
	
	

	ECOLOGICAL RESERVE CATEGORY
	
	D
	D+
	C
	C/B


The above assessment suggests the following:

· Should mouth manipulation practices be improved to meet ecological requirements, e.g. no artificial breaching between April and September, the health of the estuary could be improved from a Category D to a high D, even under the Present Flow Scenario. However, this would not be entirely sufficient to take the estuary into a recommended ERC of C.

· Should the Present Flow Scenario be increased with a constant flow of 0.4m3/s, it should result in an estuarine health equivalent to that required for the recommended ERC, i.e. a Category C.  
· It is unlikely that the ERC of the estuary could be improved to a Category B, by only adjusting the flows. Even if all the runoff is returned to the estuary, anthropogenic influences (e.g. as bank developments, increased nutrient and silt loading and human disturbances) the estuary will still remain in a Category C/B, as indicated by the Reference flow scenario, but other anthropogenic influences.
· A brief assessment at the workshop concluded that if the mouth of the estuary were to close for only one month longer than is presently the case (i.e. flows of approximately 0.3 m3/s occurring in either March or October) then the estuary is likely to fall into a lower ERC of possibly an E.

Therefore, an estimated Reserve for Water Quantity for the Mdloti Estuary, based on a Rapid determination, is:

Category C (recommended ERC)

MAR of 84.9 x 106 m3 (i.e. 86 % of natural MAR), with the following distribution (low confidence, i.e. < 40%):

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	6.43
	1.52
	0.90
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Nov
	7.63
	5.52
	3.37
	1.50
	0.90
	0.49
	0.40
	0.40
	0.40
	0.40

	Dec
	7.21
	4.42
	3.06
	1.62
	1.13
	0.69
	0.40
	0.40
	0.40
	0.40

	Jan
	7.77
	5.25
	3.61
	2.01
	1.25
	0.62
	0.40
	0.40
	0.40
	0.40

	Feb
	16.99
	9.79
	4.88
	2.77
	2.17
	1.13
	0.77
	0.40
	0.40
	0.40

	Mar
	12.36
	7.87
	5.35
	2.90
	1.95
	1.34
	1.03
	0.62
	0.40
	0.40

	Apr
	5.96
	4.54
	2.83
	2.07
	1.30
	1.01
	0.80
	0.54
	0.40
	0.40

	May
	5.18
	2.94
	1.71
	1.36
	1.08
	0.90
	0.76
	0.62
	0.40
	0.40

	Jun
	2.90
	1.59
	1.18
	1.01
	0.87
	0.74
	0.64
	0.54
	0.45
	0.40

	Jul
	2.23
	1.45
	1.08
	0.73
	0.65
	0.60
	0.52
	0.44
	0.40
	0.40

	Aug
	1.53
	0.83
	0.59
	0.43
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	Sep
	2.67
	0.53
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40


Category D

MAR is 72.3 x 106 m3 (i.e. 73 % of natural MAR), with the following distribution (low confidence, i.e. < 40%):

	MONTH
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	99%

	Oct
	6.03
	1.12
	0.50
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Nov
	7.23
	5.12
	2.97
	1.10
	0.50
	0.09
	0.00
	0.00
	0.00
	0.00

	Dec
	6.81
	4.02
	2.66
	1.22
	0.73
	0.29
	0.00
	0.00
	0.00
	0.00

	Jan
	7.37
	4.85
	3.21
	1.61
	0.85
	0.22
	0.00
	0.00
	0.00
	0.00

	Feb
	16.59
	9.39
	4.48
	2.37
	1.77
	0.73
	0.37
	0.00
	0.00
	0.00

	Mar
	11.96
	7.47
	4.95
	2.50
	1.55
	0.94
	0.63
	0.22
	0.00
	0.00

	Apr
	5.56
	4.14
	2.43
	1.67
	0.90
	0.61
	0.40
	0.14
	0.00
	0.00

	May
	4.78
	2.54
	1.31
	0.96
	0.68
	0.50
	0.36
	0.22
	0.00
	0.00

	Jun
	2.50
	1.19
	0.78
	0.61
	0.47
	0.34
	0.24
	0.14
	0.05
	0.00

	Jul
	1.83
	1.05
	0.68
	0.33
	0.25
	0.20
	0.12
	0.04
	0.00
	0.00

	Aug
	1.13
	0.43
	0.19
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Sep
	2.27
	0.13
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Category B

It is unlikely that the ERC of the estuary could be improved to a Category B, by only adjusting the flows. Even if all the runoff is returned to the estuary it will probably remain in a Category C due to other anthropogenic influences such as bank developments, increased nutrient and silt loading and human disturbance associated with activities in the estuary.  
	Step 7

Future

Monitoring Programme




Monitoring Requirements (Step 7)

Future Monitoring Requirements can be sub-divided as follows:

· Additional monitoring surveys to improve the confidence to a level required by an Intermediate Determination of RDM for estuaries (available data for this study is listed in Appendix A).

· Additional monitoring surveys to meet the requirements of a Comprehensive determination of RDM 

· Long-term monitoring programmes to verify the validity of predictions made during the allocation of the Reserve and RQO (this will occur once the Reserve and RQO are being implemented).

For the Mdloti Estuary, the first step would be to obtain monitoring data that could improve the confidence of this Rapid determination of RDM of the Mdloti Estuary (i.e. towards an Intermediate RDM).  This would entail:

Abiotic components (listed in terms of priority):

· Continuous water level recorder should be installed near the mouth of the estuary.  This should be complimented by daily mouth observation to verify data for the semi-closed state. 

· Gauging station needs to be installed at the head of the estuary (for at least one year, but preferably on a continuous basis)

· Simulated monthly runoff data (at the head of the estuary) for Present State and Reference Condition needs to be refined (to refine the volume and distribution flows for the Reserve for Water Quantity, future runoff scenarios will have to generated as well)

· Longitudinal salinity and temperature profiles (in situ) should be taken to establish the relationship with river inflow (this monitoring will be undertaken as part of the WRC (Amazon) Project in 2002/2003)

· Water quality measurements (i.e. system variables and nutrients) taken along the length of the estuary (surface and bottom samples)  (this monitoring will undertaken as part of the WRC (Amazon) Project in 2002/2003)

· Long term water quality (e.g. system variables, nutrients and toxic substances) measurements should be collected for river inflow as well as effluent discharges into the estuary (monitoring of the river should be undertaken by the DWAF as part of the water quality monitoring network on rivers, while the effluent monitoring could be obtained form Durban Metro)

Biotic components

The biotic monitoring requirements for the Mdloti Estuary, listed below, will largely form part of the Water Research Commission (Amazon Project) in 2002/2003:

· Pelagic microalgae (Phytoplankton): Chlorophyll-a measurements and, possibly, identification of the dominant phytoplankton size-fractions (pico-, nano-, micro-) and/or taxonomic groups (diatoms, dinoflagellates, nanoflagellates and blue-green algae) need to be undertaken.  Monitoring should provide higher resolution between interface (i.e. semi-closed state) and river dominated states.  Data should be collected from 3 stations, just below the surface and just above the bottom 
· Benthic microalgae (Microphytobenthos): Intertidal and subtidal benthic chlorophyll-a measurements and, possibly, identification of the dominant diatom species.  Monitoring should provide higher resolution between interface (i.e. semi-closed) and river-dominated states.  Data should be collected from 3 stations.
· Microalgae:  Simultaneous measurements of flow rate, irradiance, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgal surveys.

· Invertebrates:  Sediment map of the estuary needs to be updated 

· Invertebrates:  Sediment samples should be collected from 3 sites for analysis of grain size and organic content.

· Invertebrates:  Water quality variables (salinity, temperature, pH, dissolved oxygen and turbidity) should be collected from the invertebrate sampling sites 
· Invertebrates:  Benthic samples should be collected from 3 representative sites (3 grabs each). Taxa should be identified to the lowest  possible level (genus or species) and densities (animal/m2) must also be determined.

·  Invertebrates:  Zooplankton samples must be collected at 3 stations during neap tide using both a sub surface WP2-net (90 micron) and  a hyperbenthic sledge.

· Fish:  Collect three sets with 30 m seine net samples (cast netting and gill netting may also be required) 

· Birds:  General bird counts should be conducted during the above sampling exercises
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	Appendix A

Summary of Data Availability for Rapid Determination of RDM 

for the Mdloti Estuary




TABLE A.1:
Data availability on hydrodynamics and water quality 

	REQUIRED DATA
	AVAILABILITY
	COMMENT

	Simulated monthly runoff data (at the head of the estuary) for Present State and Reference Condition over a 50 to 70 year period
	Yes
	The time series was to some extent considered unrealistic as releases are only made from Hazelmere to supply irrigation from the Tongaat weir when inflow downstream of the dam is insufficient.  Otherwise water is retained in the dam.  There are no flow gauges downstream of the dam to see what was released historically.  However, provision was made in allocating water (1986) for 5.2 million m3 to be released for nature conservation.  How and if this has been released or if irrigators used this water, I do not know (pers. com. J Hansford)

	Aerial photographs of estuary (earliest available year as well as most recent)
	Yes
	

	Measured river inflow data (gauging stations) at the head of the estuary over a 5-year period
	No
	Only flow data available at Hazelmere Dam, no indication of what is abstracted or discharged before it reaches the estuary.

	Continuous water level recordings near mouth of the estuary
	No
	None, previously requested but not installed.

	Longitudinal salinity and temperature profiles (in situ) taken on a spring high and low tide at (river flow data must be collected during these periods as well):

· end of low flow season (i.e. period of maximum seawater intrusion)

· peak of high flow season (i.e. period of maximum flushing by river water)
	Yes
	No field data was collected for this study under different flow conditions; however, limited ‘snapshot’ data are available from Begg (1978), CSIR, WBB.  Time series data from 1996-2001 were recorded by Ethekweni Water services.  Monthly data from 1979-1981 provided in Begg (1984), during 1980/81 in Blaber et al. (1984) and 1999/2000 in Mundree (2001) and Nozais et al. (2001).

	Water quality measurements (i.e. system variables and nutrients) taken along the length of the estuary (surface and bottom samples) on a spring high tide at:

· end of low flow season

· peak of high flow season 
	Yes
	Some data provided in Begg (1978), CSIR, WBB.  Occasional measurements over the period 1996-2001 recorded by Ethekweni Water services.  Nutrients, dissolved oxygen and turbidity were measured in November 1981 by Blaber et al. (1984).  Good monthly data of nutrient concentrations and underwater irradiance (PAR) during 1999/2000 provided in Mundree (2001) and Nozais et al. (2001).

	Measurements of organic content and toxic substances (e.g. trace metals and hydrocarbons) in sediments along length of the estuary 
	Limited
	Energy content of benthic floc was measured monthly during the 1980/1981 study of Blaber et al. 1984). Preliminary measurements of organic content (ash-free dry weight) were made in 2000 by Nozais (unpubl). Data are still being processed.

	Water quality (e.g. system variables, nutrients and toxic substances) measurements on river water entering at the head of the estuary
	Limited
	Nutrients, dissolved oxygen and turbidity were measured in the river in November 1981 by Blaber et al. (1984).  Occasional nutrient measurements over the period 1996-2001 were also taken by Ethekweni Water services. Good monthly data of nutrient concentrations and underwater irradiance (PAR) during 1999/2000 provided in Mundree (2001) and Nozais et al. (2001).

	Water quality (e.g. system variables, nutrients and toxic substances) measurements of nearshore seawater
	Limited
	Data collected at the mouth during the open phase on flood tide (e.g. Mundree 2001) should reflect to some extent the situation in the marine nearshore.


TABLE A.2:
Data availability on microalgae 

	REQUIRED DATA
	AVAILABILITY
	COMMENTS

	Chlorophyll-a measurements taken at 5 stations (at least) at the surface, 0.5 m and 1 m depths thereafter. Cell counts of dominant phytoplankton groups i.e. flagellates, dinoflagellates, diatoms and blue-green algae.  Measurements should be taken coinciding with typically high and low flow conditions.
	Limited
	The first chlorophyll-a data (single snapshot) were reported in Cooper et al. (1993), from 3 stations and 2 depths. Recently, water-column chlorophyll-a measurements were taken at monthly intervals during 1999/2000 (Nozais et al. 2001, Mundree 2001), but only at 3 stations and 2 depths, near-surface and near-bottom. Given the small spatial scales involved, compared to those of permanently open estuaries, this resolution is widely regarded as adequate. 

	Intertidal and subtidal benthic chlorophyll-a measurements taken at 5 stations.  Epipelic diatoms need to be collected for identification. Measurements should be taken coinciding with a typical high and low flow condition (in temporarily closed estuaries measurements must include open as well as closed mouth conditions). 
	Limited
	Results of an annual time-series of sediment chorophyll-a are reported in Nozais et al. (2001) and Mundree (2001). Samples were collected at monthly intervals, in the upper 5 cm (fractionated into 1 cm layers) but only at 3 stations.

	Simultaneous measurements of flow, light, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgal surveys.
	Yes
	With the exception of flow rate, all these parameters were measured simultaneously during the annual survey of 1999/2000 (Nozais et al. 2001, Mundree 2001).


TABLE A.3:
Data availability on macrophytes 

	REQUIRED DATA
	AVAILABILITY
	COMMENTS

	Aerial photographs of the estuary (ideally 1:5000 scale) reflecting the Present State, as well as the Reference Condition. 

Orthophoto maps of the area
	Yes
	1937 aerial photos.  Orthophotos for recent years showing changes since Begg’s (1978) mapping and those from the 1980s and 1990s

	Number of plant community types, identification and total number of macrophyte species, number of rare or endangered species or those with limited populations documented during a field visit.
	Yes
	Plant community type map available.

However while major species were noted there is limited confidence in estimating total number of species from this survey

No rare species were found



	Permanent transects (a fix monitoring station that can be used to measure change in vegetation in response to changes in salinity and inundation patterns)

Measurements of percentage plant cover along an elevation gradient. 

Measurements of salinity, water level, sediment moisture content and turbidity
	No

Yes

Yes
	Not presently marked but can be identified

Plant cover mapped in GIS

During ground truthing of macrophyte distribution once–off measurements of salinity, water level and secchi depth were made


TABLE A.4: Data availability on invertebrates 

	REQUIRED DATA
	AVAILABILITY
	COMMENTS

	Derive preliminary sediment map of the estuary.
	Partial, dated
	Begg (1978) reports fine sand, Blaber et al. (1984) medium sand.  More erosion?

	Obtain a preliminary determination of the extent and distribution 

of shallows and tidally exposed substrates.
	Partial, dated
	Some indication available in Begg (1978) and Blaber et al. (1984).

	For six benthic sites, collect sediment samples for analysis of grain size and organic content
	No recent data
	See Blaber et al. (1984) – records generally medium sand.

	Determine the longitudinal distribution of salinity, as well as other system variables (e.g. temperature, pH and dissolved oxygen and turbidity) at each of the six benthic sampling sites
	Refer to Tables above
	

	During a spring tide (preferably for both low flow and high flow conditions), collect a set of six benthic samples each consisting of five grabs.  Collect two each from sand, mud and interface substrates.  If possible, spread sites for each between upper and lower reaches of the estuary.  One mud sample should be in an organically rich area.  Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined.
	No recent data
	Blaber et al. (1984) – samples from upper, middle & lower reaches – ca. 12 spp. – mainly in middle & lower reaches polychaetes important in middle & lower reaches in winter; chironomids & tubificids in upper reaches in summer. Comments were made on low biomass.

	During a spring tide (preferably at both low and high water and for both low flow and high flow conditions), collect two sets of beam trawl samples (i.e. over mud and sand).  Lay two sets of five, baited prawn/crab traps overnight, one each in the upper and lower reaches of the estuary. Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined. Samples should be collected every second week under low and high flow conditions for at least two months each (i.e. five sampling sessions under the two flow scenarios)

Survey as much shoreline for signs of crabs and prawns and record observations.
	No recent data


	Begg (1984) collected four penaeid, two atyid & two carid prawns/shrimps; also crabs Rhychoplax bovis and Tylodiplax blephariskios – suggests both sandy and muddy substrata.

	During spring tides (preferably at both low and high water and for both low flow and high flow conditions), collect three samples, at night, one each from the upper, middle and lower reaches of the estuary for zooplankton.

Samples should be collected every second week under low and high flow conditions for at least two months each (i.e. five sampling sessions under the two flow scenarios)
	No recent data
	Blaber et al. (1984) Winter dominance by Pseudodiaptomus hessei; summer chironomid larvae & “macruran” zoeae during open mouth phase.


TABLE  A.5:
Data availability on fish

	REQUIRED DATA
	AVAILABILITY
	COMMENTS

	Collect three sets of small and large seine and gill net samples, one each from the lower, middle and upper reaches of the estuary. Depending on the size and depth of the estuary, it may be necessary to also undertake cast netting, particularly in smaller systems. 
	Yes
	Limited data presented in Begg (1978).  Monthly surveys from 1979-1981 were conducted by Begg (1984), however, this was limited to beam trawl surveys.  Blaber et al. (1984) also conducted monthly seine and cast net surveys during 1980/81.  Occasional surveys were also undertaken by CSIR in July 1985 and October 1998.

	Information on fish gained during the macrocrustacean beam trawls should also be used.
	-
	


TABLE 6.
Data availability on birds 

	REQUIRED DATA
	AVAILABILITY
	COMMENTS

	During a summer spring tide, undertake one full count of all water-associated birds, covering as much of the estuarine area as possible. All birds should be identified to species level and the total number of each counted.
	No recent data
	Begg (1978) noted extensive use by resting seabirds – variety of wading & piscivorous species as well as ducks – 66 species .  Blaber et al. (1984) noted “few birds” – more waders in summer when mouth open – regular occurrences – pied kingfisher, yellow billed duck & common sandpiper.
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B.1
THE PHYSICAL CONDITION OF THE MDLOTI ESTUARY

Mouth conditions

The key physical aspect of the estuary is the condition of the mouth, i.e. when the mouth is open and for how long. This is especially related to the base-flow. 

The runoff at the mouth of the Mdloti River was, before the construction of the Hazelmere Dam, perennial with an estimated long term mean annual runoff at the mouth of 98.7 x 106 m3 (DWAF, 1971). There is a strong indication that the mouth of the estuary was open far more often under natural conditions before abstraction took place for irrigation and before the construction of the Hazelmere Dam.

Another indication that the mouth of the Mdloti used to be more open in the past is provided by information from aerial photographs. For example, out of nine available aerial photographs from before the dam was constructed, eight photographs show an open estuary mouth. Several of these photographs were from the winter (low flow) period. Some details observed on these photographs are summarized below:

SUMMARY OF MOUTH CONDITIONS ON AERIAL PHOTOGRAPHS

	DATE
	OPEN/CLOSED
	POSITION
	SIZE

	30-04-1937

	Open

	Middle

	Small


	Jul/Aug 1953   

	Open


	Middle


	Small

	06-06-1959

	Open


	South


	Small


	11-08-1967

	Closed
	
	

	02-08-1968

	Open


	South 


	Very small

	12-08-1973

	Open


	South


	Small

	14-05-1976

	Open

	South


	Small

	22-07-1977

	Open


	South


	Very small

	02-08-1983

	Closed
	
	

	06-02-1984

	Wide open
	Middle


	Large

	03-10-1987

	Wide open
	Middle

	Large

	09-12-1987

	Open


	South

	Medium

	08-05-1988

	Open


	North

	Small

	01-01-1989
	Open

	South

	Medium


As mentioned, an open mouth is normally maintained by base-flow. Accurate data is unfortunately not available to correlate river flow with open mouth conditions. Based on expertise from other systems it is considered likely that an open mouth at the Mdloti could be maintained by a base-flow of between 0.3 to 0.6 m3/s reaching the estuary. The actual flow required is also dependent on the losses in the estuary due to evaporation and seepage through the berm.  

High waves will cause the mouth to close, but because of the small size of the estuary the water level could build up reasonably fast and as soon as it is higher than the berm could result in the development of an overflow channel. 

Such an overflow channel would probably be in a perched position high on the berm, but it could then be maintained by the base-flow. At high tides at springtides combined with wave action seawater would then enter the estuary increasing the salinities in the lower part of the estuary. This would probably be sufficient to maintain the ecological processes important for estuarine functioning.

During a field visit on 20 November 2000 it was observed that the mouth was open, and that, because of rainfall in the catchment, strong outflow occurred. The opening of the mouth was in the middle of the berm (CSIR, 2000).

Floods

Major floods are flushing the river and the estuary extensively, but shortly after such floods pre-flood conditions re-establish themselves. The same is probably to a lesser extent the case with smaller floods and freshets.  These floods therefore play some role in the maintenance of the conditions in the estuary, but their role is probably less clear and probably less important than that of base-flow. They may play a significant role in the maintenance of estuarine habitats in the estuary (CSIR, 2000).  
B.2
CAPPING FLOW FOR THE MDLOTI

A first estimate of the possible capping flow for the Mdloti Estuary can be made based on the assumption that flows should not exceed the reference condition flows that used to enter the estuary. The difference between the simulated median monthly flows of the present state and reference condition are listed below:

	MONTH
	JAn
	feb
	mar
	apr
	may
	jun
	jul
	aug
	sep
	oct
	nov
	dec
	Median

	Reference
	1.85
	2.67
	2.38
	1.80
	1.19
	0.91
	0.66
	0.69
	0.96
	1.15
	1.74
	1.82
	1.46

	Present
	0.85
	1.77
	1.55
	0.90
	0.68
	0.47
	0.25
	0.00
	0.00
	0.00
	0.50
	0.73
	0.59

	Difference
	1.00
	0.90
	0.83
	0.90
	0.51
	0.43
	0.41
	0.69
	0.96
	1.15
	1.24
	1.09
	0.87


It would be impossible to give a better indication of the capping flows for this system without some crucial field monitoring to establish which flow coincides with what type of mouth state and how this influences saline penetration into the estuary.

One should bare in mind that the accuracy of the simulated runoff data is not very high and that further information is needed to confirm these findings.

B.3.
CAPPING FLOW FOR THE MHLANGA

Background on hydrology

The natural mean annual runoff (MAR) into the Mhlanga Estuary was estimated at 13.3 x 106 m3 (Report received from Durban Metro), which is equivalent to an average flow of 0.42 m3/s.  

Discharges (obtained from Durban Metro)

The Mhlanga estuary currently receives 20Ml/day from 2 treatment works.  This is 20000 m3/day or approximately 0.23 m3/s. 

The total capacity of the treatment works is 33 Ml/day. This is 33000 m3 per day or 0.38 m3/s. The earlier estimated acceptable capping flow for which a license was issued is for 35 Ml/day. It is anticipated that this capacity (33-35Ml/day) will be reached within the next 5 years.  

If the Mhlanga region were fully developed (within the next 100 years), then an estimated effluent of 120Ml/day would be generated. This would mean 120000 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 is to ultimately have a central works, situated on the Mdloti system with a final capacity of 250 Ml/day (2.89 m3/s). 

Key aspect:  Mouth condition

The key effect of capping of river flow into the Mhlanga Estuary is probably that the periods that the mouth is closed will be reduced and the periods that the mouth is open will be increased.

Estimates of open mouth conditions

Earlier estimates are available, that the mouth used to be open for less than 10 per cent of the time. This estimate has been used as a basis in earlier investigations on the effects of discharges into the estuary. 

However, there are indications that this estimate was wrong:

a. Aerial and other photographs are available from the estuary from 1937 for 19 occurrences. Of these 11 or 58 per cent show a closed mouth and 8 or 40 per cent show an open mouth.

b. Whitfield (1980 – Figure 1) shows that in 1978 the mouth was open about 25 per cent of the time during this year. 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 also probably was close to average.

c. Harrison and Whitfield (1985 – Figure 2) shows that from June 1990 to May 1991 the mouth was open for about 24 per cent of the time during this period. The runoff in the Mdloti during this period was approximately 93 per cent of the mean annual runoff (MAR).

d. Harrison and Whitfield (1985 – Figure 2) shows that from June 1991 to May 1992 the mouth was open for about 9 per cent of the time during this period. The runoff in the Mdloti during this period was approximately 37 per cent of the mean annual runoff (MAR). This indicates that the runoff into the Umhlanga was probably also far below average during this period.

This information indicates that the mouth of the Mhlanga is probably open for approximately 25 per cent of the time and that the earlier estimate of less than 10 per cent is wrong.

Data received from Kwazulu Natal Nature Conservation for the past three years indicates that the mouth was recently open for about 45 per cent of the time. 

Occurrence of a semi-closed mouth condition
The available aerial photographs do not show a situation where a small meandering channel crosses the berm. Such a small meandering channel is an indication that the mouth is in a semi-closed condition. Semi-closed mouth conditions therefore either do not occur at the Mhlanga, or they occur far less frequent than in the Mdloti Estuary.

A semi-closed mouth is normally maintained by a continuous low baseflow. Such a baseflow might normally not be present in the Mhlanga, which could be the reason that semi-closed mouth conditions have not been observed.

It is preliminary concluded that semi-closed conditions either do not occur, or occur less frequently at the Umhlanga Estuary.

Relationship between river flow and mouth conditions

At an earlier investigation (Report received from Durban Metro) it was assumed that the mouth was open for ten per cent of the time. It was also estimated, based on a flow duration curve obtained from hydrological modelling that a flow of 3 m3/s was exceeded for 10 per cent of the time and that therefore a flow of 3 m3/s was needed to keep the mouth open. 

Assuming that the assessment above is correct, that the mouth is open for 25 per cent of the time, it is concluded that the mouth will stay open at a much lower flow of 0.8 m3/s. This implies that the mouth probably stays closed at flows below 0.8 m3/s. 

Significance for capping flows

Closed mouth conditions are apparently (Trevor Harrison, pers. comm.) important for the ecological production of the estuary and a significant reduction in closed mouth conditions should therefore be avoided. 

Capping flows resulting in an average inflow to the estuary from below 0.8 m3/s to higher than 0.8 m3/s should therefore be either avoided or limited depending on the ecological requirements. 

Monitoring requirements

Monitoring should be undertaken for the following general reasons:

To confirm the relationship between river flow and mouth conditions

To confirm the effects of the mouth conditions on the ecology

To determine the effects on the water quality

The following specific activities should be included in a monitoring programme:

Water level recordings

Mouth observations

River flow gauging

Hydrological simulations

Salinity profiles

Water quality

Ecology 

It is important that this monitoring is undertaken as soon as possible to confirm or adapt the results of this assessment. Ideally, this work should be undertaken during the low flow period in the coming winter of 2002. 
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