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Executive Summary

Assumptions and Limitations

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

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

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

· Due to budgetary constraints the results provided on the Tsitsikamma Estuary does not entirely meet the protocols as specified in the methodology for the determination of the estuarine component of the ecological Reserve methodology.  The protocols require that water quality (as part of the abiotic component) and birds (as part of the biotic component) are included in a rapid determination, but these components will not be addressed as part of this study.

· Since the 1994 studies a flow gauging station and a water level recorder have been installed at the Tsitsikamma Estuary. Results indicated that earlier simulated runoff data to the Tsitsikamma Estuary predicted larger inflow volumes than what actually occurs.  It is very important to note that for estuaries it is crucial that the low flows inflows are correct and it is therefore recommended that the system analyst on a particular system be consulted in the calculation of simulated runoff data.  WR90 low flow data, for example is often not useful for reserve determinations in estuaries.

· The results of this study are based on the simulated runoff data provided to the study team by the DWAF for the Present State, Reference Condition and four future runoff scenarios.  The accuracy of this rapid determination is largely dependent on the accuracy of those simulated results, particularly those for the Present State and the Reference Condition.  Should at a future time it be found that the simulated runoff for the Present State and/or the Reference Condition were not representative of the actual situation, the Present Ecological Status, the recommended Ecological Reserve Category, the Ecological Reserve Categories associated with the different future runoff scenarios and the estimated Reserve for Water Quantity provided in this report may be incorrect and will have to be re-evaluated using such revised simulated runoff data sets.
· Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

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

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

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


Geographical Boundaries

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

· Downstream boundary: The estuary mouth (340 08’05” S, 24026’25” E)

· Upstream boundary:  Head of tidal influence, approximately 3 km from mouth (340 06’45” S, 24027’15” E)

· Lateral boundaries: 5 m contour above MSL along the banks.

Present Ecological Status (PES) of the Tsitsikamma Estuary

The individual scores for each of the above components are incorporated into a Habitat health score and a Biological health score.  This allows for the determination of the Estuarine Health Index (EHI) Score which, in the case of the Tsitsikamma Estuary, is 92, as indicated below:

	VARIABLE
	WEIGHT
	SCORES FOR 

PRESENT STATE
	SCORES EXPECTED DUE TO TRAJECTORY OF CHANGE

	Hydrology
	25
	92
	92

	Hydrodynamics and mouth condition
	25
	100
	100

	Water quality
	25
	86
	86

	Physical habitat alteration
	25
	96
	81

	Habitat health score
	
	94
	90

	Microalgae
	25
	90
	90

	Macrophytes
	25
	100
	90

	Invertebrates
	25
	80
	80

	Fish
	25
	90
	80

	Birds
	-
	-
	-

	Biotic health score
	
	90
	85

	ESTUARINE HEALTH SCORE
	92
	87


NOTE:  As birds were not included in this study, the weighting of the each biotic component was changed to 25 instead of the usual 20

However, expected effect of recent dam developments in the catchment of the Tsitsikamma Estuary is not yet reflected in the present health of the system.  Thus, the system may still be in a trajectory of change.   The long-term influence of these dam developments is expected to occur in the physical habitat due to alteration of the flood regime.  More particular, it is expected to reduce the size inter-tidal and sub-tidal habitats in the estuary.  This, in turn, is likely to mainly affect the biotic component in the abundance of macrophytes and species richness of fish.  This revised EHI score, taking into account the expected trajectory of change, is 88 (see table above).
The EHI score for the Tsitsikamma Estuary, based on its Present State, is 92, translating into a Present Ecological Status of A- However, the long-term affect of recent dam developments in the catchment (expected trajectory of change) is likely to reduce the PES of B+:
	EHI Score
	PRESENT ECOLOGICAL STATUS
	GENERAL DESCRIPTION 

	91 – 100
	A-/A+
	Unmodified, natural

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

	61 – 75
	C-/C+
	Moderately modified

	41 – 60
	D-/D+
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Importance of the Tsitsikamma Estuary

The Estuarine Importance Score allocated to the Tsitsikamma Estuary are as follows:
	CRITERION
	SCORE
	WEIGHT
	WEIGHTED SCORE

	Estuary Size
	30
	15
	5

	Zonal Rarity Type
	10
	10
	1

	Habitat Diversity
	20
	25
	5

	Biodiversity Importance
	49
	25
	12

	Functional Importance
	40
	25
	10

	ESTUARINE IMPORTANCE SCORE
	33


The Estuarine Importance Score for the Tsitsikamma Estuary, based on its Present State, is 33, indicating that the estuary is of low to average importance:

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


Recommended Ecological Reserve Category for the Tsistikamma Estuary

The recommended Ecological Reserve Category (ERC) represents the level of protection assigned to an estuary.  In turn, it is again used to determine the Ecological Reserve.  
For estuaries the first step is to determine the 'minimum' ERC of an estuary, equivalent to Present Ecological Status (PES).  The relationship between EHI Score, PES and ERC is as follows: 

	EHI SCORE
	PES
	DESCRIPTION
	ERC

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

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

	61 – 75
	C
	Moderately modified
	C-/C+

	41 – 60
	D
	Largely modified
	D-/D+

	21 – 40
	E
	Highly degraded
	-

	0 – 20
	F
	Extremely degraded
	-


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

The degree to which the ‘minimum’ ERC (based on its PES) needs to be modified to assign a recommended ERC depends on:

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

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

· Reversibility of change resulting in the PES  - i.e. the concept of best attainable state [BAS].

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

	CURRENT/DESIRED PROTECTION STATUS

AND ESTUARY IMPORTANCE
	ERC
	POLICY BASIS
	CORRESPONDING MANAGEMENT CLASS

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

	Desired Protected Area 

(based on complementarity)
	A or BAS
	
	

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

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

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


Because the Tsitsikamma Estuary is rated ‘of low to average importance’ (reflected by the estuarine importance score of 33) the recommended Ecological Reserve Category should be equivalent to the Present Ecological Status (PES), i.e. Category A-.  However, the estuary may still be in a trajectory of change in which case the PES could be reduced to a Category B+.  If the dam developments in the catchment could be ‘reversed’, the recommended ERC should be set at Category A-.  In the event of this not being possible, the best attainable state (BAS) is likely to be a Category B+. 

	Thus, the recommended ERC for Tsitsikamma Estuary is estimated as Category A-/B+, depending on the ‘reversibility’ of the influence of recent dam developments on the flow regime reaching the estuary     (Confidence = Low)


Quantification of Ecological Reserve Scenarios

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

	SCENARIO
	DESCRIPTION
	MAR
	% REDUCTION FROM NATURAL MAR

	Present
	Present flows
	13.31x 106 m3 
	33.12 %

	1
	Present day flows with an additional abstraction of about 1,4 x 106 m3 a year at the measuring weir
	12.21 x 106 m3
	38.6 %

	2
	A River Class B flow release, reflecting a marked reduction in high flows and floods
	4.8 x 106 m3
	75.8 %

	3
	A River Class D release, reflecting a severe reduction in high flows and floods
	2.8 x 106 m3
	86.0 %

	4
	Proposed dam development with no releases or abstractions from the dam, reflecting physical impact of the dam.  
	10.41 x 106 m3
	47.7 %


NOTE:  Scenario 4 does not reflect a realistic scenario for a dam development because it does not represent any abstractions from the dam
The individual EHI scores, as well as the corresponding ERC for the different scenarios are presented below: 
	VARIABLE
	WEIGHT
	Present State
	Trajectory of Change
	Future 

Scenario 1
	Future 

Scenario 2
	Future 

Scenario 3
	Future 

Scenario 4

	Hydrology
	25
	92
	92
	92
	83
	75
	75

	Hydrodynamics
	25
	100
	100
	30
	100
	70
	10

	Water quality
	25
	86
	86
	64
	78
	68
	60

	Physical habitat alterations
	25
	96
	81
	81
	61
	54
	69

	Habitat Score
	50
	94
	90
	67
	81
	46
	40

	Microalgae
	25
	90
	90
	50
	80
	70
	30

	Macrophytes
	25
	100
	90
	50
	50
	30
	40

	Invertebrates
	25
	80
	80
	50
	40
	30
	20

	Fish 
	25
	90
	80
	60
	80
	70
	40

	Birds
	-
	-
	-
	-
	-
	-
	-

	Biological Score
	50
	90
	85
	53
	63
	27
	21

	EHI INDEX SCORE
	
	92
	87
	60
	72
	36
	31

	
	
	
	
	
	
	
	

	ERC
	
	A-
	B+
	D+
	C+
	E
	E


According to general rule in the methods for estuaries, the simulated runoff scenario representing the largest modification in flow, but that would still keep the estuary in the recommended ERC (in this case a Category A-/B+) should be the recommended ‘Reserve' for water quantity’.

(As discussed earlier, the affect of recent dam developments in the catchment is not yet reflected in the present health of the Tsitsikamma Estuary [but has been taken into account in the simulated runoff for the Present State].  The system may therefore still be in a trajectory of change in which case the simulated runoff scenario for the Present State may eventually take the estuary to a Category B+, where at present it is in a Category A-.  Whether the recommended ERC is Category A- or Category B+, depends on the ‘reversibility of the influence of recent dam developments on the flow regime reaching the Tsitsikamma Estuary.)

It is therefore recommended that at least the simulated runoff scenario for the Present State be allocated as the recommended Reserve for Water Quantity for the Tsitsikamma Estuary to keep it in the recommended ERC of Category A-/B+.  

Thus, the recommended Reserve for Water Quantity for the Tsitsikamma Estuary is estimated at an MAR of 13.31x 106 m3, distributed as follows:

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

	OCT
	1.96
	1.11
	0.62
	0.38
	0.28
	0.14
	0.11
	0.1
	0.09
	0.05

	NOV
	1.13
	0.61
	0.24
	0.12
	0.11
	0.1
	0.09
	0.08
	0.07
	0.05

	DEC
	0.59
	0.29
	0.1
	0.08
	0.08
	0.07
	0.06
	0.06
	0.05
	0.04

	JAN
	0.29
	0.07
	0.06
	0.06
	0.05
	0.05
	0.05
	0.04
	0.03
	0.02

	FEB
	0.17
	0.05
	0.04
	0.04
	0.04
	0.04
	0.03
	0.03
	0.02
	0.01

	MAR
	0.15
	0.04
	0.03
	0.03
	0.03
	0.03
	0.02
	0.02
	0.01
	0.00

	APR
	0.34
	0.05
	0.04
	0.03
	0.03
	0.03
	0.02
	0.02
	0.01
	0.00

	MAY
	1.14
	0.31
	0.07
	0.05
	0.04
	0.03
	0.03
	0.02
	0.01
	0.01

	JUN
	1.31
	0.54
	0.22
	0.1
	0.07
	0.05
	0.04
	0.03
	0.02
	0.01

	JUL
	1.21
	0.68
	0.32
	0.23
	0.12
	0.08
	0.06
	0.05
	0.03
	0.01

	AUG
	2.7
	1.4
	1.00
	0.69
	0.43
	0.16
	0.1
	0.09
	0.06
	0.02

	SEP
	3.06
	1.64
	1.29
	0.93
	0.5
	0.35
	0.14
	0.11
	0.08
	0.05
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1.
Introduction

1.1
Background

At a scoping meeting, held on 2 July 2002 in the eastern Cape it was proposed that Reserve determination studies with a higher level of confidence be conducted in the K80 and K90 tertiary catchments.  The estuaries, including a number of small estuaries and river mouths should be considered for inclusion in future Reserve determination studies, as they were not included in the previous Reserve determination studies and considered to be important.  The four main priority rivers identified in the K80 tertiary catchment for Reserve determination studies were: 

· Tsitsikamma (K80E)

· Groot (K80D)

· Klipdrif (K80F)

· Sanddrift (K80C).
The CSIR, Environmentek was requested by the RDM Office of the Department of Water Affairs to submit a terms of reference and estimated cost to conduct Rapid Reserve determination studies on relevant estuaries in the K80 tertiary catchment. Anton Bok Aquatic Consultants cc has subsequently been appointed by the DWAF as lead consultant.  

Due to budgetary constraints and unavailability of simulated runoff data on the other estuaries, the focus of this Reserve determination was on the Tsitsikamma Estuary.  However, the other estuaries in the K80 tertiary catchment were prioritised and ranked in terms of relative importance and sensitivity (within the K80 tertiary catchment) for planning purposes of the DWAF Regional Office (refer to Appendix C).

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

	TEAM MEMBER
	Role/Expertise
	Contact details

	S Taljaard
	Project Coordination & Preparation of Estuaries Report
	CSIR, Stellenbosch

staljaar@csir.co.za 

	Lara van Niekerk
	Hydrodynamics
	CSIR, Stellenbosch

lvnieker@csir.co.za 

	P Huizinga
	Hydrodynamics (advisory role)
	CSIR, Stellenbosch

phuizing@csir.co.za 

	Dr Janine Adams
	Estuarine flora
	University of Port Elizabeth

btajba@upe.ac.za 

	Dr Tris Wooldridge
	Invertebrates
	University of Port Elizabeth

zlathw@zoo.upe.ac.za 

	Dr Alan Whitfield
	Fish
	South African Institute for Aquatic Biodiversity

A.Whitfield@ru.ac.za 


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

	PERSON
	Contact details

	Dr Joy Leaner
	CSIR, Stellenbosch - jleaner@csir.co.za 

	Tommy Borman
	University of Port Elizabeth - c/o btajba@upe.ac.za

	Anusha Rajkaran
	University of Port Elizabeth - c/o btajba@upe.ac.za

	Dr Anton Bok
	Anton bok Aquatic Consultants cc - antbok@mweb.co.za 


The Department of Water Affairs and Forestry was represented by:

	PERSON
	Contact details

	Retha Stassen
	RDM Office, StassenR@dwaf.dov.za 

	Colleen Todd
	RDM Office, ToddC@dwaf.gov.za 

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


1.2
Assumptions and Limitations

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

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

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

· Due to budgetary constraints the results provided on the Tsitsikamma Estuary does not entirely meet the protocols as specified in the methodology for the determination of the estuarine component of the ecological Reserve methodology.  The protocols require that water quality (as part of the abiotic component) and birds (as part of the biotic component) are included in a rapid determination, but these components will not be addressed as part of this study.

· Since the 1994 studies a flow gauging station and a water level recorder have been installed at the Tsitsikamma Estuary. Results indicated that earlier simulated runoff data to the Tsitsikamma Estuary predicted larger inflow volumes than what actually occurs.  It is very important to note that for estuaries it is crucial that the low flows inflows are correct and it is therefore recommended that the system analyst on a particular system be consulted in the calculation of simulated runoff data.  WR90 low flow data, for example is often not useful for reserve determinations in estuaries.

· The results of this study are based on the simulated runoff data provided to the study team by the DWAF for the Present State, Reference Condition and four future runoff scenarios.  The accuracy of this rapid determination is largely dependent on the accuracy of those simulated results (particularly the base flows).  Scenario of particular importance is that of the Present State and the Reference Condition.  Should at a future time it be found that the simulated runoff for the Present State and/or the Reference Condition were not representative of the actual situation, the Present Ecological Status, the recommended Ecological Reserve Category, the Ecological Reserve Categories associated with the different future runoff scenarios and the estimated Reserve for Water Quantity provided in this report may be incorrect and will have to be re-evaluated using such revised simulated runoff data sets.
· Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

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

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

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


1.3
Rapid Reserve Determination Process for Estuaries

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

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

Step 2:  Definition of Resource Units.  It considered appropriate to delineate each estuary as a separate resource unit within a larger catchment, characterized by site dependent abiotic and biotic characteristics. For estuaries, the default geographical boundaries are defined as follows:

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

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

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

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

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

Abiotic (or driving components):

· Physical dynamics (including hydrodynamics and sediment dynamics)

· Water quality 

Biotic (response) components:

· Estuarine flora (microalgae and macrophytes)
· Estuarine fauna (invertebrates, fish and birds).
(For the Tsitsikamma Estuary, due to budgetary constraints it was decided not to formally include specialists on water quality (abiotic component) or birds (biotic component) for this Rapid level determination.)
Thereafter the Reference Condition of an estuary is defined (Chapter 3.2).  For the purposes of the Ecological Reserve determination process, the reference condition of an estuary refers to the ecological status that it would have had:

· when receiving 100% of the natural MAR

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

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

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

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

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

Finally, the PES and ecological importance score are used to come to a recommended Ecological Reserve Category (ERC) for an estuary, according to pre-defined guidelines as is discussed in Chapter 3.5.
Step 4:  Quantification of Ecological Reserve scenarios.  The method for the determination of the Ecological Reserve for estuaries uses a ‘top down’ approach, i.e. simulated runoff scenarios are used to resource directed measures.  For the quantification of Ecological Reserve Scenarios simulated flows for a range of future scenarios are required.   Scenarios are typically simulated over a 50-70 year period and are presented as average monthly flows and should represent inflows at the head of the estuary. For the Tsitsikamma Estuary, four future runoff scenarios were provided by the DWAF.
To determine the ecological reserve category of the estuary, associated with each of the future scenarios, the runoff simulations together with an understanding of the present state are used to determine changes in typical abiotic states within an estuary for each of the scenarios.  Changes in abiotic characteristics are then assessed in terms of the biological implications, using the same estuarine health index that was used to derive the PES.  Results from these evaluations are then used to select the ‘recommended reserve scenario’, defined as the run-off scenario, or a slight modification thereof, that represents the highest reduction in river inflow that will still protect the aquatic ecosystem of the estuary and keep it in the recommended ERC. 

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

The output of a Rapid Ecological Reserve Determination therefore provides:

· Recommended ERC and the associated Reserve for Water Quantity

· ERC of different runoff scenarios assessed as part of Step 4.

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

The Ecological Reserve determined on a rapid level does not require the determination of a Reserve for Water Quality or Ecological Resource Quality Objectives.  It also does not require the design of a resource monitoring programme after the implementation of the reserve. 

[image: image1.wmf]2:SEMI-CLOSED

10%ile flows

3:CLOSED

Months

Median flows

2:SEMI-CLOSED

2:SEMI-CLOSED

3:CLOSED

Oct

Dec

Nov

Jan

Aug

Jul

Sep

May

Apr

Mar

Feb

Jun

Oct

Dec

Nov

Jan

Aug

Jul

Sep

May

Apr

Mar

Feb

Jun

1:OPEN

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Flows (m³/s)

3:CLOSED

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Flows (m³/s)


Figure 1.1:
Flow diagram showing the process followed in the Ecological Reserve determination on a Rapid level on estuaries
2.
Definition of Resource Unit

The Tsitsikamma Estuary is a small temporarily open/closed system in the Eastern Cape near Humansdorp (340 08’05” S, 24026’25” E). It is about 3 km long and has a present mean annual runoff (MAR) of about 13.31 x 106 m3, a 33.12 % reduction from the reference condition (19.90 x 106 m3) (data provided by DWAF). 
Very little is known about the estuary from a hydrodynamics and sediment dynamics perspective. Most of what is concluded in this report is derived from expert opinion, some mouth observation made by Mr P Huizinga (1993), measure inflow data (K8H005-A01), a continues water level recorder installed near the mouth (since 1996) and deductions made from historical aerial photographs. 

Unfortunately, due to the inaccessible nature of the estuary mouth, little visual observations has been made on the state of the estuary mouth, such observations would have assisted increasing the confidence in estimating the flow ranges for the various mouth conditions of the estuary.

The mouth dynamics are strongly influenced by the presence of exposed sand dunes in the mouth area. The combination of a small estuary, low river runoff and the adjacent dune field creates a situation in which a semi-closed mouth state persists in the estuary for the majority of the year. During period of extreme low flows the estuary will close completely and for limited period during higher flows the estuary would remain open to tidal institution.

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

· Downstream boundary: The estuary mouth (340 08’05” S, 24026’25” E)

· Upstream boundary:  Head of tidal influence, approximately 3 km from mouth (340 06’45” S, 24027’15” E)

· Lateral boundaries: 5 m contour above MSL along the banks.

[image: image2.wmf]0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Flows (m³/s)

2:SEMI-CLOSED

10%ile flows

3:CLOSED

Months

Median flows

2:SEMI-CLOSED

3:CLOSED

3:CLOSED

Oct

Dec

Nov

Jan

Aug

Jul

Sep

May

Apr

Mar

Feb

Jun

Oct

Dec

Nov

Jan

Aug

Jul

Sep

May

Apr

Mar

Feb

Jun

1:OPEN

2:SEMI-CLOSED

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Flows (m³/s)


Figure 2.1
Map of the Tsitsikamma Estuary

3.
Ecological Reserve Categorisation

3.1.
Description of Present State

3.1.1
Abiotic components

a.
Seasonal variability in river inflow: 

Monthly-simulated runoff data for Present State, over a 81-year period (1920 to 2000) were obtained from Mr. M Roux of Department of Water Affairs and are provided in Table 3.1. The Present State MAR is 13.31 x 106 m3, a 33.12 % reduction from the reference condition (i.e. 19.90 x 106 m3). A statistical analysis of the monthly-simulated runoff data in m3/s for Present State is provided below.  
	
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	1.96
	1.13
	0.59
	0.29
	0.17
	0.15
	0.34
	1.14
	1.31
	1.21
	2.70
	3.06

	80%ile
	1.11
	0.61
	0.29
	0.07
	0.05
	0.04
	0.05
	0.31
	0.54
	0.68
	1.40
	1.64

	70%ile
	0.62
	0.24
	0.10
	0.06
	0.04
	0.03
	0.04
	0.07
	0.22
	0.32
	1.00
	1.29

	60%ile
	0.38
	0.12
	0.08
	0.06
	0.04
	0.03
	0.03
	0.05
	0.10
	0.23
	0.69
	0.93

	50%ile
	0.28
	0.11
	0.08
	0.05
	0.04
	0.03
	0.03
	0.04
	0.07
	0.12
	0.43
	0.50

	40%ile
	0.14
	0.10
	0.07
	0.05
	0.04
	0.03
	0.03
	0.03
	0.05
	0.08
	0.16
	0.35

	30%ile
	0.11
	0.09
	0.06
	0.05
	0.03
	0.02
	0.02
	0.03
	0.04
	0.06
	0.10
	0.14

	20%ile
	0.10
	0.08
	0.06
	0.04
	0.03
	0.02
	0.02
	0.02
	0.03
	0.05
	0.09
	0.11

	10%ile
	0.09
	0.07
	0.05
	0.03
	0.02
	0.01
	0.01
	0.01
	0.02
	0.03
	0.06
	0.08

	1%ile
	0.05
	0.05
	0.04
	0.02
	0.01
	0.00
	0.00
	0.01
	0.01
	0.01
	0.02
	0.05

	Droughts (min. flows)
	The 10%ile values above could be considered as indicative of the flows that would be required during droughts.


Confidence:  Low

b.
Present flood regime:

Flood requirements and sediment processes are not usually addressed as part of a Rapid RDM determination, as it is assumed that floods will not be affected by the type of abstractions to be allocated on Ecological Reserve determinations done on a Rapid level.  However, there are already dam developments in the Tsitsikamma catchment and some of the future runoff scenarios provided for this study will affect floods (i.e. include additional dam development).  It was therefore essential to address these aspects albeit at a very low confidence level.

Floods play a important role in the sediment equilibrium in small estuaries such as the Tsitsikamma Estuary, as their small size do not allow extensive tidal flows or high outflows during breaching and therefore significant scouring only occurs during flood events. Floods therefore play a very essential resetting function in the sediment equilibrium of such systems.  Recent dam developments on the Tsitsikamma Estuary include:

· ……

· ……

· ……
Taking into account the MAR of the system and the size of these dams, they are likely to affect the high flows and floods reaching the estuary. No quantitative statements, however, can be made on the expected reductions.

Confidence:   Low

Table 3.1:  Monthly runoff data (in m3/s) for Present State simulated over a 81-year period

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

	1920
	0.04
	0.05
	0.04
	0.05
	0.02
	0.03
	0.04
	0.06
	0.07
	0.09
	0.09
	0.11

	1921
	0.12
	0.09
	0.26
	0.13
	0.05
	0.03
	0.03
	0.40
	0.22
	1.13
	0.47
	0.14

	1922
	0.12
	0.88
	0.35
	0.06
	0.05
	0.03
	0.01
	0.02
	0.04
	0.07
	0.09
	0.10

	1923
	0.09
	0.07
	0.04
	0.03
	0.02
	0.01
	0.01
	0.01
	0.02
	0.04
	0.53
	0.79

	1924
	0.29
	0.10
	0.07
	0.03
	0.01
	0.01
	0.03
	0.05
	0.39
	0.25
	0.41
	1.49

	1925
	1.37
	0.41
	0.98
	0.38
	0.05
	0.03
	0.04
	0.02
	0.03
	0.25
	0.91
	1.17

	1926
	0.38
	0.12
	0.10
	0.05
	0.04
	0.02
	0.04
	0.33
	0.16
	0.05
	0.07
	0.11

	1927
	0.10
	0.07
	0.06
	0.03
	0.01
	0.87
	0.35
	0.06
	0.04
	0.05
	0.06
	0.35

	1928
	0.74
	0.96
	0.31
	0.07
	0.04
	0.03
	0.02
	0.01
	0.03
	0.15
	0.68
	0.68

	1929
	0.25
	0.11
	0.06
	0.03
	0.37
	0.15
	0.03
	0.04
	0.06
	0.08
	1.00
	1.00

	1930
	0.31
	0.11
	0.06
	0.05
	0.04
	0.01
	0.01
	0.02
	0.03
	0.22
	0.16
	2.28

	1931
	3.23
	0.95
	6.10
	2.90
	0.24
	0.06
	0.06
	0.03
	0.05
	0.07
	0.08
	6.03

	1932
	3.12
	0.35
	0.08
	0.06
	0.02
	0.03
	0.02
	1.21
	0.51
	0.12
	4.13
	1.59

	1933
	0.12
	0.08
	0.09
	0.04
	0.04
	0.04
	0.05
	0.03
	0.02
	0.05
	0.10
	0.12

	1934
	1.41
	0.56
	0.07
	0.05
	0.02
	0.03
	0.02
	2.73
	1.13
	0.24
	1.41
	1.30

	1935
	0.62
	0.19
	0.09
	0.06
	0.04
	0.02
	0.03
	0.16
	0.12
	0.07
	0.09
	0.08

	1936
	0.11
	1.13
	0.43
	0.06
	0.03
	0.02
	0.03
	0.03
	0.02
	0.04
	0.07
	0.09

	1937
	0.11
	0.10
	0.08
	0.05
	0.03
	0.01
	0.01
	0.02
	0.03
	0.03
	0.04
	0.07

	1938
	0.09
	0.08
	0.05
	0.02
	0.99
	0.54
	0.15
	0.07
	0.05
	0.05
	1.15
	1.04

	1939
	0.30
	0.10
	0.31
	0.29
	0.24
	0.12
	0.09
	0.07
	0.08
	0.35
	0.20
	0.09

	1940
	0.10
	0.08
	0.07
	0.04
	0.04
	0.02
	0.02
	0.04
	0.30
	0.18
	0.08
	0.08

	1941
	0.10
	0.11
	0.93
	0.36
	0.06
	0.01
	0.02
	0.04
	0.08
	0.10
	0.13
	0.14

	1942
	0.12
	0.09
	0.04
	0.02
	0.02
	0.01
	0.01
	0.01
	1.95
	0.69
	1.59
	3.06

	1943
	0.91
	0.12
	0.10
	0.09
	0.04
	0.03
	0.03
	3.55
	2.30
	0.93
	0.84
	1.93

	1944
	0.56
	0.11
	0.07
	0.06
	0.04
	0.03
	0.02
	2.21
	1.00
	0.66
	0.43
	0.17

	1945
	0.08
	0.08
	0.05
	0.05
	0.05
	0.16
	0.10
	0.04
	0.04
	0.35
	1.27
	0.93

	1946
	0.27
	0.10
	0.07
	0.04
	0.05
	0.02
	0.03
	0.07
	1.31
	3.99
	1.29
	0.52

	1947
	0.18
	0.09
	0.06
	0.04
	0.04
	0.03
	0.51
	0.20
	0.04
	0.06
	0.09
	0.27

	1948
	0.28
	0.15
	0.08
	0.06
	0.04
	0.03
	0.02
	0.01
	0.02
	0.01
	0.02
	0.05

	1949
	0.06
	2.31
	0.80
	0.06
	0.04
	0.01
	0.00
	0.01
	0.01
	0.03
	0.06
	0.08

	1950
	0.09
	1.42
	0.53
	0.57
	0.26
	0.04
	0.03
	0.03
	0.84
	2.05
	1.77
	2.04

	1951
	0.62
	0.08
	0.05
	0.03
	0.05
	0.04
	0.02
	0.03
	0.04
	0.06
	0.64
	3.75

	1952
	1.51
	0.11
	0.07
	0.05
	0.03
	0.03
	0.02
	0.01
	0.01
	0.04
	1.49
	1.13

	1953
	3.87
	1.52
	0.10
	0.07
	0.04
	0.01
	0.02
	0.43
	0.21
	0.68
	2.79
	1.33

	1954
	0.14
	0.09
	0.09
	0.05
	1.45
	0.48
	0.04
	0.04
	0.05
	0.05
	0.09
	0.69

	1955
	0.62
	4.31
	1.00
	0.06
	0.03
	0.02
	0.03
	2.22
	1.05
	0.09
	0.12
	3.30

	1956
	3.19
	0.69
	0.51
	0.18
	0.04
	0.03
	0.03
	0.04
	0.08
	0.11
	0.80
	2.75

	1957
	1.11
	0.15
	0.06
	0.05
	0.04
	0.01
	0.03
	0.78
	0.36
	0.12
	0.88
	0.40

	1958
	0.13
	0.11
	0.06
	0.30
	0.15
	0.03
	0.04
	0.08
	0.10
	0.10
	2.62
	1.51

	1959
	1.30
	0.34
	0.07
	0.34
	0.17
	0.03
	0.01
	0.04
	0.07
	1.92
	1.07
	1.37

	1960
	0.38
	0.08
	0.06
	0.04
	0.03
	1.18
	0.44
	0.56
	0.27
	0.10
	0.13
	0.14

	1961
	0.52
	0.25
	0.07
	0.05
	0.04
	0.02
	0.03
	0.04
	0.03
	0.04
	1.95
	0.77

	1962
	0.14
	0.12
	0.08
	0.05
	0.04
	0.44
	0.20
	0.26
	0.18
	0.50
	0.40
	0.17

	1963
	0.08
	0.06
	0.04
	0.05
	0.05
	0.03
	0.03
	0.04
	1.13
	0.44
	0.56
	3.16

	1964
	1.06
	0.09
	0.07
	0.05
	0.04
	0.01
	0.04
	0.14
	0.35
	0.20
	0.12
	0.11

	1965
	1.27
	1.15
	0.31
	0.06
	0.04
	0.04
	0.02
	0.03
	0.05
	0.04
	0.26
	0.39

	1966
	0.19
	0.08
	0.07
	0.05
	0.03
	0.01
	0.79
	0.33
	0.13
	1.21
	0.69
	1.04

	1967
	0.39
	0.08
	0.07
	0.04
	0.02
	0.03
	0.02
	0.04
	3.74
	1.30
	1.71
	3.89

	1968
	0.99
	0.10
	0.07
	0.05
	0.03
	0.03
	0.03
	0.02
	0.03
	0.06
	0.09
	0.10

	1969
	0.10
	0.10
	0.06
	0.04
	0.03
	0.03
	0.02
	0.00
	0.00
	0.01
	0.05
	0.10

	1970
	0.12
	0.10
	0.82
	0.32
	0.03
	0.02
	0.81
	1.15
	1.34
	2.62
	5.66
	1.64

	1971
	0.10
	0.10
	0.10
	0.06
	0.02
	0.04
	0.04
	0.07
	0.10
	1.08
	1.34
	0.37

	1972
	0.09
	0.06
	0.05
	0.04
	0.03
	0.01
	0.02
	0.06
	0.09
	0.08
	0.09
	0.10

	1973
	0.11
	0.10
	0.08
	0.04
	0.03
	0.04
	0.05
	0.31
	0.54
	0.23
	2.70
	3.34

	1974
	0.87
	0.09
	0.06
	0.04
	0.03
	0.03
	0.03
	0.03
	0.02
	0.25
	1.35
	1.77

	1975
	0.52
	0.07
	0.06
	0.05
	0.03
	0.02
	0.03
	0.04
	0.08
	1.81
	1.40
	0.38

	1976
	2.58
	0.95
	0.10
	0.07
	0.03
	0.04
	0.03
	3.28
	2.21
	0.25
	0.71
	0.50

	1977
	0.16
	0.10
	0.09
	0.06
	0.05
	0.03
	0.01
	0.02
	0.06
	0.09
	0.10
	0.12

	1978
	0.17
	0.28
	0.15
	0.07
	0.05
	0.03
	0.02
	0.02
	0.04
	1.06
	5.04
	3.23

	1979
	0.35
	0.10
	0.06
	0.04
	0.04
	0.03
	0.01
	0.03
	0.04
	0.06
	0.06
	0.07

	1980
	0.09
	0.10
	0.08
	0.69
	0.30
	2.60
	0.95
	1.96
	1.45
	0.25
	6.28
	1.87

	1981
	1.96
	0.61
	0.09
	0.06
	0.04
	0.02
	1.71
	0.60
	0.05
	0.06
	0.09
	0.12

	1982
	0.12
	0.09
	0.05
	0.05
	0.02
	0.04
	0.02
	0.03
	0.08
	7.01
	3.28
	0.51

	1983
	0.30
	0.14
	0.08
	0.06
	0.04
	0.01
	0.03
	0.02
	0.02
	0.05
	0.09
	0.12

	1984
	0.09
	0.05
	0.04
	0.05
	0.05
	0.03
	0.34
	0.15
	0.05
	0.08
	0.11
	0.09

	1985
	0.09
	0.11
	0.08
	0.03
	0.02
	0.01
	0.01
	0.01
	0.02
	0.03
	0.26
	0.18

	1986
	2.17
	0.83
	0.08
	0.05
	0.03
	0.02
	0.03
	0.03
	0.72
	0.32
	0.37
	1.96

	1987
	0.68
	0.08
	0.05
	0.04
	0.02
	0.00
	0.01
	0.03
	0.06
	0.16
	0.15
	0.12

	1988
	0.10
	0.07
	0.03
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.02
	0.04
	0.05

	1989
	1.94
	2.75
	0.75
	0.05
	0.03
	0.04
	0.03
	0.03
	0.68
	0.31
	0.50
	0.26

	1990
	0.37
	0.20
	0.09
	0.06
	0.03
	0.03
	0.03
	0.01
	0.02
	0.03
	0.03
	0.05

	1991
	0.06
	0.07
	0.04
	0.02
	1.30
	0.43
	0.04
	0.04
	0.07
	0.38
	3.57
	1.29

	1992
	3.02
	1.62
	0.15
	0.05
	0.04
	0.03
	0.02
	0.03
	1.98
	0.74
	0.63
	6.02

	1993
	1.51
	0.07
	0.04
	0.05
	0.04
	0.03
	0.02
	0.04
	0.28
	1.57
	3.01
	1.10

	1994
	0.28
	0.14
	0.59
	0.24
	0.06
	0.04
	0.05
	0.08
	0.10
	0.15
	1.00
	0.38

	1995
	0.11
	0.42
	0.19
	0.08
	0.05
	0.02
	0.03
	0.02
	0.02
	0.02
	0.07
	0.58

	1996
	3.11
	6.76
	1.47
	0.08
	0.04
	0.03
	2.26
	1.14
	1.67
	1.06
	1.25
	0.35

	1997
	0.09
	0.08
	0.07
	0.04
	0.04
	0.02
	0.04
	0.03
	0.04
	0.06
	0.88
	0.39

	1998
	0.10
	0.07
	0.06
	0.05
	0.04
	0.02
	0.03
	0.02
	0.03
	0.40
	0.21
	1.37

	1999
	0.91
	0.24
	0.06
	0.04
	0.03
	0.09
	0.08
	0.05
	0.03
	0.02
	0.01
	0.03

	2000
	0.06
	0.70
	0.29
	0.07
	0.05
	0.02
	0.02
	0.02
	0.02
	0.03
	0.07
	1.01

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	1: Open
	>0.4
	2: Semi-Closed
	0.05-0.4
	3: Closed
	< 0.05
	


c.
Present sediment processes and characteristics: 

The influx of sediment from the catchment to the estuary is not known, but considerable amounts of sediment enter the estuary from the adjacent dunes (Huizinga 1994). A topographical survey (DWAF, October 1993) indicated bottom levels of ~1.0 m MSL at 1 to 1.5 km upstream from the mouth. A long-term equilibrium probably exists between the sand supply from the dunes and the sediments flushed out by the river during floods. A reduction in river floods will affect the equilibrium and will result in ongoing sedimentation.  

The sediment processes in the Tsitsikamma Estuary is probably still largely representative of that found under the Reference Condition, as the expected long-term effect of the recent dam developments have not yet been reflected in the present health of the system.  However, it is expected that the reduction in higher flows and floods, as a result of these dams, would in the long-term, reduce the size the inter-tidal and sub-tidal habitat in the estuary. Therefore, in terms of sediment processes the estuary may still be in a trajectory of change, away from the Natural Condition.

No marked change is, however, expected in the sand fraction relative to total sand and mud fraction assuming that sediment throughout the estuary is more sandy (for nearby dunes and marine origin) and that silt loading from the catchment remains negligible. 

Confidence:  Low

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

	State
	Flow range

	1: Open
	> 0.4 m3/s

	2: Semi-closed
	0.05 - 0.4 m3/s

	3: Closed
	< 0.05 m3/s


The transitions between the different states will not be instantaneous, but will gradually take place and especially time delays will play a role. The estimate of the occurrences of the different states by direct correlation with river flow will probably nevertheless be reasonably accurate and can be used to assess the ecological consequences of different scenarios.

Confidence:  Low

e.
Typical abiotic characteristics of the Abiotic States identified for the Tsitsikamma Estuary:
	ABIOTIC STATE 1:  OPEN STATE

	Typical flow patterns:  At inflow of more than 0.4 m3/s the mouth should remain in open.

Confidence:  Low

	State of the mouth:  The mouth of the Tsitsikamma Estuary will be open in this state allowing for full tidal penetration.

The mouth would be wide open for very short periods after flood events (~10 m3/s), but due to the limited tidal flows and sediment availability from the adjacent beach and dune slopes it would soon return to a normal open or semi-closed state.

Confidence:  Low

	Flood plain inundation patterns:  Limited flood plain inundation would only occur during high spring tides or during flood events.
Confidence:  Low

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  Full tidal variation.
Confidence:  Low

	Retention times of water masses:  The retention time will vary from a few days during lower inflows (~0.4 – 1 m3/s) to less than a day during high flow and flood events.

Confidence:  Low

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


	ABIOTIC STATE 1:  CLOSED STATE, continued…

	Salinity distributions in the estuary:  No data is available, but it is expected that during an open state a well-developed horizontal salinity gradient forms in the estuary with marked saline penetration up to about 1 km from the mouth.  The estuary is shallow therefore it is not expected for strong vertical stratification to develop during the open phase.  
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These conditions would prevail unless flow increase to above ~10 m3/s, when it will be dominantly fresh.  However, these higher flows do not persist for more than a few days at a time and are therefore not treated as a separate state.

Confidence:  Low

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

Temperatures will depend on the time of year when the open state occurs, with higher temperature during summer and lower temperatures during winter.  

Suspended solids and turbidity levels is expected to be low.  However, light penetration in the fresher areas may be limiting due to the dark colour of the inflowing river water, associated with high humic acid content.

River inflow to the estuary has a high humic acid content (brown colour) with a low pH (between 4 – 6).  However, these waters have weak buffering capacity and pH levels usually increases as soon as the water come into contact with seawater.  Seawater has a high buffering capacity with a pH of about 8.2.  Therefore, low pH levels (<6) are only expected in waters of 0 ppt, i.e. the freshwater sections. 

The estuary is shallow and with sufficient flushing, it should be well oxygenated throughout.

Confidence:  Low

	Inorganic Nutrients:  Nutrient concentrations are expected to be low throughout the estuary.  The Tsitsikamma river is a black water system which typically has low inorganic nutrient content.  Typically seawater in the area is also low in nutrient, unlike the west coast where upwelling event markedly increases seawater nutrient concentrations, particularly during summer.

Confidence:  Low

	Toxic substances:  Not applicable to the Tsitsikamma Estuary - no major industries or urban areas situated in the catchment.
Confidence:  -


	ABIOTIC STATE 2:  SEMI-CLOSED STATE

	Typical flow patterns:  Flows between 0.05 and 0.4 m3/s.

Confidence:  Low

	State of the mouth:  Mouth of the estuary would be in a perched, semi-closed state. 

Confidence:  Low

	Flood plain inundation patterns:  Limited flood plain inundation in the low-lying areas due to the elevated mouth position and restricted mouth opening. The extent to which inundated would occur depend on the height of the berm (currently not available).
Confidence: Low

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): Limited to no tidal variation would occur, depending on how restrictive the mouth is.
Confidence:  

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

Confidence:  

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

	Salinity distributions in the estuary:  The semi-closed state was sampled on 2 occasions, i.e. 15 November 1993 and 1 August 1995.  Results indicated that during the semi-closed state, strong vertical stratification develops in the estuary, specifically in the deeper areas (i.e. near the mouth and a deeper area about 1.8 km from the mouth).
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During the semi-closed state the river inflow is low.  Saline water trapped in the estuary (entered the system during the previous open phase) forms a saline bottom layer with freshwater flowing out to sea as a surface layer.  During the semi-closed state bottom salinities can also be elevated through over-wash as a result of wave action during spring tides and during storm events. It has been shown elsewhere that over-wash can markedly increase salinities in small system such as the Tsitsikamma Estuary.    If this state should persist for months at a time with little or no over wash, salinities in the estuary may continuously decrease through entrainment as the fresh surface layer ‘erodes’ into the more saline bottom layers, but due to the low flows these effects would not be as significant as was recorded for the Palmiet Estuary.
Confidence:  Low

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

Temperatures will depend on the time of year when the state occurs, with higher temperature during summer and lower temperatures during winter.  

Suspended solids and turbidity levels is expected to be low.  However, light penetration in the fresher areas may be limiting due to the dark colour of the inflowing river water, associated with high humic acid content. 

River inflow to the estuary has a high humic acid content (brown colour) with a low pH (between 4 – 6).  However, these waters have weak buffering capacity and pH levels usually increases as soon as the water come into contact with seawater.  Seawater has a high buffering capacity with a pH of about 8.2.  Therefore, low pH levels (<6) are only expected in waters of 0 ppt, i.e. the freshwater sections.

The estuary is shallow and should remain oxygenated throughout (i.e. dissolved oxygen concentrations above 5 mg/L).

Confidence:  Low

	Inorganic Nutrients:  Nutrient concentrations are expected to remain low throughout the estuary.  

Confidence:  Low

	Toxic substances:  Not applicable to the Tsitsikamma Estuary - no major industries or urban areas situated in the catchment.
Confidence:  -


	BIOTIC STATE 3:  CLOSED STATE

	Typical flow patterns:  At inflows less than 0.05 m3/s the mouth can potentially start to close completely.

Confidence:  Low

	State of the mouth:  Mouth closed

Confidence:  Low

	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 (currently not available).
Confidence: Low

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

	Retention times of water masses:  The retention time would vary from a few weeks to months depending on the duration of the closed state. Under present day conditions mouth closure do not occur for extended periods at a time.

Confidence:  Low

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

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

However, if the closed state occurs for longer periods, i.e. a few months at a time, stratification will decrease due to mixing processes forming a relatively well-mixed brackish water body throughout the estuary.
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Confidence:   Low

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

Temperatures will depend on the time of year when the state occurs, with higher temperature during summer and lower temperatures during winter.  

Suspended solids and turbidity levels is expected to be low.  However, light penetration in the fresher areas may be limiting due to the dark colour of the inflowing river water, associated with high humic acid content. 

River inflow to the estuary has a high humic acid content (brown colour) with a low pH (between 4 – 6).  However, these waters have weak buffering capacity and pH levels usually increases as soon as the water come into contact with seawater.  Seawater has a high buffering capacity with a pH of about 8.2.  Therefore, low pH levels (<6) are only expected in waters of 0 ppt, i.e. the freshwater sections.

The estuary is shallow and should remain oxygenated throughout (i.e. dissolved oxygen concentrations above 5 mg/L).

Confidence:  Low

	Inorganic Nutrients:  Nutrient concentrations are expected to remain low throughout the estuary.  

Confidence:  Low 

	Toxic substances:  Not applicable to the Tsitsikamma Estuary - no major industries or urban areas situated in the catchment.
Confidence:  -


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

The occurrence and duration of the different Abiotic States during the Present State are illustrated in the simulated monthly river flow table (Table 3.1). 

To provide a conceptual overview of the annual distribution of Abiotic States under the Present state, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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g.
Non-flow related anthropogenic influences, presently affecting Abiotic characteristics in the estuary:

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

Confidence:  

	Human exploitation, (e.g. sand mining):  N/A
Confidence:  

	Discharges into the estuary affecting water quality (e.g. dump sites, storm water, sewage discharges, etc):  N/A

 Confidence:  

	Other:  N/A

Confidence:  


3.1.2 Biotic component

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

	A survey in November 1993 showed that phytoplankton and benthic microalgal biomass increased from the mouth to the head of the estuary.  Water column chlorophyll-a ranged from 0 to 24 µg/litre and benthic chlorophyll-a from 9.4 to 11.1 mg/m2. Benthic microalgal biomass was very low and this is probably due to the coarse marine sediment.  Higher microalgal biomass is generally associated with fine size fractions of silt and mud.

The phytoplankton community consisted mainly of diatom and flagellate species. The dominant diatom species was Cocconeis sp. but in terms of cell numbers Nitzschia delicatissima (site 1), Amphora sp. (site 2) and Navicula sp. (site 3) were considered species in different parts of the estuary.  

Diatoms were the dominant benthic microalgal group.  Some of the species found, for example Amphiprora sp., Achnanthes sp. and Melosira sp. are characteristic of brackish conditions (salinity < than 10 ppt).  Brackish conditions exist when seawater flows over the bar during high tide.  Asterionella sp. was only found at the mouth region as it is a marine species.  
Confidence:  Medium

	MACROPHYTES

	The survey in November 1993 showed that salt marsh communities were absent, probably as a result of the low salinity of the estuary and lack of intertidal areas. Triglochin striata (arrowgrass) was the only true marsh species found in this estuary.  Sporobolus virginicus (brakgras) formed a thick mat near the mouth in marine sand.  This species is common along the margins of salt marshes and in the dune slacks.  Dense stands of the common reed, Phragmites australis, were found along the length of the river.

The riparian vegetation included indigenous coastal forest.  In November 1993 the riparian vegetation was infested with alien species such as Acacia cyclops (rooikrans) and Acacia saligna (Port Jackson willow).  There was a wetland area 3 km from the mouth on the east bank and the dominant plant here was the giant sedge Cyperus textiles. Dune vegetation characterised the mouth area.  Scaevola thunbergii, Arctotheca populifolia and Gazania rigens were common.  These plants stabilise sand and form hummock dunes.

Confidence: Medium

	INVERTEBRATES (INCLUDING ZOOPLANKTON)

	The single series of zooplankton samples was low in species composition and biomass.  Of the three species of copepods commonly found in south coast estuaries, only Pseudodiaptomus hessei was present in the Tsitsikamma estuary.  Maximum density occurred in the middle reaches and did not exceed 400 m3 of water (maximum density can exceed 100 000 m3 in some estuaries).  Cladocerans and ostracods were also present in low numbers, but these species are more benthic in their life style.  

Macrobenthic species richness is described as poor.  The sandprawn Callianassa kraussi was present throughout the lower estuary, occurring at a maximum density of 102 per m2 of substrate.  Only one other macrobenthic species was common in samples – the isopod Pontogeloides latipes (up to 330 per m2 of substrate).  The density of sandprawn is described as low to medium when compared to other systems.

Confidence:  Medium

	FISH

	Eight fish species have been recorded in the Tsitsikamma Estuary which represents a low diversity for this type of estuary in the warm temperate region of the Eastern Cape. Two species (Gilchristella aestuaria and Psammogobius knysnaensis) breed in estuaries with the remaining six species (Lithognathus lithognathus, Liza richardsonii, Monodactylus falciformis, Mugil cephalus, Myxus capensis and Rhabdosargus holubi) breeding at sea and using the estuarine environment as a nursery area.     

Confidence:  Medium

	BIRDS

	NOTE:  Due to budgetary constraints, birds could not be included as part of this Rapid determination.




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

	Micro-algae: When the mouth is open at an inflow of 0.4 m3/s saline penetration is approximately 1 km from the mouth.  This may allow more marine diatom species to be present in the mouth and associated region.  If the mouth is closed, the water is brackish (<10 ppt) and this will exclude the marine diatom species and allow brackish water species to thrive.

Generally closed mouth condtions result in a loss of intertidal habitat and therefore loss of benthic microalgae.  However under these conditions subtidal communities can thrive.  This may not be the case in the Tsitsikamma estuary because of the oligotrophic conditions and reduction in light as a result of humic acids.  Indeed the single survey in 1993 found very low benthic microalgal biomass and at the time this was related to the nature of the substratum i.e. coarse marine sand.

When the mouth breaches phytoplankton are flushed from the estuary. Thereafter phytoplankton biomass may increase due to input of saline water and introduction of nutrients into the system during the open phase.  When the mouth is closed for a couple of months observations in the Van Stadens estuary have shown that less palatable larger phytoplankton cells i.e. microphytoplankton (>20 (m) are dominant compared to nano- (2.7 – 20 (m) and picophytoplankton (<2.7(m) (Gama et al. 2002,CHECK THIS).
Confidence: Low

	Macrophytes: Prolonged mouth closure can negatively impact macrophytes as a result of increased water levels and associated submergence.  A rise in water level after the mouth closes may result in submergence of Phragmites australis, which occurs along the length of the river. Freshwater wetland species such as Cyperus textiles may also be impacted by an increase in water level as this species occurs close to the water’s edge.  Mouth closure may also result in the loss of biomass of Sporobolus virginicus at the mouth of the estuary due to a change in salinity (35 ppt to <10ppt).  

Natural increases in water level and flooding of marginal vegetation would be important in introducing detritus to the estuary.  Lack of flushing during mouth closure could result in the accumulation of detritus, an increase in oxygen demands and anaerobic conditions.  

An increase in mouth closure could cause macroalgal blooms (filamentous green algae such as Cladophora and Enteromorpha species) as commonly found in Van Stadens and Maitlands estuaries.

Confidence: Low

	Invertebrates:  The condition of the mouth fluctuates between a closed, semi-closed and an open state.  During mouth closure there is a progressive shift towards reduced salinity values in the estuary and this is correlated with the duration of the closed state.  Although sandprawn are able to survive low salinity conditions for extended periods (times of mouth closure), water salinity above 25-30 ppt is required for the successful breeding of Callianassa kraussi.  Breeding will therefore be linked to that window in the annual calender when mouth condition (open or semi-closed with overtopping) allows for suitable salinity conditions to prevail, at least in the lower parts of the estuary.  Successful breeding will therefore be limited to that section of the population that experiences suitable conditions. 

Similarly, low salinity values (<20 ppt) will exclude some zooplankton species and the fauna will become more typical of a brackish water fauna. If the estuary experiences macroalgal blooms, food availability in the form of phytoplankton will decline and this will further suppress zooplankton biomass. Both these species will occur most abundantly in the middle to lower estuary because of more favourable salinity conditions found there. 

Confidence: Low

	Fish: The fish fauna of the Tsitsikamma Estuary is dominated by estuarine and marine species. The open phase of the mouth will facilitate maximum exchange of marine species into and out of the estuary. Recruitment of late larvae and early juveniles of many marine species will still be possible during the semi-closed state. Complete mouth closure will increase the aquatic habitat and nursery areas available to all fish species and productivity (fish biomass produced) is likely to be highest during this stable phase. Prolonged closed phases (in excess of 1 year) are likely to result in a gradual decline in the abundance of marine species in relation to the estuarine species. If salinities within the estuary decline below 3 ppt then fish kills are likely to occur, especially during winter.
Confidence:  Low


	EXPOSURE OF INTER-TIDAL AREAS DURING LOW TIDE

	Micro-algae: Generally intertidal benthic microalgal biomass is greater than subtidal biomass.  Intertidal communities are probably limited in the Tsitsikamma Estuary due to the short periods when the mouth is permanently open.

Confidence: Medium

	Macrophytes: True intertidal communities are absent from the Tsitsikamma Estuary.  The common reed Phragmites australis, present in the Tsitsikamma Estuary, can grow intertidally and is adapted to tidal flushing e.g. Kromme and Thukela estuaries.

Confidence: Medium

	Invertebrates: The burrowing macrofauna is well adapted to withstand intertidal exposure.  Organisms adapted to living at the surface will be influenced by changes in the vegetation, should changes occur.  In general, intertidal areas covered by vegetation excludes larger burrowing forms. 
Confidence: Low

	Fish: Not applicable (no fish species occur in the intertidal area during low tide)

Confidence: High


	SEDIMENT PROCESSES AND CHARACTERISTICS

	Microalgae: High flows during the open mouth condition would flush out phytoplankton and resuspend sediments and remove benthic microalgal communities.  These would re-establish rapidly once the mouth closed. Low benthic microalgal biomass was found in the Tsitsikamma Estuary and this was related to nature of the substratum i.e. coarse marine sediments.  

Confidence: Medium

	Macrophytes: Stable sediment conditions promote reed growth.  Floods are important in flushing out sediment and preventing reed encroachment in the main water channel.  In the Onrus (Western Cape), Mcantsi (Eastern Cape) and Siyaya (KwaZulu Natal) estuaries reed encroachment as a result of sedimentation and reduced flows has resulted in a loss of open water surface area habitat.  Species richness and community composition then change as the reeds outcompete submerged macrophytes and macroalgae.

Confidence: Medium

	Invertebrates: The sandprawn Callianassa kraussi occurs in sandy sustrata in the lower estuary.  The presence of sandprawns in the system is therefore linked to sand dynamics.   Although intertidal and subtidal densities of sandprawn were similar, the creation of supratidal banks will reduce habitat availability.  Thus occasional flooding is an important process in scouring out excess sediment near the mouth.  Sandprawn are capable of migrating to new areas where substrate is suitable, provided other factors such as salinity are suitable.

Confidence: Medium

	Fish: Low benthic micro-algal biomass would result in a relatively low biomass of mullet (Family: Mugilidae) species in this system. Flushing of sediments together with associated micro-algae and detritus would further reduce the available food sources for the mullet but this process is essential in order to maintain the depth profile and therefore the habitat diversity within the estuary.  

Confidence: Medium


	RETENTION TIMES OF WATER MASSES

	Micro-algae:  Water retention time may be favourable for phytoplankton growth and biomass accumulation during closed and semi-closed mouth conditions, the oligotrophic nature of the estuary and tannin stained waters probably limit growth.  The same would apply for the benthic microalgae

Confidence: Low

	Macrophytes:  During closed mouth conditions detritus from fringing vegetation may accumulate in the estuary and lead to anoxia.

Confidence:

	Invertebrates:  An increase in retention time of the water body is likely to be associated with the increase in tannins (noted above).  If particulate foods decrease in biomass, benthic filter feeders are likely to be negatively affected and populations will decline.  Some planktonic species are able to switch diets and feed on the benthic microalgae,  but if these are also limited, the same result  will occur.

Confidence: Low

	Fish: If primary and secondary production during the closed phase declines then this will impact on the fish fauna within the estuary. However, the retention of all autochthonous and allochthonous detrital material during this phase is likely to increase the food base for detritivorous fish species which dominate the ichthyofaunal biomass within the system.

Confidence:  Low


	FLOW VELOCITIES

	Micro-algae: High flow velocities during open mouth conditions would prevent the build-up of microalgal biomass. 

Confidence: Medium

	Macrophytes: Stagnant water would result in an increase in macroalgae such as Cladophora and Enteromorpha species. Floods are important in resetting the estuary.  A reduction in floods could result in reed encroachment into the main channel.

Confidence: Low

	Invertebrates:  Except for flood conditions, the zooplankton and benthos will tolerate the normal range of tidal flow velocities.  If water movement ceases, benthic filter feeders are likely to be adversely affected.  The build–up of macroalgae is also likely to lead to a decline, including the zooplankton.

Confidence: Low

	Fish: All fish species are able to withstand the range of flow velocities that pass through the Tsitsikamma Estuary. The larvae of Gilchristella aestuaria are likely to be washed out to sea and lost if high flow velocities coincide with spawning activity. Fish biomass and diversity is likely to be lowest during high river flow velocities but will increase once river flooding ceases. Stagnant water conditions pose no problem to estuarine or marine fish species, provided these waters remain welll oxygenated.

Confidence:  Medium


	VOLUME OF WATER IN ESTUARY

	Micro-algae: Increased volumes of water would provide more habitat for microalgal communities. 

Confidence: Low 

	Macrophytes: N/A

Confidence: - 

	Invertebrates:  Increased water volumes will provide additional habitat for colonization.  However, benefits provided by additional habitat may be countered by other variables that affect populations, e.g. lower water salinity and reduced food availability. 

Confidence: Low

	Fish: In addition to providing additional habitat, an increase in water volume will allow larger fish to occupy the estuary. At present the estuary is very shallow during the open phase and this precludes large fish from entering or utilising the system.

Confidence: Low


	SALINITIES

	Micro-algae: Input of seawater during open mouth conditions increases microalgal diversity.  Marine species were found near the mouth in the 1993 survey. Strong vertical stratification could limit nutrient uptake by subtidal benthic microalgae.

Confidence: Low

	Macrophytes: Prolonged mouth closure and a reduction in salinity may lead to a change in species composition eg. Brakgrass, Sporobolus virginicus may be replaced by buffelsgras Stenotaphrum secundatum.  The current vegetation indicates a fresh to brak system.  There are no plants that indicate a persistent saline influence.  The dominant plant, common reed Phragmites australis grows best at salinity less than 15 ppt.

Confidence: Medium

	Invertebrates: Populations will be influenced by changes in salinity.  Increased salinity values in the lower estuary (mouth open) will change zooplankton species composition and numbers of species will increase.  Sandprawns will likely benefit by an increased salinity above 25 psu, as this is the lower threshold required for successful breeding.  A reduction in salinity below 25 psu will not only affect breeding success, but also reduce the length of the breeding season.  The estuarine copepod Pseudodiaptomus hessei usually prefers mesohaline conditions (<25 psu), although other potential copepods typical of estuaries will disappear.  If conditions are suitable, P. hessei may reach relatively high numbers for a short term (weeks) before decining again.

Confidence: Low

	Fish: Salinities of between 5 and 35 ppt are suitable for all estuarine associated fish species. Prolonged salinities below 3 ppt will create osmoregulatory stress for a number of marine species and, in combination with low water temperatures, could lead to mass mortalities if the fish are unable to escape to higher salinities.

Confidence: Medium


	OTHER WATER QUALITY VARIABLES

	Micro-algae: Input of seawater during open mouth conditions probably increases microalgal biomass by introducing nutrients into the estuary and creating a river estuary interface zone.  The Tsitsikamma Estuary can be compared to the temporarily open / closed Van Stadens estuary.  Gama et al. (2002) characterised the Van Stadens as oligotrophic. Total phosphorus concentrations tended to be below 2.5 g/l (76 M) and nitrate concentrations were below 5.0 (g/l (70 (M).  There were no clear differences in nutrient concentrations between the upper and the lower reaches of the estuary.  However, during the open phases and during overtopping phosphate and nitrate concentrations increased and this was followed by an increase in phytoplankton biomass.  A similar response could be expected in the Tsitsikamma estuary.

Confidence: Medium

	Macrophytes: If there was an increase in nutrients to the Tsitsikamma Estuary this would encourage reed growth particularly if there was sedimentation at the same time.

Confidence: Medium

	Invertebrates:  Temperature effects are dependent on the time of the year, although the influence of this variable is often coupled to salinity.  Low temperature and low salinity is likely to influence zooplankton composition differently compared to low temperature and high salinity (the latter favours Acartia longipatella).  Acartia natalensis (a species that could occur in the plankton in the Tsitsikamma Estuary) favours high water temperature and low salinity.  The current status of these two estuarine endemics in the Tsitsikamma estuary is not known. 

Increased nutrients (when the mouth was open or overtopping occurred) in the lower estuary may lead to a temporary increase in zooplankton and hyperbenthic forms, provided there was a similar response in the phytoplankton and benthic microalgae.

. 

Confidence: Low

	Fish: Low dissolved oxygen concentrations (<3 mg/l), if they occur during stratified conditions within the estuary, will cause stress within the fish population.

Confidence: Low


	OTHER BIOTIC COMPONENTS

	Micro-algae: Microalgae are important primary producers in estuaries.  Any changes to this component will result in changes in the secondary consumers

Confidence: High

	Macrophytes: N/A

Confidence: -

	Invertebrates:  The status of invertebrate predators is not known. Competitive interactions between species and within the same species are also likely to increase as population densities increase. 

Confidence:  Low

	Fish: The presence of piscivorous birds (cormorants, herons, egrets, kingfishers etc.) and mammals (otters) will affect the abundance and size structure of fishes within the Tsitsikamma Estuary. 

Confidence: Low


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

	Micro-algae: N/A

Confidence: - 

	Macrophytes: N/A

Confidence: -

	Invertebrates:  N/A

Confidence: -

	Fish: N/A

Confidence: - 


	HUMAN EXPLOITATION (CONSUMPTIVE AND NON-CONSUMPTIVE)

	Micro-algae: N/A

Confidence: -

	Macrophytes: N/A

Confidence: -

	Invertebrates:  Bait collecting is likely to aggravate variations in sand prawn density and biomass.  The population is relatively small and recruitment is very dependent on specific breeding requirements e.g. salinity.  Trampling is also likely to impact negatively on the community in general. 

Confidence: Low

	Fish:  No information is available on fishing activities in this estuary.

Confidence: - 


	FLOOD PLAIN DEVELOPMENTS

	Micro-algae:  Catchment and riparian zone disturbance could increase suspended sediment loads to the estuary and reduce microalgal growth.

Confidence: High

	Macrophytes:  The survey in 1993 showed that the riparian vegetation was infested with alien species.  This may have changed due to the actions of the Working for Water programme in the area.  Any destabilization of surrounding riparian vegetation will result in an increase in sediment load to the estuary.  Stabilization of the dunes by Acacia cyclops on the north bank of the mouth may have influenced sediment input to the mouth area.

Confidence: Low

	Invertebrates:  Floodplain developments will lead to increased human pressure on bait organisms, adding to increased variation in population biomass.  Any input of fine sediment will also change sediment characteristics in the estuary that will exclude some species. 

Confidence: Medium

	Fish:  Any floodplain developments that result in fishing activities in the estuary will have an impact on the number of large fish within this small estuary.

Confidence: Medium


3.2
Reference Condition

3.2.1
Abiotic Component 

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Present State, over a 81-year period (1920 to 2000) were obtained from Mr. M Roux of Department of Water Affairs and are provided in Table 3.2. The MAR under the Reference Condition is 19.90 x 106 m3.  A statistical analysis of the monthly-simulated runoff data in m3/s for Reference Condition is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	3.17
	1.88
	1.02
	0.49
	0.25
	0.23
	0.58
	1.34
	1.92
	2.00
	3.93
	3.78

	80%ile
	1.57
	0.91
	0.47
	0.07
	0.05
	0.06
	0.07
	0.57
	1.01
	1.12
	2.14
	2.36

	70%ile
	0.98
	0.35
	0.12
	0.05
	0.04
	0.04
	0.05
	0.15
	0.39
	0.54
	1.56
	1.78

	60%ile
	0.62
	0.20
	0.09
	0.04
	0.03
	0.03
	0.05
	0.07
	0.18
	0.41
	1.16
	1.38

	50%ile
	0.43
	0.16
	0.08
	0.04
	0.02
	0.02
	0.03
	0.06
	0.13
	0.26
	0.74
	0.66

	40%ile
	0.28
	0.14
	0.07
	0.03
	0.02
	0.02
	0.03
	0.05
	0.08
	0.15
	0.32
	0.54

	30%ile
	0.19
	0.13
	0.06
	0.03
	0.02
	0.02
	0.02
	0.03
	0.07
	0.12
	0.21
	0.24

	20%ile
	0.16
	0.11
	0.05
	0.03
	0.02
	0.01
	0.02
	0.03
	0.04
	0.08
	0.15
	0.19

	10%ile
	0.13
	0.09
	0.04
	0.02
	0.01
	0.01
	0.02
	0.02
	0.03
	0.04
	0.11
	0.14

	1%ile
	0.08
	0.05
	0.03
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.03
	0.07



Confidence:  Low

b.
Present flood regime:  

Under the Reference Condition high flows and floods, now being trapped by the recent dam developments in Tsitsikamma catchment, would have reached the estuary.  No quantitative statements, however, can be made on the expected change.

Confidence:   Low

c.
Present sediment processes and characteristics: 

The sediment processes and characteristic of the Present State is still largely representative of that found under the Reference Condition, assuming that the expected long-term effect of recent dam developments on sediment processes is not yet reflected in the present health if the system.  

Confidence:   Low
Table 3.2:  Monthly runoff data (in m3/s) for Reference Condition simulated over a 81-year period

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

	1920
	0.05
	0.05
	0.04
	0.03
	0.03
	0.04
	0.07
	0.09
	0.13
	0.14
	0.15
	0.32

	1921
	0.21
	0.13
	0.47
	0.19
	0.06
	0.04
	0.05
	0.74
	0.39
	1.91
	0.79
	0.20

	1922
	0.16
	1.50
	0.55
	0.06
	0.03
	0.01
	0.02
	0.03
	0.07
	0.12
	0.15
	0.16

	1923
	0.15
	0.12
	0.08
	0.05
	0.03
	0.02
	0.02
	0.01
	0.04
	0.06
	1.03
	1.38

	1924
	0.47
	0.14
	0.07
	0.03
	0.02
	0.03
	0.06
	0.08
	0.78
	0.46
	0.71
	2.47

	1925
	2.30
	0.69
	1.66
	0.59
	0.04
	0.03
	0.03
	0.03
	0.05
	0.47
	1.61
	1.98

	1926
	0.62
	0.18
	0.10
	0.04
	0.02
	0.03
	0.02
	0.60
	0.27
	0.08
	0.12
	0.17

	1927
	0.13
	0.08
	0.04
	0.02
	0.02
	1.49
	0.58
	0.07
	0.07
	0.07
	0.10
	0.73

	1928
	1.29
	1.64
	0.49
	0.05
	0.02
	0.01
	0.02
	0.02
	0.04
	0.32
	1.19
	1.17

	1929
	0.42
	0.14
	0.06
	0.02
	0.67
	0.23
	0.05
	0.07
	0.10
	0.14
	1.79
	1.72

	1930
	0.52
	0.14
	0.07
	0.04
	0.03
	0.01
	0.02
	0.03
	0.05
	0.42
	0.27
	3.85

	1931
	5.36
	1.52
	8.02
	3.53
	0.41
	0.09
	0.07
	0.05
	0.08
	0.12
	0.13
	7.35

	1932
	3.69
	0.57
	0.09
	0.03
	0.02
	0.02
	0.03
	2.04
	0.95
	0.21
	5.37
	2.00

	1933
	0.16
	0.19
	0.10
	0.05
	0.05
	0.06
	0.05
	0.03
	0.03
	0.15
	0.21
	0.17

	1934
	2.40
	0.91
	0.06
	0.01
	0.01
	0.02
	0.03
	4.51
	1.97
	0.45
	2.11
	1.52

	1935
	0.78
	0.31
	0.10
	0.04
	0.02
	0.02
	0.03
	0.32
	0.19
	0.12
	0.13
	0.14

	1936
	0.29
	1.94
	0.67
	0.04
	0.02
	0.02
	0.03
	0.02
	0.03
	0.07
	0.11
	0.23

	1937
	0.19
	0.14
	0.09
	0.04
	0.02
	0.01
	0.02
	0.03
	0.05
	0.04
	0.06
	0.11

	1938
	0.14
	0.14
	0.09
	0.04
	1.69
	0.96
	0.25
	0.10
	0.07
	0.08
	2.01
	1.78

	1939
	0.48
	0.15
	0.56
	0.55
	0.48
	0.21
	0.14
	0.10
	0.14
	0.68
	0.33
	0.15

	1940
	0.14
	0.11
	0.06
	0.03
	0.02
	0.01
	0.03
	0.05
	0.56
	0.29
	0.12
	0.13

	1941
	0.28
	0.20
	1.58
	0.57
	0.05
	0.02
	0.03
	0.07
	0.13
	0.27
	0.27
	0.21

	1942
	0.18
	0.14
	0.07
	0.04
	0.03
	0.02
	0.02
	0.01
	3.24
	1.16
	2.71
	5.07

	1943
	1.48
	0.24
	0.17
	0.07
	0.04
	0.03
	0.03
	5.34
	2.73
	1.09
	0.97
	2.21

	1944
	0.80
	0.15
	0.07
	0.03
	0.01
	0.00
	0.00
	3.66
	1.72
	1.12
	0.74
	0.25

	1945
	0.12
	0.09
	0.06
	0.05
	0.03
	0.32
	0.16
	0.06
	0.07
	0.71
	2.14
	1.57

	1946
	0.43
	0.14
	0.06
	0.03
	0.02
	0.03
	0.05
	0.21
	2.23
	5.56
	1.75
	0.57

	1947
	0.29
	0.10
	0.04
	0.02
	0.02
	0.01
	0.89
	0.33
	0.07
	0.09
	0.17
	0.54

	1948
	0.53
	0.23
	0.08
	0.03
	0.02
	0.01
	0.00
	0.01
	0.02
	0.01
	0.04
	0.08

	1949
	0.09
	3.83
	1.29
	0.04
	0.01
	0.00
	0.00
	0.02
	0.02
	0.04
	0.10
	0.14

	1950
	0.14
	2.44
	0.88
	0.99
	0.41
	0.04
	0.02
	0.08
	1.51
	3.41
	2.93
	3.37

	1951
	0.98
	0.08
	0.03
	0.08
	0.05
	0.02
	0.03
	0.04
	0.07
	0.09
	1.19
	6.03

	1952
	1.96
	0.14
	0.07
	0.03
	0.02
	0.01
	0.00
	0.00
	0.02
	0.14
	2.57
	1.92

	1953
	5.40
	1.88
	0.12
	0.04
	0.01
	0.01
	0.02
	0.76
	0.36
	1.23
	4.24
	1.63

	1954
	0.21
	0.15
	0.09
	0.05
	2.43
	0.77
	0.06
	0.07
	0.08
	0.09
	0.28
	1.17

	1955
	0.80
	4.88
	1.59
	0.04
	0.02
	0.02
	0.03
	3.68
	1.38
	0.13
	0.24
	3.77

	1956
	3.69
	0.98
	0.67
	0.25
	0.04
	0.03
	0.03
	0.07
	0.18
	0.19
	1.40
	3.66

	1957
	1.40
	0.20
	0.05
	0.02
	0.01
	0.06
	0.05
	1.34
	0.65
	0.18
	1.51
	0.66

	1958
	0.26
	0.16
	0.06
	0.53
	0.23
	0.04
	0.07
	0.15
	0.15
	0.26
	4.30
	2.22

	1959
	1.51
	0.54
	0.08
	0.61
	0.25
	0.02
	0.02
	0.06
	0.12
	3.29
	1.34
	1.58

	1960
	0.59
	0.10
	0.05
	0.02
	0.02
	1.98
	0.73
	0.98
	0.46
	0.15
	0.32
	0.23

	1961
	0.92
	0.39
	0.06
	0.03
	0.02
	0.02
	0.05
	0.05
	0.05
	0.06
	3.33
	1.29

	1962
	0.30
	0.20
	0.07
	0.03
	0.02
	0.78
	0.37
	0.54
	0.31
	0.88
	0.70
	0.26

	1963
	0.10
	0.07
	0.05
	0.05
	0.04
	0.03
	0.04
	0.04
	1.90
	0.75
	1.01
	5.22

	1964
	1.70
	0.13
	0.07
	0.02
	0.00
	0.04
	0.07
	0.37
	0.66
	0.32
	0.19
	0.17

	1965
	2.17
	1.97
	0.48
	0.06
	0.04
	0.03
	0.03
	0.05
	0.05
	0.07
	0.57
	0.72

	1966
	0.28
	0.12
	0.06
	0.02
	0.01
	0.01
	1.35
	0.66
	0.24
	2.00
	1.16
	1.74

	1967
	0.62
	0.11
	0.05
	0.02
	0.02
	0.02
	0.03
	0.06
	6.27
	2.16
	1.95
	4.44

	1968
	1.36
	0.14
	0.07
	0.03
	0.02
	0.02
	0.02
	0.02
	0.05
	0.10
	0.14
	0.16

	1969
	0.26
	0.15
	0.05
	0.02
	0.02
	0.01
	0.01
	0.00
	0.00
	0.02
	0.11
	0.24

	1970
	0.28
	0.17
	1.39
	0.49
	0.04
	0.03
	1.39
	2.00
	2.26
	4.31
	7.15
	2.17

	1971
	0.16
	0.22
	0.12
	0.04
	0.10
	0.07
	0.07
	0.11
	0.23
	1.86
	1.97
	0.59

	1972
	0.10
	0.05
	0.02
	0.01
	0.00
	0.01
	0.03
	0.10
	0.14
	0.13
	0.15
	0.20

	1973
	0.18
	0.14
	0.07
	0.03
	0.04
	0.06
	0.06
	0.57
	1.01
	0.39
	4.47
	5.51

	1974
	1.40
	0.10
	0.04
	0.02
	0.03
	0.03
	0.03
	0.03
	0.03
	0.46
	2.33
	2.96

	1975
	0.81
	0.10
	0.06
	0.03
	0.02
	0.03
	0.05
	0.07
	0.13
	3.11
	2.37
	0.61

	1976
	3.17
	1.21
	0.13
	0.06
	0.06
	0.05
	0.04
	4.94
	2.62
	0.43
	0.80
	0.63

	1977
	0.24
	0.17
	0.10
	0.04
	0.02
	0.00
	0.02
	0.03
	0.12
	0.15
	0.23
	0.21

	1978
	0.37
	0.56
	0.23
	0.07
	0.04
	0.02
	0.02
	0.03
	0.07
	1.88
	7.73
	3.78

	1979
	0.56
	0.12
	0.05
	0.03
	0.02
	0.01
	0.02
	0.03
	0.07
	0.09
	0.10
	0.12

	1980
	0.15
	0.15
	0.10
	1.19
	0.47
	4.30
	1.56
	3.17
	1.71
	0.35
	6.86
	2.48

	1981
	2.21
	0.87
	0.10
	0.04
	0.02
	0.02
	2.86
	0.99
	0.08
	0.10
	0.15
	0.27

	1982
	0.20
	0.10
	0.04
	0.01
	0.05
	0.03
	0.03
	0.05
	0.25
	9.43
	3.88
	0.63

	1983
	0.43
	0.22
	0.09
	0.03
	0.02
	0.02
	0.02
	0.02
	0.04
	0.09
	0.20
	0.19

	1984
	0.11
	0.06
	0.05
	0.04
	0.04
	0.02
	0.63
	0.25
	0.08
	0.17
	0.16
	0.13

	1985
	0.18
	0.17
	0.11
	0.06
	0.02
	0.01
	0.01
	0.01
	0.03
	0.04
	0.49
	0.30

	1986
	3.67
	1.36
	0.08
	0.03
	0.02
	0.02
	0.05
	0.06
	1.24
	0.53
	0.71
	3.27

	1987
	1.09
	0.08
	0.03
	0.01
	0.00
	0.00
	0.02
	0.04
	0.10
	0.41
	0.28
	0.19

	1988
	0.16
	0.11
	0.05
	0.02
	0.01
	0.00
	0.01
	0.01
	0.02
	0.04
	0.06
	0.08

	1989
	3.33
	4.61
	1.18
	0.04
	0.04
	0.04
	0.04
	0.05
	1.24
	0.54
	0.86
	0.42

	1990
	0.67
	0.33
	0.09
	0.03
	0.01
	0.01
	0.00
	0.01
	0.02
	0.03
	0.05
	0.08

	1991
	0.13
	0.11
	0.06
	0.03
	2.19
	0.70
	0.05
	0.06
	0.13
	0.74
	5.88
	2.09

	1992
	4.39
	1.93
	0.20
	0.04
	0.02
	0.01
	0.03
	0.05
	3.38
	1.24
	1.05
	6.82

	1993
	2.20
	0.08
	0.05
	0.03
	0.03
	0.02
	0.03
	0.07
	0.62
	2.64
	3.93
	1.36

	1994
	0.42
	0.20
	1.02
	0.38
	0.06
	0.06
	0.09
	0.17
	0.17
	0.34
	1.39
	0.59

	1995
	0.16
	0.69
	0.30
	0.07
	0.02
	0.02
	0.02
	0.02
	0.02
	0.03
	0.24
	1.02

	1996
	5.00
	7.71
	2.06
	0.06
	0.02
	0.02
	3.75
	1.34
	1.92
	1.25
	1.44
	0.54

	1997
	0.13
	0.11
	0.06
	0.03
	0.02
	0.09
	0.06
	0.04
	0.05
	0.15
	1.56
	0.66

	1998
	0.13
	0.09
	0.05
	0.03
	0.02
	0.01
	0.02
	0.03
	0.03
	0.72
	0.35
	2.36

	1999
	1.57
	0.35
	0.04
	0.02
	0.03
	0.22
	0.14
	0.06
	0.03
	0.02
	0.02
	0.05

	2000
	0.09
	1.21
	0.46
	0.16
	0.09
	0.03
	0.03
	0.03
	0.03
	0.04
	0.20
	1.74

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	1: Open
	>0.4
	2: Semi-Closed
	0.05-0.4
	3: Closed
	< 0.05
	


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

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

To provide a conceptual overview of the annual distribution of Abiotic States under the Reference Condition, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e.
Changes in the abiotic characteristics from Reference Condition to Present State, resulting from non-flow related anthropogenic
	Structures within the estuary (e.g. weirs, bridges, mouth stabilization):  N/A

Confidence: -

	Discharges into the estuary affecting water quality (e.g. dump sites, storm water, sewage discharges, etc):  N/A
Confidence:  -

	Other:  N/A
Confidence:  -


3.2.2
Biotic Components

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

	MICROALGAE

	The microalgal species richness would have been the same as for the Present State.  Even though the open mouth state occurred for 1 month longer under the Reference Condition, (presently the estuary goes into semi-closed state during Oct), the 2 months during which the system is still open under the Present State is considered sufficient to allow marine species to utilize the estuary.

The reduction in the occurrence of the open mouth state under the Present State would have reduced the phytoplankton biomass due to a reduction in marine influence and nutrient input.  The stronger vertical stratification under the Present State (associated with the semi-closed state) could also limit nutrient uptake by subtidal benthic microalgae.  

Higher chlorophyll a measurements in the upper reaches reflect increased nutrients inputs form the catchment under the Present State which would not have occurred under the Reference Condition.  This might have caused slight changes in the microalgal composition in response to increase in nutrient input from the catchment e.g. stronger presence of blue-green algae in the upper reaches under the Present State compared to the Reference Condition. 
Confidence:  Low


	MACROPHYTES

	The changes described in the aboitic components from the Reference Condition to the Present State, i.e. decrease in open mouth state, increase in semi-closed mouth conditions, increase in the extent of saline intrusion to a few hundred meters during the open state, increase in vertical stratification (associated with the semi-closed state) and some marine sediment penetration further upstream would not have affected the macrophytes.  These increases are short-lived and the macrophytes in this case would respond to the average annual conditions.  Thus no changes are expected between the Reference Condition and Present State.

NOTE: The present health of the system does not yet reflect the expected long-term influence of recent dam developments on sediment processes (expected to reduce higher flows and floods).  Reduction in higher flows and floods would reduce scouring potential, resulting in increased in sedimentation. In turn, this would affect the abundance of macrophytes, how... (At the workshop we said that the change in physical habitat associated with the ‘trajectory of change scenario’ would alter abundance of macrophytes, we need to capture the reason here).

Confidence:  Low

	INVERTEBRATES (INCLUDING ZOOPLANKTON)

	(Tris, please correct/expand on this section.  This is what we could capture at the workshop)

Only two zooplankton species are dominant in the estuary, but very low in abundance.  Therefore, no change is expected in the annual cycle of species richness of zooplankton.   As a higher microalgal biomass is predicted for the Reference Conditions, zooplankton abundance was probably also have been higher.  

Under Reference Condition the macrobenthos richness is expected to have been higher, as the mouth was open for longer during spring (under the Present state the system goes into the semi-closed state during Oct).   Reason….   

Under the Reference Condition the abundance of Callianasa was probably lower, because average salinities in the system during the open state was less (presently salinities move slightly further upstream during spring when the mouth is open, the result of median flows being lower in Aug/Sept compared to the Reference Condition).  

Community composition would have been slightly different under the Reference condition.  Under the Reference Conditions the open state occurred for 1 month longer therefore the incursive marine component had access to the estuary for 1 month longer compared to the Present State.  However, no large change is expected over the annual cycle.  

Confidence: Low

	FISH

	(Alan, please correct/expand on this section.  This is what we could capture at the workshop)
Species richness is expected to have been similar to the Present State, despite the reduction in the open mouth state during spring (presently the estuary goes into semi-closed state during Oct). Fish need approximately 1 month for recruitment.  Therefore even under the Present State the species that need to recruit would have done so during the preceding 2 months in spring when the mouth is still open. However, community composition could have changed as a result of the open state occurring for longer periods under the Reference Condition, i.e. there would have more recruitment of some species (time related).   

As higher microalgal and invertebrate abundance are predicted under the Reference Condition compared to the Present State, fish biomass or abundance was probably also higher.  Only two species (Cape moonie, Cape stumpnose) feed on invertebrates therefore changes in invertebrate abundance is not expected to have had a large effect on fish abundance.  
NOTE:  The present health of the system does not yet reflect the expected long-term influence of recent dam developments on sediment processes (through the effect on higher flows and floods).  Reduction in higher flows and floods would reduce scouring potential, resulting in gradual increase in sedimentation. Scouring deepens the estuary and creates habitat for fish.  Therefore, where reduction in floods and high flows alter the physical habitat, the species richness of fish can also change. (At the workshop we said that the change in physical habitat associated with the ‘trajectory of change scenario’ would alter species richness of fish, we need to capture the reason here – Alan, please check if this is correct).
Confidence: Low


3.3
Present Ecological Status of the Tsitsikamma Estuary

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

The EHI is sub-divided into:

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

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

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

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      


	92
	For the Tsitsikamma Estuary low flows is defined as flows associated with the Closed state (i.e. <0.05 m3/s) and the Semi-closed state (between 0.4 and 0.05 m3/s). Months with median low flows of less than 0.4 m3/s increased form 9 under the Reference Condition to 10 under the Present State. Specifically the semi-closed state occurs for approximately one month longer during spring (October) under the Present State compared with the Reference Condition when the estuary remained open.

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

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

	
	92
	
	


NOTE:  The simulated runoff data for the Present State indicates that the mouth would have been closed for 4 months of the year.  According to observations from locals the mouth at present is in the closed state for approximately 2 months of the year. Two possibilities exist 1) the assumed flow at which the estuary moves into the closed state (flows below 0.05 m3/s) is too high, i.e. the mouth may close at lower flows or 2) the low flows simulated for the scenarios are too low, i.e. resulting in over-estimation of occurrence of the close state.  Following a conservative approach, the higher flow cut-off for the closed state has therefore been used.  The assessment of the future scenarios was also based on this assumption.

Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	100
	Under the Reference Condition and the Present State intermittent mouth closure could occur for 4 months of the year.
	Low

	
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	80
	There has been some modification in the salinity distribution due to the increase in the low flow months, i.e. during October instead of having tidal exchange with a strong horizontal salinity gradient the estuary changes into a semi-closed state with strong vertical stratification (see description of states).

Also, the flows during the open phase (in spring [Aug/Sept] decreased from the Reference Condition to the Present State, probably increasing the extent of saline intrusion with a few hundred metres.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	90
	Slightly higher chlorophyll a concentrations were recorded in the upper reaches of the estuary that could be indicative of some nutrient enrichment from, e.g. agricultural activities further upstream under the Present State. Allow for a 10% change.
	Low

	2b. Suspended solids present in inflowing freshwater
	100
	No change expected, as there are no known activities in the catchment to have altered suspended solid loads.
	Low

	2c. Dissolved oxygen (D)) in the estuary
	100
	No changes expected, a shallow system with no marked organic enrichment is expected to remain oxygenated. 
	

	2d. Levels of toxins
	100
	No change expected since there are no known industries or large urban areas in the catchment that could have markedly altered toxic loading of the system (e.g. trace metals).
	Medium

	
	86
	
	


NOTE:    Even though water quality was not formally include in the project’s terms of reference, the project team decided to provide an opinion on an EH score at the workshop for this component
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	95 
	No major change from the Reference Condition, since the long-term effect of recent dam developments in the catchment is not yet reflected in the present state of the system.  Due to reduction in seasonal flows, some marine sediment may have penetrated further upstream in the lower reaches of the estuary, causing only a slight reduction in the size of the inter-tidal area of the lower reaches.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	100
	Similar to the Reference Condition, assuming that sediment throughout the estuary is in anyway sandy and that silt loading from the catchment remains negligible.
	Low

	
	
	
	
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	95
	No major change from the Reference Condition, since the long-term effect of recent dam developments in the catchment is not yet reflected in the present state of the system.  Due to reduction in seasonal flows, some marine sediment may have penetrated further upstream in the lower reaches of the estuary, causing only a slight reduction in the depth and morphology of the sub-tidal area of the lower reaches.
	Low

	
	
	96
	
	


Influence of non-flow related anthropogenic activities on present health of physical habitat:
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	Percentage of overall change in intertidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	0
	See motivation above
	Medium

	Percentage of overall change which in subtidal habitat caused by anthropogenic modifications (e.g.bridges, weirs, bulkheads, training walls, jetties, marinas) rather than modifications to water flow into estuary 
	0
	See motivation above
	Medium


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100 (100%)
	Similar to the Reference condition - Even though the exchange with the sea is less under the Present State compared with the Reference Condition, (currently the estuary goes into semi-closed state during Oct instead of remaining open) the 2 months during which the system is still in open under the Present State, will prevent the loss of marine species.
	Medium

	2a. Abundance
	95
	The reduction in the occurrence of the open mouth state reduced phytoplankton biomass due to a reduction in marine influence and nutrient input.  The stronger vertical stratification (associated with the semi-closed state) could also limit nutrient uptake by subtidal benthic micro-algae under the Present State. 
	Low

	2b. Community composition
	Change from 100 to 90 
	Slight change in microalgal composition in response to increase in nutrient input from the catchment, e.g. stronger presence of blue-green algae under the Present State (allow 10% change as for nutrients)
	Low

	
	90
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100 (100%)
	The changes described in the aboitic components i.e. decrease in open mouth state, increase in semi-closed mouth conditions, increase in the extent of saline intrusion to a few hundred meters during the open state, increase in vertical stratification (associated with the semi-closed state) and slight alteration in the physical habitat of the lower reaches would not have markedly affected the macrophytes.  Most of these changes are short-lived and the macrophytes would in this case respond to the average annual conditions.
	Medium

	2a. Abundance
	100
	
	Medium

	2b. Community composition
	100
	
	Medium

	
	100
	
	


Invertebrates (Tris, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90%)
	Only two zooplankton species are dominant in the estuary, but in very low abundance.  Therefore, no change is expected in the annual cycle of species richness of zooplankton.  

Under the Present State the macrobenthos richness have decreased due to a lower occurrence of the open state during spring (only open during Aug and Sept under the Present State while it remained open until Oct under the Reference Condition).  Reason…  
	Low

	2a. Abundance
	80
	As a lower microalgal biomass is expected under the Present State, zooplankton abundance could also be less.  

Under the Present State the abundance of Callianasa has probably increased compared to Reference condition, because average salinities in the system has increased (under the Present State salinities move slightly further upstream during spring when the mouth is open, the result of median flows being lower in Aug/Sept compared to the Reference Condition).
	Low

	2b. Community composition
	80
	There would have be a slight change in community composition.  Under the Present State the open mouth state occurs for 1 month less in spring compared to the Reference condition.  Therefore the incursive marine component is presently lost for 1 month.  However, no large change is expected over the annual cycle.  
	Low

	
	80
	
	


Fish (Alan, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100 (100%)
	No change in species richness is expected due to the reduction in the open state during spring (presently the estuary goes into the semi-closed state during Oct). Fish need approximately 1 month for recruitment.  Therefore under the Present State the species that need to recruit would have done so during the preceding 2 months in spring when the mouth is still open.   
	Low

	2a. Abundance
	90
	There was a slight decline in microalgal and invertebrate abundance therefore a small change in fish biomass or abundance would be expected.  
	Medium

	2b. Community composition
	90
	Community composition would have changed as a result of the reduction in the open state during spring under the Present State, as less recruitment of some species occur due to the reduction in the temporal scale of this state compared to the Reference Condition. 
	Low

	
	90
	
	


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

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

	Microalgae
	0
	Changes are primarily as a result of changes in mouth conditions and changes in salinity patterns, associated with reductions in river inflow.
	High

	Macrophytes
	0
	
	High

	Invertebrates
	0
	
	High

	Fish
	0
	
	High


The individual scores for each of the above components are incorporated into a Habitat health score and a Biological health score.  This allows for the determination of the Estuarine Health Index (EHI) Score which in the case of the Tsitsikamma Estuary, is 92 (Table 3.3).

However, the expected long-term effect of recent dam developments in the catchment of the Tsitsikamma is not yet reflected in the present health of the system.  Thus, is predicted that the system is still in a trajectory of change away from the Natural Condition.   The long-term influence of these dam developments is expected to occur in the physical habitat due to alteration of the high flows and flood regime.  More particular, it is expected to reduce the size of the inter-tidal and sub-tidal habitats in the estuary.  This, in turn, is likely to mainly affect the biotic component in terms of the abundance of macrophytes and species richness of fish.  This revised EHI score, taking into account the expected trajectory of change, is 87 (Table 3.3)  

Table 3.3:
Estuarine Health Score results for the Present State and of the Tsitsikamma Estuary, as well as the score taking into account the expected of trajectory of change 

	VARIABLE
	WEIGHT
	SCORES FOR 

PRESENT STATE
	SCORES EXPECTED DUE TO TRAJECTORY OF CHANGE

	Hydrology
	25
	92
	92

	Hydrodynamics and mouth condition
	25
	100
	100

	Water quality
	25
	86
	86

	Physical habitat alteration
	25
	96
	81

	Habitat health score
	
	94
	90

	Microalgae
	25
	90
	90

	Macrophytes
	25
	100
	90

	Invertebrates
	25
	80
	80

	Fish
	25
	90
	80

	Birds
	-
	-
	-

	Biotic health score
	
	90
	85

	ESTUARINE HEALTH SCORE
	92
	87


NOTE:  As birds were not included in this study, the weighting of the each biotic component was changed to 25 instead of the usual 20

The EHI score for the Tsitsikamma Estuary, based on its Present State, is 92, translating into a Present Ecological Status of A- (Table 3.4).  However, the long-term affect of recent dam developments in the catchment (expected trajectory of change) is likely to reduce the PES of B+.
Table 3.4:
Recommended guidelines for the classification of the Present Ecological Status (PES)   

	EHI Score
	PRESENT ECOLOGICAL STATUS
	GENERAL DESCRIPTION 

	91 – 100
	A-/A+
	Unmodified, natural

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

	61 – 75
	C-/C+
	Moderately modified

	41 – 60
	D-/D+
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


3.4
Importance of Tsitsikamma Estuary

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 Appendix E4 of the methodology for estuaries as set out in DWAF (1999): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 1.0) and subsequent revisions of the methods of which the documentation in currently in preparation (B Weston, DWAF, pers. comm.).
For this study, the Ecological importance determination of the Tsitsikamma Estuary was obtained from the Estuarine Prioritisation for RDM project (Turpie et al. 2002).  The Functional Importance score, however, was derived at the Specialist Workshop held in Port Elizabeth in February 2003.

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

Estuary Size

	SCORE
	MOTIVATION

	30
	Estuary size is defined as the total area (ha) within the geographical boundaries of the estuarine resource unit.  Size is then converted to a measure of importance using scoring guidelines, which is based on 10% rank percentiles of estuaries of known size.  With an area between 4.1 - 8.5 ha, the Tsitsikamma  Estuary is assigned a score of 30.


Zonal Type Rarity

	SCORE
	MOTIVATION

	10
	The estuary is one of 85 temporarily closed estuaries within the Warm Temperate biogeographical zone.  The Zonal Type Rarity index is thus 1/85 = 1.2.  The score assigned is thus 10.


Habitat Diversity

	SCORE
	MOTIVATION

	20
	This score is calculated on the basis of the amount of each habitat type present in the estuary in relation to the total area of this habitat in South African estuaries.  The score (x ha/x ha) for each habitat is summed to obtain the rarity value (Turpie et al, 2002). 


Biodiversity Importance 

	SUB-COMPONENTS
	SCORE
	MOTIVATION

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

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

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

	Bird
	10
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the second percentile for the scores generated from all South African estuaries, and is thus assigned a score of 10.

	Biodiversity score
	49
	


Functional Importance

	SUB-COMPONENTS
	SCORE
	SCORING GUIDELINES

	Outwelling of detritus and nutrients to the coastal zone
	20
	None = 0

Little = 20

Some = 40

Important = 60

Very important = 80

Extremely important =100

	Nursery function for marine fish and crustacea
	40
	

	Movement corridor for river invertebrates that breed in marine environment
	20
	

	Stop-over function for migratory birds
	40
	

	Roosting area for marine or coastal birds
	20
	

	Functional score 
	40*
	


*  Using the maximum score of the above

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

	CRITERION
	SCORE
	WEIGHT
	WEIGHTED SCORE

	Estuary Size
	30
	15
	5

	Zonal Rarity Type
	10
	10
	1

	Habitat Diversity
	20
	25
	5

	Biodiversity Importance
	49
	25
	12

	Functional Importance
	40
	25
	10

	ESTUARINE IMPORTANCE SCORE
	33


The Estuarine Importance Score for the Tsitsikamma Estuary, based on its Present State, is 33, indicating that the estuary is of low to average importance (Table 3.6).

Table 3.6:
Interpretation of Estuarine Importance scores for estuaries

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


3.5
Recommended Ecological Reserve Category for the Tsitsikamma Estuary

The recommended Ecological Reserve Category (ERC) represents the level of protection assigned to an estuary.  In turn, it is again used to determine the Ecological Reserve.  
For estuaries the first step is to determine the 'minimum' ERC of an estuary, equivalent to Present Ecological Status (PES).  The relationship between EHI Score, PES and ERC is set out in Table 3.7.

Table 3.7:
Relationship between PES and minimum ERC

	EHI SCORE
	PES
	DESCRIPTION
	ERC

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

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

	61 – 75
	C
	Moderately modified
	C-/C+

	41 – 60
	D
	Largely modified
	D-/D+

	21 – 40
	E
	Highly degraded
	-

	0 – 20
	F
	Extremely degraded
	-


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

The degree to which the ‘minimum’ ERC (based on its PES) needs to be modified to assign a recommended ERC depends on:

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

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

· Reversibility of change resulting in the PES  - i.e. the concept of best attainable state [BAS].

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

Table 3.8:
Proposed rules for allocation of recommended ERC 

	CURRENT/DESIRED PROTECTION STATUS

AND ESTUARY IMPORTANCE
	ERC
	POLICY BASIS
	CORRESPONDING MANAGEMENT CLASS

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

	Desired Protected Area 

(based on complementarity)
	A or BAS
	
	

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

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

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


Because the Tsitsikamma Estuary is rated ‘of low to average importance’ (reflected by the estuarine importance score of 33) the recommended Ecological Reserve Category should be equivalent to the Present Ecological Status (PES), i.e. Category A-.  However, it is predicted that the estuary is still in a trajectory of change in which case the PES could be reduced to a Category B+.  If the influence of the dam developments in the catchment on flows could be ‘reversed’, the recommended ERC should be set at Category A-.  In the event of this not being possible, the best attainable state (BAS) is likely to be a Category B+. 

	Thus, the recommended ERC for Tsitsikamma Estuary is estimated as Category A-/B+, depending on the ‘reversibility’ of the influence of recent dam developments on the flow regime reaching the estuary     (Confidence = Low)


4.
Quantification of Ecological Reserve Scenarios

4.1
Simulated Future Runoff Scenarios

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

Table 4.1:
Summary of the simulated future runoff scenarios for the Tsitsikamma Estuary
	SCENARIO
	DESCRIPTION
	MAR
	% REDUCTION FROM NATURAL MAR

	Present
	Present flows
	13.31x 106 m3 
	33.12 %

	1
	Present day flows with an additional abstraction of about 1,4 x 106 m3 a year at the measuring weir
	12.21 x 106 m3
	38.6 %

	2
	A River Class B flow release, reflecting a marked reduction in high flows and floods
	4.8 x 106 m3
	75.8 %

	3
	A River Class D release, reflecting a severe reduction in high flows and floods
	2.8 x 106 m3
	86.0 %

	4
	Proposed dam development with no releases or abstractions from the dam, reflecting physical impact of the dam.  
	10.41 x 106 m3
	47.7 %


NOTE:  Scenario 4 does not reflect a realistic scenario for a dam development because it does not represent any abstractions from the dam
4.2
Ecological Reserve Assessment Process

4.2.1
Future Scenario 1

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 1, over a 81-year period (1920 to 2000) were obtained from Mr. M Roux of Department of Water Affairs and are provided in Table 4.2. The MAR under the Future Scenario 1 is 12.21 x 106 m3, a 38.6 % reduction from the Reference condition (i.e. 19.90 MAR  x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Present State is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	1.93
	1.06
	0.52
	0.21
	0.10
	0.09
	0.31
	1.12
	1.31
	1.19
	2.68
	3.02

	80%ile
	1.09
	0.54
	0.21
	0.00
	0.00
	0.00
	0.02
	0.28
	0.53
	0.66
	1.39
	1.60

	70%ile
	0.59
	0.18
	0.02
	0.00
	0.00
	0.00
	0.01
	0.05
	0.22
	0.29
	0.99
	1.25

	60%ile
	0.35
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.10
	0.21
	0.67
	0.89

	50%ile
	0.25
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.07
	0.09
	0.41
	0.46

	40%ile
	0.11
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.05
	0.06
	0.14
	0.30

	30%ile
	0.09
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.04
	0.08
	0.09

	20%ile
	0.07
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.03
	0.07
	0.07

	10%ile
	0.06
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.04
	0.04

	1%ile
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01



Confidence:  Low

b.
Present flood regime:  

Under Scenario 1 there is no new dam development in the catchment and it is therefore expected that high flows and floods would not be markedly altered from the Present State.  No quantitative statements, however, can be made on change in flood regime.

Confidence:   Low

Table 4.2:
    Monthly runoff data (in m3/s) for Future Scenario 1, simulated over a 81-year period

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

	1920
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.03
	0.07
	0.07
	0.07
	0.07

	1921
	0.09
	0.02
	0.18
	0.05
	0.00
	0.00
	0.00
	0.37
	0.22
	1.11
	0.45
	0.09

	1922
	0.09
	0.81
	0.27
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.05
	0.07
	0.05

	1923
	0.06
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.02
	0.52
	0.75

	1924
	0.27
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.39
	0.23
	0.40
	1.44

	1925
	1.34
	0.35
	0.90
	0.30
	0.00
	0.00
	0.01
	0.00
	0.02
	0.23
	0.89
	1.13

	1926
	0.35
	0.05
	0.02
	0.00
	0.00
	0.00
	0.01
	0.31
	0.15
	0.03
	0.06
	0.07

	1927
	0.07
	0.00
	0.00
	0.00
	0.00
	0.82
	0.32
	0.03
	0.04
	0.03
	0.04
	0.31

	1928
	0.71
	0.89
	0.24
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.13
	0.66
	0.64

	1929
	0.22
	0.05
	0.00
	0.00
	0.29
	0.09
	0.00
	0.02
	0.06
	0.06
	0.99
	0.96

	1930
	0.28
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.20
	0.14
	2.25

	1931
	3.20
	0.88
	6.03
	2.82
	0.17
	0.01
	0.03
	0.00
	0.04
	0.05
	0.06
	5.99

	1932
	3.09
	0.29
	0.00
	0.00
	0.00
	0.00
	0.00
	1.19
	0.51
	0.10
	4.11
	1.55

	1933
	0.09
	0.01
	0.01
	0.00
	0.00
	0.00
	0.02
	0.01
	0.02
	0.03
	0.09
	0.07

	1934
	1.38
	0.49
	0.00
	0.00
	0.00
	0.00
	0.00
	2.70
	1.12
	0.21
	1.39
	1.26

	1935
	0.59
	0.12
	0.01
	0.00
	0.00
	0.00
	0.00
	0.13
	0.11
	0.06
	0.07
	0.04

	1936
	0.08
	1.06
	0.35
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.06
	0.05

	1937
	0.09
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.02
	0.03

	1938
	0.06
	0.02
	0.00
	0.00
	0.91
	0.48
	0.12
	0.05
	0.05
	0.03
	1.13
	1.00

	1939
	0.27
	0.03
	0.23
	0.21
	0.16
	0.06
	0.06
	0.04
	0.07
	0.33
	0.18
	0.05

	1940
	0.07
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.30
	0.16
	0.06
	0.04

	1941
	0.07
	0.05
	0.85
	0.28
	0.00
	0.00
	0.00
	0.01
	0.07
	0.08
	0.11
	0.09

	1942
	0.09
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.95
	0.68
	1.57
	3.02

	1943
	0.88
	0.05
	0.03
	0.00
	0.00
	0.00
	0.00
	3.52
	2.30
	0.91
	0.82
	1.89

	1944
	0.54
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	2.18
	1.00
	0.64
	0.41
	0.13

	1945
	0.05
	0.01
	0.00
	0.00
	0.00
	0.10
	0.07
	0.01
	0.03
	0.34
	1.25
	0.89

	1946
	0.24
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	1.31
	3.97
	1.27
	0.49

	1947
	0.16
	0.02
	0.00
	0.00
	0.00
	0.00
	0.47
	0.18
	0.03
	0.03
	0.07
	0.23

	1948
	0.25
	0.08
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.00
	0.01

	1949
	0.03
	2.24
	0.72
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.04
	0.04

	1950
	0.06
	1.35
	0.45
	0.49
	0.18
	0.00
	0.00
	0.00
	0.84
	2.03
	1.75
	2.00

	1951
	0.59
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.03
	0.62
	3.71

	1952
	1.48
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	1.47
	1.09

	1953
	3.84
	1.46
	0.02
	0.00
	0.00
	0.00
	0.00
	0.40
	0.20
	0.66
	2.77
	1.29

	1954
	0.12
	0.02
	0.01
	0.00
	1.37
	0.42
	0.01
	0.01
	0.05
	0.03
	0.07
	0.64

	1955
	0.59
	4.24
	0.92
	0.00
	0.00
	0.00
	0.00
	2.19
	1.04
	0.06
	0.10
	3.26

	1956
	3.16
	0.62
	0.43
	0.10
	0.00
	0.00
	0.00
	0.01
	0.08
	0.09
	0.78
	2.71

	1957
	1.09
	0.08
	0.00
	0.00
	0.00
	0.00
	0.00
	0.76
	0.35
	0.09
	0.87
	0.36

	1958
	0.10
	0.05
	0.00
	0.21
	0.07
	0.00
	0.01
	0.05
	0.10
	0.08
	2.60
	1.47

	1959
	1.28
	0.27
	0.00
	0.26
	0.10
	0.00
	0.00
	0.01
	0.07
	1.90
	1.05
	1.33

	1960
	0.35
	0.02
	0.00
	0.00
	0.00
	1.12
	0.41
	0.53
	0.27
	0.07
	0.12
	0.09

	1961
	0.49
	0.19
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.03
	0.02
	1.93
	0.73

	1962
	0.11
	0.05
	0.00
	0.00
	0.00
	0.38
	0.17
	0.24
	0.17
	0.48
	0.38
	0.13

	1963
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	1.12
	0.42
	0.55
	3.12

	1964
	1.03
	0.03
	0.00
	0.00
	0.00
	0.00
	0.01
	0.11
	0.35
	0.18
	0.10
	0.07

	1965
	1.24
	1.08
	0.23
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.02
	0.24
	0.35

	1966
	0.16
	0.02
	0.00
	0.00
	0.00
	0.00
	0.76
	0.30
	0.12
	1.19
	0.67
	1.00

	1967
	0.36
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	3.74
	1.28
	1.70
	3.85

	1968
	0.96
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.04
	0.07
	0.07

	1969
	0.08
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.06

	1970
	0.09
	0.03
	0.74
	0.24
	0.00
	0.00
	0.78
	1.13
	1.33
	2.60
	5.64
	1.60

	1971
	0.07
	0.03
	0.02
	0.00
	0.00
	0.00
	0.01
	0.04
	0.10
	1.06
	1.32
	0.34

	1972
	0.06
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.08
	0.06
	0.07
	0.06

	1973
	0.08
	0.03
	0.00
	0.00
	0.00
	0.00
	0.02
	0.28
	0.53
	0.21
	2.68
	3.30

	1974
	0.84
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.23
	1.33
	1.72

	1975
	0.49
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.07
	1.78
	1.39
	0.34

	1976
	2.56
	0.88
	0.02
	0.00
	0.00
	0.00
	0.00
	3.25
	2.20
	0.24
	0.69
	0.46

	1977
	0.13
	0.03
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.07
	0.08
	0.08

	1978
	0.14
	0.22
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	1.04
	5.03
	3.18

	1979
	0.32
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.04
	0.04
	0.03

	1980
	0.06
	0.03
	0.00
	0.61
	0.22
	2.54
	0.92
	1.93
	1.45
	0.23
	6.26
	1.83

	1981
	1.93
	0.54
	0.01
	0.00
	0.00
	0.00
	1.68
	0.58
	0.05
	0.04
	0.07
	0.08

	1982
	0.09
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.08
	6.99
	3.26
	0.47

	1983
	0.27
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.03
	0.07
	0.07

	1984
	0.06
	0.00
	0.00
	0.00
	0.00
	0.00
	0.31
	0.13
	0.05
	0.06
	0.09
	0.05

	1985
	0.06
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.24
	0.14

	1986
	2.14
	0.76
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.71
	0.29
	0.35
	1.91

	1987
	0.65
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.13
	0.13
	0.08

	1988
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.02
	0.01

	1989
	1.91
	2.69
	0.67
	0.00
	0.00
	0.00
	0.00
	0.00
	0.67
	0.29
	0.49
	0.22

	1990
	0.34
	0.14
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.01
	0.01

	1991
	0.03
	0.00
	0.00
	0.00
	1.22
	0.37
	0.01
	0.01
	0.07
	0.36
	3.55
	1.25

	1992
	2.99
	1.56
	0.07
	0.00
	0.00
	0.00
	0.00
	0.01
	1.98
	0.72
	0.61
	5.98

	1993
	1.48
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.28
	1.55
	2.99
	1.06

	1994
	0.25
	0.07
	0.52
	0.16
	0.00
	0.00
	0.02
	0.06
	0.10
	0.12
	0.98
	0.34

	1995
	0.08
	0.36
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.06
	0.54

	1996
	3.08
	6.69
	1.40
	0.00
	0.00
	0.00
	2.23
	1.12
	1.67
	1.04
	1.24
	0.30

	1997
	0.06
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.03
	0.04
	0.86
	0.35

	1998
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.38
	0.19
	1.33

	1999
	0.88
	0.18
	0.00
	0.00
	0.00
	0.04
	0.05
	0.03
	0.03
	0.00
	0.00
	0.00

	2000
	0.03
	0.63
	0.21
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.06
	0.97

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	1: Open
	>0.4
	2: Semi-Closed
	0.05-0.4
	3: Closed
	< 0.05
	


c.
Present sediment processes and characteristics: 

With no additional dam development included in Future Scenario 1, it can be assumed that changes in sediment processes from the Reference Condition would be similar to the Present State, taking into account the trajectory of change, i.e. some increase in sedimentation resulting in shallower sub-tidal areas and a reduction in the size of inter-tidal areas. 
Confidence:   Low

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

The occurrence and duration of the different Abiotic States under Future Scenario 1 are illustrated in the simulated monthly river flow table (Table 4.2). 

To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 1, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e.
Predicted change in biotic characteristics of Future Scenario 1 compared with the Reference Condition:

	MICROALGAE

	The greatest change for Future Scenario 1 is the increase in mouth closure from 4 months under the Reference Conditions to 7 months.  As a result of this there would be a loss of marine microalgal species and a decrease in phytoplankton biomass due to a reduction in marine influence and nutrient input. 

Less palatable larger phytoplankton cells i.e. microphytoplankton compared to nano- and picophytoplankton would be dominant as result of closed conditions, wind turbulence and sediment resuspension. Thus benthic bioturbation would be reduced thus further changing the community composition of benthic microalgae.

Confidence:  Low

	MACROPHYTES

	The increase in closed mouth conditions could result in blooms of macroalgae.  These are common in the Van Stadens and Maitlands estuaries during the closed phase but it is not known whether macroalgae is present in Tsitsikamma Estuary. Increase in water level and submergence may result in loss of sensitive wetland species. Closed mouth conditions and overall reduction in water fluctuations would encourage reed growth.

Confidence: Low


	INVERTEBRATES (INCLUDING ZOOPLANKTON)

	(Tris, please correct/expand on this section.  This is what we could capture at the workshop)

Because mouth closure will increase from 4 (under Reference Condition and Present State) to 7 months there would be a 50% loss of marine species.  

Zooplankton abundance would remain low.  Macrobenthos sand prawn population would be reduced by 50 %, Reason…
Reduction in sand prawn population, less bioturbation, macrobenthos species assemblage would be change by 50 %, Reason... 

Confidence: Low

	FISH

	(Alan, please correct/expand on this section.  This is what we could capture at the workshop)
Prolonged closed mouth conditions can result in the loss of certain species e.g. Lithonagus particularly during the drought periods.

Little change is expected, as recruitment could still take place. However, loss in food availability (microalgal and invertebrate abundance) could result in some loss in the abundance of fish.  

Similar to the Present State, community composition would have changed as a result of the reduction in the open state during spring, as less recruitment of some species occur due to the reduction in the temporal scale of this state compared to the Reference Condition. Increased mouth closure would also affect the migration of, e.g. the Knysna sand gobi during summer, as it will not be able to enter from the sea.
Confidence: Low


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

	a.
% similarity in period of low flows      
	92
	For the Tsitsikamma Estuary low flows is defined as flows associated with the Closed state (i.e. <0.05 m3/s) and the Semi-closed state (between 0.4 and 0.05 m3/s). Months with median low flows of less than 0.4 m3/s increased form 9 under the Reference Condition to 10 under the Future Scenario 1. Specifically the semi-closed state occurs for approximately one month longer during spring (October) under Future Scenario 1 compared with the Reference Condition when the mouth remained open.

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

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

	
	92
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 81- year period
	30
	The period during which mouth closure could occur increased from 4 (Nov-Jul) to 7 months (Oct-Jul) of the year from the Reference Condition to Future Scenario 1. For 5 of these 7 months (i.e. Dec-Apr) no river inflow will reach the estuary.  Therefore, where the estuary was intermittently closed during the closed state in the Present and Reference Conditions, zero inflow will now result in permanent closure during the closed state from Dec-Apr.  Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure  (Table D.5d in the method). 
	Low

	
	30
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. 
Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	40
	Future Scenario 1 results in at least 5 months of permanent mouth closure, compared with intermittent closure during the Reference Condition and Present State.  These long periods of closure will markedly alter the salinity regime from being more vertically stratified to becoming a well-mixed brackish water body over that 5-month period (Dec-Apr).
	Low

	2a. Nitrate and phosphate concentration in the estuary
	90
	Similar to Present State - Some nutrient enrichment would occur in the upper reaches due to e.g. agricultural activities in the catchment.
	Low

	2b.
Suspended solids in present in inflowing freshwater
	100
	Similar to Present State - No change expected, as there are no known activities in the catchment to have altered suspended solid loads.
	Low

	2c.
Dissolved oxygen in inflowing freshwater
	80
	Although it is expected for shallow systems to remain oxygenated during a closed phase (due to wind mixing) measurements along the KZN coast showed that during prolonged closure DO levels could decrease (usually not below 4 mg/l unless there has been organic enrichment e.g. excessive algal growth).  Allow for a 20% change under this scenario. 
	Low

	2d. Levels of toxins
	100
	Similar to the Present State - No change expected since there are no known industries or large urban areas in the catchment that could have markedly altered toxic loading of the system (e.g. trace metals).
	Medium

	
	64
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area exposed 
	75
	As no new dam development is included in Future Scenario 1, it is expected to be similar to the Present State, but reflecting the expected trajectory of change. The long-term influence of these dam developments is expected reduce the size of the inter-tidal area in the estuary.     
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	100
	Similar to Reference Condition, assuming that sediment throughout the estuary is in anyway sandy and that silt loading from the catchment remains negligible.
	

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	75
	As no new dam development is included in Future Scenario 1, it is expected to be similar to the Present State, but reflecting the expected trajectory of change. The long-term influence of these dam developments is expected result in a shallower sub-tidal area, as well as changes in the morphology of this habitat.  
	Low

	
	
	81
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65 (80%)
	The prolonged periods of the closed state from 4 under Reference Condition to 7 months under Scenario 1 will result in an increase occurrence of brackish conditions resulting in a 50% loss of marine species.
	Medium

	2a. Abundance
	50
	Increased mouth closure, will result in a loss of phytoplankton biomass due to the reduction in marine influence and nutrient input from the sea.
	Medium

	2b. Community composition
	60
	Similar to the Present State, there would be a slight change in microalgal composition in response to increase in nutrient input from the catchment, e.g. stronger presence of blue-green algae.  Due to increased mouth closure phytoplankton communities would be lost at the expense of benthic communities.  Because benthic bioturbation would be reduced, this would change the community composition of benthic microalgae.     The increase in brackish conditions (as a result of prolonged periods of the closed state will also affect the community composition, e.g. loss of habitat for marine species.
	Low

	
	50
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50 (70%)
	Increased mouth closure from 4 under the Reference Condition to 7 months, will result in an increase in water level and submergence may cause die-back of some sensitive wetland species (30 % loss). 
	Low

	2a. Abundance
	70
	Attenuation of water level fluctuations during prolonged periods in the closed state would increase in reeds.
	Low

	2b. Community composition
	50
	Blooms of macroalgae may form during extended period in the closed state.  These are common in the Van Stadens and Maitlands Estuary and may also occur in the Tsitsikamma Estuary during the closed state.
	Low

	
	50
	
	


Invertebrates (Tris, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90%)
	Similar to the Present State
	Low

	2a. Abundance
	50
	Zooplankton abundance would remain low.  Macrobenthos sand prawn population would be reduced by 50% due to loss of intertidal habitat during prolonged period in the closed state.
	Low

	2b. Community composition
	50
	Sand prawns will not colonize because of low salinity water, i.e. brackish water associated with closed state.  Macrobenthos species assemblage would be change by 50%.  Bioturbation???
	Low

	
	50
	
	


Fish (Alan, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	70
	Prolonged periods in the closed state can result in the loss of certain species e.g. Lithonagus particularly during the drought periods.
	Low

	2a. Abundance
	80
	Little change is expected, as recruitment could still take place during the 2 months in spring when the mouth is still open under Future Scenario 2. However, loss in food availability (microalgal and invertebrate abundance) could result in some loss in the abundance of fish.  Fish species are not affected by increase in brackish conditions that would be brought about by prolonged periods in the closed state.
	Medium

	2b. Community composition
	60
	Similar to the Present State, community composition would have changed as a result of the reduction in the open state during spring, as less recruitment of some species occur due to the reduction in the temporal scale of this state compared to the Reference Condition. Increased mouth closure would also affect the migration of, e.g. the Knysna sand gobi during summer, as it will not be able to enter from the sea.
	Low

	
	60
	
	


4.2.2
Future Scenario 2

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 2, over a 81-year period (1920 to 2000) were obtained from Mr. M Roux of Department of Water Affairs and are provided in Table 4.3. The MAR under the Future Scenario 2 is 4.8 x 106 m3, a 75.8 % reduction from the Reference condition (i.e. 19.90 x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Present State is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	0.38
	0.51
	0.09
	0.05
	0.03
	0.06
	0.07
	0.16
	0.19
	0.25
	1.08
	0.41

	80%ile
	0.34
	0.44
	0.09
	0.05
	0.03
	0.06
	0.07
	0.16
	0.19
	0.24
	0.92
	0.38

	70%ile
	0.31
	0.35
	0.09
	0.04
	0.03
	0.04
	0.05
	0.15
	0.19
	0.24
	0.83
	0.35

	60%ile
	0.29
	0.20
	0.08
	0.04
	0.03
	0.03
	0.05
	0.07
	0.18
	0.24
	0.73
	0.32

	50%ile
	0.24
	0.16
	0.07
	0.04
	0.02
	0.02
	0.03
	0.06
	0.13
	0.22
	0.55
	0.26

	40%ile
	0.20
	0.14
	0.06
	0.03
	0.02
	0.02
	0.03
	0.05
	0.08
	0.15
	0.32
	0.23

	30%ile
	0.15
	0.13
	0.04
	0.03
	0.01
	0.02
	0.02
	0.03
	0.07
	0.12
	0.21
	0.18

	20%ile
	0.10
	0.11
	0.03
	0.01
	0.01
	0.01
	0.02
	0.03
	0.04
	0.08
	0.15
	0.12

	10%ile
	0.06
	0.06
	0.02
	0.01
	0.01
	0.01
	0.02
	0.02
	0.03
	0.04
	0.11
	0.07

	1%ile
	0.04
	0.04
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.03
	0.05


Confidence:  Low
b.
Flood regime:  

Future Scenario 2 reflects a marked reduction in the high flow and floods, although no specific information is available on how this will be achieved.  It therefore is expected that this scenario will have a marked influence on floods reaching the estuary.  However, quantitative estimates of the change cannot be provided.

Confidence:  Low
c.
Present sediment processes and characteristics: 

It is expected that Future scenario 2 will have a marked influence on floods reaching the estuary therefore it is also expected to have a marked influence on the sediment equilibrium in the estuary.

Confidence: Low

Table 4.3:  Monthly runoff data (in m3/s) for Future Scenario 2, simulated over a 81-year period

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

	1920
	0.04
	0.04
	0.02
	0.01
	0.03
	0.04
	0.07
	0.09
	0.13
	0.14
	0.15
	0.21

	1921
	0.16
	0.13
	0.09
	0.05
	0.03
	0.04
	0.05
	0.16
	0.19
	0.25
	0.56
	0.14

	1922
	0.12
	0.49
	0.09
	0.05
	0.03
	0.01
	0.02
	0.03
	0.07
	0.12
	0.15
	0.08

	1923
	0.09
	0.12
	0.07
	0.04
	0.03
	0.02
	0.02
	0.01
	0.04
	0.06
	0.67
	0.32

	1924
	0.25
	0.14
	0.06
	0.03
	0.02
	0.03
	0.06
	0.08
	0.19
	0.24
	0.55
	0.38

	1925
	0.37
	0.43
	0.09
	0.05
	0.03
	0.03
	0.03
	0.03
	0.05
	0.24
	0.84
	0.36

	1926
	0.29
	0.18
	0.08
	0.04
	0.02
	0.03
	0.02
	0.16
	0.18
	0.08
	0.12
	0.09

	1927
	0.06
	0.06
	0.02
	0.01
	0.02
	0.06
	0.07
	0.07
	0.07
	0.07
	0.10
	0.27

	1928
	0.33
	0.50
	0.09
	0.04
	0.02
	0.01
	0.02
	0.02
	0.04
	0.23
	0.74
	0.30

	1929
	0.24
	0.14
	0.03
	0.01
	0.03
	0.06
	0.05
	0.07
	0.10
	0.14
	0.87
	0.34

	1930
	0.26
	0.14
	0.06
	0.04
	0.03
	0.01
	0.02
	0.03
	0.05
	0.24
	0.27
	0.42

	1931
	0.38
	0.49
	0.09
	0.05
	0.03
	0.06
	0.07
	0.05
	0.08
	0.12
	0.13
	0.42

	1932
	0.38
	0.42
	0.08
	0.03
	0.02
	0.02
	0.03
	0.16
	0.19
	0.21
	1.10
	0.36

	1933
	0.10
	0.19
	0.08
	0.04
	0.03
	0.06
	0.05
	0.03
	0.03
	0.15
	0.21
	0.10

	1934
	0.37
	0.44
	0.03
	0.01
	0.01
	0.02
	0.03
	0.16
	0.19
	0.24
	0.92
	0.33

	1935
	0.30
	0.31
	0.09
	0.04
	0.02
	0.02
	0.03
	0.16
	0.18
	0.12
	0.13
	0.07

	1936
	0.20
	0.52
	0.09
	0.04
	0.01
	0.02
	0.03
	0.02
	0.03
	0.07
	0.11
	0.17

	1937
	0.15
	0.14
	0.08
	0.04
	0.02
	0.01
	0.02
	0.03
	0.05
	0.04
	0.06
	0.06

	1938
	0.08
	0.14
	0.08
	0.04
	0.03
	0.06
	0.07
	0.10
	0.07
	0.08
	0.90
	0.35

	1939
	0.25
	0.15
	0.09
	0.05
	0.03
	0.06
	0.07
	0.10
	0.14
	0.24
	0.33
	0.08

	1940
	0.07
	0.11
	0.03
	0.01
	0.01
	0.01
	0.03
	0.05
	0.19
	0.23
	0.12
	0.07

	1941
	0.20
	0.20
	0.09
	0.05
	0.03
	0.02
	0.03
	0.07
	0.13
	0.22
	0.27
	0.15

	1942
	0.15
	0.14
	0.06
	0.04
	0.03
	0.02
	0.02
	0.01
	0.19
	0.25
	1.01
	0.42

	1943
	0.33
	0.24
	0.09
	0.05
	0.03
	0.03
	0.03
	0.16
	0.19
	0.24
	0.64
	0.37

	1944
	0.30
	0.15
	0.07
	0.03
	0.01
	0.00
	0.00
	0.16
	0.19
	0.24
	0.55
	0.18

	1945
	0.06
	0.06
	0.05
	0.04
	0.03
	0.06
	0.07
	0.06
	0.07
	0.24
	0.92
	0.33

	1946
	0.24
	0.14
	0.05
	0.03
	0.02
	0.03
	0.05
	0.16
	0.19
	0.25
	0.86
	0.24

	1947
	0.20
	0.08
	0.02
	0.01
	0.01
	0.01
	0.07
	0.16
	0.07
	0.09
	0.17
	0.23

	1948
	0.27
	0.23
	0.07
	0.03
	0.01
	0.01
	0.00
	0.01
	0.02
	0.01
	0.04
	0.06

	1949
	0.04
	0.52
	0.09
	0.04
	0.01
	0.00
	0.00
	0.02
	0.02
	0.04
	0.10
	0.07

	1950
	0.08
	0.52
	0.09
	0.05
	0.03
	0.04
	0.02
	0.08
	0.19
	0.25
	1.03
	0.40

	1951
	0.31
	0.06
	0.02
	0.05
	0.03
	0.02
	0.03
	0.04
	0.07
	0.09
	0.74
	0.42

	1952
	0.36
	0.14
	0.06
	0.03
	0.01
	0.01
	0.00
	0.00
	0.02
	0.14
	0.99
	0.35

	1953
	0.38
	0.51
	0.09
	0.04
	0.01
	0.01
	0.02
	0.16
	0.18
	0.25
	1.10
	0.34

	1954
	0.16
	0.15
	0.08
	0.04
	0.03
	0.06
	0.06
	0.07
	0.08
	0.09
	0.28
	0.30

	1955
	0.30
	0.52
	0.09
	0.04
	0.01
	0.02
	0.03
	0.16
	0.19
	0.13
	0.24
	0.41

	1956
	0.38
	0.45
	0.09
	0.05
	0.03
	0.03
	0.03
	0.07
	0.18
	0.19
	0.79
	0.41

	1957
	0.33
	0.20
	0.02
	0.01
	0.00
	0.06
	0.05
	0.16
	0.19
	0.18
	0.81
	0.26

	1958
	0.19
	0.16
	0.04
	0.05
	0.03
	0.04
	0.07
	0.15
	0.15
	0.22
	1.10
	0.37

	1959
	0.34
	0.41
	0.07
	0.05
	0.03
	0.02
	0.02
	0.06
	0.12
	0.25
	0.77
	0.33

	1960
	0.28
	0.09
	0.02
	0.01
	0.01
	0.06
	0.07
	0.16
	0.19
	0.15
	0.32
	0.17

	1961
	0.31
	0.39
	0.04
	0.03
	0.01
	0.02
	0.05
	0.05
	0.05
	0.06
	1.05
	0.31

	1962
	0.21
	0.20
	0.07
	0.03
	0.01
	0.06
	0.07
	0.16
	0.18
	0.24
	0.55
	0.18

	1963
	0.05
	0.05
	0.03
	0.04
	0.03
	0.03
	0.04
	0.04
	0.19
	0.24
	0.66
	0.42

	1964
	0.35
	0.13
	0.06
	0.01
	0.00
	0.04
	0.07
	0.16
	0.19
	0.23
	0.19
	0.09

	1965
	0.36
	0.52
	0.09
	0.05
	0.03
	0.03
	0.03
	0.05
	0.05
	0.07
	0.53
	0.27

	1966
	0.20
	0.12
	0.04
	0.01
	0.01
	0.01
	0.07
	0.16
	0.18
	0.25
	0.73
	0.34

	1967
	0.29
	0.11
	0.02
	0.01
	0.01
	0.02
	0.03
	0.06
	0.19
	0.25
	0.89
	0.42

	1968
	0.33
	0.14
	0.06
	0.03
	0.02
	0.02
	0.02
	0.02
	0.05
	0.10
	0.14
	0.09

	1969
	0.18
	0.15
	0.02
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.02
	0.11
	0.18

	1970
	0.20
	0.17
	0.09
	0.05
	0.03
	0.03
	0.07
	0.16
	0.19
	0.25
	1.10
	0.37

	1971
	0.10
	0.22
	0.09
	0.04
	0.03
	0.06
	0.07
	0.11
	0.18
	0.25
	0.89
	0.24

	1972
	0.05
	0.04
	0.02
	0.01
	0.00
	0.01
	0.03
	0.10
	0.14
	0.13
	0.15
	0.13

	1973
	0.14
	0.14
	0.07
	0.03
	0.03
	0.06
	0.06
	0.16
	0.19
	0.23
	1.10
	0.42

	1974
	0.33
	0.08
	0.02
	0.01
	0.03
	0.03
	0.03
	0.03
	0.03
	0.24
	0.96
	0.39

	1975
	0.30
	0.07
	0.03
	0.03
	0.02
	0.03
	0.05
	0.07
	0.13
	0.25
	0.96
	0.25

	1976
	0.38
	0.47
	0.09
	0.05
	0.03
	0.05
	0.04
	0.16
	0.19
	0.24
	0.56
	0.25

	1977
	0.18
	0.17
	0.09
	0.04
	0.01
	0.00
	0.02
	0.03
	0.12
	0.15
	0.23
	0.14

	1978
	0.23
	0.42
	0.09
	0.05
	0.03
	0.02
	0.02
	0.03
	0.07
	0.25
	1.10
	0.41

	1979
	0.28
	0.12
	0.03
	0.03
	0.01
	0.01
	0.02
	0.03
	0.07
	0.09
	0.10
	0.07

	1980
	0.09
	0.15
	0.08
	0.05
	0.03
	0.06
	0.07
	0.16
	0.19
	0.23
	1.10
	0.38

	1981
	0.36
	0.44
	0.09
	0.04
	0.02
	0.02
	0.07
	0.16
	0.08
	0.10
	0.15
	0.19

	1982
	0.16
	0.09
	0.02
	0.01
	0.03
	0.03
	0.03
	0.05
	0.18
	0.25
	1.08
	0.25

	1983
	0.24
	0.22
	0.08
	0.03
	0.01
	0.02
	0.02
	0.02
	0.04
	0.09
	0.20
	0.12

	1984
	0.05
	0.05
	0.02
	0.04
	0.03
	0.02
	0.07
	0.16
	0.08
	0.17
	0.16
	0.07

	1985
	0.14
	0.17
	0.09
	0.05
	0.02
	0.01
	0.01
	0.01
	0.03
	0.04
	0.49
	0.20

	1986
	0.38
	0.48
	0.07
	0.03
	0.01
	0.02
	0.05
	0.06
	0.19
	0.24
	0.55
	0.40

	1987
	0.32
	0.06
	0.02
	0.01
	0.00
	0.00
	0.02
	0.04
	0.10
	0.24
	0.28
	0.12

	1988
	0.10
	0.11
	0.02
	0.01
	0.01
	0.00
	0.01
	0.01
	0.02
	0.04
	0.06
	0.06

	1989
	0.38
	0.52
	0.09
	0.04
	0.03
	0.04
	0.04
	0.05
	0.19
	0.24
	0.59
	0.22

	1990
	0.29
	0.33
	0.08
	0.03
	0.01
	0.01
	0.00
	0.01
	0.02
	0.03
	0.05
	0.05

	1991
	0.07
	0.11
	0.05
	0.03
	0.03
	0.06
	0.05
	0.06
	0.13
	0.24
	1.10
	0.37

	1992
	0.38
	0.52
	0.09
	0.04
	0.02
	0.01
	0.03
	0.05
	0.19
	0.25
	0.68
	0.42

	1993
	0.36
	0.06
	0.02
	0.03
	0.03
	0.02
	0.03
	0.07
	0.19
	0.25
	1.08
	0.31

	1994
	0.24
	0.20
	0.09
	0.05
	0.03
	0.06
	0.07
	0.16
	0.17
	0.23
	0.78
	0.24

	1995
	0.12
	0.43
	0.09
	0.05
	0.02
	0.02
	0.02
	0.02
	0.02
	0.03
	0.24
	0.29

	1996
	0.38
	0.52
	0.09
	0.05
	0.02
	0.02
	0.07
	0.16
	0.19
	0.25
	0.80
	0.23

	1997
	0.06
	0.11
	0.05
	0.03
	0.01
	0.06
	0.06
	0.04
	0.05
	0.15
	0.83
	0.26

	1998
	0.06
	0.06
	0.03
	0.03
	0.01
	0.01
	0.02
	0.03
	0.03
	0.24
	0.35
	0.38

	1999
	0.34
	0.35
	0.02
	0.01
	0.03
	0.06
	0.07
	0.06
	0.03
	0.02
	0.02
	0.05

	2000
	0.05
	0.47
	0.09
	0.05
	0.03
	0.03
	0.03
	0.03
	0.03
	0.04
	0.20
	0.34

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	1: Open
	>0.4
	2: Semi-Closed
	0.05-0.4
	3: Closed
	< 0.05
	


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

The occurrence and duration of the different Abiotic States under Future Scenario 2 are illustrated in the simulated monthly river flow table (Table 4.3). 

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

	MICROALGAE

	Reduction in marine influence would reduce microalgal species richness as some marine species would no longer occur.  The increase in semi-closed mouth conditions would reduce phytoplankton biomass due to reduction in marine influence and nutrient input.  Strong vertical stratification could limit nutrient uptake by subtidal benthic microalgae.

Similar to the Present State, there would also be a slight change in microalgal composition in response to increase in nutrient input from the catchment, e.g. stronger presence of blue-green algae.

Confidence: Low

	MACROPHYTES

	The biggest changes for Future Scenarios 2 and 3 are as a result of the reduction in high flow and floods that will change sediment distribution patterns.  Marine sediment will penetrate upstream and there will be an infilling of the estuary.  This process would also occur for Future Scenario 4 but to a lesser extent.  Infilling of the estuary will have the biggest effect on the macrophytes.  The reduction in water depth and increase sedimentation will encourage growth of the common reed Phragmites australis.  Increased cover of the reeds will be at the expense of open surface water area and thus there will be a loss of habitat.  Species richness and community composition may change as common reed would outcompete submerged macrophytes and macroalgae.

Confidence: Medium

	INVERTEBRATES (INCLUDING ZOOPLANKTON)

	(Tris, please correct/expand on this section.  This is what we could capture at the workshop)
Loss of inter-tidal and sub-tidal habitat due to sedimentation, as well as predicted reed encroachment will result in a marked loss in the habitat of macrobenthos.

Sand prawns will not colonize because of low salinity water, i.e. brackish water associated with closed state.  Macrobenthos species assemblage would be change by 50%.  Bioturbation???
Confidence: Low


	FISH

	(Alan, please correct/expand on this section.  This is what we could capture at the workshop)
Loss of habitat (channels becoming shallower) as a result of sedimentation will affect species richness, i.e. change in habitat diversity.

Loss in food availability (microalgal and invertebrate abundance) would result in some loss in the abundance of fish.  However, the loss will not be as drastic as for invertebrates as only two species (Cape moonie, Cape stumpnose) feed on invertebrates.

Community composition would have changed as a result of the reduction in the open state during spring, as less recruitment of some species occur due to the reduction in the temporal scale of this state compared to the Reference Condition. Under Future Scenario 2 the estuary is only open during Aug, which is not as important for immigration/emigration as is Sept and Oct.
Confidence:  Low


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

	a.
% similarity in period of low flows      
	83
	For the Tsitsikamma Estuary low flows is defined as flows associated with the Closed state (i.e. <0.05 m3/s) and the Semi-closed state (between 0.4 and 0.05 m3/s). Months with median low flows of less than 0.4 m3/s increased form 9 under the Reference Condition to 11 under Future Scenario 2. Specifically the semi-closed state occurs for approximately two months longer during spring (Sept-Oct) under Future Scenario 2 compared with the Reference Condition.

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

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

	
	83
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	100
	Under the Reference Conditions and Future Scenario 2 intermittent mouth closure could occur for 4 months of the year, similar to the Present State
	Low

	
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.
Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	60
	Some modification in the salinity distribution due to the increase in the low flow months, i.e. during Oct-Sept instead of having tidal exchange with a strong horizontal salinity gradient, the estuary changes into a semi-closed state with strong vertical stratification (see description of states).

Also, the flows during the open phase in early spring (Aug) decreased from the Reference to Future Scenario 2, probably increasing the extent of saline intrusion with a few hundred metres, but slightly less compared with the Present State.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	90
	Similar to Present State - Some nutrient enrichment would occur in the upper reaches due to e.g. agricultural activities in the catchment.
	Low

	2b.
Suspended solids in present in inflowing freshwater
	100
	No change expected, as there are no known activities in the catchment to have altered suspended solid loads.
	Low

	2c.
Dissolved oxygen in inflowing freshwater
	100
	Similar to Present State- No changes expected, a shallow system with no marked organic enrichment is expected to remain oxygenated if not closed prolonged periods. 
	Low

	2d. Levels of toxins
	100
	Similar to Present State - No change expected since there are no known industries or large urban areas in the catchment that could have markedly altered toxic loading of the system (e.g. trace metals).
	Medium

	
	78
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% similarity in inter-tidal area exposed 
	50
	Reduction in high flow and floods will change sediment distribution patterns.  Specifically, a reduction in floods and high flows will result in substantial marine sediment penetration further upstream in the lower reaches of the estuary and infilling of the estuary will occur.  This will mainly reduce the size of the inter-tidal area, rather than sediment character (assuming that sediments are mainly sandy at present).
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	95
	Assuming that the sediments in the estuary is mainly sandy at present, increase in marine sediments in the lower reaches will probably only result in a small change in sediment character in the lower reaches.
	Low

	2
	Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	50
	Reduction in high flow and floods will change sediment distribution patterns.  Specifically, a reduction in floods and high flows will result in substantial marine sediment penetration further upstream in the lower reaches of the estuary and infilling of the estuary will occur.  This will mainly affect the depth and channel morphology, rather than sediment character (assuming that sediments are mainly sandy at present).
	Low

	
	
	61
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90%)
	Under Future Scenario 2, the mouth will only be open for only 1 month (Aug) compared to 3 months during the Reference Condition.   This may result in a loss of some of the marine species.
	Low

	2a. Abundance
	80
	Loss of benthic microalgal biomass due sedimentation, i.e. loss of habitat.   Slight loss of phytoplankton biomass due to reduction in marine influence and nutrient input, while strong vertical stratification (associated with the semi-closed state) may limit nutrient uptake by subtidal benthic microalgae compared with the Reference Condition.
	Low

	2b. Community composition
	80
	Similar to the Present State, there would be a slight change in microalgal composition in response to increase in nutrient input from the catchment, e.g. stronger presence of blue-green algae. Community composition would further be altered due to the loss of some marine species.  
	Low

	
	80
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	Loss of species as increase in reeds at expense of open water habitat may result in loss of species i.e. loss of macrophytes associated with open water body e.g. macroalgae and submerged macrophytes although these were not present during the survey in November 1993.  
	Low

	2a. Abundance
	50
	Reduction in floods and high flows will result in marine sediment penetration and stable substrata that will be colonized by common reed Phragmites australis.  Increased cover of the reeds will be at the expense of open surface water area and thus there will be a loss of habitat.
	Medium

	2b. Community composition
	80
	Loss of habitat as increase in reeds at expense of open water habitat may result in change in community composition i.e. loss of macrophytes associated with open water body e.g. macroalgae and submerged macrophytes.
	Low

	
	50
	
	


Invertebrates (Tris, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80 (90%)
	Similar to the Present State
	Low

	2a. Abundance
	40
	Loss of inter-tidal and sub-tidal habitat due to sedimentation, as well as predicted reed encroachment will result in a marked loss in the habitat of macrobenthos. 
	Low

	2b. Community composition
	50
	Sand prawns will not colonize because of low salinity water, i.e. brackish water associated with closed state.  Macrobenthos species assemblage would be change by 50%.  Bioturbation???
	Low

	
	40
	
	


Fish (Alan, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	Loss of habitat (channels becoming shallower) as a result of sedimentation will affect species richness, i.e. change in habitat diversity.
	Low

	2a. Abundance
	85
	Loss in food availability (microalgal and invertebrate abundance) would result in some loss in the abundance of fish.  However, the loss will not be as drastic as for invertebrates as only two species (Cape moonie, Cape stumpnose) feed on invertebrates.
	Med

	2b. Community composition
	80
	Community composition would have changed as a result of the reduction in the open state during spring, as less recruitment of some species occur due to the reduction in the temporal scale of this state compared to the Reference Condition. Under Future Scenario 2 the estuary is only open during Aug, which is not as important for immigration/emigration as is Sept and Oct.
	Low

	
	80
	
	


4.2.3
Future Scenario 3

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 3, over a 81-year period (1920 to 2000) were obtained from Mr. M Roux of Department of Water Affairs and are provided in Table 4.4. The MAR under the Future Scenario 1 is 2.8 x 106 m3, a 86.0 % reduction from the Reference condition (i.e. 19.90 x 106 m3).  
A statistical analysis of the monthly-simulated runoff data in m3/s for Present State is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	0.17
	0.28
	0.03
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.15
	0.63
	0.19

	80%ile
	0.15
	0.23
	0.03
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.15
	0.53
	0.16

	70%ile
	0.13
	0.20
	0.03
	0.01
	0.01
	0.03
	0.04
	0.09
	0.11
	0.15
	0.47
	0.15

	60%ile
	0.12
	0.18
	0.03
	0.01
	0.01
	0.03
	0.04
	0.07
	0.11
	0.14
	0.41
	0.13

	50%ile
	0.10
	0.12
	0.02
	0.01
	0.01
	0.02
	0.03
	0.06
	0.10
	0.13
	0.30
	0.11

	40%ile
	0.09
	0.11
	0.02
	0.01
	0.01
	0.02
	0.03
	0.05
	0.08
	0.12
	0.27
	0.10

	30%ile
	0.07
	0.09
	0.02
	0.01
	0.01
	0.02
	0.02
	0.03
	0.07
	0.10
	0.21
	0.08

	20%ile
	0.06
	0.06
	0.02
	0.01
	0.01
	0.01
	0.02
	0.03
	0.04
	0.07
	0.15
	0.06

	10%ile
	0.04
	0.04
	0.02
	0.01
	0.00
	0.01
	0.01
	0.02
	0.02
	0.04
	0.09
	0.05

	1%ile
	0.04
	0.04
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.03
	0.04


Confidence:  Low
b.
Flood regime:  

Future Scenario 3 reflects a drastic reduction in the high flow and floods, although no specific information is available on how this will be achieved.  It therefore is expected that this scenario will have a drastic influence on floods reaching the estuary.

Confidence:  Low

c.
Present sediment processes and characteristics: 

It is expected that Future Scenario 3 will have a drastic influence on floods reaching the estuary therefore it is also expected to have a drastic influence on the sediment equilibrium in the estuary.

Confidence: Low
Table 4.4: Monthly runoff data (in m3/s) for Future Scenario 3, simulated over a 81-year period

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

	1920
	0.04
	0.04
	0.02
	0.01
	0.01
	0.03
	0.04
	0.09
	0.10
	0.12
	0.15
	0.09

	1921
	0.07
	0.08
	0.03
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.15
	0.31
	0.07

	1922
	0.06
	0.26
	0.03
	0.01
	0.01
	0.01
	0.02
	0.03
	0.07
	0.10
	0.15
	0.05

	1923
	0.05
	0.08
	0.02
	0.01
	0.01
	0.02
	0.01
	0.01
	0.04
	0.05
	0.37
	0.13

	1924
	0.10
	0.09
	0.02
	0.01
	0.01
	0.03
	0.04
	0.08
	0.11
	0.14
	0.30
	0.17

	1925
	0.17
	0.22
	0.03
	0.01
	0.01
	0.03
	0.03
	0.03
	0.05
	0.14
	0.48
	0.15

	1926
	0.12
	0.15
	0.03
	0.01
	0.01
	0.03
	0.02
	0.10
	0.11
	0.07
	0.11
	0.06

	1927
	0.04
	0.04
	0.02
	0.01
	0.01
	0.03
	0.04
	0.07
	0.07
	0.06
	0.09
	0.11

	1928
	0.14
	0.27
	0.03
	0.01
	0.01
	0.01
	0.01
	0.02
	0.04
	0.14
	0.42
	0.12

	1929
	0.10
	0.09
	0.02
	0.01
	0.01
	0.03
	0.04
	0.07
	0.10
	0.11
	0.49
	0.14

	1930
	0.11
	0.10
	0.02
	0.01
	0.01
	0.01
	0.02
	0.03
	0.05
	0.14
	0.25
	0.19

	1931
	0.17
	0.26
	0.03
	0.01
	0.01
	0.03
	0.04
	0.05
	0.08
	0.10
	0.12
	0.19

	1932
	0.17
	0.22
	0.02
	0.01
	0.01
	0.02
	0.03
	0.10
	0.11
	0.13
	0.64
	0.15

	1933
	0.06
	0.16
	0.03
	0.01
	0.01
	0.03
	0.04
	0.03
	0.03
	0.12
	0.21
	0.06

	1934
	0.17
	0.23
	0.02
	0.01
	0.00
	0.02
	0.03
	0.10
	0.11
	0.14
	0.53
	0.13

	1935
	0.13
	0.20
	0.03
	0.01
	0.01
	0.02
	0.03
	0.09
	0.11
	0.10
	0.12
	0.05

	1936
	0.09
	0.28
	0.03
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.06
	0.09
	0.08

	1937
	0.07
	0.11
	0.02
	0.01
	0.01
	0.01
	0.01
	0.03
	0.05
	0.04
	0.06
	0.05

	1938
	0.05
	0.11
	0.02
	0.01
	0.01
	0.03
	0.04
	0.09
	0.07
	0.07
	0.51
	0.15

	1939
	0.10
	0.11
	0.03
	0.01
	0.01
	0.03
	0.04
	0.09
	0.10
	0.15
	0.27
	0.05

	1940
	0.05
	0.06
	0.02
	0.01
	0.01
	0.01
	0.03
	0.05
	0.11
	0.14
	0.11
	0.05

	1941
	0.09
	0.17
	0.03
	0.01
	0.01
	0.02
	0.02
	0.07
	0.10
	0.14
	0.25
	0.07

	1942
	0.07
	0.10
	0.02
	0.01
	0.01
	0.02
	0.02
	0.01
	0.11
	0.15
	0.58
	0.19

	1943
	0.15
	0.19
	0.03
	0.01
	0.01
	0.03
	0.03
	0.10
	0.11
	0.15
	0.36
	0.16

	1944
	0.13
	0.11
	0.02
	0.01
	0.00
	0.00
	0.00
	0.10
	0.11
	0.15
	0.30
	0.08

	1945
	0.04
	0.04
	0.02
	0.01
	0.01
	0.03
	0.04
	0.06
	0.07
	0.15
	0.53
	0.14

	1946
	0.10
	0.09
	0.02
	0.01
	0.01
	0.03
	0.04
	0.09
	0.11
	0.15
	0.49
	0.10

	1947
	0.09
	0.05
	0.02
	0.01
	0.01
	0.01
	0.04
	0.09
	0.07
	0.08
	0.17
	0.10

	1948
	0.11
	0.19
	0.02
	0.01
	0.01
	0.01
	0.00
	0.01
	0.02
	0.01
	0.04
	0.05

	1949
	0.04
	0.28
	0.03
	0.01
	0.00
	0.00
	0.00
	0.02
	0.02
	0.04
	0.08
	0.05

	1950
	0.05
	0.28
	0.03
	0.01
	0.01
	0.03
	0.02
	0.08
	0.11
	0.15
	0.60
	0.18

	1951
	0.13
	0.04
	0.02
	0.01
	0.01
	0.02
	0.03
	0.04
	0.07
	0.08
	0.42
	0.19

	1952
	0.16
	0.10
	0.02
	0.01
	0.01
	0.01
	0.00
	0.00
	0.02
	0.11
	0.57
	0.15

	1953
	0.17
	0.28
	0.03
	0.01
	0.00
	0.01
	0.01
	0.10
	0.11
	0.15
	0.64
	0.14

	1954
	0.08
	0.11
	0.03
	0.01
	0.01
	0.03
	0.04
	0.07
	0.08
	0.07
	0.26
	0.12

	1955
	0.13
	0.28
	0.03
	0.01
	0.01
	0.02
	0.03
	0.10
	0.11
	0.11
	0.23
	0.19

	1956
	0.17
	0.24
	0.03
	0.01
	0.01
	0.03
	0.03
	0.07
	0.11
	0.13
	0.44
	0.18

	1957
	0.14
	0.18
	0.02
	0.01
	0.00
	0.03
	0.04
	0.10
	0.11
	0.13
	0.46
	0.11

	1958
	0.08
	0.12
	0.02
	0.01
	0.01
	0.03
	0.04
	0.09
	0.10
	0.13
	0.64
	0.16

	1959
	0.15
	0.22
	0.02
	0.01
	0.01
	0.02
	0.02
	0.06
	0.10
	0.15
	0.44
	0.14

	1960
	0.12
	0.06
	0.02
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.12
	0.27
	0.08

	1961
	0.13
	0.20
	0.02
	0.01
	0.01
	0.02
	0.04
	0.05
	0.05
	0.05
	0.61
	0.13

	1962
	0.09
	0.17
	0.02
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.15
	0.30
	0.08

	1963
	0.04
	0.04
	0.02
	0.01
	0.01
	0.03
	0.03
	0.04
	0.11
	0.15
	0.37
	0.19

	1964
	0.15
	0.09
	0.02
	0.01
	0.00
	0.03
	0.04
	0.09
	0.11
	0.14
	0.19
	0.06

	1965
	0.16
	0.28
	0.03
	0.01
	0.01
	0.03
	0.03
	0.05
	0.05
	0.05
	0.29
	0.11

	1966
	0.09
	0.07
	0.02
	0.01
	0.00
	0.01
	0.04
	0.10
	0.11
	0.15
	0.41
	0.14

	1967
	0.12
	0.06
	0.02
	0.01
	0.01
	0.02
	0.03
	0.06
	0.11
	0.15
	0.51
	0.19

	1968
	0.14
	0.11
	0.02
	0.01
	0.01
	0.02
	0.02
	0.02
	0.05
	0.09
	0.14
	0.06

	1969
	0.08
	0.12
	0.02
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.02
	0.09
	0.08

	1970
	0.09
	0.13
	0.03
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.15
	0.64
	0.16

	1971
	0.06
	0.18
	0.03
	0.01
	0.01
	0.03
	0.04
	0.09
	0.11
	0.15
	0.51
	0.10

	1972
	0.04
	0.04
	0.02
	0.01
	0.00
	0.01
	0.03
	0.09
	0.10
	0.11
	0.15
	0.07

	1973
	0.07
	0.11
	0.02
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.14
	0.64
	0.19

	1974
	0.14
	0.05
	0.02
	0.01
	0.01
	0.03
	0.03
	0.03
	0.03
	0.14
	0.55
	0.17

	1975
	0.13
	0.05
	0.02
	0.01
	0.01
	0.03
	0.04
	0.07
	0.10
	0.15
	0.55
	0.10

	1976
	0.17
	0.25
	0.03
	0.01
	0.01
	0.03
	0.03
	0.10
	0.11
	0.14
	0.31
	0.10

	1977
	0.08
	0.13
	0.03
	0.01
	0.01
	0.00
	0.01
	0.03
	0.10
	0.12
	0.23
	0.07

	1978
	0.09
	0.22
	0.03
	0.01
	0.01
	0.02
	0.02
	0.03
	0.07
	0.15
	0.64
	0.19

	1979
	0.12
	0.08
	0.02
	0.01
	0.01
	0.01
	0.01
	0.03
	0.07
	0.08
	0.08
	0.05

	1980
	0.05
	0.11
	0.03
	0.01
	0.01
	0.03
	0.04
	0.10
	0.11
	0.14
	0.64
	0.17

	1981
	0.16
	0.23
	0.03
	0.01
	0.01
	0.02
	0.04
	0.10
	0.08
	0.09
	0.15
	0.09

	1982
	0.07
	0.06
	0.02
	0.01
	0.01
	0.03
	0.02
	0.05
	0.11
	0.15
	0.63
	0.10

	1983
	0.10
	0.18
	0.02
	0.01
	0.01
	0.02
	0.02
	0.02
	0.04
	0.08
	0.20
	0.06

	1984
	0.04
	0.04
	0.02
	0.01
	0.01
	0.02
	0.04
	0.09
	0.08
	0.12
	0.16
	0.05

	1985
	0.07
	0.14
	0.03
	0.01
	0.01
	0.01
	0.01
	0.01
	0.02
	0.04
	0.28
	0.09

	1986
	0.17
	0.25
	0.02
	0.01
	0.01
	0.02
	0.04
	0.06
	0.11
	0.14
	0.30
	0.18

	1987
	0.14
	0.04
	0.02
	0.01
	0.00
	0.00
	0.02
	0.04
	0.10
	0.14
	0.25
	0.06

	1988
	0.06
	0.06
	0.02
	0.01
	0.00
	0.00
	0.01
	0.01
	0.02
	0.04
	0.06
	0.05

	1989
	0.17
	0.28
	0.03
	0.01
	0.01
	0.03
	0.03
	0.05
	0.11
	0.15
	0.32
	0.09

	1990
	0.12
	0.20
	0.02
	0.01
	0.00
	0.01
	0.00
	0.01
	0.02
	0.03
	0.05
	0.05

	1991
	0.05
	0.07
	0.02
	0.01
	0.01
	0.03
	0.04
	0.06
	0.10
	0.15
	0.64
	0.16

	1992
	0.17
	0.28
	0.03
	0.01
	0.01
	0.01
	0.03
	0.05
	0.11
	0.15
	0.38
	0.19

	1993
	0.16
	0.04
	0.02
	0.01
	0.01
	0.02
	0.03
	0.07
	0.11
	0.15
	0.63
	0.13

	1994
	0.10
	0.18
	0.03
	0.01
	0.01
	0.03
	0.04
	0.09
	0.11
	0.14
	0.44
	0.10

	1995
	0.06
	0.22
	0.03
	0.01
	0.01
	0.02
	0.02
	0.02
	0.02
	0.03
	0.24
	0.12

	1996
	0.17
	0.28
	0.03
	0.01
	0.01
	0.02
	0.04
	0.10
	0.11
	0.15
	0.45
	0.10

	1997
	0.04
	0.06
	0.02
	0.01
	0.01
	0.03
	0.04
	0.04
	0.05
	0.12
	0.47
	0.11

	1998
	0.04
	0.04
	0.02
	0.01
	0.01
	0.01
	0.02
	0.03
	0.03
	0.15
	0.27
	0.16

	1999
	0.15
	0.20
	0.02
	0.01
	0.01
	0.03
	0.04
	0.06
	0.03
	0.02
	0.02
	0.04

	2000
	0.04
	0.25
	0.03
	0.01
	0.01
	0.03
	0.03
	0.03
	0.02
	0.04
	0.20
	0.14

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	1: Open
	>0.4
	2: Semi-Closed
	0.05-0.4
	3: Closed
	< 0.05
	


d.
Occurrence and duration of different Abiotic States for Future Scenario 3:

The occurrence and duration of the different Abiotic States under Future Scenario 3 are illustrated in the simulated monthly river flow table (Table 4.4). 

To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 3, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
[image: image10.wmf]10%ile flows
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e.
Predicted change in biotic characteristics of Future Scenario 3 compared with the Reference Condition:
	MICROALGAE

	Reduction in marine influence would reduce microalgal species richness as marine species would no longer occur.  The increase in semi-closed mouth conditions would reduce phytoplankton biomass due to reduction in marine influence and nutrient input.  Strong vertical stratification could limit nutrient uptake by subtidal benthic microalgae.
Confidence: Low

	MACROPHYTES

	The biggest changes for Future Scenarios 2 and 3 are as a result of the reduction in high flow and floods that will change sediment distribution patterns.  Marine sediment will penetrate upstream and there will be an infilling of the estuary.  This process would also occur for Future Scenario 4 but to a lesser extent.  Infilling of the estuary will have the biggest effect on the macrophytes.  The reduction in water depth and increase sedimentation will encourage growth of the common reed Phragmites australis.  Increased cover of the reeds will be at the expense of open surface water area and thus there will be a loss of habitat.  Species richness and community composition may change as common reed would outcompete submerged macrophytes and macroalgae.
Confidence: Medium

	INVERTEBRATES (INCLUDING ZOOPLANKTON)

	(Tris, please correct/expand on this section.  This is what we could capture at the workshop)
During drought years 1 in 10, possible loss of macrobenthos community.  Less bioturbation, brackish system, composition will change compared to Future Scenario 2.
Confidence:  Low

	FISH

	(Alan, please correct/expand on this section.  This is what we could capture at the workshop)
Similar to present but slight change in habitat due to loss of floods and associated change in habitat diversity.  Loss of open state would lead to a loss of species.  Under drought conditions some species will be lost because of mouth closure.

Only two species (Cape moonie, Cape stumpnose) feed on invertebrates therefore changes will have little effect on fish abundance.  Complete closure from December to April may have some effect on abundance. Detritus feeders will flourish under these conditions.

Only fully open in August, this is not an important time for immigration / emigration, Sept, Oct more important therefore some changes in community composition can be expected.
Confidence:  Low


f.
Estuarine Heath Score Assessment for Future Scenario 3:
Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      
	75
	For the Tsitsikamma Estuary low flows is defined as flows associated with the Closed state (i.e. <0.05 m3/s) and the Semi-closed state (between 0.4 and 0.05 m3/s). Months with median low flows of less than 0.4 m3/s increased form 9 under the Reference Condition to 12 under Future Scenario 3. Specifically the loss of the open state to the semi-closed state for 3 months during spring (Aug-Oct) and the change from semi-closed to closed in December under Future Scenario 3 compared with the Reference Condition.

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

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

	
	75
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	70
	The period during which mouth closure could occur increased from 4 (Nov-Jul) to 5 months (Dec-Apr) of the year from the Reference Condition to Future Scenario 3. Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure  (Table D.5d in the method).
	Low

	
	70
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	60
	The flows during the open phase in early spring (Aug - Oct) decreased from the Reference to Future Scenario 3, probably increasing the extent of saline intrusion with a few hundred metres, more than at present. During Aug-Oct instead of having tidal exchange with a strong horizontal salinity gradient, the estuary changes into a semi-closed state with strong vertical stratification (see description of states).

Salinity distribution is also modified due to the increase in mouth closure.  During Dec, instead of having strong vertical stratification, the estuary now turns into a well-mixed system (see description of states).

Furthermore, because the semi-closed state now also extends over several months (May to Nov), there will be a gradual build-up of the berm.  As a result over-wash event eventually becomes restricted to spring high tide and storm events, reducing the input of high salinity seawater into the lower reaches towards the end of the semi-closed period.   
	Low

	2a. Nitrate and phosphate concentration in the estuary
	90
	Similar to Present State - Some nutrient enrichment would occur in the upper reaches due to e.g. agricultural activities in the catchment.
	Low

	2b. Suspended solids in present in inflowing freshwater
	100
	Similar to Present State - No changes expected, a shallow system with no marked organic enrichment is expected to remain oxygenated if not closed prolonged periods.
	Low

	2c. Dissolved oxygen in inflowing freshwater
	80
	Although it is expected for shallow systems to remain oxygenated during a closed phase (due to wind mixing) measurements along the KZN coast showed that during prolonged closure DO levels could decrease (usually not below 4 mg/l unless there has been organic enrichment e.g. excessive algal growth).  Allow for a 20% change under this scenario.
	Low

	2d. Levels of toxins
	100
	Similar to Present State - No change expected since there are no known industries or large urban areas in the catchment that could have markedly altered toxic loading of the system (e.g. trace metals).
	Medium

	
	68
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% similarity in inter-tidal area exposed 
	40
	Reduction in high flow and floods will change sediment distribution patterns.  Specifically, a reduction in floods and high flows will result in substantial marine sediment penetration further upstream in the lower reaches of the estuary and infilling of the estuary will occur.  This will mainly affect the size of the inter-tidal area, rather than sediment character (assuming that sediments are mainly sandy at present).
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	95
	Assuming that the sediments in the estuary is mainly sandy at present, increase in marine sediments in the lower reaches will probably only result in a small change in sediment character in the lower reaches.
	Low

	2
	Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	40
	Reduction in high flow and floods will change sediment distribution patterns.  Specifically, a reduction in floods and high flows will result in substantial marine sediment penetration further upstream in the lower reaches of the estuary and infilling of the estuary will occur.  This will mainly affect the depth and channel morphology, rather than sediment character (assuming that sediments are mainly sandy at present).
	Low

	
	
	54
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	70 (85%)
	Under Future Scenario 3, the semi-closed mouth condition occurred for three months longer and closed mouth conditions increased to 2 months compared to the Reference Condition.  The estuary is also no longer in the open state.  This would result in a loss of marine species.
	Medium

	2a. Abundance
	70
	Loss of benthic microalgal biomass due to marine sediment penetrating further upstream and loss of intertidal habitat.   Loss of phytoplankton biomass due to reduction in marine influence and nutrient input (e.g. no longer in the open state).  
	Low

	2b. Community composition
	70
	Similar to the Present State, there would be a slight change in microalgal composition in response to increase in nutrient input from the catchment, e.g. stronger presence of blue-green algae. In addition an increase in brackish conditions associated with an increase in mouth closure would also alter community composition, e.g. loss of habitat for marine species.   
	Low

	
	70
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	60
	Loss of species as increase in reeds at expense of open water habitat may result in loss of species i.e. loss of macrophytes associated with open water body e.g. macroalgae and submerged macrophytes although these were not present during the survey in November 1993.
	Low

	2a. Abundance
	30
	Reduction in floods and high flows will result in marine sediment penetration and stable substrata that will be colonized by common reed Phragmites australis.  Increased cover of the reeds will be at the expense of open surface water area and thus there will be a loss of habitat.
	Medium

	2b. Community composition
	60
	Loss of habitat as increase in reeds at expense of open water habitat may result in change in community composition i.e. loss of macrophytes associated with open water body e.g. macroalgae and submerged macrophytes.
	Low

	
	30
	
	


Invertebrates (Tris, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	Similar to Present State
	Low

	2a. Abundance
	30
	During drought years 1 in 10, possible loss of macrobenthos community. 
	Low

	2b. Community composition
	30
	Less bioturbation, brackish system, composition will change compared to Future Scenario 2.
	Low

	
	30
	
	


Fish (Alan, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	70
	Similar to present but slight change in habitat due to loss of floods and associated change in habitat diversity.  Loss of open state would lead to a loss of species.  Under drought conditions some species will be lost because of mouth closure.
	Low

	2a. Abundance
	70
	Only two species (Cape moonie, Cape stumpnose) feed on invertebrates therefore changes will have little effect on fish abundance.  Complete closure from December to April may have some effect on abundance. Detritus feeders will flourish under these conditions.
	Low

	2b. Community composition
	70
	Only fully open in August, this is not an important time for immigration / emigration, Sept, Oct more important therefore some changes in community composition can be expected.
	Low

	
	70
	
	


4.2.4
Future Scenario 4

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 4, over a 81-year period (1920 to 2000) were obtained from Mr. M Roux of Department of Water Affairs and are provided in Table 4.5. The MAR under the Future Scenario 4 is 10.41 x 106 m3, a 47.7 % reduction from the Reference condition (i.e. 19.90 x 106 m3).  A statistical analysis of the monthly-simulated runoff data in m3/s for Present State is provided below.  
	 
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP

	90%ile
	1.81
	0.86
	0.53
	0.28
	0.14
	0.10
	0.30
	1.05
	1.20
	1.07
	2.09
	2.90

	80%ile
	0.97
	0.37
	0.25
	0.04
	0.02
	0.01
	0.01
	0.18
	0.44
	0.52
	0.85
	1.48

	70%ile
	0.50
	0.02
	0.04
	0.03
	0.02
	0.00
	0.00
	0.00
	0.10
	0.17
	0.56
	1.13

	60%ile
	0.25
	0.02
	0.03
	0.03
	0.02
	0.00
	0.00
	0.00
	0.00
	0.08
	0.28
	0.68

	50%ile
	0.17
	0.00
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.12
	0.30

	40%ile
	0.05
	0.00
	0.02
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.17

	30%ile
	0.04
	0.00
	0.02
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	20%ile
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	10%ile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1%ile
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00



Confidence:  Low

b.
Flood regime:  

Future scenario 4 reflects some reduction in the high flow and floods.  However, because the scenario does not include abstraction from the dam, the realistic reduction of high flows and floods with a dam in place will be much larger than what is currently reflected by this dam development scenario.  

Confidence:  Low

c.
Present sediment processes and characteristics: 

Future scenario 4 reflects some reduction in the high flow and floods that will also influence sediment processes in the estuary.  However, because the scenario does not include abstraction from the dam, the realistic reduction of floods with a dam in place will be much larger than what is currently reflected by this scenario.  In a small system like the Tsitsikamma Estuary, the reduction in high flows and floods that are typically associated dam developments can have a drastic influence on sediment processes.  

Confidence: Low

Table 4.5: Monthly runoff data (in m3/s) for Future Scenario 4, simulated over a 81-year period

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

	1920
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1921
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.27
	0.16
	0.06

	1922
	0.04
	0.63
	0.31
	0.03
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1923
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.07
	0.66

	1924
	0.19
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.24
	0.10
	0.12
	1.33

	1925
	1.22
	0.19
	0.96
	0.35
	0.03
	0.00
	0.00
	0.00
	0.00
	0.08
	0.44
	1.02

	1926
	0.25
	0.00
	0.02
	0.02
	0.02
	0.00
	0.00
	0.24
	0.04
	0.00
	0.00
	0.00

	1927
	0.04
	0.02
	0.02
	0.00
	0.00
	0.85
	0.30
	0.00
	0.00
	0.00
	0.00
	0.17

	1928
	0.60
	0.70
	0.28
	0.03
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.27
	0.56

	1929
	0.15
	0.00
	0.03
	0.00
	0.36
	0.10
	0.00
	0.00
	0.00
	0.00
	0.44
	0.86

	1930
	0.20
	0.00
	0.02
	0.03
	0.01
	0.00
	0.00
	0.00
	0.00
	0.04
	0.00
	2.03

	1931
	3.08
	0.67
	6.13
	2.89
	0.23
	0.03
	0.01
	0.00
	0.00
	0.00
	0.00
	5.79

	1932
	2.95
	0.13
	0.04
	0.02
	0.01
	0.00
	0.00
	1.14
	0.40
	0.00
	3.51
	1.44

	1933
	0.05
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1934
	1.13
	0.31
	0.03
	0.02
	0.01
	0.00
	0.00
	2.67
	1.02
	0.09
	0.89
	1.17

	1935
	0.49
	0.00
	0.04
	0.03
	0.01
	0.00
	0.00
	0.07
	0.00
	0.00
	0.00
	0.00

	1936
	0.00
	0.86
	0.38
	0.03
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1937
	0.02
	0.00
	0.02
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1938
	0.00
	0.00
	0.00
	0.00
	0.93
	0.51
	0.11
	0.00
	0.00
	0.00
	0.59
	0.90

	1939
	0.19
	0.00
	0.27
	0.28
	0.23
	0.08
	0.05
	0.00
	0.00
	0.17
	0.00
	0.00

	1940
	0.00
	0.01
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.19
	0.03
	0.00
	0.00

	1941
	0.02
	0.00
	0.85
	0.34
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1942
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.69
	0.55
	1.02
	2.90

	1943
	0.76
	0.00
	0.00
	0.04
	0.02
	0.00
	0.00
	3.48
	2.20
	0.78
	0.48
	1.79

	1944
	0.44
	0.00
	0.02
	0.03
	0.02
	0.01
	0.00
	2.15
	0.91
	0.52
	0.13
	0.08

	1945
	0.04
	0.02
	0.02
	0.03
	0.02
	0.13
	0.05
	0.00
	0.00
	0.18
	0.75
	0.80

	1946
	0.17
	0.00
	0.03
	0.02
	0.02
	0.00
	0.00
	0.00
	1.20
	3.87
	0.79
	0.44

	1947
	0.09
	0.02
	0.02
	0.02
	0.01
	0.01
	0.48
	0.10
	0.00
	0.00
	0.00
	0.05

	1948
	0.17
	0.00
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1949
	0.00
	2.06
	0.76
	0.03
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1950
	0.00
	1.16
	0.50
	0.56
	0.24
	0.00
	0.00
	0.00
	0.71
	1.92
	1.18
	1.88

	1951
	0.47
	0.02
	0.01
	0.01
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.16
	3.60

	1952
	1.34
	0.00
	0.03
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.89
	0.98

	1953
	3.73
	1.25
	0.06
	0.03
	0.01
	0.00
	0.00
	0.35
	0.10
	0.55
	2.17
	1.19

	1954
	0.06
	0.00
	0.03
	0.02
	1.46
	0.43
	0.00
	0.00
	0.00
	0.00
	0.00
	0.33

	1955
	0.50
	4.05
	0.95
	0.03
	0.01
	0.00
	0.00
	2.15
	0.93
	0.00
	0.00
	3.00

	1956
	3.03
	0.44
	0.48
	0.14
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.30
	2.58

	1957
	0.97
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.69
	0.25
	0.00
	0.42
	0.29

	1958
	0.04
	0.00
	0.00
	0.28
	0.12
	0.00
	0.01
	0.00
	0.00
	0.00
	1.95
	1.35

	1959
	1.16
	0.11
	0.04
	0.33
	0.14
	0.00
	0.00
	0.00
	0.00
	1.76
	0.63
	1.24

	1960
	0.25
	0.02
	0.03
	0.02
	0.01
	1.16
	0.40
	0.48
	0.16
	0.00
	0.00
	0.00

	1961
	0.28
	0.03
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	1.31
	0.64

	1962
	0.05
	0.00
	0.00
	0.01
	0.01
	0.41
	0.17
	0.18
	0.06
	0.37
	0.10
	0.08

	1963
	0.03
	0.01
	0.02
	0.03
	0.02
	0.00
	0.00
	0.00
	1.01
	0.30
	0.21
	3.01

	1964
	0.89
	0.00
	0.03
	0.02
	0.01
	0.00
	0.00
	0.05
	0.25
	0.06
	0.00
	0.00

	1965
	1.10
	0.87
	0.27
	0.03
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.21

	1966
	0.09
	0.00
	0.03
	0.02
	0.01
	0.00
	0.77
	0.24
	0.02
	1.07
	0.28
	0.90

	1967
	0.26
	0.01
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	3.66
	1.15
	1.22
	3.73

	1968
	0.84
	0.00
	0.02
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1969
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1970
	0.02
	0.00
	0.76
	0.29
	0.02
	0.00
	0.77
	1.08
	1.24
	2.49
	5.05
	1.48

	1971
	0.04
	0.00
	0.00
	0.00
	0.02
	0.00
	0.00
	0.00
	0.00
	0.93
	0.83
	0.26

	1972
	0.03
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1973
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.23
	0.44
	0.08
	2.09
	3.18

	1974
	0.72
	0.02
	0.02
	0.02
	0.02
	0.00
	0.00
	0.00
	0.00
	0.09
	0.81
	1.60

	1975
	0.38
	0.02
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	1.62
	0.85
	0.27

	1976
	2.43
	0.70
	0.06
	0.04
	0.02
	0.00
	0.00
	3.22
	2.11
	0.11
	0.41
	0.40

	1977
	0.07
	0.00
	0.02
	0.03
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1978
	0.00
	0.00
	0.11
	0.04
	0.03
	0.00
	0.00
	0.00
	0.00
	0.90
	4.45
	3.04

	1979
	0.23
	0.01
	0.03
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1980
	0.00
	0.00
	0.02
	0.68
	0.28
	2.60
	0.91
	1.89
	1.35
	0.11
	5.68
	1.70

	1981
	1.81
	0.37
	0.05
	0.03
	0.01
	0.00
	1.70
	0.50
	0.00
	0.00
	0.00
	0.00

	1982
	0.00
	0.00
	0.00
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	6.88
	2.65
	0.41

	1983
	0.20
	0.00
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1984
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.32
	0.05
	0.00
	0.00
	0.00
	0.00

	1985
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1986
	1.98
	0.56
	0.04
	0.02
	0.01
	0.00
	0.00
	0.00
	0.60
	0.17
	0.07
	1.80

	1987
	0.53
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1988
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	1989
	1.63
	2.49
	0.70
	0.03
	0.02
	0.00
	0.00
	0.00
	0.56
	0.16
	0.18
	0.16

	1990
	0.25
	0.00
	0.04
	0.02
	0.01
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00

	1991
	0.00
	0.00
	0.00
	0.00
	1.28
	0.39
	0.00
	0.00
	0.00
	0.21
	2.96
	1.13

	1992
	2.87
	1.35
	0.10
	0.03
	0.02
	0.00
	0.00
	0.00
	1.88
	0.58
	0.26
	5.87

	1993
	1.33
	0.02
	0.02
	0.02
	0.02
	0.00
	0.00
	0.00
	0.15
	1.44
	2.40
	0.97

	1994
	0.19
	0.00
	0.53
	0.22
	0.04
	0.01
	0.02
	0.00
	0.00
	0.00
	0.56
	0.27

	1995
	0.04
	0.21
	0.16
	0.04
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.30

	1996
	2.96
	6.51
	1.44
	0.04
	0.02
	0.00
	2.25
	1.05
	1.57
	0.91
	0.81
	0.24

	1997
	0.04
	0.01
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.32
	0.29

	1998
	0.04
	0.02
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.26
	0.00
	1.16

	1999
	0.77
	0.02
	0.03
	0.02
	0.02
	0.07
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00

	2000
	0.00
	0.43
	0.25
	0.06
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.68

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	1: Open
	>0.4
	2: Semi-Closed
	0.05-0.4
	3: Closed
	< 0.05
	


d.
Occurrence and duration of different Abiotic States for Future Scenario 4:

The occurrence and duration of the different Abiotic States under Future Scenario 4 are illustrated in the simulated monthly river flow table (Table 4.5). 

To provide a conceptual overview of the annual distribution of Abiotic States under Future Scenario 4, median monthly flows and 10%ile flows were used to depict the situation for normal and drought periods, respectively:
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e.
Predicted change in biotic characteristics of Future Scenario 1 compared with the Reference Condition:
	MICROALGAE

	The biggest change for scenario 4 is an increase in closed mouth conditions from 4 to 9 months. This is worse than for scenario 1 increased from 4 to 7 months of closure.  Long periods of mouth closure will also result in the estuary changing from being more vertically stratified to becoming a well mixed brackish water body.

As a result of this there would be a loss of marine microalgal species and a decrease in phytoplankton biomass due to a reduction in marine influence and nutrient input. Less palatable larger phytoplankton cells i.e. microphytoplankton compared to nano- and picophytoplankton would be dominant as result of closed conditions, wind turbulence and sediment resuspension.
Confidence: Low

	MACROPHYTES

	The biggest change for Future Scenario 4 is an increase in closed mouth conditions from 4 to 9 months. This is worse than for scenario 1 increased from 4 to 7 months of closure.  There would also be some marine sediment penetration and infilling of the estuary but this would not be as extensive as for scenarios 2 and 3.  

The increase in closed mouth conditions could result in blooms of macroalgae.  These are common in the Van Stadens and Maitlands Estuary during the closed phase but don’t know if present in Tsitsikamma. Increase in water level and submergence may result in loss of sensitive wetland species.  Closed mouth conditions and increase in sedimentation would encourage reed growth.    Increased cover of the reeds will be at the expense of open surface water area and thus there will be a loss of habitat and change in community composition.
Confidence: Medium


	INVERTEBRATES (INCLUDING ZOOPLANKTON)

	(Tris, please correct/expand on this section.  This is what we could capture at the workshop)
Species richness will be reduced.  For example sand prawns will disappear due to prolonged periods in the closed state and associated brackish conditions, i.e. loss of 1 species out of 4.

Prolonged periods in the closed state will result in increased duration of brackish conditions.  Such low salinity waters will no longer be suitable for sand prawn recruitment.  The threshold levels for breeding will not be there and the population will be lost and would have to recruit again from nearby estuaries.

Due to the prolonged closed Future Scenario 4 will result in a complete community composition to a brackish water community that does not include large prawns such as sand prawn.
Confidence:  Low

	FISH

	(Alan, please correct/expand on this section.  This is what we could capture at the workshop)
Severe condition that will occur during droughts, i.e. closed state occurring throughout the year and the loss of the open state would reduce species richness.
Complete closure for 9 months during Future Scenario 4 will change abundance.  There will be predation on marine species that would not be replaced.  The estuarine species will still breed and this population may increase due to a decrease in predation.
Estuarine species will proportionally increase and marine species will decrease, a large deviation from the Reference Condition.  
Confidence:  Low


f.
Estuarine Heath Score Assessment for Future Scenario 4:
Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      
	75
	For the Tsitsikamma Estuary low flows is defined as flows associated with the Closed state (i.e. <0.05 m3/s) and the Semi-closed state (between 0.4 and 0.05 m3/s). Months with median low flows of less than 0.4 m3/s increased form 9 under the Reference Condition to 12 under Future Scenario 4. Specifically the Open state, which used to occur for 3 months during spring (Aug – Oct), have now been reduced to a semi-closed state under Future Scenario 4 compared with the Reference Condition.

Both these states can have implications for the biota as it alters the system in terms of tidal variation, salinity penetration and migration routes to the marine environment.
	Low

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

	
	75
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 70 year period
	10
	The period during which mouth closure could occur increased from 4 (Nov-Jul) to 9 months (Nov-Jul) of the year from the Reference Condition to Future Scenario 4. For 6 of these 9 months (i.e. Mar- Nov) no river inflow will reach the estuary.  Therefore, where the estuary was intermittently closed during the closed state in the Present and Reference Conditions, zero inflow will now result in permanent closure during the closed state from Mar-Jul.  Following a precautionary approach these observations where scored according to the guideline provided for changes in mouth closure  (Table D.5d in the method).
	Low

	
	10
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	30
	Scenario 4 results in at least 6 months of permanent mouth closure, compared with intermittent closure during the Reference and Present state.  These long periods of closure will alter the salinity regime from being more vertically stratified to becoming a more well mixed brackish water body over that 6 month period (Dec-Apr).
	Low

	2a. Nitrate and phosphate concentration in the estuary
	90
	Similar to Present State - Some nutrient enrichment would occur in the upper reaches due to e.g. agricultural activities in the catchment.
	Low

	2b. Suspended solids in present in inflowing freshwater
	100
	Similar to Present State - No change expected, as there are no known activities in the catchment to have altered suspended solid loads.
	Low

	2c. Dissolved oxygen in inflowing freshwater
	80
	Although it is expected for shallow systems to remain oxygenated during a closed phase (due to wind mixing) measurements along the KZN coast showed that during prolonged closure DO levels could decrease (usually not below 4 mg/l unless there has been organic enrichment e.g. excessive algal growth).  Allow for a 20% change under this scenario. 
	Low

	2d. Levels of toxins
	100
	Similar to Present State - No change expected since there are no known industries or large urban areas in the catchment that could have markedly altered toxic loading of the system (e.g. trace metals).
	Medium

	
	60
	
	


Physical habitat alteration

	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

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

	1a
	% similarity in inter-tidal area exposed 
	60
	A dam in the catchment will change sediment distribution patterns due to reduction in high flows and floods reaching the estuary.  Specifically, a reduction in floods and high flows will result in marine sediment penetration further upstream in the lower reaches of the estuary and infilling of the estuary will occur.  This will mainly affect the size of the inter-tidal area, rather than sediment character (assuming that sediments are mainly sandy at present).

NOTE: A dam development with abstractions (i.e. a more realistic scenario) is likely to reduce this score to 30 
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	95
	Assuming that the sediments in the estuary is mainly sandy at present, increase in marine sediments in the lower reaches will probably only result in a small change in sediment character in the lower reaches.
	Low

	2
	Resemblance of sub-tidal estuary to reference condition:  depth, bed or channel morphology
	60
	A dam in the catchment will change sediment distribution patterns due to reduction in high flows and floods reaching the estuary.  Specifically, a reduction in floods and high flows will result in marine sediment penetration further upstream in the lower reaches of the estuary and infilling of the estuary will occur.  This will mainly affect the depth and channel morphology, rather than sediment character (assuming that sediments are mainly sandy at present).

NOTE: A dam development with abstractions (i.e. a more realistic scenario) is likely to reduce this score to 30
	Low

	
	
	69
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	45 (65%)
	Mouth closure would increase from 4 under the Reference condition to 9 months It is expected that only about 65% of the original species would remain particularly the marine species would be lost.
	Medium

	2a. Abundance
	30
	Loss of phytoplankton biomass due to reduction in marine influence and nutrient input.  Loss of benthic microalgal biomass due to marine sediment penetrating further upstream and loss of intertidal habitat.  
	Medium

	2b. Community composition
	50
	Community composition would change as a result of the increase in brackish conditions.  Phytoplankton communities lost at expense of benthic communities.  
	Low

	
	30
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	60 (75%)
	Mouth closure will increase from 4 to 9 months.  The resultant increase in water level and submergence may cause die-back of sensitive wetland species, 75 % of the original species will remain.
	Low

	2a. Abundance
	60
	Reduction in floods and high flows will result in some sedimentation and creation of stable substrata that will be colonized by common reed Phragmites australis.  Increased cover of the reeds will be at the expense of open surface water area and thus there will be a loss of habitat.
	Medium

	2b. Community composition
	40
	Blooms of  macroalgae may form.  These are common in the Van Stadens and Maitlands estuaries during the closed state and may also occur in the Tsitsikamma Estuary. Increase in brackish conditions would also change community composition. Reduction in floods and high flows will result in marine sediment penetration and stable substrata that will be colonized by common reed Phragmites australis.  Increased cover of the reeds will be at the expense of open surface water area and thus overall there will be a loss of habitat that would result in a change in community composition.
	Low

	
	40
	
	


Invertebrates (Tris, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	35 (60%)
	Species richness will be reduced.  For example sand prawns will disappear due to prolonged periods in the closed state and associated brackish conditions, i.e. loss of 1 species out of 4.
	Low

	2a. Abundance
	20
	Prolonged periods in the closed state will result in increased duration of brackish conditions.  Such low salinity waters will no longer be suitable for sand prawn recruitment.  The threshold levels for breeding will not be there and the population will be lost and would have to recruit again from nearby estuaries.
	Low

	2b. Community composition
	20
	Due to the prolonged closed Future Scenario 4 will result in a complete community composition to a brackish water community that does not include large prawns such as sand prawn.
	Low

	
	20
	
	


Fish (Alan, please correct/expand on these motivations – same as above)
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	60 (75%)
	Severe condition that will occur during droughts, i.e. closed state occurring throughout the year and the loss of the open state would reduce species richness.
	Low

	2a. Abundance
	50
	Complete closure for 9 months during Future Scenario 4 will change abundance.  There will be predation on marine species that would not be replaced.  The estuarine species will still breed and this population may increase due to a decrease in predation.
	Low

	2b. Community composition
	40
	Estuarine species will proportionally increase and marine species will decrease, a large deviation from the Reference Condition.  
	Low

	
	40
	
	


4.3 Ecological Reserve Categories associated with different Scenarios 

The individual EHI scores, as well as the corresponding ERC for the different scenarios are provided in Table 4.6.

TABLE 4.6:
Summary of Estuarine Health Index (EHI) scoring and Ecological Reserve Category (ERC) associated with different Future Scenarios

	VARIABLE
	WEIGHT
	Present State
	Trajectory of Change
	Future 

Scenario 1
	Future 

Scenario 2
	Future 

Scenario 3
	Future 

Scenario 4

	Hydrology
	25
	92
	92
	92
	83
	75
	75

	Hydrodynamics
	25
	100
	100
	30
	100
	70
	10

	Water quality
	25
	86
	86
	64
	78
	68
	60

	Physical habitat alterations
	25
	96
	81
	81
	61
	54
	69

	Habitat Score
	50
	94
	90
	67
	81
	46
	40

	Microalgae
	25
	90
	90
	50
	80
	70
	30

	Macrophytes
	25
	100
	90
	50
	50
	30
	40

	Invertebrates
	25
	80
	80
	50
	40
	30
	20

	Fish 
	25
	90
	80
	60
	80
	70
	40

	Birds
	-
	-
	-
	-
	-
	-
	-

	Biological Score
	50
	90
	85
	53
	63
	27
	21

	EHI INDEX SCORE
	
	92
	87
	60
	72
	36
	31

	
	
	
	
	
	
	
	

	ERC
	
	A-
	B+
	D+
	C+
	E
	E


According to general rule in the methods for estuaries, the simulated runoff scenario representing the largest modification in flow, but that would still keep the estuary in the recommended ERC (in this case a Category A-/B+) should be the recommended ‘Reserve' for water quantity’.

(As discussed earlier, the affect of recent dam developments in the catchment is not yet reflected in the present health of the Tsitsikamma Estuary [but has been taken into account in the simulated runoff for the Present State].  The system may therefore still be in a trajectory of change in which case the simulated runoff scenario for the Present State may eventually take the estuary to a Category B+, where at present it is in a Category A-.  Whether the recommended ERC is Category A- or Category B+, depends on the ‘reversibility of the influence of recent dam developments on the flow regime reaching the Tsitsikamma Estuary.)

It is therefore recommended that at least the simulated runoff scenario for the Present State be allocated as the recommended Reserve for Water Quantity for the Tsitsikamma Estuary to keep it in the recommended ERC of Category A-/B+.  

Thus, the recommended Reserve for Water Quantity for the Tsitsikamma Estuary is estimated at an MAR of 13.31x 106 m3, distributed as follows:

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

	OCT
	1.96
	1.11
	0.62
	0.38
	0.28
	0.14
	0.11
	0.1
	0.09
	0.05

	NOV
	1.13
	0.61
	0.24
	0.12
	0.11
	0.1
	0.09
	0.08
	0.07
	0.05

	DEC
	0.59
	0.29
	0.1
	0.08
	0.08
	0.07
	0.06
	0.06
	0.05
	0.04

	JAN
	0.29
	0.07
	0.06
	0.06
	0.05
	0.05
	0.05
	0.04
	0.03
	0.02

	FEB
	0.17
	0.05
	0.04
	0.04
	0.04
	0.04
	0.03
	0.03
	0.02
	0.01

	MAR
	0.15
	0.04
	0.03
	0.03
	0.03
	0.03
	0.02
	0.02
	0.01
	0.00

	APR
	0.34
	0.05
	0.04
	0.03
	0.03
	0.03
	0.02
	0.02
	0.01
	0.00

	MAY
	1.14
	0.31
	0.07
	0.05
	0.04
	0.03
	0.03
	0.02
	0.01
	0.01

	JUN
	1.31
	0.54
	0.22
	0.1
	0.07
	0.05
	0.04
	0.03
	0.02
	0.01

	JUL
	1.21
	0.68
	0.32
	0.23
	0.12
	0.08
	0.06
	0.05
	0.03
	0.01

	AUG
	2.7
	1.4
	1.00
	0.69
	0.43
	0.16
	0.1
	0.09
	0.06
	0.02

	SEP
	3.06
	1.64
	1.29
	0.93
	0.5
	0.35
	0.14
	0.11
	0.08
	0.05
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Appendix A

List of Available Data and Information 

Available for This Study
	COMPONENT
	DESCRIPTION OF AVAILABLE DATA (including DATE)
	REFERENCE

	Hydrodynamics
	Simulated monthly runoff data (at the head of the estuary) for present state, reference conditions and the selected future runoff scenarios over a 50 to 70 year period. Available from 1929-2000 (81 years)
	Provided by DWAF

	
	Measured river inflow data (gauging stations) at the head of the estuary over a 5-15 year period. Available from 1996-2002.
	DWAF, K8H005-A01

	
	Continuous water level recordings near mouth of the estuary. Available from 1996-2002.
	Records obtained form DWAF

	
	Aerial photographs of estuary (earliest available year as well as most recent). Available.
	CSIR archives (1936, 1942, 1954, 1961, 1971, 1976, 1977, 1979, 1980, 1981, 1986, 1987, 1993)

	
	Hydrodynamic observations of Tsitsikamma estuary mouth during a spring/neap tidal period
	Huizinga, 1993

	
	Preliminary assessment of physical dynamics
	Huizinga, 1994

	
	Once off salinity and temperature longitudinal profile collected from to mouth to about 1 km upstream on 15 November 1993 
	Adams, Bate & Wooldridge, 1994

	(Sediment Dynamics)
	Not included as part of a Rapid Ecological Reserve determination
	

	(Water Quality)
	Not officially included as part of this rapid assessment due to budgetary constraints.  

Only data available is once-off surveys conducted at 3 stations on 15 November 1994 (surface water only - nitrate, ammonia, phosphate and Sechhi disc) and 1 Aug 1995 (surface and bottom water - pH, DO, nitrate, ammonia, phosphate, turbidity and Sechhi disc)
	DWAF, 1994

CSIR, unpublished data

	Microalgae
	Single survey in November 1993. Phytoplankton and benthic microalgal samples collected at five stations for biomass and species identification.
	Adams, Bate & Wooldridge, 1994

	Macrophytes
	Single survey in November 1993.  Sketch map of vegetation distribution and species composition for eight sites.
	Adams, Bate & Wooldridge, 1994

	Invertebrates
	Information limited to a single series of zooplankton samples collected at three sites and a single series of macrozoobenthic samples collected at six sites.  All sampling done in November 1993. 
	Adams, Bate & Wooldridge, 1994

	Fish
	Single survey in August 1995. Seine and gill net sampling together with selected physical and water quality measurements.
	Harrison, Cooper, Ramm & Singh, 1996

	(Birds)
	Not include as part of this rapid assessment due to budgetary constraints.  
	


Appendix B

Template for Presentation of Results 

as Required by the DWAF

1. Description of the River

River:





Tsitsikamma River

Drainage Region (monitoring point for Reserve):
Approximately 3 km from the estuary mouth (340 06’45” S, 24027’15” E)

Water Management Area:
………
2.
Preliminary determination of the Reserve for Water Quantity of section 17(1)

MAR of 13.31 million cubic meters, 66.88% of the natural MAR (19.90 million cubic meters)

NOTE:  This amount accounts for the ecological Reserve only

3.
Preliminary determination of the Reserve for Water Quality of section 17(1)


Not determined as part of a Ecological Reserve Determination on a Rapid level.

4.
Preliminary determination of Ecological Reserve Category


Recommended Ecological Reserve Category is Category A-/B+

(The affect of recent dam developments in the catchment is not yet reflected in the present health of the Tsitsikamma Estuary [but has been taken into account in the simulated runoff for the Present State].  The system may therefore still be in a trajectory of change in which case the simulated runoff scenario for the Present State may eventually take the estuary to a Category B+, where at present it is in a Category A-.  Whether the recommended ERC is Category A- or Category B+, depends on the ‘reversibility of the influence of recent dam developments on the flow regime reaching the Tsitsikamma Estuary.)

Category A-/B+ represents ‘unmodified, natural’ to ‘largely natural with few modifications’ 

5.
Applicability

5.1
This preliminary determination of the Reserve in terms of section(1)(a) is applicable to the following water resources or part of the resource:

Tsitsikamma Estuary within the following geographical boundaries (Gauss Conform Projection, Clarke 1880 spheroid):

· Downstream boundary: The estuary mouth (340 08’05” S, 24026’25” E)

· Upstream boundary:  Head of tidal influence, approximately 3 km from mouth (340 06’45” S, 24027’15” E)

· Lateral boundaries: 5 m contour above MSL along the banks.
5.2
This preliminary determination of the Reserve in terms of section 17(1)(b) is applicable to the authorising of following water use:

· Section 21(a) - taking water from a water resource

· Section 21 (b) - storing water

· Section 21 (c) - impeding or diverting the flow of water in a watercourse

· Section 21 (e) – engaging in a controlled activity identified as such in section 37(1) or declared under section 38(1)

· Section 21(f) – discharging water into a water resource through a pipe, canal, sewer, sea outfall or other conduit

· Section 21(g) - disposing of waste in a manner which may detrimentally impact on a water resource

· Section 21(h) - disposing in any manner of water which contains waste from, or which has been heated in, any industrial or power generation process

· Section 21 (i) - altering the bed, banks, course or characteristics of a watercourse

6.
Supporting Documentation


Supporting documentation is provided in the following Annexures:

	Annexure A: Preliminary Ecological Reserve – Water Quantity
	X

	Annexure B: Preliminary Ecological Reserve – Water Quality
	

	Annexure C: Preliminary Basic Human Needs
	

	Annexure D: Resource Quality Objectives
	

	Annexure E: Special conditions and limitations
	

	Annexure F: Background and record of decision
	X

	Annexure G: Methodology
	X

	Annexure H: Specialist reports
	X

	Annexure I:  Map of study area
	X


ANNEXURE A

RELIMINARY ECOLOGICAL RESERVE – WPATER QUANTITY

1) Level of confidence of the determination:  Low (i.e. < 40%)

2) The flow requirement is based on the natural flow contribution of the catchments upstream of the head of the Tsitsikamma Estuary (340 06’45” S, 24027’15” E, approximately 3 km upstream of the mouth) (The position of the head of the estuary, however, needs to be confirmed with tidal variation recordings).
3) Table 1 provides a summary of flow distribution (mean monthly flows in m3/s) for the water quantity component of the ecological reserve for the Tsitsikamma Estuary for the recommended Ecological Reserve Category A-/B+.

Category A- (recommended ERC)

The recommended Reserve for Water Quantity of The Tsitsikamma Estuary is estimated at an MAR of 13.31 million cubic meters, with the following distribution (Table 1):

TABLE 1:  Summary of flow distribution (in mean monthly m3/s) for the water quantity component of the ecological reserve for the recommended ERC
	 MONTH
	90%ile
	80%ile
	70%ile
	60%ile
	50%ile
	40%ile
	30%ile
	20%ile
	10%ile
	1%ile

	OCT
	1.96
	1.11
	0.62
	0.38
	0.28
	0.14
	0.11
	0.1
	0.09
	0.05

	NOV
	1.13
	0.61
	0.24
	0.12
	0.11
	0.1
	0.09
	0.08
	0.07
	0.05

	DEC
	0.59
	0.29
	0.1
	0.08
	0.08
	0.07
	0.06
	0.06
	0.05
	0.04

	JAN
	0.29
	0.07
	0.06
	0.06
	0.05
	0.05
	0.05
	0.04
	0.03
	0.02

	FEB
	0.17
	0.05
	0.04
	0.04
	0.04
	0.04
	0.03
	0.03
	0.02
	0.01

	MAR
	0.15
	0.04
	0.03
	0.03
	0.03
	0.03
	0.02
	0.02
	0.01
	0.00

	APR
	0.34
	0.05
	0.04
	0.03
	0.03
	0.03
	0.02
	0.02
	0.01
	0.00

	MAY
	1.14
	0.31
	0.07
	0.05
	0.04
	0.03
	0.03
	0.02
	0.01
	0.01

	JUN
	1.31
	0.54
	0.22
	0.1
	0.07
	0.05
	0.04
	0.03
	0.02
	0.01

	JUL
	1.21
	0.68
	0.32
	0.23
	0.12
	0.08
	0.06
	0.05
	0.03
	0.01

	AUG
	2.7
	1.4
	1.00
	0.69
	0.43
	0.16
	0.1
	0.09
	0.06
	0.02

	SEP
	3.06
	1.64
	1.29
	0.93
	0.5
	0.35
	0.14
	0.11
	0.08
	0.05


I(t is recommended that at least the simulated runoff scenario for the Present State (Table 1) be allocated as the recommended Reserve for Water Quantity for the Tsitsikamma Estuary to keep it in the recommended ERC of Category A-/B+).  
ANNEXURE F

BACKGROUND AND RECORD OF DECISION
1.
Project Management


CSIR, Environmentek, Stellenbosch:
Ms S Taljaard

2.
Compilation of Rapid RDM Specialist Report


CSIR, Environmentek, Stellenbosch:
Ms S Taljaard

3.
Consultants conducting the Ecological Reserve:

	CONSULTANT
	Role/Expertise
	Contact details

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

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

	Dr Janine Adams
	Estuarine flora
	University of Port Elizabeth - btajba@upe.ac.za 

	Dr Tris Wooldridge
	Invertebrates
	University of Port Elizabeth - zlathw@zoo.upe.ac.za 

	Dr Alan Whitfield
	Fish
	South African Institute for Aquatic Biodiversity -

A.Whitfield@ru.ac.za 


4.
Motivation for the Reserve

At a scoping meeting, held on 2 July 2002 in the eastern Cape it was proposed that Reserve determination studies with a higher level of confidence be conducted in the K80 and K90 tertiary catchments.  The estuaries, including a number of small estuaries and river mouths should be considered for inclusion in future Reserve determination studies, as they were not included in the previous Reserve determination studies and considered to be important.  The four main priority rivers identified in the K80 tertiary catchment for Reserve determination studies were: 

· Tsitsikamma (K80E)

· Groot (K80D)

· Klipdrif (K80F)
· Sanddrift (K80C).
5.
Scope of Study

The CSIR, Environmentek was requested by the RDM Office of the Department of Water Affairs to submit a terms of reference and estimated cost to conduct Rapid Reserve determination studies on relevant estuaries in the K80 tertiary catchment. Anton Bok Aquatic Consultants cc has subsequently been appointed by the DWAF as lead consultant.  Due to budgetary constraints and unavailability of simulated runoff data on these estuaries, the focus of this Rapid Ecological Reserve determination was on the Tsitsikamma Estuary.  However, at the specialist workshop the other estuaries in the K80 tertiary catchment were prioritised and ranked in terms of relative importance and sensitivity (within the K80 tertiary catchment) for planning purposes of the DWAF Regional Office.

Furthermore, due to budgetary constraints the results provided on the Tsitsikamma Estuary does not entirely meet the protocols as specified in the methodology for the determination of the estuarine component of the ecological Reserve methodology.  The protocols require that water quality (as part of the abiotic component) and birds (as part of the biotic component) are included in a rapid determination, but these components will not be addressed as part of this study.
ANNEXURE G:

METHODOLOGY

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

The process followed in the determination of the Ecological Reserve on a Rapid level for estuaries is illustrated in Figure 1.  The rapid determination is generally based on available information. It is therefore important that a desktop assessment of available information on the different abiotic and biotic components is conducted prior to the workshop. The process comprises of the following steps:

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

Step 2:  Definition of Resource Units.  It considered appropriate to delineate each estuary as a separate resource unit within a larger catchment, characterized by site dependent abiotic and biotic characteristics. For estuaries, the default geographical boundaries are defined as follows:

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

· Upstream boundary:  The extent of tidal influence, i.e. the point up to where tidal variation in water levels can still be detected or the extent of saline intrusion which ever is furthest upstream. 
· Lateral boundaries: The 5 m above MSL contour along each bank.
Step 3:  Ecological Reserve Categorisation.  The main outcome of this step is to define a recommended Ecological Reserve category for the estuary.  

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

Firstly, the present state of an estuary is defined as a quantitative description of the present abiotic and biotic characteristics and functioning of the system. For estuaries, the following components are usually:

Abiotic (or driving components):

· Physical dynamics (including hydrodynamics and sediment dynamics)

· Water quality 

Biotic (response) components:

· Estuarine flora (microalgae and macrophytes)
· Estuarine fauna (invertebrates, fish and birds).
Thereafter the reference condition of an estuary is defined.  For the purposes of the Ecological Reserve determination process, the reference condition of an estuary refers to the ecological status that it would have had:

· when receiving 100% of the natural MAR

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

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

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


Figure 1:
Flow diagram showing the process followed in the Ecological Reserve determination on a Rapid level on estuaries
The present state and reference condition of an estuary are then used to determine the Present Ecological Status (PES).  The PES is a measure of the health of a resource, based on a comparison between the reference condition and the present state. An Estuarine Health Index (EHI) is used to determine the PES for estuaries.  

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

Finally, the PES and ecological importance score are used to come to a recommended Ecological Reserve Category (ERC) for an estuary, according to pre-defined guidelines.
Step 4:  Quantification of Ecological Reserve scenarios.  The method for the determination of the Ecological Reserve for estuaries uses a ‘top down’ approach, i.e. simulated runoff scenarios are used to resource directed measures.  For the quantification of Ecological Reserve Scenarios simulated flows for a range of future scenarios are required.   Scenarios are typically simulated over a 50-70 year period and are presented as average monthly flows and should represent inflows at the head of the estuary. 

To determine the ecological reserve category of the estuary, associated with each of the future scenarios, the runoff simulations together with an understanding of the present state are used to determine changes in typical abiotic states within an estuary for each of the scenarios.  Changes in abiotic characteristics are then assessed in terms of the biological implications, using the same estuarine health index that was used to derive the PES.  Results from these evaluations are then used to select the ‘recommended reserve scenario’, defined as the run-off scenario, or a slight modification thereof, that represents the highest reduction in river inflow that will still protect the aquatic ecosystem of the estuary and keep it in the recommended ERC. 

The output of a Rapid Ecological Reserve Determination therefore provides:

· Recommended ERC and the associated Reserve for Water Quantity

· ERC of different runoff scenarios assessed as part of Step 4.

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

The Ecological Reserve determined on a rapid level does not require the determination of a Reserve for Water Quality or Ecological Resource Quality Objectives.  It also does not require the design of a resource monitoring programme to be undertaken after the implementation of the reserve. 

ANNEXURE H

SPECIALIST REPORTS
DEPARTMENT OF WATER AFFAIRS AND FORESTRY (2002) Ecological Reserve Determination on a Rapid Level for the Tsitsikamma Estuary.  Report prepared by S Taljaard (CSIR) with specialist contributions from Dr J B Adams (UPE), P Huizinga (CSIR), L van Niekerk (CSIR), Dr A K Whitfield (South African Institute for Biodiversity, Grahamstown) and Prof T H Wooldridge (UPE).  Report No………….

ANNEXURE I

MAP OF STUDY AREA


Appendix C

Preliminary Assessment of Other Estuaries in the K80 Tertiary Catchment

OVERVIEW OF THE ESTUARIES OF K80 TERTIARY CATCHMENT

	ESTUARY
	CLASSIFICATION
	COMMENTS
	UPSTREAM BOUNDARY

(extent of tidal influence)

	Bloukrans
	River mouth
	Processes primarily driven by the river, but there is still a marine influence particularly on high tides.  Not sensitive to mouth closure, but reduction in flow will influence salinity penetration.  Possible important refuge area accessible on high tide for marine fish species during cold upwelling events (similar to Storm).  Although river mouths are stressful areas for estuarine biota due to dynamic characteristics, it is important on this stretch of coast due to the limited amount of estuarine habitat.  Also situated in a marine protected area
	< 1 km



	Witels (Coldstream?)
	Not classified as an estuary
	Small perched (elevated above sea level) stream flowing into the sea with no tidal intrusion and no known estuarine function or biota.  Note that this may an important system even though it is not classified as an estuary. This may be important on a microhabitat scale but no detailed available. 
	N/A

	Lottering
	River mouth
	Extensive wave action at mouth, therefore it will silt up if high flow and floods are reduced.  The estuary is tidal and very sandy with small waves entering the system therefore there are salinity penetration.   Possible important refuge area accessible on high tide for marine fish species during cold upwelling events
	< 1 km 

	Elandsbos
	River mouth or temporarily open/closed 
	Extensive sand available in mouth area, therefore sensitive to mouth closure (e.g. can easily close).  Possible important refuge area accessible on high tide for marine fish species during cold upwelling events.  On 22/23 Jan 2003 it was in a semi-closed state.
	~ 2 km

	Geelhoutbos
	Not classified as an estuary
	Small perched (elevated above sea level) stream flowing into the sea with some saline intrusion on high tides.  No marked or significant known estuarine function or biota because of the small size (< 100m).   Note that this may an important system even though it is not classified as an estuary. This may be important on a microhabitat scale but no detailed available.
	N/A

	Kleinbos
	Not classified as an estuary
	Very narrow small stream probably with marine influence occasionally.  No marked or significant known estuarine function or biota because of the small size (< 50 m).   Note that this may an important system even though it is not classified as an estuary. 
	N/A

	“Waterfall” at Grootpunt
	Not classified as an estuary
	Waterfall entering the sea. Note that this may an important system even though it is not classified as an estuary. This may be important on a microhabitat scale but no detailed available.  Also situated in a marine protected area.
	N/A

	Storms
	River mouth
	Processes primarily driven by the river, but there is still a marine influence particularly on high tides.  Not sensitive to mouth closure, but reduction in flow will influence salinity penetration.  Important refuge area for marine fish species during cold upwelling events (mouth areas ~ 5-10 m deep).  Although river mouths are stressful areas for estuarine biota due to dynamic characteristics, it is important on this stretch of coast due to the limited amount of estuarine habitat.  Also situated in a marine protected area.
	2-5 km

	Bruglaagte
	Not classified as an estuary
	Very narrow small stream probably with no marine influence.  No marked or significant known estuarine function or biota because of the small size (< 50 m).   Note that this may an important system even though it is not classified as an estuary. 
	N/A

	Langbos
	Not classified as an estuary
	Very narrow small stream probably with no marine influence.  No marked or significant known estuarine function or biota because of the small size (< 50 m).   Note that this may an important system even though it is not classified as an estuary. 
	N/A

	Sanddrif
	Not classified as an estuary
	Steep rock cliff with stream flowing into the sea (water fall into the sea).  No tidal intrusion.  Note that this may an important system even though it is not classified as an estuary.  
	N/A

	Elands
	River mouth or permanently open or temporarily open/closed (unsure)
	Extensive sand available in mouth area, therefore sensitive to mouth closure (e.g. can easily close).  The estuary acts as a sand trap for marine sediment and therefore floods and high flows are important for scouring and maintenance of sediment equilibrium.  Possible important refuge area accessible on high tide for marine fish species during cold upwelling events.  Not sure whether it was permanently open or temporarily open closed under natural conditions.  Concern that reductions in flow may have caused change, but this needs to be confirmed by comparing natural runoff with present day runoff. 
	1.5 km 

	Jaftakraal
	Not classified as an estuary
	Small sheltered marine bay.  Two small river drainage lines enter the bay.  Note that this may be an important marine system even though it is not classified as an estuary, e.g. important on a microhabitat scale but no detail available. 
	N/A

	Groot (oos)
	Permanently open or temporarily open/closed
	Sand bar across mouth, therefore sensitive to mouth closure.  No inter-tidal areas.  Fish kills have occurred – probably low oxygen conditions due to dairy farming activities, mouth closure and associated stratification in deeper areas. Possible important refuge area accessible on high tide for marine fish species during cold upwelling events. Appears to be a good functional system because of its length and depths and fish showed the highest diversity along the Tsitsikamma coast (Harrsion et al., 1996).  Natural runoff has been reduced by 35% due to in and off channel dam (DWAF).  Number of dams on system results in more frequent closure than reference – currently the system closes for 2-3 months of the year (based on observations by local residents).  
	~ 3 km

	Eerste
	Not classified as an estuary
	Small stream flowing into the sea over a rocky sill.  Note that this may an important system even though it is not classified as an estuary.   
	N/A

	Klipdrif (wes)
	Not classified as an estuary
	Steep rock cliff with stream flowing into the sea (water fall into the sea) with no tidal intrusion.  Note that this may an important system even though it is not classified as an estuary.  
	N/A

	Boskloof
	Not classified as an estuary
	Small stream running over a perched sandy beach with very little marine influence.  No marked or significant known estuarine function or biota because of the small size (< 100 m).   Note that this may an important system even though it is not classified as an estuary.
	N/A

	Stream at Grootpunt
	Not classified as an estuary
	Wetland and drainage line entering the sea. No marked or significant known estuarine function or biota in the stream.   Note that this may an important system even though it is not classified as an estuary e.g. important on a microhabitat scale but no detail available.
	N/A

	Kaapsedrif
	Not classified as an estuary
	Small stream running over a perched sandy beach with very little marine influence with only a small pool (< 100m) at the mouth that may have some estuarine function or biota.  Extensive eutrophication occurs in the river due to diary farming activities.  This may an important system even though it is not classified as an estuary e.g. important on a microhabitat scale but no detail available.
	N/A

	Tsitsikamma
	Temporarily open/closed 
	Refer to Main Report.  Present Ecological Status is a Category A- (i.e. lower range of ‘unmodified, natural).  However, the affect of recent dam developments in the catchment is not yet reflected in the present health of the Tsitsikamma Estuary The system may therefore still be in a trajectory of change which could take it to a PES of B+ (i.e. upper range of ‘largely natural with few modifications’  
	~ 3 km

	Klipdrif (oos)
	Temporarily open/closed
	Situated next to a sand dune field at the mouth.  Strong interaction between the dune field and estuarine channel depth and morphology broad range of low flows required to keep the estuary in a semi-closed state. The negative influence of the dune field on the estuarine bathymetry has been aggravated as a result of reduction in flow.   Dune encroaches because of winds with a westerly component.  Upstream steep sided and rocky.  Mouth meanders considerably along the beach during semi-closed state.  High flows and floods are required to flush out sediment and macrophyte growth.  
	< 1 km

	Slang
	Temporarily open/closed
	Situated next to a sand dune at the mouth with strong interaction between the dune field and estuarine bathymetry. The negative influence of the dune field on the estuarine channel depth and morphology has been aggravated as a result of reduction in flow.   Dune encroaches because of winds with a westerly component.  High flows and floods are required to flush out sediment and macrophyte growth.  
	< 1 km


The classification of estuaries, referred to in the above table is based on broad physical features of estuaries by Whitfield (1992).  Definitions of the different estuarine types is provided below (Whitfield, 1992):

	ESTUARY TYPE
	DEFINITION

	Estuarine bay
	Water area exceeds 1 200 ha.  Natural bays (Knysna) and artificially formed bays (Durban Bay) are permanently linked to the sea and the salinity within them reflect this.  Hypersaline conditions are not common and water temperatures are strongly influenced by the sea.  Marine and estuarine organisms dominate these systems and extensive wetland/mangrove swamps occur

	Permanently open estuary
	Vertical and horizontal salinity gradients are present and are modified by the river flow, tidal range and mouth condition.  Wetlands (salt marshes), as well as submerged macrophyte beds are common and the fauna is predominantly marine and estuarine.  Hypersaline conditions in the upper reaches can occur during times of severe drought.  Water temperatures in this estuary type are controlled by the sea during normal conditions and by river input during flood conditions

	Estuarine lake
	Riverine influences dominate the physical processes in these estuaries.  Oligohaline conditions are often found.  The mouth is generally permanently open but the tidal prism is small and strong riverine outflow prevents marine intrusion.  During strong flood conditions the outflow of these mouths can influence the sea salinity for many kilometres.  Heavy silt loads are frequent in these estuaries often resulting in shallow mouths (<2m).  Water temperatures are strongly influenced by river inflow although the sea can influence bottom waters.  

	Temporarily open/closed estuary
	Water area exceeds 1 200 ha.  These are usually drowned river valleys filled in by reworked sediments and separated from the sea by vegetated sand dune systems.  The dune can result in complete separation of the lake from the sea that then results in a loss of estuarine characteristics and the system can be referred to as a coastal lake.  Estuarine lakes can be either permanently or temporarily linked to the sea and salinity within them is highly variable.  Freshwater input, evaporation and the magnitude of the marine connection are the main causes of this large salinity fluctuation.  The tidal prism is small, and marine and river input have little influence on water temperatures, which are directly related to solar heating and radiation.  Estuarine, marine and freshwater organisms all occur depending on the salinity condition of the system.

	River mouth
	Sand bars often form in the mouths of these estuaries blocking off connection with the sea.  Sand bars form as a result of a combination of low river flow conditions and longshore sand movement on the adjacent coast.  Flooding is frequently the cause of mouth opening, which also results in large amounts of sediment removal.  However, infilling from marine and fluvial sediment can be rapid.  Hypersaline conditions occur in these estuaries during times of drought.  Tidal and riverine inputs control the water temperature in these systems when the mouth is open, but is independent of them when the mouth is closed.  Marine, estuarine and freshwater life forms are all found in these systems, depending on the state of the mouth.


IMPORTANCE PRIORITISATION OF ESTUARIES IN K80 TERTIARY CATCHMENT

Systems Not Classified as Estuaries

	ESTUARY
	IMPORTANCE STATEMENT

	Witels (Coldstream?)
	Aesthetically and unique coastal streams situated in Incised river valleys, many situated in the Tsitikamma National Park (Otter Trail, one of the best internationally known trials in South Africa and rated as one of the top 10).  Some have spectacular coastal water falls, not often seen anywhere else along the South African coastal zone They are potentially valuable as refugia for endemic species because of the dynamic conditions, isolation, humic waters particular to this region - draining Table Mountain Sandstone (e.g. low pH).

Inputs from the mostly unpolluted (although there is some agriculture contamination) catchments may be important sources of nutrients (inorganic and organic) to the stream and marine environments, particularly as this is a marine protected area where the conservation of fish stocks are important.

Important sectors that are potentially affected by degradation of these systems are biodiversity, fisheries, tourism and local communities (water supply).  Degradation of these affect can occur through cumulative impacts including direct water abstraction, dams, forestry, agricultural activities and unsustainable housing/resort developments.  In fact, these unique features, if properly conserved, can create potential eco-friendly (sustainable) development opportunities

	Geelhoutbos
	

	Kleinbos
	

	“Waterfall” at Grootpunt
	

	Bruglaagte
	

	Langbos
	

	Sanddrif
	

	Jaftakraal
	

	Eerste
	

	Klipdrif (wes)
	

	Boskloof
	

	Stream at Grootpunt
	

	Kaapsedrif
	


Systems Classified as Estuaries

Ranking on a National level of the estuaries in the K80 tertiary catchment, along Cape south coast (ordered from west to east) in terms of Conservation Importance Score (IMP), calculated on the basis of size (S), zonal type rarity (Z), habitat importance (H) and biodiversity importance (B) are provided below (Turpie et. al. 2002):

	ESTUARY
	S (revised*)
	H
	Z
	B
	IMPORTANCE

VALUE (revised)
	LOCAL RANK

(based on revised)

	Bloukrans
	80
	10
	50
	68.5
	56.6 (    )
	1

	Groot (Oos)
	30 (80)
	10
	50
	33.0
	27.8(…. )
	

	Storms
	80
	10
	50
	26.5
	46.1 (   )
	

	Elandsbos
	40 (60)
	10
	50
	20.0
	28.5(…. )
	2

	Elands
	30 (60)
	10
	50
	20.0
	24.5 (…. )
	

	Lottering
	60 (40)
	10
	50
	13.5
	34.9 (…. )
	

	Tsitsikamma
	30 (80)
	20
	10
	49.0
	30.3(…. )
	3

	Klipdrif (oos)
	30
	10
	10
	46.0
	27.0(…. )
	4

	Slang
	30
	10
	10
	10
	
	


*At the workshop the sizes some estuaries were revised to reflect a more realistic situation, based on the expert opinion
Sensitivity and Local Importance Ranking of the Estuaries in the K80 Tertiary Catchment

IMPORTANT CONSIDERATION:

	Although the systems considered of low to average ecological importance on a national scale, they are of extreme value on a regional and local scale.  

These can be of regional importance being one of the few part of the country having an extremely rugged coastline incised by deep valleys and steep cliffs resulting in unique fjord like estuaries.  

These can have local importance in that this is a part of the coast where estuaries are small and relatively scares (humic waters  - loaded with humic acids (TMS) and probably supporting unique biota.

The only estuarine/riverine habitats available between the other 2 warm temperate areas, Keurbooms westwards and Kromme eastwards, providing a connectivity function.  Therefore these systems collectively function as a refuge in an otherwise hostile coastal environment.  Although additional incremental flow reduction in individual systems may not seem to have significant impact, cumulatively the impacts are likely to be highly significant.  Cumulative effect methodologies (e.g. as being used in the Strategic Environmental Assessment approach) need to be applied to assess this.


	ESTUARY
	SENSITIVITY*
	LOCAL IMPORTANCE RANKING
	COMMENTS

	
	Mouth closure
	Upstream saline penetration
	
	

	Bloukrans
	
	Y
	1
	The occurrence of fish kills in the Groot (oos) during the closed phase is indicative of possible sensitivity in the deeper systems (Bloukrans, Storms, Lottering, Elandsbos and Elands) due to reduction in flow and subsequent development of anoxic conditions in deeper pools. 

	Storms
	
	Y
	
	

	Groot (oos)
	Y
	
	
	

	Lottering
	Y
	
	2


	

	Elandsbos
	Y
	
	
	

	Elands
	Y
	
	
	

	Tsitsikamma
	Y
	
	3
	The shallow nature of the system reduces aquatic habitat variability (e.g. deeper holes not present) and sensitivity to lower oxygen conditions making the estuary more resilient to reductions in flow, compared to those estuaries rank as 1 and 2 above (i.e. do not have deep holes where anoxia can develop).

	Klipdrif (oos)
	Y
	
	4
	The presence of large dunes in the mouth area of these small systems makes them highly sensitive to mouth closure when low flows are reduced.

	Slang
	Y
	
	
	


*NOTES ON SENSITINITY:

	As a first estimate, the volume of the natural MAR that an estuary receives, is probably the most important parameter in judging overall sensitivity to reduced river inflows.  It is, however, important to realize that it is not only the amount of river inflow that is important, but also the variability of flows.  In general (although there are many exceptions), it can be assumed that the larger the natural MAR of an estuary, the less sensitive it might be to reduced river inflow.  Small estuaries such as those of the K80 tertiary catchment (MAR < 30 m3) are all very sensitive to reduction in flow.  An estuary’s sensitivity to reductions in base flows is generally indicated by:

· extent of saline water intrusion (usually relevant to permanently open systems)

· frequency of mouth closure (primary indicator in temporary open/closed systems)

It is important to note, that although these parameters are mainly influenced by seasonal base flows, floods also play a role in the longer term, e.g. in scouring of the mouth and resetting the salinity regime in estuaries.

Maintenance of saline water intrusion (for permanently open systems)

If an estuary is permanently open to the sea, the most important affect of reduced seasonal base flows or extended duration of low flows, is usually an increase in the upstream intrusion of saline water.  The variation in salinity distribution gradients in estuaries and the sensitivity to estuaries in this regard, is very difficult to quantify.  Owing to a lack of information on more generic relationship between the salinity distribution in an estuary and its sensitivity to river inflow, it is proposed that for the Rapid reserve estimates a conservative approach be applied in this regard, i.e.

If an estuary is permanently open, its sensitivity to reduction in seasonal base flows is assumed to be high and, therefore a reduction in seasonal base flows should not be considered.

Frequency of mouth closure (for temporarily open/closed systems)

The sensitivity of an estuary mouth to closure can roughly be correlated to the river inflow (particularly during low flow periods) required to keep the mouth open.  For many estuaries, especially the smaller ones, the most important factor in keeping the mouth open is river flow, and particularly base flows. In addition to river flow there are also other factors and/or a combination of thereof, that may contribute to an estuary’s sensitivity to mouth closure such as:

· Size of the estuary.  In general, larger estuaries are less sensitive to mouth closure than smaller estuaries, because of greater tidal flows through the mouth. At breaching larger estuaries also tend to scour deeper mouths which generally take longer to close.  However, when the mouth of a large estuary closes, a substantial amount of water is required to first fill up the estuary before breaching can occur and as a result more river flow is needed to ensure breaching in large estuaries compared to smaller estuaries. 

· Availability of sediment.  In general, the larger the amount of sediment available in the adjacent marine environment, the greater the sensitivity to mouth closure.

· Wave action in the mouth.  Wave action is the most important contributing cause of mouth closure in estuaries.  In general, the stronger the wave action in the mouth, the greater the sensitivity to mouth closure.  In turn, the following factors may again influence the wave conditions in the mouth: 

· Beach slope.  A steep beach slope normally means that high wave action occurs at the beach, resulting in higher suspended sediment load (usually occurs in areas subjected to winter storms, typical for many Natal beaches). In general, the steeper the slope of a beach, the higher the suspended sediment load, therefore the greater the sensitivity to mouth closure. 

· Protection of the mouth. This refers to situations where the mouth is protected against wave action by, for example a headland.  As a result such systems are usually less sensitive to mouth closure.


STATEMENT ON PRESENT STATE OF ESTUARIES IN K80 TERTIARY CATCHMENT

For this very rough assessment of the present status of the estuaries of the K80 tertiary catchment, the specialist team used video footage (capture during a helicopter flight along the coast by the DWAF), historical aerial photographs (obtained from the CSIR) and limited knowledge on the estuaries.  Due to the limited information on which these had to be based, it was decided to use a board classification system, as follows:  

	CATEGORY

USED IN THIS ASSESSMENT
	DESCRIPTION

	Natural
	Unmodified, natural

	Good
	Largely natural with few modifications

	Fair
	Moderately modified to Largely modified

	Poor
	Highly degraded to Extremely degraded


	ESTUARY
	PRESENT 

STATUS
	COMMENTS

	
	
	

	Bloukrans
	Natural/Good
	Not much development in the catchment that could impact on the estuary, catchment still fairly natural.  Limited extraction/abstraction, only for forestation. It has remained in a near natural state (e.g. forested slopes) due to its inaccessibility in a deeply incided river valley.

	Lottering
	Good
	Catchment activities have possible led to increased erosion (higher sediment/silt loading) and changes in water quality.  Afforestation and water abstraction have probably led to a change in water flow, especially in the low flow seasons.

	Elandsbos
	Good
	Catchment activities have possible led to increased erosion (higher sediment/silt loading) and changes in water quality.  Afforestation and water abstraction have probably led to a change in water flow, especially in the low flow seasons.

	Storms
	Natural/Good
	Not much development in the catchment that could impact on the estuary, catchment still fairly natural.  Limited extraction/abstraction, only for small town/resort developments and forestation. It has remained in a near natural state (e.g. forested slopes) due to its inaccessibility in a deeply incided river valley.

	Elands
	Good
	Catchment activities have possible led to increased erosion (higher sediment/silt loading) and changes in water quality.  Afforestation and alien encroachment have led to a change in water flow, especially in the low flow seasons. Applications for abstraction of water out of pools have been submitted.

	Groot (oos)
	Good 
	The runoff from the reference condition has been reduced by about 35%.  Although this estuary has the highest fish biodiversity in this region (1995) recent evidence suggest that this may change.  Over the past 4 years there has been applications for 2 dams in the tributaries of the river and there are currently abstractions 5 km upstream of the estuary for irrigation. Observation by a local resident (M Vermaak, pers. comm.)  indicate that the system closes for 2-4 months of the year currently , this differs from past observations in which the system was classified as permanently open (Harrison, et al, 1996.  Fish kills have also been observed, probably low oxygen conditions associated with organic pollution from dairy farming activities, mouth closure and associated stratification in deeper areas. Important flow requirements include:

· Floods are required to scour sediment accumulating in the mouth area

· After evaluating the simulated data for the Groot Estuary and taking into account the revised estimates for the Tsitsikamma base flows, preliminary indications are that under reference conditions the mouth would have been open from about August to October, in a semi-closed state from November to July. Mouth closure probably only occurred during dryer years for short periods, probably in March/April. 



	Tsitsikamma
	Natural/Good 
	Present Status Category = A-/B+ (see Rapid RDM)

	Klipdrif (oos)
	Fair
	The runoff from the reference condition has been reduced by about 35%.  Four dams on the river, 3 in channel.  The reduction in scouring potential is evident in the insilting of the estuary and the increase in macrophyte growth, e.g. sedges, bull rush.  The trajectory of change is towards a poor state because of reduced seasonal flow and flooding frequency and magnitude.  Important flow requirements include:

· Floods are required to scour sediment accumulating in the mouth area

· Seasonal flows required to restore and maintain an open channel to the sea, i.e. counteracting infringement of the dune near the mouth 

· After evaluating the simulated data for the Klipdrif (oos) Estuary and taking into account the revised estimates for the Tsitsikamma base flows, preliminary indications are that the Klipdrfit estuary mouth under reference conditions was open from about August to September, in a semi-closed state from October to January and probably closed from February to July. 
· At present the estuary is only open about once, maybe twice, a year for a few weeks at a time.
-
Should only be in closed state during droughts.

	Slang
	Poor
	The trajectory suggests that it will lose its status as a functional estuary because if reduced flow and dune encroachment. The development in the catchment is assumed to be similar to that of the Klipdrif (oos) catchment.
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