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EXECUTIVE SUMMARY

Assumption and Limitations

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

a.
The study was initially planned as an Estuarine Freshwater Requirement (EFR) study and not an Intermediate level RDM determination.  The initial study, therefore, was aimed at providing only the estimated freshwater requirements (i.e. quantity) of the estuary (as a percentage of MAR) and did not include aspects required under the RDM methodology, such as allocation of an Ecological Management Class (EMC), setting the Reserve for Water Quality or setting of Resource Quality Objectives.  

b.
Owing to limitations in the existing database, as well as budget and time constraints, the Reserve for Water Quality and Resource Quality Objectives have not been dealt with in detail.  The report does, however, highlight additional data requirements and important aspects that need to be considered in future when setting the Reserve for Water Quality and the Resource Quality Objectives for the Nahoon Estuary, as well as to improve the confidence in setting the EMC and the Reserve for Water Quantity.

c.
This was the first time that the Intermediate level of Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component, as developed by the Department of Water Affairs and Forestry, has been applied.  This study thus also has a secondary aim of pilot testing the intermediate RDM methodology for estuaries (proposed revisions to the methodology is attached as Appendix B). 

d.
Regarding the accuracy of the low flows in the simulated flow data to the Nahoon Estuary, Mr Anton Sparks of Ninham Shand Consulting Engineers stated: 


”I mentioned before that it was more difficult to simulate low flows than high flows from monthly rainfall using the Pitman Model.  This is partly because rainfall events that drive the low flows are more localised and will not necessarily be measured at the gauges used for the monthly rainfall. These low flows can also be significantly reduced by irrigation, abstraction and other losses.  Small inflows into the Nahoon Dam will not significantly change the water level and are also not easy to measure accurately”. 

e.
No additional fieldwork was undertaken to meet the data requirements set for the Intermediate determination of RDM.  Although it was initially assumed that available data on the Nahoon Estuary would be sufficient to meet the requirements of an Intermediate determination of RDM in estuaries, this proved not to be the case. Crucial field data such as measured river inflows and simultaneous measurements of salinity distribution patterns in the estuary (for example, to define the River-Estuary-Interface [REI] zone) were not available.  The importance of the REI to total estuarine structure and function is only now becoming appreciated (late 1990s).

f.
For the purposes of this study, the REI zone, i.e. the productive zone at the interface between seawater and freshwater, is defined as the sector of the estuary where salinities are less than 10 ppt.   However, in subsequent studies it became apparent that the REI zone may be different for the different biotic components and the definition, therefore, may requires further refinement in future.

g. The Reserve for Water Quantity, as well as the recommenced EMC allocated to the Nahoon Estuary has a low confidence due to the lack of key data sets, for example measured river inflows and simultaneous measurements of salinity distribution in the estuary.  Therefore, no operational water releases from the Nahoon Dam, to meet the requirements of the Reserve, should be made based on the findings of this report. 

h. This study provides estimates on the Ecological Reserve, i.e. the water needs of the aquatic ecosystem.  Specific needs relating to other water uses, such as the water quality requirements for recreational use (e.g. Eschericia coli levels), were not included in the brief and are not addressed in this study.  Water needs of other uses, however, need to be taken into account in the Comprehensive determination of RDM.  
Geographical Boundaries

For the purposes of the Intermediate Determination of RDM for the Nahoon Estuary, the geographical boundaries were defined as follows:

· Downstream boundary: The estuary mouth 

· Upstream boundary:  The Abbotsford Causeway
· Lateral boundaries: The 5 m contour above MSL along the banks.

Recommended Ecological Management Class (EMC) 

The EMC of an estuary is determined by its:

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

· The estuary’s importance.

The Present Ecological Category of the Nahoon Estuary was calculated as a C, which corresponds to an EMC of C.  However, the estuary acquired an Estuarine Importance score of 64, which according to the RDM methodology, reflects significant importance.  It, therefore, is recommended that the EMC of the Nahoon Estuary be elevated to at least a Class B (i.e. Present Status Category + 1).  This recommended EMC, however, has low confidence due to the low confidence allocated to the Estuarine Health Index (EHI) score that was used to derive the Present Ecological Category.
Reserve for Water Quantity

To obtain a suitable range of runoff scenario, as required by the estuarine RDM methodology, at least one future scenario, reflecting potential future development in the catchment had to be provided (referred to as the Future Scenario).  At present, however, the probability of this scenario being implemented is low. The Future Scenario assumes that the remaining mean annual runoff (MAR) will be 21.3 million m3, a reduction of 44.2 % from natural condition (the natural MAR was 38.2 million m3).

The EHI score determined for the Nahoon Estuary, based on predicted changes under the Future Scenario, maintained a Present Status Category of C, which implied that the Future Scenario was not likely to markedly alter the estuary from its Present State. Although the Future Scenario is not likely to change the Present Status Category, the Importance of the estuary required that the EMC be elevated to at least a Class B (see above).
The specialist team identified the re-establishment of a significant REI zone, an important functional area in estuaries, as the key runoff related issue that had to be addressed in order to improve the Ecological Management Class of the Nahoon Estuary to a Class B, for the following reasons:

· The reduced size and strength of the REI, associated with reduced river inflows, has altered the biotic composition in the Nahoon Estuary compared to Reference Conditions

· The presence of an REI is particularly important in the summer/spring months when invertebrate and fish recruitment takes place.

It was, therefore, assumed that if the REI could be re-established in the estuary, particularly during the summer/spring months, this would largely contribute to elevating the EHI score, i.e. taking the estuary into a Class B.   The meeting predicted that if the summer/spring runoff of the Reference Condition resulted in a Class A, increasing the flows during these months to at least halfway between the Reference Condition and the Future Scenario (equivalent to a Class C), would result in the estuary improving to a Class B.  The Reserve for Water quantity for the Nahoon Estuary, therefore, was estimated as the Future Scenario, but with elevated flows during the spring/summer months (i.e. October to April), as follows:

	
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept

	Normal seasonal flows:

Median

90%ile

10%ile
	0.30

2.84

0.12
	0.36

4.40

0.13
	0.21

2.77

0.06
	0.15

2.22

0.04
	0.14

2.08

0.03
	0.28

4.25

0.04
	0.27

1.85

0.06
	0.09

0.25

0.00
	0.06

0.15

0.00
	0.06

0.17

0.00
	0.05

0.22

0.01
	0.08

0.63

0.03

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

	Floods:  The assumption is that a Reserve set in the Intermediate RDM will NOT be used to issue water abstraction licenses that will affect the magnitudes of larger floods (e.g. 1:5 year and above).  The Intermediate RDM methodology for estuary, therefore, does not require extensive evaluation of changes in, for example, the magnitude and occurrence of floods.

Although this study provides a preliminary assessment of potential changes in floods from one scenario to another, these were based on very limited data sets and are, by no means, sufficient to quantify specific aspects, e.g. the magnitude and occurrence of floods.  Such specifications i.e. the occurrence and magnitude of different flood regimes can only be provided once more detailed analyses of floods under the Reference Condition, Present State and Future Scenario have been conducted.


Because the confidence of this Intermediate determination of Resource Directed Measures for the Nahoon Estuary is low, it was considered inappropriate, at this stage, to set the Reserve for water quantity in more detail, but rather to give this preliminary estimate of the flows that would be required to achieve the recommended EMC (i.e. a Class B).  The Reserve for water quantity, therefore, needs to be refined once additional field data are available to improve confidence. 

Resource Monitoring Programme

To improve the confidence in the determination of the Intermediate RDM for the Nahoon Estuary at least the following monitoring programmes will be required (listed in order of priority):

Abiotic components

1. Continuous water level records need to be taken at the Abbotsford causeway to gauge river inflow to the estuary. 

2. Continuous water level records near the mouth of the estuary to assess the extent of sediment accumulation in the mouth area and to quantify the correlation between flows and mouth closure during critical periods.

3. Longitudinal salinity profiles need to be collected under different freshwater flow regimes to better quantify the relationship between river inflow and the development of an REI.   Test releases from the Nahoon Dam can be used effectively to quantify the relationship between river inflow and salinity distribution in the estuary.  

4. In conjunction with the above, system variables and nutrients need to be monitored (including that of the sea and river water), to be able to better quantify the water quality characteristics in the estuary under different flow conditions.  

5. A detailed hydrological investigation is required on the occurrence of floods under Reference Conditions, the Present State and the Future Scenario.

6. To better quantify sediment erosion processes, cross section profiles and sediment analyses need to be collected at different locations along the estuary every 3 years and after floods that exceed the 1:3 year magnitude.
7. The distribution and accumulation of trace metals in the sediment down to 1 m below the sediment surface of the Nahoon Estuary needs to be re-assessed to reflect the Present State.  The assessment should also aim to identify the source/s of such inputs.
Biotic Components

1. Aerial photographs need to be acquired on a 5 – 10 year frequency to be able to better quantify the effect of floods on macrophytes plant distribution.

2. A ‘bench mark’ needs to be established for fish (numbers and species) in the Nahoon Estuary for both high rainfall year and drought years. 

3. Seasonal variability (summer vs. winter) in the abundance of invertebrates in the estuary needs to be assessed, focusing on sandy and muddy zones.
4. Bird numbers need to be measured annually.  Such data involving local bird clubs could be collected cost-effectively. 
5. It is unlikely (but not impossible) that a resident pool of estuarine water may have been present above the causeway, deeper than immediately below the causeway, which supported a REI-type of community in the past. An investigation should be undertaken for the Comprehensive Reserve to examine the benefit of reducing the level of a portion of the causeway to allow for faunal migration and the creation of similar conditions to those under the natural state.
6. Freshwater pulsing is a natural and essential part of the dynamics of estuaries.  However, its effect on the variability of populations in estuaries is still poorly understood.  This is, however, not a specific requirement for the Nahoon Estuary, but a better understanding of such influences applies generically to ALL estuaries. It is, therefore, proposed that funding for monitoring and research in this regard be obtained at a more generic level, e.g. through Water Research Commission funding.

7. The effect of trampling and bait collection on macrophytes (i.e. Zostera beds) needs to be measured (this may not be a requirements under the Water Act, but should be addressed by the relevant authorities).
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BACKGROUND

This study on the Nahoon Estuary was initially commissioned by the Department of Water Affairs (through the Institute for Water Research Environmental) to provide an estimate of the intermediate level of freshwater requirements of the Nahoon Estuary, one of the estuaries in the Amatole region.  It is part of a larger study to estimate the environmental water requirements at selected points in the Amatole Water Resources System.  

The specialist team appoint for this project was as follows:

	TEAM MEMBER
	ROLE/EXPERTISE
	CONTACT DETAILS

	Prof Tris Wooldridge
	Project coordination
	Department of Zoology, UPE

zlathw@zoo.upe.ac.za 

	Susan Taljaard
	Preparation of Intermediate RDM Report
	CSIR, Stellenbosch

staljaar@csir.co.za 

	Piet Huizinga
	Physical dynamics (including hydrodynamics and sediment dynamics)
	CSIR, Stellenbosch

phuizing@csir.co.za

	Lara van Niekerk
	
	CSIR, Stellenbosch

lvnieker@csir.zo.za

	Dr Koos Reddering
	
	Council for Geoscience, Port Elizabeth

jsvr@ecgeomaps.org.za

	Prof Dan Baird
	Water quality
	Department of Zoology, UPE

zladdb@zoo.upe.ac.za

	Prof Guy Bate
	Microalgae and Macrophytes
	DEM, Port Elizabeth

btagcb@mweb.co.za or btagcb@upe.co.za 

	Dr Janine Adams
	
	Department of Botany, UPE

btajba@upe.ac.za

	David Walker 
	
	Department of Botany, University of Fort Hare

DWalker@ufh.ac.za 

	Prof Tris Wooldridge
	Invertebrates
	Department of Zoology, UPE

zlathw@zoo.upe.ac.za

	Dr Alan Whitfield
	Fish
	JLB Smith Institute for Ichthyology

A.Whitfield@ru.ac.za 

	Dr Jane Turpie
	Birds
	Percy FitzPatrick Institute, UCT

jturpie@botzoo.uct.ac.za 


In addition to the specialist team listed above (except for Lara van Niekerk), the following people also attended the Reserve Workshop held in East London on 4 and 5 May 2000:

	TEAM MEMBER
	ROLE
	CONTACT DETAILS

	Rod Blackhurst
	Representative of consultants for the Amatole Water Resources system Analysis Study
	Ninham Shand, Cape Town

lwatson@shands.co.za 

	Alan Brown
	DWAF representative
	Water Resource Planning, DWAF

icb@dwaf.pwv.gov.za 

	Dr Lesley McGwynne
	Observer
	mcgwynne@iafrica.com 


A flow chart of events for the Intermediate determination of RDM as proposed in Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (www-dwaf.pwv.gov.za/idwaf/Documents) is provided below:

The Intermediate Determination of RDM for the Nahoon Estuary was based on available information and the following process was followed:

1.
Specialists prepared draft reports for each of the abiotic and biotic components that included:   

· Description of natural conditions

· Description of Present State

· Identification of changes that occurred from the natural to present

· Definition of ecological management objectives

· Identification of key issues that need to be considered to maintain or improve the status of biotic communities.

(Although no additional funding was available for converting the original EFR specialist studies into the format required for Intermediate RDM determination, specialists were requested to, as far as possible, present their information in the required format proposed in the RDM methodology for estuaries).

2.
A 2-day workshop was held that included a half-day site visit to the estuary.  The workshop agenda was as follows:

· Presentation of individual specialist reports

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

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

· Determination of Ecological Importance (Step 4b)
· Set Ecological Management Class (Step 5)

· Set Reserve and Resource for Water Quantity and Water Quality (Step 6a and b)

· Set Resource Quality Objectives (Step 6c)

· Design appropriate resource monitoring programme (Step 7)

3.
A draft Intermediate RDM Report for the Nahoon Estuary was produced and circulated to the specialists for comments and inclusion of additional information.

4.
Specialist comments were included in a final Intermediate RDM Report of the Nahoon Estuary.

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

a.
The study was initially planned as an Estuarine Freshwater Requirement study (EFR) and not an Intermediate level RDM determination.  The initial study was therefore aimed at providing only an estimate of the freshwater requirements of the estuary (as a percentage of MAR), and did not include aspects required under the RDM methodology, such as allocation of an Ecological Management Class (EMC), setting the Reserve for Water Quality or setting of Resource Quality Objectives.  

b.
Owing to limitations in the existing database, as well as budget and time constraints, the Reserve for Water Quality and Resource Quality Objectives were not dealt with in detail in this report.  The report does, however, highlight additional data requirements and important aspects that need to be considered in setting the Reserve for Water Quality and the Resource Quality Objectives for the Nahoon Estuary in future, as well as to improve the confidence in setting the EMC and the Reserve for Water Quantity.

c.
 This was the first time that the Intermediate level of Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component, as developed by the Department of Water Affairs and Forestry, has been applied.  This study thus also has a secondary aim of pilot testing the intermediate RDM methodology for estuaries (proposed revisions to the methodology is attached as Appendix B).

d.
Regarding the accuracy of the low flows in the simulated data to the Nahoon Estuary, Mr Anton Sparks of Ninham Shand Consulting Engineers stated: 


I mentioned before that it was more difficult to simulate low flows than high flows from monthly rainfall using the Pitman Model.  This is partly because rainfall events that drive the low flows are more localized and will not necessarily be measured at the gauges used for the monthly rainfall. These low flows can also be significantly reduced by irrigation, abstraction and other losses.  Small inflows into the Nahoon Dam will not significantly change the water level and are also not easy to measure accurately. 

e.
No additional fieldwork was undertaken to meet the data requirements set for the Intermediate determination of RDM (refer to Appendix A).  Although it was initially assumed that available data on the Nahoon Estuary would be sufficient to meet the requirements of an Intermediate determination of RDM in estuaries, this proved not to be the case (refer to Appendix A). Crucial field data such as measured river inflows and simultaneous measurements of salinity distribution patterns in the estuary (for example, to define the River-Estuary-Interface [REI] zone) were not available.  The importance of the REI to total estuarine structure and function is only now becoming appreciated (late 1990s).

d.
For the purposes of this study, the REI zone, i.e. the productive zone at the interface between seawater and freshwater, is defined as the sector of the estuary where salinities are less than 10 ppt.   However, in subsequent studies it became apparent that the REI zone may be different for the different biotic components and the definition, therefore, may requires further refinement in future.

e. The Reserve for Water Quantity, as well as the recommenced EMC allocated to the Nahoon Estuary has a low confidence due to the lack of key data sets, for example measured river inflows and simultaneous measurements of salinity distribution in the estuary.  Therefore, no operational water releases from the Nahoon Dam, to meet the requirements of the Reserve, should be made based on the findings of this report. 

f.
This study provides estimates on the Ecological Reserve, i.e. the water needs of the aquatic ecosystem.  Specific needs relating to other water uses, such as the water quality requirements for recreational use (e.g. Eschericia coli levels), were not included in the brief and are not addressed in this study.  Water needs of other uses, however, need to be taken into account in the Comprehensive determination of RDM.  
g.
The Reserve for Water Quantity, as well as the recommenced EMC allocated to the Nahoon Estuary is of low confidence due to the lack of key data sets, for example measured river inflows and simultaneous measurements of salinity distribution patterns in the estuary.  Therefore, no operational water releases from the Nahoon Dam, to meet the requirements of the Reserve, should be made based on the findings of this report.

h.
This study provides estimates on the Ecological Reserve, i.e. the water needs of the aquatic ecosystem.  Specific needs relating to other water uses, such as the water quality requirements for recreational use (e.g. Eschericia coli levels), were not included in the brief and are not addressed in this study.  Water needs of other uses, however, need to be taken into account in the Comprehensive determination of RDM.  

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

	LIMIT
	DEGREE OF CONFIDENCE

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

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

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


	Step 1:  

Delineation of Geographical Boundaries




The Nahoon Estuary is 5 km in length and is located in the East London Metropolitan Area about  7 km northeast of the East London harbour.  The Nahoon River is about 70 km long with a catchment area of between 547 and 625 km2. In a regional context the Nahoon Estuary falls into the warm-temperate biogeographical zone and represents one of the few large permanently open estuaries on this section of coast.

For the purposes of the Intermediate Determination of Resource Directed Measures (RDM) for the Nahoon Estuary, the geographical boundaries were defined as follows (Figure 1):

· Downstream boundary: The estuary mouth.  

· Upstream boundary:  The Abbotsford Causeway
Under natural conditions the upstream boundary of the Nahoon Estuary (defined as the point up to where tidal variation in water levels can still be detected) would have been 100 to 500 m farther upstream from the causeway.  The causeway marks the upper limit of a very shallow and rocky area of the estuary (mostly exposed at Low Water of Spring tide). However, the ‘head of tidal intrusion’ is limited by the Abbotsford Causeway that now distinguishes the upstream boundary of the Nahoon Estuary.
· Lateral boundaries: The 5 m contour above MSL along the banks, a delineation that could be readily referenced from an ortho-photograph of the area.

Although the 5 m contour above MSL along the Nahoon Estuary may, for example not include the 1:50 year flood line in all places, it does delineate the area below which most of the physical and biological processes in the estuary occur under non-episodic events.

Because the banks of the estuary are steep in most places, a shift of the lateral boundaries to a lower or higher level is not likely to alter the lateral area of the estuary markedly.

Figure 1.  The geographical boundaries of the Nahoon Estuary

	Step 3:

Assessment of Present State

and Reference Condition



Step 3a:  Assessment of Present State

Abiotic Components
a.
River inflow characteristics under the Present State

Floods:

Major floods, flushing much of the sediment from the estuary, occurred in 1970 and in 1985.  It seems that the accumulation of sediments between and after those floods was slow and that closure of the mouth has not occurred since 1970.  The maximum flow of the flood that occurred in November 1985 was estimated at 1400 m3/s.  Considering that even more damage occurred during the 1970 flood, it is possible than the maximum flow that occurred then was even higher than that of the November 1985 flood.

Besides the information on the 1970 and the 1985 floods, there were almost no flood data available on the Nahoon Estuary for the Intermediate determination RDM.  Because of the important role of floods in sedimentary processes and mouth dynamics of the estuary a preliminary assessment of the magnitude of floods was undertaken.  To achieve this, the changes in volume of the ten highest cumulative monthly volumes (in 106 m3) were analysed for the 76-year simulation period for which flow data were available (Table 1).  These average monthly volumes only give an indirect indication of the reduction in occurrence and magnitude of major floods. The Nahoon Dam also probably causes a reduction in maximum flows even if it is full because of attenuating effects.
Table 1.  
Estimated magnitude of the 10 highest monthly volumes (in 106 m3) under Natural conditions and Present State determined from flow data (Tables 3 and 5) (derived directly from simulated runoff data)

	NO.
	DATE
	REFERENCE CONDITION
	PRESENT STATE

	1
	Nov 1985
	147 (100%)
	142 (97%)

	2
	Nov 1922
	69 (100%)
	65 (94%)

	3
	May 1935
	62 (100%)
	63 (102%)

	4
	Nov 1989
	61 (100%)
	61 (100%

	5
	Mar 1963
	60 (100%)
	60 (100%)

	6
	Jul 1931
	57 (100%)
	51 (89%)

	7
	Aug 1979
	56 (100%)
	56 (100%)

	8
	Oct 1953
	46 (100%)
	44 (96%)

	9
	Apr 1948
	39 (100%)
	37 (95%)

	10
	Nov 1953
	38 (100%)
	38 (100%)

	Average reduction
	
	0 %
	3 %


A small reduction, averaging 3%, in the magnitude of the 10 highest monthly volumes was observed between Reference Condition and Present State, indicating that major floods are probably not markedly affected by the presence of the Nahoon Dam (volume of 20.8 million m³).  This is unexpected considering first perceptions.  However, the extent of the reduction in the magnitude of floods under the Present State, compared to the Reference Condition, is strongly related to the volume of water present in the dam at the beginning of a flood, e.g. if the dam is full before a flood begins, then the reduction in monthly volume from the natural conditions would be 0%. However, some reduction in the maximum flows of these floods must be expected under the Present State due to, for example attenuation effects.

This comparison of highest monthly flows from the simulated runoff data was undertaken because it was the only comprehensive information available over a long period.  The limitations of this approach are illustrated by the fact that the flood that occurred in August 1970 hardly featured in terms of a very high monthly flow, while it, as stated above, probably had a higher maximum flow than the flood that occurred in November 1985.
Monthly flow distributions:

Simulated average monthly runoff data for the Present State (MAR 27.1 million m³, a reduction of 36 % compared to natural conditions where MAR is 38.2 million m3), covering the period of October 1920 to September 1996, is given in Table 3. Flow ranges highlighted in Table 3, were selected as indicated in Table 2 (confidence limit 40 %):
Table 2.  Typical flow ranges selected for the Nahoon Estuary

	FLOW RANGE (m3/s)
	COMMENT

	0 – 0.2
	Predominantly marine

	0.2 – 0.5
	Strong marine influence with a small salinity gradient near the head

	0.5 – 2
	Well-defined longitudinal salinity gradient 

	2 – 5
	Strong freshwater influence with saline intrusion near the mouth

	> 5
	Predominantly fresh (in the extreme completely flushed)


b.
Sedimentation/erosion characteristics under the Present State

Sedimentation and erosion processes in estuaries are strongly influenced by floods.  The Nahoon Estuary requires a major flood (in the order of the Nov 1985 flood, see Table 1) to flush all accumulated marine sediments from the system.   Thereafter, sedimentation at the berm and flood tidal delta initially proceeds at a slow rate of approximately 20000 m³ per annum. The low rate of sedimentation is probably the result of the limited availability of marine sediments at the mouth, as well as the fact that Nahoon Point and other aspects of the local topography protect the mouth against southerly waves.  Sedimentation after a major flood is probably take about 10 – 20 years to build up to a point where mouth closure can become a possibility.  Available information indicates that mouth closure occurred in 1947 and 1969. Because data suggest that the occurrence of floods have not markedly changed (magnitude, Table 1) from the Reference Condition, the sedimentation/erosion cycle of the estuary could still be close to the natural one.  However, this needs to be confirmed with field studies.

Unlike many other estuaries, where base flow is often the major driving force in keeping the mouth open, mouth dynamics in the Nahoon Estuary is strongly correlated with the long-term sedimentation/erosion cycle. Besides base flow, floods are also a dominant driving force determining the state of the mouth.  However, after prolonged periods of no floods the build up of sediments in the mouth area can reduce tidal flow through the mouth.  During such periods base flow is required to maintain an open mouth.  This can initially be of the order of 0,1 – 0,2 m³/s, but as sedimentation in the mouth increases this may need to increase to a flow of 0,5 m³/s or more.  At present (May 2000), the flood tide delta has built up to the extent that tidal flow through the mouth is obstructed, but not to the extent that base flow is required to maintain an open mouth.  

Reduced base flow suggests that mouth closure could occur more frequently under the Present State compared with the Natural Condition.  In particular when sedimentation in the mouth area has built up to the extent where base flow is needed to keep the mouth open.
Because the river channel has a steep gradient, gravel carried during severe floods (say 1985) is deposited at the abrupt slope change in the upper estuary.  Almost all other sediment passes through the estuary and into the sea.  During the non-flood, tidal periods, the base flow and freshettes carry muddy sediment from the catchment area in suspension.  Where this freshwater mixes with seawater the mud flocculates and settles from suspension.  This process takes place from the upper estuary, mainly in the middle estuary all the way to the edge of the flood-tidal delta.  This mud deposit consolidates, so that floods do not erode it effectively.  The 1985 flood, for example scoured little mud, but almost all the sand.  Bed roughness in the gravel of the upper estuary will probably scour mud there, but mud accumulates in the middle estuary. 

Confidence:  80 % for the dynamics of the process, but 40% in terms of the magnitude of floods required to scour the estuary.

c.
Prevailing abiotic conditions under different inflows of freshwater (referred to as Abiotic states)  

No data are available to quantify relationships between river inflow and typical Abiotic states in the Nahoon Estuary.  Consequently, expert opinion was used to link flow ranges to typical Abiotic states in Table 4 (confidence limit 40%):

Table 4.  
Identification of Abiotic states for the Nahoon estuary and associated freshwater flow ranges

	ABIOTIC STATE
	FLOW RANGE (m3/s)

	State 1:  Predominantly marine
	0 – 0.2

	State 2:  Salinity gradient present
	0.2 – 5

	State 3:  Predominantly fresh
	> 5


The probability of occurrence (%) of the different Abiotic states within any month for the Present State is illustrated in Figure 2 below.  The assumption is that the distribution patterns over the 76-year simulation period are indicative of variations within a month:


Figure 2.  
The probability of occurrence within a month of different Abiotic states for the Present State (Abiotic states and associated flow ranges are listed in Table 4)

In the Present State, the probability that marine dominance would prevail for most of every month in the estuary (Abiotic state 1) is high throughout the year, particularly for the period May to September.  The probability that State 2 would be evident, (i.e. a salinity gradient is present in the estuary including REI zone), is highest in September to April, but with an occurrence of only about 20% of the time during these months.  The probability of the occurrence of State 3, i.e. predominantly fresh conditions (floods are included) is less than 10 % throughout the year and typically for less than 5 % of the time, except in March and November.    

Typical abiotic characteristics for each of the Abiotic states are described on the following pages.  

TABLE 3. 
Simulated average monthly runoff (in m3/s) for the Present State (purple = 0-0.2; green = 0.2-0.5; blue = 0.5–2; yellow = 2–5) 

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

	1920
	0.00
	0.02
	0.09
	0.01
	0.02
	0.55
	0.63
	0.13
	0.06
	0.05
	0.02
	0.04

	1921
	0.08
	0.39
	5.18
	1.94
	0.08
	0.03
	0.14
	0.16
	0.10
	0.08
	0.07
	0.10

	1922
	0.21
	25.03
	8.46
	7.00
	3.86
	0.37
	0.17
	0.05
	0.05
	3.08
	1.16
	0.06

	1923
	0.13
	0.10
	1.58
	0.92
	0.04
	0.10
	0.16
	0.06
	0.02
	0.00
	0.00
	0.07

	1924
	0.06
	0.05
	0.12
	0.10
	0.00
	1.51
	1.59
	0.09
	0.08
	0.06
	0.03
	0.06

	1925
	0.12
	0.03
	0.16
	0.07
	0.00
	0.03
	0.08
	0.01
	0.05
	0.00
	0.02
	0.11

	1926
	0.48
	0.25
	0.10
	0.02
	0.00
	1.75
	1.36
	0.07
	0.01
	0.00
	0.00
	0.00

	1927
	0.08
	0.02
	0.00
	0.00
	0.00
	0.97
	0.48
	0.06
	0.06
	0.06
	0.10
	0.07

	1928
	0.44
	0.23
	0.12
	0.02
	0.00
	0.07
	0.11
	0.01
	0.27
	0.23
	0.17
	11.91

	1929
	4.94
	0.14
	0.00
	0.00
	0.00
	4.29
	1.58
	0.01
	0.08
	0.06
	0.23
	0.63

	1930
	3.44
	0.89
	0.00
	0.00
	0.00
	0.02
	0.22
	0.06
	0.02
	19.68
	7.07
	0.06

	1931
	3.03
	1.00
	0.19
	0.14
	0.13
	0.03
	0.04
	0.08
	0.06
	0.08
	0.04
	7.38

	1932
	4.60
	6.03
	1.52
	0.07
	0.05
	0.05
	0.24
	0.09
	0.06
	0.01
	0.05
	0.04

	1933
	0.03
	4.81
	2.22
	0.90
	5.39
	5.05
	1.18
	0.10
	0.08
	0.16
	0.11
	0.06

	1934
	0.32
	0.39
	0.18
	0.09
	0.00
	0.17
	12.64
	24.16
	7.48
	0.20
	0.21
	0.11

	1935
	0.23
	0.12
	0.00
	0.00
	0.04
	0.10
	0.11
	0.09
	0.04
	0.10
	0.04
	0.05

	1936
	0.28
	1.56
	1.29
	0.06
	0.04
	0.13
	0.16
	0.05
	0.00
	0.07
	0.02
	0.06

	1937
	0.21
	0.45
	2.08
	1.23
	0.04
	0.05
	0.35
	0.14
	0.13
	0.09
	0.07
	0.05

	1938
	0.21
	1.37
	0.78
	2.31
	3.95
	1.22
	0.23
	0.10
	0.09
	0.08
	0.07
	0.47

	1939
	4.94
	1.45
	0.10
	0.10
	2.75
	2.50
	0.33
	0.14
	0.07
	0.07
	0.04
	0.11

	1940
	0.15
	0.13
	0.00
	0.00
	0.12
	0.07
	3.00
	1.48
	0.08
	0.02
	0.03
	0.01

	1941
	1.61
	0.76
	0.10
	0.32
	0.08
	0.02
	0.09
	0.12
	0.06
	0.03
	0.07
	0.07

	1942
	0.26
	4.75
	2.09
	0.34
	0.05
	0.00
	0.44
	0.15
	0.14
	0.07
	0.10
	0.05

	1943
	0.15
	3.09
	1.67
	0.16
	0.00
	1.86
	0.72
	0.10
	0.08
	0.07
	0.04
	1.98

	1944
	0.90
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02

	1945
	0.58
	0.20
	0.00
	0.00
	0.00
	3.25
	2.14
	0.07
	0.05
	0.04
	0.03
	0.05

	1946
	0.13
	0.20
	0.01
	0.10
	0.00
	0.56
	0.36
	0.07
	0.10
	0.11
	0.07
	0.08

	1947
	0.20
	0.76
	0.36
	0.12
	0.00
	0.34
	14.23
	4.79
	0.07
	0.06
	0.01
	0.04

	1948
	0.28
	0.11
	0.00
	0.00
	0.00
	0.00
	0.07
	0.00
	0.00
	0.00
	0.00
	0.03

	1949
	0.20
	1.27
	0.46
	0.02
	0.04
	0.03
	0.10
	0.86
	0.33
	0.06
	0.08
	0.05

	1950
	0.28
	0.13
	2.96
	1.58
	0.05
	0.85
	0.28
	0.00
	0.01
	0.02
	0.04
	0.58

	1951
	0.48
	0.08
	0.00
	0.00
	0.11
	0.03
	0.14
	0.07
	0.01
	0.00
	0.00
	7.86

	1952
	3.58
	0.14
	0.01
	0.90
	0.54
	0.03
	0.16
	0.03
	0.08
	0.00
	0.08
	0.40

	1953
	16.89
	14.60
	2.62
	0.09
	0.00
	6.86
	2.28
	0.09
	0.10
	0.08
	0.09
	0.12

	1954
	0.26
	0.19
	0.00
	0.09
	0.77
	0.47
	0.13
	0.00
	0.07
	0.02
	0.03
	0.09

	1955
	0.15
	0.13
	0.00
	0.00
	0.08
	0.75
	0.40
	0.08
	0.01
	0.06
	0.04
	0.86

	1956
	1.40
	4.41
	3.67
	0.39
	0.37
	0.57
	0.27
	0.08
	0.10
	0.04
	0.04
	0.21

	1957
	0.24
	0.09
	0.00
	0.55
	0.20
	0.04
	0.21
	0.07
	0.00
	0.06
	0.06
	0.10

	1958
	0.12
	0.35
	0.47
	0.33
	0.04
	0.05
	0.28
	2.53
	1.65
	0.93
	0.31
	0.13

	1959
	0.22
	0.10
	0.04
	0.18
	0.00
	0.09
	0.22
	0.12
	0.04
	0.05
	0.04
	0.07

	1960
	0.30
	0.17
	0.11
	0.13
	0.00
	0.54
	0.37
	0.11
	0.08
	0.07
	0.05
	0.04

	1961
	0.05
	0.12
	0.00
	0.00
	0.22
	1.86
	1.80
	0.09
	0.05
	0.01
	0.04
	0.04

	1962
	0.42
	0.17
	0.00
	2.79
	1.48
	23.08
	7.63
	0.10
	0.06
	0.11
	0.05
	0.04

	1963
	0.14
	0.27
	0.11
	0.30
	0.72
	0.58
	0.30
	0.10
	0.89
	0.17
	0.08
	1.23

	1964
	0.40
	0.12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11
	0.09
	0.07
	0.04
	0.18

	1965
	1.28
	1.53
	0.11
	0.35
	0.06
	0.00
	0.04
	0.06
	0.05
	0.00
	0.04
	0.03

	1966
	0.03
	0.35
	0.14
	0.18
	0.14
	0.51
	9.32
	3.68
	0.11
	0.13
	0.07
	0.06

	1967
	0.10
	0.09
	0.00
	0.00
	0.00
	0.00
	0.04
	0.00
	0.08
	0.00
	0.04
	0.17

	1968
	0.20
	0.09
	0.00
	0.00
	0.17
	1.70
	0.90
	0.09
	0.07
	0.07
	0.05
	0.06

	1969
	0.24
	0.17
	0.01
	0.01
	0.01
	0.00
	0.05
	0.00
	0.08
	0.02
	5.33
	3.15

	1970
	0.58
	0.19
	3.20
	3.32
	0.92
	0.08
	0.29
	0.15
	0.08
	0.14
	1.79
	0.66

	1971
	0.21
	0.13
	0.03
	0.25
	12.36
	4.16
	0.16
	0.04
	0.04
	0.02
	0.04
	0.05

	1972
	0.07
	0.44
	0.16
	0.01
	0.51
	0.30
	0.31
	0.09
	0.04
	0.00
	0.08
	0.07

	1973
	0.21
	0.39
	0.22
	2.41
	2.08
	4.04
	1.10
	1.05
	0.35
	0.08
	0.22
	0.17

	1974
	0.19
	0.64
	0.25
	0.11
	0.00
	0.00
	0.03
	0.00
	0.05
	0.02
	0.08
	3.32

	1975
	0.26
	0.10
	0.19
	0.19
	7.07
	11.87
	1.33
	0.18
	0.06
	0.12
	0.06
	0.05

	1976
	6.47
	8.27
	0.02
	0.00
	0.20
	0.09
	0.20
	0.31
	0.06
	0.02
	0.06
	0.15

	1977
	0.13
	4.62
	9.50
	1.58
	0.67
	0.03
	2.47
	0.14
	0.08
	0.06
	0.03
	0.03

	1978
	0.77
	2.23
	1.99
	0.26
	0.08
	0.02
	0.07
	0.10
	0.07
	7.66
	21.72
	0.53

	1979
	0.29
	0.10
	0.00
	0.00
	0.00
	0.00
	0.21
	0.02
	0.00
	0.00
	0.02
	0.08

	1980
	0.20
	0.14
	0.10
	1.20
	0.52
	0.48
	0.22
	0.10
	0.13
	0.05
	0.13
	0.13

	1981
	0.22
	0.10
	0.02
	0.00
	0.00
	0.01
	0.26
	0.07
	0.06
	0.10
	0.03
	0.06

	1982
	0.12
	0.13
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.17
	0.03
	0.05

	1983
	0.17
	0.27
	0.11
	0.08
	0.00
	0.04
	0.22
	0.07
	0.18
	0.12
	0.04
	0.09

	1984
	0.17
	0.13
	0.03
	0.26
	1.34
	0.15
	0.16
	0.01
	0.07
	0.00
	0.00
	0.11

	1985
	1.58
	54.61
	13.15
	5.78
	0.28
	2.56
	0.35
	0.09
	0.04
	0.02
	0.16
	0.22

	1986
	0.49
	4.51
	0.15
	0.11
	0.00
	0.04
	0.11
	0.05
	0.05
	0.02
	0.05
	0.66

	1987
	0.27
	0.11
	0.03
	0.18
	0.26
	5.99
	1.18
	0.13
	0.14
	0.09
	0.05
	0.17

	1988
	0.29
	0.10
	0.36
	0.22
	0.03
	0.06
	0.43
	0.09
	0.03
	0.02
	0.01
	0.05

	1989
	5.26
	23.67
	0.31
	0.24
	0.06
	0.33
	0.25
	0.05
	0.02
	0.00
	0.05
	0.08

	1990
	0.19
	0.10
	0.00
	0.00
	0.12
	0.03
	0.04
	0.00
	0.00
	0.00
	0.03
	0.04

	1991
	0.95
	0.46
	0.37
	0.07
	0.06
	0.09
	0.18
	0.01
	0.00
	0.00
	0.09
	0.04

	1992
	0.11
	0.07
	0.00
	0.07
	0.00
	0.00
	0.03
	0.00
	0.02
	0.00
	0.46
	0.51

	1993
	0.11
	0.26
	3.70
	0.30
	5.86
	6.54
	0.07
	0.00
	0.00
	0.00
	0.08
	0.00

	1994
	0.02
	0.00
	1.11
	4.98
	0.02
	1.86
	0.29
	0.05
	0.00
	0.00
	0.00
	0.01

	1995
	0.02
	0.11
	0.49
	2.63
	0.52
	0.58
	0.15
	0.00
	0.00
	0.00
	0.00
	0.00


	ABIOTIC STATE 1:  Predominantly marine

	Typical flow patterns:

Between 0 and 0.2 m3/s

Confidence:  40 %

	State of the mouth:

Usually open.  Emphasis is on state of the mouth.  This characteristic is predominantly driven by the long-term sedimentation/erosion cycle (probably 10 – 20 years) as discussed in (b) Sedimentation/erosion characteristics of the Present State above.

Confidence:  80 %

	Flood plain inundation patterns:

While the mouth remains open, floodplain inundation will occur on spring flood tides.  However, floodplains in the Nahoon Estuary is poorly developed and the banks mostly have steep slopes.

Confidence:   40%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

This characteristic is predominantly driven by the long-term sedimentation/erosion cycle (probably 10 – 20 years) in the estuary:  After a major flood there will be large tidal variation due to a deep open mouth.  As sedimentation increases over the post-flood period, the mouth will gradually become constricted, decreasing the amplitude of tidal variation. Should the mouth close, there will be no tidal variation.  

Confidence:    60 %

	Salinity distributions in the estuary:

Salinity values throughout the estuary are likely to be closed to that of seawater, i.e. between 34 –35 ppt. During prolonged periods of zero or very low river inflow (which can occur under the Present State) evaporation may result in hyper saline conditions developing in the upper reaches near the Abbotsford causeway.  The estuary is, however, quite small and good tidal exchange will prevent severe hypersalinity (e.g. salinities may go to 36-37 ppt, but not much higher) as long as the mouth remains open. 

Confidence:  60 %

	Temperature, pH, dissolved oxygen and SS/turbidity:

During Abiotic state 1, water in the estuary is predominantly of marine origin.  Taking into account that the estuary is relatively small with good tidal exchange it is expected that the temperature, pH and suspended solids concentrations in the estuary will be similar to those of south coast seawater as long as the mouth remains open: 

VARIABLE

ESTIMATED CONCENTRATIONS

Temperature (oC)

12 -26 

pH

7.9 – 8.2

Suspended solids (mg/l)

No data available

The estuary should be well oxygenated as long as tidal exchange is sufficient.  Even though freshwater flushing is negligible, good tidal exchanges is likely to prevent low oxygen conditions (< 2 mg/l) from developing while the mouth remains open.

Confidence:  40 % 

	Nutrients:
Taking into account that the estuary is relatively small with good tidal exchange it is expected that nutrient concentrations in the estuary will be similar to that of east coast seawater:

NUTRIENT

ESTIMATED CONCENTRATIONS

Nitrite-N (µg/l)

3 - 10

Nitrate-N (µg/l)

81 (average)

Ammonia + ammonium-N (µg/l)

70 – 600

Reactive phosphate-P (µg/l)

25 - 70

Confidence:  40 %


	ABIOTIC STATE 2:  Salinity gradient present

	Typical flow patterns:

Between 0.2 and 5 m3/s

Confidence:  40 %

	State of the mouth:

Usually open.  Emphasis is on state of the mouth This characteristic is predominantly driven by the long-term sedimentation/erosion cycle (probably 10 – 20 years) as discussed in (b) Sedimentation/erosion characteristics of the Present State above.

Confidence:  60 %

	Flood plain inundation patterns:

While the mouth remains open, flood plain inundation will occur on spring flood tides. However, floodplains in the Nahoon Estuary is poorly developed and the banks mostly have steep slopes.

Confidence:   60%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

Similar to that described for Abiotic state 1  
Confidence:    60 %

	Salinity distributions in the estuary:
Although it is expected that river flow in this range is likely to lead to a salinity gradient in the estuary, no data are available to quantify the relationship between river inflow and salinity distribution patterns.  Based on expert opinion it is expected that within this flow range the position of the important 10 ppt salinity contour may vary as follows:

FLOW RANGE

10 ppt SALINITY CONTOUR AT MID TIDE

0.2 – 0.5 m3/s

50 to 200 m down stream of Abbotsford Causeway

0.5 – 2 m3/s

200 to 500 m down stream of Abbotsford Causeway

2 – 5  m3/s

500 m to 5 km downstream of Abbotsford Causeway

It should, however, be noted that the distribution of salinity contours in an estuary is largely dependent on the duration of a particular flow regime, as well as other physical factors such as stratification in the deeper channel sections and the extent of seawater intrusion for which no relevant data were available on the Nahoon Estuary  

Confidence:  40 %

	Temperature, pH, dissolved oxygen and SS/turbidity:

Under conditions of freshwater inflow in the range of 0.2-5m3/s (Abiotic State 2), the temperature, pH and suspended solid concentrations in the estuary would probably be influenced by numerous factors.  Because of good tidal exchange, it is likely that in higher salinity waters (e.g. > 30 ppt) these variables will be similar to that of seawater, as long as the mouth remains open.  Water with a strong freshwater signal (e.g. salinity < 10 ppt) is likely to have similar characteristics to that of the river water.  It is, however, difficult to estimate the characteristics of estuarine water with salinities in the middle ranges: 

VARIABLE

ESTIMATED CONCENTRATIONS

> 30ppt 

(Similar to seawater)

Middle salinity ranges

< 10 ppt 

(Similar to river water)

Temperature (oC)

12 -26 

7 – 24

8 – 24

pH

7.9 – 8.2

7.9 – 8.2

7.6

Suspended solids (mg/l)

No data available

No data available

No data available

The estuary should be well oxygenated, as either freshwater flushing or good tidal exchange will prevent low oxygen conditions from developing as long as the mouth remains open.  

Confidence:  40 %

	Nutrients :

Within this abiotic State, nutrient concentrations in the estuary can be influenced by numerous factors.  Because of good tidal exchange, it is likely that in higher salinity waters (e.g. > 30 ppt) nutrients will be similar to that of seawater, as long as the mouth remains open.  Water with a strong freshwater signal (e.g. salinity < 10 ppt) is likely to have similar characteristics to that of the inflowing river water.  It is, however, difficult to predict the characteristics of estuarine water with salinities in the middle ranges: 

VARIABLE

ESTIMATED CONCENTRATIONS

> 30ppt 

(similar to seawater)

Middle salinity ranges

< 10 ppt 

(similar to river water)

Nitrite-N (µg/l)

3 - 10

3 - 10

33

Nitrate-N (µg/l)

81 (average)

60 – 400

Ammonia + ammonium-N (µg/l)

70 – 600

70 – 600

50

Reactive phosphate-P (µg/l)

25 - 70

25 - 70

26

Confidence:  40 %

	ABIOTIC STATE 3:  Predominantly fresh

	Typical flow  patterns:

> 5 m3/s

Confidence:  40 %

	State of the mouth:

Open.  This characteristic is predominantly driven by the long-term sedimentation/erosion cycle (10 – 20 years) as discussed in (b) Sedimentation/erosion characteristics of the Present State above.

Confidence:  80 %

	Flood plain inundation patterns:

Flood plain inundation will occur on spring flood tides. However, floodplains in the Nahoon Estuary is poorly developed and the banks mostly have steep slopes.

Confidence:   60%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

Similar to that described for Abiotic state 1  
Confidence:    60 %

	Salinity distributions in the estuary:

During Abiotic State 3, the estuary is likely to be completely flushed, thus salinities will be 0 ppt.

Confidence:  40 %

	Temperature, pH, dissolved oxygen and SS/turbidity:

During Abiotic state 3, water in the estuary is predominantly of river origin.  It is expected that the temperature, pH and suspended solids concentrations in the estuary will be similar to that of the inflowing river water:

VARIABLE

ESTIMATED CONCENTRATIONS

Temperature

8 – 24

pH

7.6

Suspended solids

No data available

The estuary should be well oxygenated as the system will be completely flushed with oxygenated river water.

Confidence:  40 % 

	Nutrients :

During Abiotic state 3 water in the estuary is predominantly of river origin.  It is expected that nutrient concentrations in the estuary will be similar to that of the inflowing river water:

  NUTRIENT

ESTIMATED CONCENTRATIONS

Nitrite-N (µg/l)

33

Nitrate-N (µg/l)

Ammonia + ammonium-N (µg/l)

50

Reactive phosphate-P (µg/l)

26

Confidence:  40 %


d. Human interferences affecting abiotic components under the Present State 
	Structures:

Nahoon Dam and other impoundments in the catchment:  These have reduced the mean annual runoff to the Nahoon Estuary from 38.2 x 106 m3 under natural conditions to 27.1 x 106 m3 under the Present State (reduction of 36%).  

Abbotsford Causeway:  As a result of the causeway the extent of tidal influence, i.e. the point up to where tidal variation in water levels can still be detected, is 100 to 500 m farther upstream from where it would have been under natural conditions.
Confidence:  60 %

	Human exploitation (consumptive or non-consumptive):

The estuary is extensively used for recreational activities such as motor boating.  Fuel leakages may therefore contribute to hydrocarbon and trace metal loading into the estuary.  Actual loadings from this source, i.e. flows and concentration levels have not been quantified and we are therefore not able to determine the significance of such inputs on the water quality of the estuary.

Confidence:   40 %

	Point/diffuse source discharges affecting WQ (e.g. dump sites, storm water, sewage discharges, etc):

Nutrients:  Nutrient concentrations in inflowing river water may at present be slightly higher than under natural conditions, due to the use of fertilizers in the catchment (present concentrations are, however, still considered to be low.  Spills from sewage pump stations situated along the banks of the Nahoon estuary are known to have occurred on occasions. During such spills nutrient concentrations in the estuary may also be elevated.  

Toxic substances: Trace metals are probably introduced to the Nahoon Estuary from diffuse sources, such as urban storm water runoff and outboard motors. The accumulation of toxins, such as trace metals, in estuaries is best reflected in sediment concentrations.  Cohesive sediments (onto which trace metals adsorb) are not reworked by, for example tidal action.  It is therefore likely that trace metals trapped in sediments remain in an estuary until a major flood.  Data on sediment trace metal concentrations in the Nahoon Estuary date back to 1985. However, the system experienced a major flood in Nov 1985 that probably scoured some of the contaminated sediment from the estuary.  Because urban storm water runoff still enters the estuary, it is likely that present trace metal accumulation in sediments may again be similar to those measured in 1985, if not higher:

TRACE METAL

CONCENTRATION RANGES

Cadmium (µg/l)

0.08 – 0.3

Chromium (µg/l)

32 – 50

Cobalt (µg/l)

0.08 – 10.8

Copper (µg/l)

2.4 – 22.2

Iron (µg/l)

2050 - 21033

Lead (µg/l)

1.4 – 22.7

Manganese (µg/l)

52.5 – 450

Mercury (µg/l)

0.081

Zinc (µg/l)

5.6 – 61.7

Confidence:  40 %


Biotic Components 

a.
Microalgae 
Present State of microalgae in the Nahoon Estuary is:

	Biomass distribution:

Phytoplankton: Samples were collected from 5 stations from the mouth to the head on 20/1/1999.  Cell concentrations decreased from 400 000 cells l-1 at the head to 50 000 cells l-1 at the mouth.  Phytoplankton cell concentrations are therefore positively correlated with reduced salinity and therefore freshwater inflow.  Phytoplankton surveys in 1985 showed that there was a slight chlorophyll-a maximum approximately 2.5 km from the mouth.
Benthic microalgae: Sandy sites tend to have a lower biomass than muddy sites and subtidal biomass tends to be lower than intertidal concentrations. This is based on measurements in other estuaries, as no data were available for the Nahoon Estuary.

Confidence: 60 %

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

Phytoplankton: Chlorophytes and cyanobacteria dominated low salinity water at the head, while centric and pennate diatoms dominated water with salinity close to seawater.  Dinoflagellates were most common at intermediate salinities.  Highest phytoplankton diversity is therefore occurs when there is a salinity gradient between the head and the mouth.

Benthic microalgae: Benthic diatoms are the dominant microalgal group.  Blue-green algal mats can also occur.

Confidence:  60 %

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Phytoplankton: No data are available, but total phytoplankton biomass would probably decrease in winter as a result of decreased freshwater flow.  Under flood conditions estuarine phytoplankton production is negligible.  Under dry, nutrient rich conditions dinoflagellate blooms may occur.

Benthic microalgae: Biomass will fluctuate in response to flow; large floods will remove the top sediment layer and thus the benthic microalgal community.

Confidence:  60 %

	Assessment of the relationship to other nearby estuarine and marine systems:

Phytoplankton: Chlorophyll-a concentrations were consistently higher in the Gqunube estuary (10-15 ug l-1) compared to the Nahoon (< 8 ug l-1).  This was related to the greater freshwater inflow and larger tidal influx in the Gqunube Estuary  (Campbell et al.  1991).  Residence time was probably also greater in the Gqunube Estuary allowing the establishment of a productive river estuary interface zone.  Also farming activity and therefore nutrient input was greater in the Gqunube catchment compared to the Nahoon (refer to Appendix E for references).
Benthic microalgae: The Gonubie, Kwelera and Nahoon Estuaries (all almost permanently open estuaries in the vicinity) are likely to exhibit similar patterns of benthic chlorophyll-a given similar baseflow conditions.  The Buffalo, although permanently open, has no intertidal flats because of the harbour development.

Confidence: 60 %

	Local/regional/national importance of the estuary in terms of the biotic component.:

Phytoplankton: On a regional and national level, phytoplankton in the Nahoon is not considered to be of special importance, either in terms of contributing a large standing stock or in the context of biodiversity conservation. 

Benthic microalgae: Very little is known of the importance of benthic microalgal productivity compared to phytoplankton productivity.  However, the benthic microalgae are likely only to be important on a local (intra-estuary) level, because of the lack of very large intertidal flats.
Confidence: 60 %


Important abiotic and biotic components that may influence microalgae in the Nahoon Estuary are:

	State of the mouth:

An open mouth is important as the input of seawater results in a salinity gradient and a productive river estuary interface zone.  An open mouth ensures the establishment of an intertidal habitat.  This is important, because intertidal benthic microalgal biomass can be twice as high as subtidal biomass.

Confidence: 80%

	Flood plain inundation:

N/A

Confidence:  

	Exposure of intertidal areas during low tide:

Benthic microalgal biomass is higher in intertidal areas compared to subtidal areas.

Confidence: 80%

	Salinity distributions in the estuary (including the size of the REI):

A longitudinal salinity gradient promotes phytoplankton group diversity, chorophytes and cyanobacteria are found in the freshwater and diatoms in the seawater.  Phytoplankton biomass (Chlorophyll-a) was positively correlated with temperature and negatively correlated with salinity.

Confidence: 80%

	Other water quality (system variables, nutrients and toxic substances) constituents:

High nutrient input promotes phytoplankton growth, however the Nahoon Estuary is well mixed and therefore high phytoplankton biomass (> 20 µg l-1) does not occur. 

Confidence: 80%

	Other  biotic components:

N/A to microalgae

Confidence: -


Human interferences having a direct influence on microalgae in the Nahoon Estuary are: 

	Structures:

Jetties and other structures in the intertidal area remove available habitat for colonization by benthic microalgae.

Confidence: 60%

	Human exploitation (consumptive or non-consumptive):

Disturbance in the intertidal area i.e. bait collecting and trampling in the intertidal area would reduce benthic microalgal biomass.

Confidence: 80%

	Flood plain and catchment development:

Effects on microalgae are mostly indirect, e.g. agricultural development in the catchment results in nutrient enrichment that, in turn, promotes phytoplankton growth (see above). 

Confidence: 80%


b.
Macrophytes 

Present State of macrophytes in the Nahoon Estuary is:

	Biomass distribution:

The submerged macrophyte, Zostera capensis, covered approximately 2 ha of the estuary surface area in 1999.  The most important concentration of Zostera was in a sandy creek seaward of the mangrove stand.  A narrow band of Zostera occurred subtidally along the eastern bank of the estuary.  In September 1984 Zostera covered approximately 0.5 ha.  The increase in the area covered by this seagrass may be due to increased sediment stability related to a lack of flooding. Another seagrass Halophila ovalis occurs in the intertidal or shallow subtidal.  It acts as an opportunistic species occupying estuaries in immediate post-flood conditions.  

Walker recorded no macroalgae in 1999 whereas in September 1984 Codium tenue covered an area of 2378 m2 and Hypnea viridis an area of 250 m2.

Common reed, Phragmites australis is found along some parts of the banks in the middle and upper reaches of the estuary.  These plants can survive tidal inundation with saline water if their roots and rhizomes are located in freshwater.  They are therefore good indicators of freshwater seepage sites.

Prof T Steinke introduced mangrove trees into the Nahoon Estuary in the Beacon Bay Nature Reserve on the east bank of the estuary.  Both the white mangrove Aviciennia marina and the red mangrove Rhizophora mucronata are still found there. Aviciennia appears to be encroaching into the intertidal saltmarsh area.

A small saltmarsh area is found on the northern bank of the middle-lower reaches.  There is little intertidal area in the middle-upper reaches as a result of the steep banks.
Confidence: 80 %

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

The Nahoon Estuary has high habitat diversity as it has 8 of the possible 9 plant community types that occur in South African estuaries.  Zostera capensis and Halophila ovalis have a very restricted range within estuarine systems.  Phragmites is a cosmopolitan species that occurs in a variety of freshwater to brackish habitats.  However its presence in estuaries is important as it contributes to habitat diversity.  Intertidal saltmarsh occurs in permanently open estuaries.  Only 18 % of South African estuaries are permanently open and therefore intertidal saltmarsh can be considered rare.

Confidence: 80%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Heavy floods with the approximate frequency of 15 years result in the complete removal of Zostera capensis beds.  Moderate floods (2-3 years) and heavy fluvial deposits smother beds, whereas light (1 year) floods lead to temporary smothering of beds resulting in impaired growth and shortened leaf lengths.

Confidence: 80%

	Assessment of the relationship to other nearby estuarine and marine systems:

In the East London area, the submerged macrophytes, Zostera and Halophila, are only found in the permanently open estuaries of the Nahoon, Kwelera and Gqunube and the larger of the temporarily closed systems viz., Ncera and Bulura.  Because of the impact of the harbour construction, no Zostera beds are found in the Buffalo estuary.  Mangroves occur naturally north of the Kei River, however mangrove trees were also found in the Kwelera estuary in 1999.  These trees may have colonized this estuary from the Nahoon.

Confidence: 80%

	Local/regional/national importance of the estuary in terms of the biotic component:

Because of the local and regional rarity of submerged macrophytes, their role as habitats, and value as a food source, the Zostera beds should be assigned a high conservation value.  Man introduced the mangroves into the estuary and therefore the estuary need not be specifically managed to conserve them.

Confidence: 80%


Important abiotic and biotic components that may influence macrophytes in the Nahoon Estuary are:

	State of the mouth:

The open mouth maintains the Zostera beds, intertidal saltmarsh, mangrove and intertidal benthic microalgal habitats.   Different saltmarsh species occur in different zones along a tidal inundation gradient.                                                             

Confidence: 80%

	Exposure of intertidal areas during low tide:
The intertidal areas are limited as a result of the steep banks.  It is important that these areas are maintained by tidal flushing.                                                          
Confidence: 80%

	Sediment characteristics (including sedimentation):
Stable substrate conditions i.e. in between large flood events promote the growth and expansion of submerged macrophytes e.g. the seagrasses Zostera capensis and Halophila ovalis.                                                                                                   
Confidence: 80%

	Salinity distribution:

A longitudinal salinity gradient promotes macrophyte diversity.

Confidence: 80%

	Other water quality parameters (be as specific as possible):
Nutrient enrichment can result in blooms of macroalgae particularly in calm, backwater areas.

Confidence: 60%

	Other  biotic components:

N/A for macrophytes.

Confidence: -


Human interferences that have a direct influence on macrophytes in the Nahoon Estuary are:

	Structures:

The construction of bridges in the upper reaches of the estuary probably resulted in a loss of reed area.

Confidence:  60%

	Human exploitation (consumptive or non-consumptive):

Exploitation of bait species e.g. the mudprawn and pencil bait results in disturbance of Zostera beds. Bait collecting is prohibited in the main saltmarsh area and there is a sign to this effect at the start of the Dassie trail.  Effective enforcement is however questionable. 

Confidence: 60%

	Floodplain and catchment development:

Floodplains in the Nahoon Estuary are poorly developed and the banks mostly have steep slopes. Albeit, the construction of numerous bridges and roads has disturbed fringing vegetation on the floodplains.  Fringing vegetation is important as it stabilizes the banks and acts as a filter for silt and nutrients. 
Confidence: 60%


c.
Invertebrates 

Present State of invertebrates in the Nahoon Estuary is:

	Biomass distribution:

Biomass of invertebrates (benthic and zooplankton) upstream of the flood tidal delta is low, particularly in the water column (zooplankton). Benthic invertebrates present on the flood tidal delta suggest a relatively high biomass, but there are no data from other South African estuaries to support or reject this statement.

Confidence:  60%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

Because of persistent marine dominance throughout the estuary, one member of the estuarine zooplankton (three species dominate the estuarine zooplankton in this biogeographical zone) occurs in very low numbers. This is contrary to patterns of abundance in other estuaries where a distinct REI zone occurs.  In addition, spatial patterns of zooplankton are disrupted in the Nahoon, since salinity is an important factor regulating distribution.  The richness of the benthic community is not sufficiently researched to comment on this aspect.

Confidence: 60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Natural patterns of seasonal succession in the zooplankton are disrupted because of marine dominance.  Reduced salinity (available data suggests that salinity should decrease below 25-30 ppt) is required to initiate egg hatching in at least one of the three species mentioned above.  Because of a lack of regular freshettes of sufficient magnitude, temporal variability (seasonal and interannual) in zooplankton populations is weak.  Under drought conditions, biomass in the water column decreases farther when compared to average years.  Benthic invertebrates in the flood tidal delta are less affected, because of their strong association with the sea.  Inter-annual variability will also be less dynamic compared to natural conditions.

Confidence:  80%

	Assessment of the relationship to other nearby estuarine and marine systems:

In comparison to other nearby permanently open estuaries, the Nahoon supports a lower biomass of invertebrates in the water column (compared to the nearby Kwelera estuary).  However, the status of the benthic invertebrate community appears similar to that in the Kwelera (this estuary also has a low baseflow of freshwater). 

Confidence: 60%

	Local/regional/national importance of the estuary in terms of the biotic component:

The Nahoon Estuary is one of the few almost permanently open estuaries along this section of the coast, and as such, functions differently compared to other systems.  Of the 30 estuaries from the Tyolomnqa (Chalumna) to the Great Kei (a longshore distance of about 150 km, only 6 remain almost permanently open.  These open estuaries are therefore important in the local and regional context and provide one of the few estuarine feeding habitats for larger organisms (e.g. fish) as well as migratory routes (invertebrates and vertebrates) between rivers and the sea.  For example, the estuarine mudprawn Upogebia africana is an important member of the intertidal benthic community and is preyed upon by a number of benthic feeding fish.  This species is dependent on an open mouth and is absent in temporary open/closed systems. 

Confidence: 80%


Important abiotic and biotic components that may influence invertebrates in the Nahoon Estuary are:

	State of the mouth:

If the mouth closes, the species richness of the benthic and planktonic community will decline.  Loss of some species will significantly influence community structure (depending on the duration of mouth closure).  This is because many species require an obligatory marine phase during their life cycle.  In addition, species that migrate through the estuary (rivers to the sea and visa versa) also depend on open mouth conditions.

Confidence: 80%

	Flood plain inundation:

If inundation of the floodplain ceases, an important habitat for some invertebrates (e.g. saltmarsh crabs such as Sesarma sp and Paratylodiplax sp.) will decline in quality and extent, negatively influencing resident invertebrates. 

Confidence:  60%

	Exposure of intertidal areas during low tide:

The regular rise and fall of the tides is critical for species resident in this specific zone, e.g. the mudprawn Upogebia africana.  Although this species extends into subtidal areas, the population is centred in the intertidal.  Other important macrobenthic species have similar distribution patterns.  If intertidal areas are not exposed during low tide and this condition persists (weeks to months), populations will decline.   

Confidence: 60%

	Salinity distributions in the estuary (including the size of the REI):

The presence of a REI zone (<10 ppt) in estuaries is fundamental in establishing and maintaining structure and function of invertebrate communities along the salinity gradient.   If the estuary becomes marine dominated and salinity values exceed about 10 ppt in the upper estuary, species richness in the estuary will decline, as the community associated with brackish waters will disappear.  In addition, spatial zonation of populations along the estuary will break down, as salinity is an important regulator of species distribution.  Some estuarine species may also disappear as salinity influences egg hatching and recruitment to populations.   

Confidence: 80%

	Other water quality (system variables, nutrients and toxic substances) constituents:

Some species may accumulate toxic substances (e.g. filter feeders) that eventually become lethal to higher consumers in the food web.

Confidence: 80%

	Other  biotic components:

N/A for invertebrates.

Confidence: -


Human interferences that have a direct influence on invertebrates in the Nahoon Estuary are:

	Structures:

Structures such as jetties and bridge abutments influence invertebrates through alteration of the natural environment.  Altered environments become unsuitable for species that would normally occupy the affected areas.  

Confidence: 80%

	Human exploitation (consumptive or non-consumptive):

There is evidence to suggest that exploitation of invertebrates in muddy intertidal areas is negatively influencing populations e.g. the mudprawn Upogebia africana. Trampling by bait diggers in the narrow intertidal destroys habitat as well as small prawns (mudprawns recruit to the population at a carapace length of about 5 mm and construct shallow burrows)

Confidence: 60%

	Flood plain and catchment development:

Floodplain development alters natural habitat, making it unavailable to species that would otherwise inhabit developed areas.  However, floodplains in the Nahoon Estuary are poorly developed and the banks mostly have steep slopes.

Dams and causeways can obstruct the migratory routes of certain invertebrate species. 

Confidence:  80%


d.
Fish 

Present State of fish in the Nahoon Estuary is:

	Biomass distribution:

Anecdotal evidence suggests that fish biomass in the estuary has declined when compared to the natural state.

Confidence:  40%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

Species lists suggest that no decline in the number of fish taxa has occurred under the Present State.

Confidence:  60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Reduction in base flows during drought conditions will impact negatively on juvenile fish recruitment and the fish assemblage in the river-estuary interface (REI) region.

Confidence:  60%

	Assessment of the relationship to other nearby estuarine and marine systems:

Less than 15% of estuaries in the Eastern Cape are permanently available as fish nursery areas for marine species – the Nahoon Estuary is one of those systems.

Confidence:  80%

	Local/regional/national importance of the estuary in terms of the biotic component:

In terms of the fish importance rating (FIR) of Maree et al. (2000) the Nahoon Estuary ranks No. 62 in the warm temperate biogeographical region and No. 150 nationally (refer to Appendix H for references).

Confidence:  80%


Important abiotic and biotic components that may influence fish in the Nahoon Estuary are:

	State of the mouth:

This is a critical component in terms of the fish community of this estuary. Closure of the estuary mouth will have a high impact on the icthyofuana of this system.

Confidence:  80%

	Flood plain inundation:

Flood plain inundation will increase the available aquatic habitat and food resources to fishes.

Confidence:  80%

	Exposure of intertidal areas during low tide:

This is part of the natural tidal cycle of the Nahoon Estuary and will not have an adverse effect on the fish community.

Confidence:  80%

	Salinity distributions in the estuary (including the size of the REI):

The natural and present extent of the REI region in the Nahoon Estuary on an annual basis is unknown. If the present REI region (and hence salinity distributions) differs significantly from the natural state then the fish assemblage of the estuary will be affected.

Confidence:  40%

	Other water quality (system variables, nutrients and toxic substances) constituents:

Present water quality measurements do not suggest any negative consequences for the Nahoon Estuary fish community.

Confidence:  60%

	Other biotic components:

Declines in zooplankton stocks associated with a reduction in river inflow will impact negatively on those fish species associated with the planktonic food web.

Confidence:  40%


Human interferences that have a direct influence on fish in the Nahoon Estuary are: 

	Structures:  

The Abbotsford Causeway may affect the migrations of certain fish species that are unable to negotiate the fish ladder that has been constructed in the centre of the causeway. Fish migrations between the estuary and the upper river will also be affected by dams and weirs within the Nahoon catchment.

Confidence:  60%

	Human exploitation (consumptive or non-consumptive):

Recreational fishing pressures during weekends and holiday seasons are significant and likely to increase in future.

Confidence:  60%

	Flood plain and catchment development:

Floodplain developments in the upper reaches are of concern because they disturb or destroy littoral nursery habitats. However, floodplains in the Nahoon Estuary are poorly developed and the banks mostly have steep slopes.
Dams and causeways can obstruct the migratory routes of certain fish species.

Confidence:  40%


e.
Birds 

Present State of birds in the Nahoon Estuary is:

	Biomass distribution:

Up to 129 birds have been counted at the Nahoon Estuary in any one count.  The avifauna is dominated by invertebrate feeders (mostly waders), with between 61% and 89% of birds falling into this category in each of the counts.  These are dominated by migrant species in summer and resident species in winter.  Common Sandpiper, Sanderling, Terek Sandpiper and Turnstone are the most common migrant waders recorded on the estuary. Of these, Common Sandpiper and Terek Sandpiper are generally fairly scarce around the South African coast.  Resident wader species are dominated by Whitefronted Plovers and Water Dikkops.  Apart from the last mentioned, the invertebrate feeders are predominantly small waders.  Large migrant waders, such as Grey Plover, Whimbrel and Curlew have all been recorded on the estuary, but in very low numbers.  

The predominance of small waders indicates that the estuary probably does not have much to offer in the way of large invertebrate prey such as crabs or prawns.  Grey Plovers fed predominantly on polychaetes at the Nahoon Estuary, whereas crabs and prawns are more important in their diets on the Swartkops estuary, where they occur in high numbers.  This suggests that the availability of larger prey may be scarce on the Nahoon.  Whimbrels, which rely on larger prey, were scarce at Nahoon.  Nevertheless, Cleistostoma crabs were important in the diets of some of the more common waders on the Nahoon, including Whitefronted Plover, Turnstone and Common Sandpiper.  However, all of these species supplement their diet with smaller prey, or in the case of Turnstone, with Sesarma crabs.   Terek Sandpiper probably depends mostly on small prey, rather than the Upogebia observed on a single occasion.

Piscivorous birds (or general vertebrate-feeders) make up between 9 and 28% of the avifauna.  Although 14 species have been recorded at one time or another, none of these species have ever been recorded in numbers exceeding four birds.  Most of the terns, cormorants and gulls probably only use the estuary for roosting.

The predominantly sandy flood tidal delta dominates the intertidal area of the estuary, with mudflats being restricted to narrow margins in the middle reaches. The density of birds is likely to be higher on the muddier and Zostera-covered areas, where prey is generally more abundant.  Not surprisingly, however, the common waders on the estuary tend to be species that frequent sandy intertidal areas as well as muddier areas, such as Whitefronted Plover and Sanderling.  Common Sandpiper is often found in rockier or boulder-strewn areas, or even slipways.  Most of the piscivorous species probably make use of the sandy flood-tidal delta.

Confidence:  80%


Continued on next page…

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

A total of 48 species has been recorded on the Nahoon Estuary in counts between 1978 and 1999, with up to 18 species being recorded on any one count.

Three endemic species have been recorded: Cape Cormorant, Cape Shoveller and African Black Oystercatcher. Three red data species have been recorded: White backed Night Heron, Black Stork and Caspian Tern.

Confidence:  80%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Resident bird species dominate the estuarine avifauna in winter, while migrants predominate in summer.  During summer the numbers of resident birds decrease.  Overall numbers are highest in Spring-Summer.

Count data (especially for winter) are too few to analyse these patterns with any rigour. The response to flood and drought situations is unknown.  

Confidence:  60%

	Assessment of the relationship to other nearby estuarine and marine systems:

Birds probably move between estuaries, and some may depend on more than one system for foraging (e.g. Fish Eagles).  Many birds are likely to move between the nearby beach area and the estuary (e.g. Turnstones).

Confidence:  60%

	Local/regional/national importance of the estuary in terms of the biotic component:

The Nahoon Estuary is not particularly important for birds in a national context.  It supports relatively low numbers of birds, and does not support viable populations of any particularly rare species.  Of moderate interest is the population of Terek Sandpipers, of which only 563 have been counted in South African estuaries.  The Nahoon ranks in the top 45 estuaries in terms of bird species richness, and 49th in terms of bird numbers.  In a local context, the estuary is rather more important.  The surrounding stretch of coast is characterised by relatively small estuaries with typically low numbers and diversity of birds.

Confidence:  80%


Important abiotic and biotic components that may influence birds in the Nahoon Estuary are:
	State of the mouth:

Short periods of mouth closure would not impact significantly on birds.  Longer periods would impact indirectly through changes in food resources and loss of intertidal habitat.

Confidence:  80%

	Flood plain inundation:

This is unimportant as the Nahoon Estuary does not have a large floodplain area.
Confidence:  80%

	Exposure of intertidal areas during low tide:

This has an important influence on birds: the majority of birds on the Nahoon Estuary forage intertidally.

Confidence: 80%

	Salinity distributions in the estuary (including the size of the REI):

This would not have a major direct impact on birds, but would affect them indirectly through changes in food resources.

Confidence:  80%

	Other water quality (system variables, nutrients and toxic substances) constituents:

This would not have a major direct impact on birds, but would affect them indirectly through changes in food resources

Confidence:  60%

	Other  biotic components:

The availability of prey species (i.e. fish & invertebrates) will influence the birds.
Confidence:  80%


Human interferences that have a direct influence on birds in the Nahoon Estuary are: 

	Structures:

Bridges affect flight path of birds, negatively impact on fish eagles and osprey hunting.  Structures such as bridges and jetties also provide habitat for some species, e.g. for perching.

Confidence:  60%

	Human exploitation (consumptive or non-consumptive):

Reduces prey density for invertebrate foragers, and creates human disturbance which displaces birds from foraging areas.

Confidence:  60%

	Flood plain and catchment development:

Flood plain development may affect roosting areas for birds.  However, floodplains in the Nahoon Estuary are poorly developed and the banks mostly have steep slopes.
Confidence:  40%


Step 3b:  Assessment of Reference Condition

Abiotic Components
a.
River inflow characteristics 

At the Workshop it was agreed that, as is normally the case, the flow regime under natural conditions would be used as the Reference Condition for the Nahoon Estuary.

Floods:

Refer to the assessment under the Present State (Step 3a) on page 2-19. 
Monthly flow distributions:

Simulated average monthly runoff data for the Reference Condition (MAR 38.2 million m³), covering the period of October 1920 to September 1996, is given in Table 5 (selection of flow ranges is similar to that described for the Present State). Flow ranges highlighted in Table 5, were selected as indicated in Table 2 (confidence limit 40 %).
b.
Changes in occurrence and variability of Abiotic states in the Nahoon Estuary under Reference Condition compared with the Present State

Figure 3.  
The probability of occurrence within a month of different Abiotic states for the Reference Condition and Present State (Abiotic states and associated flow ranges are listed in Table 4 on page 2-4).

TABLE 5.  Simulated average monthly runoff (in m3/s) for the Reference Condition (purple = 0-0.2; green = 0.2-0.5; blue = 0.5–2; yellow = 2–5) 

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

	1920
	0.09
	0.09
	0.20
	0.09
	0.11
	1.93
	1.27
	0.41
	0.21
	0.19
	0.18
	0.18

	1921
	0.19
	1.20
	6.60
	2.40
	0.29
	0.18
	0.16
	0.34
	0.27
	0.24
	0.27
	0.33

	1922
	0.34
	26.68
	9.09
	7.13
	4.04
	0.77
	0.21
	0.16
	0.14
	4.19
	1.68
	0.29

	1923
	0.24
	0.19
	2.72
	1.31
	0.23
	0.33
	0.20
	0.13
	0.13
	0.13
	0.15
	0.19

	1924
	0.19
	0.14
	0.27
	0.18
	0.08
	5.35
	1.97
	0.23
	0.21
	0.21
	0.20
	0.20

	1925
	0.19
	0.14
	0.53
	0.21
	0.05
	0.11
	0.10
	0.09
	0.11
	0.15
	0.16
	0.28

	1926
	1.20
	0.72
	0.31
	0.13
	0.10
	6.26
	2.23
	0.17
	0.15
	0.13
	0.14
	0.14

	1927
	0.16
	0.14
	0.07
	0.03
	0.03
	3.41
	1.24
	0.15
	0.16
	0.19
	0.27
	0.29

	1928
	1.07
	0.60
	0.27
	0.13
	0.05
	0.23
	0.15
	0.10
	0.73
	0.66
	0.52
	14.58

	1929
	5.30
	0.40
	0.16
	0.07
	0.05
	5.75
	2.04
	0.12
	0.12
	0.17
	0.75
	1.34

	1930
	3.67
	1.35
	0.18
	0.07
	0.09
	0.10
	0.17
	0.16
	0.13
	21.84
	7.59
	0.30

	1931
	3.46
	1.38
	0.51
	0.23
	0.41
	0.21
	0.10
	0.12
	0.15
	0.19
	0.22
	9.69

	1932
	4.85
	6.11
	2.10
	0.17
	0.16
	0.15
	0.27
	0.23
	0.18
	0.16
	0.18
	0.18

	1933
	0.17
	7.93
	2.79
	1.22
	5.46
	5.15
	1.44
	0.31
	0.23
	0.34
	0.35
	0.28

	1934
	0.63
	1.19
	0.54
	0.16
	0.07
	0.61
	13.61
	24.01
	7.63
	0.71
	0.47
	0.42

	1935
	0.33
	0.24
	0.16
	0.08
	0.15
	0.28
	0.17
	0.13
	0.15
	0.21
	0.25
	0.22

	1936
	0.53
	5.05
	1.83
	0.15
	0.14
	0.36
	0.20
	0.12
	0.12
	0.15
	0.17
	0.20

	1937
	0.28
	1.40
	4.34
	1.65
	0.23
	0.18
	0.64
	0.41
	0.29
	0.29
	0.29
	0.26

	1938
	0.28
	3.02
	1.22
	2.61
	4.20
	1.53
	0.34
	0.24
	0.20
	0.22
	0.25
	1.56

	1939
	5.43
	1.92
	0.27
	0.14
	3.64
	2.67
	0.69
	0.33
	0.27
	0.24
	0.23
	0.34

	1940
	0.30
	0.28
	0.16
	0.07
	0.41
	0.21
	5.50
	2.01
	0.20
	0.18
	0.18
	0.16

	1941
	3.08
	1.20
	0.20
	0.56
	0.25
	0.12
	0.13
	0.21
	0.20
	0.17
	0.21
	0.25

	1942
	0.48
	7.51
	2.67
	0.65
	0.28
	0.09
	0.98
	0.47
	0.25
	0.26
	0.26
	0.25

	1943
	0.24
	4.82
	2.10
	0.29
	0.11
	2.74
	1.06
	0.20
	0.21
	0.24
	0.23
	3.11

	1944
	1.33
	0.28
	0.12
	0.05
	0.05
	0.05
	0.05
	0.07
	0.08
	0.09
	0.10
	0.12

	1945
	1.56
	0.66
	0.10
	0.07
	0.07
	7.30
	2.57
	0.19
	0.18
	0.17
	0.18
	0.18

	1946
	0.20
	0.53
	0.26
	0.17
	0.09
	1.99
	0.80
	0.18
	0.20
	0.26
	0.29
	0.26

	1947
	0.30
	2.53
	1.11
	0.20
	0.11
	1.15
	15.22
	5.23
	0.26
	0.21
	0.19
	0.18

	1948
	0.45
	0.31
	0.15
	0.07
	0.04
	0.05
	0.08
	0.09
	0.10
	0.09
	0.10
	0.12

	1949
	0.23
	4.40
	1.60
	0.11
	0.18
	0.13
	0.12
	2.88
	1.16
	0.23
	0.23
	0.24

	1950
	0.57
	0.34
	4.64
	1.98
	0.25
	1.31
	0.56
	0.13
	0.11
	0.12
	0.16
	2.05

	1951
	0.99
	0.27
	0.11
	0.05
	0.39
	0.19
	0.11
	0.14
	0.14
	0.13
	0.13
	11.12

	1952
	4.02
	0.32
	0.18
	1.76
	0.85
	0.20
	0.15
	0.13
	0.14
	0.16
	0.24
	1.26

	1953
	17.90
	14.65
	3.19
	0.18
	0.11
	7.61
	2.69
	0.20
	0.20
	0.22
	0.23
	0.28

	1954
	0.42
	0.48
	0.24
	0.20
	2.69
	1.02
	0.15
	0.12
	0.14
	0.17
	0.18
	0.23

	1955
	0.24
	0.28
	0.17
	0.07
	0.36
	2.59
	0.97
	0.17
	0.15
	0.16
	0.18
	2.99

	1956
	1.93
	4.65
	3.98
	1.02
	0.68
	0.80
	0.38
	0.21
	0.19
	0.18
	0.19
	0.58

	1957
	0.43
	0.24
	0.12
	1.39
	0.65
	0.17
	0.17
	0.17
	0.15
	0.15
	0.18
	0.22

	1958
	0.23
	1.07
	1.45
	0.65
	0.22
	0.22
	0.42
	5.62
	2.15
	1.12
	0.71
	0.42

	1959
	0.34
	0.24
	0.17
	0.27
	0.14
	0.27
	0.20
	0.18
	0.18
	0.17
	0.19
	0.22

	1960
	0.60
	0.43
	0.26
	0.16
	0.09
	1.87
	0.82
	0.27
	0.25
	0.23
	0.24
	0.22

	1961
	0.18
	0.24
	0.14
	0.07
	0.78
	6.59
	2.32
	0.25
	0.20
	0.17
	0.18
	0.18

	1962
	0.96
	0.49
	0.14
	4.70
	1.84
	22.96
	7.89
	0.28
	0.20
	0.21
	0.24
	0.21

	1963
	0.22
	0.75
	0.34
	0.48
	2.47
	1.28
	0.47
	0.28
	1.25
	0.67
	0.32
	1.53

	1964
	0.82
	0.31
	0.16
	0.07
	0.04
	0.04
	0.05
	0.14
	0.18
	0.20
	0.21
	0.48

	1965
	4.18
	1.90
	0.36
	0.64
	0.28
	0.09
	0.09
	0.11
	0.14
	0.16
	0.17
	0.17

	1966
	0.15
	1.06
	0.45
	0.27
	0.46
	1.75
	11.63
	4.04
	0.34
	0.31
	0.31
	0.25

	1967
	0.19
	0.17
	0.10
	0.04
	0.02
	0.02
	0.04
	0.07
	0.10
	0.13
	0.16
	0.45

	1968
	0.37
	0.23
	0.12
	0.07
	0.62
	6.09
	2.17
	0.23
	0.19
	0.19
	0.21
	0.21

	1969
	0.43
	0.38
	0.20
	0.09
	0.12
	0.09
	0.09
	0.09
	0.12
	0.16
	9.64
	3.56

	1970
	0.85
	0.53
	3.44
	3.58
	1.24
	0.32
	0.44
	0.36
	0.26
	0.26
	2.55
	1.16

	1971
	0.34
	0.27
	0.18
	0.34
	13.57
	4.55
	0.20
	0.15
	0.14
	0.14
	0.16
	0.18

	1972
	0.18
	1.38
	0.56
	0.09
	1.77
	1.04
	0.49
	0.29
	0.18
	0.16
	0.24
	0.27

	1973
	0.27
	1.20
	0.66
	4.06
	2.36
	4.24
	1.52
	1.16
	0.64
	0.32
	0.65
	0.48

	1974
	0.37
	1.34
	0.67
	0.17
	0.07
	0.10
	0.08
	0.09
	0.13
	0.15
	0.21
	6.03

	1975
	0.71
	0.27
	0.47
	0.35
	8.25
	12.03
	1.75
	0.57
	0.23
	0.23
	0.26
	0.14

	1976
	7.74
	8.65
	0.28
	0.07
	0.62
	0.49
	0.16
	0.90
	0.14
	0.17
	0.14
	0.40

	1977
	0.26
	6.65
	9.64
	2.01
	1.11
	0.21
	2.81
	0.38
	0.17
	0.20
	0.19
	0.19

	1978
	2.20
	2.80
	2.17
	0.48
	0.29
	0.14
	0.11
	0.13
	0.19
	9.41
	21.63
	0.93

	1979
	0.59
	0.30
	0.18
	0.05
	0.04
	0.04
	0.28
	0.16
	0.07
	0.09
	0.12
	0.20

	1980
	0.26
	0.30
	0.26
	3.64
	1.77
	1.65
	0.28
	0.13
	0.35
	0.21
	0.34
	0.51

	1981
	0.38
	0.22
	0.18
	0.07
	0.06
	0.07
	0.32
	0.22
	0.16
	0.19
	0.20
	0.24

	1982
	0.07
	0.41
	0.12
	0.03
	0.09
	0.03
	0.03
	0.08
	0.03
	4.05
	0.22
	0.14

	1983
	0.17
	0.76
	0.31
	0.18
	0.14
	0.18
	0.27
	0.20
	0.42
	0.20
	0.19
	0.28

	1984
	0.14
	0.28
	0.29
	0.32
	4.74
	0.50
	0.17
	0.13
	0.16
	0.16
	0.18
	0.26

	1985
	5.20
	56.65
	13.38
	6.08
	0.59
	2.94
	0.54
	0.31
	0.16
	0.14
	0.46
	0.68

	1986
	1.33
	4.79
	0.49
	0.21
	0.12
	0.19
	0.14
	0.12
	0.14
	0.17
	0.21
	2.26

	1987
	0.68
	0.30
	0.17
	0.23
	0.82
	7.81
	1.46
	0.19
	0.42
	0.30
	0.10
	0.56

	1988
	0.63
	0.20
	1.11
	0.42
	0.16
	0.14
	0.98
	0.29
	0.15
	0.12
	0.19
	0.26

	1989
	7.53
	23.57
	0.97
	0.32
	0.22
	1.08
	0.36
	0.19
	0.15
	0.13
	0.18
	0.20

	1990
	0.16
	0.24
	0.12
	0.05
	0.36
	0.22
	0.08
	0.09
	0.10
	0.11
	0.16
	0.17

	1991
	2.91
	1.48
	1.19
	0.16
	0.15
	0.30
	0.15
	0.15
	0.12
	0.12
	0.23
	0.17

	1992
	0.06
	0.06
	0.08
	0.16
	0.06
	0.03
	0.04
	0.03
	0.04
	0.05
	1.61
	1.81

	1993
	0.16
	0.79
	9.22
	0.70
	5.99
	6.77
	0.11
	0.07
	0.02
	0.02
	0.14
	0.07

	1994
	0.09
	0.00
	3.86
	5.32
	0.07
	2.31
	0.43
	0.11
	0.09
	0.05
	0.06
	0.02

	1995
	0.08
	0.17
	1.64
	4.38
	0.81
	0.89
	0.13
	0.05
	0.06
	0.03
	0.02
	0.05


The data presented in Figure 3 suggests that for the months October to April the probability of occurrence of Abiotic states 2 and 3 (refer to pages 2-5 to 2-7 for a description of these states) was higher during the Reference Condition of the estuary compared to the Present State, particularly Abiotic state 2 (25-40% for Reference Condition compared with 20% in the Present State).  However, the probability of occurrence of Abiotic state 1 was lower in the Reference Condition compared with the Present State for the same period.  For the months May to August, the probability of occurrence of the three Abiotic states tended to be similar for both the Reference Condition and Present State.

In essence, in the Present State, the estuary is in the more marine dominated (i.e. in Abiotic State 1) than in the Reference Condition during spring, summer and autumn (i.e. from October to April).  During the same period the frequency of smaller to moderate freshwater pulses (or freshetttes) (i.e. Abiotic State 2), as well as larger fresh water pulses (i.e. Abiotic State 3) have been reduced. As a result nutrient and organic matter pulses, associated with these freshettes, were also reduced.  A reduction in freshwater pulses has also resulted in a reduction in the occurrence and size of the REI zone in the Nahoon Estuary, defined as the sector of the estuary where salinity is < 10 ppt.
c.
In the absence of changes brought about by anthropogenic influences (identified under the Present State [Step 3a]), natural abiotic characteristics (the Reference Condition of the estuary) would have differed from its Present State as follows
	Structures:

Without the Nahoon Dam or other impoundments in the catchment:  Captured in (b) above

Without the Abbotsford causeway:  Without the causeway the extent of tidal influence (i.e. the head of the estuary), would have extended about 100 to 500 m further upstream.  

It is unlikely, but not impossible that a resident pool of estuarine water may be present above the causeway – deeper than immediately below the causeway. This lens of estuarine/marine water would overtop the rocky sill on a high spring tide and accumulate and remain above the causeway as a resident body of estuarine water. A natural sill created by the rocky area at the causeway means that there might have been a REI-type of community there at some time in the past. 
Confidence:  60 % and 40%, respectively

	Human exploitation (consumptive or non-consumptive):

Without recreational activities such as power boating the risk of the estuary being polluted by hydrocarbons and trace metals would have been less or non-existent, but whether these activities have contributed significantly to pollution levels is difficult to judge.  

Confidence:   40 %

	Point/diffuse source discharges affecting WQ:

Nutrients:  Nutrient concentrations in the inflowing river water were probably slightly lower under the Natural Condition than at present.  Therefore, although the number of freshwater pulses under the Natural Condition was higher than at present, the nutrient concentrations of the water were probably lower.  Nutrient enrichment as a result of occasional sewage spills would also not have occurred under natural conditions.  
Toxic substances:  Without trace metal loading from diffuse source, trace metal concentrations in the sediments of the Nahoon Estuary would have been lower, probably similar to that of the Gamtoos Estuary:

TRACE METAL

ESTIMATED CONCENTRATION 

(Based on data from the Gamtoos Estuary)

Chromium (µg/l)

87 + 4.2

Copper (µg/l)

57.8 + 5

Iron (µg/l)

7150 + 3900

Lead (µg/l)

Below detection limit

Manganese (µg/l)

135 + 49

Mercury (µg/l)

Below detection limit

Zinc (µg/l)

35.3 + 9.4

Confidence:  80 %


Biotic Components

The following assessments are based on the predicted abiotic characteristics of the Nahoon Estuary for the Reference Condition (refer to pages 2-19 to 2-21) and excluding direct human impacts on biotic components identified under the Present State (Step 3a).
a.
Microalgae 


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

	Species diversity, richness and rarity:

Phytoplankton group diversity would have been higher.

Motivation: Diversity increases in response to a longitudinal salinity gradient (i.e. when a significant REI zone is present).

Confidence: 60%

	Biomass distribution:

The reduction in the magnitude and frequency of the freshettes that introduce nutrients and stimulate phytoplankton growth implies that microalgal biomass may have been higher under reference conditions. 
Motivation:  Microalgal biomass increases in response to increased nutrient inputs associated with freshwater pulses.
Confidence: 40%

	Seasonal variability and community composition: 

Peaks in phytoplankton biomass in response to freshettes may have been more frequent and of greater magnitude because of a more natural flow when the dam was not present.

Motivation: Phytoplankton biomass increases in response to freshwater pulses (freshettes) and is highest when the estuary is characterised by a longitudinal salinity gradient.

Confidence: 60%


b.
Macrophytes 

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

	Species diversity, richness and rarity:

Plant community richness would have been lower. Catchment development has probably resulted in an increase in sediment and nutrient input, however it is difficult to predict the response of the flora to these impacts.  

Motivation:  There would have been no mangroves in the estuary.

Confidence: 60%

	Biomass distribution:

The biomass and extent of macroalgae e.g. Codium and Hypnea may have been lower.  Seagrass biomass may have been more variable but also higher.

Motivation:  Lower average salinity and increased tidal flushing would have been less favourable for macroalgal colonisation.  Seagrass biomass changes in response to small flooding events.  However there may have been an increase in biomass due to lack of disturbance i.e. bait digging, trampling and boating.

Confidence: 60%

	Seasonal variability and Community composition 

Not relevant for the macrophytes.

Motivation: -

Confidence:  60%


c.
Invertebrates 


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

	Species diversity, richness and rarity:

Species richness of the zooplankton and benthic invertebrates is likely to have been greater compared to present levels in the estuary. 

Motivation: The Natural Condition of the estuary would have included a larger and more dynamic REI zone where the invertebrate community associated with the REI would have been resident. 

Confidence: 80%

	Biomass distribution:

Biomass of both water column and benthic invertebrates would have been greater compared to the present levels in the estuary. 

Motivation: The frequency of nutrient and organic matter pulses from the river (i.e. freshettes) was higher during the Reference Condition. A reduction in the occurrence and size of the REI zone resulted in a reduction in the abundance of invertebrates, based on generic data showing that copepod biomass increases in estuaries having greater average longitudinal salinity ranges (i.e. larger REI zones).  Exploitation and disturbance by humans has probably led to some changes in biomass distribution.
Confidence: 80%

	Seasonal variability and Community composition: 
There would have been greater variability of community structure and biomass of populations on the different time scales.

Motivation:  Fresh water pulses (freshettes) were regular and more intense under the Reference Condition, creating a more dynamic REI zone within and between seasons.  Freshwater pulsing is a natural and essential part of estuarine dynamics – leading to variability of populations. Exploitation and disturbance by humans has also probably led to some changes in community composition.
Confidence: 80%


d.
Fish 


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

	Species diversity, richness and rarity:

Any freshwater species that may have been present in the upper estuary under the Natural Condition would be lost from the system a result of the Abbotsford causeway. Marine and estuarine species are unlikely to be lost as a result of the changes from the Reference Condition to the Present State.  However, an increase in the occurrence of the marine dominant state (i.e. Abiotic State 1) probably encouraged marine stragglers to enter the system under the Present State.

Motivation: All major estuarine-associated fish families and species from the region, together with a number of marine stragglers, have been recorded in the Nahoon Estuary under the Present State.  

Confidence:  60%

	Biomass distribution:

Fish biomass, especially in the REI region, was probably much higher in the Reference Condition than under the Present State. Low gill net catch per unit effort in the Nahoon Estuary when compared to similar estuaries with high river inflow is indicative of a reduction in abundance from Reference Condition to the Present State. 
Motivation:  Reduction in the occurrence of nutrient and organic matter pulses from the river (i.e. freshettes) would have reduced the fish biomass that could be supported by the estuary. A reduction in the REI zone and human exploitation also contributed to the reduction in fish abundance in the Present State.
Confidence:  40%


Continued on next page…

	Seasonal variability and Community composition:

Fish species feeding mainly on zooplankton would have been more abundant in the Reference Condition than under the Present State.  There would also have been changes in estuarine fish community composition.
Motivation:  Higher frequency of nutrient and organic matter pulses from the river (i.e. freshettes) in the Reference Condition would have ensured a larger representation of zooplanktivorous species within the fish community.  Changes in estuarine fish community composition would also have been as a result of the reduction in the REI zone, as well as the barrier effect of the Abbotsford causeway. 
Confidence: 40%


e.
Birds 


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

	Species diversity, richness and rarity:

There is no concrete evidence for any significant changes in the avifauna of the Nahoon Estuary over the past 20 years based on existing counts during this period.   It is unlikely that there has been a loss of species visiting the estuary, but it is likely that bird numbers would have been higher in the Reference Condition.   

Motivation: The main reason for suspecting a long-term decline in bird numbers is the fact that human disturbance would have increased over the past 50 to 100 years.

Confidence: 40%

	Biomass distribution:
This is likely to be similar to the Present State.

Motivation:  It is unlikely that there has been any major change in habitat distribution and composition.

Confidence: 60%

	Seasonal variability and Community composition:

Community composition:  There are unlikely to have been major changes in community composition, except that some more disturbance-sensitive species (e.g. Fish Eagles) may have become less common.  Larger waders, which rely on larger invertebrate prey species, may also have become less common relative to smaller species.

Motivation: Little evidence for changes in the relative availability of different habitat or prey types, and an indication that large invertebrate species may have been more common in the past.

Confidence:  60%


	Step 4

Determination of Present Status Category and Estuarine Importance



Step 4a:  Determination of Present Status Category

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

Modifications to the EHI in determining the Present Status Categories proposed at the Nahoon RDM Workshop are listed in Appendix B of this Report.  

The EHI is sub-divided into:

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

The Biological Health score determined by Biotic variables (microalgae, macrophytes, invertebrates, fish and birds)

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Decrease in flow rates (%) above a critical low flow identified for the estuary 
	44
	0.2 m3/s is considered as the cut-off - significant salinity gradients only develop above this flow.  There has been a 44% decrease in flow rates above 0.2 m3/s under the Present  State of the estuary compared to the Reference Condition.
	40 %

	b. Decrease in mean annual frequency (%) of floods 
	3
	Predicted reduction in floods from the Reference Condition to Present State (as indicated by the reduction in the 10 highest cumulative monthly volumes) is 3%.
	40 %

	Hydrology score 
	72.4
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of mouth closure, e.g. over a 5 or 10 year period 
	100
	Changes are not known to have occurred
	80 %

	Hydrodynamic score
	100
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	54
	For the 76-year simulation period (i.e. 912 months) the average monthly flow producing a salinity gradient (i.e. Abiotic state 2) occurred 249 times under the Present State compared to 458 times under the Reference Condition. This represents a reduction of 46%.
	40 %

	2a. Nitrate and phosphate concentration in the estuary
	80
	Although there may have been a reduction in nutrient loading to the estuary as a result of a reduction in river inflows, anthropogenic inputs from fertilizers and sewage spills (amongst other examples) probably replaced such losses and even more. 
	40 %

	2b. Suspended solids in present in inflowing freshwater
	80
	Although agricultural activities in the catchment probably led to increased suspended solid concentrations in the river, vegetation along the banks acts as a sediment trap.  
	40 %

	2c. Dissolved oxygen in inflowing freshwater
	100
	There are no data or any other evidence that indicate any reduction in DO levels in the freshwater inflows
	40 %

	2d. Levels of toxins
	50
	Trace metal concentrations in the sediments of the estuary (based on data collected in 1985) show significantly higher values compared to other estuaries in the area
	40 %

	Water quality score
	51.6
	
	


Physical habitat alteration

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1a. Change in the inter- tidal exposed area (%)
	90
	It is estimated that jetties and other bank structures have utilized about 10 % of the inter tidal area
	40 %

	1b.  Change in the sand fraction relative to total sand and mud (%)
	95
	Since the occurrence of large floods has not altered significantly from the Reference Condition to the Present State, marked changes in the sediment dynamics of the estuary is unlikely 
	80 %

	2. Change in subtidal area of the estuary:  e.g. bed or channel modification, canalisation
	95
	
	80 %

	3. Migration barriers, bridges, weirs, bulkheads, training walls, jetties, marinas
	50
	The Nahoon Dam has affected migratory routes of eels and other organisms, including invertebrates.

The Abbotsford causeway has possibly affected the migration routes of small organisms. 

Four bridges have been constructed across the estuary.

There are numerous jetties and boat launching facilities along the banks of the estuary.
	40%

	Physical Habitat score
	84.8
	
	


Human disturbance of habitats and biota

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Degree of human non-consumptive activity on the estuary, e.g. walking, water-skiing, and associated damage to habitats (e.g. trampling, boating activity).
	50
	The estuary is used for recreational activities such as motor boating and walking.  Motor boating can cause bank erosion and walking compacts the sediment. Dogs are also allowed in the area.
	40 %

	b.
Degree of human consumptive activity (fishing and bait collecting) on the estuary, and associated levels of exploitation and damage to habitats (e.g. digging by bait collectors).
	50
	Fish biomass in this estuary is much lower than similar estuaries with high riverine inputs, and is therefore more susceptible to bait digging and angling pressures than systems such as the Great Kei and Great Fish Estuaries.
	60 %

	Human Disturbance score
	50
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	There has probably been no change in species richness 
	80 %

	2a. Abundance
	60
	The reduction in the occurrence and size of the REI zone has resulted in a reduction in phytoplankton abundance
	40 %

	2b. Community composition
	80
	The reduction in the occurrence and size of the REI zone has resulted in changes in community composition
	60 %

	Microalgae score
	60
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	Mangroves have been introduced to the estuary
	60 %

	2a. Abundance
	70
	Mangroves have encroached into salt marsh areas.

Bank erosion has resulted in a decrease in reeds.

Salt marshes have encroached onto sand flat areas.
	80 %

	2b. Community composition
	90
	There has been an increase in community richness as a result of the introduction of mangroves.
	80 %

	Macrophyte score
	70
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	Some species may have been lost from the estuary owing to a reduction in the occurrence and extent of the REI zone
	60 %

	2a. Abundance
	65
	A reduction in the occurrence and size of the REI zone resulted in a reduction in the abundance of invertebrates, based on generic data showing that copepod biomass increases in estuaries having greater average longitudinal salinity ranges (i.e. larger REI zones)

Abundance levels of important organisms exploited by humans (e.g. bait organisms) have probably led to a reduction in some populations.
	60 %

	2b. Community composition
	60
	A reduction in the occurrence and size of the REI zone resulted in a loss of some species, thus altering the community composition.   

Exploitation and disturbance by humans has probably led to some changes in community composition
	40 %

	Invertebrate score
	60
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	90
	Any freshwater species that may have been present in the upper estuary would be lost from the system as a result of the Abbotsford causeway. Marine and estuarine species are unlikely to be lost as a result of the changes from the Reference Condition to the Present State. 
	80 %

	2a. Abundance
	50
	Low gill net catch per unit effort in the Nahoon Estuary when compared to similar estuaries with high river inflow is indicative of a reduction in abundance from Reference Condition to the Present State. Further changes in abundance are likely due to a reduction in the occurrence and size of the REI zone as well as human exploitation.   
	60 %

	2b. Community composition
	70
	Changes in the occurrence and size of the REI zone and the barrier effect of the Abbotsford causeway would have caused changes in estuarine fish community composition.
	40 %

	Fish score
	50
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	90
	Bird counts in the area have been fairly stable over the past 20 years and there has also been little change in inter-tidal area (important habitat for birds).  Species recorded from count to count differ, but there are insufficient count data to make definitive statements on trends over time.

However, there are a few species that have not been recorded in the estuary for several years.  
	80 %

	2a. Abundance
	70
	A reduction in invertebrate abundance is likely to affect bird abundance.

Increased human disturbances in the area may also have reduced abundance of birds from Reference Condition to the Present State.
	40 %

	2b. Community composition
	85
	Insufficient evidence to show any real change.  Probably has been a reduction in numbers of disturbance-sensitive species, and possibly of species that rely on larger invertebrate prey.
	60 %

	Bird score
	70
	
	


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

	Hydrology
	72.4
	25

	Hydrodynamics and mouth condition
	100
	20

	Water quality
	51.6
	20

	Physical habitat
	84.8
	20

	Human disturbance
	50
	15

	HABITAT HEALTH SCORE
	72.9
	50

	Microalgae
	60
	20

	Macrophytes
	70
	20

	Invertebrates
	60
	20

	Fish 
	50
	20

	Birds
	70
	20

	BIOLOGICAL HEALTH SCORE
	62
	50

	ESTUARINE HEALTH INDEX (EHI) SCORE
	67*
	


The EHI score determined for the Nahoon Estuary, based on its Present State, of 67 therefore translates into a Present Status Category = C (see below)

	EHI Score
	PRESENT STATUS CATEGORY
	GENERAL DESCRIPTION 

	91 – 100
	A
	Unmodified, natural

	76 – 90
	B
	Largely natural with few modifications

	61 – 75*
	C
	Moderately modified

	41 – 60
	D
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Step 4b:  Determination of the Ecological Importance of the Nahoon 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

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 Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (www-dwaf.pwv.gov.za/idwaf/Documents).

For this study, the Ecological importance determination of the Nahoon Estuary was obtained from the Estuarine Prioritisation for RDM project.  The Ecological importance was determined by using the Estuarine Importance index (Dr Jane Turpie, pers. comm.).

The Estuarine importance Index scores allocated to the Nahoon Estuary, based on its Present State, are as follows: 

Estuary Size

	SCORE
	MOTIVATION

	80
	The estuary falls within the 3rd top 10% percentile in terms of size for all South African estuaries.  Top percentile scores 100, second top scores 90, and so on.


Zonal type Rarity

	SCORE
	MOTIVATION

	20
	The estuary is one of X permanently open estuaries within the Warm South Temperate biogeographical zone.  The Zonal Type Rarity index is thus 1/x = Y, which falls into the lowest 20% percentile in terms of all estuarine ZTR scores.  The score assigned is thus 20.


Habitat Diversity

	SCORE
	MOTIVATION

	60
	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. The value obtained falls within the fifth 10% percentile for the scores generated from.


Biodiversity Importance

	SUB-COMPONENTS
	SCORE
	MOTIVATION

	Plants
	90
	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 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 90.

	Invertebrates
	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 interpolated presence records from species distributions).  The summed value obtained falls within the fifth 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 60

	Fish
	80
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the third 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 80

	Bird
	70
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as number of birds counted in the estuary during the national count of 1979-80/ total number of that species counted in all South African estuaries during the same set of counts.  The summed value obtained falls within the fourth 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 70

	Biodiversity score
	84
	


Functional Importance

	SUB-COMPONENTS
	SCORE
	MOTIVATION

	Out welling of detritus and nutrients to the coastal zone
	40
	Because the Nahoon Estuary is a permanently open estuary it will provide some input of detritus and nutrients to the coastal zone whenever there are significant river inflows 

	Nursery function for marine fish and crustaceans
	60
	In the warm temperate zone only six out of the 48 estuaries in this zone remain permanently open. Even though the reduction in the occurrence and size of the REI zone in the Nahoon Estuary may have impeded its nursery function, its role in this regard is still important.  

	Movement corridor for river invertebrates that breed in the marine environment
	20
	The Nahoon Dam and the Abbotsford causeway have changed this function, i.e. it is no longer possible for river species to use the estuary as a corridor.

	Stop-over function for migratory birds
	20
	It is not considered to be an important function as the estuary supports only a few migratory birds

	Roosting area for marine or coastal birds
	20
	It is not considered to be an important function as the estuary supports only a few roosting bird species

	Functional score 
	60
	


The individual scores obtained above are incorporated into the final Estuarine Importance Score as follows (for further details on the scoring system, refer to Appendix E4 of the Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component - www-dwaf.pwv.gov.za/idwaf/Documents):

	CRITERION
	SCORE
	WEIGHT

	Estuary size
	80
	15

	Zonal Rarity Type
	20
	10

	Habitat diversity
	60
	25

	Biodiversity Importance
	84
	25

	Functional Importance
	60
	25

	ESTUARINE IMPORTANCE SCORE
	64
	


	The Estuarine Importance Score for the Nahoon Estuary, based on its Present State, is 64%. 


	Step 5

Determination of the 

Ecological Management Class




The Ecological Management Class (EMC) represents the level of protection assigned to the estuary and will be used to determine the Ecological Reserve.  The Ecological Management Class is used as a proxy for the overall Management Class (MC) in an Intermediate RDM determination.  In a comprehensive RDM determination, the MC will be set in a consultative process on the basis of EMC and other socio-economic parameters. 

For the Intermediate Determination of the RDM in estuaries the first step is to determine the ‘minimum’ EMC of an estuary, based on its Present Status Category.   The relationship between EHI Score, Present Status Category and EMC is as follows:

	EHI Score
	PRESENT STATUS CATEGORIES 
	ECOLOGICAL

 MANAGEMENT CLASS

	91 – 100
	A
	A

	76 – 90
	B
	B

	61 – 75
	C
	C

	41 – 60
	D
	D

	21 – 40
	E
	Improve to at least a Class D

	0 – 20
	F
	Improve to at least a Class D


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

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

· The Importance of the estuary (determined in Step 4b above)

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

The degree to which the minimum EMC (as derived from the Present Status Category) needs to be set at a higher level compared to the Present Status Category, but this is dependent on the level of importance, level of protection or desired protection and the best attainable state.  The rules for allocation of the EMC are as follows:
	MODIFYING DETERMINANTS AND

ESTUARINE IMPORTANCE SCORE
	ECOLOGICAL MANAGEMENT CLASS

	Protected Area
	BAS (Best Attainable State)

	Area requiring high protection
	BAS

	Estuarine Importance  = 80 – 100
	Present Status Category + 2, minimum Class B, or BAS

	Estuarine  Importance = 60 – 80
	Present Status Category + 1, minimum Class C, or BAS -1

	Estuarine Importance = 40 – 60
	Present Status Category

	Estuarine Importance = 20 – 40
	Present Status Category

	Estuarine Importance = 0 – 20
	Present Status Category


	The Present Ecological Category C for the Nahoon Estuary corresponds to an EMC C.  However, the Estuarine Importance score is 64, therefore according to the rules (see above) the EMC needs to be elevated to at least a Class B (i.e. Present Status Category + 1).  This determination has a low confidence (taking into account the low confidence allocated to the individual scores for the EHI)


	Step 6

Quantification of the Reserve and Setting of Resource Quality Objectives



Step 6a:  Determination of the Reserve for Water Quantity

Abiotic Components
a.
River inflow characteristics 

For the Intermediate determination of the RDM for the Nahoon Estuary, one future scenario was made available to the specialist team:

	To obtain a suitable range of runoff scenario, as required by the estuarine RDM methodology, at least one future scenario, reflecting potential future development in the catchment had to be provided (for the purposes of this report, it will be referred to as the Future Scenario).  At present, however, the probability of this scenario being implemented is low. The Future Scenario assumes that the remaining mean annual runoff (MAR) will be 21.3 million m3, a reduction of 44.2 % from natural condition (the natural MAR was 38.2 million m3).


Floods:

Because of the important role that floods play in sedimentological processes and mouth dynamics of estuaries, it is required that at least a preliminary assessment of the magnitude of floods be made available to the specialist team.  To achieve this, the changes in volume of the ten highest cumulative monthly volumes (in 106 m3) were analysed for the 76-year simulation period (Table 6).  These average monthly volumes only give an indirect indication of the reduction in the occurrences and magnitudes of major floods. Dams for example also cause a reduction in maximum flows even if they are full because of attenuating effects.

TABLE 6. 
Estimated magnitude of the 10 highest monthly volumes (in 106 m3) under Natural conditions, Present State and Future Scenario determined from flow data (Tables 3, 5 and 7) (derived directly fro the simulated runoff data).

	NO.
	DATE
	REFERENCE CONDITION
	PRESENT STATE
	FUTURE SCENARIO

	1
	Nov 1985
	147 (100%)
	142 (97%)
	105 (71%)

	2
	Nov 1922
	69 (100%)
	65 (94%)
	60 (87%)

	3
	May 1935
	62 (100%)
	63 (102%)
	62 (100%)

	4
	Nov 1989
	61 (100%)
	61 (100%
	60 (98%)

	5
	Mar 1963
	60 (100%)
	60 (100%)
	40 (67%)

	6
	Jul 1931
	57 (100%)
	51 (89%)
	47 (82%)

	7
	Aug 1979
	56 (100%)
	56 (100%)
	56 (100%)

	8
	Oct 1953
	46 (100%)
	44 (96%)
	38 (83%)

	9
	Apr 1948
	39 (100%)
	37 (95%)
	22 (56%)

	10
	Nov 1953
	38 (100%)
	38 (100%)
	37 (97%)

	Average reduction
	
	0 %
	3 %
	16 %


Results indicate that the Future Scenario is likely to reduce the magnitudes of the 10 highest monthly volumes by about 16 %, compared to the Reference Condition.  This is a further 13 % reduction from the Present State.  However, the extent of the reduction in the magnitude of floods compared with the Reference Condition is strongly related to the volume of water present in the dam at the beginning of a flood.  If the dam is full before a flood begins, then the reduction in volume from the natural conditions is likely to be 0%.  However, some reduction in the maximum flows of these floods must be expected under the Future Scenario due to, for example attenuation effects.

As explained earlier, this comparison of highest monthly flows from the simulated runoff data was undertaken because it was the only comprehensive information available over a long period.  The limitations of this approach are illustrated by the fact that the flood that occurred in August 1970 hardly featured in terms of a very high monthly flow, while it, as state above, probably had a higher peak flow than the flood that occurred in November 1985.

Monthly flow distributions:

Simulated average monthly runoff data for the Future Scenario (MAR 21.3 million m³), covering the period of October 1920 to September 1996, is given in Table 7.
b.
Predicted changes in occurrence and variability of Abiotic states under Future Scenario, compared with the Present State and Reference Condition are as follows:

Figure 4.  
The probability of occurrence within a month of different Abiotic states for the Reference Condition, Present State and Future Scenario.  (Abiotic states and associated flow ranges are listed in Table 4 on page 2-4)


The data presented in Figure 4 suggest that the main differences between the Present State and the Future Scenario are slight increases in the probability of occurrence of Abiotic State 1 (predominantly marine) and slight reductions in the probability of occurrence of Abiotic state 3 (predominantly fresh state, including floods).  These differences are, however, relatively small.  

Although return flow from a sewage treatment plant is included in the runoff simulation for Future Scenario, it is not assumed to be of such a flow that would significantly increase the probability of occurrence of Abiotic State 2 or 3, i.e. flows above 0.2 m3/s.  The return flow is therefore not likely to have a marked influence on the size and occurrence of the REI zone in the estuary.  

TABLE 7.  Simulated average monthly runoff (in m3/s) for the Future Scenario (purple = 0-0.2; green = 0.2-0.5; blue = 0.5–2; yellow = 2–5) 

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

	1920
	0.00
	0.03
	0.10
	0.01
	0.03
	0.56
	0.51
	0.14
	0.06
	0.05
	0.02
	0.05

	1921
	0.09
	0.40
	2.33
	1.74
	0.09
	0.04
	0.15
	0.17
	0.10
	0.09
	0.08
	0.10

	1922
	0.22
	23.21
	8.22
	6.85
	3.71
	0.21
	0.17
	0.05
	0.05
	2.27
	0.94
	0.07

	1923
	0.13
	0.10
	0.82
	0.68
	0.04
	0.11
	0.17
	0.06
	0.03
	0.00
	0.00
	0.08

	1924
	0.07
	0.06
	0.13
	0.11
	0.00
	1.52
	0.70
	0.10
	0.09
	0.06
	0.03
	0.06

	1925
	0.13
	0.03
	0.17
	0.08
	0.00
	0.04
	0.09
	0.01
	0.06
	0.00
	0.02
	0.12

	1926
	0.49
	0.26
	0.11
	0.02
	0.01
	1.76
	0.74
	0.07
	0.01
	0.00
	0.00
	0.00

	1927
	0.09
	0.03
	0.00
	0.00
	0.00
	0.97
	0.48
	0.06
	0.06
	0.06
	0.10
	0.08

	1928
	0.45
	0.24
	0.13
	0.03
	0.00
	0.08
	0.11
	0.01
	0.28
	0.24
	0.18
	4.03

	1929
	1.56
	0.14
	0.00
	0.00
	0.00
	2.69
	1.36
	0.01
	0.09
	0.06
	0.24
	0.39

	1930
	2.58
	0.67
	0.00
	0.00
	0.00
	0.03
	0.23
	0.06
	0.02
	18.17
	6.85
	0.06

	1931
	2.67
	0.79
	0.20
	0.15
	0.14
	0.03
	0.04
	0.09
	0.07
	0.08
	0.05
	5.42

	1932
	4.43
	5.89
	1.30
	0.08
	0.06
	0.06
	0.26
	0.10
	0.06
	0.01
	0.05
	0.04

	1933
	0.03
	2.60
	2.01
	0.72
	5.26
	4.91
	0.99
	0.11
	0.08
	0.17
	0.12
	0.06

	1934
	0.33
	0.40
	0.19
	0.10
	0.00
	0.18
	10.34
	24.07
	7.32
	0.19
	0.15
	0.12

	1935
	0.24
	0.13
	0.00
	0.00
	0.05
	0.11
	0.11
	0.10
	0.05
	0.11
	0.04
	0.06

	1936
	0.29
	1.45
	0.54
	0.06
	0.05
	0.14
	0.17
	0.05
	0.00
	0.08
	0.02
	0.06

	1937
	0.22
	0.46
	1.26
	0.63
	0.05
	0.06
	0.36
	0.15
	0.14
	0.09
	0.08
	0.05

	1938
	0.22
	0.89
	0.40
	0.91
	1.19
	0.45
	0.24
	0.10
	0.09
	0.09
	0.07
	0.48

	1939
	3.11
	1.23
	0.11
	0.11
	2.16
	2.34
	0.33
	0.15
	0.07
	0.07
	0.04
	0.11

	1940
	0.15
	0.14
	0.00
	0.00
	0.13
	0.07
	1.68
	0.55
	0.09
	0.02
	0.03
	0.01

	1941
	1.01
	0.37
	0.11
	0.33
	0.09
	0.03
	0.10
	0.13
	0.06
	0.03
	0.08
	0.08

	1942
	0.27
	2.13
	1.38
	0.35
	0.05
	0.00
	0.45
	0.15
	0.15
	0.07
	0.10
	0.06

	1943
	0.16
	1.39
	1.03
	0.17
	0.00
	1.27
	0.52
	0.10
	0.09
	0.07
	0.04
	1.02

	1944
	0.70
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02

	1945
	0.58
	0.20
	0.00
	0.00
	0.00
	2.04
	0.84
	0.08
	0.05
	0.04
	0.03
	0.05

	1946
	0.14
	0.21
	0.01
	0.11
	0.00
	0.57
	0.36
	0.07
	0.11
	0.11
	0.07
	0.09

	1947
	0.21
	0.77
	0.37
	0.12
	0.00
	0.35
	8.31
	4.58
	0.07
	0.06
	0.01
	0.04

	1948
	0.29
	0.11
	0.00
	0.00
	0.00
	0.00
	0.08
	0.00
	0.00
	0.00
	0.00
	0.03

	1949
	0.21
	1.28
	0.47
	0.02
	0.05
	0.03
	0.10
	0.87
	0.33
	0.06
	0.08
	0.06

	1950
	0.28
	0.13
	1.34
	0.73
	0.06
	0.41
	0.28
	0.00
	0.01
	0.02
	0.05
	0.59

	1951
	0.38
	0.09
	0.00
	0.00
	0.12
	0.03
	0.15
	0.07
	0.01
	0.00
	0.00
	3.09

	1952
	1.21
	0.14
	0.02
	0.64
	0.27
	0.04
	0.16
	0.03
	0.08
	0.00
	0.08
	0.41

	1953
	14.84
	14.46
	2.40
	0.09
	0.01
	6.30
	2.07
	0.10
	0.10
	0.08
	0.09
	0.13

	1954
	0.27
	0.20
	0.00
	0.09
	0.78
	0.30
	0.14
	0.00
	0.07
	0.02
	0.03
	0.09

	1955
	0.16
	0.14
	0.01
	0.00
	0.10
	0.76
	0.41
	0.09
	0.02
	0.06
	0.04
	0.86

	1956
	0.67
	1.32
	1.43
	0.39
	0.20
	0.27
	0.28
	0.08
	0.11
	0.04
	0.04
	0.21

	1957
	0.25
	0.10
	0.00
	0.56
	0.21
	0.05
	0.21
	0.08
	0.00
	0.07
	0.06
	0.11

	1958
	0.13
	0.36
	0.47
	0.34
	0.05
	0.05
	0.29
	1.57
	0.58
	0.32
	0.20
	0.14

	1959
	0.23
	0.11
	0.05
	0.19
	0.00
	0.10
	0.23
	0.13
	0.05
	0.05
	0.04
	0.08

	1960
	0.31
	0.18
	0.12
	0.14
	0.00
	0.54
	0.37
	0.12
	0.08
	0.08
	0.05
	0.04

	1961
	0.05
	0.13
	0.00
	0.00
	0.23
	1.86
	0.81
	0.10
	0.06
	0.01
	0.05
	0.04

	1962
	0.42
	0.18
	0.00
	1.47
	0.53
	15.31
	7.45
	0.11
	0.06
	0.11
	0.05
	0.04

	1963
	0.14
	0.28
	0.12
	0.30
	0.72
	0.35
	0.31
	0.11
	0.38
	0.17
	0.09
	0.47

	1964
	0.35
	0.12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11
	0.09
	0.08
	0.04
	0.19

	1965
	1.28
	0.58
	0.12
	0.36
	0.06
	0.00
	0.04
	0.06
	0.05
	0.00
	0.04
	0.03

	1966
	0.03
	0.36
	0.15
	0.19
	0.15
	0.52
	3.32
	2.65
	0.12
	0.13
	0.07
	0.06

	1967
	0.10
	0.10
	0.00
	0.00
	0.00
	0.00
	0.04
	0.00
	0.08
	0.00
	0.04
	0.17

	1968
	0.21
	0.09
	0.00
	0.00
	0.18
	1.71
	0.75
	0.09
	0.07
	0.07
	0.06
	0.06

	1969
	0.25
	0.18
	0.01
	0.01
	0.02
	0.00
	0.06
	0.00
	0.08
	0.02
	2.67
	0.98

	1970
	0.36
	0.18
	1.02
	2.01
	0.75
	0.09
	0.30
	0.16
	0.08
	0.15
	0.72
	0.40

	1971
	0.22
	0.14
	0.04
	0.26
	11.41
	3.96
	0.17
	0.04
	0.05
	0.02
	0.04
	0.05

	1972
	0.07
	0.45
	0.17
	0.01
	0.52
	0.31
	0.32
	0.09
	0.04
	0.00
	0.09
	0.07

	1973
	0.21
	0.40
	0.23
	1.30
	0.69
	1.87
	0.88
	0.90
	0.22
	0.09
	0.23
	0.18

	1974
	0.19
	0.43
	0.23
	0.12
	0.00
	0.00
	0.04
	0.00
	0.05
	0.02
	0.09
	1.68

	1975
	0.26
	0.11
	0.20
	0.19
	4.84
	11.71
	1.12
	0.18
	0.07
	0.13
	0.06
	0.06

	1976
	5.29
	8.06
	0.03
	0.00
	0.21
	0.10
	0.21
	0.32
	0.07
	0.02
	0.07
	0.16

	1977
	0.15
	2.24
	9.36
	1.38
	0.48
	0.04
	2.12
	0.14
	0.08
	0.07
	0.04
	0.03

	1978
	0.78
	0.84
	1.80
	0.27
	0.09
	0.03
	0.07
	0.10
	0.07
	6.29
	21.63
	0.33

	1979
	0.29
	0.11
	0.00
	0.00
	0.00
	0.00
	0.21
	0.02
	0.00
	0.00
	0.02
	0.09

	1980
	0.21
	0.15
	0.11
	1.21
	0.53
	0.49
	0.23
	0.11
	0.13
	0.05
	0.14
	0.13

	1981
	0.22
	0.11
	0.03
	0.01
	0.00
	0.01
	0.27
	0.07
	0.06
	0.11
	0.04
	0.06

	1982
	0.13
	0.13
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.17
	0.03
	0.06

	1983
	0.18
	0.28
	0.12
	0.09
	0.00
	0.04
	0.23
	0.08
	0.19
	0.13
	0.04
	0.09

	1984
	0.18
	0.14
	0.03
	0.27
	1.35
	0.16
	0.17
	0.01
	0.08
	0.01
	0.00
	0.12

	1985
	1.59
	40.45
	12.98
	5.60
	0.19
	2.29
	0.32
	0.10
	0.04
	0.02
	0.17
	0.23

	1986
	0.49
	3.04
	0.16
	0.12
	0.00
	0.05
	0.12
	0.05
	0.06
	0.02
	0.06
	0.66

	1987
	0.28
	0.12
	0.04
	0.19
	0.27
	2.85
	1.00
	0.14
	0.15
	0.09
	0.05
	0.17

	1988
	0.29
	0.10
	0.37
	0.22
	0.03
	0.07
	0.44
	0.09
	0.03
	0.02
	0.01
	0.06

	1989
	2.25
	23.17
	0.26
	0.25
	0.06
	0.34
	0.26
	0.05
	0.02
	0.00
	0.05
	0.09

	1990
	0.20
	0.11
	0.00
	0.00
	0.13
	0.04
	0.04
	0.00
	0.01
	0.00
	0.04
	0.04

	1991
	0.96
	0.47
	0.38
	0.07
	0.07
	0.09
	0.19
	0.01
	0.00
	0.00
	0.10
	0.04

	1992
	0.11
	0.08
	0.00
	0.08
	0.00
	0.00
	0.03
	0.00
	0.02
	0.00
	0.46
	0.52

	1993
	0.12
	0.27
	2.59
	0.31
	1.71
	1.92
	0.08
	0.00
	0.00
	0.00
	0.09
	0.00

	1994
	0.02
	0.00
	1.12
	2.75
	0.03
	1.52
	0.30
	0.06
	0.01
	0.00
	0.00
	0.02

	1995
	0.03
	0.12
	0.50
	1.40
	0.23
	0.27
	0.16
	0.00
	0.00
	0.00
	0.00
	0.00


In essence, under Future Scenario the estuary is likely to be marine dominated (i.e. in Abiotic State 1) for slightly longer periods than under the Present State, while the occurrence of larger fresh water pulses (or freshettes) and floods (i.e. Abiotic State 3), and the associated nutrients and organic pulses, will be slightly less.  The inclusion of sewage return flow under Future Scenario, will probably increase the concentration of water quality variables such as suspended solids, nutrients and organic matter in the river, particularly under Abiotic State 1 when the return flow is likely to make up a significant portion of the inflow.   The influence of river inflow on the water quality of the estuary under Abiotic State 1, however, is considered very small (limited to the upper 50 m of the estuary).  
Predicted effects on Biotic Components

a.
Microalgae 

Based on the predicted changes in the occurrence and variability in Abiotic states, microalgae under the Future Scenario will differ from the Present State as follows: 
	Species diversity, richness and rarity:

No marked changes should occur from the Present State.

Motivation:  -
Confidence:  60%

	Biomass distribution:

Phytoplankton biomass may decrease slightly.  However, no marked changes from the Present State should occur.

Motivation: Frequency and magnitude of peaks in phytoplankton biomass, in response to fresh water pulses, may be slightly less owing to a slight reduction in the occurrence of larger freshettes (i.e. Abiotic State 3)   

Confidence: 60%

	Seasonal variability and Community composition:

No marked changes from the Present State should occur.

Motivation:  -

Confidence: 60 %


b.
Macrophytes 

Based on the predicted changes in the occurrence and variability in Abiotic states, macrophytes under the Future Scenario will differ from the Present State as follows: 
	Species diversity, richness and rarity:

No marked changes from the Present State should occur.

Motivation:  There will be no major change in the longitudinal salinity gradient.
Confidence: 60%

	Biomass distribution:

Zostera capensis biomass may be more stable and there may be an increase in cover.

Motivation: The reduction in medium and large floods may reduce the scouring of Zostera beds.

Confidence: 60%

	Seasonal variability and Community composition:

No marked changes from the Present State should occur.
Motivation:  -

Confidence: 60%


c. Invertebrates 

Based on the predicted changes in the occurrence and variability in Abiotic states, invertebrates under the Future Scenario will differ from the Present State as follows: 
	Species diversity, richness and rarity:

Based on predicted change indicated in Figure 4, no significant change is likely to occur among the invertebrates under a condition of marine dominance.  Because of a reduction in flow rates that create predominantly fresh conditions, there is a probability that some invertebrates will disappear from the system.  In addition, ‘freshwater’ invertebrates may be prevented from utilizing the upper estuary (e.g. potential breeding areas – river prawns). However, no marked changes should occur from the Present State.
Motivation: Reduction in the frequency of larger freshettes may reduce the frequency of occurrence and extent of low salinity areas in the upper estuary necessary for breeding purposes. 

Confidence:  40%

	Biomass distribution:

Average biomass of invertebrates is likely to slightly decrease compared to present, particularly those inhabiting the water column (zooplankton). However, no marked changes should occur from the Present State.

Motivation: There is a strong positive link between biomass and salinity gradients – creation of suitable gradients, although infrequent, will be less common with the decrease of larger freshettes.

Confidence: 60%

	Seasonal variability and Community composition:
The magnitude of seasonal variability is likely to decline slightly compared to present. No marked changes in community composition should occur from the Present State. 

Motivation:  Decline in the magnitude of seasonal variability is attributed to flows of the order of 5 m3/s being less common when the new dam is constructed.
Confidence: 60%


d.
Fish 


Based on the predicted changes in the occurrence and variability in Abiotic states, fish under the Future Scenario will differ from the Present State as follows:

	Species diversity, richness and rarity:

Little change between Future Scenario and Present State.

Motivation:  Baseflow and freshettes would have to increase significantly before it would affect species richness in the estuary.
Confidence:  60%

	Biomass distribution:

Little change between Future Scenario and Present State.
Motivation:  Baseflow and freshettes would have to change more significantly before it would affect fish biomass in the estuary.
Confidence:  40%

	Seasonal variability and Community composition:

Little change between Future Scenario and Present State

Motivation:  Baseflow and freshettes would have to change more significantly before it would affect species richness in the estuary.

Confidence:  40%


e.
Birds 

Based on the predicted changes in the occurrence and variability in Abiotic states, birds under the Future Scenario will differ from the Present State as follows:

	Species diversity, richness and rarity:

No marked changes should occur from the Present State

Motivation:  No significant changes predicted for habitats or for invertebrates or fish
Confidence:  40%

	Biomass distribution:

No marked changes should occur from the Present State
Motivation:  Little changes is expected in the invertebrate biomass and the majority of birds are invertebrate feeders.
Confidence:  40%

	Seasonal variability and Community composition:

No expected change in seasonal variability.  Community may shift to a slightly greater predominance of bird species favouring sandy conditions.  However, no marked changes should occur from the Present State
Motivation:  Seasonal patterns are exogenously determined.  
Confidence:  60%


Effect of predicted changes in Abiotic and Biotic components under the Future Scenario on the Present Status Category of the Nahoon Estuary, using the EHI:

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Decrease in flows (%) above a critical low flow identified for the estuary 
	43
	Use 0.2 m3/s as the cut-off (because significant salinity gradients would only develop above this flow).  There has been a 43% decrease in flows above 0.2 m3/s under Future Scenario compared to the Reference Condition.
	40 %

	b. Decrease in mean annual frequency of floods (%)
	16
	Predicted reduction in floods from the Reference Condition to Future Scenario (as indicated by the reduction in the 10 highest cumulative monthly volumes) is 16%.
	40 %

	Hydrology score 
	67.8
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of mouth closure, e.g. over a 5 or 10 year period 
	95
	Because there is a slight reduction in the occurrence of medium and high floods, the risk of mouth closure may increase marginally.
	80 %

	Hydrodynamic score
	95
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in longitudinal salinity gradient and vertical salinity stratification
	58
	For the 76-year simulation period (i.e. 912 months) the average monthly flows that would produce a salinity gradient (i.e. Abiotic state 2) occurred for 264 times under the Future Scenario compared to 458 for the Reference Condition.
	40 %

	2a. Nitrate and phosphate concentration in the estuary
	80
	No marked changes from the Present State are expected to occur as a result of changes in river inflow volumes (i.e. quantity).  However, sewage effluent will make up part of the return flows under this scenario that is likely to result in increases in the nutrient concentrations in river inflows (i.e. quality).  This needs to be dealt with in the Reserve for water quality, i.e. where the allowable constituent concentrations in river inflows are specified. 
	40 %

	2b. Suspended solids (SS) in inflowing freshwater
	80
	No marked changes from the Present State are expected to occur as a result of changes in river inflow volumes (i.e. quantity).  However, sewage effluent will make up part of the return flows under this scenario that may result in increases in the SS concentrations in river inflows (i.e. quality).  This needs to be dealt with in the Reserve for water quality, i.e. where the allowable constituent concentrations in river inflows are specified.
	40 %


Water quality continue…

	Variable
	score
	MOTIVATION
	CONFIDENCE

	2c. Dissolved oxygen in inflowing freshwater
	100
	No marked changes from the Present State are expected to occur as a result of changes in river inflow volumes (i.e. quantity).  However, sewage effluent will make up part of the return flows under this scenario and may increase the oxygen demand in river water  (i.e. quality).  This needs to be dealt with in the Reserve for water quality, i.e. where the allowable constituent concentrations in river inflows are specified.
	40%

	2d. Levels of toxins
	45
	The reduction in medium and large floods may reduce scouring of contaminated sediments from the estuary.  Therefore, the deviation from natural conditions is slightly higher for the Future Scenario than for the Present State (which was 50%)
	40 %

	Water quality score
	50.2
	
	


Physical habitat alteration

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1a. Change in the inter tidal sediment exposed (%) 
	90
	Because the flood regime will not alter substantially from the present to Future Scenario, no marked change is expected from Present State, i.e. score remains the same
	40 %

	1b. % change in sand fraction relative to total sand and mud
	95
	Because the flood regime will not alter substantially from the present to the Future Scenario, no marked change is expected from Present State, i.e. score remains the same
	40 %

	2. Change in subtidal estuary:  bed or channel modification, canalisation
	95
	Because the flood regime will not alter substantially from the present to the Future Scenario, no marked change is expected from Present State, i.e. score remains the same
	40 %

	3. Migration barriers, bridges, weirs, bulkheads, training walls, jetties, marinas
	50
	Changes in river inflows (i.e. Future Scenario) will not affect this component of the index
	40%

	Physical habitat score
	84.8
	
	


Human disturbance of habitats and biota

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Degree of human non-consumptive activity on estuary, e.g. walking, water-skiing, and associated damage of habitats (e.g. by trampling, boats).
	50
	Changes in river inflows (i.e. Future Scenario) will not affect this component of the index
	40 %

	b. Degree of human consumptive activity (fishing and bait collecting) on estuary, and associated levels of exploitation and damage of habitats (e.g. due to digging by bait collectors)
	50
	Changes in river inflows (i.e. Future Scenario) will not affect this component of the index
	60 %

	Human Disturbance score
	50
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	No marked changes from the Present State should occur.
	80 %

	2a. Abundance
	60
	No marked changes from the Present State should occur. (However, the frequency and magnitude of peaks in phytoplankton biomass, in response to fresh water pulses, may be slightly less owing to a slight reduction in the occurrence of larger freshettes).
	60 %

	2b. Community composition
	80
	No marked changes from the Present State should occur.
	60 %

	Microalgae score
	60
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	No marked changes from the Present State should occur.
	60 %

	2a. Abundance
	65
	The reduction in medium and large floods may reduce the scouring of Zostera beds, thus these would remain in the estuary for longer periods compared to the Present State.

An increase in marine sedimentation may result in the encroachment of saltmarsh and mangroves onto the intertidal flat areas.
	80 %

	2b. Community composition
	80
	There will be a loss of exposed intertidal habitat i.e. for benthic microalgae as the macrophytes expand into this habitat.
	60%

	Macrophyte score
	65
	
	


Invertebrates

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	No marked changes from the Present State should occur.
	60 %

	2a. Abundance
	65
	No marked changes from the Present State should occur.
	60 %

	2b. Community composition
	60
	No marked changes from the Present State should occur.
	40 %

	Macrophyte score
	60
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Species richness
	90
	No marked changes from the Present State should occur.
	80 %

	2a. Abundance
	50
	No marked changes from the Present State should occur.
	60 %

	2b. Community composition
	70
	 No marked changes from the Present State should occur.
	40 %

	Fish score
	50
	
	


Birds

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	90
	No marked changes from the Present State should occur.
	80 %

	2a. Abundance
	70
	No marked changes from the Present State should occur.
	40 %

	2b. Community composition
	85
	No marked changes from the Present State should occur.
	60 %

	Bird score
	70
	
	


The individual variable scores obtained above are incorporated into a Habitat health score and Biological health score and, finally into the Estuarine Health Score, as follows:
	VARIABLE
	EHI SCORE

	
	Present State
	Future Scenario

	Hydrology
	72.4
	67.8

	Hydrodynamics and mouth condition
	100
	95

	Water quality
	51.6
	50.2

	Physical habitat
	84.8
	84.8

	Human disturbance
	50
	50

	HABITAT HEALTH SCORE
	72.9
	70.4

	Microalgae
	60
	60

	Macrophytes
	70
	65

	Invertebrates
	60
	60

	Fish 
	50
	50

	Birds
	70
	70

	BIOLOGICAL HEALTH SCORE
	62
	61

	ESTUARINE HEALTH INDEX (EHI) SCORE
	67*
	66*


	EHI Score
	PRESENT STATUS CATEGORY
	GENERAL DESCRIPTION 

	91 – 100
	A
	Unmodified, natural

	76 – 90
	B
	Largely natural with few modifications

	61 – 75*
	C
	Moderately modified

	41 – 60
	D
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


	The EHI score determined for the Nahoon Estuary, based on predicted changes under Future Scenario, is 66 (compared to 67 for the Present State) and will therefore maintain a Present Status Category = C.  This implies that the Future Scenario is not likely to markedly alter the estuary from its Present State. This determination has a low confidence (taking into account the confidence allocated to the individual scores in the EHI)


Setting the Reserve for Water Quantity for the Nahoon Estuary: 

Where the EMC allocated to an estuary is higher than its Present Status Category, it implies that mitigatory measures will have to be implemented to improve its Present State to a level that will meet the EMC. In order to achieve this, it will be necessary to manage or reduce the impacts of existing activities or human interferences on the estuary.  

In the case of the Nahoon Estuary the following activities or human interferences appeared to have the most marked influence on the ecological functioning of the estuary:
	ACTIVITIES/HUMAN INTERFERENCES
	IMPACT/MODIFICATION IN ESTUARY

	Nahoon Dam and other water abstractions in the catchment 
	Reduction in the occurrence and size of the REI has had a ripple effect in terms of altering the biotic characteristics of the estuary. 

The Nahoon dam has inhibited the migration of fauna farther upstream of the dam

	Abbotsford Causeway
	The causeway has artificially determined the upstream boundary of the estuary and possibly affected upstream migration of the biota. 

	Storm water runoff and sewage spillage 
	Deterioration in water quality, in particular toxic substances (e.g. trace metals) and microbiological contaminants (health related issues are, however, not dealt with in the Ecological Reserve determination process).  

	Non consumptive recreational uses involving motor boating, trampling of inter-tidal areas, walking dogs
	Contributed, to some degree, to reduction in invertebrate and bird abundance and disturbed intertidal habitats.

	Consumptive uses such as bait collecting and fishing
	Contributed to reduction in invertebrate and fish abundance


In setting the Reserve for water quantity, it is important to distinguish between impacts in the estuary that are as a result of altered water inflows (e.g. as a result of the Nahoon dam and other water abstractions in the catchment) and those that may be as a result of other human interferences, as indicated above.

Although the Future Scenario is not likely to change the Present Status Category of the Nahoon Estuary (i.e. it will maintain a Present Status Category of C), the Importance score determined for the estuary (Step 4b) requires that the EMC be elevated from a C to a B (Step 5).  The EHI score, therefore, needs to be elevated from 66 to between 76 and 90 (according to the table below).  It is, however, important that modifications in the runoff are aimed at rectifying impacts that resulted from previous reductions in freshwater inflows and NOT to compensate for impacts that are as a result of human interferences such as physical structures in the estuary, recreational uses and bait collection.
	EHI Score
	PRESENT STATUS CATEGORIES 
	ECOLOGICAL

 MANAGEMENT CLASS

	91 – 100
	A
	A

	76 – 90
	B
	B

	61 – 75
	C
	C

	41 – 60
	D
	D

	21 – 40
	E
	D

	0 – 20
	F
	D


The specialist team identified the re-establishment of a significant REI zone, an important functional area in estuaries, as the key runoff related issue that had to be addressed in order to improve the ecological health of the Nahoon Estuary for the following reasons:

i. The reduction in the REI is associated with reduced river inflows that have altered the biotic composition in the Nahoon Estuary compared with Reference Conditions

ii.
The presence of an REI being particularly important in the summer/spring months when invertebrate and fish recruitment takes place.

It, therefore, was assumed that if the REI could be re-established in the estuary, particularly during the summer/spring months, this would largely contribute to elevating the EHI score, i.e. taking the estuary into a Class B.   It was further assumed that if the summer/spring runoff of the Reference Condition resulted in a Class A, increasing the flows during these months to at least halfway between the Reference Condition (equivalent to a Class A) and the Future Scenario (equivalent to a Class C), would result in the estuary improving to a Class B.  The Reserve for Water quantity for the Nahoon Estuary, therefore, was estimated as the Future Scenario, but with elevated flows during the spring/summer months (i.e. October to April), i.e.:

	
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept

	Normal seasonal flows:

Median

90%ile

10%ile
	0.30

2.84

0.12
	0.36

4.40

0.13
	0.21

2.77

0.06
	0.15

2.22

0.04
	0.14

2.08

0.03
	0.28

4.25

0.04
	0.27

1.85

0.06
	0.09

0.25

0.00
	0.06

0.15

0.00
	0.06

0.17

0.00
	0.05

0.22

0.01
	0.08

0.63

0.03

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

	Floods:  It has been assumed that Reserves set as part of an Intermediate RDM will NOT be used to issue water abstraction licenses that will affect the magnitudes of larger floods (e.g. 1:5 year and above).  The Intermediate RDM methodology for estuary, therefore, does not require extensive evaluation of changes in, for example, the magnitude and occurrence of floods.

Although this study provides a preliminary assessment of potential changes in floods from one scenario to another, these were based on very limited data sets and are, by no means, sufficient to quantify specific specifications in terms of, for example the magnitude and occurrence of floods.  Specific specifications in terms of the occurrence and magnitude of different flood regimes, therefore, can only be provided once more detailed analysis of floods under the Reference Condition, Present State and Future Scenario have been conducted.


Because the confidence of this Intermediate determination of Resource Directed Measures for the Nahoon Estuary is low, it was considered inappropriate, at this stage, to set the Reserve for water quantity in more detail, but rather to give a preliminary estimate of the flows that would be required to achieve the recommended EMC (i.e. a Class B).  The Reserve for water quantity, therefore, needs to be refined once additional field data have been collected to improve confidence. 

Step 6b:  Determination of the Reserve for Water Quality

The procedures to determine the Reserve for Water quality in estuaries is laid out in the Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (http://www-dwaf.pwv.gov.za/idwaf/Documents) as follows: 


	d.
Use Estuarine health index to assess the implication of the above on the Status category/EMC of the estuary.

e.
If the EHI score indicates that the estuary will remain in the allocated EMC, accept the Reserve for Water Quality of the riverine resource as that for the estuary.



Based on the above procedures, the following information needs to be obtained before the Reserve for water quality for the Nahoon Estuary can be determined:

i.
Concentrations of water quality variables (e.g. system variables, nutrients and toxic substances) in river inflow under the Present State and Reference Condition (the RDM methodology for estuaries assume that this information will be derived as part of the RDM determination on the riverine resource just upstream of the estuary)

ii.
Reserve for water quality specified for the riverine resource unit just upstream of the estuary.

Step 6c:  Determination of the Resource Quality Objectives

RDM Methodologies for the determination of Resource Quality Objectives (RQO) for Estuaries have not been developed.

In the broader RDM context, RQO need to be set for:

Water quantity.  Refer to Step 6a

Water quality:  Refer to Step 6b

Habitat.  Although the extent, distribution, type and integrity of habitat is strongly dependent on water quantity and water quality conditions which are set for the Reserve, RQO must also be derived for other factors that may have an influence.  For example, soil erosion in the catchment may affect in-stream habitat of the estuary, while urban development may affect riparian and flood plain habitat.  

Biota.  RQO for biota can include measures of biotic integrity such as the botanical and the fish importance rating indices for estuaries.  For example, RQO can be set in terms of scores for biotic integrity but the achievement of these objectives can only be assured through maintenance of an appropriate abiotic template (i.e. water quantity, water quality and habitat integrity).  

With regard to RQO for the habitat integrity of the Nahoon Estuary, participants at the workshop highlighted the following aspects as being important:

a.
River-Estuarine-Interface must be re-established at least in summer 

b.
Extent of available intertidal habitat must be maintained, particularly with regard to sand and muddy area

c.
The mouth of the estuary must remain permanently open

d.
Riparian zone between the dam and the estuary must remain intact 

e.
To protect the riparian zone along the estuary, the recreational carrying capacity of the estuary must be determined and not be exceeded

Owing to the low confidence level of the Intermediate RDM determination for the Nahoon Estuary, workshop participants decided that it would be more appropriate to improve the confidence level of the assessments and predictions on abiotic and biotic responses to changes in inflow patterns before RQO for biota are defined.  In particular, the relationship between river inflow and salinity distribution patterns (including the REI zone) in the estuary.  

	Step 7

Resource Monitoring Programme



Although this study is referred to as an Intermediate RDM of the Nahoon Estuary, critical data were sparse or not available to meet requirements for this Level of RDM determination (refer to Appendix A).  As a result, many of the assessments and determination in this study have low confidence.

To improve the confidence in the determination of the Intermediate RDM of the Nahoon Estuary at least the following monitoring programmes will be required (listed in order of priority):

Abiotic components

1. Continuous water level recordings need to be taken at the Abbotsford causeway to gauge river inflows to the estuary, a crucial data set in the determination of RDM. 

2. Continuous water level recordings need to be taken near the mouth of the estuary to assess the extent of sediment accumulation in the mouth area and to quantify the correlation between flows and mouth closure during critical periods.

3. Longitudinal salinity profiles need to be collected under different inflow regimes to better quantify the relationship between river inflows and the size of the REI.   Test releases from the Nahoon Dam can be used effectively in quantifying the relationship between river inflow and salinity distribution in the estuary.  

NOTE:

	Should the Ecological Reserve, to be set for the Nahoon Estuary, require water releases from the Nahoon Dam, the test releases proposed above can also be used to derive management guidelines for water releases in future. 


4. In conjunction with the above, system variables and nutrients need to be monitored (including that of the sea and river water), to be able to better quantify the water quality characteristics in the estuary under different flow ranges.  It is important that such relationships in the estuary be quantified considering that some sewage effluent is discharged into the river above the causeway and that this could affect water quality, particularly under dry weather conditions.
5. Detailed hydrological investigation on the occurrence of floods under the Reference Condition, Present State and Future Scenario.
6. To better quantify sediment erosion processes, cross section profiles and sediment analyses need to be collected at different locations along the estuary every 3 years and after floods that exceed the 1:3 year magnitude.
7. The distribution and accumulation of trace metals in the sediments down to 1 m below the surface of the Nahoon Estuary need to be re-assessed to reflect the Present State.  The assessment should also aim at identifying the source/s of such inputs.
Biotic Components

1. Aerial photographs need to be acquired on a 5 – 10 year frequency to be able to better quantify the effect of floods on macrophytes plant distribution.

2. A ‘bench mark’ needs to be established for fish in the Nahoon Estuary for both high rainfall year and drought years.

3. Seasonal variability (summer vs. winter) in the abundance of invertebrates in the estuary needs to be assessed, focussing on sandy and muddy zones.
4. Bird numbers need to be measured annually.  Such data could be collected cost-effectively involving local bird clubs. 
5. It is unlikely (but not impossible) that a resident pool of estuarine water may be present above the causeway – deeper than immediately below the causeway. This lens of estuarine/marine water would overtop the rocky sill on a high spring tide and accumulate and remain above the causeway as a resident body of estuarine water. A natural sill created by the rocky area at the causeway means that there might have been a REI-type of community there at some time in the past. An investigation should be undertaken for the Comprehensive Reserve to examine the benefit of reducing the level of a portion of the causeway to allow migrations and the creation of similar conditions to those under the natural state.
6. Freshwater pulsing is a natural and essential part of the dynamics of estuaries.  However, its effect on the variability of populations in estuaries is still poorly understood.  This is, however, not a specific requirement for the Nahoon Estuary, but a better understanding of such influences applies generically to ALL estuaries. It is, therefore, proposed that funding for monitoring and research in this regard be obtained at a more generic level, e.g. through Water Research Commission funding.

7. The effect of trampling and bait collection on macrophytes (i.e. Zostera beds) needs to be measured (this may not be a requirements under the Water Act, but should be addressed by the relevant authorities)
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