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Glossary and Abbreviations

AGES 
Africa Geo-Environmental Services

BKS 
Barnard, Kruger and Stoffberg

CSIR
Centre of Scientific and Industrial Research

D: RDM
Directorate: Resource Directed Measures
DWAF
Department of Water Affairs and Forestry
EWRs
Ecological Water Requirements

MAR 
Mean Annual Runoff

MCM
Million Cubic Metres

MCM/a
Million Cubic Metres per annum

MSL 
Mean Sea Level  

nMAR 
Natural Mean Annual Runoff
%MAR 
Percentage Mean Annual Runoff
NMMU
Nelson Mandela Metropolitan University

NRIO 
National Research Institute for Oceanology

NWA
National Water Act

PES
Present Ecological Status

PPES
Provisional Present Ecological Status 

ppt
Parts per thousand (Salinity measure unit)

PSP 
Professional Service Provider 
REC
Recommended Ecological Category

RDM
Resource Directed Measures

WQ
Water Quality 

WWTW 
Waste Water Treatment Work


Wt
Weight

1. BACKGROUND
The National Water Act (NWA; Act No. 36 of 1998) is founded on the principle that National Government has overall responsibility for, and authority over, water resource management for the benefit of the public without seriously affecting the long-term functioning of the natural environment.  In order to achieve this objective, Chapter 3 of the NWA provides for the protection of water resources through the Ecological Reserve.

In terms of the requirements of Chapter 3 of the NWA, the Department of Water Affairs and Forestry (DWAF) Chief Directorate: Resource Directed Measures (CD: RDM) is tasked with the responsibility of ensuring that the Reserve requirements, which take priority over all other uses, are determined before licence applications can be processed. 

The CD: RDM identified the following catchments for Reserve Determinations at various levels of detail to support the proposed compulsory licensing process:

· Groot Brak (K20A). 

· Selected Water Resources in K10D and F, K30B, K30C, K40E and K60G.

The Technical Component of this study (Sub-study 2) was awarded to Southern Waters Ecological Research and Consulting, in conjunction with CSIR (estuaries) and AGES (groundwater).  The project management component was awarded to BKS (Pty) Ltd in association with Londoloza Environmental Consultants (hereafter also referred to as the Management Professional Service Provider (PSP)). 

The study is being conducted under the auspices of the DWAF’s CD: RDM.  The results of the study are intended to support water allocations planning, in accordance with the requirements of the NWA. 

1.1 OBJECTIVES OF THE REPORT

This report provides the background data and deliberations for a Desktop determination of Ecological Water Requirements (EWRs) for the Maalgate, Gwaing, Kaaimans and Noetsie estuaries.  
1.2 ESTUARINE SPECIALIST TEAM

The specialist team responsible for this study is given in Table 1.1. 

Table 1.1
The specialist team responsible for the evaluation of the Present Ecological Status for the Maalgate, Gwaing, Kaaimans and Noetsie estuaries
	Role/Expertise
	Lead specialists
	Contact details

	Workshop coordination, Report preparation and

Hydrodynamics
	Ms Lara van Niekerk
	CSIR, Stellenbosch,

lvnieker@csir.co.za 

	Hydrology
	Dr Cate Brown
	Southern Waters

cate@southernwaters.co.za

	Water quality
	Ms Susan Taljaard
	CSIR, Stellenbosch, 

staljaar@csir.co.za 

	Hydrodynamics and sediment dynamics
	Mr Piet Huizinga
	Independant consultant,

p.huizinga@adept.co.za

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

	Estuarine vegetation
	Prof Janine Adams 
	Nelson Mandela Metropolitan University, janine.adams@nmmu.ac.za  

	Invertebrates
	Prof Tris Wooldridge
	Nelson Mandela Metropolitan University, tris.wooldridge@nmmu.ac.za  

	Fish
	Dr Steve Lamberth
	Independant consultant,

S.J.Lamberth@gmail.com 

	Birds
	Dr Jane Turpie
	Anchor Environmental Consultants

jane.turpie@uct.ac.za


2. STUDY SCOPE AND USE OF THE REPORT
Previous EWR studies have shown that estuaries often require substantially more water than rivers to maintain their ecosystem health and related goods and services, as river flow requirements typically do not take cognisance of the inflows required to maintain estuarine mouth conditions and water quality requirements, especially salinity distribution. It is therefore not deemed an acceptable approach to extrapolate the flow requirements of the estuary from the water requirements of the river eco-region just upstream of the estuary. Since, in the past ten years, ecological water requirement studies/Reserve Determinations have been conducted on fewer than 15% of South Africa's estuaries the current broad scale water resources planning approach has resulted in the under allocation of freshwater to most estuaries, where the above mentioned approach has been followed. This situation could lead to the re-direction of water resources that should be allocated to estuaries with the result that the estuarine systems in South Africa could become degraded.

To address this shortcoming the larger Outeniqua EWR study, a desktop estuary health assessment was done to determine the current health status of the Maalgate, Gwaing, Kaaimans and Noetsie estuaries in a workshop environment in collaboration with estuarine experts familiar with the Southern Cape Coast.  

The study provides a Provisional Present Ecological Status (PPES) - not to be confused with the official Present Ecological Status (PES) allocated to an estuary through either a Rapid/Intermediate/Comprehensive RDM determination. The PPES were based on the degree of similarity between the Reference Condition and the Present State estimated for each of the identified components.  In addition, the specialists also evaluated the potential impact of the River Recommended Ecological Category (River REC) on the respective estuaries to provide some indication to the larger Outeniqua EWR study of the potential consequences of reduced inflow to the Maalgate, Gwaing, Kaaimans and Noetsie estuaries.
The estimations of the health scores were based on available information and expert opinion. Therefore the findings of this study can only be used for broad-scale planning and not for the development of any infrastructure or large-scale licence allocation in the evaluated catchments.

3. APPROACH
3.1 WHY NOT USE THE RIVER DESKTOP OR EWRS?
Estuaries are driven by both catchment-derived runoff and seawater intrusion, unlike river that are only influenced by catchment-derived runoff.  The responses to stressors such as decreased freshwater flows are therefore vastly different between estuaries and rivers.  In estuaries, river inflow patterns (i.e. water quantity) show strong correlation with important hydrodynamic and sediment characteristics, such as state of the mouth, amplitude of tidal variation, water circulation patterns and sediment deposition/erosion. However, the relationships between these characteristics and river inflow are generally not linear owing to the influence of the sea.  The manner in which these characteristics are influenced by river flows is often also not the result of a single flow event, but rather that of characteristic flow patterns occurring over weeks or months (DWAF 2004). 

In addition, marked differences exist between the chemistry (or water quality) of river water and seawater, particularly in terms of system variables (e.g. salinity, temperatures, oxygen levels, pH and suspended solids) and nutrients (e.g. nitrate, ammonium, phosphate).  As a result, river inflow (i.e. water quantity) also have a strong influence on water quality characteristics of estuaries (in addition to the water quality of river inflow). The water quality characteristics along the length of an estuary therefore are often driven by the quantity of river water entering the estuary during that period. It can therefore be argued that estuaries, having two counter-acting water sources, in general are 'more sensitive' and less robust than rivers to changes in river inflow and to accommodate this, often require a higher % of the natural flow regimes.  In estuaries there is a much larger buffer or delay-effect between river inflow patterns and their effect on abiotic parameters than in rivers. This, in addition to the complex relationship between river inflow patterns and processes in estuaries, requires a much more holistic and processed-orientated approach for setting the reserve for estuaries.  

The River Desktop RDM is used for planning purposes to accommodate the myriad of rivers for which no EWR results are available.  Previous medium to high confidence Instream Flow Requirements (IFR) and EWRs results were used to identify environmental water requirement trends in different hydrological regions.  No estuarine data was used to calibrate the Desktop model.  The proposed alternative is to undertaken a desktop planning estimate for estuaries and to define EWR estimates for each estuary, rather than extrapolating from the limited existing results (DWAF 2004).  A Desktop and Rapid ecological reserve determination is usually applied when the proposed development will mainly impact on low flows, not flooding, e.g. single point abstraction.  Based on this assumption, and acknowledging the risk involved, the river methods use only the key specialists, focussing on low flow impacts.  The estuarine components however all play a role under all flow conditions and the Desktop estuarine EWR determination therefore requires the full suite of disciplines,

3.2  THE ESTAURINE HEALTH DETERMINATION PROCESS

An estuary is classified in terms of its present condition and the desired future condition.  These conditions are termed Present Ecological Status (PES) and Recommended Ecological Category (REC), respectively.  It is proposed that the PES is defined on the basis of 'Health' (i.e. present condition) and that REC of estuaries should be defined on the basis of PES and 'Estuarine Importance'.  The latter process should also take into account modifying determinants, such as protected area status, and restorability (DWAF 2004).  

Health is used to describe an estuary's condition.  That is, to what extent an estuarine state differs from its Reference condition.  The fact that estuarine systems undergo significantly greater dynamic changes than river systems means that severe degradation of an estuary may involve a shift from dynamic change to dominantly unidirectional change.  The loss of dynamic function per se may thus constitute an important measure of degradation in estuarine health (DWAF 2004).

The Present Ecological Status of an estuary is a measure of its present condition or 'ecological status', and should thus be defined on the basis of Estuarine Health.   Six classes can be broadly described as follows (Table 3.1).

Table 3.1 
Ecological Management Categories (DWAF 2004)
	PES Category
	Description

	A
	Unmodified, natural

	B
	Largely natural with few modifications 

	C
	Moderately modified

	D
	Largely  modified 

	E
	Highly degraded

	F
	Extremely degraded


In developing the Estuarine Health Index, an important challenge lied in finding the measures to signify these different states which are sufficiently robust that different practitioners will come to the same categorisation.  The index measures the degree to which present conditions resemble Reference Conditions (DWAF 2004).  In the Estuarine Health Index  the reference and present conditions are determined for (DWAF 2004) the following components:

A. 
Abiotic components

1. Hydrology (monthly average base flow, timing and frequency of freshets and floods)

2. Hydrodynamics and mouth condition (including timing, frequency and duration of closure),

3. Water chemistry (axial salinity gradient and vertical salinity stratification, temperature, dissolved oxygen, pH, turbidity, nitrate and phosphate concentrations)

4. Sediment processes

B.
Biological Components 

1. microalgae

2. macrophytes

3. invertebrates

4. fish

5. birds

Each variable, defined as % of pristine state, is weighted, and then aggregated, using the overriding rule provided in Table 3.2  and Figure 3.1. The final score, reflect the state as a % of pristine.  The overall degree of health of the abiotic aspects of the estuary may be considered a measure of Habitat Health or Integrity, while the remaining variables make up the Biological Health Index.   

Table 3.2
Calculation of the Estuarine Health Score

	No.
	Variable
	e.g.
	Weight

	Abiotic (habitat) variables

	1
	Hydrology
	41
	25

	2
	Hydrodynamics and mouth condition
	80
	25

	3
	Water quality
	59
	25

	4
	Physical habitat
	80
	25

	A. Habitat health score = weighted mean
	65
	50

	Biotic variables

	1
	Macrophytes
	60
	20

	2
	Microalgae
	60
	20

	3
	Invertebrates
	70
	20

	4
	Fish
	60
	20

	5
	Birds
	90
	20

	B. Biological health score = weighted mean
	70
	50

	ESTUARINE HEALTH SCORE = weighted mean of A & B
	67.5
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Figure 3.1 
Components and weightings of the Estuarine Health Index
The Reference state is predicted by a multidisciplinary group of estuarine scientists based on the present status of the estuary and knowledge of the impacts that affect the system. Expert knowledge and available information are all used to build up a “picture” of the probable reference conditions and evaluate future changes in runoff. The Estuarine Health Index is applied in it’s totality to all levels of RDM (Comprehensive, Intermediate or Rapid), only the level of  information supporting the study, motivations provided for scoring and level of confidence vary. 

Similarly the Estuarine Desktop RDM assessment used the recognised Estuarine Health Index (DWAF 2004) to derive the PPES, but populated it based on expert knowledge and information collated during a one day workshop. 

4. AVALABLE INFORMATION 
4.1 MAALGATE ESTUARY
There is a general paucity of scientific information on the Maalgate Estuary. The Maalgate Estuary is a very small temporarily open/closed estuary situated on the south coast of South Africa (Whitfield 1992). 

The Maalgate Estuary is about 1.1 km long with a maximum width of 200 m (Figure 4.1). It has an open water area of about 0.14 km2. It is a clear blackwater system. The Maalgate Estuary lies within a steep valley incised into the coastal plain. Marine sediment dominates the mouth (CSIR Unpublished data).
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Figure 4.1
Locality map of the Maalgate Estuary (Source: Google Earth)

4.2 GWAING ESTUARY
There is a general paucity of scientific information on the Gwaing Estuary. The Gwaing Estuary is a very small temporarily open/closed estuary situated on the south coast of South Africa (Whitfield 1992). 

The Gwaing Estuary is about 0.6 km long and 80 m wide. It is a clear blackwater system. The mouth is dominated by marine sediment (CSIR Unpublished data) (Figure 4.2).
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Figure 4.2
Locality map of the Gwaing Estuary (Source: Google Earth)

4.3 KAAIMANS ESTUARY

There is a general paucity of scientific information on the Kaaimans Estuary (Figure 4.3).

The Kaaimans Estuary is classified as a permanently open estuary (Whitfield 1992). The catchment area is 342 km2 with a MAR of 59 x 106 m3 (Nobel and Hemens 1978). The Kaaimans Estuary is about 8 ha in size (Turpie 2004). 
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Figure 4.3
Locality map of the Kaaimans Estuary (Source: Google Earth)

The Kaaimans Estuary is located about 2 km west of Wilderness. The estuary is about 1.4 km long with a maximum width of 140 m. It has an open water area of about 0.8 km2. It is a clear blackwater system.  The extent of the lower reaches of the Kaaimans Estuary varies between free tidal exchange, when the sand bar at the mouth is low or a channel is present, to a coastal lagoon when the sand bar is raised and seawater over tops only at high tide only. During the latter condition salinity can decrease to as low as 8 ppt.  Marine sediment dominates the mouth (CSIR Unpublished data). There is a record of artificial breaching being practised when water levels threaten low-lying properties (CSIR Unpublished data). Some invertebrate data were available from Turpie 2004 (Table 4.1).
Table 4.1 
Kaaimans Estuary invertebrate data (Turpie 2004)

	Species
	Numbers per m2

	Nemertea
	-

	Polychaeta
	

	Ceratonereis erythraeensis
	5

	Oligochaeta
	-

	Copepoda
	-

	Cumacea
	-

	Tanaidacea
	

	Apseudes digitalis
	17

	Isopoda
	

	Cirolana fluviatilis
	1

	Cyathura estuaria
	7

	Pontogeloides latipes
	44

	Amphipoda
	

	Grandidierella sp.
	8

	Orchestia rectipalma
	17

	Urothoe pinnata
	24

	Mysidacea
	-

	Decapoda
	-

	Anomura
	

	Callianassa
	18

	Brachyura
	-

	Mollusca
	-

	Inescta
	-

	Total number of taxa
	9

	Average individuals per m2
	141


4.4 NOETSIE ESTUARY
There is little scientific information on the Noetsie Estuary.

The Noetsie Estuary is located south-east of Knysna (Figure 4.4). The Noetsie River has a total catchment of 38.8 km2 (NRIO 1987).  The Noetsie River is 13.5 km long (National Research Institute for Oceanology (NRIO) 1987). Elevation at the source is 340 m above Mean Sea Level (MSL).  Most of the tributaries of the Noetsie River are small ephemeral streams less than a kilometre in length.  Some of these include the Jantjies, Skuinskraal, Taaiboskloof and Skuinsbos Rivers.

The Noetsie Estuary is a small temporarily open/closed estuary about 8 ha in size (Turpie 2004, Whitfield 1992). The state of the mouth is the single most important factor driving the ecology (Bornman and Adams 2005).  Mouth dynamics is in turn largely determined by river inflow. As a result, during the dry season and under low river flow conditions the estuary is often closed off from the sea by a sand berm that forms at the mouth.  Following periods of high rainfall and freshwater run-off, the water level inside the estuary will rise until it equals or exceeds the height of the sandbar at the mouth. Breaching may then occur followed by a rapid decrease in water level in the estuary exposing large areas of substratum that may have been submerged for extended periods and colonised by benthic flora and fauna. Decomposition of this organic material often leads to anoxic conditions developing in the exposed sediment that causes a foul smell.  The estuary may become fresh water dominated for brief periods during flood events.  However, once the freshwater inflows decrease, estuarine open mouth conditions develop with regular tidal exchange and seawater penetration into the middle and upper reaches.  The open phase ends when wave energy and along-shore and cross-shore sand movement in the surf zone regenerates the sand bar at the mouth.  This leads to another closed phase during which the only seawater inflow is provided by wash-over at the peak of the spring tide or during storm surges.  The Noetsie Estuary is usually in the open or semi-closed phase and only closes completely for short periods (Bornman and Adams 2005). 

The Noetsie Estuary is a relatively pristine estuary and one of few temporarily open/closed estuaries that is still receiving most of its natural mean annual run-off (Bornman and Adams 2005). The relatively high run-off maintains the mouth in an open state for most of the year.  A reduction in river inflow is bound to influence open mouth conditions.  A salinity gradient is therefore maintained and the regular nutrient input from the sea is vital for the maintenance of a healthy ecosystem.  The physico-chemical characteristics of the estuary are normal for a small estuary. 

In the past real-estate development resulted in increased turbidity in the system when unconsolidated sediment is flushed into the system during rain events, but these turbid conditions subsided after some time (Bornman and Adams 2005).  The ability of the Noetsie Estuary to have absorbed the effects of increased siltation in the past and at present is intrinsically related to its hydrodynamics, especially the fact that baseflow was high enough to control the build-up of the berm thereby increasing flushing of the system.  Any reduction in freshwater input to the estuary would alter this state.

Bornman and Adams (2005) conclude that the pristine nature of the Noetsie Estuary and its catchment should be conserved at all costs.  Nationally the Noetsie Estuary ranks relatively low in terms of conservation importance, mostly because of a paucity of scientific information on the system. Bornman and Adams (2005) recommended that an estuary management plan and monitoring programme is implemented for the Noetsie Estuary to ensure the conservation of the system.  Attention should also be given to storm water run-off from the Noetsie Road, rehabilitation of earth quarries in the catchment and efficient handling of polluted run-off from township and other residential areas in the catchment.  Care should be taken to avoid nutrient enrichment through the use of fertilisers and pollution through the use of pesticides in agriculture and the maintenance of sport fields. 
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Figure 4.4
Locality map of the Noetsie Estuary (Source: Google Earth)
4.5 Summary of available information

At the workshop a summary table was collated of all readily available information on the four estuaries under investigation (Table 4.2). Note, that in most cases the catchment areas of the estuaries were substantially smaller than the quaternary catchments. Expert judgements were therefore made on what the size of the individual catchments were; the extend to which the nMAR had been reduced to individual systems; and what the water quality upstream of the estuaries were. Table 4.2 therefore also summarises the assumptions and limitation of the study.

Table 4.2
Summary table of the available data used in this desktop health assessment of the Maalgate, Gwaing, Kaaimans and Noetsie estuaries

	COMPONENT
	Catchment

	
	Maalgate
	Gwaing
	Kaaimans
	Noetsie

	Catchment Area (km2)
	180 
	No information readily available
	131
	39

	Dams
	No proposed dam
	No big dams and proposed dam not likely. George Municipality might need to in future.
	2 dams: Swart River Dam (0.72 x 106 m3) and Tuineroete Dam (8.067 x 106 m3), 1 proposed dam 
	No dams, but numerous smaller farm dams on systems

	Abstraction
	Yes, dairy farming for irrigation pastures
	Yes, market gardening, Fancourt
	Currently abstraction for George Municipality
	Proposed

	Natural Flows
	Very perennial, ground water driven, very big floods
	No information readily available
	No information readily available
	No information readily available

	Wetland
	Yes
	
	
	

	Current flows
	Low flow abstraction
	WWTW George, Waste Water discharge, Fancourt
	Low flow abstraction
	

	Estimated River WQ Category

	C

Runoff from Dairy farming, airport, National Roads causing nutrient enrichment
	D/E

Fancourt, potential sewage from Rooi, urban runoff - some filtering from wetlands
	A

Typical black water oligotrophic, acidic
	B/C

Runoff from Pezula, seepage from Castles and other houses, localised nutrient enrichment

	Commercial forest
	Pine
	Pine
	Some pine
	Little

	nMAR
 (106 m3)
	26.64
	26.64
	39.5
	4.8

	% MAR Remaining
	60
	75
	75
	90

	Estuary

	Type
	Temporarily open
	Temporarily open
	Permanently open
	Temporarily open

	Size

	13.5 ha
	8 ha (Expert estimation)
	8 ha
	8 ha

	Depth (m)

	0.7 (Open)
	0.4 (Open)
	1.0 – 3.0 (Open)
	1.2 (Open)

	Berm heights 
	Low, kept low through open mouth conditions, Overwash important, More closure will increase berm heights
	Low, kept low through open mouth conditions, Overwash important, More closure will increase berm heights
	Low, kept low through open mouth conditions, Overwash important, More closure will increase berm heights
	Low, can become perched

	Salinity
(ppt)
	26
	21
	27
	20/21

	
	Systems pulse between saline on high tide but becoming quite fresh on low tides when flows are high.
	

	Vegetation
	No estuarine vegetation
	Some reeds, No Submerged Macrophytes
	Brackish sedge community in upper reaches, No Submerged Macrophytes
	2.5 ha Phragmites, 0.2 ha sedge community, No Submerged Macrophytes

	Invertebrates (larger taxa)
	Low - Sand associated
	Low - Sand associated
	9
 (low densities due to fluctuations in water level and salinity) 
	Low - Sand associated

	Fish 
	6
 - 10
 species
	7
 species
	10
,- 12
 species
	8
 species

	
	Fish abundance is high in all systems, all have an important nursery function as shown by significant numbers of fish in the 0+ to 2 year age classes

	Birds
	Very low numbers
	Very low numbers 
	Very low numbers 
	28 species
Big gull and tern roost area


5. PROVISIONAL PRESENT ECOLOGICAL STATUS
The estuarine health scores allocated for the Provisional Present Health Status to the Maalgate, Gwaing, Kaaimans and Noetsie estuaries are summarised in Table 5.1. Appendix A provides the detail on the motivations for the individual scores. See Section 3.2 for detail on the allocation of scores and final calculations.

Table 5.1
Provisional Present Ecological Health Status for the Maalgate, Gwaing, Kaaimans and Noetsie estuaries 

	COMPONENT
	WEIGHT
	MAALGATE
	GWAING
	KAAIMANS
	NOETSIE

	
	
	Score
	Weight score
	Score
	Weight score
	Score
	Weight score
	Score
	Weight score

	HABITAT ASSESSMENT
	
	
	
	
	
	
	
	
	

	Hydrology
	25
	70
	18
	79
	20
	75
	19
	88
	22

	Hydrodynamics & mouth condition
	25
	60
	15
	70
	18
	100
	25
	50
	13

	Water quality
	25
	74
	19
	58
	15
	80
	20
	80
	20

	Physical habitat alteration
	25
	95
	24
	95
	24
	80
	20
	95
	24

	HABITAT SCORE
	75
	76
	84
	78

	BIOLOGICAL ASSESSMENT
	
	
	
	
	
	
	
	
	

	Microalgae
	20
	80
	16
	50
	10
	80
	16
	80
	16

	Macrophytes
	20
	100
	20
	80
	16
	90
	18
	90
	18

	Invertebrates
	20
	50
	10
	50
	10
	60
	12
	60
	12

	Fish
	20
	95
	19
	50
	10
	90
	18
	95
	19

	Birds
	20
	100
	20
	90
	18
	90
	18
	90
	18

	BIOLOGICAL SCORE
	85
	64
	82
	83

	ESTUARINE HEALTH SCORE
	80
	70
	83
	81

	PROVISIONAL PES
	B
	C
	B
	B


The Estuarine Health scores for the Maalgate, Gwaing, Kaaimans and Noetsie estuaries, based on their Present Status, are 80, 70, 83 and 81 respectively. These translate into Provisional Present Ecological Statuses of B, C, B and B, respectively, as indicated above (Table 5.1) and defined below (Table 5.2):
Table 5.2
Guidelines for the Present Ecological Status

	ESTUARINE HEALTH INDEX 
	PRESENT ECOLOGICAL STATUS
	GENERAL DESCRIPTION

	91 – 100
	A
	Unmodified, natural

	76 – 90
	B
	Largely natural with few modifications

	61 – 75
	C
	Moderately modified

	41 – 60
	D
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


6. CONSERVATION IMPORTANCE AND PROVISIONAL RECOMMENDED ECOLOGICAL CATEGORY

Turpie and Clark (2007), Turpie (2004) and Turpie et al. (2002) ranked South African estuaries in terms of Conservation Importance based on the size of the system, its zonal type rarity, the habitat importance of the system and biodiversity importance score. The Estuarine Importance scores allocated to the Maalgate, Gwaing, Kaaimans and Noetsie estuaries were as follows (Turpie and Clark 2007) (Table 6.1):

Table 6.1
Estuarine importance scores (Turpie and Clark 2007)

	ESTUARINE IMPORTANCE 
	MAALGATE
	GWAING
	KAAIMANS
	NOETSIE

	Estuary size
	50
	10
	30
	30

	Habitat
	10
	10
	10
	10

	Zonal type rarity
	10
	10
	20
	10

	Biodiversity 
	57.5
	11.5
	45.5
	51

	CONSERVATION IMPORTANCE RATING
	37.9
	10.4
	27.9
	28.3


The Estuarine Importance Score is allocated as follows (Table 6.2):

Table 6.2
Estuarine importance description (DWAF 2004)

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


The study found that the four estuaries were of average importance (Importance score between 0 – 60) on a regional scale. The workshop felt that the differences in ranking between the systems could be influenced by the dearth of available information on the systems and concluded that the Noetsie and Kaaimans estuaries were of higher importance than the Maalgate and Gwaing estuaries.  

The degree to which the Ecological Category needs to be elevated above the Present Ecological Status depends on the level of importance and the level of protection or desired protection of a particular estuary.

As part of the development of a regional conservation plan for the cool and warm temperate estuaries Turpie and Clark (2007) recommended that the Noetsie be included in the core set of estuaries that needs to be protected to meet biodiversity targets in South Africa. The conservation plan stipulates that 50% of the terrestrial marginal area be included as a no-development area and that the Recommended Ecological Water Requirement Category be an A or B (see Table 6.3).

The Turpie and Clark (2007) study forms part of the Cape Action Plan for the Environment (C.A.P.E.) Regional Estuarine Management Programme.  The main aim of the overall programme was to develop a strategic conservation plan for the estuaries of the Cape Floristic Region, and to prepare detailed management plans for each estuary in line with the requirements of the National Environmental Management: Integrated Coastal Management Bill.  The overall objective of this study was to identify which temperate estuaries should be assigned Estuarine Protected Area status and to prioritise estuaries in need of rehabilitation, on the basis of an updated classification of estuaries in terms of health, conservation importance and socio-economic value.  Targets were defined in terms of achieving representivity of ecosystem types, habitats, species, as well as meeting population targets that ensure their viability. 

In selecting the set of protected areas to meet conservation targets, management costs, opportunity costs and the benefits of protection were taken into account, with the aim of achieving conservation targets at the lowest net cost or highest net benefit.  Opportunity costs were considered in terms of the cost of withholding water for alternative uses, since more water would have to be reserved for estuaries with protected status.  Based on an analysis of past RDM studies it was estimated that the water sacrifice would amount to roughly 15% of the natural MAR, resulting in a widely differing quantity of water from estuary to estuary.  The marginal cost of this water was estimated on the basis of a recent study elsewhere in the country, and adjusted by the water demand score initially devised using data from DWAF, which was applied to each estuary.  Thus the cost per unit of water was higher in catchments where the demand was high relative to supply.  

The findings of this study suggest that a much greater level of protection of estuaries is desirable from a socio-economic perspective than would be necessary just in order to meet biodiversity conservation targets.  This shows the importance of integrating socio-economic considerations into what has up to now been a largely bio-centric process.  The partial protection of 80% of estuaries is also desirable from a management perspective, in that it facilitates the introduction of an almost universal sanctuary zone in each estuary which is marked by standard markers, which in turn facilitates the education of the public about the protection system. 

The study recommended that all estuaries are zoned using similar types of zones and markings, and that each estuary may contain a fully-protected area, or sanctuary area (including a portion of the terrestrial margin which is protected from development and excessive use), and a conservation area (which includes the remainder of the terrestrial margin).  The latter might be zoned in a number of different ways, depending on the vision and requirements for that estuary.

Table 6.3
Summary of the recommended extent of protection required and the priority for rehabilitation for each of the estuaries in the study area (Turpie and Clarke 2007)

	ESTUARY

(WEST TO EAST)
	CORE BIO-DIVERSITY SET
	RECOMMENDED EXTENT OF SANCTUARY PROTECTION
	RECOMMENDED EXTENT OF UNDEVELOPED MARGIN
	RECOMMENDED MINIMUM WATER REQUIREMENT (Ecological Category)


	Noetsie
	Core
	Half
	50%
	A or  B


The REC represents the proposed level of protection assigned to an estuary, which, in turn, is used to determine the Ecological Water Requirements.  To determine the 'minimum' Ecological Reserve Category of an estuary, based on its PPES, the following relationship is applied (Table 6.4):
Table 6.4
Guidelines for the Recommended Ecological Reserve Category (DWAF 2004)

	CURRENT/DESIRED PROTECTION STATUS AND ESTUARY IMPORTANCE
	RECOMMENDED ECOLOGICAL RESERVE CATEGORY
	POLICY BASIS

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

	Desired Protected Area
	
	

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

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

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


*  BAS = Best Attainable State

The Provisional Recommended Ecological Category for the Maalgate, Gwaing, Kaaimans and Noetsie estuaries, based on their Present Health State, Estuarine Importance and Conservation Importance are B, C, B and A (Table 6.5). The Provisional Recommended Ecological Category for the Noetsie was an A as it was ecologically important and in a relatively pristine condition (PPES = B). The study found that if the base flows were increase slightly and nutrient input was reduced (e.g. seepage from septic tanks from the Noetsie Castles), the estuary can be restored to a Category A with relative ease.

Table 6.5
Provisional Recommended Ecological Category for the Maalgate, Gwaing, Kaaimans, Noetsie estuaries
	PROVISIONAL RECOMMENDED ECOLOGICAL CATEGORY
	MAALGATE
	GWAING
	KAAIMANS
	NOETSIE

	
	B
	C
	B
	A


7. AN EVALUATION OF THE ESTUARINE ECOLOGICAL HEALTH STATUS OF THE FOUR ESTUARIES IN RESPONSE TO THE RIVER RECOMMENDED ECOLOGICAL CATEGORIES 
The Maalgate, Gwaing, Kaaimans and Noetsie estuarine health scores allocated in response to the respective RECs  of the rivers are summarised in Table 7.1. Appendix B provides the detail on the motivations for the individual scores. See Section 3.2 for detail on the allocation of scores and final calculations.

Table 7.1
The Maalgate, Gwaing, Kaaimans and Noetsie estuarine health status in response to the river RECs 

	COMPONENT
	WEIGHT
	MAALGATE
	GWAING
	KAAIMANS
	NOETSIE

	
	
	Score
	Wt score
	Score
	Wt score
	Score
	Wt score
	Score
	Wt score

	HABITAT ASSESSMENT
	
	
	
	
	
	
	
	
	

	Hydrology
	25
	37
	9
	38
	10
	58
	15
	70
	18

	Hydrodynamics & mouth condition
	25
	20
	5
	20
	5
	10
	3
	25
	6

	Water quality
	25
	64
	16
	34
	9
	76
	19
	72
	18

	Physical habitat alteration
	25
	50
	13
	50
	13
	70
	18
	90
	23

	HABITAT SCORE
	43
	36
	54
	64

	BIOLOGICAL ASSESSMENT
	
	
	
	
	
	
	
	
	

	Microalgae
	20
	60
	12
	20
	4
	60
	12
	60
	12

	Macrophytes
	20
	100
	20
	60
	12
	80
	16
	90
	18

	Invertebrates
	20
	40
	8
	35
	7
	60
	12
	50
	10

	Fish
	20
	90
	18
	20
	4
	85
	17
	90
	18

	Birds
	20
	95
	19
	80
	16
	85
	17
	85
	17

	BIOLOGICAL SCORE
	77
	43
	74
	75

	ESTUARINE HEALTH SCORE
	60
	39
	64
	70

	ECOLOGICAL STATUS
	D+
	E+
	C
	C

	PROVISIONAL REC
	B
	C
	B
	A


Wt= Weight

Based on the findings of the desktop analysis none of the River RECs met the requirements of the estuaries. The River RECs would degrade the PPES of the Maalgate and Gwiang estuaries by two Ecological Categories (Maalgate Estuary from a B to D+, Gwaing Estuary from a C to E+)  and the Kaaimans  and Noetsie estuaries by one category (from a B to C).
8. TOWARDS FURTHER REFINEMENT OF THE ECOLOGICAL WATER REQUIREMENTS OF THE GWAING ESTUARY 
8.1 Motivation and Background on hydrology

Subsequent to the initial evaluations discussed in Chapters 1 to 7, the larger Outeniqua catchment Ecological Water Requirements Study identified the Malgas River (which flows into Gwaing Estuary) to be the most preferable system for the develop for additional water resources for the town of George. This recommendation was based on yield, cost, environmental impact and a number of other aspects. In the light of this, the estuary team was asked to refine their initial desktop assessment of the Gwaing based on more refined hydrology.
The greater Outeniqua Study identified two schemes for further consideration, namely:

· The Malgas Pumping Scheme

· The Malgas Dam

All round, the Malgas Pumping Scheme was the best scheme to develop. Additionally, the nearby Witfontein Quarry could be used as possible temporary storage for this scheme. The Malgas Dam is to be located on the Malgas River upstream of its confluence with the Power Stream.  The dam’s operation plan will need to include flow releases to meet the EWR of the river.

The EWR site is located a short distance downstream of the confluence with the Power Stream close to the proposed pump station. It was found that the Power Stream is capable of meeting a great deal of the riverine EWR on its own without support from the dam. It must now be determined if this is also the case for the estuarine EWR of the Gwaing River.

To this end, a series of estuary flows have been compiled for a range of scenarios (see Figure 8.1 and Table 8.1 and Appendix D for more detail):


· Reference Conditions - No developments

· Present Day - neither scheme implemented (80.9% remaining)

· Scenario 1: Total high flow riverine EWR (class C) is met (64.1% remaining)

· Scenario 2: Base flow riverine EWR (class C) is met (62.3% remaining)

· Scenario 3: Total high flow riverine EWR (class B) is met (66.0% remaining)

· Scenario 4: No EWR is met (62.2% remaining)
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Figure 8.1
Simulated average monthly flows to the Gwaing Estuary under the various runoff scenarios
Table 8.1
A summary of the average simulated monthly flow under the various scenarios to the Gwaing Estuary and the comparative percentage remaining for each month

	Average simulated monthly flow (m3/s)

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

	Reference 
	1.523
	1.536
	1.097
	0.956
	0.971
	1.398
	1.232
	1.044
	0.671
	0.708
	1.145
	1.344
	1.135

	Present 
	1.238
	1.246
	0.798
	0.699
	0.724
	1.114
	1.027
	0.894
	0.598
	0.598
	0.960
	1.121
	0.919

	Scenario 1
	1.223
	1.061
	0.569
	0.482
	0.527
	0.962
	0.750
	0.686
	0.463
	0.408
	0.740
	0.853
	0.728

	Scenario 2
	0.930
	0.980
	0.594
	0.493
	0.523
	0.864
	0.798
	0.744
	0.470
	0.428
	0.766
	0.893
	0.707

	Scenario 3
	1.223
	1.158
	0.659
	0.510
	0.536
	1.017
	0.783
	0.668
	0.455
	0.405
	0.729
	0.842
	0.750

	Scenario 4
	0.931
	1.033
	0.604
	0.509
	0.528
	0.873
	0.803
	0.716
	0.425
	0.406
	0.744
	0.897
	0.706

	% MAR Remaining

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

	Present 
	81.3
	81.1
	72.8
	73.1
	74.6
	79.7
	83.3
	85.6
	89.0
	84.5
	83.8
	83.4
	80.9

	Scenario 1
	80.3
	69.1
	51.8
	50.4
	54.3
	68.8
	60.8
	65.7
	68.9
	57.7
	64.6
	63.5
	64.1

	Scenario 2
	61.1
	63.8
	54.1
	51.5
	53.9
	61.8
	64.7
	71.3
	70.0
	60.4
	66.9
	66.5
	62.3

	Scenario 3
	80.3
	75.4
	60.1
	53.3
	55.2
	72.8
	63.6
	64.0
	67.8
	57.2
	63.7
	62.6
	66.0

	Scenario 4
	61.1
	67.3
	55.1
	53.3
	54.4
	62.5
	65.1
	68.6
	63.3
	57.3
	64.9
	66.8
	62.2


In all the above scenarios it is assumed that the system is adjusted to perform optimally in terms of maximum achievable yield. A 7 million m3 Malgas Dam was assumed for these scenarios.


It must be noted that there is a Waste Water Treatment Works located near the river which makes discharges into the river about 10 km above the Gwaing Estuary. These discharges have been assumed to be constant. It has been determined that this treatment works will not be expanded beyond its present size (hence no increases in discharges).

8.2 Hydrodynamic States
The following three broad Hydrodynamic states (see Table 8.2) were defined for the Gwaing Estuary. The following aspects were taken into consideration in defining the hydrodynamic states:

· The Gwaing Estuary has an open water area of about 3 ha and a floodplain area of about 10 ha (derived from Google Earth images).

· There is limited sediment available from the marine environment and aerial photographs indicate that the berm is generally low and easily over topped during high tides.

· The salinity gradient in the estuary can normally be quite variable with good saline penetration on the high tide, but can become quite fresh during the low tide at high flow ranges.

· Some deep holes can occur in the upper reaches of the Gwaing Estuary, which could trap saline water and be more difficult to scour under normal flow conditions.

Table 8.2
Hydrodynamic States associated with the Gwaing Estuary

	State
	Description
	Flow range (m3/s)

	1
	Mouth closed or semi-closed
	< 0.2

	2
	Variable salinity gradient
	0.2 – 1.0

	3
	Freshwater dominated
	> 1.0


8.3 Present health

The individual provisional health scores for the various estuarine abiotic and biotic components for the Gwaing River’s REC are provided in Table 8.3.

Table 8.3
Individual provisional health scores for the various estuarine abiotic and biotic components of the Gwaing River’s REC 

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	91
	9% reduction in baseflow (flows < 1.0 m3/s).

	Floods
	40
	95
	3% based on the 99%ile, but could be more in summer.

	Total Hydrology
	
	93
	

	Hydrodynamics and Mouth condition
	100
	95
	Slight decrease  (from 13% to10%) in the occurrence of mouth closure (close and semi-close conditions) most likely due to return flow and WWTW.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	76
	Change in flow causing change in salinity distribution and stratification..

State

Closed

Gradient

Fresh

% Ref

13

50

37

% Present

10

62

28

% change

3

12

9

Weight

0.33

0.33

0.33



	Other WQ parameters
	60
	60
	WWTW situated 10 km from mouth, comprising about 10% of base flow to estuary (prior to Dec 2008, nutrient inputs from WWTW contributed to eutrophication in river, but should improve after upgrade).  Impact assumed to be less severe in estuary due to nutrient uptake by aquatic vegetation and improved aeration (e.g. rapids) between WWTW discharge site and estuary.  Possible toxic substances from road runoff (e.g. N2).  Assume a modification of 40% (assuming effluent quality prior to Dec 2008 - effect of improvement not expected to reflect in short term) 

	Total WQ
	
	66
	

	Physical habitat alteration
	100
	95
	Reduction in floods, infilling of sub tidal areas. Some land-use change

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	55
	BENTHIC COMMUNITY COMPOSITION

Baseflow: Likely to see a gradual shift to a community dominated by cyanophytes in the soft sediment in middle reaches of estuary (33% weighting). Floods: A reduction in floods reduces the frequency of scouring events (more stable conditions) but countered by reduced deposition of detritus following floods – 33% weighting.

Mouth condition: Closed mouth conditions results in the accumulation of detritus (shift to more cyanophytes) – 33% weighting. WQ: An increase in nutrients supports the process of eutrophication and the subsequent shift to a community dominated by cyanophytes (and euglenophytes in sandy sediment).

Formula: [change in flow/3]+[change in floods/3]+[change in mouth closure/3]+[change in water quality] = [+3]+[+1]+[+1]+[40] = 45%

	Macrophytes
	100
	80
	The small reduction in baseflow and floods would result in a less flushed stable system.  Such conditions promote the growth and spread of macrophytes particularly reeds.  Macrophyte growth would be encouraged further by nutrient input from the wastewater treatment plant which is situated only 10 km upstream from the estuary mouth.

	Invertebrates
	100
	70
	No change in species, but a change in the mix as a result of a more brackish system, poorer water quality, increased benthic micro-algae, increase in reeds and habitat changes. Changes to surface deposit feeders. In addition, the slight reduction in floods and particularly the open mouth condition could lead to more variable salinity values in the deeper holes.  If berm height increases slightly, overtopping may also become less frequent, adding to the increased variability in physical conditions in these deeper holes.

	Fish
	100
	50
	The fish assemblage is dominated by the opportunistic estuarine associated mullet Liza richardsonii.  The rest of the fish assemblage comprises obligate estuarine dependent species such as white steenbras Lithognathus lithognathus and Cape moony Monodactylus falciformis, but in very low numbers   Estuarine breeders, most notably estuarine roundherring G.aestuaria, appear to no longer occur in the system.  This absence is likely to be permanent and not remedied by any changes in flow.  Marine species are absent but this is typical of small blackwater estuaries.  

	Birds
	100
	80
	The estuary is more productive with more reedbed habitat, although slightly more brackish as well.  There are no significant changes in invertebrate or fish abundance.  The increased productivity may make the estuary slightly more attractive to birds, but numbers will remain low.   


8.4 PROVISIONAL PRESENT ECOLOGICAL STATUS
The estuarine health scores allocated for the Provisional Present Health Status to the Gwaing estuary are summarised in Table 8.4. Appendix A provides the detail on the motivations for the individual scores.

Table 8.4
Provisional Present Ecological Health Status for the Gwaing Estuary 

	COMPONENT
	WEIGHT
	Score
	Weight score

	HABITAT ASSESSMENT
	
	
	

	Hydrology
	25
	93
	23

	Hydrodynamics & mouth condition
	25
	95
	24

	Water quality
	25
	66.4
	17

	Physical habitat alteration
	25
	95
	24

	HABITAT SCORE
	87

	BIOLOGICAL ASSESSMENT
	
	
	

	Microalgae
	20
	55
	11

	Macrophytes
	20
	80
	16

	Invertebrates
	20
	70
	14

	Fish
	20
	50
	10

	Birds
	20
	80
	16

	BIOLOGICAL SCORE
	67

	ESTUARINE HEALTH SCORE
	77

	PROVISIONAL PES
	B


The Estuarine Health score for the Gwaing Estuary based on its Present Status is 77.  This translates into Provisional Present Ecological Status of a B, Largely natural with few modifications (defined in Chapter 5, Table 5.2).
The degree to which the Ecological Category needs to be elevated above the Present Ecological Status depends on the level of importance and the level of protection or desired protection of a particular estuary. As stated in Chapter 5 the study found that the Gwaing Estuary were of average importance (Importance score between 0 – 60) on a regional scale.  Therefore the revised Provisional Recommended Ecological Category for the Gwaing Estuary, based on the improved hydrology, Present Health State, Estuarine Importance is to maintain its Provisional Present Ecological Status of a B  (see Table 6.5 for detail). 

8.5 Future Scenarios

The Gwaing estuarine health scores allocated in response to the respective hydrological scenarios are summarised in Table 8.5. Appendix C provides the detail on the motivations for the individual scores, while Appendix D provides the detail on the simulated monthly flows and the occurrence of the hydrodynamic states over the 79-year period. See Section 3.2 for detail on the allocation of scores and final calculations.

Table 8.5
The Gwaing estuarine health status in response to the various simulated flow scenarios 

	COMPONENT
	WEIGHT
	1:
	2:
	3:
	4:

	
	
	Score
	Wt score
	Score
	Wt score
	Score
	Wt score
	Score
	Wt score

	HABITAT ASSESSMENT
	
	
	
	
	
	
	
	
	

	Hydrology
	25
	82
	21
	85
	21
	83
	21
	79
	20

	Hydrodynamics & mouth condition
	25
	90
	23
	50
	13
	95
	24
	40
	10

	Water quality
	25
	63.2
	16
	59
	15
	64
	16
	52
	13

	Physical habitat alteration
	25
	80
	20
	90
	23
	80
	20
	90
	23

	HABITAT SCORE
	79
	71
	81
	65

	BIOLOGICAL ASSESSMENT
	
	
	
	
	
	
	
	
	

	Microalgae
	20
	47
	9.4
	41
	8.2
	48
	9.6
	41
	8.2

	Macrophytes
	20
	60
	12
	55
	11
	60
	12
	45
	9

	Invertebrates
	20
	55
	11
	50
	10
	55
	11
	45
	9

	Fish
	20
	40
	8
	30
	6
	40
	8
	25
	5

	Birds
	20
	70
	14
	65
	13
	70
	14
	65
	13

	BIOLOGICAL SCORE
	54
	48
	55
	42

	ESTUARINE HEALTH SCORE
	67
	60
	68
	54

	ECOLOGICAL STATUS
	C
	D+
	C
	D

	PROVISIONAL REC
	B
	B
	
	


Wt= Weight

The degree to which the Ecological Category needs to be elevated above the Present Ecological Status depends on the level of importance and the level of protection or desired protection of a particular estuary. As stated before the study found that the Gwaing Estuary were of average importance (Importance score between 0 – 60) on a regional scale.  Therefore the Provisional Recommended Ecological Category for the Gwaing Estuary, based on its Present Health State, Estuarine Importance and Conservation Importance are B (see Table 6.5 for detail). 

Based on the findings of the desktop analysis none of the future scenarios meets the requirements of the estuary. All the future scenarios would degrade the PPES of the Gwiang Estuary by  one or two Ecological Categories (from a B to a C or D).
9. RECOMMENDATIONS

Using the Estuarine Health Index to determine the Desktop Estuarine RDM for the Maalgate, Gwaing, Kaaimans and Noetsie estuaries add scientific rigor to the process and were quite successful. This approach should be further explored in future studies as input to regional scale water resources studies or the National Water Resources Strategy.

The reassessment of the Gwaing Estuary’s flow requirements clearly showed that any estuarine RDM assessment is very dependant on the accuracy of the river inflow data. For estuaries on the receiving end of small catchments, quaternary scale runoff data often do not provide sufficient resolution to increase confidence of the health assessment beyond 40% (i.e. low confidence). It is recommended that river inflow data be provided at appropriate scales for future studies to eliminate some of the uncertainties inherently involved in desktop evaluations.

Following recommendations are made for future RDM studies in the region:

· As the Provisional RECs for the Noetsie Estuary is an A, it is strongly recommended that an Intermediate Estuarine Reserve study be conducted on the Noetsie Estuary to determine its Estuarine REC with a confidence that would allow for decisive management actions.  

· It is also recommended that a Rapid Estuarine Reserve study be conducted on the Kaaimans Estuary to assist with the allocation of water resources in the region without compromising the long-term functioning of the Kaaimans Estuary.
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APPENDIX A

PROVISIONAL PRESENT ECOLOGICAL STATUS FOR THE MAALGATE, GWAING, KAAIMANS AND NOETSIE ESTUARIES

A. 1 
MAALGATE

The provisional health scores for the various abiotic and biotic components of the Maalgate Estuary are provided in Table A.1.

Table A.1
Individual provisional health scores for the various abiotic and biotic components of the Maalgate Estuary

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	50
	39% reduction in MAR, with a significantly higher reduction in summer months.

	Floods
	40
	100
	No significant change.

	Total Hydrology
	
	70
	

	Hydrodynamics and Mouth condition
	100
	60
	Mouth closure increased from 5% to 20%, with an increase in summer closures.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	65
	More frequent mouth closure.

	Other WQ parameters
	60
	80
	Receives runoff from dairy farms and the National Road, but it is assumed that vegetation upstream of the estuary (e.g. Palmiet, sedges and reeds) to some extent acts as a filter and that pollution loads to the estuary are not that high.

	Total WQ
	
	74
	

	Physical habitat alteration
	100
	95
	No changes in floods.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	80
	Enrichment will cause an increase in biomass of microbenthic algae.

	Macrophytes
	100
	100
	No estuarine vegetation in the estuary.

	Invertebrates
	100
	50
	Slight enrichment, greater mouth closure, more brackish system and an increase in microbenthic algae could have caused a shift to surface deposit feeders.

	Fish
	100
	95
	Decrease in abundance as a result of more mouth closure.


A.2
GWAING ESTUARY

The provisional health scores for the various abiotic and biotic components of the Gwaing Estuary are provided in Table A.2
Table A.2
Individual provisional health scores for the various abiotic and biotic components of the Gwaing Estuary

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	65
	25% of 50% of run of the flow; low flows could be mitigated by sewage inflow.

	Floods
	40
	100
	No significant change.

	Total Hydrology
	
	79
	

	Hydrodynamics and Mouth condition
	100
	70
	Baseflow reduction in summer, closure occurs more frequently with a 5% to 15% increase in summer closures.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	70
	System slightly more saline from Reference condition, as there is not a significant increase in closure, but as there is less base flow to the estuary.

	Other WQ parameters
	60
	50
	Most polluted of the four systems. Anthropogenic waste inputs from the George area (e.g. sewage runoff) causes enrichment of nutrients, with possible toxic substances from road runoff.

	Total WQ
	
	58
	

	Physical habitat alteration
	100
	95
	No changes in floods, afforestation in catchment may cause some changes in mud/sand fractions.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	50
	Enrichment increased biomass mostly of benthic microalgae.

	Macrophytes
	100
	80
	The increase in low flow conditions and nutrients would cause some increase in the growth of reeds and sedges.

	Invertebrates
	100
	50
	No change in species richness, but a change in the mix of species related to increased benthic microalgae, reeds and physical habitat changes. More surface deposit feeders will occur.

	Fish
	100
	50
	Loss of species with a preference for freshwater e.g. Myxus capensis and an in increase in opportunistic species e.g. Liza richardsonii.

	Birds
	100
	90
	Little change, not many birds occur in these systems.  The increase in habitat (reeds) may lead to a slight increase in numbers.


A.3
KAAIMANS ESTUARY

The provisional health scores for the various abiotic and biotic components of the Kaaimans Estuary are provided in Table A.3.

Table A.3
Individual provisional health scores for the various abiotic and biotic components of the Kaaimans Estuary

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	75
	24% change in MAR (abstraction for George).

	Floods
	40
	75
	Some reduction in floods (24% change in MAR); two dams on system.

	Total Hydrology
	
	75
	

	Hydrodynamics and Mouth condition
	100
	100
	

	Water Quality (WQ)
	
	
	

	Salinity
	40
	80
	24% reduction in MAR, more saline.

	Other WQ parameters
	60
	80
	N2 national road runs across this system, possibly leaching trace metals (e.g. lead) and other toxic substances into the water column; road construction increased turbidity; nutrient enrichment is possible.

	Total WQ
	
	80
	

	Physical habitat alteration
	100
	80
	Reduced floods (25%), but scouring still occurs due to incised shape of the estuary.  Possible increase in silt and clays to system. 

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	80
	Enrichment and sediment change lead to increase biomass.

	Macrophytes
	100
	90
	Maybe some increase/occurrence of Zostera and reeds and sedges due to enrichment, increased occurrence of low flow, reduction in floods allows for increase in macrophytes biomass.

	Invertebrates
	100
	60
	Slight increase in mud; sandbank in mouth channel - marine side more persistent.  Species mix has changed, but no species lost.

	Fish
	100
	90
	Similar to Reference conditions. Good condition with high abundance in 2006 survey, but low in the Harrison survey (Harrison unpublished data) - thus numbers and abundance fluctuate between floods.

	Birds
	100
	90
	More variety than Reference conditions, more muddy more productive, but still low in biomass.


A.4
NOETSIE ESTUARY

The provisional health scores for the various abiotic and biotic components of the Noetsie Estuary are provided in Table A.4.

Table A.4
Individual provisional health scores for the various abiotic and biotic components of the Noetsie Estuary

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	80
	Take 10% away from 50% of flows.  Based on assumption run-of-river abstractions.  

	Floods
	40
	100
	No large dams. No significant change.

	Total Hydrology
	
	88
	

	Hydrodynamics and Mouth condition
	100
	50
	Mouth closure increased 10% to 30% with an increase in summer closure.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	80
	During closed mouth conditions salinity can drop to 10 ppt, thus the system is more fresh due to increase in mouth closures.

	Other WQ parameters
	60
	80
	Possible nutrient enrichment from upstream areas plus localised input from castles and other houses in the area (e.g. septic tanks).

	Total WQ
	
	80
	

	Physical habitat alteration
	100
	95
	No changes in floods.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	80
	Less oligotrophic, slightly higher biomass.

	Macrophytes
	100
	90
	Nutrient enrichment, some increase in the growth and distribution of reeds.

	Invertebrates
	100
	60
	The estuary is fresher for much longer periods, this will result in an increase in freshwater insects. Calliannassa breed at a salinity range higher than 17-20 ppt, if salinity decreased to lower levels during summer this species can possibly disappear from the system.

	Fish
	100
	95
	Minimal change expected.

	Birds
	100
	90
	Some enrichment: more visitation from water fowl, increase in the number of waders.


APPENDIX B

THE ESTUARINE ECOLOGICAL HEALTH STATUS IN RESPONSE TO THE RIVER RECOMMENDED ECOLOGICAL CATEGORIES

B.1
MAALGATE ESTUARY

The individual provisional health scores for the various estuarine abiotic and biotic components for the Maalgate River’s REC are provided in Table B.1.

Table B.1
Individual provisional health scores for the various abiotic and biotic components for the Maalgate River’s REC

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	37
	Preliminary estimate provided by team hydrologist based on river REC. Assume that base flows and floods would be similarly affected due to lack of data.

	Floods
	40
	37
	Preliminary estimate provided by team hydrologist based on river REC. Assume that base flows and floods would be similarly affected due to lack of data.

	Total Hydrology
	
	37
	

	Hydrodynamics and Mouth condition
	100
	20
	Mouth closure increased from 5% to 50%; there would be an increase in summer closures.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	40
	System closes more - becomes fresher.

	Other WQ parameters
	60
	80
	Receives runoff from dairy farms and the national road, but it is assumed that vegetation upstream of the estuary (e.g. Palmiet, sedges and reeds) to some extent acts as a filter and that pollution loads that reach the estuary are not that high.

	Total WQ
	
	64
	

	Physical habitat alteration
	100
	50
	Reduction in floods, infilling of subtidal areas.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	60
	Some enrichment, but extended mouth closure and fresher system can cause a decrease in biomass.

	Macrophytes
	100
	100
	No estuarine vegetation.

	Invertebrates
	100
	40
	Slight enrichment, greater mouth closure, more brackish system and increase in micro benthic algae can cause a shift to surface deposit feeders.

	Fish
	100
	90
	Changes in mouth closure and a fresher system can change abundance and community composition. 

	Birds
	100
	95
	Slight change to a more productive system.


B.2
GWAING ESTUARY

The individual provisional health scores for the various estuarine abiotic and biotic components for the Gwaing River’s REC are provided in Table B.2.
Table B.2
Individual provisional health scores for the various estuarine abiotic and biotic components of the Gwaing River’s REC

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	38
	Preliminary estimate provided by team hydrologist based on river REC. Assume that base flows and floods would be similarly affected due to lack of data.

	Floods
	40
	38
	Preliminary estimate provided by team hydrologist based on river REC. Assume that base flows and floods would be similarly affected due to lack of data.

	Total Hydrology
	
	38
	

	Hydrodynamics and Mouth condition
	100
	20
	Baseflow reduction in summer results in increased mouth closure from 5% to 50%, especially in summer.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	40
	System closes more often and becomes fresher.

	Other WQ parameters
	60
	30
	Most polluted of the four systems. Anthropogenic waste inputs from the George area (e.g. sewage runoff) causes enrichment of nutrients, with possible toxic substances from road runoff. Assuming that the WWTW will function as present (i.e. most flows will be sewage).

	Total WQ
	
	34
	

	Physical habitat alteration
	100
	50
	Reduction in floods, infilling of sub tidal areas.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	20
	Increase in biomass due to larger nutrient inputs from WWTW, which makes up large fraction of the inflow.

	Macrophytes
	100
	60
	Increase in the spread of macrophytes. High nutrients may cause macroalgal growth during closure.

	Invertebrates
	100
	35
	No change in species, but a change in the mix as a result of a more brackish system, poorer water quality, increased benthic micro-algae, increase in reeds and habitat changes. Changes to surface deposit feeders.

	Fish
	100
	20
	Only one species left Liza Richardsonii (mullet).

	Birds
	100
	80
	A fresher, more productive estuary with fewer habitats and more reeds may be more attractive to waterfowl.


B.3
KAAIMANS ESTUARY

The individual provisional health scores for the various estuarine abiotic and biotic components for the Kaaimans River’s REC are provided in Table B.3..

Table B.3
Individual provisional health scores for the various estuarine abiotic and biotic components of the Kaaimans River’s REC

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	58
	Preliminary estimate provided by team hydrologist based on river REC. Assume that base flows and floods would be similarly affected due to lack of data.

	Floods
	40
	58
	Preliminary estimate provided by team hydrologist based on river REC. Assume that base flows and floods would be similarly affected due to lack of data.

	Total Hydrology
	
	58
	

	Hydrodynamics and Mouth condition
	100
	10
	Major reduction in river inflow will lead to a 10% - 15% closure, but as the system is permanently open currently this is seen as significant.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	70
	The estuary will be more marine dominated when open, but become fresher when closed.



	Other WQ parameters
	60
	80
	N2 national road runs across this system, possibly leaching trace metals (e.g. lead) and other toxic substances into the water column; road construction increased turbidity; nutrient enrichment is possible.

	Total WQ
	
	76
	

	Physical habitat alteration
	100
	70
	Reduction in floods and related infilling of subtidal areas.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	60
	Some enrichment, but extended mouth closure and fresher system will decrease biomass.

	Macrophytes
	100
	80
	Enrichment, increase in low flows and a reduction in floods will increase stability and allow for an increase in macrophyte distribution and growth. There may be an increase in Zostera capensis and sedge cover. 

	Invertebrates
	100
	60
	Slight increase in muddiness; development of sandbank in mouth channel with the marine sediment more persistent in lower reaches may cause the species mix to change, but there will be no species loss.  

	Fish
	100
	85
	Changes in mouth closure and a fresher system can change abundance and community composition. 

	Birds
	100
	85
	More variety in habitats than under the Reference Condition. The estuary will also be more muddy and therefore be more productive, but still low in biomass.


B.4
NOETSIE ESTUARY

The individual provisional health scores for the various estuarine abiotic and biotic components for the Kaaimans River’s REC are provided in Table B.4..

Table B. 4
Individual provisional health scores for the various abiotic and biotic components of the Noetsie for the River’s REC

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	50
	Preliminary estimate provided by team hydrologist based on river REC. Only base flow reductions being evaluated for river.

	Floods
	40
	100
	Preliminary estimate provided by team hydrologist based on river REC. No large dams planned.

	Total Hydrology
	
	70
	

	Hydrodynamics and Mouth condition
	100
	25
	Mouth closure increased 10% to 50% with an increase in summer closure.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	60
	The estuary is fresher as a result of increased mouth closure.

	Other WQ parameters
	60
	80
	Possible nutrient enrichment from upstream areas plus localised input from castles and other houses in the area (e.g. septic tanks).

	Total WQ
	
	72
	

	Physical habitat alteration
	100
	90
	No changes in floods.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	60
	Some enrichment, but extended mouth closure with a fresher system will lead to a decrease in biomass

	Macrophytes
	100
	90
	Nutrient enrichment can lead to an increase in reeds. There may be a die-back of the dominant intertidal macrophyte Cotula coronopifolia as a result of increased summer closure and higher water levels.

	Invertebrates
	100
	50
	As the estuary will be fresher for much longer periods there would be an increase in insect species. As Calliannassa breed at salinity values above 17-20ppt the decrease in salinity could lead to their disappearance from the system.

	Fish
	100
	90
	Some change in abundance and species richness expected due to increased closure.

	Birds
	100
	85
	The estuary will be fresher and more productive with less habitat.


APPENDIX C

DETAIL OF THE EVALUATION OF THE GWAING ESTUARY ECOLOGICAL HEALTH STATUS IN RESPONSE TO THE RIVER RECOMMENDED ECOLOGICAL CATEGORIES

C.1
Scenario 1: Total high flow riverine EWR (class C) is met 

The individual provisional health scores for the various estuarine abiotic and biotic components if the total high flow riverine EWR (Class C) is met for the Gwaing River’s is provided in Table C.1.

Table C.1
Individual provisional health scores for the various estuarine abiotic and biotic components if the total high flow riverine EWR (Class C) is met

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	84
	16% reduction in baseflow (flows < 1.0 m3/s).

	Floods
	40
	80
	Average reduction of ~18% (based on the 99%ile), but could be more in summer.

	Total Hydrology
	
	82
	

	Hydrodynamics and Mouth condition
	100
	90
	Slight increase (from 13% to 20%) in the occurrence of mouth closure (close and semi-close conditions).

	Water Quality (WQ)
	
	
	

	Salinity
	40
	68
	Change in flow causing change in salinity distribution and stratification.

State

Closed

Gradient

Fresh

Total

% change

7

9

16

68

Weight

0.33

0.33

0.33

1



	Other WQ parameters
	60
	60
	WWTW situated 10 km from mouth, comprising about 10% of base flow to estuary (prior to Dec 2008, nutrient inputs from WWTW contributed to eutrophication in river, but should improve after upgrade).  Impact assumed to be less severe in estuary due to nutrient uptake by aquatic vegetation and improved aeration (e.g. rapids) between WWTW discharge site and estuary.  Possible toxic substances from road runoff (e.g. N2).  Assume a modification of 40%, similar to Present State (assuming effluent quality prior to Dec 2008 - effect of improvement not expected to reflect in short term)

	Total WQ
	
	63
	

	Physical habitat alteration
	100
	80
	Reduction in floods, infilling of sub tidal areas. Some land-use change

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	47
	BENTHIC COMMUNITY COMPOSITION

Baseflow: Likely to see a gradual shift to a community dominated by cyanophytes in the soft sediment in middle reaches of estuary (33% weighting).

Floods: A reduction in floods reduces the frequency of scouring events (more stable conditions) but countered by reduced deposition of detritus following floods (33% weighting).

Mouth condition: Closed mouth conditions results in the accumulation of detritus (shift to more cyanophytes) (33% weighting).

Water Quality: An increase in nutrients supports the process of eutrophication and the subsequent shift to a community dominated by cyanophytes (and euglenophytes in sandy sediment).

Formula: [change in flow/3]+[change in floods/3]+[change in mouth closure/3]+[change in water quality] = [+5]+[+6]+[+2]+[40] = 53%

	Macrophytes
	100
	60
	Floods are reduced by approximately 18% which would result in stable sediment conditions and macrophyte encroachment into the main estuary channel.  Macrophyte growth would be encouraged further by nutrient input from the wastewater treatment plant which is situated only 10 km upstream from the estuary mouth.

	Invertebrates
	100
	55
	The reduction in floods and particularly the open mouth condition could lead to more variable salinity values in the deeper holes.  If berm height increases slightly, overtopping may also become less frequent, adding to the increased variability in physical conditions in these deeper holes.  Increased nutrient loading will increase eutrophication and coupled with  greater macrophyte coverage, there will be a change in community composition.

	Fish
	100
	40
	The fish assemblage is dominated by the opportunistic estuarine associated mullet Liza richardsonii. The rest of the fish assemblage comprises obligate estuarine dependent species such as white steenbras Lithognathus lithognathus and Cape moony Monodactylus falciformis, but in very low numbers   Estuarine breeders, most notably estuarine roundherring G.aestuaria, appear tono longer occur in the system.  Further reduction in open-mouth conditions and overwash will reduce the likelihood of recolonization by G. aestuaria and recruitment by obligate estuarine-dependent species, especially Rhabdosargus holubi and L. lithognathus...  Marine species are absent but this is typical of small blackwater estuaries.  This said, an increase in reed coverage may provide refuge and enhance survival of those species that do recruit into the estuary.

	Birds
	100
	70
	Further increases in productivity may lead to slightly increased average bird numbers, ie a further departure from natural conditions


C.2
Scenario 2: Base flow riverine EWR (class C) is met

The individual provisional health scores for the various estuarine abiotic and biotic components for the if the base flow riverine EWR (class C) is met  for the Gwaing River’s are provided in Table C.2.

Table C.2
Individual provisional health scores for the various estuarine abiotic and biotic components of the base flow riverine EWR (class C) is met  

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	82
	18% reduction in baseflow (flows < 1.0 m3/s).

	Floods
	40
	90
	Average reduction of ~10% (based on the 99%ile), but could be more in summer.

	Total Hydrology
	
	85
	

	Hydrodynamics and Mouth condition
	100
	50
	Slight increase (from 13% to 28 %) in the occurrence of mouth closure (close and semi-close conditions). Score according to guidelines.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	65
	Change in flow causing change in salinity distribution and stratification.

State

Closed

Gradient

Fresh

Total

% change

15

3

17

65

Weight

0.33

0.33

0.33

1



	Other WQ parameters
	60
	55
	WWTW situated 10 km from mouth, comprising about 10% of base flow to estuary (prior to Dec 2008, nutrient inputs from WWTW contributed to eutrophication in river, but should improve after upgrade).  Impact assumed to be less severe in estuary due to nutrient uptake by aquatic vegetation and improved aeration (e.g. rapids) between WWTW discharge site and estuary.  Possible toxic substances from road runoff (e.g. N2).  Assume a modification of 45%, slightly worse than Present State (assuming effluent quality prior to Dec 2008 - effect of improvement not expected to reflect in short term)

	Total WQ
	
	59
	

	Physical habitat alteration
	100
	90
	Reduction in floods, infilling of sub tidal areas. Some land-use change.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	41
	BENTHIC COMMUNITY COMPOSITION

Baseflow: Likely to see a gradual shift to a community dominated by cyanophytes in the soft sediment in middle reaches of estuary (33% weighting).

Floods: A reduction in floods reduces the frequency of scouring events (more stable conditions) but countered by reduced deposition of detritus following floods – 33% weighting.

Mouth condition: Closed mouth conditions results in the accumulation of detritus (shift to more cyanophytes) – 33% weighting.

Water Quality: An increase in nutrients supports the process of eutrophication and the subsequent shift to a community dominated by cyanophytes (and euglenophytes in sandy sediment).

Formula: [change in flow/3]+[change in floods/3]+[change in mouth closure/3]+[change in water quality] = [+6]+[+3]+[+5]+[45] = 59%

	Macrophytes
	100
	55
	The small reduction in baseflow and floods would result in a less flushed stable system.  Such conditions promote the growth and spread of macrophytes, particularly reeds.  

There is an increase in closed mouth conditions from 13 to 28%.  During this phase there would be an increase in macroalgae in response to the nutrient input from the wastewater treatment plant.  

	Invertebrates
	100
	50
	The increase in mouth closure will lead to more variable salinity values in the deeper holes as salinity intrusion to the estuary will decrease.  If berm height increases slightly, overtopping may also become less frequent, adding to the increased variability in physical conditions in these deeper holes.  Increased nutrient loading will increase eutrophication and coupled with  greater macrophyte coverage, there will be a further shift in community composition.

	Fish
	100
	30
	The fish assemblage is dominated by the opportunistic estuarine associated mullet Liza richardsonii. The rest of the fish assemblage comprises obligate estuarine dependent species such as white steenbras Lithognathus lithognathus and Cape moony Monodactylus falciformis, but in very low numbers   Estuarine breeders, most notably estuarine roundherring G.aestuaria, appear tono longer occur in the system.  Further reduction in open-mouth conditions and overwash will reduce the likelihood of recolonization by G. aestuaria and recruitment by obligate estuarine-dependent species, especially Rhabdosargus holubi and L. lithognathus...  Marine species are absent but this is typical of small blackwater estuaries.  This said, an increase in reed coverage may provide refuge and enhance survival of those species that do recruit into the estuary. 

	Birds
	100
	65
	Further increases in productivity coupled with increased closure may lead to sytem which is more attractive to waterfowl and piscivores, and thus slightly increased average bird numbers. 


C.3
Scenario 3: Total high flow riverine EWR (class B) is met

The individual provisional health scores for the various estuarine abiotic and biotic components for the if total high flow riverine EWR (class B) is met for the Gwaing River are provided in Table C.3.

Table C.3
Individual provisional health scores for the various estuarine abiotic and biotic components if total high flow riverine EWR (class B) is met

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	85
	15% reduction in baseflow (flows < 1.0 m3/s).

	Floods
	40
	80
	Average reduction of ~17% (based on the 99%ile), but could be more in summer.

	Total Hydrology
	
	83
	

	Hydrodynamics and Mouth condition
	100
	95
	Slight increase (from 13% to16%) in the occurrence of mouth closure (close and semi-close conditions).

	Water Quality (WQ)
	
	
	

	Salinity
	40
	70
	Change in flow causing change in salinity distribution and stratification.

State

Closed

Gradient

Fresh

Total

% change

3

12

15

70

Weight

0.33

0.33

0.33

1



	Other WQ parameters
	60
	60
	WWTW situated 10 km from mouth, comprising about 10% of base flow to estuary (prior to Dec 2008, nutrient inputs from WWTW contributed to eutrophication in river, but should improve after upgrade).  Impact assumed to be less severe in estuary due to nutrient uptake by aquatic vegetation and improved aeration (e.g. rapids) between WWTW discharge site and estuary.  Possible toxic substances from road runoff (e.g. N2).  Assume a modification of 40%, similar to Present State (assuming effluent quality prior to Dec 2008 - effect of improvement not expected to reflect in short term)

	Total WQ
	
	64
	

	Physical habitat alteration
	100
	80
	Reduction in floods, infilling of sub tidal areas. Some land-use change.

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	48
	BENTHIC COMMUNITY COMPOSITION

Baseflow: Likely to see a gradual shift to a community dominated by cyanophytes in the soft sediment in middle reaches of estuary (33% weighting).

Floods: A reduction in floods reduces the frequency of scouring events (more stable conditions) but countered by reduced deposition of detritus following floods – 33% weighting.

Mouth condition: Closed mouth conditions results in the accumulation of detritus (shift to more cyanophytes) – 33% weighting.

Water Quality: An increase in nutrients supports the process of eutrophication and the subsequent shift to a community dominated by cyanophytes (and euglenophytes in sandy sediment).

Formula: [change in flow/3]+[change in floods/3]+[change in mouth closure/3]+[change in water quality] = [+5]+[+6]+[+1]+[40] = 52%

	Macrophytes
	100
	60
	Floods are reduced by approximately 17% which would result in stable sediment conditions and macrophyte encroachment into the main estuary channel.  Macrophyte growth would be encouraged further by nutrient input from the wastewater treatment plant which is situated only 10 km upstream from the estuary mouth.

	Invertebrates
	100
	55
	Mouth closure under this scenario will be less frequent compared to the previous scenario.  Nutrient loading,and macrophyte encroachment will lead to a change in community structure, compared to natural,although the community is likely to be similar to present.

	Fish
	100
	40
	The fish assemblage is dominated by the opportunistic estuarine associated mullet Liza richardsonii. The rest of the fish assemblage comprises obligate estuarine dependent species such as white steenbras Lithognathus lithognathus and Cape moony Monodactylus falciformis, but in very low numbers   Estuarine breeders, most notably estuarine roundherring G.aestuaria, appear tono longer occur in the system.  Further reduction in open-mouth conditions and overwash will reduce the likelihood of recolonization by G. aestuaria and recruitment by obligate estuarine-dependent species, especially Rhabdosargus holubi and L. lithognathus...  Marine species are absent but this is typical of small blackwater estuaries.  This said, an increase in reed coverage may provide refuge and enhance survival of those species that do recruit into the estuary.

	Birds
	100
	70
	Further increases in productivity may lead to slightly increased average bird numbers, ie a further departure from natural conditions


C.4
Scenario 4: No EWR is met

The individual provisional health scores for the various estuarine abiotic and biotic components for the if the no EWR is met  for the Gwaing River’s are provided in Table C.4.

Table C.4
Individual provisional health scores for the various estuarine abiotic and biotic components of the if no EWR is met

	COMPONENT
	Weight
	Score
	Motivation

	HABITAT HEALTH
	
	
	

	Hydrology
	
	
	

	Low flows
	60
	72
	28% reduction in baseflow (flows < 1.0 m3/s).

	Floods
	40
	90
	Average reduction of ~9% (based on the 99%ile), but could be more in summer.

	Total Hydrology
	
	79
	

	Hydrodynamics and Mouth condition
	100
	40
	Significant increase (from 13% to 35%) in the occurrence of mouth closure (close and semi-close conditions). Score according to guidelines.

	Water Quality (WQ)
	
	
	

	Salinity
	40
	56
	Change in flow causing change in salinity distribution and stratification.

State

Closed

Gradient

Fresh

Total

% change

22

6

16

56

Weight

0.33

0.33

0.33

1



	Other WQ parameters
	60
	50
	WWTW situated 10 km from mouth, comprising about 10% of base flow to estuary (prior to Dec 2008, nutrient inputs from WWTW contributed to eutrophication in river, but should improve after upgrade).  Impact assumed to be less severe in estuary due to nutrient uptake by aquatic vegetation and improved aeration (e.g. rapids) between WWTW discharge site and estuary.  Possible toxic substances from road runoff (e.g. N2).  Assume a modification of 50%, 10% more modified than Present State (assuming effluent quality prior to Dec 2008 - effect of improvement not expected to reflect in short term)

	Total WQ
	
	52
	

	Physical habitat alteration
	100
	90
	Reduction in floods, infilling of sub tidal areas. Some land-use change

	BIOTIC HEALTH 
	
	
	

	Microalgae
	100
	31
	BENTHIC COMMUNITY COMPOSITION

Baseflow: Likely to see a gradual shift to a community dominated by cyanophytes in the soft sediment in middle reaches of estuary (33% weighting).

Floods: A reduction in floods reduces the frequency of scouring events (more stable conditions) but countered by reduced deposition of detritus following floods – 33% weighting.

Mouth condition: Closed mouth conditions results in the accumulation of detritus (shift to more cyanophytes) – 33% weighting.

Water Quality: An increase in nutrients supports the process of eutrophication and the subsequent shift to a community dominated by cyanophytes (and euglenophytes in sandy sediment).

Formula: [change in flow/3]+[change in floods/3]+[change in mouth closure/3]+[change in water quality] = [+9]+[+3]+[+7]+[50] = 69%

	Macrophytes
	100
	45
	The reduction in baseflow and floods would result in a less flushed stable system.  Such conditions promote the growth and spread of macrophytes, particularly reeds.  

The two most important factors influencing the macrophtyes in this scenario is the increase in closed mouth conditions (13 to 35%) and increase in nutrients.  The combination of these conditions would have a severe impact on the estuary potentially resulting in eutrophic conditions during the closed mouth phase where there would be an increase in macroalgal growth.  If the estuary was fresh during the closed mouth phase this would promote the growth of undesirable aquatic weeds such as water hyacinth, water lettuce and water fern.   



	Invertebrates
	100
	
	Under this scenario, mouth closure is considerably more prevalent compared to natural. Marine influence will decrease, physico-chemical conditions in the deeper holes will become more variable and these holes are likely to become more shallow.  Macrophyte encroachment and the possibility of eutrophication will add to a significant change in community composition.

	Fish
	100
	25
	The fish assemblage is dominated by the opportunistic estuarine associated mullet Liza richardsonii. The rest of the fish assemblage comprises obligate estuarine dependent species such as white steenbras Lithognathus lithognathus and Cape moony Monodactylus falciformis, but in very low numbers   Estuarine breeders, most notably estuarine roundherring G.aestuaria, appear tono longer occur in the system.  Further reduction in open-mouth conditions and overwash will reduce the likelihood of recolonization by G. aestuaria and recruitment by obligate estuarine-dependent species, especially Rhabdosargus holubi and L. lithognathus...  Marine species are absent but this is typical of small blackwater estuaries.  This said, an increase in reed coverage may provide refuge and enhance survival of those species that do recruit into the estuary.

	Birds
	100
	65
	Further increases in productivity coupled with increased closure may lead to sytem which is more attractive to waterfowl and piscivores, and thus slightly increased average bird numbers,


APPENDIX D

THE SIMULATED MONTHLY FLOW SCENARIOS TO THE GWAING ESTAURY

Table D.1
Simulated Monthly flows for Gwaing Estuary (m3/s) – Reference Conditions

[image: image7.emf]YEAR Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Ave

1925 2.975 0.575 1.572 0.676 0.134 0.352 0.305 0.195 0.517 0.728 0.612 0.478 0.760

1926 1.825 2.223 0.634 0.568 1.299 0.836 0.286 0.684 0.443 0.203 0.295 0.286 0.799

1927 0.212 0.208 0.1 0.041 0.085 3.581 1.554 0.216 0.2 0.153 0.556 1.212 0.677

1928 0.616 7.616 4.391 0.736 0.344 0.579 0.351 0.417 0.513 1.743 1.731 2.677 1.810

1929 1.292 0.371 1.632 0.806 2.119 1.411 0.66 1.487 1.092 0.638 1.254 1.284 1.171

1930 1.023 0.391 0.108 1.442 0.621 0.33 1.687 0.713 0.169 0.863 0.644 0.555 0.712

1931 1.273 0.536 9.252 3.516 1.579 0.762 0.208 0.216 0.705 0.517 0.352 6.832 2.146

1932 3.297 1.336 0.449 0.066 0.702 0.847 0.517 0.713 0.45 0.265 2.894 1.332 1.072

1933 0.203 1.801 0.676 1.019 1.052 2.062 0.771 0.088 0.051 1.143 1.358 0.943 0.931

1934 2.971 3.275 0.832 0.179 0.284 0.164 0.971 4.69 2.338 0.721 0.537 2.235 1.600

1935 1.247 1.068 0.836 0.33 0.698 0.695 0.267 0.598 0.383 1.306 0.684 0.99 0.759

1936 1.296 3.909 1.97 0.501 0.332 3.036 1.151 0.077 0.074 0.359 0.295 1.119 1.177

1937 1.358 0.767 1.407 1.243 0.344 0.985 0.891 0.34 0.157 0.164 0.227 0.458 0.695

1938 1.068 0.875 1.035 0.318 2.68 5.026 1.752 0.179 0.044 2.009 3.584 2.125 1.725

1939 0.836 0.865 0.303 0.644 6.116 3.27 0.782 0.227 0.141 0.123 0.108 0.64 1.171

1940 0.501 0.911 0.303 0.747 0.385 0.369 4.625 1.731 0.498 0.314 0.303 0.547 0.936

1941 1.572 0.705 0.612 2.225 0.869 0.875 0.637 0.94 0.547 0.216 0.227 0.267 0.808

1942 0.507 0.351 1.584 2.062 0.873 0.959 0.99 0.369 0.141 0.112 0.676 2.989 0.968

1943 1.909 3.044 1.867 0.409 0.093 1.388 0.64 2.128 1.104 2.024 1.068 2.125 1.483

1944 1.261 0.363 0.077 0.088 0.126 0.142 0.112 2.162 1.709 0.724 1.113 0.687 0.714

1945 2.341 0.891 0.1 0.203 0.673 3.765 1.381 0.081 0.074 0.179 0.268 0.383 0.862

1946 0.445 0.208 0.054 0.077 0.513 4.364 1.794 0.676 0.637 1.212 0.612 0.875 0.956

1947 1.303 1.204 0.344 2.148 0.905 1.362 2.141 0.724 0.157 0.164 0.123 0.895 0.956

1948 2.587 1.139 0.238 0.871 0.471 0.085 0.482 1.537 0.672 0.15 0.179 0.745 0.763

1949 0.467 5.405 1.799 0.096 0.098 0.066 0.105 0.15 0.093 1.632 1.065 0.672 0.971

1950 2.487 5.444 2.879 5.045 1.872 0.318 0.153 0.15 0.383 1.923 1.472 1.851 1.998

1951 0.676 0.082 0.041 1.273 1.167 0.409 0.559 0.389 0.235 0.203 1.054 4.24 0.861

1952 1.795 1.123 0.521 0.352 0.413 0.275 1.029 0.498 1.131 1.53 2.072 1.839 1.048

1953 4.339 3.202 0.747 0.077 0.068 1.047 1.22 4.13 2.054 1.101 8.125 3.458 2.464

1954 0.602 3.423 1.224 3.121 6.092 1.828 0.399 0.467 0.602 0.517 0.417 0.943 1.636

1955 1.355 1.886 0.537 0.389 0.549 1.695 1.107 1.909 0.853 0.258 0.216 0.305 0.922

1956 1.791 0.829 1.411 0.537 1.167 1.33 0.478 0.409 1.131 0.695 0.794 2.77 1.112

1957 1.33 0.239 0.088 0.069 0.052 2.013 1.173 3.197 1.439 0.238 0.81 0.583 0.936

1958 0.517 0.267 0.63 2.315 1.352 2.665 2.653 1.035 0.286 0.963 1.78 0.802 1.272

1959 4.014 1.675 0.912 1.707 0.589 3.151 1.956 0.94 0.633 0.421 0.238 1.204 1.453

1960 0.656 1.517 2.087 1.019 1.07 3.136 2.931 1.243 0.419 0.409 0.541 0.668 1.308

1961 0.947 0.587 0.34 0.483 0.413 1.673 1.392 0.501 0.184 0.231 6.127 2.415 1.274

1962 3.244 2.661 0.568 1.016 0.513 7.097 2.778 0.389 0.259 0.352 0.275 0.153 1.609

1963 0.464 0.466 1.588 1.929 0.803 0.501 0.431 0.199 1.534 0.713 1.097 6.439 1.347

1964 2.311 0.403 0.164 0.077 0.365 1.113 0.786 1.731 0.891 0.417 0.303 0.208 0.731

1965 3.087 4.58 1.84 1.78 0.799 0.123 0.267 0.676 0.395 0.161 2.173 1.639 1.460

1966 0.483 0.105 0.498 0.203 2.257 3.087 7.315 5.522 1.582 0.871 0.732 1.566 2.018

1967 0.728 0.733 0.265 0.034 0.008 0.912 0.672 0.467 2.755 1.139 0.695 0.737 0.762

1968 0.568 2.276 0.802 0.161 0.196 1.019 0.587 0.179 0.923 0.583 0.381 0.387 0.672

1969 0.602 0.278 0.048 0.579 1.477 0.517 0.093 0.088 0.12 0.153 1.265 0.782 0.500

1970 1.504 0.587 1.859 0.713 1.688 1.442 2.153 1.828 0.794 4.053 4.489 1.377 1.874

1971 0.295 1.893 0.676 0.227 2.672 1.978 0.733 0.494 0.539 0.556 0.794 0.498 0.946

1972 0.195 0.184 0.216 0.644 0.377 0.303 1.017 0.583 0.943 0.63 0.452 0.466 0.501

1973 0.272 0.64 0.417 1.691 2.115 1.632 0.517 1.065 0.575 0.153 0.498 0.618 0.849

1974 0.333 0.305 0.108 1.198 0.545 0.389 0.313 0.268 0.668 0.794 1.415 3.107 0.787

1975 1.12 1.123 1.113 0.62 0.795 1.584 0.668 0.602 0.559 0.794 0.537 0.47 0.832

1976 3.311 2.141 0.579 0.116 2.913 1.621 0.513 5.67 2.331 0.265 0.556 1.173 1.766

1977 0.802 1.316 0.985 0.521 0.167 0.381 0.68 0.373 0.462 0.445 0.556 0.482 0.598

1978 1.442 1.987 0.985 0.62 0.545 0.203 0.391 0.747 0.539 2.024 1.647 1.972 1.092

1979 0.786 0.169 0.579 0.616 0.221 0.048 0.482 0.275 0.498 0.352 0.494 0.951 0.456

1980 1.905 2.435 2.377 6.059 3.638 2.894 4.19 6.471 2.5 0.656 6.71 2.808 3.554

1981 1.079 0.466 0.747 0.996 1.246 0.871 3.994 1.423 0.853 0.762 0.445 3.511 1.366

1982 1.97 0.431 0.195 0.069 0.175 0.112 0.235 0.533 1.615 3.144 1.187 1.107 0.898

1983 2.636 1.463 0.464 0.275 0.196 1.261 0.652 0.212 0.169 1.68 0.825 0.327 0.847

1984 0.881 0.598 0.467 1.472 1.844 0.568 1.092 0.541 0.387 1.079 0.62 0.208 0.813

1985 3.543 2.492 2.508 0.959 0.284 0.179 0.153 0.081 0.112 0.203 4.462 1.889 1.405

1986 2.86 1.224 0.409 0.275 0.324 0.295 2.689 0.996 0.267 0.195 0.406 3.072 1.084

1987 1.224 0.141 0.602 0.258 0.196 0.216 0.891 0.806 0.598 0.402 1.243 0.782 0.613

1988 0.34 0.196 0.369 0.275 0.18 0.212 1.517 0.62 0.149 0.15 0.227 0.239 0.373

1989 4.06 3.576 0.776 0.048 1.567 1.247 1.523 1.113 1.304 0.616 0.333 0.267 1.369

1990 0.81 0.579 0.179 0.456 0.426 0.268 0.228 0.195 0.235 0.34 0.303 0.247 0.356

1991 4.535 1.736 0.959 1.139 1.712 1.198 0.559 0.333 0.555 1.504 1.019 0.482 1.311

1992 4.053 1.897 0.219 0.579 0.442 0.409 2.438 1.591 0.598 0.34 0.34 5.59 1.541

1993 2.152 0.443 2.531 1.086 0.819 1.306 1.26 0.583 0.419 0.94 3.311 1.597 1.371

1994 1.035 0.399 5.231 2.276 1.205 2.269 3.939 1.825 0.68 0.314 0.227 0.208 1.634

1995 0.123 4.546 2.71 1.281 0.513 0.112 0.12 0.112 0.074 0.164 0.195 0.416 0.864

1996 4.229 8.885 2.836 0.212 0.377 0.94 0.875 1.606 1.127 0.691 0.92 0.633 1.944

1997 1.062 0.583 0.142 0.944 0.589 2.035 0.943 0.295 0.184 0.344 0.517 0.309 0.662

1998 0.15 0.498 2.248 2.956 1.287 1.936 1.151 0.318 0.105 0.191 0.389 0.833 1.005

1999 2.63 0.951 0.464 0.955 0.613 4.155 1.566 0.191 0.128 0.088 0.081 0.208 1.003

2000 0.352 1.482 1.591 0.806 0.495 1.38 3.327 1.184 0.165 0.161 0.579 0.618 1.012

2001 0.974 3.591 1.212 1.306 0.573 0.066 0.22 0.452 0.498 0.821 2.276 2.331 1.193

2002 0.695 0.282 0.352 0.268 0.348 4.816 2.109 3.154 1.373 0.275 0.352 0.309 1.194

2003 0.583 0.282 0.179 0.452 1.012 0.863 1.184 0.501 0.313 0.275 0.743 0.709 0.591

< 0.2 0.2-1.0 > 1.0

1: Closed/Semi-closed 2: Gradient Freshwater dominated


Table D.2
Simulated Monthly flows for Gwaing Estuary (m3/s) – Present State

[image: image8.emf]YEAR Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Ave

1925 2.57 0.40 1.09 0.41 0.20 0.37 0.33 0.23 0.44 0.51 0.42 0.37 0.62

1926 1.57 1.98 0.34 0.40 0.79 0.58 0.24 0.52 0.32 0.19 0.32 0.25 0.62

1927 0.22 0.22 0.17 0.12 0.16 2.32 1.39 0.19 0.26 0.17 0.45 0.79 0.54

1928 0.39 6.52 3.79 0.39 0.34 0.48 0.33 0.41 0.44 1.43 1.58 2.31 1.53

1929 1.04 0.29 1.02 0.49 1.70 1.39 0.73 1.43 1.14 0.69 1.25 1.28 1.03

1930 0.96 0.26 0.18 0.82 0.37 0.35 0.94 0.41 0.19 0.57 0.43 0.60 0.51

1931 1.26 0.32 7.71 2.63 1.55 0.65 0.21 0.28 0.61 0.38 0.30 5.90 1.82

1932 2.91 1.14 0.29 0.14 0.50 0.60 0.44 0.68 0.32 0.26 2.36 0.79 0.87

1933 0.20 1.06 0.36 0.61 0.66 1.68 0.44 0.15 0.11 0.68 0.95 0.90 0.65

1934 2.61 2.83 0.41 0.24 0.30 0.21 0.63 3.65 2.18 0.72 0.54 1.99 1.36

1935 1.00 0.94 0.52 0.26 0.52 0.53 0.21 0.48 0.27 0.75 0.37 0.78 0.55

1936 1.27 3.43 1.41 0.35 0.33 2.10 0.61 0.14 0.14 0.38 0.22 0.68 0.92

1937 0.95 0.50 1.04 0.82 0.24 0.65 0.71 0.25 0.20 0.21 0.25 0.40 0.52

1938 0.69 0.56 0.68 0.24 1.52 4.35 1.49 0.19 0.10 1.06 2.95 1.91 1.31

1939 0.62 0.73 0.24 0.44 4.44 2.90 0.71 0.25 0.19 0.18 0.17 0.49 0.93

1940 0.37 0.59 0.23 0.47 0.27 0.37 3.20 1.22 0.56 0.23 0.31 0.45 0.69

1941 1.48 0.43 0.42 1.59 0.48 0.71 0.70 1.00 0.36 0.19 0.27 0.27 0.66

1942 0.41 0.28 0.89 1.36 0.54 1.03 1.06 0.24 0.20 0.17 0.50 2.05 0.73

1943 1.70 2.68 1.37 0.27 0.16 0.82 0.43 1.66 0.96 1.77 0.83 1.91 1.22

1944 1.06 0.26 0.15 0.16 0.20 0.21 0.18 1.14 1.58 0.58 1.12 0.42 0.59

1945 2.07 0.44 0.17 0.23 0.50 2.57 0.77 0.15 0.14 0.24 0.27 0.35 0.66

1946 0.36 0.21 0.13 0.15 0.41 2.98 1.58 0.74 0.70 1.21 0.33 0.65 0.79

1947 1.29 1.00 0.25 1.23 0.51 1.12 1.92 0.39 0.20 0.22 0.17 0.58 0.74

1948 1.85 0.66 0.24 0.55 0.34 0.15 0.44 0.89 0.33 0.18 0.24 0.53 0.53

1949 0.32 4.13 0.86 0.17 0.17 0.13 0.17 0.21 0.15 0.88 0.80 0.68 0.72

1950 2.19 4.70 2.30 4.46 1.16 0.35 0.19 0.21 0.40 1.42 1.42 1.71 1.71

1951 0.35 0.15 0.11 0.73 0.70 0.34 0.48 0.33 0.23 0.23 0.72 3.57 0.66

1952 1.41 0.99 0.34 0.29 0.37 0.30 0.66 0.32 0.68 1.30 1.84 1.70 0.85

1953 3.77 2.83 0.43 0.15 0.14 0.69 0.86 3.60 1.95 1.16 7.00 3.08 2.15

1954 0.45 3.02 0.66 2.61 5.32 1.50 0.46 0.53 0.66 0.55 0.35 1.00 1.40

1955 1.34 1.73 0.29 0.31 0.43 0.95 1.02 1.74 0.46 0.28 0.23 0.32 0.76

1956 1.30 0.49 0.94 0.31 0.73 1.12 0.32 0.45 1.17 0.52 0.86 2.41 0.88

1957 1.04 0.21 0.16 0.15 0.12 1.08 1.18 2.78 1.10 0.19 0.54 0.40 0.75

1958 0.41 0.23 0.43 1.35 1.06 2.38 2.33 1.07 0.20 0.61 1.59 0.45 1.01

1959 3.45 1.09 0.60 1.40 0.31 2.27 1.85 1.00 0.69 0.40 0.20 0.80 1.18

1960 0.43 1.31 1.74 0.60 0.94 2.77 2.56 1.28 0.29 0.43 0.60 0.73 1.14

1961 0.94 0.42 0.27 0.36 0.35 0.94 1.22 0.36 0.19 0.29 5.02 1.55 1.00

1962 2.89 2.38 0.30 0.61 0.35 5.40 2.40 0.45 0.25 0.37 0.22 0.19 1.32

1963 0.40 0.37 0.89 1.22 0.51 0.48 0.50 0.19 1.11 0.37 0.89 5.51 1.03

1964 1.60 0.34 0.22 0.15 0.34 0.71 0.57 1.60 0.65 0.48 0.24 0.20 0.60

1965 2.30 3.95 1.26 1.50 0.50 0.19 0.33 0.52 0.26 0.18 1.26 1.54 1.15

1966 0.28 0.17 0.35 0.22 1.21 2.66 6.34 4.67 1.33 0.93 0.74 1.51 1.70

1967 0.45 0.52 0.23 0.11 0.08 0.61 0.51 0.47 2.39 0.56 0.75 0.78 0.62

1968 0.42 2.04 0.42 0.23 0.23 0.68 0.44 0.19 0.59 0.38 0.33 0.33 0.52

1969 0.46 0.23 0.12 0.39 0.86 0.35 0.16 0.15 0.18 0.21 0.73 0.46 0.36

1970 1.13 0.31 1.09 0.39 1.05 1.40 1.93 1.68 0.66 3.48 3.74 0.75 1.48

1971 0.30 1.58 0.35 0.24 1.54 1.82 0.77 0.56 0.60 0.62 0.86 0.32 0.79

1972 0.21 0.22 0.23 0.44 0.29 0.32 0.65 0.41 0.71 0.49 0.44 0.45 0.41

1973 0.23 0.47 0.30 0.95 1.64 1.54 0.31 0.82 0.36 0.17 0.44 0.47 0.64

1974 0.25 0.28 0.18 0.69 0.33 0.38 0.33 0.30 0.50 0.53 1.24 2.65 0.64

1975 0.62 0.91 0.72 0.41 0.55 1.41 0.44 0.66 0.62 0.86 0.35 0.41 0.67

1976 2.93 1.79 0.38 0.19 1.71 1.54 0.53 4.98 1.82 0.20 0.47 1.15 1.47

1977 0.61 1.21 0.59 0.37 0.22 0.38 0.53 0.30 0.42 0.36 0.44 0.36 0.48

1978 1.36 1.79 0.58 0.42 0.43 0.21 0.42 0.54 0.40 1.74 1.57 1.81 0.94

1979 0.47 0.22 0.40 0.42 0.22 0.12 0.44 0.22 0.43 0.25 0.42 0.61 0.35

1980 1.58 2.14 2.02 5.34 3.23 2.56 3.65 5.65 2.37 0.72 5.83 2.41 3.13

1981 1.15 0.33 0.50 0.61 0.76 0.89 3.52 0.74 0.91 0.82 0.32 2.93 1.12

1982 1.75 0.28 0.24 0.15 0.22 0.18 0.30 0.45 1.00 2.56 0.61 1.14 0.74

1983 2.33 1.12 0.33 0.25 0.23 0.76 0.46 0.24 0.22 1.04 0.42 0.31 0.65

1984 0.71 0.42 0.34 0.83 1.60 0.39 0.97 0.37 0.45 1.11 0.35 0.19 0.64

1985 2.54 2.15 2.24 0.55 0.29 0.23 0.22 0.15 0.17 0.26 3.02 1.34 1.10

1986 2.54 0.69 0.32 0.25 0.32 0.32 1.55 0.49 0.33 0.19 0.40 2.45 0.82

1987 0.66 0.20 0.40 0.24 0.23 0.26 0.60 0.56 0.62 0.31 1.18 0.51 0.48

1988 0.27 0.22 0.29 0.24 0.23 0.27 0.87 0.33 0.20 0.20 0.26 0.23 0.30

1989 2.69 3.07 0.36 0.12 0.90 1.00 1.46 1.15 1.29 0.34 0.32 0.24 1.08

1990 0.57 0.41 0.23 0.34 0.35 0.29 0.29 0.24 0.28 0.33 0.25 0.23 0.32

1991 3.10 0.90 0.63 0.75 1.62 1.21 0.62 0.39 0.62 1.39 1.00 0.34 1.05

1992 3.46 1.43 0.22 0.40 0.35 0.40 1.40 1.51 0.42 0.33 0.32 4.85 1.26

1993 1.48 0.36 2.12 0.62 0.60 1.31 1.29 0.55 0.48 1.00 2.76 1.37 1.17

1994 1.05 0.26 3.97 1.61 1.15 2.05 3.41 1.75 0.74 0.23 0.27 0.23 1.40

1995 0.19 3.15 2.13 0.87 0.37 0.18 0.19 0.18 0.14 0.22 0.20 0.38 0.68

1996 2.98 7.72 2.00 0.24 0.36 0.65 0.60 1.49 1.15 0.75 0.98 0.43 1.61

1997 1.10 0.40 0.21 0.58 0.41 1.10 0.80 0.33 0.19 0.36 0.46 0.21 0.52

1998 0.20 0.40 1.26 2.59 0.95 1.79 1.21 0.23 0.17 0.25 0.37 0.56 0.83

1999 2.17 0.45 0.34 0.59 0.43 2.83 0.97 0.25 0.18 0.15 0.15 0.27 0.74

2000 0.32 0.85 0.92 0.49 0.40 1.09 2.88 0.77 0.18 0.22 0.48 0.45 0.75

2001 0.95 3.16 0.63 0.78 0.35 0.13 0.29 0.43 0.42 0.60 1.91 2.01 0.97

2002 0.35 0.27 0.29 0.25 0.33 3.39 2.00 2.76 0.95 0.25 0.36 0.26 0.96

2003 0.46 0.23 0.22 0.34 0.64 0.60 0.99 0.32 0.34 0.26 0.72 0.68 0.48

< 0.2 0.2-1.0 > 1.0

1: Closed/Semi-closed 2: Gradient Freshwater dominated


Table D.3
Simulated Monthly flows for Gwaing Estuary (m3/s) – Scenario 1: Total high flow riverine EWR (class C) is met 

[image: image9.emf]YEAR Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Ave

1925 2.58 0.41 0.63 0.25 0.17 0.37 0.23 0.18 0.34 0.32 0.30 0.24 0.51

1926 1.58 1.71 0.19 0.26 0.43 0.59 0.15 0.36 0.24 0.16 0.26 0.18 0.51

1927 0.22 0.22 0.16 0.11 0.14 1.42 0.85 0.14 0.24 0.13 0.33 0.42 0.37

1928 0.39 4.21 3.49 0.21 0.26 0.48 0.22 0.32 0.34 0.83 1.07 2.11 1.16

1929 1.05 0.28 0.56 0.28 1.49 1.29 0.52 1.23 0.93 0.52 1.00 1.07 0.85

1930 0.96 0.26 0.16 0.38 0.25 0.35 0.37 0.25 0.18 0.33 0.30 0.44 0.36

1931 1.27 0.32 6.68 2.41 1.34 0.65 0.14 0.23 0.45 0.27 0.23 4.98 1.58

1932 2.92 1.10 0.18 0.14 0.35 0.60 0.27 0.50 0.25 0.22 1.40 0.39 0.70

1933 0.20 0.94 0.20 0.34 0.39 1.38 0.22 0.13 0.11 0.33 0.54 0.64 0.45

1934 2.62 2.61 0.20 0.20 0.23 0.21 0.32 3.02 1.97 0.52 0.42 1.68 1.17

1935 1.01 0.93 0.30 0.19 0.37 0.53 0.13 0.34 0.22 0.34 0.23 0.49 0.42

1936 1.27 2.85 1.19 0.23 0.25 1.67 0.39 0.12 0.12 0.32 0.16 0.35 0.75

1937 0.96 0.50 0.60 0.45 0.17 0.66 0.42 0.18 0.18 0.17 0.20 0.28 0.40

1938 0.70 0.55 0.38 0.17 0.65 2.89 1.28 0.15 0.10 0.48 2.75 1.70 0.99

1939 0.63 0.71 0.17 0.28 3.80 2.69 0.50 0.20 0.18 0.15 0.16 0.32 0.80

1940 0.37 0.58 0.15 0.29 0.20 0.37 1.73 0.65 0.46 0.18 0.25 0.30 0.46

1941 1.48 0.43 0.26 0.95 0.29 0.72 0.48 0.73 0.26 0.16 0.21 0.20 0.52

1942 0.42 0.27 0.39 0.67 0.34 1.03 0.70 0.16 0.18 0.14 0.35 1.07 0.48

1943 1.70 2.24 1.15 0.18 0.15 0.76 0.23 1.04 0.75 1.57 0.62 1.71 1.01

1944 1.07 0.26 0.14 0.15 0.17 0.21 0.15 0.43 1.00 0.38 0.78 0.25 0.42

1945 2.08 0.44 0.16 0.19 0.36 1.59 0.36 0.12 0.12 0.20 0.21 0.24 0.51

1946 0.37 0.20 0.12 0.15 0.31 1.76 0.96 0.57 0.55 0.81 0.21 0.41 0.54

1947 1.30 0.99 0.16 0.52 0.30 1.05 1.30 0.23 0.18 0.18 0.15 0.34 0.56

1948 1.87 0.66 0.18 0.32 0.24 0.15 0.28 0.41 0.20 0.14 0.20 0.34 0.42

1949 0.33 2.76 0.29 0.16 0.15 0.14 0.14 0.17 0.14 0.35 0.50 0.49 0.47

1950 2.20 3.29 2.09 4.26 0.94 0.35 0.15 0.17 0.34 0.77 0.99 1.51 1.43

1951 0.36 0.16 0.12 0.36 0.40 0.35 0.30 0.25 0.21 0.19 0.42 2.22 0.44

1952 1.42 0.98 0.21 0.21 0.28 0.30 0.32 0.22 0.37 1.00 1.64 1.49 0.71

1953 3.58 2.62 0.25 0.15 0.13 0.69 0.45 2.92 1.74 0.95 6.83 2.87 1.95

1954 0.45 2.58 0.43 2.40 5.13 1.28 0.33 0.42 0.53 0.43 0.27 0.72 1.22

1955 1.34 1.54 0.16 0.22 0.32 0.81 0.64 1.25 0.26 0.24 0.18 0.23 0.60

1956 1.32 0.48 0.49 0.18 0.42 1.06 0.17 0.36 0.82 0.34 0.65 1.86 0.68

1957 1.05 0.20 0.15 0.14 0.12 0.83 0.76 1.97 0.89 0.15 0.35 0.25 0.58

1958 0.42 0.23 0.27 0.59 0.75 2.18 2.13 0.86 0.17 0.33 1.32 0.25 0.79

1959 3.24 0.98 0.39 1.19 0.21 1.96 1.64 0.80 0.55 0.32 0.15 0.44 1.00

1960 0.44 1.22 1.14 0.38 0.73 2.57 2.36 1.07 0.23 0.35 0.48 0.54 0.96

1961 0.94 0.42 0.19 0.25 0.27 0.80 0.79 0.25 0.17 0.25 3.51 1.33 0.77

1962 2.90 2.15 0.16 0.34 0.25 5.12 2.19 0.36 0.22 0.30 0.16 0.15 1.20

1963 0.40 0.37 0.39 0.58 0.33 0.48 0.35 0.15 0.62 0.20 0.57 4.94 0.78

1964 1.62 0.34 0.18 0.15 0.26 0.71 0.32 1.00 0.42 0.39 0.19 0.14 0.48

1965 2.32 2.89 0.83 1.29 0.33 0.19 0.24 0.36 0.20 0.14 0.54 1.12 0.87

1966 0.29 0.17 0.23 0.17 0.49 2.20 6.16 4.48 1.12 0.72 0.56 1.27 1.49

1967 0.46 0.52 0.17 0.11 0.09 0.62 0.29 0.37 1.47 0.22 0.58 0.58 0.46

1968 0.42 1.76 0.22 0.20 0.18 0.69 0.26 0.14 0.35 0.25 0.26 0.23 0.41

1969 0.46 0.22 0.12 0.25 0.44 0.36 0.13 0.13 0.16 0.17 0.37 0.27 0.26

1970 1.14 0.29 0.48 0.22 0.54 1.29 1.20 1.04 0.47 2.30 3.54 0.53 1.10

1971 0.30 1.40 0.20 0.19 1.04 1.61 0.55 0.44 0.49 0.48 0.65 0.19 0.62

1972 0.21 0.22 0.18 0.28 0.21 0.33 0.32 0.29 0.46 0.33 0.35 0.32 0.29

1973 0.23 0.47 0.19 0.41 0.94 1.37 0.15 0.51 0.26 0.14 0.33 0.31 0.44

1974 0.25 0.27 0.16 0.34 0.23 0.38 0.22 0.24 0.36 0.32 0.79 1.62 0.43

1975 0.63 0.90 0.39 0.27 0.38 1.26 0.24 0.52 0.51 0.62 0.24 0.28 0.52

1976 2.94 1.56 0.23 0.17 0.76 1.37 0.36 3.32 1.42 0.16 0.35 0.78 1.12

1977 0.61 1.17 0.31 0.24 0.18 0.38 0.31 0.22 0.34 0.27 0.33 0.23 0.38

1978 1.36 1.59 0.31 0.28 0.32 0.21 0.28 0.36 0.30 1.04 1.01 1.24 0.69

1979 0.48 0.21 0.25 0.27 0.17 0.12 0.28 0.16 0.34 0.19 0.32 0.35 0.26

1980 1.59 1.83 1.21 3.57 3.02 2.36 3.45 5.47 2.16 0.54 5.62 2.20 2.75

1981 1.15 0.34 0.31 0.34 0.43 0.89 3.33 0.52 0.71 0.61 0.24 2.60 0.95

1982 1.76 0.28 0.19 0.14 0.18 0.18 0.22 0.34 0.49 1.52 0.29 0.93 0.55

1983 2.34 1.06 0.21 0.19 0.19 0.74 0.26 0.19 0.20 0.48 0.23 0.22 0.53

1984 0.72 0.42 0.22 0.38 1.00 0.40 0.60 0.25 0.38 0.75 0.23 0.13 0.45

1985 2.51 1.82 1.58 0.33 0.22 0.23 0.17 0.12 0.16 0.22 1.75 1.12 0.86

1986 2.55 0.69 0.21 0.18 0.25 0.32 0.78 0.27 0.30 0.15 0.32 1.75 0.65

1987 0.68 0.20 0.25 0.18 0.18 0.26 0.31 0.35 0.49 0.24 0.79 0.31 0.36

1988 0.27 0.22 0.20 0.18 0.18 0.27 0.35 0.21 0.18 0.16 0.21 0.16 0.22

1989 2.47 2.43 0.17 0.12 0.44 0.96 0.92 0.80 0.87 0.20 0.26 0.17 0.82

1990 0.57 0.42 0.19 0.23 0.26 0.29 0.22 0.19 0.26 0.28 0.19 0.16 0.27

1991 2.68 0.80 0.36 0.42 1.07 1.17 0.43 0.31 0.50 0.87 0.70 0.21 0.80

1992 3.19 1.26 0.17 0.26 0.26 0.40 0.59 0.97 0.31 0.27 0.25 3.22 0.93

1993 1.50 0.36 1.39 0.34 0.41 1.25 1.08 0.41 0.40 0.70 2.45 1.16 0.96

1994 1.05 0.26 3.55 1.39 0.94 1.84 3.22 1.54 0.58 0.19 0.22 0.17 1.25

1995 0.20 2.22 1.92 0.65 0.27 0.18 0.15 0.14 0.12 0.18 0.16 0.26 0.54

1996 2.68 6.50 1.78 0.19 0.28 0.66 0.35 1.29 0.95 0.56 0.75 0.27 1.36

1997 1.10 0.41 0.18 0.33 0.30 0.84 0.48 0.26 0.18 0.30 0.35 0.13 0.41

1998 0.20 0.41 0.52 1.60 0.58 1.55 1.00 0.17 0.15 0.21 0.29 0.34 0.59

1999 2.19 0.45 0.22 0.33 0.32 1.69 0.64 0.20 0.16 0.13 0.14 0.21 0.56

2000 0.32 0.81 0.42 0.29 0.30 1.02 1.91 0.55 0.17 0.18 0.35 0.29 0.55

2001 0.95 2.50 0.28 0.41 0.25 0.14 0.21 0.33 0.33 0.37 1.14 1.81 0.73

2002 0.37 0.26 0.20 0.19 0.25 2.32 1.79 2.57 0.73 0.21 0.29 0.18 0.78

2003 0.46 0.23 0.18 0.23 0.39 0.61 0.57 0.22 0.30 0.21 0.54 0.48 0.37

< 0.2 0.2-1.0 > 1.0

1: Closed/Semi-closed 2: Gradient Freshwater dominated


Table D.4
Simulated Monthly flows for Gwaing Estuary (m3/s) – Scenario 2: Base flow riverine EWR (class C) is met

[image: image10.emf]YEAR Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Ave

1925 2.34 0.21 0.84 0.18 0.16 0.24 0.23 0.18 0.34 0.32 0.30 0.24 0.47

1926 0.98 1.30 0.13 0.20 0.54 0.35 0.15 0.36 0.24 0.16 0.26 0.18 0.40

1927 0.16 0.17 0.14 0.11 0.13 1.16 0.85 0.14 0.24 0.13 0.33 0.42 0.33

1928 0.22 5.35 3.58 0.16 0.22 0.27 0.22 0.32 0.34 0.83 1.35 2.11 1.25

1929 0.81 0.17 0.71 0.27 1.49 1.18 0.51 1.23 0.93 0.52 1.00 1.07 0.82

1930 0.74 0.14 0.15 0.33 0.17 0.24 0.59 0.25 0.18 0.33 0.30 0.44 0.32

1931 0.89 0.14 7.30 2.41 1.34 0.42 0.14 0.23 0.45 0.27 0.23 5.10 1.58

1932 2.67 0.93 0.14 0.13 0.26 0.28 0.27 0.50 0.25 0.22 1.60 0.58 0.66

1933 0.15 0.68 0.14 0.40 0.44 1.47 0.22 0.13 0.11 0.33 0.54 0.64 0.44

1934 2.39 2.63 0.19 0.18 0.20 0.16 0.32 3.14 1.97 0.52 0.42 1.68 1.15

1935 0.77 0.73 0.31 0.15 0.28 0.27 0.13 0.34 0.22 0.34 0.23 0.49 0.36

1936 0.96 3.23 1.19 0.17 0.21 1.76 0.39 0.12 0.12 0.32 0.16 0.35 0.75

1937 0.56 0.24 0.56 0.49 0.13 0.32 0.50 0.18 0.18 0.17 0.20 0.28 0.32

1938 0.39 0.26 0.32 0.13 0.68 4.16 1.28 0.15 0.10 0.48 2.75 1.70 1.04

1939 0.40 0.51 0.14 0.21 4.13 2.69 0.50 0.20 0.18 0.15 0.16 0.32 0.78

1940 0.22 0.27 0.13 0.21 0.15 0.25 1.95 1.01 0.46 0.18 0.25 0.30 0.45

1941 0.98 0.19 0.20 1.19 0.26 0.50 0.49 0.80 0.26 0.16 0.21 0.20 0.46

1942 0.27 0.17 0.35 0.70 0.32 0.82 0.85 0.16 0.18 0.14 0.35 1.26 0.46

1943 1.47 2.48 1.15 0.14 0.14 0.35 0.23 1.45 0.75 1.57 0.62 1.71 1.01

1944 0.84 0.15 0.13 0.14 0.16 0.16 0.15 0.43 1.00 0.38 0.78 0.25 0.38

1945 1.77 0.21 0.14 0.17 0.27 2.04 0.55 0.12 0.12 0.20 0.21 0.24 0.51

1946 0.23 0.15 0.12 0.13 0.24 1.59 1.02 0.57 0.55 0.91 0.21 0.41 0.51

1947 1.01 0.78 0.13 0.91 0.29 0.91 1.72 0.23 0.18 0.18 0.15 0.34 0.57

1948 1.02 0.43 0.16 0.25 0.18 0.13 0.28 0.41 0.20 0.14 0.20 0.34 0.31

1949 0.19 3.28 0.63 0.15 0.14 0.12 0.14 0.17 0.14 0.35 0.50 0.49 0.52

1950 1.34 4.41 2.09 4.26 0.94 0.24 0.15 0.17 0.34 0.77 1.08 1.51 1.44

1951 0.17 0.14 0.11 0.30 0.30 0.20 0.30 0.25 0.21 0.19 0.42 2.73 0.44

1952 1.17 0.78 0.16 0.17 0.23 0.20 0.32 0.22 0.37 1.10 1.64 1.49 0.66

1953 3.58 2.62 0.21 0.13 0.12 0.30 0.45 3.36 1.74 0.95 6.83 2.87 1.95

1954 0.28 2.76 0.43 2.40 5.13 1.28 0.33 0.42 0.53 0.43 0.27 0.72 1.22

1955 0.93 1.31 0.10 0.17 0.25 0.59 0.81 1.54 0.26 0.24 0.18 0.23 0.55

1956 0.73 0.21 0.65 0.12 0.47 0.91 0.17 0.36 0.82 0.34 0.65 2.14 0.63

1957 0.81 0.14 0.14 0.13 0.11 0.42 0.76 2.50 0.89 0.15 0.35 0.25 0.56

1958 0.27 0.16 0.21 0.68 0.85 2.18 2.13 0.86 0.17 0.33 1.30 0.25 0.78

1959 3.24 0.87 0.39 1.19 0.13 2.04 1.64 0.80 0.55 0.32 0.15 0.44 0.99

1960 0.26 0.82 1.53 0.38 0.73 2.57 2.36 1.07 0.23 0.35 0.48 0.54 0.94

1961 0.68 0.22 0.16 0.20 0.21 0.38 0.82 0.25 0.17 0.25 4.37 1.33 0.76

1962 2.67 2.17 0.10 0.37 0.18 5.18 2.19 0.36 0.22 0.30 0.16 0.15 1.18

1963 0.27 0.21 0.35 0.57 0.24 0.30 0.35 0.15 0.62 0.20 0.57 5.33 0.76

1964 1.35 0.21 0.17 0.13 0.22 0.31 0.32 1.06 0.44 0.39 0.19 0.14 0.41

1965 1.62 3.75 1.05 1.29 0.28 0.15 0.24 0.36 0.20 0.14 0.54 1.16 0.90

1966 0.14 0.16 0.18 0.15 0.46 2.45 6.16 4.48 1.12 0.72 0.56 1.27 1.49

1967 0.26 0.28 0.14 0.11 0.09 0.28 0.29 0.37 1.60 0.34 0.58 0.58 0.41

1968 0.26 1.72 0.20 0.18 0.17 0.30 0.26 0.14 0.35 0.25 0.26 0.23 0.36

1969 0.29 0.15 0.11 0.19 0.36 0.17 0.13 0.13 0.16 0.17 0.37 0.27 0.21

1970 0.67 0.11 0.46 0.15 0.48 0.89 1.52 1.47 0.47 3.28 3.54 0.53 1.14

1971 0.22 1.24 0.13 0.17 1.18 1.61 0.55 0.44 0.49 0.48 0.65 0.19 0.61

1972 0.16 0.18 0.16 0.21 0.17 0.22 0.32 0.29 0.46 0.33 0.35 0.32 0.26

1973 0.15 0.25 0.15 0.38 0.92 0.97 0.15 0.51 0.26 0.14 0.33 0.31 0.37

1974 0.15 0.19 0.15 0.28 0.16 0.25 0.22 0.24 0.36 0.32 0.79 1.62 0.39

1975 0.31 0.51 0.45 0.20 0.34 1.20 0.24 0.52 0.51 0.62 0.24 0.28 0.45

1976 2.39 1.58 0.17 0.16 1.28 1.32 0.36 4.75 1.60 0.16 0.35 0.78 1.24

1977 0.39 0.87 0.37 0.19 0.16 0.25 0.31 0.22 0.34 0.27 0.33 0.23 0.33

1978 0.92 1.11 0.24 0.21 0.25 0.15 0.28 0.36 0.30 1.10 1.36 1.61 0.66

1979 0.27 0.18 0.20 0.21 0.15 0.11 0.28 0.16 0.34 0.19 0.32 0.35 0.23

1980 0.96 1.31 1.69 5.15 3.02 2.36 3.45 5.47 2.16 0.54 5.62 2.20 2.83

1981 0.94 0.18 0.24 0.39 0.55 0.67 3.33 0.52 0.71 0.61 0.24 2.60 0.91

1982 1.53 0.14 0.17 0.13 0.16 0.15 0.22 0.34 0.49 1.65 0.39 0.93 0.53

1983 2.11 0.91 0.17 0.15 0.17 0.33 0.26 0.19 0.20 0.48 0.23 0.22 0.45

1984 0.47 0.21 0.18 0.33 1.39 0.19 0.74 0.25 0.38 0.75 0.23 0.13 0.43

1985 2.00 1.94 2.04 0.33 0.19 0.18 0.17 0.12 0.16 0.22 1.83 1.12 0.86

1986 2.33 0.46 0.18 0.15 0.21 0.22 0.92 0.27 0.30 0.15 0.32 1.75 0.60

1987 0.41 0.17 0.19 0.16 0.17 0.19 0.31 0.35 0.49 0.24 0.79 0.31 0.32

1988 0.18 0.17 0.17 0.15 0.17 0.20 0.35 0.21 0.18 0.16 0.21 0.16 0.19

1989 1.39 2.10 0.13 0.11 0.46 0.79 1.26 0.94 1.08 0.20 0.26 0.17 0.74

1990 0.35 0.22 0.17 0.18 0.21 0.20 0.22 0.19 0.26 0.28 0.19 0.16 0.22

1991 1.66 0.32 0.30 0.49 1.41 1.00 0.43 0.31 0.50 0.95 0.79 0.21 0.70

1992 3.19 1.21 0.15 0.20 0.21 0.26 0.88 1.30 0.31 0.27 0.25 4.31 1.04

1993 1.23 0.21 1.85 0.40 0.38 1.11 1.08 0.41 0.40 0.70 2.45 1.16 0.96

1994 0.84 0.14 3.67 1.39 0.94 1.84 3.22 1.54 0.58 0.19 0.22 0.17 1.23

1995 0.17 2.25 1.92 0.65 0.20 0.15 0.15 0.14 0.12 0.18 0.16 0.26 0.53

1996 1.62 7.55 1.78 0.17 0.23 0.37 0.40 1.29 0.95 0.56 0.75 0.27 1.33

1997 0.89 0.21 0.17 0.25 0.22 0.78 0.58 0.26 0.18 0.30 0.35 0.13 0.36

1998 0.17 0.24 0.52 1.94 0.74 1.58 1.00 0.17 0.15 0.21 0.29 0.34 0.61

1999 1.30 0.21 0.17 0.32 0.23 2.62 0.75 0.20 0.16 0.13 0.14 0.21 0.54

2000 0.22 0.35 0.38 0.22 0.23 0.69 2.69 0.55 0.17 0.18 0.35 0.29 0.53

2001 0.68 2.49 0.41 0.56 0.19 0.12 0.21 0.33 0.33 0.37 1.16 1.81 0.72

2002 0.17 0.19 0.16 0.16 0.21 2.69 1.79 2.57 0.73 0.21 0.29 0.18 0.78

2003 0.30 0.15 0.17 0.18 0.29 0.28 0.57 0.22 0.30 0.21 0.54 0.48 0.31

< 0.2 0.2-1.0 > 1.0

1: Closed/Semi-closed 2: Gradient Freshwater dominated


Table D.5
Simulated Monthly flows for Gwaing Estuary (m3/s) – Scenario 3: Total high flow riverine EWR (class B) is met 

[image: image11.emf]YEAR Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Ave

1925 2.58 0.41 0.82 0.30 0.18 0.37 0.25 0.18 0.34 0.32 0.30 0.24 0.53

1926 1.58 2.00 0.36 0.31 0.47 0.59 0.16 0.36 0.24 0.16 0.26 0.18 0.56

1927 0.22 0.22 0.17 0.11 0.14 1.70 0.95 0.14 0.24 0.13 0.33 0.42 0.40

1928 0.39 4.60 2.51 0.27 0.28 0.48 0.24 0.32 0.34 0.83 1.07 2.11 1.12

1929 1.05 0.30 0.74 0.35 1.48 1.40 0.58 1.23 0.93 0.52 1.01 1.07 0.88

1930 0.96 0.27 0.18 0.45 0.29 0.35 0.48 0.25 0.18 0.33 0.30 0.44 0.38

1931 1.27 0.32 6.68 2.41 1.34 0.65 0.15 0.23 0.45 0.27 0.23 5.02 1.59

1932 2.92 1.16 0.29 0.14 0.39 0.60 0.33 0.50 0.25 0.22 1.40 0.39 0.72

1933 0.20 1.12 0.39 0.40 0.43 1.63 0.29 0.13 0.11 0.33 0.54 0.63 0.52

1934 2.62 2.65 0.41 0.21 0.24 0.21 0.42 2.51 1.97 0.52 0.42 1.69 1.16

1935 1.01 0.96 0.51 0.21 0.41 0.53 0.14 0.34 0.22 0.34 0.23 0.49 0.45

1936 1.27 3.04 1.19 0.26 0.26 1.68 0.39 0.12 0.12 0.32 0.16 0.35 0.77

1937 0.96 0.52 0.83 0.52 0.19 0.66 0.52 0.18 0.18 0.17 0.20 0.28 0.44

1938 0.70 0.58 0.61 0.20 0.68 3.09 0.97 0.15 0.10 0.45 2.75 1.70 1.00

1939 0.63 0.74 0.23 0.34 3.71 2.69 0.54 0.20 0.18 0.15 0.16 0.32 0.81

1940 0.37 0.61 0.22 0.35 0.21 0.37 1.73 0.65 0.46 0.18 0.25 0.30 0.47

1941 1.48 0.44 0.43 0.95 0.33 0.72 0.56 0.73 0.26 0.16 0.21 0.20 0.54

1942 0.42 0.29 0.63 0.74 0.39 1.03 0.81 0.16 0.18 0.14 0.35 1.07 0.52

1943 1.70 2.56 0.99 0.21 0.15 0.86 0.30 1.04 0.63 1.49 0.62 1.71 1.03

1944 1.07 0.27 0.15 0.16 0.17 0.21 0.15 0.43 1.00 0.38 0.78 0.25 0.42

1945 2.08 0.47 0.17 0.20 0.40 1.87 0.42 0.12 0.12 0.20 0.21 0.24 0.55

1946 0.37 0.21 0.13 0.15 0.34 2.04 1.04 0.57 0.55 0.81 0.21 0.41 0.57

1947 1.30 1.02 0.24 0.58 0.35 1.14 1.30 0.23 0.18 0.18 0.15 0.34 0.58

1948 1.87 0.69 0.22 0.39 0.27 0.15 0.33 0.41 0.20 0.14 0.20 0.34 0.44

1949 0.33 3.16 0.53 0.16 0.15 0.14 0.14 0.17 0.14 0.35 0.50 0.49 0.52

1950 2.20 3.68 1.50 3.99 0.94 0.35 0.15 0.17 0.34 0.77 0.99 1.51 1.39

1951 0.36 0.16 0.12 0.43 0.44 0.35 0.36 0.25 0.21 0.19 0.42 2.20 0.45

1952 1.42 1.01 0.34 0.23 0.30 0.30 0.43 0.22 0.37 0.86 1.64 1.49 0.72

1953 3.59 2.66 0.44 0.15 0.13 0.70 0.56 2.66 1.74 0.96 6.83 2.87 1.95

1954 0.45 2.80 0.53 2.37 5.13 1.49 0.36 0.42 0.53 0.43 0.27 0.72 1.27

1955 1.34 1.75 0.29 0.25 0.36 1.00 0.75 1.18 0.26 0.24 0.18 0.23 0.65

1956 1.32 0.51 0.73 0.22 0.47 1.14 0.22 0.36 0.82 0.34 0.65 1.60 0.70

1957 1.05 0.22 0.16 0.14 0.12 1.09 0.87 1.72 0.79 0.15 0.35 0.25 0.58

1958 0.42 0.24 0.44 0.64 0.71 2.18 2.13 0.86 0.17 0.33 1.35 0.25 0.81

1959 3.26 1.13 0.57 1.19 0.25 1.94 1.64 0.80 0.55 0.32 0.15 0.44 1.03

1960 0.44 1.33 1.26 0.39 0.73 2.58 2.36 1.07 0.23 0.35 0.48 0.54 0.98

1961 0.94 0.42 0.26 0.28 0.29 1.00 0.84 0.25 0.17 0.25 3.33 1.33 0.79

1962 2.90 2.34 0.31 0.41 0.28 5.03 2.19 0.36 0.22 0.30 0.16 0.15 1.23

1963 0.40 0.37 0.63 0.65 0.38 0.48 0.39 0.15 0.62 0.20 0.57 4.73 0.79

1964 1.62 0.35 0.22 0.15 0.28 0.73 0.41 1.00 0.42 0.39 0.19 0.14 0.49

1965 2.32 3.29 0.90 1.21 0.37 0.19 0.26 0.36 0.20 0.14 0.54 1.13 0.91

1966 0.29 0.17 0.35 0.18 0.53 2.19 6.17 4.48 1.12 0.72 0.56 1.27 1.50

1967 0.46 0.54 0.22 0.11 0.09 0.62 0.37 0.37 1.47 0.22 0.58 0.58 0.47

1968 0.42 2.06 0.43 0.21 0.19 0.69 0.33 0.14 0.35 0.25 0.26 0.23 0.46

1969 0.46 0.23 0.12 0.30 0.49 0.36 0.14 0.13 0.16 0.17 0.37 0.27 0.26

1970 1.13 0.31 0.73 0.28 0.59 1.41 1.24 1.04 0.47 2.30 2.96 0.53 1.09

1971 0.30 1.61 0.38 0.21 0.78 1.77 0.60 0.44 0.49 0.48 0.65 0.19 0.66

1972 0.21 0.23 0.22 0.34 0.23 0.33 0.43 0.29 0.46 0.33 0.35 0.32 0.31

1973 0.23 0.47 0.29 0.48 0.99 1.55 0.21 0.51 0.26 0.14 0.33 0.31 0.48

1974 0.25 0.28 0.18 0.41 0.27 0.38 0.24 0.24 0.36 0.32 0.79 1.62 0.44

1975 0.63 0.93 0.62 0.32 0.42 1.42 0.32 0.52 0.51 0.62 0.24 0.28 0.57

1976 2.94 1.81 0.38 0.18 0.77 1.55 0.41 3.16 1.03 0.16 0.35 0.78 1.13

1977 0.61 1.22 0.54 0.28 0.18 0.38 0.40 0.22 0.34 0.27 0.33 0.23 0.42

1978 1.36 1.81 0.53 0.33 0.35 0.21 0.32 0.36 0.30 1.04 1.01 1.24 0.74

1979 0.48 0.22 0.41 0.33 0.17 0.12 0.33 0.16 0.34 0.19 0.32 0.35 0.29

1980 1.59 2.15 1.41 3.57 2.35 2.36 3.45 5.47 2.16 0.54 5.63 2.20 2.75

1981 1.15 0.34 0.51 0.41 0.47 0.89 3.28 0.52 0.71 0.61 0.24 2.61 0.97

1982 1.76 0.29 0.23 0.14 0.18 0.18 0.23 0.34 0.49 1.52 0.28 0.92 0.55

1983 2.34 1.15 0.33 0.21 0.19 0.80 0.34 0.19 0.20 0.48 0.23 0.22 0.56

1984 0.72 0.43 0.34 0.46 1.05 0.40 0.71 0.25 0.38 0.75 0.23 0.13 0.48

1985 2.51 2.16 1.57 0.36 0.22 0.23 0.18 0.12 0.16 0.22 1.60 1.12 0.88

1986 2.55 0.72 0.31 0.20 0.26 0.32 0.78 0.24 0.30 0.15 0.32 1.76 0.66

1987 0.68 0.21 0.41 0.20 0.19 0.26 0.41 0.35 0.49 0.24 0.79 0.31 0.38

1988 0.27 0.22 0.28 0.20 0.18 0.27 0.47 0.21 0.18 0.16 0.21 0.16 0.23

1989 2.47 2.82 0.37 0.12 0.49 1.02 1.02 0.80 0.87 0.20 0.26 0.17 0.88

1990 0.57 0.41 0.22 0.27 0.28 0.29 0.23 0.19 0.26 0.28 0.19 0.16 0.28

1991 2.68 0.97 0.59 0.49 1.11 1.21 0.49 0.31 0.50 0.87 0.70 0.21 0.85

1992 3.19 1.47 0.21 0.31 0.29 0.39 0.64 0.97 0.31 0.27 0.25 3.22 0.96

1993 1.50 0.37 1.46 0.38 0.45 1.32 1.03 0.41 0.40 0.70 2.46 1.16 0.98

1994 1.05 0.27 3.56 1.39 0.94 1.91 3.22 1.54 0.58 0.19 0.22 0.17 1.26

1995 0.20 2.55 1.87 0.65 0.30 0.18 0.15 0.14 0.12 0.18 0.16 0.26 0.56

1996 2.68 6.55 1.78 0.20 0.30 0.66 0.42 1.29 0.95 0.56 0.76 0.27 1.37

1997 1.10 0.41 0.21 0.39 0.34 1.11 0.58 0.26 0.18 0.30 0.35 0.13 0.45

1998 0.20 0.41 0.76 1.60 0.63 1.75 0.91 0.17 0.15 0.21 0.29 0.34 0.62

1999 2.19 0.48 0.33 0.40 0.35 1.97 0.55 0.20 0.16 0.13 0.14 0.21 0.60

2000 0.32 0.90 0.66 0.35 0.33 1.11 1.91 0.42 0.17 0.18 0.35 0.29 0.58

2001 0.95 2.90 0.51 0.46 0.28 0.14 0.22 0.33 0.33 0.37 1.14 1.33 0.75

2002 0.37 0.28 0.28 0.21 0.27 2.26 1.33 2.57 0.73 0.21 0.29 0.18 0.75

2003 0.4637 0.2384 0.2163 0.2672 0.4382 0.6093 0.6905 0.2202 0.2986 0.2127 0.5376 0.4845 0.389

< 0.2 0.2-1.0 > 1.0

1: Closed/Semi-closed 2: Gradient Freshwater dominated

 
Table D.6
Simulated Monthly flows for Gwaing Estuary (m3/s) – Scenario 4: No EWR is met

[image: image12.emf]YEAR Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Ave

1925 2.34 0.19 0.86 0.18 0.15 0.24 0.22 0.16 0.25 0.25 0.21 0.20 0.44

1926 0.93 1.69 0.13 0.20 0.54 0.35 0.14 0.28 0.16 0.12 0.21 0.15 0.41

1927 0.14 0.15 0.14 0.10 0.12 1.16 0.85 0.12 0.19 0.12 0.25 0.37 0.31

1928 0.16 6.02 3.58 0.16 0.21 0.26 0.21 0.26 0.25 0.97 1.37 2.11 1.30

1929 0.81 0.16 0.73 0.27 1.49 1.18 0.51 1.23 0.93 0.48 1.04 1.07 0.82

1930 0.74 0.12 0.14 0.34 0.15 0.23 0.63 0.20 0.13 0.27 0.21 0.40 0.30

1931 1.01 0.12 7.51 2.41 1.34 0.42 0.14 0.20 0.36 0.20 0.17 5.36 1.61

1932 2.67 0.93 0.14 0.12 0.25 0.28 0.25 0.42 0.16 0.16 1.85 0.58 0.66

1933 0.12 0.70 0.14 0.40 0.44 1.47 0.22 0.12 0.09 0.29 0.56 0.69 0.44

1934 2.39 2.63 0.19 0.17 0.20 0.15 0.29 3.18 1.97 0.50 0.34 1.77 1.15

1935 0.77 0.73 0.31 0.15 0.27 0.27 0.12 0.27 0.14 0.30 0.15 0.57 0.34

1936 1.05 3.23 1.19 0.17 0.21 1.76 0.39 0.11 0.11 0.25 0.12 0.29 0.74

1937 0.46 0.23 0.75 0.60 0.12 0.33 0.50 0.13 0.14 0.15 0.17 0.24 0.32

1938 0.29 0.25 0.32 0.13 0.99 4.16 1.28 0.13 0.09 0.51 2.75 1.70 1.05

1939 0.40 0.51 0.14 0.21 4.14 2.69 0.50 0.17 0.14 0.14 0.13 0.26 0.76

1940 0.18 0.27 0.12 0.21 0.14 0.24 2.19 1.01 0.38 0.12 0.20 0.25 0.44

1941 1.01 0.20 0.20 1.38 0.26 0.50 0.49 0.80 0.17 0.12 0.18 0.17 0.46

1942 0.23 0.15 0.35 0.94 0.32 0.82 0.85 0.11 0.14 0.13 0.27 1.45 0.48

1943 1.47 2.48 1.15 0.13 0.13 0.36 0.21 1.46 0.75 1.57 0.62 1.71 1.01

1944 0.84 0.13 0.12 0.13 0.15 0.16 0.14 0.43 0.98 0.32 0.87 0.21 0.38

1945 1.85 0.21 0.14 0.16 0.26 2.06 0.55 0.11 0.11 0.17 0.18 0.21 0.51

1946 0.20 0.14 0.11 0.12 0.23 1.59 1.23 0.53 0.49 1.01 0.12 0.43 0.52

1947 1.08 0.78 0.13 0.91 0.29 0.91 1.72 0.18 0.14 0.16 0.13 0.27 0.56

1948 1.23 0.43 0.15 0.25 0.17 0.12 0.27 0.37 0.11 0.12 0.17 0.27 0.31

1949 0.15 3.61 0.63 0.14 0.13 0.11 0.13 0.16 0.12 0.33 0.42 0.43 0.53

1950 1.46 4.51 2.09 4.26 0.94 0.23 0.14 0.16 0.27 0.77 1.18 1.51 1.46

1951 0.10 0.12 0.10 0.30 0.30 0.19 0.28 0.19 0.15 0.15 0.35 3.10 0.44

1952 1.17 0.78 0.16 0.16 0.22 0.19 0.30 0.15 0.42 1.10 1.64 1.49 0.65

1953 3.58 2.62 0.21 0.12 0.11 0.30 0.44 3.39 1.74 0.95 6.83 2.87 1.95

1954 0.22 2.82 0.43 2.40 5.13 1.28 0.32 0.36 0.44 0.36 0.20 0.66 1.19

1955 1.08 1.52 0.10 0.17 0.24 0.61 0.81 1.54 0.24 0.18 0.15 0.21 0.57

1956 0.71 0.27 0.73 0.12 0.47 0.91 0.16 0.30 0.85 0.31 0.65 2.21 0.64

1957 0.81 0.12 0.13 0.12 0.10 0.42 0.76 2.55 0.89 0.10 0.26 0.20 0.54

1958 0.22 0.14 0.21 0.92 0.85 2.18 2.13 0.86 0.10 0.29 1.39 0.23 0.79

1959 3.25 0.87 0.39 1.19 0.11 2.05 1.64 0.80 0.48 0.25 0.11 0.39 0.97

1960 0.20 1.10 1.53 0.38 0.73 2.57 2.36 1.07 0.15 0.28 0.40 0.48 0.94

1961 0.62 0.20 0.15 0.20 0.20 0.51 1.01 0.18 0.12 0.20 4.53 1.33 0.78

1962 2.67 2.17 0.10 0.37 0.17 5.19 2.19 0.31 0.15 0.24 0.12 0.13 1.16

1963 0.23 0.20 0.35 0.69 0.29 0.29 0.34 0.12 0.68 0.16 0.69 5.33 0.77

1964 1.35 0.20 0.16 0.12 0.21 0.31 0.29 1.13 0.44 0.32 0.14 0.12 0.40

1965 1.76 3.75 1.05 1.29 0.28 0.14 0.23 0.28 0.12 0.12 0.57 1.33 0.91

1966 0.10 0.14 0.18 0.15 0.53 2.46 6.16 4.48 1.12 0.72 0.53 1.30 1.49

1967 0.22 0.31 0.14 0.09 0.07 0.28 0.27 0.30 1.73 0.34 0.55 0.57 0.40

1968 0.21 1.81 0.20 0.17 0.16 0.30 0.24 0.13 0.27 0.18 0.19 0.20 0.34

1969 0.23 0.13 0.10 0.19 0.36 0.16 0.12 0.12 0.14 0.15 0.30 0.19 0.18

1970 0.59 0.09 0.46 0.15 0.68 1.19 1.73 1.47 0.45 3.29 3.54 0.53 1.19

1971 0.20 1.26 0.13 0.16 1.19 1.61 0.55 0.37 0.40 0.41 0.61 0.15 0.58

1972 0.14 0.16 0.16 0.21 0.16 0.21 0.30 0.21 0.37 0.26 0.27 0.28 0.23

1973 0.12 0.23 0.15 0.38 1.08 1.34 0.13 0.58 0.16 0.12 0.26 0.25 0.40

1974 0.13 0.17 0.14 0.28 0.15 0.24 0.21 0.21 0.27 0.25 0.74 2.11 0.41

1975 0.37 0.70 0.50 0.20 0.34 1.20 0.23 0.46 0.41 0.64 0.16 0.24 0.46

1976 2.65 1.58 0.17 0.15 1.29 1.32 0.34 4.77 1.60 0.10 0.27 0.81 1.26

1977 0.38 1.00 0.37 0.19 0.16 0.24 0.29 0.17 0.26 0.20 0.24 0.19 0.31

1978 0.84 1.41 0.36 0.21 0.24 0.14 0.27 0.28 0.21 1.33 1.36 1.61 0.69

1979 0.23 0.16 0.20 0.21 0.14 0.10 0.27 0.12 0.25 0.12 0.25 0.28 0.19

1980 0.91 1.68 1.81 5.15 3.02 2.36 3.45 5.47 2.16 0.51 5.65 2.20 2.87

1981 0.94 0.16 0.24 0.39 0.55 0.67 3.33 0.52 0.71 0.61 0.16 2.68 0.91

1982 1.53 0.12 0.17 0.12 0.16 0.14 0.21 0.26 0.45 1.81 0.39 0.93 0.53

1983 2.11 0.91 0.17 0.15 0.16 0.33 0.23 0.16 0.15 0.51 0.21 0.19 0.44

1984 0.40 0.20 0.18 0.56 1.39 0.18 0.75 0.18 0.31 0.81 0.14 0.11 0.43

1985 2.20 1.94 2.04 0.33 0.18 0.17 0.16 0.11 0.13 0.18 1.92 1.12 0.88

1986 2.33 0.46 0.18 0.15 0.21 0.21 0.94 0.27 0.23 0.12 0.25 1.92 0.60

1987 0.41 0.15 0.19 0.15 0.16 0.18 0.29 0.27 0.39 0.17 0.73 0.23 0.28

1988 0.15 0.15 0.16 0.14 0.16 0.19 0.35 0.12 0.14 0.15 0.18 0.14 0.17

1989 1.39 2.80 0.13 0.10 0.47 0.79 1.26 0.94 1.08 0.13 0.21 0.15 0.78

1990 0.27 0.20 0.16 0.18 0.20 0.19 0.21 0.17 0.20 0.21 0.14 0.14 0.19

1991 1.66 0.66 0.42 0.53 1.41 1.00 0.41 0.27 0.41 1.09 0.79 0.17 0.73

1992 3.23 1.21 0.15 0.20 0.20 0.24 0.90 1.30 0.21 0.21 0.20 4.48 1.04

1993 1.23 0.20 1.86 0.40 0.38 1.11 1.08 0.34 0.33 0.74 2.57 1.16 0.96

1994 0.84 0.12 3.69 1.39 0.94 1.84 3.22 1.54 0.53 0.12 0.19 0.15 1.22

1995 0.14 2.39 1.92 0.65 0.19 0.14 0.14 0.13 0.11 0.16 0.13 0.23 0.53

1996 1.72 7.55 1.78 0.16 0.22 0.38 0.40 1.29 0.95 0.54 0.77 0.21 1.33

1997 0.89 0.19 0.16 0.25 0.20 0.82 0.58 0.22 0.13 0.24 0.27 0.10 0.34

1998 0.14 0.22 0.52 2.23 0.74 1.58 1.00 0.12 0.13 0.18 0.23 0.27 0.62

1999 1.53 0.21 0.17 0.32 0.22 2.63 0.75 0.18 0.13 0.12 0.11 0.19 0.55

2000 0.19 0.35 0.38 0.22 0.22 0.69 2.69 0.55 0.12 0.16 0.27 0.23 0.51

2001 0.59 2.79 0.41 0.56 0.19 0.11 0.20 0.26 0.24 0.31 1.39 1.81 0.74

2002 0.11 0.17 0.16 0.15 0.21 2.78 1.79 2.57 0.73 0.15 0.23 0.15 0.77

2003 0.24 0.13 0.16 0.18 0.29 0.28 0.57 0.15 0.23 0.16 0.45 0.42 0.27

1: Closed/Semi-closed < 0.2 2: Gradient 0.2-1.0 Freshwater dominated > 1.0

 

Table D.7
Summary of the occurrence of the hydrodynamic states under the various simulated flow scenarios
	Reference
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Total
	% occurrence

	Closed
	3
	6
	14
	14
	14
	10
	6
	14
	21
	16
	5
	1
	124
	13.1

	Gradient
	30
	36
	38
	39
	39
	30
	39
	41
	41
	46
	47
	46
	472
	49.8

	Fresh
	46
	37
	27
	26
	26
	39
	34
	24
	17
	17
	27
	32
	352
	37.1

	Present
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Total
	% occurrence

	Closed
	2
	2
	9
	12
	7
	7
	5
	10
	18
	12
	5
	3
	92
	9.7

	Gradient
	37
	48
	52
	54
	56
	40
	49
	47
	47
	53
	55
	48
	586
	61.8

	Fresh
	40
	29
	18
	13
	16
	32
	25
	22
	14
	14
	19
	28
	270
	28.5

	Scenario 1
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Total
	% occurrence

	Closed
	1
	2
	31
	27
	17
	7
	11
	20
	22
	24
	12
	12
	186
	19.6

	Gradient
	37
	50
	36
	44
	55
	42
	52
	45
	51
	50
	53
	42
	557
	58.8

	Fresh
	41
	27
	12
	8
	7
	30
	16
	14
	6
	5
	14
	25
	205
	21.6

	Scenario 2
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Total
	% occurrence

	Closed
	12
	24
	43
	40
	25
	16
	11
	20
	22
	24
	12
	12
	261
	27.5

	Gradient
	42
	32
	23
	30
	45
	39
	50
	42
	50
	50
	52
	42
	497
	52.4

	Fresh
	25
	23
	13
	9
	9
	24
	18
	17
	7
	5
	15
	25
	190
	20.0

	Scenario 3
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Total
	% occurrence

	Closed
	1
	2
	9
	15
	16
	7
	9
	20
	22
	24
	12
	12
	149
	15.7

	Gradient
	37
	46
	59
	56
	56
	38
	54
	45
	51
	51
	53
	42
	588
	62.0

	Fresh
	41
	31
	11
	8
	7
	34
	16
	14
	6
	4
	14
	25
	211
	22.3

	Scenario 4
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Total
	% occurrence

	Closed
	17
	32
	43
	40
	29
	18
	11
	30
	33
	34
	24
	20
	331
	34.9

	Gradient
	33
	23
	23
	30
	40
	35
	49
	32
	39
	38
	40
	34
	416
	43.9

	Fresh
	29
	24
	13
	9
	10
	26
	19
	17
	7
	7
	15
	25
	201
	21.2


Resource Directed Measures





REPORT NO. RDM/K40 - K50/00/CON/0307, Volume 3





Reserve Determination studies for selected surface water, groundwater, estuaries and wetlands in the Outeniqua (Groot Brak and other Water resources, excluding wetlands) catchment: Ecological Water Requirements Study





A PROVISIONAL HEALTH DETERMINATION OF THE MAALGATE, GWAING, KAAIMANS AND NOETSIE ESTUARIES 


Sub-Study 2: Report No. 5.3





ESTUARINE RDM Report, volume 3: MAALGATE, GWAING, KAAIMANS AND NOETSIE Assessment


(DRAFT)





�


March 2009




















� Estimates provided by river  and estuarine water quality specialists based on field experience and impacts


� CSIR (unpublished data)


� Colloty (2001), Turpie (2004)


� T Harrison (unpublished data)


� T Harrison (unpublished data)


� Turpie (2004)


� Turpie (2004)


� T Harrison (unpublished data),  Harrison (1998)


� T Harrison (unpublished data), Harrison (1998)


� T Harrison (unpublished data)  Harrison (1998)


� Turpie (2004)


� T Harrison (unpublished data), Harrison (1998)


� Ecological Category denotes the future state of health of the estuary, from A (near natural) to D (functional), and with A-category systems having greater water requirements than D-class systems. 
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