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Executive Summary

Assumptions and Limitations

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

· It was agreed among the different parties that the determination of the Ecological Reserve on a Rapid level for the St Lucia Estuary will be based on the method for estuaries as set out by South Africa’s Department of Water Affairs and Forestry in Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 2.0) (DWAF, 2003) (B Weston, RDM Directorate, DWAF, pers. comm.).   

· The ecological importance rating of the St Lucia Estuary was based on a national (RSA) perspective as stated by Turpie (2004). 

· The determination of the Ecological Reserve on a Rapid level for the Lake St Lucia Estuary was based on published or readily available data and information as listed in Appendix A .
· The results of this study were based on the simulated runoff data provided to the study team by the DWAF (SA).  The Present State MAR for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers was estimated to be 362.26 x106 m3, which is 86% of the MAR under the Reference Condition (i.e. 417.89 x 106 m3). In addition the influence of groundwater (23.14 x106 m3), direct rainfall (273.25 x106 m3) and evaporation (-420 x106 m3) were also included in the assessment of the water reaching St Lucia. Rheta please add the source and date.  Simulated runoff data for the Umfolozi catchment was provided by Dr W Pittman for the reference conditions as little is known about the current abstraction levels in the system.
The accuracy of this rapid determination is largely dependent on the accuracy of those simulated hydrological results (particularly the base flows).  Should it at a future time be found that the simulated runoff for the Present State and/or the Reference Condition were not representative of the actual situation, the Present Ecological Status, the recommended Ecological Category, the recommended Ecological Water Requirement Scenario as well as the Ecological Categories associated with the different future runoff scenarios provided in this report may have to be re-assessed.

· The results contained in this report were those of the specialist team.  Although the observers participated in the workshop, the final decisions on, for example, the recommended Ecological Category and the recommended Ecological Flow Scenario were those that of the specialist team.
· Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

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

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

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


· It was not within the brief of this study to address the freshwater requirements of the marine environment adjacent to the St Lucia/Mfolozi Estuary.  The National Water Act 36 of 1998 of South Africa does not classify marine waters as a resource and, as a result, it does not make provision for freshwater requirements of the marine environment.  
Geographical Boundaries

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

· Downstream boundary: The estuary mouth (28º22`55.95``S; 32º25`28.13``E)

· Upstream boundaries:  Provisionally these are judged to be where the rivers are entering the lake system with limited back flooding in low lying areas: Mpate: 28º18`30``S; 32º 23`18.75``E, Hluhluwe: 28º05`58``S; 32º 20`22.5``E, Nyalazi: 28º08`11.35``S; 32º21`33.75``E, Mkuze: 27º45`51.89``S; 32º30`30.0``E, Mzinene: 27º52`38.92``S; 32º19`41.25``E. (Boundaries can only be finalised once a comprehensive bathymetry study has been undertaken to estimate how far back flooding would occur under high lake levels.)
· Lateral boundaries: 5 m contour above MSL along the banks.

Figure 1: Lake St Lucia System

Present Ecological Status (PES) of the St Lucia Estuary

The Present Ecological Status is determined using the Estuarine Health Index.  The Health Index consists of a Habitat health score and a Biological health score.  The scores are 'percentage deviation' from the Reference Condition, e.g. if the Present State is still the same as the Reference Condition, then the score is 100. The average of these two scores provides the Estuarine Health score: 

	VARIABLE
	WEIGHT
	SCORES FOR 

PRESENT STATE

	Hydrology
	25
	71

	Hydrodynamics and mouth condition
	25
	40

	Water quality
	25
	57

	Physical habitat alteration
	25
	65

	Habitat health score
	
	58

	Microalgae
	20
	30

	Macrophytes
	20
	30

	Invertebrates
	20
	30

	Fish
	20
	40

	Birds
	20
	40

	Biotic health score
	
	34

	ESTUARINE HEALTH SCORE
	46


The EHI score for the St Lucia Estuary, based on its Present State, is 46, translating into a Present Ecological Status of D-:
	EHI Score
	PRESENT ECOLOGICAL STATUS
	GENERAL DESCRIPTION 

	91 – 100
	A-/A+
	Unmodified, natural

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

	61 – 75
	C-/C+
	Moderately modified

	41 – 60
	D-/D+
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Importance of the St Lucia Estuary

Lake St Lucia forms part of the Greater St Lucia Wetland Park.  The park was granted Word Heritage Site status under the World Heritage Convention Act (November 2000). St Lucia was granted Ramsar status in 1991. Adjacent to the Greater St Lucia Wetland Park is also a Marine Protected Area. the Greater St Lucia Wetland Parks Authority and EKZNW administrate the park.

In terms of the socio-economic importance, the Greater St Lucia Wetland Park forms the focal point that anchors the Lubombo Spatial Development Initiative, which strives to create livelihoods through tourism initiatives (Dr D Scott, pers. comm.).

From an ecological perspective, estuarine importance is an expression of the value of the system to provide and maintain ecological diversity and function within a local and regional scale. Turpie et al. (2004) nationally ranked the St Lucia River Estuary as the 6th most important system in South African in terms of conservation importance.  
For this study, the Ecological importance determination of the Lake St Lucia Estuary was obtained from the Estuarine Prioritisation for RDM project (Turpie et al. 2004).  The Functional Importance score, however, was derived at the Specialist Workshop held in St Lucia in April 2004. The individual scores obtained above are incorporated into the final Estuarine Importance Score:

	CRITERION
	SCORE
	WEIGHT
	WEIGHTED SCORE

	Estuary Size
	100
	15
	15

	Zonal Rarity Type
	100
	10
	10

	Habitat Diversity
	70
	25
	18

	Biodiversity Importance
	99
	25
	25

	Functional Importance
	100
	25
	25

	ESTUARINE IMPORTANCE SCORE
	92


The Estuarine Importance Score for the Lake St Lucia Estuary, based on its Present State, is 92, indicating that the estuary is considered as ‘Highly Important’:

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


Recommended Ecological Category for the Lake St Lucia Estuary

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

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

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

(Class I)

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

(Class II)

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

(Class III)

	41 – 60
	D
	Largely modified
	D-/D+
	

	21 – 40
	E
	Highly degraded
	E
	Poor

(unacceptable)

	0 – 20
	F
	Extremely degraded
	F
	


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

The degree to which the ‘minimum’ Ecological Category (based on its Present Ecological Status) needs to be modified to assign a recommended EC depends on:

· Importance of the estuary 

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

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

	CURRENT/DESIRED PROTECTION STATUS

AND ESTUARINE IMPORTANCE
	ECOLOGICAL CATEGORY
	POLICY BASIS

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

	Desired Protected Area 

(based on complementarily)
	A or BAS
	

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

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

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


The Lake St Lucia Estuary is considered to be an estuary of ‘high importance’.  In addition, it is also a Ramsar site (i.e. protected area in particular for water birds), a World Heritage site and adjacent to a Marine Protected Area.  According to the guidelines the recommended Ecological Category should therefore be a Category A, if this is not achievable then the Best Attainable State (BAS) is recommended.  

At the workshop the following was concluded:

· Due to the very high importance of the Lake St Lucia Estuary the workshop recommended that management should strive towards managing the system as a Category A estuary as there is insufficient evidence at present to indicate that this is not achievable.

· This conclusion was further supported by a sensitivity analysis of the effect of mitigatory measures such as: linking the main St Lucia lakes system to the Umfolozi river, reducing the sediment load reaching the estuary and/ or reducing/eliminating the fishing effort in the system. The analyses indicated that the estuary is remarkably sensitive to the above mentioned mitigation measures and that additional scenarios (not just relating to flow modifications) need to be evaluated in future, to establish the viability of elevating the estuary to a Category A system.

· Anthropogenic developments along the banks of the estuary (i.e. non-flow related modifications), such as the drainage and canalisation of the Umfolozi swamps, the construction of weirs on the Nyalazi, Hluhluwe and Mpate and an overall reduction in bird habitat on a national and international scale also contribute to the Present Ecological Status of a Category D.  It is therefore impossible to reverse modifications and to improve the Ecological Category through river flow adjustments alone.  

· The highest ecological category attained at the workshop was an Ecological Category B, with a strong recommendation that mitigating actions to reverse modifications caused by the non-flow related activities, such as over exploitation of fish and developments in the Umfolozi floodplain be investigated and if possible be addressed by the responsible authorities.  

· The workshop also concluded that while the possibility of attaining an Ecological Category A is investigated, the relevant government department should strive towards implementing the recommendations for an Ecological Category B.
	The recommended Ecological Category for the Lake St Lucia Estuary is estimated as Category A.

 (Confidence = Low)


Quantification of Ecological Water Requirement Scenarios

It should be noted that due to the extensive surface area of the lake system (~ 300 km2) the water levels and salinity regime of the estuary are not immediately affected by the inflow rates (i.e. delayed), as the large basin area acts as a buffer, and an increase in the flow rates does not normally directly relate to a rapid change in states. 

A simple basin model was therefore developed in which inflows from the five river systems (Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate), feeding directly into the estuary, groundwater, direct rainfall, evaporation and the discharge to and from the sea were combined to estimate the water level of the St Lucia system. The lake levels, in turn were used to evaluate probable mouth conditions and the salinity regime of the system for any particular month.

For the Reference Condition and Future Scenario 1 to 4 it was also assumed that the Umfolozi and the Lake St Lucia Estuaries interact at water levels below 0.1 m Mean Lake Level leading to mouth closure of the St Lucia system. For the benefit of this evaluation, the monthly runoff from the Umfolozi (Reference MAR, 920 x 106 m3) was used to evaluate the effect of the additional Umfolozi runoff on the state of the mouth of the Lake St Lucia system. The Umfolozi inflows were mainly brought considered when the mouth of  St Lucia closed.
The water balance model assumes that the St Lucia system breaches naturally at approximately 3.0 m above Mean Lake Level. The past management practises of artificially breaching the estuary at far lower than natural water levels were also evaluated, but the water balance model was not very sensitive to changes in the breaching levels, e.g. lowering the breaching level to 2.0 M Mean Lake Level only increased the open mouth conditions by 5%. Therefore, for the sake of the Rapid RDM study the mouth breaching level at 3.0 m Mean Lake Level was used.

Based on the limited data available, three Abiotic States were derived for the Lake St Lucia Estuary, of which the occurrence and duration varies depending on river inflow rate. The transitions between the different states will not be instantaneous, but will take place gradually. These states are:

	State
	Water level

	1: Open, with marine influence
	> 0.1 m

	2: Closed, brackish 
	0.1 – 3.0 m

	3: Closed, potentially hypersaline
	< 0.1 m


The Present State MAR for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers is 362.26 x106 m3, which is 86% of the MAR under the Reference Condition (i.e. 417.89 x 106 m3).  In addition, the influence of groundwater (23.14 x106 m3), direct rainfall (273.25 x106 m3), evaporation (-420 x106 m3) and discharge to and from the sea also need to be considered to evaluate the consequences of changes in the surface runoff.

For the Reference Condition and Future Scenarios 1 to 4 it was also assumed that the Umfolozi and Lake St Lucia estuaries interact at water levels below 0.1m Mean Lake Level and when the mouth is closed. For the benefit of this evaluation the Reference MAR for the Umfolozi (920 x 106 m3) was used to evaluate the effect of the addition of the Umfolozi runoff to the St Lucia Estuary. 

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

	Future SCENARIO:
	MAR 
	% remaining

	Reference Condition
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

417.89 x 106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only at low lake levels and when mouth is closed)
	100

100

100

	Present State 
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3
	86

100

	Scenario 1:  Present State, but allow for interaction with Umfolozi river
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3 (only at low lake levels and when mouth is closed)
	86

100

100

	Scenario 2:  In flow from rivers remains as in Scenario 1, but all fishing pressures are removed from the system.
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only at low lake levels and when mouth is closed)
	86

100

100

	Scenario 3:  In flow from rivers remains as in Scenario 1, but the sediment load managed so that it resembles that of the Reference State.
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only at low lake levels and when mouth is closed)
	86

100

100

	Scenario 4:  In flow from rivers remains as in Scenario 1, but all fishing pressures are removed from the system and the sediment load is reduce.
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only at low lake levels and when mouth is closed)
	86

100

100


It should be noted that for Future Scenarios 1 to 4 the freshwater inflow reaching the Lake St Lucia Estuary are identical.  In Future Scenario 1, only the interaction with the Umfolozi catchment was considered. Future Scenario 2 represents a scenario in which the flows remain the same, but all fishing pressures are removed from the estuary. Scenario 3 represents a scenario in which the sediment load reaching Lake St Lucia trough the Umfolozi system are reduced to that of natural levels, e.g. through floodplain deposition or a retaining pond. The Future Scenario 4 represents a scenario in which both the fishing pressures and the sedimentation impacts are reduced. 

The individual EHI scores, as well as the corresponding EC for the different scenarios are as follows:

	VARIABLE
	WEIGHT
	Present State
	FUTURE SCENARIOS

	
	
	
	1
	2
	3
	4

	Hydrology
	25
	71
	86
	86
	86
	86

	Hydrodynamics
	25
	40
	85
	85
	85
	85

	Water quality
	25
	57
	64
	64
	76
	76

	Physical habitat 
	25
	65
	74
	74
	85
	85

	Habitat Score
	50
	58
	77
	77
	83
	83

	Microalgae
	20
	30
	85
	85
	95
	95

	Macrophytes
	20
	30
	70
	70
	85
	85

	Invertebrates
	20
	30
	60
	60
	70
	70

	Fish 
	20
	40
	65
	85
	70
	90

	Birds
	20
	40
	70
	80
	70
	80

	Biological Score
	50
	34
	70
	76
	78
	84

	EHI INDEX SCORE
	
	46
	74
	77
	81
	84

	
	
	
	
	
	
	

	EC
	
	D-
	C+
	B-
	B
	B


This analysis indicates that allowing the Lake St Lucia and the Umfolozi estuaries to interact is only partially elavates the health of the system. Removing the excess sediment form the Umfolozi and/or reducing the fishing pressure are also needed to achieve a marked improvement in the overall health of the system.

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

The highest ecological category attained at the workshop was an Ecological Category B, with a strong recommendation that mitigating actions to reverse modifications caused by the non-flow related activities, such as over exploitation of fish and developments in the Umfolozi fF oodplain be investigated by the responsible authorities.  

A statistical analysis of the monthly-simulated runoff data in x106 m3 for Future Scenario 1 to 4 for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers is provided below.

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

	90%ile
	34.04
	65.30
	96.22
	122.79
	189.32
	136.10
	44.09
	23.68
	18.87
	14.56
	12.47
	21.72

	80%ile
	21.13
	37.43
	67.88
	83.76
	109.49
	86.18
	33.43
	16.54
	13.91
	12.68
	9.58
	13.53

	70%ile
	15.32
	28.11
	53.98
	53.33
	78.76
	55.19
	27.34
	14.70
	10.78
	9.45
	7.74
	7.05

	60%ile
	12.95
	22.25
	25.67
	47.30
	39.15
	39.22
	19.96
	13.03
	9.68
	6.80
	5.98
	6.21

	50%ile
	10.87
	17.19
	18.78
	40.22
	34.51
	34.31
	18.05
	9.81
	7.79
	5.70
	4.46
	5.51

	40%ile
	8.25
	15.65
	16.57
	30.53
	27.68
	22.60
	14.24
	8.34
	6.29
	4.84
	3.87
	4.12

	30%ile
	5.98
	13.24
	15.36
	16.91
	21.07
	16.35
	12.13
	7.02
	5.15
	4.05
	3.37
	3.22

	20%ile
	3.15
	9.20
	11.32
	11.80
	16.08
	13.66
	9.74
	6.28
	4.07
	3.29
	2.51
	2.26

	10%ile
	2.44
	5.97
	8.88
	9.27
	8.44
	8.23
	5.77
	4.58
	3.06
	2.56
	1.59
	1.87

	1%ile
	0.71
	0.62
	2.29
	3.68
	2.77
	2.30
	2.00
	2.23
	1.85
	1.08
	1.27
	0.67


NOTE: shaded months indicate periods where the groundwater makes up the major contribution 

For the Future Scenario 1 to 4 it was also assumed that the Umfolozi and St Lucia Estuaries interact at water levels below 0.1m Mean Lake Level and when the mouth is closed. For the benefit of this evaluation the Reference MAR for the Umfolozi (920 x 106 m3) was used to evaluate the effect of the addition of the Umfolozi runoff into the St Lucia Estuary. A statistical analysis of the monthly-simulated runoff data in m3/s for Umfolozi is provided below.  

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

	90%ile
	100.30
	199.54
	284.18
	256.12
	454.96
	271.08
	117.78
	56.10
	39.86
	39.88
	34.14
	39.92

	80%ile
	50.44
	133.50
	152.26
	166.56
	230.54
	169.86
	68.54
	42.38
	29.72
	27.48
	23.28
	25.10

	70%ile
	40.64
	88.54
	115.96
	128.70
	164.36
	123.80
	50.78
	33.40
	24.94
	22.76
	18.90
	20.82

	60%ile
	33.08
	57.94
	83.26
	101.24
	104.48
	72.16
	46.10
	28.98
	20.12
	16.98
	15.54
	16.28

	50%ile
	26.90
	44.40
	69.20
	77.80
	63.20
	55.70
	41.30
	26.40
	17.70
	13.90
	12.90
	13.30

	40%ile
	23.08
	40.92
	46.94
	57.76
	50.74
	50.52
	35.86
	23.72
	14.64
	12.42
	11.98
	11.90

	30%ile
	17.64
	32.02
	34.72
	50.68
	41.84
	36.70
	28.56
	19.28
	13.08
	10.62
	10.40
	10.14

	20%ile
	14.32
	25.78
	30.20
	34.80
	34.08
	29.20
	23.10
	16.74
	11.36
	9.60
	9.30
	8.26

	10%ile
	9.38
	17.14
	25.80
	29.52
	22.88
	20.64
	15.42
	12.30
	9.46
	7.80
	7.44
	7.16

	1%ile
	7.35
	6.48
	12.50
	12.75
	9.87
	13.39
	10.15
	7.96
	6.21
	5.67
	5.80
	5.34


NOTE:

	The recommended Ecological Flow scenario for an Ecological Category B can still be refined. It is however important that the revised flow scenario maintains the distribution presented in the current scenario 1 to 4 (see above). 


Recommendations on future RDM studies on Lake St Lucia Estuary

· The Lake St Lucia Estuary makes a significant contribution to the economic wellbeing of the surrounding towns and villages. It is therefore recommended that a comprehensive economic evaluation be done on the goods and services provides by the ecosystem, in order to assist long-term sustainable management of the estuary and the surrounding environs.

· St Lucia provides an import nursery function for a number of inshore (e.g. commercial cob fishery and recreational angling that may extend beyond the borders of KZN) and offshore fisheries (e.g. Thukela Banks prawn fishery). It is therefore recommended that a comprehensive assessment be done on the occurrence and exploitation of the macrocrustaceans and fish in the system in order to assist National Government in its role as custodian of South Africa’s fishery resources.
· The contribution of groundwater could be accommodated in this study through the evaluation of total lake water levels versus an individual assessment of all the contributing flow components. It is recommended that in future a method be developed (i.e. templates and guidelines for scoring of health Index) to formulated to capture the contribution groundwater to estuaries in South Africa where it makes a significant contribution. This module is required since groundwater is managed on a different scale and through different procedures compared to surface water resources. The freshwater requirements of an estuary dependant on groundwater in turn need to be fed back to the Groundwater RDM process in order to do a holistic assessment of large aquifers.
· Due to the complexity of Lake St Lucia estuary, more time should be allocated to specialists for field data gathering and data assessment that is currently recommend by the RDM methods. In all cases specialists indicated that they either need substantially more data and/or need significantly more time to analyse the exiting data set.

· Future studies on the Lake St Lucia Estuary should incorporate a water level and salinity model, which in turn will generate a higher confidence in the biotic component predictions.

· Due to the different processes involved in the Narrows (i.e. tidal section) and the lakes, it is recommend that future RDM studies provide input on these sections separately and only integrate the results during the final phases of the study.

· The possible rehabilitation of the Umfolozi floodplain should be investigated in order to decrease the silt load reaching the Lake St Lucia Estuary and allow for an increase in water levels.

· Legal and illegal fishing both within and outside the system currently have a substantial impact on the diversity and abundance of fish present in the system. Avalable data (Lamberth pers comm.) shows that that the following fish removals are currently occurring on an annual basis; Angling 70t, Castnet 10t, Gillnet 150t & Seine netting 30 tonnes. Legal and illegal fishing activities have caused some fish species to decline to less than 10% of original spawner biomass. There are indications of recent significant upsurges in illegal gillnetting in Lake St Lucia and this together with targeted fishing by recreational anglers, is likely to have a major impacts on the stocks of certain species, e.g. the dusky kob Argyrosomus japonicus and spotted grunter Pomadasys commersonnii. It is therefore strongly recommended that the lead authorities investigate the possibility of reducing the fishing effort in the Lake St Lucia Estuary to the benefit the coastal and estuarine fish on a regional and national scale. 

· Future studies need to relate Mean Lake Level to both the areas covered by water and the volume of water in the system. The levels at which the Narrows, as well as other major compartments within the system, become isolated also needs to be established in order to quantify the impacts of the various states.
It was concluded that the Lake St Lucia Estuary was important enough to warrant a Comprehensive scientific programme focussing on the system’s individual needs. This programme should be under the auspice of a Technical Advisory Committee. The programme will give structure to scientific research on the system, assist in coordinating the various components and ensuring that the outcomes can also be utilised by management. The programme would allow for the integration of additional focus areas, such as socio-economic and substance studies. Such a coordinated approach will also assist in the development of Adaptive Management Procedures (successfully applied in the Kruger National Park) ensuring a short turnaround period between new scientific findings and management application. It will generate the maximum benefit through the combination of long-term local monitoring initiates and baseline scientific studies.

In the future, greater emphasis on an ‘ecosystems approach’ should be followed, with research focussing on both the Narrows and the Lakes. Data should be collected in such a manner as to allow for ecosystems modelling. This also implies that physiological components (where required) should be investigated as part of biological research. The workshop highlighted the need for a large monitoring programme to gather data over the next three years. A very important aspect of such a programme should also be the training of local people (where needed) to extend to long-term monitoring.

Ezemvelo KZN Wildlife should be commended for their excellent long term monitoring of Lake St Lucia and it was recommended that the DEAT, Marine and Coastal Management consider expanding their financial support in this regard.

Data requirements for Future RDM Studies on Lake St Lucia

Hydrodynamics and Groundwater

· Continuous river flow gauging of the five rivers entering the Lake St Lucia Estuary.

· Continuous river flow gauging of the Umfolozi River.
· Gauging boreholes to continuously monitor groundwater at the eastern shore (2), northern shores (4), western shores (3) and False Bay (2).

· Continuous water level recordings at a number of sites in the estuary and at the Umfolozi mouth.

· Daily observations on the state of the mouth during period of possible mouth closure.

· Aerial photographs of the estuary – full colour, geo-referenced rectified aerial photographs at 1: 5 000 scale covering the entire estuary (based on the geographical boundary), and taken at low tide in summer, are required. These photographs must include Umfolozi Estuary and the breaker zone near the mouth(s).

· Simulated monthly runoff data for present state, reference condition, as well as selected future run-off scenarios over a 70 year period for the five rivers entering Lake St Lucia Estuary.
· Simulated monthly runoff data (at the head of the estuary) for present state, reference condition, as well as selected future run-off scenarios over a 70 year for the Umfolozi river.
· Simulated flood hydrographs for present state, reference conditions and future runoff scenarios1: 

· 1:1, 1:2, 1:5 floods (influencing aspects such as flood plain inundation)

· 1:20, 1:50, 1:100, 1:200 year floods (influencing sediment dynamics)

Sediment dynamics

· For the Lake St Lucia and Umfolozi system a series of cross-section profiles (collected at about 50 to 1000 m intervals along the beach, bar, mouth and lower basin region (at about 50 m intervals) as well as upstream along the entire estuary (at ~500 m intervals from the +5 m MSL contour on the left bank, trough the estuary to the +5 m MSL contour on the right bank), using D-GPS and echo-sounding).  This should be done every 3 years (and immediately after a flood) to quantify the sediment deposition rate in the estuary 

· Estimation should also be made of the additional areas inundated (e.g. Mkuze swamps) during high water levels. (If not possible with normal land survey techniques an estimation can be made form aerial photographs).

· The data are needed to compile a detailed digital terrain model (DTM) of the estuarine system. 

· Series of sediment grab samples for the analysis of particle size distribution (PSD), cohesive nature and organic content, taken every 3 years (and immediately after a flood) along the length of the estuary (at ~ 50 to 500 m intervals across the estuary including inter- and supratidal area) for Lake St Lucia and Umfolozi. Representative samples should also be collected from the adjacent beach and sand bar.
· A series of sediment core samples for historical sediment characterisation taken once-off, but ideally just after a medium to large flood as well as a year (or two) later along the same grid as the grab samples (see above).

· Sediment load in the rivers entering Lake St Lucia and Umfolozi (including grain size distribution and particulate carbon - detritus component): Weekly intervals for a minimum 5 years. Ideally, both suspended- and bed-load should be monitored. 
Water quality
· At least monthly water quality measurements on system variables [conductivity, temperature, pH, dissolved oxygen 
, turbidity, suspended solids], inorganic nutrients [e.g. nitrate, ammonium and orthophosphate phosphate] and, if possible, toxic substances in river water entering the Lake St Lucia and Umfolozi estuaries. Particulate organic carbon input (see also sediment dynamics) should be recorded. 

· At least monthly water quality measurements on system variables [conductivity, temperature, pH, dissolved oxygen, turbidity, suspended solids] and inorganic nutrients [e.g. nitrate, ammonium and orthophosphate phosphate] of the groundwater entering the Lake St Lucia should be recorded.
· Quarterly longitudinal salinity and temperature profiles at 20 to 30 (St Lucia) and 15 to 20 (Umfolozi) stations (in situ) collected over a spring and neap tide during high and low tide. The surveys should include at least one sample session during the low flow season (i.e. period of maximum seawater intrusion), but when the mouth is still open
 and during mouth closure (this may require a series of surveys to capture the dynamic nature of this state).
· Quarterly water quality measurements on system variables [pH, dissolved oxygen, turbidity, suspended solids, light intensity], inorganic nutrients [e.g. nitrate, ammonium and orthophosphate phosphate] taken along the length of the estuary at 20 to 30 (St Lucia) and 15 to 20 (Umfolozi) sites (surface and bottom samples) on a spring and neap high tide. The surveys should include at least one sample session during the end of the low flow season when the mouth is still open and during mouth closure (this may require a series of surveys to capture the dynamic nature of this state). Ideally, organic nutrients (i.e. dissolved and particulate organic carbon should also be recorded) 

· Once off measurements of toxic substances (e.g. trace metals) in sediments across the estuary (coinciding with sampling sites for invertebrates), focussing on depositional areas that are characterised by finer, often organically rich sediments.

· Samples should also be taken of bird eggs and fish tissue to evaluate the possible accumulation of toxins in the food chain.

Microalgae

· Quarterly Particulate Organic Matter (POM) and Chlorophyll-a measurements taken at 20 to 30 (St Lucia) and 15 to 20 (Umfolozi) stations at the surface, 0.5 m and 1 m depths thereafter. Cell counts of dominant phytoplankton groups i.e. flagellates, dinoflagellates, diatoms and blue-green algae. 

· Measurements should be taken coinciding with the different Abiotic States. Additional monthly sampling is required during periods that the Abiotic states are changing.

· Quarterly biomass of intertidal and subtidal benthic chlorophyll-a measurements taken at 20 - 30 (St Lucia) and 15 to 20 (Umfolozi) stations. Additional monthly sampling is required during periods that the Abiotic states are changing.

· An annually identification would be needed to evaluate species composition.

· Epipelic diatoms need to be collected for identification in order to identify the proportion of diatoms to benthic microalgae.

· A specialised study is needed on trophic linkages as salinity values change in the Lake St Lucia Estuary (i.e. a study on who eats who?).

· Additional funding is needed to asses the Cholnoky collection at CSIR, Durban, especially the data for Lake St Lucia Estuary.

· Simultaneous measurements of flow, light, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgal surveys.  
Macrophytes

· New aerial photographs of the estuary   (ideally 1:5000 scale) reflecting the present state.

· Note: Orthophoto and GIS maps available to support findings form aerial photographs
· Number of plant community types, identification and total number of macrophyte species, number of rare or endangered species or those with limited populations documented during a field visit.

· Bi annual monitoring of 20 – 30 (St Lucia) and 20 – 15 (Umfolozi) permanent transects (a fix monitoring station that can be used to measure change in vegetation in response to changes in salinity and inundation patterns). Frequency increased to quarterly measurements during periods that the Abiotic States change.

· Measurements should include: percentage plant cover along an elevation gradient, biomass (by means of random quadrants), the rate of change, and detrital pulses.

· Measurements of salinity, water level, sediment moisture content, sediment organic content and turbidity

Invertebrates

· Update and compile a detailed sediment distribution map at 20-30 sites of the Lake St Lucia Estuary. Use a dense grid and add an additional silt category (i.e. full analyses to below 63 µm). Obtain a detailed determination of the extent and distribution of shallows and tidally exposed substrates.   

· Compile a detailed sediment distribution map at 15 to 20 sites in the Umfolozi Estuary.

· During each survey, collect sediment samples for analysis of grain size and organic content at the following benthic sites: 20 – 30 (St Lucia), 15 – 20 (Umfolozi).
· During each survey determine the longitudinal distribution of salinity, as well as other system variables (e.g. temperature, pH and dissolved oxygen (mg/l and % saturation) and turbidity) at each of the benthic sampling sites

· Collect a set of 20-30 (St Lucia) and 15 to 20 (Umfolozi) benthic samples each consisting of 6 - 9 replicate grabs (e.g. Zabalocki-type Eckman grab).  Collect from sand, mud and interface substrates.  If possible, spread sites for each between upper and lower reaches of the estuary using a 500 micron mesh sieve.  One mud sample should be in an organically rich area.  Species should be identified to the lowest taxon possible and densities (animal/m2) must be determined.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides. Additional monthly sampling is required during periods when the abiotic states are changing.

· Sampling should be carried out at same time as sampling the abioticand other biotic components.  All sampling to be done at the same sites.. Collect cores/grabs from inter-tidal areas to link with birds. 

· Sample for bivalves as they from an important part of the food chain. 

· Collect replicated hyperbenthic samples at 20 - 30 (St Lucia) and 15 to 20 (Umfolozi) benthic sites identified above (i.e. two replicates at each site).  Lay sets of five, baited prawn/crab traps overnight, covering the different the salinity regions, e.g. marine, brackish and fresh. Species should be identified to the lowest taxon possible and densities (animal/m2) must be determined. Survey as much shoreline as possible for signs of crabs and prawns and record observations.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency). Additional monthly sampling is required during periods when the abiotic states are changing.

· Link with fish sampling sites.
· Quarterly ccollection of replicated zooplankton samples at each of the 20 - 30 (St Lucia) and 15 to 20 (Umfolozi) benthic sites (i.e. two replicates at each site) at night using standard nets and sledge (200 and 500 micron mesh respectively).  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency – zooplankton also moves into the water column more effectively, providing a better estimate of abundance). Additional monthly sampling is required during periods when the abiotic states are changing.

Fish
· The Lake St Lucia and Umfolozi Estuary needs to be sampled quarterly over at least one year to account for the seasons.  Seine-nets to sample small and juvenile fish and gillnets to sample adults are the appropriate gear.  Monofilament gill nets should comprise at least 3 different mesh sizes within the range of 40-150 mm stretched mesh. Seine nets should be 30 m long, 1.7 m deep with a 15 mm bar mesh in the wings and a 5 mm bar mesh in the purse.  All species in the catch should be identified, counted and measured in total length.    Salinity, temperature, turbidity and if possible oxygen needs to be recorded at each sampling site.

· For St Lucia about 50 seine net sites and 20 – 50 gillnet sites need to be samples. For the Umfolozi Estuary an additional 15 to 20 seine and 10 gillnet sites would be needed. Fish sampling should link to the invertebrate (e.g. prawns and Scylla serrata) sampling. Gill nets should not be left in for longer than an hour and all fish cut from mesh to increase survival. 

· Additional monthly sampling is required during periods that the Abiotic states are changing.

· An in-depth analyses should also be conducted on the available long term data of Ezemvelo KZN Wildlife to establish long-term trends.

· Future studies should include analyses of the available data of ORI (can be procured from Bruce Mann).

· As the fishes of the Lake St Lucia Estuary are of significant economic importance to the region (and country), a detailed economic evaluation should be conducted on the fisheries of the system.

· A study should be done on the larval fish of Lake St Lucia Estuary. SAIAB should be approached to link this to current studies being conducted around the coast of South Africa (Dr Nadine Strydom)

Birds

· Continue with quarterly full count of all water-associated birds, covering as much of the estuarine area as possible, (as part of the requirements of Ramsar). Count entire system as the birds move. All birds should be identified to species level and the total number of each counted.

· Include Umfolozi Estuary mouth area in the quarterly counts. 

· A series of monthly counts during the different states could assist in understanding the long-term variability.

Mammals and Reptiles

· Continue annual counts (Ezemvelo KZN Wildlife) of hippopotamus and crocodiles in Lake St Lucia Estuary.

· Good data and expertise are available from Ezemvelo KZN Wildlife on this component. Annual counts of hippopotamus since 1960s and crocodiles since 1970s.
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1. Introduction

7.1 Background

St Lucia Estuary is one of the most important estuaries in South Africa and one that has World Heritage and Ramsar status.  It is the largest estuary in the country with a water surface of 300 km2 and a shoreline of over 400 km. Consequently, it must be considered as a highly important system. Recent developments in the Greater St Lucia Wetland Park and catchment areas e.g. small-scale afforestation and irrigation have highlighted the urgent need for an estuary reserve (freshwater requirement) determination.  The Resource Directed Measures (RDM) Office of the Department of Water Affairs and Forestry decided to conduct a RDM study at the Rapid level.  The results of the Rapid RDM on the St Lucia system are included in this report. This will allow for collation of existing data and identification of gaps before an Intermediate study can be undertaken (e.g. the hydrological model needs to be updated which requires recent bathymetric data).
7.2 Specialist team

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

	Components
	Staff

	Project leader, 

Hydrodynamics
	L van Niekerk 

	Hydrodynamics
	P Huizinga 

	Groundwater
	Prof B Kelbe 

	Water Quality 
	S Taljaard, R Perissinotto, F MacKay

	Micro algae
	Prof G Bate, Prof R Perissinotto

	Macrophytes
	Prof J Adams, CJ Ward, R Taylor, C Fox

	Macro Invertebrates 
	F MacKay, T Wooldridge, R Taylor, C Fox

	Macrocrustacea
	Prof T Wooldridge, P Buthelezi 

	Zooplankton
	Prof R Perissinotto, Prof T Wooldridge 

	Fish
	Prof D Cyrus, Dr A Whitfield , S Lamberth , R Taylor, C Fox

	Birds
	Dr J Turpie, Prof D Cyrus, R Taylor, C Fox

	Hydrology
	R Stassen 


1.3
Assumptions and Limitations

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

· It was agreed among the different parties that the determination of the Ecological Reserve on a Rapid level for the St Lucia Estuary be based on the method for estuaries as set out by South Africa’s Department of Water Affairs and Forestry in Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 2.0) (DWAF, 2003) (B Weston, RDM Directorate, DWAF, pers. comm.).   

· The ecological importance rating of the St Lucia Estuary was based on a national (i.e. South African) perspective as stated by Turpie (2004). 

· The determination of the Ecological Reserve on a Rapid level for the Lake St Lucia Estuary was based on published or readily available data and information as listed in Appendix A. 

· The results of this study were based on the simulated runoff data provided to the study team by the DWAF (SA).  The Present State MAR for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers was estimated to be 362.26 x106 m3, which is 86% of the MAR under the Reference Condition (i.e. 417.89 x 106 m3). If, in addition the influence of groundwater (23.14 x106 m3), direct rainfall (273.25 x106 m3) and evaporation (-420 x106 m3) were included in the estimate of the freshwater reaching St Lucia Estuary. Rheta please add the source and date.  Simulated runoff data for the Umfolozi catchment was provided by Dr W Pittman for the reference conditions, as little is known about the current abstraction levels in the system.
The accuracy of this rapid determination is largely dependent on the accuracy of those hydrological simulated results (particularly the base flows).  Should it at a future time be found that the simulated runoff for the Present State and/or the Reference Condition were not representative of the actual situation, the Present Ecological Status, the recommended Ecological Category, the recommended Ecological Water Requirement Scenario as well as the Ecological Categories associated with the different future runoff scenarios provided in this report may have to be re-assessed.

· The results contained in this report were those of the specialist team.  Although the observers participated in the workshop, the final decisions on, for example, the recommended Ecological Category and the recommended Ecological Flow Scenario were those of the specialist team.
· Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

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

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

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


· It was not within the brief of this study to address the freshwater requirements of the marine environment adjacent to the St Lucia/Mfolozi Estuary.  The National Water Act 36 of 1998 of South Africa does not classify marine waters as a resource and, as a result, it does not make provision for freshwater requirements of the marine environment.  
2.
Definition of Resource Unit

For the purposes of the Rapid Ecological Reserve determination on the Lake St Lucia Estuary, the geographical boundaries are estimated as follows (Gauss Projection, Clarke 1880 Spheroid): 
· Downstream boundary: The estuary mouth (28º22`55.95``S; 32º25`28.13``E)

· Upstream boundaries:  Provisionally these are judged to be where the rivers are entering the lake system with limited back flooding in low lying areas: Mpate: 28º18`30``S; 32º 23`18.75``E, Hluhluwe: 28º05`58``S; 32º 20`22.5``E, Nyalazi: 28º08`11.35``S; 32º21`33.75``E, Mkuze: 27º45`51.89``S; 32º30`30.0``E, Mzinene: 27º52`38.92``S; 32º19`41.25``E. (Boundaries can only be finalised once a comprehensive bathymetry study has been undertaken to estimate how far back flooding would occur under high lake levels.)
· Lateral boundaries: 5 m contour above MSL along the banks.

Figure 1: Map of the Lake St Lucia System

3.
Ecological Categorisation

3.1
Description of Present State

3.1.1 Abiotic components

a. Seasonal variability in river inflow: 

Monthly-simulated runoff data for Present State (without the Umfolozi river inflow) over a 53-year period (1926-1978) were obtained from the Department of Water Affairs and were used to simulate the monthly variations in water levels (Table 3.1). The Present State MAR for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers is 362.26 x106 m3, which is 86% of the MAR under the Reference Condition (i.e. 417.89 x 106 m3). If, in addition the influence of groundwater (23.14 x106 m3), direct rainfall (273.25 x106 m3) and evaporation (-420 x106 m3) are included in the estimate of the freshwater reaching Lake St Lucia Estuary, the total annual flows at present are 221.72 x106 m3.

A statistical analysis of the monthly-simulated runoff data (in 106 m3) for the Present State for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers is provided below.

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

	90%ile
	34.04
	65.30
	96.22
	122.79
	189.32
	136.10
	44.09
	23.68
	18.87
	14.56
	12.47
	21.72

	80%ile
	21.13
	37.43
	67.88
	83.76
	109.49
	86.18
	33.43
	16.54
	13.91
	12.68
	9.58
	13.53

	70%ile
	15.32
	28.11
	53.98
	53.33
	78.76
	55.19
	27.34
	14.70
	10.78
	9.45
	7.74
	7.05

	60%ile
	12.95
	22.25
	25.67
	47.30
	39.15
	39.22
	19.96
	13.03
	9.68
	6.80
	5.98
	6.21

	50%ile
	10.87
	17.19
	18.78
	40.22
	34.51
	34.31
	18.05
	9.81
	7.79
	5.70
	4.46
	5.51

	40%ile
	8.25
	15.65
	16.57
	30.53
	27.68
	22.60
	14.24
	8.34
	6.29
	4.84
	3.87
	4.12

	30%ile
	5.98
	13.24
	15.36
	16.91
	21.07
	16.35
	12.13
	7.02
	5.15
	4.05
	3.37
	3.22

	20%ile
	3.15
	9.20
	11.32
	11.80
	16.08
	13.66
	9.74
	6.28
	4.07
	3.29
	2.51
	2.26

	10%ile
	2.44
	5.97
	8.88
	9.27
	8.44
	8.23
	5.77
	4.58
	3.06
	2.56
	1.59
	1.87

	1%ile
	0.71
	0.62
	2.29
	3.68
	2.77
	2.30
	2.00
	2.23
	1.85
	1.08
	1.27
	0.67


NOTE: shaded months indicate periods where the groundwater makes up the major contribution 

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

c.
Present sediment processes and characteristics: 

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

There is potentially an increase in sediments eroded from the catchments feeding directly into the lakes due to incorrect agricultural practises. 

In addition the silt load of the Umfolozi River has been radically increased through catchment erosion and canalization of the Umfolozi flood-plain.  Since 1922 the Umfolozi floodplain has been drained and canalised for the development of sugar cane lands. This reduced the ability of the Umfolozi floodplain to receive and filter out sediments (Taylor 1993).

The mouth management practise, applied until recently, of extending the period of open mouth conditions through dredging also resulted in an increase in the amount the amount of marine sediment entering the estuary from the sea.

There is also some reworking of sediments within the lake. Some sediments come from eroding cliffs, shorelines and islands.  Others are shifted from shallow water to deeper water.  The latter is likely to have been aggravated by loss of shoreline emergent vegetation and a reduction in macrophyte beds, both of which would have stilled wave action and promoted sediment deposition.  An additional there is the wind-blown movement of sediments when the lake level is low.  This has been quite considerable and related to low lake level (Mr R Taylor, pers. comm.)

d. Present Groundwater regime:


The groundwater contribution to the hydrological regime of Lake St. Lucia comprises the baseflow component of river runoff and the direct seepage along the shoreline.  The baseflow is derived from a much larger catchment area than the direct seepage and therefore makes a greater contribution to the overall water balance of Lake St. Lucia.  However, the direct seepage into the lake along the exposed shoreline plays an essential role in the ecological resilience of the lake to large changes in water quality (salinity).

Groundwater contribution for base flow

The groundwater contribution to river runoff as base flow is not addressed in detail as part of this Groundwater Assessment for the Rapid RDM determination.  The perennial nature of the rivers infers a significant contribution of base flow in the river runoff component.  This contribution will increase with increase in the flood plain storage, particularly for the Mkuze swamps.  If the Mkuze swamps functions in a similar manner to the eastern shores, they will contribute a significant proportion of the groundwater seepage into the lake that still needs to be determined.

An indication of the groundwater contribution of the Mpate River has been presented by Kelbe, Rawlins and Nomquphu (1995).  The simulated average groundwater discharge for the Mpate River from 1929 to 1994 is 1344 m3/day for present conditions and 5396 m3/day for reference state conditions. This represents 10% of the total average flow of 50,000 m3/day derived by Cornelius (1993) for the Mpate under present day afforestation. This is surprising and needs to be evaluated further as this river is considered to be groundwater dominated. The study by Kelbe et. al. (1995) was based on very little data on the western shores (for calibration) and has low confidence.

Confidence: Low

e.
Typical Abiotic States for the Lake St Lucia Estuary:
Based on the limited data available, three Abiotic States were derived for the Lake St Lucia Estuary, of which the occurrence and duration varies depending on river inflow rate. These states are:

	State
	Water level

	1: Open, with marine influence
	> 0.1 m

	2: Closed, brackish 
	0.1 – 3.0 m

	3: Closed, potentially hypersaline
	< 0.1 m


The transitions between the different states will not be instantaneous, but will take place gradually. It should furthermore be noted that due to the extensive surface area of the lake system (e.g. 300 km2) the water levels and salinity regime of the estuary are not immediately affected by the inflow rates (i.e. delayed), as the large basin area acts as a buffer, and an increase in the flow rates does not normally directly relate to a rapid change in states. 

A simple basin model was therefore developed in which inflows from the five river systems (Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate), feeding directly into the estuary, groundwater, direct rainfall, evaporation and the discharge to and from the sea were combined to estimate the water level of the St Lucia system. The lake levels, in turn were used to evaluate probable mouth conditions and the salinity regime of the system for any particular month.

For the Reference Conditions and Future Scenario 1 to 4 it was also assumed that the Umfolozi  and the Lake St Lucia Estuaries interact at water levels below 0.1 m Mean Lake Level when the Lake St Lucia mouth could close. For the benefit of this evaluation, the monthly runoff from the Umfolozi (Reference MAR, 920 x 106 m3) was used to evaluate the effect of the additional Umfolozi runoff on the Lake St Lucia system mouth conditions. The Umfolozi inflows were mainly considered when the lake St Lucia mouth was closed.

The water balance model assumes that the St Lucia system breaches naturally at approximately 3.0 m above Mean Lake Level. The past management practises of artificially breaching the estuary at far lower than natural water levels were also evaluated, but the water balance model was not very sensitive to changes in the breaching levels, e.g. lowering the breaching level to 2.0 M Mean Lake Level only increased the open mouth conditions by 5%. Therefore for the sake of the Rapid RDM study the mouth breaching level at 3.0 m Mean Lake Level was used.

Table 3.1:  Simulated Monthly water level data (in m Mean Lake Level) for the Present State (without Umfolozi inflows) and  mouth closure occurs at water levels below 0.1m Mean Lake level.

	YEAR
	OCT
	NOV
	DEC
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	Closed
	State 3

	1926
	0.31
	0.24
	0.18
	0.15
	0.19
	0.26
	0.23
	0.19
	0.16
	0.21
	0.16
	0.14
	 
	 

	1927
	0.21
	0.22
	0.23
	0.37
	0.31
	0.23
	0.23
	0.20
	0.18
	0.16
	0.14
	0.16
	 
	 

	1928
	0.15
	0.12
	0.11
	0.18
	0.18
	0.58
	0.47
	0.31
	0.29
	0.25
	0.22
	0.27
	 
	 

	1929
	0.28
	0.24
	0.21
	0.72
	0.56
	0.43
	0.32
	0.24
	0.20
	0.17
	0.16
	0.15
	 
	 

	1930
	0.12
	0.18
	0.17
	0.15
	0.12
	0.13
	0.13
	0.13
	0.13
	0.13
	0.10
	0.06
	 
	

	1931
	-0.02
	0.09
	0.05
	-0.09
	0.38
	0.61
	0.88
	1.07
	1.13
	1.11
	1.07
	1.03
	12
	4

	1932
	0.96
	1.00
	1.22
	1.35
	1.44
	1.47
	1.44
	1.39
	1.35
	1.35
	1.28
	1.23
	12
	 

	1933
	1.18
	1.36
	1.68
	2.01
	2.10
	2.14
	2.18
	2.19
	2.20
	2.21
	2.22
	2.16
	12
	 

	1934
	2.11
	2.08
	2.19
	2.17
	2.14
	2.10
	2.05
	2.05
	2.04
	2.00
	1.94
	1.85
	12
	 

	1935
	1.74
	1.64
	1.53
	1.67
	1.96
	2.16
	2.16
	2.26
	2.27
	2.27
	2.21
	2.16
	12
	 

	1936
	2.19
	2.64
	2.67
	0.86
	0.80
	0.54
	0.35
	0.24
	0.19
	0.18
	0.15
	0.14
	3
	 

	1937
	0.09
	0.05
	0.46
	0.49
	0.50
	0.51
	0.52
	0.48
	0.55
	0.60
	0.57
	0.49
	11
	2

	1938
	0.51
	0.43
	0.78
	0.87
	2.07
	2.85
	2.97
	0.60
	0.37
	0.30
	0.23
	0.30
	7
	 

	1939
	0.23
	0.52
	0.37
	0.40
	0.27
	0.43
	0.33
	0.33
	0.47
	0.35
	0.30
	0.26
	 
	 

	1940
	0.20
	0.39
	0.56
	0.40
	0.34
	0.29
	0.26
	0.20
	0.17
	0.15
	0.12
	0.11
	 
	 

	1941
	0.02
	-0.04
	-0.06
	0.16
	0.15
	0.41
	0.45
	0.46
	0.51
	0.51
	0.53
	0.52
	11
	2

	1942
	0.51
	0.66
	1.12
	1.11
	1.24
	2.11
	0.98
	0.64
	0.40
	0.40
	0.42
	0.31
	6
	 

	1943
	0.32
	0.36
	0.40
	0.28
	0.46
	0.34
	0.24
	0.18
	0.30
	0.24
	0.18
	0.22
	 
	 

	1944
	0.19
	0.17
	0.12
	0.14
	0.26
	0.47
	0.36
	0.28
	0.22
	0.17
	0.12
	0.06
	 
	

	1945
	0.01
	-0.10
	-0.17
	0.31
	0.53
	0.64
	0.62
	0.57
	0.55
	0.50
	0.43
	0.39
	12
	3

	1946
	0.37
	0.34
	0.38
	0.37
	0.61
	0.65
	0.64
	0.60
	0.61
	0.58
	0.52
	0.51
	12
	 

	1947
	0.50
	0.51
	0.52
	0.44
	0.45
	0.61
	0.64
	0.60
	0.56
	0.51
	0.43
	0.41
	12
	 

	1948
	0.36
	0.41
	0.34
	0.83
	1.13
	1.12
	1.44
	1.48
	1.48
	1.46
	1.40
	1.39
	12
	 

	1949
	1.37
	1.40
	1.80
	2.01
	2.10
	2.15
	2.14
	2.12
	2.09
	2.06
	2.00
	1.91
	12
	 

	1950
	1.86
	1.75
	2.04
	2.19
	2.17
	2.16
	2.19
	2.18
	2.18
	2.14
	2.26
	2.23
	12
	 

	1951
	2.28
	2.18
	2.20
	2.16
	2.11
	2.06
	2.01
	1.99
	1.96
	1.96
	1.89
	1.79
	12
	 

	1952
	1.71
	1.77
	2.29
	2.34
	2.31
	2.29
	2.25
	2.25
	2.22
	2.18
	2.12
	2.10
	12
	 

	1953
	2.12
	2.53
	2.64
	2.57
	2.59
	2.56
	2.59
	2.70
	2.69
	2.65
	2.61
	2.65
	12
	 

	1954
	2.87
	2.93
	2.86
	0.83
	0.50
	0.55
	0.40
	0.30
	0.24
	0.19
	0.14
	0.09
	3
	

	1955
	0.13
	0.24
	0.31
	0.18
	0.73
	0.57
	0.34
	0.27
	0.22
	0.18
	0.14
	0.14
	 
	 

	1956
	0.19
	0.18
	0.42
	0.36
	0.32
	0.25
	0.25
	0.22
	0.19
	0.22
	0.19
	0.56
	 
	 

	1957
	0.95
	0.61
	0.35
	0.69
	0.68
	0.39
	0.30
	0.22
	0.21
	0.16
	0.12
	0.15
	 
	 

	1958
	0.21
	0.25
	0.46
	0.42
	0.27
	0.16
	0.12
	0.16
	0.15
	0.13
	0.14
	0.14
	 
	 

	1959
	0.20
	0.20
	0.18
	0.13
	0.33
	0.38
	0.37
	0.28
	0.23
	0.18
	0.15
	0.16
	 
	 

	1960
	0.16
	0.49
	0.69
	0.53
	0.39
	0.32
	0.31
	0.26
	0.29
	0.24
	0.19
	0.24
	 
	 

	1961
	0.25
	0.27
	0.18
	0.14
	0.06
	0.13
	0.16
	0.13
	0.12
	0.10
	0.13
	0.07
	 
	

	1962
	0.03
	0.37
	0.56
	0.58
	0.57
	0.58
	0.59
	0.54
	0.60
	1.94
	2.27
	2.22
	12
	1

	1963
	2.24
	2.30
	2.30
	2.59
	2.61
	2.58
	2.70
	2.69
	2.69
	2.65
	2.59
	2.52
	12
	 

	1964
	2.72
	2.71
	2.72
	2.63
	2.57
	2.49
	2.45
	2.40
	2.38
	2.35
	2.41
	2.36
	12
	 

	1965
	2.37
	2.37
	2.30
	0.97
	0.72
	0.38
	0.26
	0.21
	0.19
	0.16
	0.15
	0.12
	3
	 

	1966
	0.06
	-0.01
	-0.03
	0.04
	0.47
	0.57
	0.67
	0.67
	0.65
	0.63
	0.57
	0.52
	11
	3

	1967
	0.50
	0.53
	0.43
	0.34
	0.31
	0.37
	0.34
	0.28
	0.24
	0.20
	0.18
	0.13
	12
	 

	1968
	0.09
	0.05
	0.02
	-0.04
	-0.07
	0.42
	0.56
	0.60
	0.59
	0.56
	0.49
	0.45
	12
	5

	1969
	0.60
	0.56
	0.50
	0.39
	0.31
	0.23
	0.16
	0.15
	0.12
	0.07
	0.01
	-0.02
	12
	3

	1970
	-0.03
	0.01
	-0.09
	0.03
	0.06
	0.07
	0.11
	0.28
	0.31
	0.33
	0.28
	0.25
	12
	6

	1971
	0.27
	0.31
	0.51
	0.93
	2.39
	2.88
	2.90
	0.80
	0.44
	0.31
	0.22
	0.15
	7
	 

	1972
	0.13
	0.15
	0.13
	0.06
	0.16
	0.15
	0.15
	0.14
	0.12
	0.11
	0.21
	0.46
	 
	1

	1973
	0.33
	0.42
	0.41
	0.53
	0.39
	0.29
	0.23
	0.22
	0.20
	0.17
	0.13
	0.06
	 
	

	1974
	0.00
	0.06
	0.10
	0.26
	0.76
	0.93
	0.99
	0.99
	0.98
	0.94
	0.89
	1.01
	12
	3

	1975
	0.98
	1.00
	1.57
	2.66
	0.91
	0.68
	0.52
	0.39
	0.29
	0.26
	0.21
	0.14
	4
	 

	1976
	0.21
	0.19
	0.19
	0.35
	0.94
	0.71
	0.45
	0.30
	0.24
	0.19
	0.17
	0.23
	 
	 

	1977
	0.21
	0.14
	0.18
	0.48
	0.42
	0.41
	0.34
	0.25
	0.22
	0.25
	0.22
	0.18
	 
	 

	1978
	0.31
	0.33
	0.24
	0.16
	0.12
	0.04
	0.08
	0.07
	0.04
	-0.01
	-0.03
	-0.04
	6
	6

	
	
	
	
	
	
	
	
	
	
	
	
	
	336
	38

	
	
	1: Open
	
	2: Closed

 BrackishBrackish
	0.31
	3: Closed, potentially hypersaline
	
	53%
	5.97%




f.
Typical abiotic characteristics of the Abiotic States identified for the Lake St Lucia Estuary:
	ABIOTIC STATE 1:  OPEN, WITH MARINE INFLUENCE

	Typical lake levels and flow patterns:  
It is estimated that the St Lucia Estuary mouth would normally stay open at water levels above that of ~0.1 m Mean Lake Level.

Confidence: Low

	State of the mouth:  

The mouth of the system is open.
Confidence:  Medium

	Water levels and flood plain inundation patterns:  
During major flood event there can e some flood plain inundation, but not as extensive as during a closed mouth state.

Confidence: Medium

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): 
In the estuary tidal variations are about 1.0 m at the mouth and reduced to about 0.1m in the upper estuary. There are no tidal variations in the lakes, but water level changes up to 0.5 m occur due to wind effects. 

Confidence:  Medium

	Total volume:  
The total volume is approximately 300 000 000 m3 at 1.0 m Mean lake Level with an average depth of 1.0 m.

Confidence:  Medium

	Salinity distributions in the estuary: 
On average under Reference conditions salinity concentrations varied between 0ppt and 35ppt in the lakes. Under past management practises where the mouth was kept artificially open salinities have increased in drought period in the northern lakes to 150 ppt.

Confidence:   Medium

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

Temperatures in the estuary shows strong seasonal trends with temperature around 17 oC during winter and around 28oC in summer.  Temperatures during State 1, therefore will depend on the season within which it occurs.

pH values are likely to range between 7 and 8.5.

Suspended solid/turbidity levels also show a seasonal trend, mainly associated with wind turbulence (i.e. re-suspension of settled fines).  These are highest during the summer when strongest winds are recorded in the area.  Stronger (higher turbid) river) inflow during summer (i.e. wet season) could also contribute to the higher summer levels.  Turbidity along the western shores is also typically higher than those measured along the eastern shore, as a result of river inflow that occurs along the western shores.  The turbidity regime under State 1 therefore depends on the season in which it occurs.  Under strong marine inflow, there is likely to be a turbidity gradient present in the estuary, where lower turbidity will be present in clearer seawater near the mouth. 

This shallow estuary is expected to be well-oxygenated as a result of tidal flushing in the lower reaches and wind turbulence throughout the system.

Confidence:  Low

	Inorganic Nutrients:  

Sources of inorganic nitrogen and phosphate to the estuary are mainly through river inflow and remineralization occurring within the estuary. Groundwater may also be a source of inorganic nutrient input, but this needs to be confirmed.  During State 1, where significant inflow of freshwater is expected to occur (particularly during summer [i.e. wet season]) it could expected that, in addition to inputs through remineralization [and possibly groundwater], pulses of inorganic nutrient will also be introduced to the water column through river inflow.     

Confidence: Low

	Ground water seepages sites that act as refuge areas:  

Not that important under reference conditions as significant hypersalinity (> 40 ppt) did not occur in this state. At present, the refuge areas can be important during drought conditions depending on the mouth management practises.

Confidence: Low


	ABIOTIC STATE 2:  CLOSED, BRACKISH

	Typical lake levels and flow patterns:  
It is estimated that the St Lucia Estuary mouth would close at water levels less than 0.1 m Mean Lake Level.

Confidence:  Low

	State of the mouth:  

Closed.

Confidence:  Medium

	Water levels and Flood plain inundation patterns:  

Under Reference Conditions extensive floodplain (St Lucia and Umfolozi) inundation would have occurred as natural breaching levels are estimated at 3.0 m Mean Lake Level. 

At present, depending on the mouth management practises breaching levels can be lower reducing the extent of flood plain inundation.

Confidence:  Medium

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): 
No tidal variation, but water level variation up to 0.5 m occurs in the lakes due to wind effects. 

Confidence:  High

	Total volume:  
A very conservative estimate of the total volume, which do not include the increase in surface area at higher water levels (i.e. inundation of the Mkuze swamp area and the Umfolozi flood plain), is that the volume would vary between 300 000 000 m3 (at 0.0 m Mean Lake Level, average depth 1.0 m) and 1 200 000 000 m3 (3.0 m Mean Lake Level). If the extended areas are included, the volume can be two to three times more with the considerable lateral expansion of the water area into the adjacent swamp and floodplain areas.

Confidence:  Low

	Salinity distributions in the estuary:  

On average salinity varies between 5 ppt and 35ppt in the system, with the Narrows being close to that of seawater and the Southern and Northern lakes being around 5 ppt to 20 ppt.

Confidence:  Low

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

Temperatures in the estuary show strong seasonal trends with temperature around 17 oC during winter and around 28oC in summer.  Temperatures during State 2 therefore will depend on the season within which it occurs.

pH values are likely to range between 7 and 8.5.

Suspended solid/turbidity levels also show a seasonal trend, mainly associated with wind turbulence (i.e. re-suspension of settled fines).  These are highest during the summer when strongest winds are recorded in the area.  Stronger (higher turbid) river) inflow during summer (i.e. wet season) could also contribute to the higher summer levels.  Turbidity along the western shores is also typically higher than those measured along the eastern shore, as a result of river inflow that occurs along the western shores.  The turbidity regime under State 2 therefore depends on the season in which it occurs.  
This shallow estuary is expected to be well-oxygenated as a result of tidal flushing in the lower reaches and wind turbulence throughout the system.

Confidence:  Low

	Inorganic Nutrients:  

Sources of inorganic nitrogen and phosphate to the estuary are mainly through river inflow and remineralization occurring within the estuary. Groundwater may also be a source of inorganic nutrient input, but this needs to be confirmed.  During State 2, where significant inflow of freshwater is expected to occur (particularly during summer [i.e. wet season]) it could expected that, in addition to inputs through remineralization [and possibly groundwater], pulses of inorganic nutrient will also be introduced to the water column through river inflow.     

Confidence: Low

	Ground water seepages sites that act as refuge areas:  

Not that relevant as extensive inundation of the floodplain and refuge areas can occur in this state.

Confidence: Low


	ABIOTIC STATE 3:  CLOSED, HYPERSALINE 

	Typical lake levels and flow patterns:  
This state is likely to occur at mean lake levels of less than 0.1 m. 
Confidence: Low

	State of the mouth:  

Closed

Confidence:  Medium

	Flood plain inundation patterns: 
Water levels in general are below 0.1 m Mean Lake Level and extensive flood plain inundation does not occur.

Confidence:  Low

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  
No tidal variation, but water level variation up to 0.5 m occurs in the lakes due to wind effects. 
Confidence:  Medium

	Total volume:  
Depending on the lake levels the volume can be between 50 000 000 and 300 000 000 m3.

Confidence:  Low

	Salinity distributions in the estuary:  
Under the Reference conditions hypersalinity seldom occurred for long periods at a time and the values were relatively low, i.e. probably less than 45 ppt (Hutchison 1976). 

During 2004, under the Present state, salinity values of 215 ppt in the Northern lakes, 65 ppt in the Southern Lakes and about 30 ppt in the Narrows were observed during drought conditions.

Confidence:  Medium

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

Temperatures in the estuary show strong seasonal trends with temperature around 17 oC during winter and around 28oC in summer.  Temperatures during State 3 therefore will depend on the season within which it occurs.

pH values are likely to range between 7 and 8.5.

Suspended solid/turbidity levels also show a seasonal trend, mainly associated with wind turbulence (i.e. re-suspension of settled fines).  These are highest during the summer when strongest winds are recorded in the area.  Turbidity along the western shores is also typically higher than those measured along the eastern shore, as a result of river inflow that occurs along the western shores.  The turbidity regime under State 3 therefore depends on the season in which it occurs.  
This shallow estuary is expected to be well-oxygenated as a result of tidal flushing in the lower reaches and wind turbulence throughout the system.  However, during State 3 high organic inputs associated with die-back of macrophytes (as a result of hyper-salinity) may result in a reduction in dissolved oxygen concentrations, particularly in the “Narrows’.
Confidence: Low

	Inorganic Nutrients:  

Sources of inorganic nitrogen and phosphate to the estuary are mainly through river inflow and remineralization occurring within the estuary. Groundwater may also be a source of inorganic nutrient input, but this needs to be confirmed.  During State 3 river inflow into the estuary is expected to be low, therefore it could expected that inputs through remineralization [and possibly groundwater] will be the dominant sources of inorganic nutrient to the system.     

Confidence: Low

	Ground water seepages sites that act as refuge areas:  

Groundwater-fed Refuge areas could become extremely important during the Closed Hypersaline state when the lake salinities are high, as they provide the only areas with freshwater input. 

Confidence: High


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

The occurrence and duration of the different Abiotic States during the Present State are illustrated in the simulated monthly water levels table (Table 3.1). To provide a conceptual overview of the distribution of Abiotic States under the Present state, the total occurrence of the various states for the 53-year period were used to depict the situation for the Present state:


[image: image1]
Water levels of less than 0.1 m Mean Lake Level were taken as indicative of months in which State 3: Closed, Hypersaline can potentially develop.

h. Non-flow related anthropogenic influences, presently affecting Abiotic characteristics in the estuary:

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

 Weirs on the Nyalazi, Hluhluwe and Mpate rivers prevent the formation of a zone of saltwater dilution – causing an abrupt salinity change, as well as being a barrier to animal movement.  This effectively negates the “refuge” value of these rivers

Confidence:  Medium

	Human exploitation (e.g. sand mining):  

Dredging is utilised to keep the mouth open.

Confidence:  Medium

	Discharges into the estuary affecting water quality (e.g. dump sites, storm water, sewage discharges, etc): Localised effects associated with septic tank/conservancy tank seepage from tourist developments along the banks may occur but this needs to be confirmed. 

Confidence:  Low

	Input of Toxic substances from catchment:  Sugarcane farming in the catchments of the different rivers is likely to have introduced toxins associated with agricultural practices (e.g. pesticides).  However, this needs to be confirmed through measurements in the estuary.

Confidence:  Low


3.1.2 Biotic component

a. Description of the present state of biotic components:

	MICROALGAE

	The main microalgal communities in St. Lucia will include phytoplankton (in the water column), epipelon (on the sediment surface - mostly down to a depth of 10-20 mm), epilithon (growing on rock surfaces), epiphyton (growing on submerged plants) and epizoon (growing on animal surfaces). Of these, phytoplankton and epipelon make up the largest component. These two communities will produce most of the microalgal biomass and will produce most of the primary productivity relevant to ecosystem stability in the lake and estuary system. Phytoplankton is important because it is present in the entire water column and the epipelon is important because it is present on all the sediment surfaces. 

Johnson (1976) sampled the St. Lucia system during 1973 and concluded that in situ phytoplankton produced more biomass than imported biomass arriving in river flow or from the sea. A similar situation has been shown in the Gamtoos Estuary (permanently open mouth). Of the microalgae, the diatoms contributed most of the microalgal volume (and likely the greatest proportion of the biomass).  According to Johnson (1976) diatoms represent one of the most important groups within the microalgal communities present in rivers, lakes and estuaries. The blue/green algae are also very important because they have the capability to fix nitrogen. However, no ecological surveys of this group (are known to) have been reported in South Africa.

Diatoms form communities comprising between 30 – 80+ species at any one site and there are indications that the community structure is important in terms of their response to water quality and other environmental parameters such as water flow rate, light, TSS and mineral composition of the water. Bate et al. (In Press) have recently completed a survey of the diatoms in a representative sample of the rivers and estuaries of South Africa in all the major phytogeographical regions of the country. This work represents the first major taxonomic and ecological survey of diatoms in South African rivers and estuaries. However, because of the poor effort devoted so far to the study of microalgae in general in South Africa, this group of organisms is only poorly understood.

Recent publications by Bate et al. (1999), on the permanently open estuaries of South Africa, and by Perissinotto et al. (2002, 2003) and Nozais et al. (2001), on the temporarily open estuaries of the KwaZulu Natal coast have thrown much light on the ecology of these systems. Phytoplankton entering estuarine and lake systems often comprise a diverse group of microalgae. If the inorganic nutrient content is high, diatoms are often the dominant group. However, if the water is oligotrophic or fast flowing the biomass is relatively low and can comprise a high number of flagellates. Contrary to this, studies by Perissinotto and his group show that nanoplankton dominate the total stock almost on every occasion, even under hyper-eutrophic conditions, e.g. Mhlanga blooms. There may be lots of diatoms involved, but then their size must be mainly in the range 10-20(m.

When river water enters an estuary, even if relatively oligotrophic, a microalgal bloom develops at the seawater interface. The intensity of the bloom depends on the eutrophic status of the inflowing water. Eutrophic water flowing into an estuary can cause an intense bloom; while hypertrophic water can result in the development of “red tides” as have been observed in both the Gamtoos Estuary and the Sundays Estuary. These latter blooms can become sufficiently intense to cause anoxic and lethal conditions. Red waters due to bloom concentrations of the dinoflagellate Noctiluca scintillans were observed in the St Lucia system in 1969 (Grindley & Heydorn 1970). The occurrence of this red tide was attributed to the vast supply of nutrients available in the lakes following a previous mass mortality of benthic and pelagic organisms, as a result of the hypersaline conditions predominant at the time.

In permanently open estuaries the extent of the river-estuary interface region is characterised by a phytoplankton rich region, the position and intensity of which is dependent upon river flow/estuary volume relations and the mineral content of the river water. In temporary open/closed estuaries, of which St. Lucia is currently an example, Perissinotto et al. (In press) have shown that when river water is flowing (i.e. open mouth conditions), the phytoplankton community is low (as chlorophyll-a content) but rises after mouth closure to a level dependent on the eutrophic state of the river water. After prolonged closed conditions (weeks), this community can fall to a very low level. During prolonged closed mouth conditions, the benthic community has by far the greatest microalgal biomass.

The only work undertaken on benthic microalgae in St. Lucia is the collection reported by Cholnoky (1968) from the CSIR. The main thrust of that work was taxonomic but some environmental factors were often also included. Unfortunately, the Cholnoky collection, presently housed in Durban by CSIR, is in disarray as no resources have been allocated to sort it out. This means that the information is present but not immediately available. Millard & Broekhuizen (1972) referred to 6 species with their salinity ranges and their distribution, but not the conditions under which they were dominant. Grindley & Heydorn provided a list of phytoplankton from Charters Creek and Lister Point.

Interpreting the foregoing into the present state of St. Lucia, we would expect most of the primary productivity utilised by the primary consumers to be the epipelic diatoms. The population density and dominants would change depending upon conditions of nutrient status in the water column, hyperphreatic flow from the dunes and surrounding swamps and the frequency and intensity of TSS stirred up by wind. Ignoring the foregoing inputs, the hypothesis is that primary productivity will be utilisation-dependent (remineralisation) rather than primary consumption being productivity-dependent. The reason for this is that diatoms are known to be present in a very wide range of aquatic habitats. What remains largely unknown is whether productivity becomes restricted at the higher salinity values measured in St. Lucia during droughts. However, Perissinotto (unpubl.  data) recently took snapshot measurements of water-column chlorophyll-a at False Bay, during the period of hypersaline conditions (172‰) and immediately after the summer rains, when salinity returned to normal levels (21‰). Results indicate that biomass may be substantially higher during hypersaline conditions (69-106 mgchl-a/m3) than during periods of low salinity (47-59 mgchl-a/m3). The size structure of the phytoplankton community also appears to change, with larger microalgae (> 20 µm) dominating the hypersaline period and smaller nanoplankton (2-20 µm) dominating during low salinity conditions (Perissinotto, unpubl.). Fielding et al. (1991) did not find any significant correlation between phytoplankton chl-a and salinity, in their whole-system survey of 1987-88. On that occasion, chl-a levels were relatively low, with average values ranging from 2.14 mgchl-a/m3 in Sept 1987 to 16.02 mgchl-a/m3 in Feb 1988. Salinity values though were also very low, towards the lowest observed in the system, from 2-5‰ in Jul 1988 to 25-35‰ in Sept 1987 (Fielding et al. 1991). The point is that, while salinity is probably not a proximal factor controlling microalgal production under normal circumstances, it may become so under hypersaline conditions, if for example the community structure changes dramatically as a result of this and opportunistic (diatom?) species are able to thrive in the absence of competition for potentially limiting resources (nutrients, light). 

Confidence: High

	MACROPHYTES

	Taylor et al. have described four primary habitats,( in prep.) each having a suite of vegetation types characteristic of that habitat.  These primary habitats are: (i) open water; (ii) intertidal shorelines; (iii) 'dry' shorelines and islands where there is evaporation of saline water as well as exposure to desiccation, and; (iv)  'wet' shorelines where the effects of salinity are moderated by the inflow of freshwater – often in the form of groundwater seepage.  

i) Open water represents the available habitat for submerged macrophytes.  Three main species occur.  These are Potamogeton pectinatus, Ruppia cirrhosa and Zostera capensis.  There is seldom co-occurrence of Potamogeton with the other two species at the same locality, as it prefers lower salinity (< 20 ppt).  When the lake is fresh and in the river areas Ruppia maritima, Najas marina subsp. armata, Lamprothamnion papulosum and other submerged macrophytes are found.

ii) The intertidal habitat occurs along the shoreline of the Narrows.  At the mouth the tidal range is about 2 m, and at the upper reaches of the Narrows, 22 km away, this has diminished to a few centimetres.  Mangroves, Avicennia marina and Bruguiera gymnorrhiza grow in the zone between the mid-tide and extreme spring high tidal levels.  Stands of the rush, Juncus kraussii are found in sites less frequently flooded. In the drier sites on the fringes of the mangroves, saltmarsh plants may be found and where there is some freshwater inflow common reed Phragmites australis occurs.
iii) The dry shores occur on the western shoreline of the estuary and along the False Bay shoreline, where there is no significant groundwater inflow.  It is also on the floodplains of the rivers entering False Bay, on the islands, the peninsulas, and along those parts of the eastern shoreline where the estuary edge topography acts as a barrier to freshwater inflow.  Typical vegetation types associated with these habitats are succulent salt marshes (with species such as Salicornia meyeriana and Sarcocornia natalensis, saline lawns (with Sporobolus virginicus, Paspalum vaginatum  and Stenotaphrum secundatum) and the 'dry' stands of Phragmites australis.  

iv) Freshwater entering the St Lucia estuary as rivers or as groundwater-fed seepage reduces the impact of salinity on the estuarine plants.  This is especially the case for the 'wet' shorelines where there is groundwater seepage. Its constancy and persistence create a stable environment that contrasts markedly with the salinity fluctuations characteristic of the other primary habitats within an estuary.  The plants here are the sedge Schoenoplectus scirpoides and common reed, Phragmites australis.  These habitats, fed by groundwater, occur along much of the eastern shoreline of St Lucia where there is an abundant supply of freshwater, but is virtually absent along the Narrows where there is almost no freshwater inflow. On the western shoreline and in False Bay it only occurs where incised drainage lines meet the estuary shoreline.  It is likely that there is subsurface groundwater flows in these drainages.  It also occurs along the margins of the rivers entering False Bay.  This habitat is often coupled to freshwater wetland systems composed of swamp forests or tall sedges (Taylor et al.  in prep.).

Confidence: High

	INVERTEBRATES 

	Zooplankton:

No comprehensive zooplankton studies have been carried out in the St Lucia system since the early investigations of Grindley during 1948-1980 (Grindley 1976, 1982). Surveys targeted at specific groups of meroplanktonic larvae were, however, conducted in more recent times. These include larval stages of penaeid prawns (Forbes & Benfield 1986, Benfield et al. 1989, Fielding et al. 1990), portunid crabs (Forbes & Hay 1988) and postlrval and juvenile fish (Martin et al 1992). A dedicated study was also undertaken on the mysid shrimps of the St Lucia system in connection with the effects of the Cyclone Domoina in 1984 (Forbes 1989).  All these relatively recent studies will alson be included under either ”macrofauna” or “’fish”, as clearly they deal with pre-adult stages that do not form part of the permanent zooplankton, or holoplankton, of the estuary.

The zooplankton assemblage of the St Lucia system can be subdivided into distinct communities. A stenohaline, marine-dominated community prevails in the mouth region  when the mouth is open and includes typically a variety of copepod species, such as Corycaeus ssp. (Grindley 1982). The euryhaline component penetrates much further into the estuary and narrows. It includes copepod species of the genus Paracalanus (Grindley 1982) and the mysids Gastrosaccus gordonae, G. brevifissura and Rhopalophthalmus tropicalis (formerly R. terranatalis -Forbes 1989). The rest of the St Lucia system is dominated by a rich, typically estuarine community. This includes the dominat calanoid copepods Pseudodiaptomus stuhlmanni and Acartia natalensis as well as the mysids Mesopodopsis africana and G. brevifissura, the cyclopoids Oithona brevicornis and Halicyclops ssp., several species of isopods, amphipods, ostracods, cumaceans, tanaidaceans and meroplanktonic larvae of benthic macrofaunal species and fish (Grindley 1976, 1982). A community of freshwater species occurs near the river mouths and penetrates the lakes during periods of river inflow. Typical dominant copepod species here are Diaptomus ssp. and Cyclops ssp. (Grindley 1982). 

Natural fluctuations in salinity levels inside the lakes do not seem to cause major long-term changes in the zooplankton assemblage of the St Lucia system. However, hypersaline conditions have repeatedly been associated with the disappearance of most of the zooplankton species in much of the northern part of the system (Grindley 1982). Species such as P. stuhlmanni, A. natalensis, Halicyclops ssp., O. brevicornis and several harpacticoid species have been observed to tolerate salinity maxima close to 80‰ (Grindley 1982), but above this threshold their viability will also compromised. Hypersaline conditions, such as those observed in 1969 and 1970 (max 64-79‰), resulted in marked changes in the zooplankton assemblage, with chironomid larvae, Halicyclops spp. and harpactiocoid copepods becoming suddenly very abundant. Hydroid medusae, Hemicyclops spp., the tanaidacean Apseudes digitalis, amphipods and gastropod larvae also appeared at high salinities (Grindley 1976, 1982).

Records of average zooplankton biomass values in the St Lucia system range from a minimum of 3 to a maximum of 237 mgDW.m-3 (Grindley 1982). Grindley also found that peaks in zooplankton biomass consistently occurred during the autumn (March-May), as a result of a delayed response to the nutrients/detritus rich flood waters inflow of the summer rain season. Lowest biomass values normally occurred in the summer. Spatially, the highest biomass values were recorded in the North Lake, with all three lake sections exhibiting higher levels than the complex narrows-estuary-mouth (Grindley 1976, 1982). An interesting trend, observed between 1967 and 1974, was a steady increase in biomass over the eight-year period, progressing from extended hypersaline conditions to almost pure freshwater following the floods of May 1971 (Grindley 1982). By 1974, biomass had increased on average by an order of magnitude over its 1967 values. Work done by Wooldridge and reported in Grindley (1982) show that input of river water into the system stimulates reproduction in estuarine copepods and mysids. Over most of the system, the percentage of ovigerous females of the copepod Pseudodiaptomus stuhlmanni was less than 1% in May 1974. However, near the mouths of Hluhluwe, Mzinene and Mkuze rivers this percentage was up to 26%, with high numbers of nauplii and copepodites also present in these areas. A similar situation was observed for the mysid Mesopodopsis africana. The cueing factors involved may simply be related to salinity drops, but it is likely that detritus and macronutrients may also play a role.

Confidence:  Medium
Macrocrustacea:

Two groups of macrocrustacea are important in the St Lucia system, the portunid crab Scylla serrata and five species of penaeid prawns. Both Scylla and penaeids breed in the marine environment, returning to estuaries or mangrove swamps to spend time during a nursery phase in their life cycle.

Scylla Stage 1 zoea are not suited to estuarine conditions and are sensitive to low salinity values (<17.5 ppt) or high temperatures (above 25oC) when high mortality occurs. At the other extreme, larvae become inactive at water temperatures of <10oC.  Based on larval temperature tolerance levels, Hill (1974) suggested that adult female crabs do not move more than 10 km offshore.  When larvae or post larvae recolonize estuaries, they require an open mouth, but are able to enter temporarily open-closed systems during the open phase.  When the mouth is closed, adults may be trapped in estuaries and Hill documents a case where adults extruded eggs in summer (1972-1973) in the Kleinemond estuary.  

An estimate of population size of Scylla serrata in the St Lucia system based on a mark-recapture technique, indicated a population of about 180000 crabs (Hill 1979).  In 1979 when the study was done, numbers decreased with increasing distance from the mouth. Hill also suggested that postlarvae prefer conditions of shallow water, muddy substrate and shelter provided by mangrove roots.  Crabs were able to survive a four-month period of low water salinity (2 ppt) in St Lucia (April – July 1976), but they are not able to tolerate salinity values much above 60 ppt (based on experimental data).  During such times of high salinity, their main prey items (benthic molluscs – mainly Lamya capensis  and crustacea – Hymenosoma orbiculre and Paratylodiplax blephariskios) are also intolerant of high salinity values.  However, there is documented evidence of crab mortality following floods in eastern Cape estuaries (Hill 1975). These data are contrary to evidence for the St Lucia narrows – there was minimal disruption to the resident population and recruitment after cyclone Domoina (Forbes & Hay 1988).

Thus, under present state conditions in the St Lucia system, the Scylla serrata population probably undergoes much wider fluctuations in population density compared to natural.  During times of an open mouth and a salinity gradient, exchange of larvae and adults with the sea would allow population density to become relatively stable and abundant between years.  However, during drought conditions, hypersalinity develops at times of mouth closure (approximately 47% of the time) and mortality would occur if salinity increased above 60ppt.  As salinity increases from the northern end of the system, crabs would first move towards the narrows.  Besides high mortality of adults, no recruitment of postlarvae from the marine environment occurs (mouth closed) and this would contribute to the population crash.  Recolonization in the upper estuary would also likely be slow following a period of hypersalinity, as food supply would fist need to colonize the area.

Penaeid prawns in the Narrows of St Lucia was an important bait fishery and yield about 16 tons per annum (Forbes & Benfield 1986), although catches varied between five and 20 tons per year (Fielding et al. 1990).  Prawns enter the system as postlarvae, spreading throughout the estuary during their growth phase.  Thereafter, prawns return to the marine environment after about six months as subadults when carapace length is about 22 mm (quoted in Fielding et al. 1990).   Juvenile prawns from St Lucia also contribute to the offshore fishery on the Tugela Banks (Forbes et al. 1994). 

Five species of penaeids are present in St Lucia and recruit to the system throughout the year, although peaks occur in late winter-early spring. Recruitment of post larvae is dominated by Penaeus japonicus, but P. indicus is the major species taken in the bait fishery.  This usually varies between 70 and 92% of the bait catch (Fielding et al. 1990).   

High salinity values are lethal to prawns and most species are unable to survive above 60 ppt, preferring values between 10 and 30 ppt. At the other extreme, salinity values below 10 ppt are unfavourable to most penaeids (Fielding et al. 1990).  Distribution of juveniles and prawn catches are directly affected by salinity values in St Lucia. During periods when salinity values in the northern lakes are hypersaline, catch per unit effort decreased.  During periods when salinity increases above 60 ppt, catches become insignificant (Day 1981). It has been suggested that if salinity in the lakes become too high, prawns migrate towards the Narrows when they temporarily increased catches taken in the fishery (Fielding et al. 1990).  Postlarvae are more sensitive to high salinities compared to juveniles and subadults.  Postlarvae present in the lake system at the time of rapid salinity increase are probably killed, while those recruiting to the system will be confined to the narrows.    Mortality is then predicted to be high, due mainly to overcrowding (Fielding et al. 1990).  

Another macrocrustacean group important in the St. Lucia are Macrobrachium species. The palaemonid genus Macrobrachium includes seven species (Kensley 1972) that occur in brackish and freshwater.  They do not appear to have a marine phase (Bickerton 1989).  Species recorded in the system include M. rude, M. equidens and M. scrabiculum. However, recent records suggest that Macrobrachium species are not present in the system under present conditions, although they occur in relatively high numbers after freshwater flood events. Artificial separation of the Umfolozi River from St Lucia has also created a physical barrier that inhibited the immigration of Macrpobrachium species into the estuary. More information is needed under present conditions to increase confidence. 

Confidence: Medium
Macroinvertebrates:

Early studies on the ecology of St Lucia included descriptions and quantitative surveys of the macroinvertebrates in the lakes and Narrows. However since the early 1990’s no recent data have been published that would more correctly reflect the present state. All historical surveys are uniform in their findings that two broad communities exist in St Lucia, those in the lakes and those in the Narrows. Within this difference, these two environments may be further subdivided in terms of community composition on the basis of ambient salinity and substrate preference. For purposes of comparison, benthic macroinvertebrates are defined as those invertebrates retained by a 0.5mm aperture mesh and spend at least daylight hours on or in sediments of the system.
North and South lakes have been studied under various environmental conditions ranging from brackish (salinity <8ppt; Weerts 1993), to short term saline (8-35ppt, Weerts 1993), stable marine (35ppt, Blaber et al 1983) and hypersaline (45-80ppt, Boltt 1975).

Following heavy rains in late 1988, low salinity conditions prevailed in North and South lakes until January 1992. Under these brackish conditions 25 taxa from six phyla were sampled (Weerts 1993). Numerically abundant species were Brachidontes variabilis, Apseudes digitalis and Corophium triaenonyx. Brachidontes variabilis and A. digitalis were approximately equally ‘very abundant’, widespread throughout the lakes and accounted for 94% of all individuals collected. No species was present at all 18 survey sites. Diversity in muddy areas was approximately similar to that measured in sand habitats. In terms of distribution, polychaetes Prionospio sexoculata and Scolelepis squamata and the burrowing mud crab, Paratylodiplax blephariskios were restricted to South Lake. Pencil bait, Solen cylindraceus and the gammarid Grandidierella lignorum were restricted to North Lake. Oligochaetes were found only in the muddy sediments of False Bay. None of these taxa were classified as abundant and thus no conclusive information was offered by these apparent restricted distributions. Greater abundance was recorded in South Lake than at sites in False Bay and North Lake. The highest abundance of the dominant taxa were recorded in the vicinity of Fanies Island. Brachidontes variabilis was the most important species gravimetrically, forming 76% of the total biomass recorded in the two lakes. Standing stock biomass in sand sediments was ~12X that of muddy sediments. In January 1992, mean standing stock biomass was 7.094g/m2. In increasing order of importance, the mean biomass per site in False Bay was 0.401g/m2, 5.906g/m2 per site in North Lake and 10.535g/m2 in South Lake (Weerts 1993).

From January to May 1992, salinity levels from south lake increased until marine conditions were measured just north of Fanies Island. Salinity in North Lake and False Bay were less than marine but also rose significantly from <8 ppt. In four months the lakes changed from brackish to marine conditions (Weerts 1993). Under this salinity regime the community composition surveyed was a total of 27 taxa with the crustaceans, A.digitalis and Mesopodopsis africana as the most numerically abundant species and together accounted for 96% of the individuals present. Numbers of animals present under these ‘recent’ marine conditions were approximately double those recorded under the stable brackish environment surveyed four months earlier in January 1992 (Weerts 1993). An influx of Polychaeta (five additional species) and Crustacea (three species) accompanied rising salinities in the lakes but although relative dominance of species changed, no significant change to the species composition occurred (Weerts 1993). Diversity in muddy areas was significantly lower than that measured in sand habitats. Apseudes digitalis and M.africana were the largest biomass recorded in south lake, replacing the bivalve B.variabilis, dominating under brackish conditions. Standing stock biomass in muddy sediments was ~twice that of sandy sediments and was attributed to the decrease in population of B.variabilis (Weerts 1993). Distributional ranges of taxa increased with increasing salinity in the lakes, such as the regionally endemic Dendronereides zululandica and P.sexoculata. Although sediment characteristics of the lakes were comparable under the two salinity regimes, B.variabilis significantly decreased its distribution to areas with lower salinity. In May 1992, mean biomass per site in False Bay was 3.157g/m2, 3.202g/m2 per site in North Lake and 5.974g/m2 in South Lake. False Bay, impoverished under brackish conditions increased significantly in macroinvertebrate density with increasing salinity.

Macroinvertebrates of South Lake were monitored monthly from August 1981 to July 1982 following a period of stable salinities of approximately 35ppt (Blaber et al 1983). Thirty seven taxa were collected and Solen cylindraceus, B.virgilliae, M.macintoshi, D.arborifera, H.orbiculaire, A.digitalis, G.lignorum and M.africana were also sampled under these marine conditions. Corophium triaenonyx was absent during this period of prolonged marine salinity. Solen cylindraceus was the greatest contributor to biomass, particularly in muddy areas. Marphysa macintoshi was abundant at all sites with the largest standing crops in mud (Blaber et al 1983). After Solen, this species contributed most to overall biomass. Assiminea sp. and P.sexoculata previously recorded in large numbers by Boltt (1975) under hypersaline conditions were only recorded in low numbers. Apseudes digitalis and G.lignorum were abundant in mud and less common along the sandy eastern shores. Monthly biomass of macroinvertebrates associated with sand varied between 0.56 – 3.23 g/m2 (mean: 1.07 g/m2). On muddy substrata macroinvertebrate biomass ranged from 1.07 – 8.55 g/m2 (mean: 4.19 g/m2). Mean standing stock for South Lake during stable marine salinities was 2.63 g/m2 (Blaber et al 1983). South Lake communities underwent considerable change since the survey by Boltt (1975). This was ascribed to variation in the lake’s salinity regime.

In 1972, a northward decline in species diversity was recorded when salinities in South Lake salinities were between 45-58 ppt, 55-60ppt in North Lake and 70-80ppt in False Bay (Boltt 1975). Twenty three taxa recorded. Pencil bait, S.cylindraceus was rare and M.macintoshi was absent. Together these species were responsible for significant biomass during a later period of stable marine salinities (Blaber et al 1983). 

Assiminea sp. dominated sandy substrata at >1000 animals per m2. Mean biomass was four times less than after a period of stable marine salinities in the Lakes during the early 1980’s (Blaber et al 1983). Monthly biomass of macroinvertebrates associated with sand varied between 1.08 – 3.26 g/m2. On muddy substrata macroinvertebrate biomass ranged from 0.013 – 0.235 g/m2. Mean standing stock for South Lake during hypersaline conditions was 0.6 g/m2.

The Narrows were studied on two occasions between the 1980s and 1990s (Hay 1985, Owen 1992, Owen and Forbes 1997). The earlier study coincided with large-scale flooding associated with Cyclone Domoina. From April 1983 to December 1984 few species were present and this area was dominated by the ocypodid crab Paratylodiplax blephariskios (Owen and Forbes 1997). Twenty-two taxa were recorded, with only five numerically and gravimetrically important. Marphysa macintoshi, Dendronereis arborifera and G.lignorum were common and abundant at all times. This community was significantly dissimilar to that found in the lakes. Post Domoina in 1984, the community was considerably altered and A.digitalis, S.squamata and M.africana appeared in the Narrows. Dredged channels were impoverished (Hay 1985). Standing stock biomass was dominated by P.blephariskios. Post flooding, in March 1984, colonisation of the once impoverished dredged channels took place and Solen cylindraceus colonised muddy areas. Numerical abundance increased north of the road bridge. South of the bridge, flood damage had considerable altered the substratum Between February and April 1989 13 taxa were recorded from the link Canal to the Umfolozi and dredged channel of the Narrows (Owen 1992). Three amphipod species, not recorded in the surveys of Hay (1985) were sampled in from mudflats and the Link Canal: Victoriopsia chilkensis, Grandidierella bonnieroides and Bolttsia minuta. Standing stock biomass was dominated by P.blephariskios on the mudflats and contributed 95% to the biomass of the mudflat, 96% to the biomass of the dredged channel and 97% of the biomass of the Link Canal. In March 1989, mudflats in the Narrows were significantly dominated by P.blephariskios, M.africana and Victoriopsia chilkensis, respectively (Owen 1992). Dredged channels were still impoverished in 1988 (Owen 1992), but supported an entirely different species composition from that recorded by Hay (1985) pre-Domoina. Marphysa macintoshi and D.arborifera were replaced by S.squamata and Captetillade. Both these taxa are indicative of an unstable, disturbed community and are first order opportunistic colonisers with an r-selected reproductive strategy. Grandidierella lignorum was absent from these later surveys.
Fauna occurring in St Lucia are typical of other KwaZulu-Natal estuaries including significantly smaller and freshwater dominated systems. Species diversity and richness may in fact be slightly lower than other systems along the Zululand coast (MacKay 1996, MacKay and Cyrus 1998, MacKay 2001). However, it is the standing stock biomass of numerically and gravimetrically dominant species such as P.blephariskios, S.cylindraceus, A.digitalis and M.macintoshi under different salinity regimes that is worthy of attention. These numbers clearly support a large benthic invertebrate and vertebrate feeding component.

Confidence: High

	FISH

	Over 110 fish species, comprising some 40 families, have been recorded within the St. Lucia System (Whitfield, 1980). The bulk of these have occurred within the lower estuary, with approximately 30-40 species only found in the Lake itself. The ichthyofauna comprises predominantly species of marine origin, including 12 species, which are dependant on estuaries for completion of their life cycle (Group IIa – nursery function, Whitfield (1994). Both the lake and estuary contain several true estuarine species, which complete their entire life cycle in the system. During periods of low salinity freshwater species, particularly the Mozambique tilapia (Oreochromis mossambicus) and Sharptooth catfish (Clarias gariepinus), invade the greater part of the lake system. The former species is the only one that has been found to tolerate the very high salinity levels that the system has reached in the past, and there is evidence that it may even have attempted to breed when salinities were in the region of 100‰.

From a fish density and biomass perspective, the sheer size of the St. Lucia system (325km2), results in it being the most important estuary for fish in South Africa (Maree et al. 2003).  In terms of resource partitioning, macrobenthic invertebrate feeders are dominant, comprising 54% of the fish species, which have been recorded, with piscivores and planktivores making up 17 and 16% respectively. However, from a biomass perspective planktivores make up 38%, followed by macrobenthic invertebrate feeders (21%), iliophagous species (21%) and piscivores (17%) (Whitfield, 1980 in Blaber 2000). The partitioning of the fish fauna in the system clearly indicated that all three invertebrate components (zooplankton, benthos and macrocrustacea) are important as a food source for the fish.

A very significant feature of the Lake St. Lucia system, which affects the bulk of its fauna, particularly the fish, is the fact that it moves between three states. During the open phase with typically estuarine salinity gradients the fish component is characterized by high species diversity and density, with species of marine origin dominating the system.

During periods of substantially reduced river flows, with or without mouth closure, salinities can reach up to five times that of sea water during which time the fish fauna is effectively decimated over some 70% of the lake area. At such times only the freshwater tilapia (Oreochromis mossambicus) and a few of the more hypersaline tolerant species appear to survive.  Refugia, both macro (South Lake) and micro (seep areas along the eastern shores) have been indicated as occurring under high lake salinities. However, although some evidence from old data exists for the macro theory, there is little or no evidence that the micro theory holds for any of the lake fauna. These issues urgently need to be investigated.

During periods of very low salinities, when fresh to brackish conditions prevail, freshwater and estuarine species increase in abundance but species of marine origin are still present in large numbers particularly in the brackish phase. The fish diversity and densities under such conditions are however less than that found during the typical estuarine state.

Another significant feature of the fish fauna of Lake St. Lucia is that substratum composition drives turbidity levels within this shallow system and plays a major role in effectively partitioning the fauna. Fish species favouring clearer waters are present mainly on the eastern side of the lake while the western side is dominated by a group of species that favours more turbid waters (Cyrus 1987a & b). There are however also a group which have been shown to be indifferent in their response to turbidity.

Although a substantial amount of data are available on the fish of St Lucia, this is mainly from the period 1975-85 and most of it was focused on dietary studies of particular families or species groups. Apart from a preliminary fish list published by Whitfield (1980), no comprehensive species list exists for St Lucia and there is only very limited data on rare and endemic species held by Ezemvelo KZN Wildlife. In addition, there is a lack of scientific information on changing fish species composition and abundance in the St Lucia system under different mouth phases and salinity regimes. There is almost a total lack of recent data, from about 1990 onwards, on which a reasonable fish faunal assessment could be based.

Confidence:  Medium 


	BIRDS


	Approximately 60 – 65 waterbird species are present at any one time on the St Lucia estuary, and some 115 species have been recorded.  About 20 of these are long-distance migrants.  Up to 100 000 birds have been recorded on the estuary (Johnson 1993).  In 1980, 38 000 birds were counted (Turpie 1995).  Based on a series of counts round the country at this time, St Lucia estuary has been ranked as the most important in the country in terms of its waterbird populations (Turpie 1995).  It scores within the top three in terms of species richness, abundance, a rarity index and a conservation importance index. It supports substantial populations of relatively rare species.  Much smaller totals of up to about 8500 birds have been recorded on the estuary during the past 8 years (KZN Wildlife, unpublished count data).  

The composition of the avifauna and the numbers of birds fluctuate enormously, both seasonally and inter-annually.  Counts of birds are highly dissimilar and there is no strongly regular pattern.  These fluctuations are related to migration patterns, breeding patterns of resident species, changes in lake levels, salinity and mouth condition, and the associated changes in habitat and food availability.  Variations in bird numbers on the estuary are also linked to conditions in other Wetland, e.g. nearby pans.

This assessment is largely based on summer and winter counts carried out from 1997 to 2003, due to the short time allowance for a rapid RDM.  The estuary was open for the entire period up to 2002.  During this period, winter counts have typically (though not always) been higher than summer counts, with an average of 5145 birds in winter and 3197 birds in summer.  In summer, about 34% of the estuary’s birds are found in the narrows, 5% in South Lake, and 61% in North Lake (21% south of Lane Island and 20% in western arm).  In winter about 27% are in the narrows, 6% in South Lake and 66% are in North Lake (21% south of Lane Island and 9% in the western arm).  The actual changes in distribution change from year to year, but generally follow this trend.  The pattern reflects the autumn departure of migrant waders that concentrate in the lower portions of the estuary where intertidal habitats are available, and a slight winter influx of waterbirds into the northern lakes, probably linked to the receding water levels in winter.  

The estuary supports a very diverse avifauna with a high degree of evenness.  The composition of the avifauna varies considerably so that there is no single group that dominates consistently.  Piscivorous birds tend to dominate, typically making up about 40 – 90% of bird numbers.  

Flamingos are mainly present on the estuary when water levels are lower and salinities high, usually in winter.  They occur at salinities of > 10, and are abundant at > 30.  Greater Flamingos feed on small crustaceans in the zooplankton or zoobenthos, and Lesser on phytoplankton and phytobenthos.  Up to 50 000 Greater and 45 000 Lesser Flamingos have been recorded in the past.  The relatively high salinities of 2002 attracted 2800 flamingos.  By July 2003, when salinities had reached 50 in the north lake, 3500 flamingos were counted.  Whitebacked Pelicans (up to 6000) breed around North Lake and forage in surrounding Wetland as well as in St Lucia.  Most of South Africa’s Pinkbacked Pelicans occur here, though they have moved their breeding site from St Lucia to Mkuze.  Ibises, spoonbills, darters and cormorants tend to be more common in winter.  Herons and egrets are usually more common in summer.  All the piscivores are attracted by dropping water levels which makes fishing easy, irrespective of season (e.g. in July 2000).  Gulls are scarce in summer, but arrive on the estuary in large numbers in winter, when they breed in colonies.  Numbers are usually around the 800 level, but over 1800 were recorded in July 2000.

Storks are summer visitors, but their numbers began to dwindle as salinities increased in 2001/2.  Ducks are more common in summer, when salinities are lower, but were also attracted to the estuary in large numbers during the July 2000 drawdown.  Their numbers were particularly low as salinities increased in 2001/2.  Ducks were apparently far more common on the estuary in the 1960s.  Tern numbers tend to peak in summer, and were especially high in January 2001 when water levels were relatively high (ca. 1.5m).  Waders are a mixture of resident and migrant species, with numbers usually peaking in summer with the influx of summer migrants.  St Lucia estuary has supported very high numbers of waders of up to 11 000, but numbers have varied greatly over the years (Taylor & Fox 2003a).  From 1975 to 1989 their numbers were usually fewer than 2000.  High numbers of over 8000 were recorded in the early 1990’s (including the abovementioned peak).  However, since 1995, summer numbers have remained below 6000, with very few waders being recorded since January 2000.  Numbers peak in summer, due to the influx of Palearctic migrants, but there are also fairly substantial winter populations which are made up of resident species and a few overwintering immature migrants.  The most important migratory waders are Curlew Sandpiper, Little Stint, Knot, Whimbrel, Greenshank and Common Sandpiper, and important resident waders include White-fronted Plover, Kittlitz’s Plover, Avocet and Blackwinged Stilt.  Wader counts at St Lucia are extremely difficult, since the counts are done from a moving boat which cannot get very close to the shore.  Taylor & Fox (2003a) estimate that waders are undercounted by more than 50%. 

Apart from some visiting Ospreys, the birds of prey are dominated by the resident Fish Eagles, which occur in large numbers of up to 96 on the estuary.  Their populations are more-or-less constant, year round and fluctuate little between years.  Slightly lower numbers have been recorded in 2001/2, however, possibly due to birds hunting for food eslewhere.  Kingfisher populations are largely resident, but populations do fluctuate, apparently in relation to food supplies.  Numbers peaked in the drawdown up to July 2000, which presumably created good feeding conditions.  There are important numbers of rails on the estuary.  Most are likely to be resident, and probably rely on the refugia created by seeps during hypersaline conditions.  

No two counts of waterbirds are similar.  Patterns are linked to estuarine state, but are also influenced by migratory patterns and conditions in Wetland beyond St Lucia.  In State 1, there is a salinity gradient, exposed shoreline and intertidal areas, abundant submerged macrophytes, invertebrates and fish.  This state attracts the highest diversity and abundance of most species (but small numbers of flamingos), especially when water levels are receding.  In State 2, when the estuary is closed and slightly fresher (brackish), and generally when the estuary is more fresh, waterfowl are favoured, due to increased abundance of submerged macrophytes.  Fish are slightly less abundant, which has a slight effect on piscivore numbers.  High water levels associated with this state probably discourage waders due to a reduction in shoreline and intertidal habitat.  In State 3, water levels are low and hypersaline conditions occur.  Submerged macrophytes die back, as to benthic invertebrates and fish.  Numbers of most species are greatly reduced, but flamingos arrive in large numbers. 

Confidence:  Medium


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

	MOUTH CONDITIONS AND WATER LEVEL FLUCTUATIONS

	Microalgae:  

As the St Lucia system is below MSL, water levels inside the estuary do not necessarily increase when the mouth closes. Actually, when evaporation exceeds freshwater inflow, the water level can decrease to extreme lows, e.g. the situation experienced during the past year.  While the mouth remains closed, water levels will only start increasing when rainfall rate exceed evaporation and if this continues until the critical volume of 1000 million m3, then mouth breaching will occur. Under closed mouth conditions with high water levels with an associated average salinity for the area, the primary productivity of the microalgae will depend on the inorganic nutrient status of the water column. Under closed mouth conditions the inorganic nutrient content of the water column is usually low a few weeks after closure. At high water levels, the area available for microalgae increases and the total biomass is likely to increase. The flooded macrophyte vegetation will support an epiphytic diatom population that will also be available to the primary consumers.

As the water level drops there will be a concomitant fall of microalgal biomass due to the reduction in wet areas. The species will change as the environmental conditions change with water level. However, it is unlikely that the consumption of microalgae will be adversely affected provided salinity does not alter to the point where unpalatable species begin to dominate the population. Open mouth conditions will affect mainly the estuary proper and the narrows, as tidal effects will tend to dominate in these regions. Under these conditions, it is expected that microalgal biomass will be relatively low, with values in the range reported by Fielding et al. (1991).

Confidence:  Medium

	Macrophytes:  
Closed mouth conditions and high water levels can influence the macrophytes. Flooding kills succulent salt marsh but other macrophytes such as Phragmites (reeds) and Sporobolus (saline lawns) are more resilient.  Prolonged submergence of mangrove pneumatophores (air roots) limits gas exchange and causes die-back if the water is anoxic.  In the 1950’s, dredging activities blocked off the Dukuduku Stream near the St Lucia mouth.  Flooding and anaerobic conditions killed a large area of mangroves (Taylor et al. 2002).  
In the past high lake levels in conjunction with hypersaline conditions have been particularly detrimental.  In 1971, heavy rains followed a period of reversed salinity gradients set up due to drought conditions.  Although salinity was reduced in the northern sections of the system, raised water levels in the southern areas such as Potter's Channel, resulted in the inundation of peripheral communities with water of salinities of up to 50 ppt. (Ward 1976).  This results in the death of the protective fringe of reeds and slow erosion of the platform then takes place.  When this erosion is advanced, only a layer of organic rich clay is left as evidence of the former platform. 

Two cyclones in 1984 resulted in losses of vegetation. Cyclones, Domoina and Imboa, struck the St. Lucia area in January/February 1984.  Over 700 mm of rain fell during Domoina and over 150 mm during Imboa.  The main effect was the flooding of the Umfolozi River which over spilt into the St. Lucia estuary causing flooding in the Narrows and up into the lakes (Steinke and Ward 1989).  Water levels during these cyclones rose 2.5 m above mean summer levels and it was only in April 1984 that levels had returned to normal.  The effects of these cyclones in the St. Lucia estuary were both immediate and long-term.  Direct losses of vegetation were due to breakage, uprooting and the collapse of trees, as well as a loss of plant litter.  Direct mangrove losses of A. marina occurred where the Umfolozi broke into the St. Lucia, along the northern bank of the lower estuary.  Indirect losses were due to prolonged inundation of mangrove pneumatophores with turbid water, loss of leaf litter and loss of mangrove propagules. The layer of fine silt deposited on the pneumatophores by the floods impeded gaseous exchange causing stress and loss of mangroves that were evident up to 8 months later.  Other fringing vegetation such as Phragmites australis and Hibiscus tiliaceus was also adversely effected.

Confidence: High

	Invertebrates:  

Zooplankton:

Closed mouth conditions, associated with a progressive decrease in water levels and increase in salinity will result in a steady decrease in zooplankton diversity and biomass, provided that freshwater inflow is minimal during this phase. If, this trend is interrupted by substantial levels of freshwater inflow (i.e. water level rises while mouth is still closed), the zooplankton assemblage may actually experience a dramatic enhancement in response to nutrients input and microalgal growth. 

Open mouth conditions would initially lead to an impoverishment in the zooplankton assemblage, due to flushing and scouring of the estuary (Forbes 1989, Martin et al. 1992). Sustained strong outflows would also inhibit or prevent the recruitment of larvae and juveniles of species of marine origin (Forbes & Hay 1988).  However, once the flooding disturbance has stabilized, major microalgal blooms and consequent zooplankton growth will arise in its wake (Grindley 1982, Martin et al. 1992). This will be followed by a stable development and diversification of the zooplankton assemblage into 4 basic communities (marine stenohaline, marine euryhaline, estuarine and freshwater) during the tidally-dominated part of open phase. With a prolonged open phase, seasonal changes will dominate, with biomass maxima in the autumn and minima in the summer (Grindley 1982).

Confidence: High

	Macrocrustaceans:
The portunid crab Scylla serrata and the five penaeid species all breed in the marine environment. Post larvae then return to estuaries such as St Lucia where they spend time during a nursery phase of their life cycle.  If the mouth is closed, recruitment ceases and the population trapped inside the estuary declines.  Similarly, subadults or adults need to return to the sea for breeding purposes and require an open mouth. 

The Macrobrachium spp require brackish conditions provided by the estuarine environment for breeding, Adults females migrate into the estuary where they breeding and larval development place followed by postlarval migration upstream. If the mouth is closed with increased salinity, migration into the estuary could be affected.

Confidence: High

Macroinvertebrates:

Closure of the mouth with increasing salinity levels will initially result in mass productivity in the lakes and Narrows in sand and mud habitats (Blaber et al 1983, Boltt 1975, Hay 1985, Owen 1992). However, there seems to be a point at which the combination of high salinity (>40 ppt) and mud is detrimental to the sustainability of the macroinvertebrate communities. This was indicated by the change in standing stock biomass over mud and sand under differing salinity regimes (Blaber et al 1983, Boltt 1975). A closed mouth with salinity levels stable over the long-term at ~35ppt (associated with freshwater input into the lakes) was shown to be highly favourable to macroinvertebrate communities of the lakes (Blaber et al 1983).

Given that the substrate of the Narrows is largely dominated by mud with a high silt content (Hay 1985, Owen 1992, Owen and Forbes 1997), an open mouth would result in some scouring of the main channels with tidal action. This creates an unstable and unfavourable environment for burrowing organisms and would perhaps limit species composition to only those taxa able to withstand such disturbances (e.g. Capitella capitata). Scouring due to flooding was described by Hay (1985) during Cyclone Domoina, and resulted in an entirely different community establishing in the narrows dominated by the ubiquitous A.digitalis, Scolelepis.squamata and the mysid M.africana. 

Where water level fluctuation exposes large areas of lake sediment, the response of macroinvertebrates is almost certainly negative, with a decrease in diversity and a significant loss to standing stock given that this loss in water area is usually associated with hypersalinity. An open mouth following sustained closure would provide the source of recruitment of fauna that were lost to the system under adverse conditions as well as new fauna that may find the altered conditions favourable. This was shown in the Narrows with the addition of several new amphipod and polychaete species after Domoina (Owen 1992). Water level fluctuations associated with wind-induced seiches in the lakes have no discernable effect on the macroinvertebrates (Weerts 1993).

Confidence: High

	Fish: 

Abiotic State 1: Open, with marine influence provides the optimal conditions for the system to be utilized by species of marine origin and is also that required by typical estuarine species. Species diversity and density are at their highest.

Abiotic State 2: Closed, brackish still provides suitable estuarine conditions for the bulk of species provided that salinities do fall below 5ppt. Once this occurs numerous species are unable to cope and experience osmoregulatory problems. The negative consequences of this state are that the connection between the estuarine system and the sea is cut. This results in the bulk of fish, which migrate to the sea to spawn, being unable to undertake this migration. Should this state exist for more than two consecutive years, and then the possibility exists of negative impacts occurring on the breeding stocks, particularly of estuarine dependant marine species.

Abitotic State 3: Closed, potentially hypersaline has major negative consequences for many fish species in the St. Lucia system, with high salinities creating osmoregulatory stress and reducing food availability.  Most species are forced to move out of regions where the salinity rises above 55‰ and may even die out if they are unable to migrate out to sea when their salinity tolerance is exceeded. Under certain conditions South Lake may act as a refugia area. This is provided that salinities in this compartment do not exceed 55-60ppt, however recent data is lacking.

Confidence:  Medium

	Birds:   

High water levels reduce the diversity of habitats on the estuary, mainly reducing exposed shoreline and shallow water for waders and wading birds.  Low water levels expose shoreline area and create shallow areas, but exposed areas can dry out.  Recently-exposed shoreline is favoured by waders, and is also provided by daily oscillations of water in the system as well as tidal variation under open mouth conditions.  Rapidly decreasing water levels increase the availability of food (especially fish, but also benthic invertebrates) to birds and attract large numbers of birds to the estuary.  

Coupled with closed mouth conditions, decreasing water levels and increasing salinity increases the attractiveness of the estuary to flamingos, but discourages the typically freshwater species such as most waterfowl.  

Confidence:  Medium 


	EXPOSURE OF INTER-TIDAL AREAS DURING LOW TIDE

	Microalgae:  
The exposure of intertidal areas during low tide is beneficial to the intertidal epipelic diatom community. Seepage of fresh water during these times may increase productivity by comparison to conditions where there is no tidal fluctuation. At low tide, a decrease in water area/volume will, however, decrease the total areal biomass of phytoplankton.

Confidence:  medium

	Macrophytes:  

Intertidal conditions maintain the mangroves and intertidal salt marsh.  Extended periods of mouth closure with no water exchange can result in dry, saline, anoxic soils, which inhibits plant growth.  Exposure of sediments can also occur as a result of drought and a drop in water level. Low water levels during the 2003/2004 drought resulted in the expansion of shoreline vegetation into the dry estuary bed.  The spread of these communities was facilitated by groundwater seepage.

Confidence:  High

	Invertebrates:  
Zooplankton:

There is no evidence suggesting that exposure of inter-tidal areas may have significant consequences for the zooplankton assemblage. However, at low tide, a decrease in water area/volume will decrease the total areal biomass of zooplankton inside the system. This may though be compensated by higher densities per unit volume, i.e. a concentration effect. 

Confidence: High

Macrocrustaceans:
There is no evidence suggesting that exposure of inter-tidal areas may have significant consequences for the macrocrustacea
Confidence: High

Macroinvertebrates:

The largely tidal areas are within the Narrows. Here the fauna are gravimetrically dominated by a burrowing mudcrab, P.blephariskios. Given that exposure is of short duration and that burrowing fauna are able to create micro-environments within the sediments, this will not pose negative consequences to these fauna. Sustained exposure of sediments related to low rainfall, high evaporation and low lake levels will have a highly negative impact on the available area for macroinvertebrates.

Confidence: High

	Fish: 

The nature of the St. Lucia Estuary is such that there are only limited intertidal areas and it is considered that the exposure of these would have virtually no impact on the fish present. However, a decrease in lake level would have significant impacts on the fish fauna due to the shallow nature of the system and the large areas that become exposed with only a small drop in water level. Should such levels persist for weeks or months, then impacts related to over crowding and increased competition for food can be expected to play a role. Vulnerability to increased predation can also be expected to play a role under such conditions. Data related to surface area and volume under varying lake levels is required.

Confidence:  Low

	Birds:  
Large fluctuations in the numbers of waders on the estuary suggest that the availability of intertidal habitat has a significant impact on the numbers of these birds.  Other species such as yellowbilled ducks and herons frequent intertidal areas on the estuary.

Confidence:  Medium


	SEDIMENT PROCESSES AND CHARACTERISTICS

	Microalgae:  
Microalgae can be found on all sediment types. The dominant species may alter as the sediment type changes. Microalgal mats are reported to stabilise estuary sediments in the United Kingdom. Under high flood conditions, the ability of microalgal mats to prevent erosion may not be significant.

The ability of the sediment to support a high microalgal biomass is likely to be more dependent on the inorganic nutrient content of pore water, the water column and seepage water than on the grain size. In some sandy sediment, chlorophyll-a has been found at depths of 300mm.  Newly deposited sediment will be colonised very quickly under normal conditions.

Confidence: medium

	Macrophytes:  
Submerged macrophytes are rooted in the substratum and appear to be limited to those portions of the estuary where there is sand or consolidated mud, and not in sediments that are too soft to anchor the plants (Taylor et al. in prep.)

The macrophytes play an important role in stabilizing sediments and shaping the estuary shoreline.  Fine suspended clay sediments are brought into the freshwater shoreline sites by wave action from the estuary. They settle here where they mix with the organic particles entering from the swamp plants growing in the zone of groundwater seepage.  These deposits form a substratum for other plants, and the shoreline progrades into the estuary.

Siltation in St Lucia occurred because of canalization, drainage and reclamation of the Umfolozi swamps for sugar farming.  The input of silt and associated high turbidity has limited submerged macrophyte distribution in the Narrows.

Confidence:  Medium

	Invertebrates: 
Zooplankton: 

Diurnal vertical migrators, such as the copepods Pseudodiaptomus spp. and most mysid species, burrow into the sediment during the daylight period. It is not clear though what direct effects, if any, changes in the structure/composition of the sediment will have on their behaviour. Restings eggs of copepods (e.g. Acartia spp.) and other planktonic groups are also found within the sediment, but again there is no information on the effects of different sediment types on the storage of these eggs.  What is known is that many zooplankton species that burrow in the sediment are able to utilize directly the benthic microalgae that are found there as a food source (Kibirige et al. 2002, Kibirige & Perissinotto 2003). Any sediment process that affects the productivity of microphytobentos (see microalgae above) will then affect indirectly the zooplankton.

Confidence: Medium

Macrocrustaceans:

Scylla serrata is most abundant in muddy areas.   Similarly, the different species of penaeids have specific preferences for sediment type.
Sediment has no major effect on Macrobrachium spp.

Confidence: Medium
Macroinvertebrates:

Western areas of the lakes are generally muddy, whilst sandy substrata predominate in the eastern areas. False Bay is almost entirely constituted of muds (particle size <0.05mm). Floods do re-distribute sediments as documented by Day et al (1954) during the floods of 1949. Muddy sediments appear to overly sand, thus redistribution would appear to be the result of movement of fine mud (floods and wind-induced seiches) to expose coarser sand sediments. Historical studies have shown that changes to macroinvertebrate taxonomic distributions in St Lucia were largely determined by sediment particle size (sandy vs muddy) (Blaber et al 1983, Boltt 1975, Hay 1985, Owen 1992, Owen and Forbes 1997, Weerts, 1993). This is related to factors such as median particle size and particle size distribution, larval settlement, feeding method and burrowing.

In the lakes under brackish conditions (<8 ppt), Brachidontes variabilis Corophium triaenonyx, Cyathura aestuaria, Assiminea durbanensis, Cumacea and Dendronereides zululandica (regionally endemic) were present predominantly in areas of sand. Apseudes digitalis was associated with muddy substrates and the mysid Mesopodopsis africanus showed no substrate preference at all (Weerts 1993). As salinity rose towards marine conditions, sediment preferences were shown by Glycera longipinnis and Platynereis dumerilii as occurring exclusively only in sand, A.digitalis was almost exclusively surveyed in mud and M.africanus again showed no preference to any substrate (Weerts 1993). Under sustained marine conditions, Apseudes digitalis and G.lignorum were abundant in mud and less common along the sandy eastern shores (Blaber et al 1983). Solen cylindraceus was the greatest contributor to biomass, particularly in muddy areas. Marphysa macintoshi was abundant at all sites with the largest standing crops in mud.
The Narrows are predominantly muddy except at the mouth, which is characterised by clean, marine sands. Narrows macroinvertebrates were found to be ubiquitous with four species able to colonise a range of substrate types (Hay 1985). Communities in artificially disrupted or mobile sediment (Dredged channels and mouth) were highly impoverished and conversely, undredged mudflats carried significantly greater species than channels (Owen 1992). Paratylodiplax blephariskios was entirely absent from sandy areas as was S.cylindraceus from mud.
Confidence: Medium

	Fish: 

Sediment stability, particularly in the lake, is associated with high benthic production during Abiotic State 1: Open with marine influence and State 2: Closed, brackish thus promoting food resource availability to fish. Rapid sediment scour during flooding only occurs at the estuary mouth and may be aggravated by scouring when the Umfolozi River erodes a connection to St Lucia Estuary.

The St Lucia system is known for being a highly turbid system, particularly along the western side of the lake. Most fish species appear to be adapted to turbid waters, with values >1,000 NTU regularly recorded along the western shores (Cyrus, 1987). Under Abiotic State 3, the high salinities would contribute to the precipitation of suspended clay particles, possibly leading to slightly reduced water turbidities during calm conditions. However, the shallower waters under State 3 would increase the effect of wind generated water movement on the bottom sediments, thus leading to higher turbidities. 

Confidence:  Low

	Birds: 

Stable, muddy sediments tend to be the most productive feeding habitats for invertebrate foragers such as waders.  A change, for example to sandy sediments in the intertidal areas would probably have a significant impact on the wader community.

Confidence:  Medium


	FLOW VELOCITIES

	Microalgae:  
Low flow velocities (unquantified) favour benthos. Medium flow velocities in estuaries have been shown to favour phytoplankton. High flow velocities (>1m/s) are likely to inhibit both phytoplankton and sediment microalgae. However, epilithic and epiphytic forms may dominate the biomass.

Confidence:  low

	Macrophytes:  
High flow velocities and wave action in the Narrows possibly limit the establishment of submerged macrophytes. This area is also characterized by soft sediments and high turbidity.
Confidence: Low

	Invertebrates: 

Zooplankton:

Fast flows will directly contribute to the loss of significant portions of autochthonous zoooplankton biomass to the marine neritic region adjacent to the estuary’s mouth. Indirectly, it will also affect its productivity, by reducing the amount of microalgal biomass available for growth. Low flow conditions may result in low microalgal biomass (particularly phytoplankton), thereby limiting the growth potential of zooplankton. Under these circumstances, it is likely that microphytobenthos may become the main food source of the dominant zooplankton species (see Kibirige et  al. 2002).

Confidence: Medium

Macrocrustaceans:  

Flow velocity impacts on sediment characteristics which in turn influences distribution of species associated with a specific substrate type.

Confidence: Medium

Macroinvertebrates:

High flow velocity in the Narrows environment, which is characterised by muddy sediments, would limit a healthy macroinvertebrate community in the channels. Two previous studies in the Narrows have shown that the channels are indeed impoverished (Hay 1985, Owen 1993). This was in part attributed to dredging but could equally be the case under high flow. The macroinvertebrates studied in St Lucia are typically those that inhabit the top 5cm of substrate. This is the area that would most likely be affected by scouring and disruption to the sediment-water interface under high flow conditions. Those species with a larval mode of reproduction and requiring settlement would be greatly affected by faster flowing water.

Confidence: medium

	Fish: 

Most of the fish species found within the estuary would avoid areas where high flow velocities occur. Not all species have larvae that are able to regulate their position within an estuary under high flow conditions.

In the lake system, flow velocities seldom, if ever, reach levels that would impact negatively on the fish fauna.

Confidence:  Low

	Birds:  

Apart from the effects on food supply, flow velocity is unlikely to have a measurable impact on birds, except temporarily during flooding.

Confidence:  medium


	VOLUME OF WATER IN ESTUARY

	Microalgae: 
The greater the volume in the estuary the greater will be the resident microalgal biomass. Low water volume will be most probably associated with hypersaline conditions, with the potential for an increase in the productivity of adapted, opportunistic microalgae.

Confidence: High

	Macrophytes:   
High lake water levels and an increase in water volume increases the available habitat for submerged macrophytes provided that the salinity is within the tolerance range and the water depth is not greater than 60 cm.  High water levels are usually associated with low salinity and therefore the habitat would be increased for brackish / freshwater submerged macrophytes e.g. Potamogeton pectinatus.  

Confidence: Medium 

	Invertebrates:   

Zooplankton:

Total areal biomass will increase with an increase in the volume of water in the estuary and consequent submerged areal extension. However, the density of zooplankton organisms per unit volume may not necessarily follow the same pattern. This will depend mainly on the nutrient load and the residence time of the water.  Low water volumes, on the other hand, will probably coincide with an increase in salinity and this will lead to problems highlighted below, under salinity section. 

Confidence: Medium

Macrocrustaceans:
Water volume in the estuary will influence the rate of change in salinity values.  At low water levels,  hypersalinity increases rapidly to lethal levels causing large scale mortality.  It the mouth is open, sea water enters the system adding to the salt load.  Reduced water levels would result the hypersalinity that will be unfavourable for Macrobrachium spp in the estuary.

Confidence: Medium

Macroinvertebrates:

The bathymetry of St Lucia is such that if water volume is high, a large proportion of the sediment is subtidal. This creates a large macroinvertebrate habitat particularly in the lakes with a combination of sand and mud environments. The opposite (low water volume) creates a significant change and detrimental effect on the macroinvertebrates. Total colonisation area is substantially reduced and there is the possibility that certain habitats may be lost (shrinkage of the basin). Hypersaline conditions over mud have shown to support an impoverished fauna (Boltt 1975, Weerts 1993). 

Confidence: Medium/low

	Fish: 

Water depth, particularly in large areas of the lake, limits the penetration of large fish throughout the lake system. During Abiotic State 1: Open, with marine influence and State 2: Closed, brackish, increased volumes and water depth would favour the colonization of the system by larger fish.

Mouth closure usually leads to reduced volumes of water within the system due to evaporation. Under extreme drought conditions, loss of water volume can lead to overcrowding of the remaining fish populations and result in increased mortalities and reduced freshwater input. 

Confidence:  Low

	Birds:  

Water depth affects bird communities in fresher systems, and may affect the composition of waterfowl.  Shallower water which favours smaller fish is favourable to most piscivores.  Fluctuations in water volume, namely reduction, provide ideal fishing conditions for piscivores.  Water volume per se is not a particularly important factor.

Confidence:  Low


	SALINITIES

	Microalgae:  
Microalgae have been measured in water with salinity values from 0ppt to 120ppt. They are used to stabilise maturation pans in the production of salt. Presumably, the brine shrimps that inhabit these ponds consume the planktonic microalgae present at such high salinity values. No data have been collected of diatoms in brine ponds. The foregoing indicates that microalgae are likely to be present no matter what the salinity of the water. What remains unknown is whether normal estuarine fauna are able to survive on the dominant species present under hypersaline conditions.

Confidence: low

	Macrophytes:  

Salinity is probably one of the most important factor influencing macrophyte distribution and growth in the St Lucia Estuary.  Freshwater abstraction has increased the rate of salinity change and on average the lake is more saline now than it was at the beginning of last century.  Rapidly changing salinity results in lower biomasses and a loss of ecosystem vitality.  For example at the end of a drought North Lake can be hypersaline.  An overnight drop in salinity can result from floods. This is particularly pronounced where the main rivers enter.  This rapid change in salinity does not allow time for colonisation or successions (Taylor 2001).

Submerged macrophytes:

Three main species of submerged macrophytes (Potamogeton pectinatus, Ruppia cirrhosa and Zostera capensis) die off rapidly when salinity exceeds their tolerance ranges. Ruppia is excluded above 12- 50 ppt (Adams and Bate, 1994a).  Zostera is excluded above 45 ppt and below 10 ppt  (Adams and Bate, 1994a).  Potamogeton is excluded 0- 25 ppt depending on the duration (R Taylor, pers. Comm., Howard-Williams and Liptrot, 1980).  Once they have died, the process of establishment may take more than a year after conditions become suitable.  However once they are established, growth is rapid. 

When salinity conditions are unsuitable the leaves of Zostera dieback but the root and rhizome stock can survive conditions of both low and high salinity conditions (0 and 60 ppt) as well as exposure during low lake levels.  However, it seldom seeds and does not readily colonise new sites.  Conversely, Ruppia seeds prolifically and spreads rapidly.  It does not survive for long outside its salinity tolerance range and is sensitive to desiccation if exposed.  Zostera can be exposed above water without drying for a longer time than can either Ruppia or Potamogeton as the plant has a leaf sheath that protects the basal meristems and the overlapping leaves provide the plant with a high degree of desiccation tolerance (Adams and Bate 1994b). Zostera seldom grows in the upper reaches of the estuary, which experiences salinity extremes well above the 60 ppt, a salinity concentration that would kill off the persistent root and rhizome stock (Taylor 2001).

Salt marsh and mangroves:

Marsh productivity decreases as salinity increases and the shoots of all rooted vegetation dies in salinities above 55 (Day 1981).  If too much salt accumulates in the intertidal habitat, plants cannot cope – first mangroves die, then succulent salt marsh, leaving barren mud flats.  

Reeds and sedges:

The soil of the islands and dry shorelines are often saturated as a result of a high saline water table (the water table is at the same level as the lake).  Above the water table there is often a well developed capillary fringe (due to the fine-grained nature of the soils), and where this reaches the surface, it acts as a wick with evaporation drawing water to the surface where it evaporates leaving a saline deposit.  

There are large sections of the eastern shoreline of St Lucia where groundwater seeps out of the sand aquifers into the edge of the lake.  Vertical stratification may occur where fresh groundwater seeps through the sand of the bed of the estuary.  This creates a stratum of low-salinity water held in the root zone, with more saline water deeper.  This is important for the survival of plants such as the sedge Schoenoplectus scirpoides.  

At these freshwater seepage sites a distinctive grouping of plant communities are found which are at different stages of successional development.  The initially formation is a narrow band of emergent P. australis reeds which protects the shoreline from wave action.  The reeds are able to establish only in areas where there is some dilution of the saline estuary water, and where wave energy is not excessive.  This establishment is likely to be facilitated by the presence of adjacent beds of submerged macrophytes that dampen wave action, or by extended periods of low lake level

The reeds and sedges associated with the estuary margins characterized by freshwater inflows are sensitive to saltwater incursion.  If freshwater inflows cease the saline groundwater rises.   The plants cannot tolerate excessive fluctuations in salinity and are dependent on groundwater.  Dry reed beds are found where this groundwater input is lacking.  The reeds in these areas brown-off and die rapidly in response to relatively short periods (few months) of drought - when the freshwater fed stands are still flourishing.

Confidence:  High

	Invertebrates:  

Zooplankton:

Like all truly estuarine organisms, St Lucia zooplankton exhibits a wide range of salinity tolerances. The generally dominant copepods Pseudodiaptomus stuhlmanni  and Acartia natalensis have survived in laboratory experiments under salinities from less tha 5 to more than 70 ppt (Grindley 1982). Other estuarine copepods able to tolerate salinities lower than 10 ppt include Paracalanus crassirostris and  Oithona brevicornis (Grindley 1982). Larvae and juveniles of the white prawn Paeneus indicus appear to be restricted to a salinity range of 10-60 ppt (Fielding et al. 1990). Towards the highest part of the salinity range, several other species are known to survive salinities above 60 ppt including Halicyclops spp., Mesopodopsis africana, Grandidierella bonieri, numerous gastropod and fish larvae (Gringley 1976, 1982). A few species, including Halicyclops sp., 2 unidentified harpacticoids, juveniles of the fish Hyporamphus improvisus and chironomid larvae survive in salinities between 70 and 80 ppt  (Grindley 1982).

Fluctuations in salinity levels inside the lakes do not seem to cause major long-term changes in the zooplankton assemblage of the St Lucia system. However, hypersaline conditions have repeatedly been associated with the disappearance of most of the zooplankton species in much of the northern part of the system (Grindley 1982). Hypersaline conditions, such as those observed in 1969 and 1970 (max 64 - 79 ppt), resulted in marked changes in the zooplankton assemblage, with chironomid larvae, Halicyclops spp. and harpactiocoid copepods becoming suddenly very abundant. Hydroid medusae, Hemicyclops spp., the tanaidacean Apseudes digitalis, amphipods and gastropod larvae also appeared at high salinities (Grindley 1976, 1982).

Confidence: high

Macrocrustaceans:
Salinity values are crucial for survival of the macrocrustacea.  Above 60 ppt, mortality is severe and population densities plummet.  Salinity values first increase in the northern sector of the system and this probably causes migration of mobile individuals towards the mouth.  Postlarval prawns trapped in the lake are less mobile and probably die at these salinities.   Low salinities are also problematic – Prawns do not favour values below about 10 ppt, while Scylla is able to survive at least down to 1-2 ppt.

Macrobrachium spp require brackish conditions for breeding and larval development. Bickerton (1989) recorded the “’optimum’’ ranges of salinity tolerance as follows: M. scrabiculum have tolerance of 5-15 ppt, M. rude can tolerate a range of 8-20 ppt in salinity and M. equidens have a tolerance range of 22-33 ppt. However, no recent data available to have high confidence. Therefore future study is needed.

Confidence: High/medium



	Macroinvertebrates:

Although salinity fluctuations are part of the normal environment of estuarine macrobenthic invertebrates, the mechanisms and responses they have evolved to deal with such fluctuations are in many cases only effective for relatively short periods (hours to days). If the period of adverse salinity exceeds the functional period of the avoidance mechanisms used, the fitness of the animal could be impaired, even resulting in death. Previous studies of the lakes have indicated a macroinvertebrate community comprising three possible components (Weerts 1993):

I.
A core of species, present under all salinity conditions of which one is important, numerically and gravimetrically. This dominance changes according to salinity and sediment changes

II.
Species present at low salinity, that retreat to refugia once salinities exceed their physiological tolerance limits. These fauna are not present in the Narrows and become important to the system after prolonged low salinities

III.
Species present at low abundance that may or may not be present in the lakes and/or the Narrows

Changes in macroinvertebrate community composition were primarily attributed to changes in salinity. 

Weerts (1993) found that all taxa in the lakes with the exception of B.variabilis, were also found in the Narrows benthic community. This species is also absent when the abiotic states exceed marine salinities. It thus has a physiological requirement for low salinities and perhaps retreats to low salinity refugia during adverse salinity conditions.

Assiminea durbanensis and Solen cylindraceus were recorded under all salinity conditions. Apseudes digitalis was not present during hypersaline conditions between 1948 and 1951. Dosinia hepatica, P.sexoculata, G.lignorum and Cumacea were present in all surveys conducted since the mid 1970s (Boltt 1975). Numerically and gravimetrically important species were present throughout the range of salinity conditions with the exception of B.variabilis (not recorded in salinities >35 ppt) and C.triaenonyx absent from the Narrows and only present in the lakes under low salinity conditions (<15 ppt). Comparative biomass measured between the lakes and Narrows showed highly contrasting macroinvertebrate communities and biomass under hypersaline conditions (Boltt 1975). The Narrows supported 100x greater biomass than the average for similar substrata in the Lakes during the same period. Under lower, marine salinities, the dominant bivalves in 1981-82 were relatively slow-growing forms such as Solen and Dosinia (Blaber et al 1983). It is likely that such forms gradually become dominant providing conditions remain suitable for sufficient time.

Confidence: High

	Fish: 

The species composition of the St Lucia estuarine lake system is to a large degree determined by the salinity regime present at the time. Salinity ranges that occur in Abiotic States 1 and 2 (as long s salinities do not fall below 5 ppt) are optimum for development of a diverse fish fauna of marine and estuarine origin. However, when Abiotic State 3 commences the salinity levels increase rapidly, especially in the northern parts of the lake system. As salinities in these compartments increase beyond their tolerance limits, the various marine fish species retreat into South Lake or out to sea (if the mouth is open).  During this recent drought the Narrows also acted as a refuge – as salinity here did not rise to above 30ppt.

Confidence:  Medium

	Birds:  

Most estuarine birds are tolerant of a wide range of salinities.  Most waterfowl, however, prefer fresh water, with the exception of a few species that tolerate brackish or salty conditions. For example, Whitefaced Duck prefer fresh conditions, Yellowbilled Duck and Egyptian Goose are tolerant of a wide range of salinities, and Cape Teal prefer salinities of over 20.  Flamingoes occur at salinities of over 10, and are abundant over 30.  Greater Flamingo numbers peak at lower salinities than Lesser Flamingoes, which tolerate very high salinities.  These salinity preferences are indirect, in that the salinities determine the availability of food specific to these groups.  Salinity changes have had a marked effect on the avifauna of St Lucia. 

Confidence:  Medium


	OTHER WATER QUALITY VARIABLES 

	Microalgae:  
High TSS will inhibit light penetration and possibly photosynthesis. The wind over Lake St. Lucia causes results in turbid conditions. However, the extent of this sediment suspension is unlikely to reduce the daily photo-dose to cause reduced primary productivity due to the shallow water.

The shallow water is also unlikely to result in anoxic conditions. Unless very eutrophic water is introduced into the lake and estuary, there is little likelihood of reaching “red tide conditions”. Red waters have, however, been observed at least once in 1969, in the northern lakes of the estuary (Grindley & Heydorn 1970).

Confidence: Low

	Macrophytes:  
Turbid waters influence the distribution and growth of submerged macrophytes. These plants cannot grow at depths greater than 60 cm (Taylor et al. in prep).  According to Ward (1976) no submerged macrophytes occur south of the Forks due to the turbid waters originating from the Umfolozi   River.

Confidence:  High

	Invertebrates:

Zooplankton: 

Zooplankton will be affected indirectly by nutrients and light (turbidity) availability, through the effects of these parameters on the productivity of microalgal food. High levels of silt load in the water-column will, however, affect directly their filter-feeding efficiency  and may cause a temporary decline in the biomass and productivity. 

Benfield et al. (1989) reported that juveniles of the white shrimp Paeneus indicus emigrate from the estuary at the onset of the late-summer and autumn water cooling, when temperatures drop below 23oC. It is not clear though, whether this is due to the direct of temperature or rather to other factors associated with declining water temperatures, such as food availability or predation.

Confidence: Medium

Macrocrustaceans:

If an increase in nutrient levels benefit macrocrustacean food sources (e.g. other invertebrates), it is likely that  macrocrustaceans will benefit from the richer food source.  However, other factors such as increased turbidity or a decrease in oxygen levels in deeper areas (e.g. the narrows) will adversely affect the macrocrustacean fauna. 
Confidence:  Low
Macroinvertebrates: 

Any increase in nutrients that promote microalgal growth would ultimately benefit benthic macroinvertebrates. As St Lucia is a relatively shallow system that is well mixed by wind it is unlikely that anoxic or hypoxic conditions occur at the sediment-water interface. Should this be the case only species able to tolerate low oxygen levels would remain. Many benthic invertebrates are filter feeders and as such are not tolerant of highly turbid water with high levels of suspended solids. When lake conditions are shallow and turbidity is elevated for long periods it is assumed that deposit feeders such as the tanaid Apseudes digitalis would then become numerically and gravimetrically dominant.  Any process or point source of effluent that alters ambient pH has a large effect on estuarine organisms. Even relatively small-scale increases (rapid changes by <2 pH units) can result in large-scale effects to these biota (MacKay 1996, MacKay and Cyrus 2001).

Confidence: Medium

	Fish: 

Although reduced oxygen levels may arise during any of the abiotic stages, the fact that the lake systems are very shallow with a wind driven mixing process, tends to mitigate against the development of anoxic conditions.

Confidence:  Low

	Birds: 

Water clarity is possibly important for the numerous piscivorous birds in this system.

Confidence:  Medium


	GROUNDWATER SEEPAGE SITES THAT ACT AS REFUGE AREAS

	Microalgae:  
Refuge areas (defined as areas with fresh water seepage) are likely to have a high biomass of benthic microalgae. This situation has been identified on many occasions in estuaries where seepage lines are seen. These can be recognised as gold/brown mats on the sediment. They can be very obvious where the seepage water is eutrophic. In this case euglenoids may dominate and form bright green mats.

The extent to which refuge areas supply material for the colonisation of other areas after drought conditions is unknown. 

Confidence: High

	Macrophytes:  

During periods of adverse conditions (usually excessively high salinity) some species are able to survive in refuge sites.   In these refugia small populations survive, and once conditions are favourable for that species, the refugia act as nuclei from which dispersal and recolonisation takes place.  These refuge areas are often groundwater-fed seepage sites that reduce the impact of salinity on the estuarine plants.  The constancy and persistence of this habitat contrasts markedly with the salinity fluctuations characteristic of the estuary.   These refuge habitats are probably important for the submerged macrophytes Potamogeton and Ruppia but not for Zostera.

Confidence:  Medium

	Invertebrates: 

Zooplankton:

No information is currently available on the effects of refugia on zooplankton. However the increase in microphytobenthic biomass/productivity associated with freswater seepage may support localized zooplankton assemblages. These may be substantially different in structure, compared to the other communities found in the estuarine system - a research area with great potential. 

Confidence: Low

Macrocrustaceans: 

Refuge areas (particularly during times of hypersalinity) are of great importance for the survival of components of prawns and crabs for up to about 2 years.  Thereafter, natural mortality will set in.

Confidence: Medium
Macroinvertebrates:

The Narrows macroinvertebrates are possibly a source, and a conduit from the marine environment from which recolonisation of the lake can occur following adverse salinity conditions. Another possible source are the groundwater fed refugia within the lake itself. Weerts (1993) discussed the possibility of the importance and existence of these refugia to species possibly such as C.triaenonyx (only present under brackish conditions) once salinities exceed their physiological tolerance limits. These fauna are not present in the Narrows and become important to the system after prolonged low salinities.

No other information is available on the use of these refuge areas.

Confidence: Low

	Fish: 

A substantial amount of time and effort has been put into developing and modelling the refugia systems (micro) on the eastern shores of the lake during periods of high salinity that usually occur under Abiotic State 3.  However, during the recent severe drought, it has become evident that underground water flow contributes a substantial amount of water, particularly to the eastern shores of the lake. The importance of these areas as refugia for fish and invertebrates needs to be clarified as soon as possible.

In addition the role of the whole of the South Lake of St. Lucia as a refugia area is a well-known hypothesis and is documented to some extent. Under most high salinity conditions experienced by the system in the past, South Lake has seldom exceeded 55-60 ppt, even when the other lake compartments have salinities in excess of 100 ppt. However, during the recent hypersalinity occurrence the salinity levels reached the high 60’s indicating that the possible refugia role of the South Lake may have been under threat.

Confidence:  Low

	Birds: 

Freshwater seeps probably play an important role for certain waterbirds, such as Purple Gallinule, during extreme draw-down conditions, and will form a permanent habitat for several species.

Confidence:  Low


	OTHER BIOTIC COMPONENTS

	Microalgae:  
Microalgal growth is stimulated by consumption because this is a process of remineralisation. Animals that import inorganic nutrients from the banks into the water column will also stimulate primary productivity. Grazing by primary consumers will of course control microalgal production in a top-down mode. Under optimal conditions of growth (unlimited nutrients and light), grazing will be the single most important factor controlling microalgal production and biomass.

Confidence:  High

	Macrophytes:  

Hippos and other herbivores, including domestic stock, readily graze on the brackwater lawns. Hippos create natural pathways in the shoreline vegetation.  These paths from the wallows to the lake edge can drain perched Wetland.  Such action has been seen to promote hygrophilous tree and shrub establishment where prior to the hippo action, edaphic conditions were unsuitable for woody plant establishment (Ward pers. ob.). Hippos can also potentially influence the general nutrient relationships by releasing large quantities of plant material (detritus) into the lake in their faeces (Begg 1978).  Die- back of the submerged macrophytes and fringing vegetation can result in huge pulses of detritus to the estuary.  The importance of this to the food web and secondary production of the estuary is unknown.  Fish herbivory may also be an important interaction.  
Confidence: Low

	Invertebrates:  

Zooplankton:

Very little work has been done on the trophic structure of the St Lucia Estuary. However, it can be assumed that copepods consume mainly nanoplanktonic flagellates, diatoms and detritus/bacteria (Grindley 1982, Kibirige & Perissinotto 2003). Mysids are typically omnivorous and in the St Lucia system may play a key role in the detritus cycle (Grindley 1982) and also consume large proportion of benthic microalgae (Kibirige et al. 2002).

The main zooplankton predators of the estuarine system are the whitebait Gilchristella aestuaria, glassies Thrissa vitrirostris, the kelee herring Hilsa kelee and several mullet species (Grindley 1982).

Confidence: High

Macrocrustaceans: 

Increased predation on the macrocrustacea by birds for example, will occur at times of decreasing water levels.  In addition, the exposure of refugia (such as macrophyte beds) will reduce the protective value of such habitats to species such as Scylla serrata (particularly small juveniles).  

Confidence: Medium
Macroinvertebrates:

These fauna are the food source for other invertebrates and higher taxonomic orders such as fish and birds. Any deleterious effects not only to the community as a whole but also to certain species may negatively affect the well being of specific higher order animals. Cyrus (1988) investigated the change in diet of Solea bleekeri associated with cyclonic flushing of benthos. Solen cylindraceus siphon tips are the primary diet of this fish in St Lucia. However, this bivalve community was destroyed during Domoina and S.bleekeri switched to feeding on whatever prey it could locate at the surface of the benthos. This was considered to lead to some stress in this fish population. 

Some tubiculous and burrowing macroinvertebrate species are also capable of remediating vast areas of the substrate with a corresponding release of bound nitrate and phosphate nutrients into the water column. Through their close association with sediments and the sediment-water-interface, macroinvertebrates reflect ambient abiotic condition and sediment characteristics of estuaries.

Confidence: Medium

	Fish: 

Submerged and emergent plant communities provide both habitat and food sources to the estuarine fish populations of St Lucia. Loss of these habitats, through water level decline in the case of emergent plants, and hypersalinity in the case of submerged plants, will reduce the diversity and abundance of aquatic food resources. Since a large percentage of fish in the St. Lucia system are benthic macrocrustacean feeders, any impacts on the benthic community will have ripple effects through the food chain, thus impacting on the fish fauna. This would also be the case if the zooplankton or macrocrustacean fauna were impacted on. 

Confidence:  Low

	Birds:  
The productivity of the system, and the relative productivity of phytoplankton, submerged macrophytes, invertebrates and fish, is probably the key driver of bird numbers on the estuary.

Confidence:  Low


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

	Microalgae:  
These will only influence microalgae by reducing areas where they can grow or by resulting in an importation of minerals. Work reported by Bate and Hilmer (1983) showed that outboard motor effluent increased the chlorophyll-a content of experimental containers. Oil washed from roads was not found to inhibit primary productivity. The influence of structures and the side effects emanating from them on population structure and therefore the ecological functioning of the estuary is unknown (but a guess is that it will be very small)

Confidence: Medium

	Macrophytes:   
Weirs on Nyalazi, Hluhluwe and Mpate rivers prevent the formation of a zone of saltwater dilution – causing an abrupt salinity change, as well as being a barrier.  This effectively negates the “refuge” value of these rivers

Confidence: High

	Invertebrates:  
Zooplankton:

Due to the limited areal extension of such structures their effect on zooplankton is probably negligible, given also the overall size of the St Lucia system. However, the comments provided above on the presence of river weirs in the Nyalazi, Hluhluwe and Mpate (R. Taylor?) may also be relevant to zooplankton. Refuge areas in the lower riverine reaches may become important for zooplankton during periods of hypersaline conditions in the lakes –again a research area with great potential.
Confidence:  Medium

Macrocrustaceans:  

No structures are present in St Lucia that influence this group on a wide scale, but artificial separation of the Umfolozi River form the estuary resulted in the lack of records Macrobrachium spp in the system. With separation of the two systems Macrobrachium spp would be deposited directly into the sea, resulting in death of the species.

Confidence:  Medium/Low

Macroinvertebrates:

Weirs on Nyalazi, Hluhluwe and Mpate rivers prevent the formation of a zone of saltwater dilution – causing an abrupt salinity change, as well as being a barrier.  This effectively negates the “refuge” value of these rivers. 

Confidence:  Medium

	Fish:  
Weirs on Nyalazi, Hluhluwe and Mpate rivers prevent the formation of a zone of saltwater dilution – causing an abrupt salinity change, as well as being a barrier.  This effectively negates the “refuge” value of these rivers by preventing the migration of eels, mullet (species such as Myxus capensis & Liza alata which migrate into freshwater areas) and other fish species that inhabit the interface and river areas.

Confidence:  High

	Birds: 

There are too few such structures to be of any consequence.

Confidence:  medium


	HUMAN EXPLOITATION (CONSUMPTIVE AND NON-CONSUMPTIVE)

	Microalgae: 
Other than direct disturbance effects, there is not likely to be any adverse effects unless the human population rises to high levels. The influence of herbicides and other contaminants is unknown.

Confidence: Medium

	Macrophytes: 
Not known.

Confidence:  Low

	Invertebrates:  
Zooplankton: 

The sustained fishing of predator species (see list above) may lead to partial release in the predatory pressure on zooplankton. This could result in an increase in the population of certain copepods, mysids and other key groups. It is likely though that fishing efforts on the main predator species may not be that significant at this stage, with a possible exception being the mullets.
The bait fishery for the white shrimp Paeneus indicus was reported to result in average annual landings of 16 tonnes (range 5-20 t), from 1967 (Fielding et al. 1990). By-catches and secondary effects related to the use of the fishing gear may also affect negatively other zooplankton species, such as mysids.

Confidence: Low
Macrocrustaceans:  

Species in this group are targeted for sport or bait purposes. Penaeid prawns in the Narrows of St Lucia was an important bait fishery and yield about 16 tons per annum (Forbes & Benfield 1986), although catches vary between five and 20 tons per year (Fielding et al. 1990).  

The fishery has been terminated in recent years, although recruitment to the estuary has also stopped because of the continued state of a closed mouth.  However there can be heavy prawn poaching at times.
Confidence: Medium
Macroinvertebrates:
Dredging in Narrows has been shown to have a long-term negative effect on the macroinvertebrates in the channels (Hay 1985, Owen 1992). Owen (1992) postulates that the reason lies in the increased sandiness of the substratum and increased water velocities. The study also concluded that the creation of the dredged channel reduced the macroinvertebrate biomass in the Narrows by a minimum of 20%. The dredged channel covers approximately 1.8 km2 and is 45% of the total Narrows area.

The effects of beam trawling along the mudflats for the prawn bait fishery since the 1930s in the Narrows was found to have no effect on the nature of the substrate (insignificant sediment disturbance) and no profound effect on the macroinvertebrate communities of the mudflats. A controlled experiment showed no difference between trawled and untrawled quadrats (Owen 1992). Long-term disturbance to the benthic environment is usually manifested at the community level often with only hardy, tolerant species persisting in such areas.

Confidence: Medium

	Fish:   

Recreational and subsistence fishing (as well as poaching) are important activities conducted in various parts of the St. Lucia system. Only limited information is available on the sustainability of these operations and it is not known what role these play in the different parts of the system. The whole question of fishing for key species that have already been shown scientifically to be heavily overexploited in South African waters is questionable. Added to this is the World Heritage Site status of Lake St Lucia and the compatibility of consumptive versus non-consumptive use of this system. 

Confidence: Low

	Birds: 

Not known if birds or eggs are probably hunted for food in St Lucia. It is possible that such activities could have measurable impacts, but the extent is unknown.  Boating is likely to have a much bigger impact.  For example, disturbance of intolerant species such as Goliath Heron.  Frequent disturbance may have localised impacts on bird numbers in the estuary.  Again the extent is unknown.

Confidence: Low


	FLOOD PLAIN DEVELOPMENTS

	Microalgae:  
A reduction of water seepage as a result of water abstraction may have adverse effects during times of drought. The adverse effects of developments is additive both as a result of abstractions or additions. The nature of these effects is unknown at the level of the microalgae. However, because of their importance in the food chain such interactions may be very important and should be studied rather than ignored as they have been historically. 

Confidence: Low

	Macrophytes:  
The common mouth of the Umfolozi/St. Lucia system was manipulated in an attempt to control sedimentation problems.  In 1918, a start was made with the canalisation of the extensive papyrus and reed swamps that occurred in the Umfolozi floodplain so that sugar cane could be planted in the floodplains (Day 1981). The deposition of silt in the St. Lucia Estuary after floods increased, adversely effecting both plant and animal life.  In the early 1960s, dredging of the Narrows took place in an attempt to increase depths (and hence exchange of water between the lake and the sea). The dredger spoil was deposited in a number of places along the banks of the Narrows.  All of these activities have influenced the growth and distribution of the shoreline vegetation.  The dredged material provided a habitat for mangrove colonisation.  Former channels were cut off and sediment accumulation in these channels favoured shoreline plant establishment. Protection of mangrove areas from fire have also resulted in an expansion of these habitats.

Confidence: Medium

	Invertebrates:  
Zooplankton:

Minimal direct effects are probably involved for zooplankton in this regard. However, increase siltation throughout  the system and water abstraction for agricultural/residential purposes in the former flood plains may result in serious negative consequences for the ability of zooplankton to sustain their microalgal food requirements, particularly during periods of low freshwater inflow (see also microalgae above).

Confidence: Medium

Macrocrustaceans:  

Removal of vegetation e.g. submerged macrophytes in the floodplain (Umfolozi) in which juveniles find refuge can affected Macrobrachium spp.

Confidence: Low

Macroinvertebrates:

The macroinvertebrate environment is subtidal and therefore not directly influenced by floodplain development. Indirect effects such as poor agricultural practices increasing silt loads to the system and afforestation thereby reducing freshwater input to the system (through ground or surface flow) could have further long-term and profound effects on these fauna. Sandy areas have shown to support high standing stocks of macroinvertebrates (other than P.blephariskios in muds of the Narrows). Further reduction in these areas may be crucial, particularly if hypersaline conditions increase in frequency. Sandy areas support more abundant communities at >40 ppt (Blaber et al 1983).

Confidence: Medium

	Fish:  
Canalisation of the Umfolozi floodplain has had a major effect on the quality of water entering the St Lucia surf zone and mouth region, and therefore the recruitment conditions and processes affecting marine species entering and leaving the St Lucia system will also be affected.  

Confidence: Medium

	Birds:   

The floodplain area close to the estuary contains breeding habitat used by estuarine birds.  Thus developments and associated increases in human disturbance may have an impact on breeding.  The current extent of disturbance is unknown.

Confidence: Low


	OTHER

	Microalgae:  
N/A

Confidence: Medium

	Macrophytes: 
Newly sprouted Phragmites austalis shoots are heavily grazed after burning and this combination of fire and then grazing can change dry reed bed areas into saline-grass lawns.  In the Mkuze Mouth area, a combination of burning and grazing has altered the vegetation – what was Phragmites is now saline lawn – dominated by Paspalum vaginatum and Sporobolus virginicus
Confidence: High

	Invertebrates: 
Zooplankton:

State of invasion by alien species currently unknown. Research is urgently required in order to establish whether any of the alien species that have already invaded other estuaries to the south of the St Lucia (e.g. Acartia spinicauda ) are also found within this system.

Confidence: Medium

Macrocrustaceans: 

N/A

Confidence: High
Macroinvertebrates:

State of invasion by alien species currently unknown. The appearance of Grandidierella bonnieroides as opposed to the common G.lignorum after Domoina in 1984 (Owen 1992) needs clarification. Although G.bonnieroides has been identified from many systems around the country, this species may have been introduced to this country from the northern hemisphere early last decade. Grandidierella bonnieroides occurs in the Port of Richards Bay (CRUZ unpublished CRIMP study 2004) and co-occurs with G.lignorum in the adjacent Mhlathuze Sanctuary (MacKay and Cyrus 1998).

Confidence: Low

	Fish: 
Anthropogenic changes, particularly related to dams and irrigation for agriculture, in the catchments of the main river systems of St. Lucia have resulted in what probably amounts to substantial reductions in the volumes of water now reaching the Lake. In this regard the Mkuze and Hluhluwe Systems are probably most affected. The separation of the Umfolozi Estuary from St Lucia Estuary has also probably had a significant impact in this regard, as well, particularly related having the mouth open. These changes over time will have long term impacts on the fish community through reduced water levels, which result in a substantial reduction of lake area.

Confidence:  Low

	Birds:   

None

Confidence:  Medium


3.2
Reference Condition

3.2.1
Abiotic Component 

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Reference (Natural) Condition, over a 53-year period (1926-1978) were obtained from the Department of Water Affairs and were used to simulate the monthly variations in water levels (Table 3.2). The MAR under the Reference Condition for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers is 417.89x 106 m3.  If, in addition the influence of groundwater (23.14 x106 m3), direct rainfall (273.25 x106 m3), evaporation (-420 x106 m3) and the discharge to and from the sea are included in the estimate of the freshwater reaching St Lucia Estuary, then the total annual flows at were 274.94.72 x106 m3.
 A statistical analysis of the monthly-simulated runoff data (in 106 m3) for Reference Condition for the Mkuze, Mzinene, Nyalazi, Hluhluwe and Mpate rivers is provided below:

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

	90%ile
	42.56
	77.65
	101.64
	129.15
	192.73
	143.93
	49.46
	26.19
	20.86
	16.97
	17.00
	25.00

	80%ile
	24.34
	44.63
	75.40
	89.34
	127.76
	89.51
	39.26
	19.56
	16.88
	15.19
	13.12
	16.78

	70%ile
	19.45
	31.63
	59.62
	61.53
	84.61
	63.69
	30.91
	18.19
	13.91
	12.42
	11.49
	10.91

	60%ile
	16.38
	26.91
	29.91
	54.80
	43.39
	43.15
	23.03
	15.80
	12.15
	9.72
	9.85
	9.33

	50%ile
	14.23
	21.95
	23.75
	48.31
	37.85
	37.98
	21.25
	12.42
	10.80
	8.29
	7.76
	8.42

	40%ile
	12.20
	19.46
	21.00
	35.18
	30.84
	24.99
	17.19
	11.65
	8.65
	7.39
	7.32
	7.56

	30%ile
	10.11
	17.03
	19.79
	20.96
	24.13
	21.64
	14.76
	9.91
	7.69
	6.79
	6.61
	6.87

	20%ile
	7.89
	12.79
	15.21
	15.59
	20.37
	18.40
	12.28
	8.99
	6.75
	5.84
	5.92
	5.67

	10%ile
	6.10
	9.55
	12.79
	13.25
	11.36
	11.73
	8.66
	7.73
	5.55
	5.25
	4.93
	5.25

	1%ile
	4.10
	4.23
	6.15
	8.03
	6.00
	5.42
	4.75
	5.15
	4.46
	3.73
	4.04
	4.02


NOTE: shaded months indicate periods where the groundwater makes up the major contribution 

For the Reference Conditions it was also assumed that the Umfolozi and St Lucia Estuaries interact at water levels below 0.1m Mean Lake Level and also at higher water when the mouth is closed. For the benefit of this evaluation the Reference MAR for the Umfolozi was considered to be 920 x 106 m3 as represented by the following statistical analyses:

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

	90%ile
	100.30
	199.54
	284.18
	256.12
	454.96
	271.08
	117.78
	56.10
	39.86
	39.88
	34.14
	39.92

	80%ile
	50.44
	133.50
	152.26
	166.56
	230.54
	169.86
	68.54
	42.38
	29.72
	27.48
	23.28
	25.10

	70%ile
	40.64
	88.54
	115.96
	128.70
	164.36
	123.80
	50.78
	33.40
	24.94
	22.76
	18.90
	20.82

	60%ile
	33.08
	57.94
	83.26
	101.24
	104.48
	72.16
	46.10
	28.98
	20.12
	16.98
	15.54
	16.28

	50%ile
	26.90
	44.40
	69.20
	77.80
	63.20
	55.70
	41.30
	26.40
	17.70
	13.90
	12.90
	13.30

	40%ile
	23.08
	40.92
	46.94
	57.76
	50.74
	50.52
	35.86
	23.72
	14.64
	12.42
	11.98
	11.90

	30%ile
	17.64
	32.02
	34.72
	50.68
	41.84
	36.70
	28.56
	19.28
	13.08
	10.62
	10.40
	10.14

	20%ile
	14.32
	25.78
	30.20
	34.80
	34.08
	29.20
	23.10
	16.74
	11.36
	9.60
	9.30
	8.26

	10%ile
	9.38
	17.14
	25.80
	29.52
	22.88
	20.64
	15.42
	12.30
	9.46
	7.80
	7.44
	7.16

	1%ile
	7.35
	6.48
	12.50
	12.75
	9.87
	13.39
	10.15
	7.96
	6.21
	5.67
	5.80
	5.34


Confidence:  Low

b.
Present flood regime:  

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

c.
Present sediment processes and characteristics: 

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

Catchments sedimentation would be less than under the Present State, due to natural vegetation cover and the fact that floods would be able to extend into the floodplains of the rivers and thereby reduce the total sediment load reaching the estuary. Under Reference Conditions the mouth would have been closed when levels of less than 0.1m (mean lake level) is reached and thereby prevent marine sediment from entering the lower estuary.

d. Reference Condition Groundwater regime:

The groundwater contribution to river flow under reference conditions is not addressed as part of this Rapid RDM determination. However, the study by Kelbe et al. (1995) has indicated a reduction of up to nearly 50% in the seepage from the Mbomvni Plain into the lake.  The recent removal of pine plantations in this area has seen a substantial rise in the groundwater level during the height of the extreme drought.   The studies by Kelbe et al. (1995) Also show large reduction in groundwater from the forests on the western shores.  There is an estimated reduction of groundwater seepage from the western shores into the False Bay area (south of Lister Point) of about 20%.  A similar reduction was found for the seepage into the southern lakes section.  There was a substantial reduction of 75% in the seepage from the Mpate catchment into the Estuary region due to afforestation.

The estimated seepage for the eastern and western shores sections of Lake St Lucia are shown in Figures 3 and 4 (Appendix C).

Table 3.2:  Simulated Monthly water level data (in m Mean Lake Level) for Reference Condition with Umfolozi  inflows included when mouth closure occurs at water levels below 0.1m Mean Lake level.
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Closed
	State 3

	1926
	0.32
	0.26
	0.20
	0.16
	0.20
	0.28
	0.25
	0.21
	0.18
	0.22
	0.17
	0.16
	 
	

	1927
	0.23
	0.24
	0.24
	0.38
	0.33
	0.25
	0.24
	0.21
	0.19
	0.17
	0.16
	0.18
	 
	 

	1928
	0.17
	0.14
	0.13
	0.20
	0.20
	0.61
	0.48
	0.32
	0.30
	0.26
	0.23
	0.28
	 
	 

	1929
	0.29
	0.25
	0.22
	0.74
	0.58
	0.44
	0.32
	0.25
	0.21
	0.19
	0.17
	0.16
	 
	 

	1930
	0.15
	0.20
	0.18
	0.16
	0.14
	0.15
	0.15
	0.15
	0.15
	0.15
	0.12
	0.11
	 
	 

	1931
	0.08
	0.23
	0.19
	0.09
	0.53
	0.49
	0.52
	0.47
	0.36
	0.27
	0.21
	0.18
	 
	

	1932
	0.14
	0.19
	0.36
	0.37
	0.36
	0.30
	0.23
	0.18
	0.16
	0.18
	0.14
	0.13
	 
	 

	1933
	0.12
	0.29
	0.47
	0.53
	0.42
	0.33
	0.30
	0.26
	0.24
	0.23
	0.23
	0.18
	 
	 

	1934
	0.15
	0.15
	0.27
	0.23
	0.20
	0.17
	0.15
	0.17
	0.17
	0.16
	0.13
	0.08
	 
	

	1935
	0.02
	-0.05
	-0.12
	0.78
	1.66
	2.90
	0.55
	0.41
	0.31
	0.26
	0.19
	0.16
	6
	3

	1936
	0.21
	0.52
	0.36
	0.58
	0.76
	0.53
	0.36
	0.25
	0.21
	0.19
	0.17
	0.16
	 
	 

	1937
	0.12
	0.12
	0.47
	0.35
	0.29
	0.25
	0.24
	0.20
	0.25
	0.27
	0.21
	0.16
	 
	 

	1938
	0.19
	0.14
	0.43
	0.38
	0.97
	0.83
	0.50
	0.40
	0.30
	0.28
	0.23
	0.30
	 
	 

	1939
	0.24
	0.54
	0.39
	0.41
	0.28
	0.46
	0.35
	0.34
	0.50
	0.38
	0.32
	0.27
	 
	 

	1940
	0.22
	0.41
	0.58
	0.42
	0.36
	0.31
	0.27
	0.21
	0.19
	0.17
	0.14
	0.14
	 
	 

	1941
	0.08
	0.10
	0.17
	0.75
	1.15
	2.16
	2.52
	2.62
	2.77
	2.86
	2.94
	0.75
	10
	1

	1942
	0.40
	0.41
	0.58
	0.36
	0.38
	0.79
	0.93
	0.64
	0.41
	0.41
	0.43
	0.32
	 
	 

	1943
	0.33
	0.37
	0.42
	0.30
	0.48
	0.36
	0.25
	0.20
	0.31
	0.26
	0.19
	0.24
	 
	 

	1944
	0.21
	0.20
	0.14
	0.17
	0.28
	0.48
	0.38
	0.29
	0.23
	0.19
	0.14
	0.10
	 
	 

	1945
	0.11
	0.03
	0.03
	1.39
	2.00
	2.27
	2.37
	2.40
	2.42
	2.40
	2.37
	2.36
	10
	1

	1946
	2.43
	2.56
	2.78
	2.91
	0.63
	0.40
	0.30
	0.23
	0.22
	0.19
	0.15
	0.17
	4
	 

	1947
	0.18
	0.20
	0.22
	0.16
	0.19
	0.31
	0.29
	0.23
	0.19
	0.16
	0.12
	0.13
	 
	 

	1948
	0.12
	0.20
	0.15
	0.53
	0.54
	0.35
	0.48
	0.36
	0.28
	0.23
	0.18
	0.19
	 
	 

	1949
	0.18
	0.22
	0.49
	0.47
	0.39
	0.33
	0.26
	0.23
	0.20
	0.18
	0.15
	0.10
	 
	

	1950
	0.09
	0.04
	0.61
	0.96
	1.02
	1.12
	1.29
	1.39
	1.44
	1.45
	1.71
	1.83
	12
	2

	1951
	2.08
	2.11
	2.37
	2.52
	2.64
	2.70
	2.72
	2.75
	2.76
	2.84
	2.83
	2.78
	12
	 

	1952
	2.74
	2.91
	0.73
	0.44
	0.30
	0.25
	0.20
	0.21
	0.18
	0.16
	0.14
	0.15
	2
	 

	1953
	0.21
	0.53
	0.43
	0.27
	0.26
	0.21
	0.23
	0.30
	0.25
	0.20
	0.18
	0.22
	 
	 

	1954
	0.37
	0.34
	0.22
	0.36
	0.36
	0.53
	0.41
	0.31
	0.25
	0.20
	0.16
	0.12
	 
	 

	1955
	0.17
	0.27
	0.33
	0.21
	0.75
	0.58
	0.35
	0.28
	0.23
	0.19
	0.16
	0.16
	 
	 

	1956
	0.22
	0.20
	0.45
	0.38
	0.33
	0.27
	0.27
	0.24
	0.21
	0.24
	0.21
	0.57
	 
	 

	1957
	0.96
	0.62
	0.37
	0.71
	0.69
	0.41
	0.32
	0.23
	0.22
	0.18
	0.14
	0.17
	 
	 

	1958
	0.23
	0.27
	0.48
	0.43
	0.28
	0.18
	0.14
	0.18
	0.16
	0.15
	0.16
	0.16
	 
	 

	1959
	0.22
	0.22
	0.20
	0.15
	0.36
	0.40
	0.39
	0.31
	0.24
	0.20
	0.17
	0.18
	 
	 

	1960
	0.18
	0.52
	0.71
	0.55
	0.40
	0.33
	0.32
	0.27
	0.30
	0.25
	0.21
	0.26
	 
	 

	1961
	0.26
	0.28
	0.20
	0.17
	0.11
	0.21
	0.22
	0.18
	0.15
	0.13
	0.16
	0.12
	 
	 

	1962
	0.12
	0.43
	0.44
	0.33
	0.27
	0.25
	0.24
	0.19
	0.25
	0.98
	0.63
	0.36
	 
	 

	1963
	0.29
	0.29
	0.26
	0.44
	0.34
	0.26
	0.34
	0.27
	0.24
	0.20
	0.16
	0.12
	 
	 

	1964
	0.32
	0.27
	0.25
	0.17
	0.14
	0.10
	0.10
	0.10
	0.12
	0.13
	0.23
	0.19
	 
	 

	1965
	0.21
	0.22
	0.16
	0.74
	0.68
	0.39
	0.27
	0.22
	0.20
	0.17
	0.16
	0.14
	 
	 

	1966
	0.11
	0.10
	0.12
	0.22
	0.54
	0.42
	0.38
	0.29
	0.24
	0.22
	0.17
	0.15
	 
	

	1967
	0.16
	0.21
	0.14
	0.10
	0.11
	0.21
	0.18
	0.15
	0.14
	0.14
	0.15
	0.14
	 
	

	1968
	0.14
	0.13
	0.15
	0.12
	0.13
	0.57
	0.47
	0.35
	0.28
	0.22
	0.17
	0.15
	 
	 

	1969
	0.30
	0.24
	0.18
	0.11
	0.10
	0.10
	0.08
	0.15
	0.18
	0.18
	0.18
	0.22
	7
	2

	1970
	0.37
	0.68
	0.75
	1.19
	1.41
	1.53
	1.73
	2.95
	0.52
	0.36
	0.25
	0.21
	8
	 

	1971
	0.22
	0.25
	0.38
	0.57
	1.13
	0.74
	0.42
	0.40
	0.33
	0.27
	0.21
	0.16
	 
	 

	1972
	0.14
	0.17
	0.16
	0.11
	0.23
	0.20
	0.19
	0.17
	0.15
	0.14
	0.25
	0.50
	 
	 

	1973
	0.37
	0.44
	0.42
	0.54
	0.41
	0.30
	0.25
	0.24
	0.22
	0.19
	0.15
	0.11
	 
	 

	1974
	0.09
	0.20
	0.24
	0.36
	0.66
	0.50
	0.37
	0.29
	0.24
	0.20
	0.17
	0.28
	 
	

	1975
	0.23
	0.24
	0.60
	0.94
	0.71
	0.64
	0.51
	0.39
	0.29
	0.27
	0.22
	0.16
	 
	 

	1976
	0.24
	0.22
	0.22
	0.38
	0.98
	0.75
	0.47
	0.31
	0.26
	0.21
	0.19
	0.25
	 
	 

	1977
	0.23
	0.17
	0.21
	0.51
	0.45
	0.40
	0.34
	0.26
	0.23
	0.26
	0.24
	0.20
	 
	 

	1978
	0.34
	0.36
	0.27
	0.19
	0.15
	0.10
	0.17
	0.18
	0.16
	0.15
	0.15
	0.17
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	1: Open
	
	2: Closed Brackish

 BrackishBrackish
	0.31
	3: Closed, Potentially Hypersaline
	11%
	2%


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

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

To provide a conceptual overview of the distribution of Abiotic States under the Reference Condition, the total occurrence of the various states for the 53-year period were used to depict the situation for the Present state:
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Water levels of less than 0.1 m mean lake level were taken as indicative of months in which State 3: Closed, Hypersaline can potentially develop.

f.
Changes in the abiotic characteristics from Reference Condition to Present State, resulting from non-flow related anthropogenic

	Structures within the estuary (e.g. weirs, bridges, mouth stabilization):  
Confidence: 

	Human exploitation, e.g. sand mining):  

Confidence: 

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

	Other:  N/A
Confidence:  -


3.2.2
Biotic Components

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

	MICROALGAE

	Likely to have been a reduction in productivity because of an increase in low water conditions following the cut-off of the Umfolozi and other fresh water inputs. However, it is not impossible that the foregoing reductions may have been compensated for by an increase in the inorganic nutrients composition of the inflowing water.
A reduction of peripheral vegetation would only result in a temporary increase in microalgal biomass. Eventually the biomass balance would depend on area, inorganic nutrient availability and the flood regime. However, it is not impossible that the foregoing reductions may have been compensated for by an increase in the inorganic nutrients composition of the inflowing water brought about by farming operations upstream.
Confidence:  Low

	MACROPHYTES

	Changes have largely been due to mouth manipulation, dredging, canalisation of the Umfolozi floodplain, as well as a reduction in freshwater input.  These impacts have accentuated the natural salinity fluctuations that are unique to the St. Lucia estuary.  Consequently larger and higher salinity fluctuations have occurred.  Since the Umfolozi was isolated from St Lucia there have probably been large-scale changes in the areas of submerged macrophytes.  The policy of trying to keep the mouth open, resulted in increased salt load (i.e. total mass of salt in the system).  As the rate of salinity fluctuations increased so the total biomass of submerged macrophytes would have decreased.  The very large submerged macrophyte beds reported in the early 1960s can only have been the result of a long period of stable salinity – that allowed the beds to expand.

Other natural influences in the form of cyclones and hail damage have also had detrimental effects.  Riddin et al. (2000) quantified changes in the estuarine plant communities using a botanical importance rating index.  Between the years 1937 and 1996 there was a 20% decrease in botanical importance.  This was mainly due to reed losses in the northeastern lake.  Reed and sedge swamps occupied an area of 6 032 ha in 1937, whereas in 1996 they only covered 3 789 ha.  This has largely been due to a loss of reed swamps in the Northeastern Shallows and Selly's Lakes area.  This figure may be inaccurate due to the problems with delineating reed areas on early aerial photographs. This loss is not necessarily permanent, but may be due lake levels and salinity at the time of study.  In 1970/1971 large reed swamp areas adjacent to False Bay were lost due to inundation with hypersaline waters of up to 100 ppt and were replaced by saline hygrophilous grasses.

There was a decrease in the area covered by intertidal salt marsh from 1937 (632 ha) to 1996 (516 ha).  Losses occurred mainly in the Narrows, with losses also occurring in the False Bay area.  Saline hygrophilous grasses have replaced many of these areas.  Consequently, supratidal salt marsh has increased from 1 270 ha (1937) to 1 706 ha (1996).

Mangroves have doubled since 1937 when only 169 ha occurred, compared to the present day value of 279 ha.  This figure may be an overestimate due to the difficulty in delineating narrow mangrove areas on the aerial photographs.  Between these years, there have been both losses and increases in mangroves due to manipulation of the St. Lucia/Umfolozi mouth system, dredger activities, as well as localised losses due to cyclones and hail and fire damage.  In the late 70’s, early 80’s Ward and Steinke (1982) calculated an area of 160 ha for the mangroves of St. Lucia estuary.

Confidence: Low

	INVERTEBRATES 

	Zooplankton:

It is expected that overall zooplankton productivity may have decreased, as a result of the separation of the Umfolozi mouth from that of the St Lucia. This would have led to a generalized increase in salinity in the St. Lucia system and a decline in the average input of nutrients via freshwater inflows. A change in the structure of the zooplankton assemblage has already been observed, with the appearance of a previously unrecorded mysid species, Ropalophthalmus terranatalis  in the narrows/mouth of the St Lucia (Forbes 1989). The species is believed to be restricted to salinities ranges above 30 ppt and its recently established dominance in the lower parts of the St Lucia system maybe a reflection of the generalized salinity increase that the system has experienced during the past decades, since its isolation from the Umfolozi. The practice of maintaining open mouth conditions artificially may also have contributed to the establishment of this species inside the estuary.

The loss of large areas of flood plain may also have contributed to an enhancement in the effects of flooding within the estuarine complex. This would have been in the form of more energetic and prolonged outflows. Apart from removing large stocks of zooplankton and exporting it to the neritic marine region, sustained strong outflows have also been reported as inhibiting the recruitment of marine-derived larvae and juveniles of many species, including fish, prawns and crabs (Forbes & Hay 1988).

Confidence:  High

Macrocrustaceans:  

Populations of macrocrustaceans are likely to have been far more stable with respect to interannual fluctuations. Population densities would also have been higher.  This is largely because of more favourable salinities throughout the system and infrequent mouth closure (prevalent for short periods only).  Fluctuations in recruitment (post larvae available to enter the system) probably the more important driver of population density in the estuary.  The quantity of resources harvested would also show less interannual variation and yield levels of these resources on average likely to have been higher compared to the present state.

Under Reference Condition peripheral areas were important for providing habitat for adults. The system was characterised by the presence of brackish species such as M. equidens and M. rude in the upper Narrows and South Lake while the more freshwater oriented species M. scrabiculum dominated the community in the North Lake.

Confidence:  Medium
Macroinvertebrates:

Habitat changes to the system have included extensive alteration to the Narrows through moving the mouth of the Umfolozi, dredging channels and mouth manipulation. This together with clearance of natural vegetation for cane farming has significantly altered the nature of the benthic environment of St Lucia. With these physical changes, the physico-chemical properties of the system have also changed in terms of increased turbidity and more frequent instances of hypersalinity at higher concentrations.

The Reference State would have been characterised by Abiotic State 1: Open mouth, marine influence 88.8% of the time. A combination of the findings of Blaber et al (1983) and Weerts (1993) probably best exemplify the natural condition of lake macroinvertebrates. Uniramia were rare in the system apart from Chironomidae present in the muddy sediments of False Bay. Numerous crustacean, annelid and mollusc taxa were represented and a combination of two to three species dominated the lakes communities numerically and gravimetrically. Although diversity in muddy areas was poor, standing stock biomass was significantly greater than in sand. With the potential of greater freshwater input to False Bay and North Lake and the potential creation of REI zones, these areas may have been equally abundant in terms of standing stock biomass to South Lake. At present South Lake is approximately twice as productive under marine conditions. The majority of species that occur in St Lucia today would have been present under Reference conditions. This includes species such as Corophium triaenonyx that probably moves into less saline areas (refugia) when marine salinities persist. Species common in the Narrows would have occurred into South Lake in similar substrates.

Of all St Lucia’s habitats, under natural conditions the Narrows would have least resembled the current situation, given the Umfolozi inflow, no dredging and significantly less mud. The Narrows would have supported a diverse and numerically abundant fauna (comparable with the lakes) with the addition of several typically marine taxa associated with clean, marine sands at the mouth (Amphipods, Isopods). A productive River-Estuarine Interface (REI) zone would have occurred at the entrance of the Umfolozi with elevated nutrient inflow. Less turbid conditions would have allowed a greater number of filter feeding benthic species to establish throughout the system.

Confidence:  Medium/low

	FISH

	Under the reference condition, the mouth would have remained open for almost 90% of the time, thus maintaining a strong connection to the sea for prolonged periods. This would have strengthened the utilization of the Lake System by species of marine origin. However, whether or not the species diversity and biomass would have been greater than it is now would have depended on whether there was also a strong connection between the top of the Narrows and the Lake itself as some of the levels indicated in the mouth open condition may have contributed to preventing access between the Lake and the sea for long periods of time (or so it appears from the simulated water level Table). Note: A very significant issue that needs to be investigated and provided for use if either an Intermediate or Comprehensive Reserve Determination takes place for St. Lucia is information that allows one to relate a Mean Lake Level to both areas covered by water and volume of water in the system. Furthermore the levels at which the Narrows as well as other major compartments within the system become isolated also needs to be investigated.
With limited period of mouth closure, and <2% hypersalinity periods, the system would have been considerably more stable from an estuarine ichthyofaunal perspective. These conditions would probably have meant that the system’s contribution to the marine breeding stocks would have been greater and more consistent under the Reference Condition than it is in the Present State.

Species diversity would have to some extent been greater under the Reference Condition, although undoubtedly there are some species which we know from recent times, no longer occur in the system (eg. Pristis zijsron).  As to the biomass present under the Reference Condition, one can only speculate that it should have been greater due to unimpeded nutrient and organic inputs from currently impounded rivers such as the Hluhluwe, as well as generally lower salinities that are more conducive to the development of highly productive submerged aquatic plant beds in the lake.  Due to the lack of current or past information no comment can be made regarding the presences of rare and Red Data species under the Reference Condition.

Confidence:  Low

	BIRDS

	One species has been extirpated from the system (African Skimmer).  In the reference state the estuary would have provided a more stable habitat, and thus had more abundant food resources.  Numbers of birds are assumed to have been considerably higher.

Confidence:  Low


3.3
Present Ecological Status of the Lake St Lucia Estuary

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

The EHI is sub-divided into:

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

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

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

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a.
% similarity in period of low flows      


	65
	For the St Lucia Lake system periods of low flows are associated with Abiotic State 2: Closed, Brackish and State 3: Closed, potentially Hypersaline which occur at approximately 0.1m Mean Lake level.

From Reference Conditions to Present Day these sates increased form 11.2 % to 52.8 % of the months for the 53-year period.
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	80
	There are some dam developments in the catchments of the rivers feeding into St Lucia Lake system, e.g. Hluhluwe dam.
	Low

	
	71
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over a 53 year period
	40
	Mouth closure events increased from Reference Conditions to present State form 11.2% to 52.8 %.due to the reduction in the 5 rivers feeding into St Lucia and the severance of the link to the Umfolozi river.

Note: Following a precautionary approach as advocated in Version 2 of the RDM methods  mouth closures are score severely 
	Low

	
	40
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	30
	Due to the increase in hypersalinity events and the extreme values recorded during such event, e.g. 215 ppt vs. 45 ppt, the Present State salinity regime is judged to be seriously modified from the Reference Conditions. The increase in closed mouth conditions under the Present State would also have change the salinity profile in the Narrows from a horizontal distribution to a more vertical profile. 

Note: In general, salinity values > 65 ppt (more than 55ppt for fish) are toxic to most biotic components.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	75
	It is expected that a reduction in freshwater inflow to the estuary from the different river catchments has reduced the inorganic nutrient input to the estuary.  The expected reduction is assumed to be related to the 14% reduction in freshwater inflows from the upper 5 river catchments, as well as an expected 11 % loss associated with the re-routing of the Umflozi river It is assumed that inorganic nutrient input from agriculture in the catchments is largely taken up in Wetland in the lower catchments of the 5 rivers prior to reaching the estuary.
	Low

	2b. Suspended solids present in inflowing freshwater
	95
	Because the Umfolozi river no longer enters the estuary, it is expected that the overall suspended load to the estuary would have been reduced, resulting, for example in turbidity levels in the Narrows being less.  However, since the systems are being breached at lower water levels and is therefore shallower than under the Reference Condition, the re-suspension of bottom fines through wind actions is probably more effective.  This to some extent compensates for the loss through re-routing of the Umfolozi
	Low

	2c. Dissolved oxygen (DO) in the estuary
	90
	The estuary is expected to remain well-oxygenated, being shallow, not stratified and subject to strong wind mixing.  However, with an increase in the occurrence of State 3, hyper-salinity is expected to result in die-back of marcrophytes, particularly in the Narrows, increasing oxygen demand in this area.  Assume a 10 % modification from the Reference Condition.
	Low

	2d. Levels of toxins
	80
	It can be expected that agricultural activities and malaria controlling practices in the river catchments have introduced toxins (e.g. pesticides and DDT) to the estuary, but these need to be confirmed through measurements.  Assume a modification of 20%.  
	Low

	
	57
	
	


Physical habitat alteration

	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area and lake fringes exposed  
	60
	Due to the size of the St Lucia Lake system very little overall changes has occurred to the intertidal area exposed. But, the increase in closed mouth conditions form 11.2 % to 52.8 % has result in the changes in the availability of intertidal area.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	60
	Due to changes in the land-use practises of the various rivers feeding into St Lucia and the canalisation of the Umfolozi river the nature of the sediment entering the system have changed from the Reference condition to the Present state. In addition, the management practise of maintaining an open mouth condition for as long as possible, has also allowed significant intrusion of marine sediment into the mouth area of St Lucia.
	Low

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	70
	Dredging of the Narrows significantly modified the subtidal area in the estuary. There is some sedimentation in the upper lake area where the various rivers enter the lakes due to changes in the land-use.  

The above in turn changed channel morphology and depth in certain sections of the lakes.
	Low

	
	
	65
	
	


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

	Percentage of overall change in intertidal habitat caused by anthropogenic activity as opposed to modifications to water flow into estuary 
	15
	Some changes due to land-use practises and canalisation of the Umfolozi swamps.
	Low

	Percentage of overall change which in subtidal habitat caused by anthropogenic modifications (e.g. bridges, weirs, bulkheads, training walls, jetties, marinas) rather than modifications to water flow into estuary 
	80
	Dredging of the Narrows and land-use practises contributed substantially to changes in the subtidal habitat. 
	Low


Microalgae

	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	90% of the original species remaining. No differences in species number have been measured from the Present State to the Reference Condition as a result of high salinity or inorganic nutrient status
	Medium

	2a. Abundance
	60
	The reduction in inflowing water has lead to an increase in low water level conditions that result in a decreased submerged area available and therefore in a decreased benthic microalgal abundance.Preliminary studies (Perissinotto unpubl) indicate that the increase in hypersaline conditions under the Present State may lead to an increase in biomass.
	Low

	2b. Community composition
	30
	Under the Present State the species composition will likely be considerably changed due to the increase in low water levels and hypersaline conditions, especially the dominants. Bate et al. (2004) have demonstrated consistent changes in species composition at different levels of salinity. This is also well documented in the international literature.
	Low

	
	30
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65
	80 % of species remaining. The increase in closed mouth conditions and high water levels under the Present State from the Reference Conditions can result in prolonged submergence and die-back of intertidal marsh species.  Riddin et al. (2000) recorded a decrease in the area covered by intertidal salt marsh from 1937 (632 ha) to 1996 (516 ha).  Losses occurred mainly in the Narrows, with some losses also occurring in the False Bay area.  Closed mouth conditions and lack of tidal conditions can result in dry saline conditions which would also cause mangroves and then salt marsh to die leaving barren mudflats and decreasing species richness.

Hypersaline conditions can result in salt accumulation in the dry shoreline and island habitats.  A salt layer develops which prevents seed germination.  Whether there has been extinction of species from the system is unknown but certainly the present state is different from that of the reference state and one can expect this to have influenced species richness.  
	Low

	2a. Abundance
	30
	Hypersaline conditions and an increased rate of salinity fluctuations have decreased macrophyte abundance.  Plants do not have time to colonise and grow if salinity fluctuations are too rapid.  During drought conditions when the mouth was kept open hypersaline conditions with salinity up to 150 ppt were recorded.  No macrophytes would survive under these conditions.  In the reference state salinity during closed mouth conditions would only be as high as 45 ppt.  The submerged macrophytes Ruppia cirrhosa and Zostera capensis would survive under these conditions.  Now the fluctuating salinity conditions result in massive die-backs of submerged macrophytes and detritus pulses to the estuary.  

High salinity and high water levels are particularly lethal and in the past have resulted in the die-back of shoreline vegetation. Reed and sedge swamp areas have been lost in the Northeastern Shallows and Selly's Lakes area (Riddin et al. 2000).  In 1970/1971 large reed swamp areas adjacent to False Bay were lost due to inundation with hypersaline waters of up to 100 ppt and were replaced by saline hygrophilous grasses.  By dredging the mouth open, water levels have remained high during times of drought thus limiting the expansion of shoreline vegetation, which is now visible after the 2003/2004 drought.

Natural events such as cyclones can also reduce the abundance of macrophytes.  It is unknown whether these events have a greater impact now as a result of various anthropogenic influences.

An increase in closed mouth conditions has decreased available intertidal habitat.  This may have influenced the growth of mangroves and intertidal salt marsh in the Narrows. Riddin et al. (2000) recorded a decrease in the area covered by intertidal salt marsh from 1937 (632 ha) to 1996 (516 ha).   In the past dredging activities have also resulted in the flooding and die-back of mangroves.

Canalisation of the Umfolozi floodplain and agricultural development has increased the silt load to the St Lucia mouth area.  Dredging will have also increased the silt load. This has possibly limited the distribution of submerged macrophytes in this area.  According to Ward (1976) no submerged macrophytes occur south of the Forks due to the turbid waters originating from the Umfolozi River.  


	Medium

	2b. Community composition
	40
	Rapid salinity fluctuations result in different macrophyte communities occupying shorter periods of time.

Closed mouth conditions and fluctuating water levels have decreased the area covered by intertidal salt marsh in the narrows.  This community does however occur in other parts of the estuary.  Flooding kills succulent marsh plants whereas reeds and grasses are more tolerant.

A combination of fire and then grazing can change dry reed bed areas into saline-grass lawns.  Newly sprouted Phragmites austalis shoots are heavily grazed after burning. This has happened on the west bank of the Mkuze Mouth.  In 1970/1971 large reed swamp areas adjacent to False Bay were lost due to inundation with hypersaline waters of up to 100 ppt and were replaced by saline hygrophilous grasses.  
	Medium

	
	30
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	A) ZOOPLANKTON
	
	
	

	1.   Species richness
	65
	80% of the original species remaining. The appearance as a dominant of a previously unrecorded species, the mysid Ropalophthalmus terranatalis maybe indicative of a more generalized change in richness. This will have to be investigated further to include the other components of the zooplanktom assemblage.
	medium

	2a. Abundance
	40
	Drastic changes in zooplankton biomass (related to abundance) have been reported repeatedly by Grindley (1976, 1982) in response to change in water levels and salinity within the St Lucia system, i.e. hypersaline conditions are more severe and last longer under the Present State in comparison with the Reference Conditions. For instance, an increase by an order of magnitude was observed over a period of eight years, from 1967 to 1974, going from a situation of hypersaline conditions to a flood followed by sustained freshwater inflow (Grindley 1982).
	medium

	2b. Community composition
	30
	The zooplankton community structure may change completely under hypersaline conditions,  with harpacticoid copepods, chironomid larvae, cyclopoid copepods Halicyclops spp. and Hemicyclops spp., the tanaidacean Apseudes digitalis and other groups becoming more abundant or even dominant (Grindley 1982). This situation is, however, expected to last only for a relatively short period, until salinity conditions return to normal. The recorded dominance of the mysid R. terranatalis in the narrows of the system may represent a  medium/long term change, as the species was observed there for three consecutive years, under dramatically different conditions (Forbes 1989).
	medium

	B) MACROINVERTEBRATES

	1.   Species richness
	80
	90% of the original species remaining. Species losses are primarily associated with anthropogenic manipulation of the Narrows including re-directing the Umfolozi mouth, dredging and mouth manipulation. A more diverse community would have occurred in this area, given freshwater and nutrient inflow. Reduced silt loads from present would have resulted less turbid water throughout the system with the likelihood of more filter feeding species than present.

95% of the original species remaining. S1: Less hypersalinity, increased silt loading.
	Low

	2a. Abundance
	60
	Macroinvertebrate abundance in the lakes is comparable under Present State and Reference conditions. However, dredging of the Narrows resulted in a severely impoverished fauna in the channels that persisted throughout the 1980s and early 1990s (Hay 1985,Owen 1992, Owen and Forbes 1997). A net loss in abundance of fauna from the Reference State is from this area, given that >40% of the Narrows was dredged.
	medium

	2b. Community composition
	40
	In the Present State, the lakes community is often significantly different from that found in the Narrows (Hay 1985). Communities within the lakes also change composition according to salinity regime, ranging from brackish to hypersaline (Blaber et al 1983, Boltt 1975, Weerts 1993). Given that salinity extremes are more prevalent now, it is likely that the average community composition has altered with a greater relative dominance of hardy, tolerant species such as Capitella capitata, Prionospio sexoculata and even the ubiquitous Apseudes digitalis.
	medium

	C) MACROCRUSTACEANS

	1.   Species richness
	35
	60% of the original species remaining. Under Reference Conditions salinity did not increase above about 45 ppt, while mouth closure occurred for short periods (11.2%) of the time.  Because of significant change to these two factors, species richness could significantly decrease for relatively long periods. 
	Medium

	2a. Abundance
	30
	Mouth closure events increased from 11.2% under Reference Conditions to 52.8 % at Present State. Because of increased mouth closure, recruitment success would decrease significantly on average.  Hypersaline conditions, especially above 60 ppt would cause mass mortality of macrocrustacea. 
	Medium

	2b. Community composition
	40
	Mouth closure events increased from 11.2% under Reference Conditions to 52.8 % at present. Hypersaline conditions also changed from around 1% to 10%.  This would result in composition of the community becoming more variable, shifting significantly for relatively long periods. 
	Medium

	
	30
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	50
	70% of the original species remaining. Although only limited data are available there is a suggestion that even in recent times some species have been lost to the system. In addition legal and illegal fishing both within and outside the system currently has a substantial impact on the diversity and abundance of fish present.
	Low

	2a. Abundance
	40
	Much depends on the influence of lake level at the top of the Narrows when the mouth was open under conditions of Umfolozi connection. However, if the connection to the sea were ongoing for almost 90% of the time in the past then abundances would have been greater in the Reference Condition. Fish abundance under current hypersaline conditions is likely to be considerably lower than equivalent assemblages in the Reference Conditions. Legal and illegal fishing impacts as discussed above apply even more so here.  Current data (Lamberth pers comm.) show that that the following fish removals are currently occurring on an annual basis; Angling 70t, Castnet 10t, Gillnet 150t & Seine netting 30 tonnes.
	Low

	2b. Community composition
	60
	Although community composition, when compared with the Reference Conditions, is unlikely to have changed much there is a high probability that a more diverse community would have occupied the estuary in the past as opposed to the Present State. Community composition in the lake under current hypersaline conditions is likely to be considerably lower than equivalent communities in the Reference State (e.g. dominance of Oreochromis). Due to longer life spans than invertebrate’s impact on fish community is not as high. Legal and illegal fishing impacts as discussed above apply also apply here.
	Low

	
	40
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	80
	Average level of species richness under Present State is assumed to be 90% of that of Reference conditions, with rare species appearing less often.  
	Low

	2a. Abundance
	40
	Although the abundance of flamingos has probably increased, the abundance of most other species is likely to have been dramatically reduced relative to Reference Conditions.  This can be deduced from the estimated reduction in fish, invertebrates and macrophytes which in turn supports the birds.
	Low

	2b. Community composition
	50
	Community composition changes drastically under different estuarine states, thus average community composition is probably quite different from Reference conditions. There has been one extirpation. The average species richness is assumed to be lower.
	Low

	
	40
	
	


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

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

	Microalgae
	10
	Due to altered inorganic nutrient input.
	Low

	Macrophytes
	20 
	Canalisation of Umfolozi and increased input of silt to the system.  Grazing and fire. Dredging and mouth management.
	Medium

	Invertebrates
	10
	Mouth manipulation (forced opening), elimination of large areas of flood plain (siltation). Dredging of the Narrows (altering the sediment characteristics)
	medium

	Fish
	20
	Legal and illegal fishing activities have caused certain fish species to decline to less than 10% of original spawner biomass. There are indications of recent significant upsurges in illegal gillnetting in Lake St Lucia and this together with targeted fishing by recreational anglers, is likely to be having major impacts on the stocks of certain species, e.g. the dusky kob Argyrosomus japonicus and spotted grunter Pomadasys commersonnii.
	Low

	Birds
	25
	There has been a general decrease in the numbers of waterfowl in the region due to loss and degradation of wetland habitats.  Human disturbance within the estuary will have had a slight impact.  
	Low


The individual scores for each of the above components are incorporated into a Habitat health score and a Biological health score.  This allows for the determination of the Estuarine Health Index (EHI) Score. 

3.4
Estuarine Importance of Lake St Lucia Estuary

Lake St Lucia forms part of the Greater St Lucia Wetland Park.  The park was granted Word Heritage Site status under the World Heritage Convention Act (November 2000). St Lucia was granted Ramsar status in 1991. Adjacent to the Greater St Lucia Wetland Park is also a Marine Protected Area. The Greater St Lucia Wetland Parks Authority and EKZNW administrate the park.

In terms of the socio-economic importance, the Greater St Lucia Wetland Park forms the focal point that anchors the Lubombo Spatial Development Initiative, which strives to create livelihoods through tourism initiatives (Dr D Scott, pers. comm.).

From an ecological perspective, estuarine importance is an expression of the value of the system to provide and maintain ecological diversity and function within a local and regional scale. Turpie et al. (2004) nationally ranked the St Lucia River Estuary as the 6th most important system in South African in terms of conservation importance.  
The variables selected for the national estuarine importance rating index were:

· Estuary size

· Zonal type rarity

· Habitat diversity

· Biodiversity importance

· Functional importance

Each of the above can be categorised as measures of rarity, abundance or ecological function.  The rationale for selecting these variables, as well as further details on the estuarine importance index are discussed in detail Appendix E4 of the methodology for estuaries as set out in DWAF (2003): Resource Directed Measures for Protection of Water Resources; Volume 5: Estuarine Component (Version 2.0).
For this study, the Ecological importance determination of the Lake St Lucia Estuary was obtained from the Estuarine Prioritisation for RDM project (Turpie et al. 2004).  The Functional Importance score, however, was derived at the Specialist Workshop held in St Lucia in April 2004.

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

Estuary Size

	SCORE
	MOTIVATION

	ha
	Estuary size is defined as the total area (ha) within the geographical boundaries of the estuarine resource unit.  Size is then converted to a measure of importance using scoring guidelines, which is based on 10% rank percentiles of estuaries of known size.  With an area of greater than 30 000 ha, the St Lucia Estuary is assigned a score of 100.


Zonal Type Rarity

	SCORE
	MOTIVATION

	70
	The estuary is one of four coastal lakes within the sub-tropical biogeographical zone.  The Zonal Type Rarity index is thus 25 - the score assigned is 70.  


Habitat Diversity

	SCORE
	MOTIVATION

	100
	This score is calculated on the basis of the amount of each habitat type present in the estuary in relation to the total area of this habitat in South African estuaries.  The score (x ha/x ha) for each habitat is summed to obtain the rarity value (Turpie et al. 2004).


Biodiversity Importance 

	SUB-COMPONENTS
	SCORE
	MOTIVATION

	Plants
	90
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  ).  The summed value obtained falls within the second 10% percentile for the scores generated from all South African estuaries and is thus assigned a score of 90.

	Invertebrates
	100
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on interpolated presence records from species distributions).  The summed value obtained falls within the top percentile for the scores generated from all South African estuaries and is thus assigned a score of 100.

	Fish
	100
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the top percentile for the scores generated from all South African estuaries and is thus assigned a score of 100.

	Bird
	100
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the top percentile for the scores generated from all South African estuaries and is thus assigned a score of 100.

	Biodiversity score
	98.5
	


Functional Importance

	SUB-COMPONENTS
	SCORE
	SCORING GUIDELINES

	a. Estuary export of detritus and nutrients generated in estuary
	40
	None = 0

Little = 20

Some = 40

Important = 60

Very important = 80

Extremely important =100

	b. Nursery function for marine-living fish and crustaceans
	100
	

	c. Movement corridor for river invertebrates and fish breeding in sea
	80
	

	d. Roosting area for marine or coastal birds
	60
	

	e.  Catchment detritus, nutrients and sediments to sea
	20
	

	Functional score 
	100*
	


* Using the maximum score of the above

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

	CRITERION
	SCORE
	WEIGHT
	WEIGHTED SCORE

	Estuary Size
	100
	15
	15

	Zonal Rarity Type
	70
	10
	10

	Habitat Diversity
	100
	25
	18

	Biodiversity Importance
	99
	25
	25

	Functional Importance
	100
	25
	25

	ESTUARINE IMPORTANCE SCORE
	92


The Estuarine Importance Score for the Lake St Lucia Estuary, based on its Present State, is 92, indicating that the estuary is considered as ‘Highly Important’ (Table 3.6).

Table 3.6:
Interpretation of Estuarine Importance scores for estuaries

	IMPORTANCE SCORE
	DESCRIPTION

	81 – 100
	Highly important

	61 – 80
	Important

	0 – 60
	Of low to average importance


3.5
Recommended Ecological Category for the Lake St Lucia Estuary

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

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

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

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

(Class I)

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

(Class II)

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

(Class III)

	41 – 60
	D
	Largely modified
	D-/D+
	

	21 – 40
	E
	Highly degraded
	E
	Poor

(unacceptable)

	0 – 20
	F
	Extremely degraded
	F
	


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

The degree to which the ‘minimum’ Ecological Category (based on its Present Ecological Status) needs to be modified to assign a recommended EC depends on:

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

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

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

Table 3.8:
Proposed rules for allocation of recommended Ecological Category 

	CURRENT/DESIRED PROTECTION STATUS

AND ESTUARINE IMPORTANCE
	ECOLOGICAL CATEGORY
	POLICY BASIS

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

	Desired Protected Area 

(based on complementarity)
	A or BAS
	

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

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

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


The Lake St Lucia Estuary is considered to be an estuary of ‘high importance’.  In addition, it is also a Ramsar site (i.e. protected area in particular for water birds), a World Heritage site and adjacent to a Marine Protected Area.  According to the guidelines, the recommended Ecological Category should therefore be a Category A. If this is not possible then the Best Attainable State (BAS).  

At the workshop the following was concluded:

· Due to the very high importance of Lake St Lucia Estuary the workshop recommended that management should strive towards managing the system as a Category A estuary as there is insufficient evidence at present to indicate that this is not achievable.

· This conclusion was further supported by a sensitivity analysis of the effect of mitigatory measures such as: linking the system to the Umfolozi river, reducing the sediment load reaching the estuary and/or reducing/eliminating the fishing effort in the system. The analyses indicated that the estuary is remarkably sensitive to the above mentioned mitigation measures and that additional scenarios (not just relating to flow modifications) need to be evaluate in future to establish the viability of elevating the estuary to a Category A system.

· Anthropogenic developments along the banks of the estuary (i.e. non-flow related modifications), such as the drainage and canalisation of the Umfolozi swamps, the construction of weirs on the Nyalazi, Hluhluwe and Mpate and an overall reduction in bird habitat on a national and international scale also contribute to the Present Ecological Status of a Category D.  It is therefore impossible to reverse modifications and to improve the Ecological Category through river flow adjustments only.    

· The highest ecological category attained at the workshop was an Ecological Category B, with a strong recommendation that mitigating actions to reverse modifications caused by the non-flow related activities, such as over exploitation of fish and developments in the Umfolozi floodplain be investigated and if possible be addressed by the responsible authorities.  

· The workshop also concluded that while the possibility of attaining an Ecological Category A is investigated, the relevant government department should strive towards implementing the recommendations for an Ecological Category B.
	The recommended Ecological Category for the Lake St Lucia Estuary is estimated as Category A.

 (Confidence = Low)


4.
Quantification of Ecological Water Requirement Scenarios
4.1
Simulated Future Runoff Scenarios

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

Table 4.1:
Summary of the simulated future runoff scenarios for the Lake St Lucia Estuary
	Future SCENARIO:
	MAR 
	% remaining

	Reference Condition
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

417.89 x 106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only partly at low lake levels and when mouth is closed)
	100

100

100

	Present State 
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3
	86

100

	Scenario 1:  Present State, but allow for interaction with Umfolozi
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only partly at low lake levels and when mouth is closed)
	86

100

100

	Scenario 2:  In flow from rivers remains as in Scenario 1, but all fishing pressures are removed from the system.
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only partly at low lake levels and when mouth is closed)
	86

100

100

	Scenario 3:  In flow from rivers remains as in Scenario 1, but the sediment load managed so that it resembles that of the Reference State.
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only partly at low lake levels and when mouth is closed)
	86

100

100

	Scenario 4:  In flow from rivers remains as in Scenario 1, but all fishing pressures are removed from the system and the sediment load is reduce.
	Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers:

362.26 x106 m3

Groundwater: 23.14 x106 m3

Umfolozi: 920 x 106 m3(only partly at low lake levels and when mouth is closed)
	86

100

100


It should be noted that for Future Scenarios 1 to 4 the freshwater inflow reaching the Lake St Lucia Estuary are identical.  In Future Scenario 1, only the interaction with the Umfolozi catchment was considered. Future Scenario 2 represents a scenario in which the flows remain the same, but all fishing pressures are removed from the estuary. Scenario 3 represents a scenario in which the sediment load reaching Lake St Lucia trough the Umfolozi system are reduce to that of natural levels, e.g. through floodplain deposition or a retaining pound. The Future Scenario 4 represents a scenario in which both the fishing pressures and the sedimentation impacts are reduced. 

4.2
Ecological Water Requirement Assessment Process

4.2.1
Future Scenario 1

a.
Seasonal variability in river inflow:

Monthly-simulated runoff data for Future Scenario 1, over a 53-year period (1926-1978) were obtained from the Department of Water Affairs and were used to simulate the monthly variations in water levels (Table 4.2). The MAR under the Future Scenario 1 for the Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers is 362.26 x106 m3, which is 86% of the MAR under the Reference Condition (i.e. 417.89 x 106 m3).  If, in addition the influence of groundwater (23.14 x106 m3), direct rainfall (273.25 x106 m3) , evaporation (-420 x106 m3) and discharge to the sea are included in the estimate of the freshwater reaching the St Lucia System, the total flows at present are 221.72 x106 m3.

A statistical analysis of the monthly-simulated runoff data in x106 m3 for Future Scenario 1 for the Mkuze, Mzinene, Nyalazi, Hluhluwe, Mpate rivers is provided below.

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

	90%ile
	34.04
	65.30
	96.22
	122.79
	189.32
	136.10
	44.09
	23.68
	18.87
	14.56
	12.47
	21.72

	80%ile
	21.13
	37.43
	67.88
	83.76
	109.49
	86.18
	33.43
	16.54
	13.91
	12.68
	9.58
	13.53

	70%ile
	15.32
	28.11
	53.98
	53.33
	78.76
	55.19
	27.34
	14.70
	10.78
	9.45
	7.74
	7.05

	60%ile
	12.95
	22.25
	25.67
	47.30
	39.15
	39.22
	19.96
	13.03
	9.68
	6.80
	5.98
	6.21

	50%ile
	10.87
	17.19
	18.78
	40.22
	34.51
	34.31
	18.05
	9.81
	7.79
	5.70
	4.46
	5.51

	40%ile
	8.25
	15.65
	16.57
	30.53
	27.68
	22.60
	14.24
	8.34
	6.29
	4.84
	3.87
	4.12

	30%ile
	5.98
	13.24
	15.36
	16.91
	21.07
	16.35
	12.13
	7.02
	5.15
	4.05
	3.37
	3.22

	20%ile
	3.15
	9.20
	11.32
	11.80
	16.08
	13.66
	9.74
	6.28
	4.07
	3.29
	2.51
	2.26

	10%ile
	2.44
	5.97
	8.88
	9.27
	8.44
	8.23
	5.77
	4.58
	3.06
	2.56
	1.59
	1.87

	1%ile
	0.71
	0.62
	2.29
	3.68
	2.77
	2.30
	2.00
	2.23
	1.85
	1.08
	1.27
	0.67


NOTE: shaded months indicate periods where the groundwater makes up the dominant contribution 

For the Future Scenario 1 it was also assumed that the Umfolozi and St Lucia Estuaries interact at water levels below 0.1m Mean Lake Level and when the mouth is closed. For the benefit of this evaluation the Reference MAR for the Umfolozi  (920 x 106 m3) was used to evaluate the effect of the addition of the Umfolozi runoff to the St Lucia Estuary. A statistical analysis of the monthly-simulated runoff data in m3/s for Umfolozi is provided below.  

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

	90%ile
	100.30
	199.54
	284.18
	256.12
	454.96
	271.08
	117.78
	56.10
	39.86
	39.88
	34.14
	39.92

	80%ile
	50.44
	133.50
	152.26
	166.56
	230.54
	169.86
	68.54
	42.38
	29.72
	27.48
	23.28
	25.10

	70%ile
	40.64
	88.54
	115.96
	128.70
	164.36
	123.80
	50.78
	33.40
	24.94
	22.76
	18.90
	20.82

	60%ile
	33.08
	57.94
	83.26
	101.24
	104.48
	72.16
	46.10
	28.98
	20.12
	16.98
	15.54
	16.28

	50%ile
	26.90
	44.40
	69.20
	77.80
	63.20
	55.70
	41.30
	26.40
	17.70
	13.90
	12.90
	13.30

	40%ile
	23.08
	40.92
	46.94
	57.76
	50.74
	50.52
	35.86
	23.72
	14.64
	12.42
	11.98
	11.90

	30%ile
	17.64
	32.02
	34.72
	50.68
	41.84
	36.70
	28.56
	19.28
	13.08
	10.62
	10.40
	10.14

	20%ile
	14.32
	25.78
	30.20
	34.80
	34.08
	29.20
	23.10
	16.74
	11.36
	9.60
	9.30
	8.26

	10%ile
	9.38
	17.14
	25.80
	29.52
	22.88
	20.64
	15.42
	12.30
	9.46
	7.80
	7.44
	7.16

	1%ile
	7.35
	6.48
	12.50
	12.75
	9.87
	13.39
	10.15
	7.96
	6.21
	5.67
	5.80
	5.34


Confidence:  Low

b.
Scenario 1  flood regime:  
Similar to Present State.
c.
Scenario 1 sediment processes and characteristics:  

Similar to Present State.
d.
Scenario 1 groundwater regime: 

Similar to Present State.
Table 4.2:
Simulated Monthly water level data (in m Mean Lake Level) for Future Scenario 1 with Umfolozi  inflows included when mouth closure occurs at water levels below 0.1m Mean Lake level.
	YEAR
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Closed
	State 3

	1926.
	0.31
	0.24
	0.18
	0.15
	0.19
	0.26
	0.23
	0.19
	0.16
	0.21
	0.16
	0.14
	 
	 

	1927
	0.21
	0.22
	0.23
	0.37
	0.31
	0.23
	0.23
	0.20
	0.18
	0.16
	0.14
	0.16
	 
	 

	1928
	0.15
	0.12
	0.11
	0.18
	0.18
	0.58
	0.47
	0.31
	0.29
	0.25
	0.22
	0.27
	 
	 

	1929
	0.28
	0.24
	0.21
	0.72
	0.56
	0.43
	0.32
	0.24
	0.20
	0.17
	0.16
	0.15
	 
	 

	1930
	0.12
	0.18
	0.17
	0.15
	0.12
	0.13
	0.13
	0.13
	0.13
	0.13
	0.10
	0.07
	 
	

	1931
	0.02
	0.18
	0.19
	0.10
	2.50
	0.66
	0.54
	0.46
	0.35
	0.26
	0.20
	0.16
	5
	 1

	1932
	0.12
	0.18
	0.34
	0.36
	0.35
	0.29
	0.22
	0.17
	0.15
	0.16
	0.12
	0.11
	 
	 

	1933
	0.08
	0.28
	0.45
	0.51
	0.40
	0.32
	0.29
	0.25
	0.23
	0.22
	0.22
	0.16
	 
	

	1934
	0.13
	0.13
	0.24
	0.21
	0.17
	0.15
	0.13
	0.15
	0.16
	0.14
	0.11
	0.05
	 
	

	1935
	-0.02
	-0.10
	-0.18
	0.67
	1.54
	2.77
	0.69
	0.44
	0.32
	0.25
	0.18
	0.14
	6
	3 

	1936
	0.19
	0.51
	0.34
	0.56
	0.75
	0.53
	0.35
	0.24
	0.19
	0.18
	0.15
	0.14
	 
	 

	1937
	0.10
	0.10
	0.44
	0.33
	0.27
	0.24
	0.23
	0.19
	0.24
	0.26
	0.20
	0.14
	 
	1

	1938
	0.17
	0.11
	0.41
	0.35
	0.95
	0.81
	0.49
	0.39
	0.30
	0.27
	0.22
	0.29
	 
	 

	1939
	0.23
	0.52
	0.37
	0.40
	0.27
	0.43
	0.33
	0.33
	0.47
	0.35
	0.30
	0.26
	 
	 

	1940
	0.20
	0.39
	0.56
	0.40
	0.34
	0.29
	0.26
	0.20
	0.17
	0.15
	0.12
	0.11
	 
	 

	1941
	0.05
	0.06
	0.11
	0.66
	1.03
	2.01
	2.35
	2.44
	2.58
	2.66
	2.74
	2.81
	11
	1

	1942
	2.93
	0.58
	0.61
	0.36
	0.37
	0.77
	0.91
	0.63
	0.40
	0.39
	0.42
	0.31
	1
	 

	1943
	0.32
	0.36
	0.40
	0.28
	0.46
	0.34
	0.24
	0.18
	0.30
	0.24
	0.18
	0.22
	 
	 

	1944
	0.19
	0.17
	0.12
	0.14
	0.26
	0.47
	0.36
	0.28
	0.22
	0.17
	0.12
	0.07
	 
	 

	1945
	0.04
	-0.05
	-0.07
	1.25
	1.84
	2.10
	2.19
	2.21
	2.21
	2.19
	2.15
	2.12
	12
	3

	1946
	2.18
	2.30
	2.51
	2.63
	0.71
	0.41
	0.29
	0.22
	0.21
	0.18
	0.14
	0.15
	4
	 

	1947
	0.16
	0.18
	0.20
	0.13
	0.16
	0.29
	0.27
	0.21
	0.17
	0.14
	0.09
	0.09
	1
	1

	1948
	0.14
	0.34
	0.41
	1.14
	1.65
	1.84
	2.43
	2.65
	2.74
	2.78
	2.76
	2.79
	12
	 

	1949
	2.88
	0.68
	0.60
	0.49
	0.39
	0.32
	0.25
	0.21
	0.18
	0.16
	0.13
	0.06
	1
	 

	1950
	0.04
	-0.03
	0.53
	0.85
	0.89
	0.98
	1.15
	1.23
	1.27
	1.27
	1.53
	1.63
	12
	2

	1951
	1.87
	1.88
	2.13
	2.26
	2.37
	2.41
	2.42
	2.44
	2.45
	2.51
	2.50
	2.43
	12
	 

	1952
	2.38
	2.54
	0.79
	0.44
	0.29
	0.23
	0.18
	0.19
	0.16
	0.14
	0.11
	0.13
	2
	 

	1953
	0.17
	0.47
	0.39
	0.24
	0.24
	0.19
	0.21
	0.29
	0.24
	0.19
	0.16
	0.21
	 
	 

	1954
	0.35
	0.32
	0.20
	0.34
	0.34
	0.51
	0.39
	0.29
	0.24
	0.19
	0.14
	0.09
	 
	

	1955
	0.14
	0.25
	0.31
	0.18
	0.73
	0.57
	0.34
	0.27
	0.22
	0.18
	0.14
	0.14
	 
	 

	1956
	0.19
	0.18
	0.42
	0.36
	0.32
	0.25
	0.25
	0.22
	0.19
	0.22
	0.19
	0.56
	 
	 

	1957
	0.95
	0.61
	0.35
	0.69
	0.68
	0.39
	0.30
	0.22
	0.21
	0.16
	0.12
	0.15
	 
	 

	1958
	0.21
	0.25
	0.46
	0.42
	0.27
	0.16
	0.12
	0.16
	0.15
	0.13
	0.14
	0.14
	 
	 

	1959
	0.20
	0.20
	0.18
	0.13
	0.33
	0.38
	0.37
	0.28
	0.23
	0.18
	0.15
	0.16
	 
	 

	1960
	0.16
	0.49
	0.69
	0.53
	0.39
	0.32
	0.31
	0.26
	0.29
	0.24
	0.19
	0.24
	 
	 

	1961
	0.25
	0.27
	0.18
	0.14
	0.09
	0.18
	0.19
	0.15
	0.13
	0.11
	0.14
	0.09
	 
	

	1962
	0.10
	0.39
	0.41
	0.31
	0.25
	0.23
	0.22
	0.17
	0.23
	0.95
	0.61
	0.34
	 
	 

	1963
	0.28
	0.28
	0.24
	0.42
	0.32
	0.24
	0.31
	0.24
	0.22
	0.18
	0.14
	0.09
	 
	

	1964
	0.30
	0.25
	0.23
	0.14
	0.11
	0.07
	0.06
	0.04
	0.07
	0.11
	0.26
	0.29
	6
	3

	1965
	0.41
	0.56
	0.59
	1.79
	2.68
	2.85
	2.88
	2.91
	2.95
	2.94
	2.95
	2.93
	12
	 

	1966
	2.91
	2.90
	0.77
	0.45
	0.58
	0.42
	0.37
	0.28
	0.22
	0.20
	0.15
	0.13
	2
	 

	1967
	0.13
	0.18
	0.10
	0.10
	0.10
	0.19
	0.16
	0.13
	0.12
	0.11
	0.12
	0.11
	 
	 

	1968
	0.11
	0.10
	0.11
	0.10
	0.11
	0.49
	0.42
	0.33
	0.26
	0.21
	0.15
	0.13
	 
	 

	1969
	0.27
	0.21
	0.15
	0.09
	0.08
	0.06
	0.04
	0.10
	0.12
	0.11
	0.10
	0.13
	8
	5

	1970
	0.27
	0.55
	0.61
	1.03
	1.22
	1.32
	1.51
	2.69
	0.74
	0.41
	0.26
	0.21
	8
	 

	1971
	0.21
	0.24
	0.36
	0.54
	1.09
	0.70
	0.40
	0.38
	0.31
	0.26
	0.19
	0.13
	 
	 

	1972
	0.12
	0.14
	0.12
	0.10
	0.23
	0.19
	0.18
	0.15
	0.13
	0.12
	0.21
	0.46
	 
	

	1973
	0.33
	0.42
	0.41
	0.53
	0.39
	0.29
	0.23
	0.22
	0.20
	0.17
	0.13
	0.08
	 
	

	1974
	0.04
	0.32
	0.89
	2.18
	0.80
	0.51
	0.37
	0.28
	0.23
	0.18
	0.15
	0.26
	4
	1

	1975
	0.21
	0.22
	0.58
	0.90
	0.68
	0.65
	0.51
	0.39
	0.29
	0.26
	0.21
	0.14
	 
	 

	1976
	0.21
	0.19
	0.19
	0.35
	0.94
	0.71
	0.45
	0.30
	0.24
	0.19
	0.17
	0.23
	 
	 

	1977
	0.21
	0.14
	0.18
	0.48
	0.42
	0.41
	0.34
	0.25
	0.22
	0.25
	0.22
	0.18
	 
	 

	1978
	0.31
	0.33
	0.24
	0.16
	0.12
	0.08
	0.16
	0.16
	0.14
	0.13
	0.13
	0.15
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	119
	17

	
	
	1: Open
	
	2: Closed

 BrackishBrackish
	0.31
	3: Closed, Potentially Hypersaline
	
	19%
	3%


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

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

To provide a conceptual overview of the distribution of Abiotic States under the Future Scenario 1, the total occurrence of the various states for the 53-year period were used to depict the situation for the Present state:


[image: image3]
Water levels of less than 0.1 m mean lake level were taken as indicative of months in which State 3: Closed, Hypersaline can potentially develop.

f.
Predicted change in biotic characteristics of Future Scenario 1 compared with the Reference Condition:

	MICROALGAE

	Increase in freshwater inflow from Umfolozi River will result in more regular supply of inorganic nutrients and less frequent occurrence of hypersaline conditions. While the first factor will certainly lead to an increase in microalgal production, it is not clear what the effect of the second will be. Recent measurements (Perissinotto unpubl.) show that hypersaline conditions may actually be associated with an increase in phytoplankton biomass. This may though just arise from a decrease in grazing pressure by the zooplankton, rather than from an increase in microalgal production itself. High levels of silt loading will decrease the depth of the euphotic zone, thereby leading to a deterioration in the overall light environment available to microalgal production. The extent to which this effect will lead to a depression in net primary production levels within the system, is currently impossible to estimate given the virtual absence of any suitable data set.  

Confidence: Medium

	MACROPHYTES

	The additional flow from the Umfolozi River to St Lucia would reduce the duration and severity of hypersaline events and the salinity regime is seen as moderately modified (score = 70).  Salinity would be more favourable for overall macrophyte growth as hypersaline events would be limited.  There would be no die-back of fringing vegetation due to inundation with saline water.  Mouth conditions would be similar to that of the Reference Conditions and the estuary would mostly be in an open marine state.  This would reduce high water levels, flooding and loss of intertidal salt marsh.  The connection with the Umfolozi would however introduce silt into the mouth area, sedimentation and a change in the subtidal habitat are expected.  Sediment input could smother salt marsh and mangrove seedlings. The turbid water from the Umfolozi River would impact the growth and distribution of submerged macrophytes.  The impacts of fire, grazing and harvesting will remain.

Confidence: Low

	INVERTEBRATES

	Zooplankton:

Given the pattern previously observed by Grindley (1976, 1982), it is likely that the return of the Umfolozi flow will lead to a generalized increase in zooplankton production/biomass. This will be mainly related to a substantial reduction in the occurrence of hypersaline conditions. High silt levels in the water-column, may however be detrimental to most zooplankton species, particularly those with exclusive or predominantly filter-feeding modes. High concentrations of inorganic particles in the water have been shown to reduce the feeding efficiency of many copepods and euphausiids, either through a decrease in their filtration rate (e.g. Lehman 1976) or through clogging of their sieving apparatus (Harbison et al. 1986). Unfortunately, no data are currently available on the effects of high silt loading on zooplankton feeding in South African estuaries.

Confidence: Medium
Macrocrustacea:  

Predicted change in the macrocrustacea composition and abundance likely to shift significantly towards the natural state.  Interannual fluctuations in population densities are likely to approach near-natural (relatively stable), with occasional crashes (significant) if the mouth closes for longer than about 1 year.   

Confidence: Medium

Macroinvertebrates:

Confidence: Medium


	FISH

	Under proposed Future Scenario 1, estimates of the percentage time the mouth will remain open is 92% of that predicted for the Reference Condition. Therefore a very strong connection to the sea would be re-established and that will, in turn, strengthen the utilization of the lake system by species of marine origin. 

With the predicted period of mouth closure under Future Scenario 1 being 67% less than the Present State and hypersalinity periods being predicted as only occurring 2.7% of the time, as opposed to the current 6.0%, the system should be far more stable from an estuarine ichthyofaunal perspective. This would probably result in the contributions to marine breeding stocks being greater and more consistent under Future Scenario 1 than it is in the Present State and similar to the Reference Condition.

It is possible that under Future Scenario 1 species diversity will be similar to the Reference Condition although without knowing which and how many species no longer occur makes it difficult to predict. As to the biomass, if lake levels relating to the connection at the Narrows are sufficient, one could consider that the biomass will increase, as there will be more regular recruitment into the System. This will probably not, however, reach the level that occurred under the Reference Condition because of reduced nutrient and organic matter inputs from the rivers to the lake. Due to the lack of current or past information no comment can be made regarding the presences of rare and Red Data species under Future Scenario 1.

Confidence:  Low

	BIRDS

	Increased water input from the Umfolozi would mean that the hypersaline events are reduced, and hydrological conditions would be closer to reference conditions.  However it would also bring silt, increasing turbidity and depositing fine sediments.

The reference bird community is most influence by fish, benthic macroinvertebrate and macrophyte abundance, and to some extent, zooplankton and nekton abundance.  Macro invertebrates are predicted to return to 80% of reference abundance and zooplankton 90%.  Benthic macroinvertebrates recover to 80%, slightly compromised by the siltation of sediments. Macrocrustacea only recover to 70% because of mouth closures.  Fish abundance recovers to 70%.  Thus food supplies in general are restored to about 70 – 80% of reference.  Recovery of food supplies would lead to an increased abundance of birds. Changes in community composition are assumed to be less extreme.  
Confidence:  Low


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

	a.
% similarity in period of low flows      
	90
	For the St Lucia Lake system low flows is associated with State 2: Closed, Brackish and State 3: Closed Hypersaline which occur at approximately 0.1m Mean Lake level.

From Reference Conditions to Future Sceanrio1 these sates increased form 11.2% to 18.4% of the months for the 53-year period.
	Low

	b. % similarity in the magnitude of major floods (e.g. 1:20, 1:50 and 1:100) in comparison with the reference condition
	80
	There are some dam developments in the catchments of the rivers feeding into St Lucia Lake system, e.g. Hluhluwe dam.
	Low

	
	86
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of closure over the 53-year period
	85
	Mouth closure events increased from Reference Conditions to Future Scenario 1 form 11.2% to 18.4%.

Note: Following a precautionary approach as advocated in Version 2 of the RDM methods mouth closures are scored severely.
	Low

	
	85
	
	


Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	70
	With the addition of the inflow of the Umfolozi River to St Lucia the duration and severity of hypersalinity event are drastically reduced from the Present State and the salinity regime is seen as moderately modified in relation to the Reference Conditions.
	Low

	2a. Nitrate and phosphate concentration in the estuary
	75
	Although Scenario 1 re-introduced the runoff from the Umfolozi river to the estuary (i.e. returning an expected 10% loss in inorganic nutrient input) it is expected that, the use of fertilizers in the catchment will markedly increase inorganic nutrient inputs, being canalised and not flowing though wetland areas as was the case in the past.  Therefore deviation from Reference Condition is expected to remain at 25%.
	Low

	2b. Suspended solids present in inflowing freshwater
	60
	The re-introduction of runoff from the Umfolozi river is expected to markedly increase suspended solid concentrations in the estuary, e.g. up to Fanie’s Island.  This marked change from Reference Condition is as a result of the canalisation of the river, i.e. removing the ‘suspended solid’ trap that the wetland swamps provided under the Reference Condition.
	Low

	2c. Dissolved oxygen (DO) in the estuary
	100
	This Scenario reduces the occurrence of State 3, when hyper-salinity increased organic loads in the Narrows as a result of marcophyte die-back.  Dissolved oxygen levels are therefore expected to be close to that which occurred under the Reference Condition.
	Low

	2d. Levels of toxins
	70
	It can be expected that agricultural activities and malaria controlling practices in the river catchments have introduced toxins (e.g. pesticides and DDT) to the estuary, but these need to be confirmed through measurements.  Assume a modification of 20%.  It is expected that inflow from the Umfolozi will increasingly contribute to the toxin load associated with agricultural practices (e.g. pesticides), particularly without the wetland swamps in its lower reaches. Allow for a further 10% modification from Present State.
	Low

	
	64
	
	


Physical habitat alteration
	
	VARIABLE
	SCORE
	MOTIVATION
	CONFIDENCE

	1
	Resemblance of intertidal sediment structure and distribution to reference condition

	1a
	% similarity in intertidal area and lake fringes exposed  
	85
	Due to the size of the St Lucia Lake system, very little overall changes has occurred to the intertidal area exposed. But the increase in closed mouth conditions form 11.2 % (Refrence Conditions) to 18.4 % (Future Sceanrio 1) has resulted in some the changes in the availability of intertidal area.
	Low

	1b
	% similarity in sand fraction relative to total sand and mud
	70
	Due to changes in the land-use practises of the various rivers feeding into St Lucia and the canalisation of the Umfolozi swamps the nature of the sediment entering the system have changed from the reference to the Future Sceanrio1. 
	Low

	2
	Resemblance of subtidal estuary to reference condition:  depth, bed or channel morphology
	70
	Due to changes in the land use practises of the various rivers feeding into St Lucia and the canalisation of the Umfolozi swamps  extensive sedimentation can occur during flood events in the upper sections of the lakes and near the estuary mouth where the Umfolozi enters the estuary. This in turn would changes channel morphology and depth in certain sections of the lakes. 

With the Umfolozi entering St Lucia Estuary once again this could drastically increase sedimentation rates in the mouth area.
	Low

	
	
	74
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	95
	99% of the original species remaining. Due to the additional water from Umfolozi and decrease in hyper salinity the system are retuning to very similar to Reference conditions. There are therefore no physical features (water levels, water quality) that would cause a considerable modification to the environment such that there might be a big change in species richness. The small amount of additional nutrients entering form Umfolozi is going to have a very small localised effect. The increased turbidity is for relative short time and microalgae can produce so quickly that they can return close to reference.

A slight loss might be possible as a result of altered light levels. This latter is a conservative opinion without any direct evidence one way or another.
	Medium

	2a. Abundance
	85
	Mainly because of the increased water area, the abundance of this community would likely be very similar to the natural condition. The slightly higher mineral nutrient input via Umfolozi may increase the microalgal biomass. This increase implies a deviation from the natural condition, but it is small.
	Low

	2b. Community composition
	90
	Our knowledge of community composition is very small. We have no knowledge of whether an exactly similar community would be present in the estuary and lake even if the system had never been altered to the present condition. Our belief is that the community composition alters with changed conditions and reversion to previous physical conditions may not necessarily result in a similar community redeveloping.
	Low

	
	85
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	90
	95% of species remaining. The connection with the Umfolozi would introduce silt into the mouth area, sedimentation and a change in the subtidal habitat are also expected.  Sediment input could smother salt marsh and mangrove seedlings. The turbid water from the Umfolozi River would limit the distribution of submerged macrophytes and decrease species richness.  Mouth conditions and salinity would be similar to that of the Reference Condition and the estuary would mostly be in an open marine state.  This would prevent hypersaline conditions, high water levels, flooding and loss of macrophyte species.  The less closed mouth events may have a limited influence on species richness.
	Low

	2a. Abundance
	80
	Salinity would be more favourable for overall macrophyte growth as hypersaline events would be limited.  There would be no die-back of fringing vegetation due to inundation with saline water.  Mouth conditions would be similar to that of the Reference Conditions and the estuary would mostly be in an open marine state.  This would prevent high water levels, flooding and loss of intertidal salt marsh.  The connection with the Umfolozi would however introduce silt into the mouth area, sedimentation and a change in the subtidal habitat are expected.  Sediment input could smother salt marsh and mangrove seedlings. The turbid water from the Umfolozi River would impact the growth and distribution of submerged macrophytes.  The impacts of fire, grazing and harvesting will remain.
	Low

	2b. Community composition
	70
	The connection with the Umfolozi would introduce silt into the mouth area; sedimentation and a change in the subtidal habitat are also expected.  Sediment input could smother salt marsh and mangrove seedlings and a change in community composition may occur.

Changes in community composition as a result of fire and grazing are still expected to occur.  Burning by locals has resulted in grass species such as Stenotaphrum secundatum replacing the salt marsh rush Juncus kraussii.  The ability of grasses to recover more rapidly after fire than wetland species results in these changes.  A combination of fire and then grazing can change dry reed bed areas into saline-grass lawns.  Newly sprouted Phragmites austalis shoots are heavily grazed after burning.  
	Low

	
	70
	
	


Invertebrates 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	A) ZOOPLANKTON

	1.   Species richness
	95
	95-99% of the original species will probably be found in the system. Much reduced chances of hypersaline events will increase the stability of the zooplankton assemblage, without compromising the viability of any of the steno- or moderately euryhaline species. Increased turbidity will be the only factor that may lead to the exclusion of a few sensitive species.
	Medium

	2a. Abundance
	90
	Increased turbidity and sediment loading will be detrimental to the grazing of sensitive filter-feeders. Overall, though the beneficial effects of increased trophic stability and decrease in hypersaline conditions will result in enhanced production, biomass and abundance levels.
	Medium

	2b. Community composition
	95
	Reduced frequency in the occurrence of hypersaline events will lead to a dramatic decrease in the shifts in community structure (e.g. Grindley 1982). However, an increase in sediment loading and associated turbidity may cause other adjustments, with possible minor changes in community composition.
	Medium

	B) MACROCRUSTACEA

	1.   Species richness
	80
	90% of the original species remaining. Additional in flow from the Umfolozi River to St Lucia will reduce the duration and severity of hypersalinity events significantly.  Mouth closure events will increase by about 7% (up to 18.4% of the time) compared to the Reference Condition.  Species richness is therefore likely to remain similar to natural conditions.
	Medium

	2a. Abundance
	60
	Additional in flow from the Umfolozi River to St Lucia will reduce duration and severity of hypersalinity events significantly.  Mouth closure events will increase by about 7% (up to 18.4% of the time) compared to the Reference Condition. Because the mouth is likely to remain closed for longer than a year every few years, no recruitment will take place during these times and population abundance levels will decrease significantly.  
	Medium

	2b. Community composition
	60
	Because of mouth closure occurring more frequently and for longer duration on occasions. Community composition will fluctuate as environmental changes occur.
	Medium

	C) MACROINVERTEBRATES

	1.   Species richness
	90
	95% of species remaining. Significant majority of the original species remain in the lakes. Species losses are primarily associated with anthropogenic manipulation of the Narrows including dredging. A more diverse community exists in the Narrows than present given freshwater and nutrient inflow from the Umfolozi River. Frequency of mouth closure is greater than under natural conditions influencing the potential for larval recruitment of species that are lost to the system during periods of hypersalinity.
	Low

	2a. Abundance
	80
	Macroinvertebrate abundance in lakes is comparable under Future Scenario 1 and natural conditions apart from some hypersaline events 1.6% of the time and potential siltation of the lakes and Narrows with sediment from the Umfolozi. Muddy sediments support a lower abundance in the system than sand. Dredging of the Narrows will continue to impoverish fauna in the channels with a numeric and gravimetric decrease in fauna from natural conditions. Reduced hypersaline events in the lakes will limit the large-scale species losses that possibly occur at present.
	Low

	2b. Community composition
	60
	Lakes community would be more similar to Narrows than current conditions given a more natural salinity regime. However, potential for siltation in the Narrows and even the lakes may change the relative dominance of species to those opportunistic species that colonise rapidly after habitat alteration (movement of sand and silt). At present, the eastern shores south of Fanies Island are almost exclusively sandy substrates and under the future scenario there is the potential that this substrate may at times be smothered by settling fine-grained sediment (<63µm). Tolerant species such as polychaetes Capitella capitata and Prionospio sexoculata  would increase in number in silted areas. Relative dominance of crustaceans and molluscs may change in favour of polychaetes.
	Low

	
	60
	
	


Fish 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	65
	80% of species remaining. The implementation of Future Scenario 1 has the potential to bring the system back towards the Reference Condition. Although data is lacking, some of the species that were lost to the system could be expected to return. Legal and illegal fishing both within and outside the system would remain at the same level as it currently is. This substantial impact on the fish present would continue to impact on species diversity. The potential intrusion of Umfolozi water, containing fine sediment, as far north as Fanie’s Island would further impact on the species richness due to the potential existing of sandy areas impacted on due to sediment deposition. This could change the distribution and composition of fish in that part of the system 
	Low

	2a. Abundance
	70
	The comment made above regarding Future Scenario 1 also applies to abundance. However, some increase in abundance should occur under the projected conditions although not to the extent of Species Richness. This is because the loss of nutrient and organic inputs from certain rivers will not be restored and therefore a lower fish biomass than the Reference Condition can be supported. In addition fishing and sediment intrusion as discussed above will have an impact. From the fish side the impacts include removal of fish around the mouth with the prime example being the impact of fishing on juvenile Dusky kob (Argyrosomus japonicus). Stopping illegal gill netting also has a major impact.
	Low

	2b. Community composition
	80
	The comments in the above two sections apply here as well. The issue of local anthropogenic impacts, particularly of illegal and legal fishing, will impact on community composition and offset some of the positive attributes of Future Scenario 1.
	Low

	
	65
	
	


Birds 

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	90
	95 % of species remaining. A generally slightly higher level of species richness as rarer species are attracted to the more stable habitat.
	Low

	2a. Abundance
	70
	This takes outside influences into account (e.g. national/international scale reduction in habitat), assuming they stay the same as present.  
	Low

	2b. Community composition
	70
	This takes outside influences into account (e.g. national/international scale reduction in habitat), assuming they stay the same as present.  
	Low

	
	70
	
	


4.3 Ecological Categories associated with different Scenarios 

As part of the sensitivity analyses the additional Future Scenarios 2 to 4 was evaluated and scores at the workshop. The individual EHI scores, as well as the corresponding EC for the different scenarios are provided in Table 4.7.

TABLE 4.7:
Summary of Estuarine Health Index (EHI) scoring and Ecological Category (EC) associated with different Future Scenarios

	VARIABLE
	WEIGHT
	Present State
	FUTURE SCENARIOS

	
	
	
	1
	2
	3
	4

	Hydrology
	25
	71
	86
	86
	86
	86

	Hydrodynamics
	25
	40
	85
	85
	85
	85

	Water quality
	25
	57
	64
	64
	76
	76

	Physical habitat 
	25
	65
	74
	74
	85
	85

	Habitat Score
	50
	58
	77
	77
	83
	83

	Microalgae
	20
	30
	85
	85
	95
	95

	Macrophytes
	20
	30
	70
	70
	85
	85

	Invertebrates
	20
	30
	60
	60
	70
	70

	Fish 
	20
	40
	65
	85
	70
	90

	Birds
	20
	40
	70
	80
	70
	80

	Biological Score
	50
	34
	70
	76
	78
	84

	EHI INDEX SCORE
	
	46
	74
	77
	81
	84

	
	
	
	
	
	
	

	EC
	
	D-
	C+
	B-
	B
	B


Note: This analysis indicates that allowing the Lake St Lucia and the Umfolozi estuaries to interact is only partially successful in elevating the health of the system. Removing the excess sediment form the Umfolozi and/or reducing the fishing pressure are also needed to achieve a marked improvement in the overall health of the system.

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

The highest ecological category attained at the workshop was an Ecological Category B, with a strong recommendation that mitigating actions to reverse modifications caused by the non-flow related activities, such as over exploitation of fish and developments in the Mfolzi floodplain be investigated by the responsible authorities.  

5 Recommendations for future RDM studies on the Lake St Lucia Estuary

· The Lake St Lucia Estuary makes a significant contribution to the economic wellbeing of the surrounding towns and villages. It is therefore recommended that a comprehensive economic evaluation be done on the goods and services provides by the ecosystem, in order to assist long-term sustainable management of the estuary and the surrounding environs.

· St Lucia provides an import nursery function for a number of inshore (e.g. commercial cob fishery and recreational angling that may extend beyond the borders of KZN) and offshore fisheries (e.g. Thukela Banks prawn fishery). It is therefore recommended that a comprehensive assessment be done on the occurrence and exploitation of the macrocrustaceans and fish in the system in order to assist National Government in its role as custodian of South Africa’s fishery resources.
· The contribution of groundwater could be accommodated in this study through the evaluation of total lake water levels versus an individual assessment of all the contributing flow components. It is recommended that in future a method be developed (i.e. templates and guidelines for scoring of health Index) to formulated to capture the contribution groundwater to estuaries in South Africa where it makes a significant contribution. This module is required since groundwater is managed on a different scale and through different procedures compared to surface water resources. The freshwater requirements of an estuary dependant on groundwater in turn need to be fed back to the Groundwater RDM process in order to do a holistic assessment of large aquifers.
· Due to the complexity of Lake St Lucia estuary, more time should be allocated to specialists for field data gathering and data assessment that is currently recommend by the RDM methods. In all cases specialists indicated that they either need substantially more data and/or need significantly more time to analyse the exiting data set.

· Future studies on the Lake St Lucia Estuary should incorporate a water level and salinity model, which in turn will generate a higher confidence in the biotic component predictions.

· Due to the different processes involved in the Narrows (i.e. tidal section) and the lakes, it is recommend that future RDM studies provide input on these sections separately and only integrate the results during the final phases of the study.

· The possible rehabilitation of the Umfolozi floodplain should be investigated in order to decrease the silt load reaching the Lake St Lucia Estuary and allow for an increase in water levels.

· Legal and illegal fishing both within and outside the system currently have a substantial impact on the diversity and abundance of fish present in the system. Avalable data (Lamberth pers comm.) shows that that the following fish removals are currently occurring on an annual basis; Angling 70t, Castnet 10t, Gillnet 150t & Seine netting 30 tonnes. Legal and illegal fishing activities have caused some fish species to decline to less than 10% of original spawner biomass. There are indications of recent significant upsurges in illegal gillnetting in Lake St Lucia and this together with targeted fishing by recreational anglers, is likely to have a major impacts on the stocks of certain species, e.g. the dusky kob Argyrosomus japonicus and spotted grunter Pomadasys commersonnii. It is therefore strongly recommended that the lead authorities investigate the possibility of reducing the fishing effort in the Lake St Lucia Estuary to the benefit the coastal and estuarine fish on a regional and national scale. 

· Future studies need to relate Mean Lake Level to both the areas covered by water and the volume of water in the system. The levels at which the Narrows, as well as other major compartments within the system, become isolated also needs to be established in order to quantify the impacts of the various states.
It was concluded that the Lake St Lucia Estuary was important enough to warrant a Comprehensive scientific programme focussing on the system’s individual needs. This programme should be under the auspice of a Technical Advisory Committee. The programme will give structure to scientific research on the system, assist in coordinating the various components and ensuring that the outcomes can also be utilised by management. The programme would allow for the integration of additional focus areas, such as socio-economic and substance studies. Such a coordinated approach will also assist in the development of Adaptive Management Procedures (successfully applied in the Kruger National Park) ensuring a short turnaround period between new scientific findings and management application. It will generate the maximum benefit through the combination of long-term local monitoring initiates and baseline scientific studies.

In the future, greater emphasis on an ‘ecosystems approach’ should be followed, with research focussing on both the Narrows and the Lakes. Data should be collected in such a manner as to allow for ecosystems modelling. This also implies that physiological components (where required) should be investigated as part of biological research. The workshop highlighted the need for a large monitoring programme to gather data over the next three years. A very important aspect of such a programme should also be the training of local people (where needed) to extend to long-term monitoring.

Ezemvelo KZN Wildlife should be commended for their excellent long term monitoring of Lake St Lucia and it was recommended that the DEAT, Marine and Coastal Management consider expanding their financial support in this regard.
8 Data requirements for Future RDM Studies on Lake St Lucia

Abiotic components (hydrodynamics)
	DATA REQUIREMENTS
	MOTIVATION

	Continuous river flow gauging where the five rivers enter the St Lucia Estuary.

Continuous river flow gauging of the Umfolozi River.
	Such data are crucial for correlating river flow to the water level in the estuary and the state of the mouth.  The dataset duration required will depend on the frequency of mouth closure,  in the case of Lake St Lucia Estuary it is estimated that at least 15 years of data is needed to provide data on about 3-5 mouth closures. There is a need to verify the flows from the Mkuze Flows as it is not necessarily continuous. There is also a need for a gauging station on Mkasana river (Rheta please add)

	Gauging boreholes to continuously monitor groundwater at the eastern shore (2), northern shores (4), western shores (3) and False Bay (2).


	To be able to estimate the relative groundwater contribution to Lake St Lucia estuary it is important that the record reflect inflows during both a high flow and a drought period. For representative data recordings of between 2 and 5 years are required.

	Continuous water level recordings at a number of sites in the estuary and at the Umfolozi mouth.
	To obtain long-term records of variations in tidal levels and mouth conditions.  For representative data recordings of between 5 and 15 years are required. It is very important that the current water level recorders are to corrected to Mean Sea Level.

	Daily observations on the state of the mouth
	During the period just prior to mouth closure, results from the continuous water level recordings may not be accurate enough.  Where possible, daily mouth observations should be logged when the mouth is nearly closed or closed. The time at which the observation was made and the state of the tide must also be recorded, ideally at low tide

	Aerial photographs of the estuary – full colour, geo-referenced rectified aerial photographs at 1: 5 000 scale covering the entire estuary (based on the geographical boundary), and taken at low tide in summer, are required. These photographs must include Umfolozi Estuary and the breaker zone near the mouth(s).

 
	Repetitive, systematic and comparative photographs taken of the mouth, tidal basin and upper estuary area provide valuable information on the dynamics of an estuary mouth, for example, to derive the effect of wave action on the mouth dynamics, in particular, the extent to which the mouth is exposed to direct wave action, and to determine the width of the breaker zone (indicative of the beach slope).

	Simulated monthly runoff data for present state, reference condition, as well as selected future run-off scenarios over a 70 year period for the five rivers entering Lake St Lucia Estuary.
Simulated monthly runoff data (at the head of the estuary) for present state, reference condition, as well as selected future run-off scenarios over a 70 year for the Umfolozi river.
	To estimate long term variability in river flow patterns. The accuracy and confidence limits of the simulations must be indicated.

	Simulated flood hydrographs for present state, reference conditions and future runoff scenarios1: 

· 1:1, 1:2, 1:5 floods (influencing aspects such as flood plain inundation)

· 1:20, 1:50, 1:100, 1:200 year floods (influencing sediment     dynamics)
	


Abiotic components (sediment dynamics)  

	DATA REQUIREMENTS
	MOTIVATION

	For the Lake St Lucia and Umfolozi system a series of cross-section profiles (collected at about 50 to 1000 m intervals along the beach, bar, mouth and lower basin region (at about 50 m intervals) as well as upstream along the entire estuary (at ~500 m intervals from the +5 m MSL contour on the left bank, trough the estuary to the +5 m MSL contour on the right bank), using D-GPS and echo-sounding).  This should be done every 3 years (and immediately after a flood) to quantify the sediment deposition rate in the estuary 

An estimation should also be made of the additional areas inundated (e.g. Mkuze swamps) during high water levels. (If not possible with normal land survey techniques an estimation can be made form aerial photographs).

The data are needed to compile a detailed digital terrain model (DTM) of the estuarine system. 
	These data are required to allow/enable the quantification of sediment transport processes, estuarine morphology and long-term evolution of estuarine topography resulting from significant changes in the hydraulic regime.  It may not be possible to acquire these data sets in the short term, but long term monitoring programmes to collect such data must be considered if the dynamic sediment processes in the estuary and the holistic functioning of the river/estuary/nearshore system are to be better understood.

As some of the critical processes/dynamics have decadal (or longer) time scales, a minimum record of typically 15 years would be required. Alternatively, numerical models could be used to simulate longer-term processes if sufficient shorter term data is available to adequately calibrate and verify such models.
 The detailed digital terrain model (DTM) of the estuary is needed to determine inundation patterns and estimate volumes.

	Series of sediment grab samples for the analysis of particle size distribution (PSD), cohesive nature and organic content, taken every 3 years (and immediately after a flood) along the length of the estuary (at ~ 50 to 500 m intervals across the estuary including inter- and supratidal area) for Lake St Lucia and Umfolozi. Representative samples should also be collected from the adjacent beach and sand bar.
	

	A series of sediment core samples for historical sediment characterisation taken once-off, but ideally just after a medium to large flood as well as a year (or two) later along the same grid as the grab samples (see above).
	

	Sediment load in the rivers entering Lake St Lucia and Umfolozi (including grain size distribution and particulate carbon - detritus component): Weekly intervals for a minimum 5 years. Ideally, both suspended- and bed-load should be monitored. 
	


Abiotic components (water quality)
	DATA REQUIREMENTS
	MOTIVATION

	At least monthly water quality measurements on system variables [conductivity, temperature, pH, dissolved oxygen, turbidity, suspended solids], inorganic nutrients [e.g. nitrate, ammonium and reactive phosphate] and, if possible, toxic substances in river water entering the Lake St Lucia and Umfolozi estuaries. Particulate organic carbon input (see also sediment dynamics) should be recorded. 
	The water quality of river inflow and the temporal variability thereof is required to understand the present state of the estuary, as well as to predict the changes as a result of modification in flow.  Usually this data is acquired from the river IFR site just upstream of the estuary.  To observe specific trends a minimum record of ~5 years is typically required.

	At least monthly water quality measurements on system variables [conductivity, temperature, pH, dissolved oxygen, turbidity, suspended solids]and inorganic nutrients [e.g. nitrate, ammonium and reactive phosphate] of the Groundwater entering the Lake St Lucia should be recorded.
	The water quality of inflowing groundwater and the temporal variability thereof is required to understand the present state of the estuary, as well as to predict the changes as a result of modification in flow.  

	Quarterly longitudinal salinity and temperature profiles at 20 to 30 (St Lucia) and 20 to 15 (Umfolozi) stations (in situ) collected over a spring and neap tide during high and low tide. The surveys should include at least one sample session during the:

· low flow season (i.e. period of maximum seawater intrusion), but when the mouth is still open


· during mouth closure (this may require a series of surveys to capture the dynamic nature of this state)
	These measurements, together with the river inflow data (must be collected simultaneously) are used to estimate the correlation between salinity/temperature distribution patterns along the length of the estuary and river flow.  Where only a limited amount of fieldwork is possible, this could best be achieved by measuring the ‘extremes’ such as the  end of low flow season (marine dominated) and during mouth closure. 

	Quarterly water quality measurements on system variables [pH, dissolved oxygen, turbidity, suspended solids, light intensity], inorganic nutrients [e.g. nitrate, ammonium and reactive phosphate] taken along the length of the estuary at 20 to 30 (St Lucia) and 20 to 15 (Umfolozi) sites (surface and bottom samples) on a spring and neap high tide. The surveys should include at least one sample session during the:

· end of low flow season when the mouth is still open


· during mouth closure (this may require a series of surveys to capture the dynamic nature of this state)
Ideally, organic nutrients (i.e. dissolved and particulate organic carbon should also be recorded) 
	The water quality field exercise must coincide with the salinity/temperature profiling.  In this way a limited water quality data set (which is usually very expensive to acquire) can be used to derive water quality characteristics under different tidal conditions, using salinity data, expert opinion or appropriate assessment tools, e.g. numerical models.

	Once off measurements of toxic substances (e.g. trace metals) in sediments across the estuary (coinciding with sampling sites for invertebrates), focussing on depositional areas, that are characterised by finer, often organically rich sediments.

Samples should also be taken of bird eggs and fish tissue to evaluate the possible accumulation of toxins in the food chain.


	To establish the spatial distribution and extent of toxic pollutant distribution in the estuary.  In highly dynamic systems such as estuaries, it is considered more appropriate to sample environmental components which tend to integrate or accumulate change over time, such as sediments


Microalgae
	DATA REQUIREMENTS
	MOTIVATION

	Quarterly Particulate Organic Matter (POM) and Chlorophyll-a measurements taken at 20 to 30 (St Lucia) and 20 to 15 (Umfolozi) stations at the surface, 0.5 m and 1 m depths thereafter. Cell counts of dominant phytoplankton groups i.e. flagellates, dinoflagellates, diatoms and blue-green algae. 

Measurements should be taken coinciding with the different Abiotic States. Additional monthly sampling is required during periods that the Abiotic states are changing.
	To determine phytoplankton and biomass and dominant phytoplankton types.  Phytoplankton biomass is an index of eutrophication while changes in the dominant phytoplankton groups indicate changes in response to water quality and quantity.

Measurements for different flow conditions are required to establish natural variability.

	Quarterly biomass of intertidal and subtidal benthic chlorophyll-a measurements taken at 20 - 30 (St Lucia) and 20 to 15 (Umfolozi) stations. 

Additional monthly sampling is required during periods that the Abiotic states are changing.

An annually identification would be needed to evaluate species composition.

Epipelic diatoms need to be collected for identification in order to identify the proportion of diatoms to benthic microalgae.

Measurements should be taken coinciding with the different Abiotic States. 
	To determine benthic microalgal biomass and dominant epipelic diatom species.  Benthic microalgae are important primary producers in shallow estuaries or those with large intertidal areas.  Epipelic diatom composition can indicate changes in water quality.

Measurements for different flow and mouth conditions are required to establish natural variability.

	A specialised study is needed on trophic linkages as salinity values change in the Lake St Lucia Estuary (i.e. a study on who eats who?).

	Additional funding is needed to access the Cholnoky collection at CSIR, Durban, especially the data for Lake St Lucia Estuary.

	NOTE:  Simultaneous measurements of flow, light, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgal surveys.  


Macrophytes
	DATA REQUIREMENTS
	MOTIVATION

	New aerial photographs of the estuary   (ideally 1:5000 scale) reflecting the present state.

Note: Orthophoto and GIS maps available to support findings form aerial photographs

	To map the distribution of the different plant community types and to calculate the area covered by different plant community types (habitat types1).

Aerial photographs can be used to monitor habitat change from reference to present day, e.g. reed encroachment.

	Number of plant community types, identification and total number of macrophyte species, number of rare or endangered species or those with limited populations documented during a field visit.
	This information is required to determine the regional and national botanical importance of an estuary, and to set the ecological reserve category.

	Bi annual monitoring of 20 to 30 (St Lucia) and 20 to 15 (Umfolozi) permanent transects (a fix monitoring station that can be used to measure change in vegetation in response to changes in salinity and inundation patterns). Frequency increased to quarterly measurements during periods that the Abiotic States change.

Measurements should include: percentage plant cover along an elevation gradient, biomass (by means of random quadrants), the rate of change, and detrital pulses.

Measurements of salinity, water level, sediment moisture content, sediment organic content and turbidity
	These measurements are used to relate changes in the flora to changes in salinity, water level, flooding and sedimentation.  From these data the sensitivity of the flora to changes in freshwater input can be determined and reference conditions can be estimated.  In addition the implications of future run-off scenarios can be predicted and used to set the Resource Quality Objectives for water quantity.


Invertebrates
	DATA REQUIREMENTS
	MOTIVATION

	Update and compile a detailed sediment distribution map at 20 to 30 sites of the estuary. Use a dense grid and add an additional silt category (i.e. full analyses to below 63 µm). Obtain a detailed determination of the extent and distribution of shallows and tidally exposed substrates.   

Compile a detailed sediment distribution map at 15 to 20 sites of the Umfolozi Estuary.
	This is required to identify different habitat types, e.g. sand, mud, detritus distribution and interface area.

	During each survey, collect sediment samples for analysis of grain size and organic content   at the benthic sites: 20 – 30 (St Lucia), 15 – 20 (Umfolozi).
	These measurements are required to gain understanding of links between the abiotic parameters and biological components

	During each survey determine the longitudinal distribution of salinity, as well as other system variables (e.g. temperature, pH and dissolved oxygen and turbidity) at each of the ten benthic sampling sites
	

	Collect a set of 20-30 (St Lucia) and 15 to 20 (Umfolozi) benthic samples each consisting of 6 - 9 replicate grabs (e.g. Zabalocki-type Eckman grab).  Collect from sand, mud and interface substrates.  If possible, spread sites for each between upper and lower reaches of the estuary using a 500 micron mesh sieve.  One mud sample should be in an organically rich area.  Species should be identified to the lowest taxon possible and densities (animal/m2) must be determined.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides.

Sampling should be carried out at same time as sampling the abiotic and other biotic components.  All sampling to be done at the same sites.
Sample for bivalves as they from an important part of the food chain. 
	To estimate biomass distribution and key species of the benthos.  The richness of benthos determines the importance of the area for each species.

	Collect replicated hyperbenthic samples at 20 - 30 (St Lucia) and 15 to 20 (Umfolozi) benthic sites identified above (i.e. two replicates at each site).  Lay sets of five, baited prawn/crab traps overnight, covering the different the salinity regions, e.g. marine, brackish and fresh. Species should be identified to the lowest taxon possible and densities (animal/m2) must be determined. Survey as much shoreline as possible for signs of crabs and prawns and record observations.  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency). 
Additional monthly sampling is required during periods when the Abiotic states are changing.

Link with fish sampling sites.
	To estimate biomass distribution and species of the macrocrustacea.

	Quarterly collection of replicated zooplankton samples at each of the 20 - 30 (St Lucia) and 20 – 15 (Umfolozi) benthic sites (i.e. two replicates at each site) at night using standard nets and sledge (200 and 500 micron mesh respectively).  Seasonal (i.e. quarterly) data sets for at least one year are required, preferably collected at neap tides (weaker current velocities improve sampling efficiency – zooplankton also moves into the water column more effectively, providing a  better estimate of abundance).

Additional monthly sampling is required during periods when the Abiotic states are changing.
	To estimate biomass distribution and key species of the zooplankton.


Fish
	DATA REQUIREMENTS
	MOTIVATION

	The Lake St Lucia and Umfolozi Estuary needs to be sampled quarterly over at least one year to account for the seasons followed by another year covering summer and winter.  Seine-nets to sample small and juvenile fish and gillnets to sample adults are the appropriate gear.  Monofilament gill nets should comprise at least 3 different mesh sizes within the range of 40-150 mm stretched mesh. Seine nets should be 30 m long, 1.7 m deep with a 15 mm bar mesh in the wings and a 5 mm bar mesh in the purse.  All species in the catch should be identified, counted and measured in total length.    Salinity, temperature, turbidity and if possible oxygen need to be recorded at each sampling site.

For St Lucia about 50 seine net sites (juvenile fish) and 20 to 50 gillnet sites (adult fish) need to be samples. For the Umfolozi Estuary an additional 15 to 20 seine and 10 gillnet sites would be needed. Fish sampling should link to the invertebrate (e.g. prawns and Scylla serrata) sampling. Gill nets should not be left in for longer than an hour and all fish cut from mesh to increase survival. 

Additional monthly sampling is required during periods that the Abiotic states are changing.
	To estimate biomass distribution and species of the fish, as well as seasonal variability.



	An in-depth analyses should also be conducted on the available long term data of Ezemvelo KZN Wildlife to establish long-term trends.

	Future studies should include an analyses of the available data of ORI (can be procured from Bruce Mann).

	As the fishes of the Lake St Lucia Estuary are of significant economic importance to the region (and country), a detail economic evaluation should be conducted on the fisheries of the system.

	A study should be done on the larval fish of Lake St Lucia Estuary. SAIAB should be approached to link this to current studies being conducted around the coast of South Africa (Dr Nadine Strydom)


Birds
	DATA REQUIREMENTS
	MOTIVATION

	Continue with quarterly full count of all water-associated birds, covering as much of the estuarine area as possible, (as part of the requirements of Ramsar). Count entire system as the birds move. All birds should be identified to species level and the total number of each counted.

Include Umfolozi Estuary mouth area in the quarterly counts. 

A series of monthly counts during the different states could assist in understanding the long-term variability.
	To estimate biomass distribution and species of the birds as well as seasonal variability.


Mammals and Reptiles

	DATA REQUIREMENTS
	MOTIVATION

	Continue annual counts (by Ezemvelo KZN Wildlife) of hippopotamus and crocodiles in Lake St Lucia Estuary.

Good data and expertise are available from Ezemvelo KZN Wildlife on this component. Annual counts of hippopotamus since 1960s and crocodiles since 1970s.


	To estimate biomass distribution and link to abiotic states.


9 Studies currently being conducted on Lake St Lucia Estuary

The following studies are currently being conducted on the Lake St Lucia Estuary:

· Microalgal productivity and nutrient cycling in St Lucia. 

· Funded: Marine and Coastal Management. 

· Duration: 3 years 2004-2006. 

· Organisation: University of Port Elizabeth and Diatom & Environmental Management cc
· Integrated study on a) the ecological response of the St Lucia system to the stress of the 2002-2003 drought and b) its socio-economic impact on business and the community

· Funded: Co-funded by WWF and Marine Living Resources Fund.

· Duration: 3 years 2004-2006. 

· Organisation: EKZNW and the GSLWPA respectively

· Bio-physical survey and model .  

· Funded: Co-funded by WWFand Marine & Coastal Management (pending). 

· Duration: 3 years 2005-2007.

· Organisation: UKZN + others
· Long term motoring.

· Funded: KZNWildlife?

· Duration: About 20 years 

· Organisation: KZNWildlife

· Ecological Blitz study.

· Funded: Marine and Coastal Management. 

· Duration: 1 years 2004-2005. 

· Organisation: KZNWildlife

· Re-evaluating of ground water monitoring data. Outcome a comprehensive monitoring approach for future. Model eastern shore and entire lake.

· Funded: DWAF
· Duration: 2 years
· Organisation: HRU, University of Zululand
8.
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Appendix A

List of Available Data and Information 

Available for This Study

	COMPONENT
	DESCRIPTION OF AVAILABLE DATA (including DATE)
	REFERENCE

	Hydrodynamics
	Simulated monthly runoff data (at the head of the estuary) for present state, reference conditions and the selected future runoff scenarios from 1926-1978 (53 years).
	Provided by DWAF (Ms R Stassen) and Dr W Pittman (Mfolozi Reference conditions)

	
	Measured river inflow data (gauging stations) at the head of the estuary over a 5-15 year period. 
	Not Available.

	
	Measured flow data
	Not Available.

	
	Continuous water level recordings near mouth of the estuary. 
	Provided by DWAF, but not sure of correction to mean sea level

	
	Aerial photographs of estuary (earliest available year as well as most recent). 
	CSIR archives ()

	
	Observations on mouth status and physical dynamics were extracted from various reports.
	 Hutchison (1976)

	
	Salinity and temperature longitudinal data. 
	Based on observations made by KZNWildlife

Hutchison (1976)

	Groundwater
	Groundwater monitoring network on Mbomveni Plain from 1973

Simulated groundwater seepage and heads for eastern and western shores from 1929 to 1995.

Meteorological data (hourly values of T, RH, Radiation, Wind and water level) variable periods for Mbombeni Plain and the Elephant Boma
	Hydrological Research Unit, University of Zululand

Kelbe, Rawlins and Nomquphu (1995).



	(Sediment Dynamics)
	Not included as part of a Rapid Ecological Reserve determination


	-

	Water Quality
	Measurements of nitrates, ammonium and orthophosphate in 1975, in conjunction with phytoplankton studies

Survey of suspended particulate loads in conjunction with chlorophyll-a measurements during Sep1987, Feb 1988 and Jul 1988.

Measurements of chlorinated pesticides and trace metal residues during April 1978.
	Johnson (1976)

Fielding et al (19912).

Oliff 1979

	Microalgae
	List of diatom species collected during a survey in Sep 1964

Observations on dinoflagellate blooms (Jul-Aug 1969)

Community composition and volume biomass of phytoplankton  during 1973, 1974 and 1975

Surveys of chlorophyll-a distribution (Sep 1987, Feb 1988, Jul 1988)

Snapshot measurements of total and size-fractionated chlorophyll-a during and after the hypersaline even of 2003 Nov 2003, Mar 2004) 
	Cholnoky 1968, Grindley & Heydorn (1970), Hilmer and Bate (1983), Johnson (1976), Fielding et al (19912), Perissinotto (unpubl.)

	Macrophytes
	Changes in the area covered by different plant community types.

Distribution of mangroves.

Classification of vegetation communities and primary habitats.
	Riddin et al. 2000.

Steinke and Ward 1989, Ward and Steinke 1982.

Taylor et al. unpublished papers

	Invertebrates
	Analysis of 220 samples collected between 1948 and 1980

Mysid collections for community structure and biomass analyses, from 1982 to 1984 (before and after Cyclone Domoina)

Study of  juveniles and larvae of the shrimp Penaeus indicus from Aug 1982 to Nov 1984.

Study of the abundance and  recruitment of larvae of the portunid crab Scylla serrata , between Apr 1983 and Jul 1984.

Effects of cyclonic events on ichtyoplankton during the period Mar 1982-Nov 1984.

Pelagic eggs study of sea fishes at the mouth of the estuary during Sep 1993.
	ZOOPLANKTON: 

Grindley & Heydorn (1970), Grindley (1976), Grindley (1982), Forbes (1989). Benfield et al. (1990)

Forbes & Hay (1988), Martin et al. (1992)., Connell (1996).
MACROCRUSTACEANS: Bickerton (1989), Day (1981), Fielding, Forbes, Mander, Taylor  & Demetriades  (1990), Forbes, & Benfield (1986), Forbes & Hay (1988), Forbes, Niedinger, & Demetriades (1994), Hill (1974), Hill (1975), Hill (1979), Kensley (1972). 

MACROINVERTEBRATES: Blaber, Kure, Jackson and Cyrus (1983), Boltt (1975), Cyrus (1988), Day, Millard and Broekhuysen (1954), Hay (1985). Millard and Broekhuysen (1970), Owen (1992), Owen and Forbes (1997), Weerts (1993). 

	Fish
	Summary of available literature and personal experience.
	Blaber (1976), Blaber (1979), Blaber (1981a), Blaber (1983), Blaber (2001), Blaber & Whitfield (1976), Cyrus (1984), Cyrus, (1988), Cyrus (1991), Cyrus & Blaber (1987a), Cyrus & Blaber (1987b),  Cyrus & Blaber (1987c), Cyrus & McLean (1996), Day, Millard & Broekhuysen (1954), Harris & Cyrus (1994), Harris & Cyrus. (1996), Harris, Cyrus, & Beckley (1999), Harris, Cyrus, & Beckley (2001), Harris & Cyrus (1996), Harris & Cyrus (2000), James (2001), Mann (1995), Maree, Whitfield, Quinn (2003), Martin, Cyrus, Forbes (1992), Millard & Broekhuysen (1970), Moll (1970), Skelton, Whitfield & James (1989), van der Elst (1972), Whitfield (1977b), Whitfield (1980a), Whitfield (1980b), Whitfield (1994),  Whitfield & Blaber (1978c), Whitfield & Blaber (1978e), Whitfield & Blaber (1979a), Whitfield & Blaber (1979b), Whitfield & Blaber (1979c),  Whitfield &, Cyrus (1978), Whitfield & Heeg (1977). 

	Birds
	Analysis of bi-annual bird count collected between for the last 5 years (Longer series available, but not analysed)
	Bird counts of Ezemvelo KZN Wildlife


REFERENCES:

Benfield MC, Bosschieter JR, Forbes AT (1989) Growth and emigration of Penaeus indicus H. Milne-Edwards (Crustacea: Decapoda: Penaeidae) in the St Lucia Estuary, southern Africa. Fish Bull, US 88: 21-28.

Bickerton, IB (1989). Aspects of the genus Macrobrachium (Decapoda: Caridea: Palaemonidae) in the St Lucia System. CSIR Report No. 684. pp 199.

Blaber SJM, Kure NF, Jackson S and Cyrus DP (1983). The benthos of South Lake, St Lucia following a period of stable salinities. South African Journal of Zoology 18(4): 311-319

Blaber, SJM (1976). The food and feeding ecology of Mugilidae in the St Lucia lake system. Biological Journal of the Linnean Society 8: 267‑277.

Blaber, SJM (1979). The biology of filter feeding teleosts in Lake St Lucia, Zululand. Journal of Fish Biology 15: 37-59.

Blaber, SJM (1981a). An unusual mass mortality of Clarias gariepinus in the Mkuze River at Lake St Lucia. Lammergeyer 31: 43.

Blaber, SJM (1983). Synthesis of symposium session: estuaries. In: Selected proceedings of 

Blaber, SJM (2001). Tropical Estuarine Fishes, Ecology, Exploitation and Conservation. Blackwell Science, Oxford, UK, 372pp.

Blaber, SJM, Whitfield, AK 1976. Large scale mortality of fish at St Lucia. South African Journal of Science 72: 218,

Boltt RE (1975). The benthos of some southern African Lakes Part V: The recovery of the Benthic Fauna of St Lucia following a period of excessively high salinity. Transactions of the Royal Society of South Africa 41(3): 295-323.

Cyrus DP (1988). Episodic events and estuaries: effects of cyclonic flushing on the benthic fauna and diet of Solea Bleekeri (Teleostei) in Lake St Lucia on the South-eastern coast of Africa. Journal of Fish Biology 33(Supplement A): 1-7.

Cyrus, DP & Blaber, SJM (1987c).  The influence of turbidity on juvenile marine fish in the estuaries of Natal, South Africa.  Continental  Shelf  Research, 7: 1411 ‑ 1416.

Cyrus, DP & Blaber, SJM. (1987b).  The influence of turbidity on juvenile marine fish in estuaries.  Part 2:  Laboratory studies, comparisons and conclusions.  J. Exp. Mar. Biol. Ecol., 109: 71 ‑ 91.

Cyrus, DP (1984). The influence of turbidity on fish distribution in Natal estuaries. 202 pages. PhD thesis, University of Natal, Pietermaritzburg. 

Cyrus, DP (1988). Episodic events and estuaries: Effects of cyclonic flushing on the benthic fauna and diet of Solea bleekeri (Teleostei) in Lake St Lucia on the south‑eastern Coast of Africa. Journal of Fish Biology 33 (Supplement A): 1‑7. 

Cyrus, DP (1991). The biology of Solea bleekeri (Teleostei) in Lake St Lucia on the south east coast of Africa. Netherlands Journal of Sea Research 27: 209-216.

Cyrus, DP, Blaber, SJM (1987a). The influence of turbidity on juvenile marine fishes in estuaries. Part 1. Field studies at Lake St Lucia on the southeastern coast of Africa. Journal of Experimental Marine Biology and Ecology 109: 53‑70. 

Cyrus, DP, McLean, S (1996). Water temperature and the 1987 fish kill at Lake St Lucia on the south eastern coast of Africa. Southern African Journal of Aquatic Sciences 22, 105-110.

Day JH, Millard NAH and Broekhuysen GJ (1954). The ecology of South African Estuaries Part IV: The St Lucia system. Transactions of the Royal Society of South Africa 34: 129-156.

Day, JH (1981).  Summaries of current knowledge of 43 estuaries in southern Africa.  In Day: J.H. (ed.).  Estuarine ecology with particular reference to southern Africa. A.A. Balkema, Cape Town. pp.251-329.

Day, JH, Millard, NAH, Broekhuysen, GJ (1954). The ecology of South African estuaries. Part 4: The St Lucia system. Transactions of the Royal Society of South Africa 34: 129‑156.

Fielding PJ, Forbes  AT, Demetriades NT (1991). Chlorophyll concentrations and suspended particulate loads in St Lucia, a turbid estuary on the east coast of South Africa. South African Journal of Marine Science 11: 491-498.

Fielding PJ, Forbes AT, Mander J, Taylor RT, Demetriades NT (1990) Prawns, salinities and lake levels in St Lucia, northern Natal. S Afr J Sci 86: 252-255.

Fielding, PJ, Forbes, AT, Mander, J, Taylor, RT  & Demetriades, N  (1990).  Prawns, salinities, and lake levels in St Lucia, northern Natal.  S. Afr. J. Sci. 86: 252-255.

Forbes AT (1989) Mysid shrimps (Crustacea: Mysidacea) in the St Lucia Narrows before and after Cyclone Domoina. Lammergeyer 40: 21-29.

Forbes AT, Hay DG (1988) Effects of a major cyclone on the abundance and larval recruitment of the portunid crab Scylla serrata (Forskal) in the StLucia Estuary, Natal, South Africa. S Afr J Mar Sci 7: 219-225.
Forbes, AT & Benfield, MC (1986). Penaeid prawns in the St Lucia Lake system: post-larval recruitment and the bait fishery.  S. Afr. J. Zool. 21: 224-228.

Forbes, AT & Hay, DG. (1988).  Effects of a major cyclone on the abundance and larval recruitment of the portunid crab Scylla serrata     (Forskal) in the St Lucia estuary, Natal, South Africa.  S. Afr. J. mar. Sci. 7: 219-225.

Forbes, AT, Niedinger, S & Demetriades, NT (1994).  Recruitment and utilization of nursery grounds by penaeid prawn postlarvae in Natal, South Africa. In: Dyer, KR & Orth, RJ (eds). Changes in fluxes in estuaries: Implications from science to management. Olsen & Olsen, Fredensborg. pp.379-384. 

Grindley JR (1976). Zooplankton of St Lucia. In: Heydorn AEF (ed) St Lucia Scientific Advisory Council Workshop Meeting – Charter’s Creek 15-17 February 1976. Paper 12: 1-8, Natal Parks Board, Pietermaritzburg.

Grindley JR (1982). The role of zooplankton in the St Lucia estuary system. In: Taylor RH (ed) St Lucia Research Review. Natal Parks Board, Pietermaritzburg 20 pp.

Grindley JR, Heydorn AEF (1970). Red water and associated phenomena in St Lucia. South African journal of Science 66: 210-213.

Harbison GR, McAlister VL, Gilmer RW (1986). The response of the salp Pegea confoederata to high levels of particulate material: starvation in the midst of plenty. Limnology and Oceanography 31: 371-382.

Harris, S & Cyrus, DP (1994). Utilization of the St Lucia Estuary by larval fish. In: Systematic and Evolution of Indo‑Pacific Fishes. Proc. 4th Indo‑Pacific Fish Conference, Bangkok, Thailand, 1993 pp410‑425.

Harris, SH & Cyrus, DP (1996). Occurrence of fish larvae in the St Lucia Estuary, KwaZulu‑Natal, South Africa. S. Afr. J. Mar. Sci., 16: 333‑350.

Harris, SH, Cyrus, DP & Beckley, LE (1999). The larval fish assemblages in nearshore coastal waters off the St. Lucia Estuary, South Africa. Est. Coast. Shelf Sci., 49: 789-811.

Harris, S.H., Cyrus, D.P. & Beckley, L.E. (2001). Horizontal trends in larval fish diversity and abundance along an ocean-estuarine gradient on the northern KwaZulu-Natal coast, South Africa. Est. Coastal Shelf Sci., 53: 221-235.

Harris, SA, Cyrus, DP (1996). Larval and juvenile fishes in the surf zone adjacent to the St Lucia Estuary mouth, KwaZulu-Natal, South Africa. Marine and Freshwater Research 47: 465-482.

Harris, SA, Cyrus, DP (2000). Comparison of larval fish assemblages in three large estuarine systems, KwaZulu-Natal, South Africa. Marine Biology 137: 527-541.

Hay DG (1985). The Macrobenthos of the St Lucia Narrows. Unpublished MSc thesis, University of Natal, Durban.

Hill, BJ (1974). Salinity and temperature tolerance of zoea of the portunid crab Scylla serrata.  Mar. Biol. 24: 21-24.

Hill, BJ (1975). Abundance, breeding and growth of the crabScylla serrata (Forskal) in two South African estuaries.  Mar. Biol. 32 119-126.

Hill, BJ (1979). Biology of the crab Scylla serrata (Forskal) in the St Lucia system.  Trans. Roy. Soc. S. Afr. 44: 55-62.
Hilmer, T. and Bate, G.C. (1983).  Observations on the effect of outboard motor fuel oil on phytoplankton cultures. Environmental Pollution (Series A) 32: 307-316.

Hutchison, IPG, (1976). Lake St Lucia-mathematical modelling and evaluation of ameliorative measures. Report No 1/76 Hydrological Research Unit. University of the Witwatersrand, Civil Engineering Department.

James, NC (2001). The status of the riverbream, Acanthopagrus berda (Sparidae) in estuarine systems of northern KwaZulu-Natal, South Africa. MSc thesis, University of Natal, Durban.

Johnson IM (1976) Studies on the phytoplankton of the St Lucia system. In: Heydorn AEF (ed)  Proceedings of the St. Lucia

Kensley, B (1972). Shrimp and prawns of southern Africa. Trustee sof South African Museum, Cape Town: 1-65.

Kelbe B E, Rawlins, B K and W Nomquphu (1995), Geohydrological Modelling of Lake St Lucia. Department of Hydrology, University of Zululand, kwaDlanezwa, SA.

Kibirige I, Perissinotto R (2003) In situ Feeding rates and grazing impact of zooplankton in a South African temporarily open estuary.

Kibirige I, Perissinotto R, Nozais C (2002) Alternative food sources of zooplankton in a temporarily-open estuary: evidence from δ13C and δ15N. J Plankton Res 24: 1089-1095.

Lehman JT (1976). The filter-feeder as an optimal forager, and the predicted shapes of feeding curves. Limnology and Oceanography 21: 501-516.

Mann, BQ (1993b). Fishing in St Lucia - Lets look at the facts. Tight Lines (December): 16-17.

Mann, BQ (1995). Fish by-catch in the St Lucia bait prawn fishery. Lammergeyer 43: 30-38.

Maree, RC, Whitfield, AK, Quinn, NW (2003). Prioritization of South African estuaries based on their potential importance to estuarine-associated fish species. Water Research Commission Report No. TT 203/03: 56 pp.  

 Marine Biology. 142: 357-367.

Martin TJ, Cyrus DP, Forbes AT (1992) Episodic events: the effects of cyclonic flushing on the ichthyoplankton of St Lucia Estuary

Martin, TJ, Cyrus, DP, Forbes, AT (1992). Episodic events: the effects of cyclonic flushing on the ichthyoplankton of St Lucia estuary on the southeast coast of Africa. Netherlands Journal of Sea Research 30: 273-278.

Millard NAH and Broekhuysen GJ (1970). The ecology of South African estuaries Part X. St Lucia: a second report. Zoologica Africana 5(2): 277-307.

Millard, NAH, Broekhuysen, GJ (1970). The ecology of South African estuaries. Part 10. St Lucia. A second report. Zoologica Africana 5: 277‑307. 

Moll, EJ (1970). St Lucias mangroves. Natal Wildlife 11(3): 10-12. 

Nozais C, Perissinotto R, Mundree S (2001) Annual Cycle of Microalgal Biomass in a South African Temporarily-Open Estuary: Nutrient vs Light Limitation. Marine Ecology Progress Series. 223: 39-48.

of Natal, Pietermaritzburg, Whitfield, AK (1977b). New life for St Lucia. South African Panorama 22: 48‑49.

Oliff WD (1979) National Marine Pollution Surveys: East Coast Section, Estuarine Surveys, the St Lucia Estuary. NIWR, Durban p.17-33.

on the southeast coast of Africa. Neth J Sea Res 30: 273-278.

Owen RK (1992). The effects of sediment disturbance on the macrobenthos of the St Lucia Narrows, Natal. Unpublished MSc thesis, University of Natal, Durban.

Owen RK and Forbes AT (1997). Salinity, floods and the infaunal macrobenthic community of the St Lucia Estuary, KwaZulu-Natal, South Africa. Southern African Journal of Aquatic Science 23(1): 14-30.

Perissinotto R, Nozais C, Kibirige I (2002) Spatio-temporal Dynamics of Phytoplankton and Microphytobenthos in a South  AfricanTemporarily-open System. Estuar Coast Shelf Sci 55:47-58.

Perissinotto R, Stretch D, Forbes AT, Connell A, Blair A, Demetriades NT, Zietsman I, Kibirige I, Thwala XC, Thomas CM, Iyer K,  Simpson I, Joubert MJ (2004). Responses of the biological communities to flow variation and mouth state in temporarily open/closed estuaries. WRC Project K5/1247, Final Report , 106 pp.

Riddin, T., JB Adams and R Taylor.  2000.  Changes in the estuarine plant communities of the St. Lucia estuary between 1937 and 1996.  Unpublished Research paper, Department of Botany, University of Port Elizabeth.

Scientific Advisory Council workshop meeting.  Charters Creek, 15-17 February 1976.  Paper 9, 13 pp. Natal Parks Board, Pietermaritzburg.

Skelton, PH, Whitfield, A.K., James, N.P.E. (1989). Distribution and diversity of Mkuze swamp fishes during a summer flood. Southern African Journal of Aquatic Sciences 15: 50‑66. 

Steinke, T.D. and Ward, C.J.  1989.  Some effects of the cyclones Domoina and Imboa on mangrove communities in the St. Lucia estuary.  S. Afr. J. Bot., 55(3): 340-348.

Taylor, RH, JB Adams, S Haldorsen and CE Fox.  In prep.  Primary habitats for plants in sub-tropical estuaries of southern Africa.

Taylor, RH, JB Adams, S Haldorsen and CE Fox. 2002.  Classification of the estuarine vegetation communities of Lake St Lucia.  Unpublished thesis paper.

the 5th National Oceanographic Symposium 24-28 January 1983, Rhodes University, Grahamstown. South African Journal of Science 79: 241-246.

van der Elst, RP (1972). Fresh water fish in super saline waters. Natal Wildlife 13(3): 13. Whitfield, A.K. 1977a. Predation of fish in Lake St Lucia, Zululand.  MSc thesis, University 

Ward, C.J. and Steinke, T.D.  1982.  A note on the distribution and approximate areas of mangroves in South Africa.  S. Afr. J. Bot. 1: 51-53.

Weerts KA (1993). Salinity, Sediments and the Macrobenthic Communities of Lake St Lucia. Unpublished MSc thesis, University of Natal, Durban.

Whitfield, AK (1980a). A checklist of fish species recorded from Maputaland estuarine systems. In: Studies on the Ecology of Maputaland. (eds M.N Bruton & KH Cooper), pp204-209. Rhodes University & Natal Brach of the Wildlife Society of Southern Africa, Durban, South Africa.

Whitfield, AK (1980b). A quantitative study of the trophic relationships within the fish community of the Mhlahga Estuary, South Africa. Estuarine, Coastal & Shelf Science 10: 417-435.

Whitfield, AK (1994). An estuary-association classification for the fishes of sssouthern Africa. South African Journal of Science 90: 411-417.

Whitfield, AK, Blaber, SJM (1978c). Distribution, movements and fecundity of Mugilidae at Lake St Lucia. Lammergeyer 26: 53‑63.

Whitfield, AK, Blaber, SJM (1978e). Feeding ecology of piscivorous birds at Lake St Lucia. Part 1: Diving birds. Ostrich 49: 185‑198. 

Whitfield, AK, Blaber, SJM (1979a). Feeding ecology of piscivorous birds at Lake St Lucia. Part 2: Wading birds. Ostrich 50: 1‑9. 

Whitfield, AK, Blaber, SJM (1979b). Feeding ecology of piscivorous birds at Lake St Lucia. Part 3: Swimming birds. Ostrich 50: 10‑20.

Whitfield, AK, Blaber, SJM (1979c). Predation on striped mullet (Mugil cephalus) by Crocodylus niloticus at St Lucia, South Africa. Copeia 1979: 266‑269. 

Whitfield, AK, Cyrus, DP (1978). Feeding succession and zonation of aquatic birds at False Bay, Lake St Lucia. Ostrich 49: 8‑15. 

Whitfield, AK, Heeg, J (1977). On the life cycles of the cestode Ptychobothrium belones and nematodes of the genus Contracaecum from Lake St Lucia, Zululand. South African Journal of Science 73: 121‑122.

Appendix B

Details on the Hydrodynamics of the Lake St Lucia Estuary

ST LUCIA – PHYSICAL DYNAMICS

Important background information on the physical dynamic processes of the St Lucia system can be obtained from on overview of the condition of the mouth over the past few hundred years. This information is listed in the report of the Commission of Inquiry into the alleged threat to animal plant life in St Lucia Lake from 1964 till 1966. The following information is listed in Section 2.1 of this report: 

1823  


Mouth closed

1833


Mouth closed

1849


Mouth open, navigable channel

1851


Almost closed

1852


Mouth open

1853


Mouth open

1856


Mouth open after floods

1885 and 1895

Mouth usually completely blocked from September to November?


1902


Mouth could not be crossed (probably by boats)

1903


Mouth closed

1905


Mouth open

1911


Flood in Umfolozi

1918


Serious flood in Umfolozi

1922


Mouth closed, re-opened naturally in 1923.

1925


Serious flood in Umfolozi

1927


Drainage and canalization of Umfolozi swamps started

1932


Mouth closed and was re-opened artificially

1936


Completion of Warner’s Drain in Umfolozi swamps

1952
Separate mouth cut for Umfolozi and Umfolozi and St Lucia Estuary separated

1951 – 1955

Mouth closed

1955


Flood

1956


Serious flood

1955 – 1961

Mouth closed and was re-opened artificially on three occasions

1963


Serious flood

1965


Mouth closed for a few days and was dredged open again

Important conclusions can be drawn from this historical information:

i. Mouth closure occurred regularly under natural conditions

ii. The last recorded natural breaching occurred in 1923

iii. Developments on the Umfolozi floodplains and swamps were undertaken from the nineteen twenties

iv. The first artificial breaching was undertaken in 1932

The following additional comments, which are highly illustrative, were also made in the report of the Commission of Enquiry:

i. The closing of the mouth has been known to result in the trapping and death of numerous fish including sharks.

ii. When the mouth was closed up completely the flow in the Umfolozi must have entered the narrows and even reached the Lake, thus assisting in stabilizing Lake levels and salinities.

iii. Although the mouth was subject to periodic closure, some earlier reports and maps give the impression that the estuary was at one time a large open sheet of water.

iv. Siltation of the Lagoon and Estuary probably accelerated with the development of settlements in the catchment of the Umfolozi. When the Umfolozi flats was opened up for sugar planting recurrent flooding of the farms resulted in many attempts to canalize the river. This canalization and also drainage of the Umfolozi swamps increased the sediment load which reached the estuary. Togeher with increasing soil erosion in the catchment area this must have increased the tendency for the estuary to silt up. In 1952 the Umfolozi was diverted to its present separate mouth and since then dredging has greatly assisted in removing much of the silt.

v. The Lagoon or estuary was the main area affected by siltation but there is evidence that the Narrows has silted up considerably also, presumably as a result of the Umfolozi flowing up the narrows towards the Lake when Lake levels were low or the mouth closed. The channel connecting the Lake to the sea was described as being “narrow” as early as 1904.

vi. The siltation presents a serious threat to the existence of the St Lucia Lake.

vii. A proposal to keep the estuary mouth open also envisaged that fresh water from the Umfolozi could assist in lowering salinities in the estuary, the Narrows and the Lake. 

The following important statement is made in the report on the conection between the Lake and the sea:

The entire ecology of the Lake system depends on a free exchange of water and aquatic organisms between the Lake and the sea. Some forms of life, such as prawns and all game fish, are completely dependent on free access to the sea for purposes of reproduction. The Lake system is at its best when the estuary mouth is open and a normal salinity gradient, decreasing from that of sea water near the mouth into the Lake, is present. 

Causes of major changes

Based on the background information it is concluded that major changes to the St Lucia system were caused by:

1. The developments on the Umfolozi flood plains.

2. The separation of the Umfolozi and the St Lucia system.

3. The efforts to keep the mouth open permanently.

Each of these are discussed in greater detail.

The developments on the Umfolozi swamps

Based on the background information it is concluded that major impacts on the dynamics of the St Lucia system occurred because of the developments that had taken place in the flood plains of the Umfolozi River. These are:

1. Artifical breachings were undertaken at much lower water levels than at which natural breachings occurred before, resulting in strongly reduced flushing of sediments.

2. Also contributing to the need to keep the mouth of the St Lucia system permanently open.

3. Settling of sediments on Umfolozi swamps was strongly reduced, resulting in strong increase of silt load downstream in the Umfolozi River, occasionally entering the St Lucia system.

4. The need therefore developed to separate the Umfolozi River from the St Lucia system. This strongly reduced the river flow from the Umfolozi into the St Lucia system, resulting in far more severe hypersaline conditions in the Lakes at drought periods. 

Mouth conditions 

The condition of the mouth has a major effect on the physical and biological dynamic processes of the St Lucia system. 

Mouth closures occurred regularly under natural conditions, but the management policy was for many years to keep the mouth of the estuary open. This policy was changed more recently and efforts are presently not made to keep the mouth open or to breach it again soon after closure. 

Important aspects of the dynamics of the mouth and of mouth conditions are discussed in greater detail.

Mouth closures

Mouth closures of the St Lucia system were regularly observed during previous centuries and should therefore considered part of the natural dynamic processes of the system.

Closure occurs normally when the water levels in the Lakes are low and when a net inflow of seawater occurs through the mouth over the tidal cycle. The net inflow of seawater combined with wave action results in a net influx of marine sediments (sand) into the estuary. The ongoing build-up of sediments eventually results in considerable shallowing of the lower estuary and of the constriction of the mouth. If the water levels in the Lakes remain low and the influx of marine sediments continues for some time then this will result in closure of the mouth.

The available information indicates that closure of the mouth of the St Lucia Estuary normally occurs at water levels close to mean sea level (MSL). 

Natural mouth breachings

Before developments had taken place the mouth would breach again when the water level in the estuary would either exceed the height of the berm, or when the water level would be high enough to cause considerable seepage through the berm, resulting in erosion on the seaside of the berm, eventually resulting in breaching of the mouth. 

Breaching because of water levels exceeding the height of the berm occurs when the seaside slope of the berm is not very steep. This type of breaching has for example been observed at the mouth of the Klein River estuary near Hermanus (ref….) and also at many other estuaries. 

Breaching because of seepage and erosion of the seaside of the berm has for example been observed at the mouth of the Mhlanga Estuary north of Durban (Zietsman, 2003). It occurs when the water level is very high and close to the height of the berm.

After closures the berm at the mouth of an estuary in South Africa normally builds up to levels of between +3.0 and +3.5 m above mean sea level (MSL) and this probably also was the case at St Lucia. Breaching would then have occurred at water levels of approximately + 3.0 m MSL or higher.

After closure natural breaching would therefore have occurred if the St Lucia system including the surrounding flood plains had filled up to about + 3.0 m MSL. It is estimated that the water surface area of the Lakes is approximately 300 km2 at MSL (ref…..). The surface area is probably considerably larger at + 3.0 m MSL because of the flooding of the surrounding flood plains, including those of the lower Umfolozi. A preliminary estimate of the volume of water required to fill the estuary before a natural breaching would have occurred in the past is therefore approximately 1 000 million m3. 

Scouring of sediments at a natural breaching

The volume of approximately 1 000 million m3 would be released after a natural breaching and would have caused enormous scouring of the mouth and the estuary.  Information on observations of natural breachings of the mouth are unfortunately not available, but the outflow and scouring during a breaching probably was spectacular. Natural mouth breachings were therefore probably also very important for the long-term equilibrium of sedimentation and erosion in the estuary. Breachings at much lower water levels and the efforts to keep the mouth open permanently therefore probably resulted in ongoing sedimentation in the estuary.

Artifical mouth breachings and maintenance of open mouth conditions

The background information (Commission of Enquiry, 1966) indicates that artificial mouth breaching was for the first time undertaken in 1932. This could have been done to prevent flooding of the new developments on the Umfolozi flood plains. The water levels at which this breaching was undertaken are not known. 

Until recently major efforts including dredging were undertaken to keep the mouth open permanently. When the mouth closed breachings were even undertaken when the water levels were very low, resulting in a strong flow of marine water and sediments into the estuary during such breachings. Completely reversing the dynamic processes compared to those under natural conditions.  

The separation of the Umfolozi and the St Lucia system

The flow of the Umfolozi River was at low lake levels and at closed mouth conditions a major contributor to the water balance of the Lakes. Separating the Umfolozi River had therefore major consequences. This is discussed at the analysis of the different scenarios included in this Rapid RDM and only some general conclusions are drawn here.

· This had a major effect on the salinity concentrations in the Lakes

· This also was the main cause of the very low water levels in the Lakes which occurred recently.

· If mouth closures and natural breachings still would occur, then a drastic increase in the periods of closed mouth conditions would occur.

Description of physical conditions under different scenarios

Four main scenarios, of which three have also been analyzed in the RDM templets, are distinguished for the St Lucia system:

1. Natural (reference, according to RDM protocols) conditions.

2. Conditions occurring until recently, with the mouth being kept open and major dredging being undertaken and the Umfolozi separated from St Lucia.

3. Conditions occurring at present with the mouth being allowed to stay closed and the Umfolozi kept separated from St Lucia.

4. Conditions as are occurring at present with the mouth being allowed to stay closed, but with the Umfolozi again connected to St Lucia, allowing freshwater inflow from the Umfolozi into St Lucia at low lake levels and when the mouth is closed.

The physical conditions for each of these scenarios are summarized based on the current understanding of the dynamics of the system.

The physical conditions that occurred naturally 

· The Umfolozi was normally connected to the St Lucia Estuary

· Mouth closures occurred regularly

· The riverflow from the Umfolozi at low Lake levels and when the mouth was closed, prevented (strongly reduced) the occurrence of severe hypersalinities and/or drying out of large parts of the Lakes.

· The sediment supply to the Lakes from the Umfolozi was probably limited, because of limited erosion in the catchment and because much of the sediment load of the Umfolozi was deposited on the floodplains of the lower Umfolozi.

· Very large amounts of sediments were flushed from the St Lucia Estuary when the mouth breached naturally. This probably occurred at water levels of approximately + 3.0 m MSL and more than 1 000 million m3 probably flowed out to the sea during a breaching. This is equivalent or probably even considerably more than would have flowed out during major floods.

· Because of the high water levels before breachings, large areas of the flood plains of St Lucia and the lower Umfolozi would have been flooded.

Conditions occurring until recently, with the mouth being kept open or being breached at low water levels and major dredging being undertaken and the Umfolozi separated from St Lucia   

· Preventing from the flow Umfolozi to St Lucia dramatically changed the water balance of the system.

· Strong inflow of seawater occurred for prolonged periods when the water levels in the Lakes were low.

· With ongoing evaporation this resulted in a severe increase in hypersaline conditions in the Lakes during drought periods.

· The efforts to keep the mouth open resulted in a severe influx of marine sediments in the lower estuary. Continuous dredging was undertaken to remove these sediments and to keep the mouth open.

· When the mouth closed breaching was undertaken at very low water levels. This resulted in a strong reduction in the flushing of sediments at mouth breachings. Indirectly, this probably resulted in severe ongoing sedimentation, necessitating the undertaking of comprehensive dredging.

Conditions occurring at present with the mouth being allowed to stay closed and the Umfolozi kept separated from St Lucia

· Allowing the mouth to close and keeping the Umfolozi separated from St Lucia, results in far more severe hypersaline conditions and far longer mouth closures than occurred naturally in the system. The mouth could occasionally even remain closed for five to ten years at a time.

· Only after prolonged strong riverflow and rainfall will the natural breaching level be reached, unless natural breaching is undertaken.

· The salinity concentrations in the Lakes will gradually be reduced to lower levels when the water level in the Lakes is increased.

· At much higher breaching levels a strong increase in flooding of the flood plains around St Lucia and along the lower Umfolozi will occur similarly to the natural conditions. 

Conditions as at present with the mouth being allowed to stay closed, but with the Umfolozi again connected to St Lucia

· Mouth closures and salinity concentrations will in a significant way return to the conditions that occurred naturally.

· The influx of sediments from the Umfolozi into St Lucia could be considerably more than occurred naturally because of increased erosion in the Umfolozi catchment and the canalization of the lower Umfolozi. This could cause serious sedimentation in the St Lucia system.

· At much higher breaching levels a strong increase in flooding of the flood plains around St Lucia and along the lower Umfolozi will occur similarly to what occurred under natural conditions.

Appendix C

Details on the Groundwater of

the Lake St Lucia Estuary
 Lake St Lucia Estaury: Groundwater and Related aspects

The groundwater contribution to the hydrological regime of Lake St. Lucia comprises the baseflow component of river runoff and the direct seepage along the shoreline.  The baseflow is derived from a much larger catchment area than the direct seepage and therefore makes a greater contribution to the overall water balance of Lake St. Lucia.  However, the direct seepage into the lake along the exposed shoreline plays an essential role in the ecological resilience of the lake to large changes in water quality (salinity).

Groundwater contribution for base flow

The groundwater contribution to river runoff as base flow is not addressed in detail as part of this Groundwater Assessment for the Rapid RDM determination.  The perennial nature of the rivers infers a significant contribution of base flow in the river runoff component.  This contribution will increase with increase in the flood plain storage, particularly for the Mkuze swamps.  If the Mkuze swamps functions in a similar manner to the eastern shores, they will contribute a significant proportion of the groundwater seepage into the lake that still needs to be determined.

An indication of the groundwater contribution of the Mpate River has been presented by Kelbe, Rawlins and Nomquphu (1995).  The simulated average groundwater discharge for the Mpate River from 1929 to 1994 is 1344 m3/day for present conditions and 5396 m3/day for reference state conditions. This represents 10% of the total average flow of 50,000 m3/day derived by Cornelius (1993) for the Mpate under present day afforestation. This is surprising and needs to be evaluated further as this river is considered to be groundwater dominated. The study by Kelbe et. al. (1995) was based on very little data on the western shores (for calibration) and has low confidence.

Groundwater from direct seepage into the lake, including small streams

Groundwater seepage into the lake is directly proportional to the slope of the water table surface (hydraulic gradient of the phreatic surface).  The water table gradient is controlled by the recharge to storage and the seepage out through drainage faces/boundaries (shorelines and streams). The storage zone between the drainage boundaries (lake, streams and Ocean) creates groundwater mounds or ridges that have an approximately parabolic transect with a water table height that reflects the hydraulic properties of the aquifer.  A transect across the lake showing the groundwater table profile is given in Figure 3.1)
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Figure 1  Idealised East-West cross-section of lake St. Lucia showing the main groundwater mounds and ridges.
Eastern shores; The storage zones on the eastern shores of Lake St. Lucia resemble three principle mounds/ridges (Figure 2).  Under the high coastal dunes there is a groundwater ridge that runs almost the entire length of the eastern shores. The Nkazana stream draining the Mfabeni swamp has cut off the groundwater mound under the Mbomveni from the main groundwater ridge. 
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Figure 2  The main groundwater mounds and ridges for the eastern shores of lake St. Lucia.
The groundwater seepage along the lake shoreline will contribute directly to the lake water balance together with the river runoff given in Table 3.2.  Estimates of average groundwater seepage rates for the eastern shores catchment and the western shores area south of Lister point are given in Table 3.3.  No estimate of the groundwater seepage is available for the shoreline from Lister Point to the northern reaches of the Eastern shores. The Mkuze swamp and flood plains have relatively lower levels of development (land use), so it is ASSUMED that the seepage rate is similar to the easternshores of the lake where a first estimate has been derived by Kelbe et. al (1995).  The difference in the seepage rates between the eastern and western shores region are due to the thickness of the primary aquifer and the level of afforestation.

Table 3.3  Estimated groundwater seepage for average conditions for present conditions (1995 afforestation levels) taken from Kelbe, Rawlins and Nomquphu (1995)

	Shoreline
	Length
	Seepage rate for entire shoreline

	
	Km
	m3/day
	m3/year
	m3/day/km

	Eastern
	62
	55340
	20,200,00
	900

	Western
	62
	36000
	13,140,000
	580

	Mkuze
	63
	54800
	20,000,000*
	870

	Total groundwater seepage
	53,340,000
	


*  estimated from eastern shores region with similar coastline

The groundwater seepage is proportional to the hydraulic gradient of the water table (phreatic surface). The hydraulic gradient is directly related to the lake level and the rate of recharge (storage).  Since the lake has an average volume (360,000,000 m3) that is similar to the average annual runoff under present conditions, heavy rainfall will generally increase the groundwater recharge storage faster than the lake level will rise so the groundwater seepage will increase immediately after significant rainfall. It is unlikely that the groundwater gradient will reverse along the shoreline so there is also little likelihood of lake water flowing into the aquifer under present conditions Estimates of the groundwater seepage rates for the eastern shores are given in Figure 3 and the corresponding profile for the western shores (south of Lister point) are given in Figures 4 for present conditions.
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Figure 3  Groundwater seepage rates for the Eastern shores (from Kelbe et. al. 1995)
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Figure 4  Groundwater seepage rates for three sections of the western shores (from Kelbe et. al. 1995)
Groundwater seepage indicators
The groundwater seepage contribution to the lake and other boundaries (streams and oceans) is regulated by the hydraulic properties of the aquifer and the gradient of the piezometric surface.  The hydraulic properties of the system at a macroscale have been estimated from geophysical surveys (Davies Lynn & Partners, 1991; Meyer and Godfrey, 1995). To estimate the seepage it is necessary to monitor the hydraulic gradient. The hydraulic head for selected areas have been monitored at varying intervals.  The Mbomveni Plain and Mfabeni swamp have been monitored since 19?? to evaluate lands use impact on groundwater.  The variation in water table elevation for the Mbomveni mound is given in Figure 5. This mound has a fluctuation of less than 2m which is less than the expected lake level fluctuations of >3m.  There are some boreholes with a fluctuation as high as 3m (A line) but the majority in the Mbomveni Mound are less than 3m.  This indicates the consistency of the groundwater seepage, even over prolonged extreme wet and dry periods. 
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Figure 5  Range in water table fluctuation for Mbomveni plain
The persistent nature of the groundwater elevation during periods of extreme drought provides a reliable flow of fresh water into the lake that can extend over several seasons.  A groundwater mound, 5km in diameter of 2m thickness provides a source of fresh water exceeding 40,000,000 m3 during extreme drought conditions can have a large impact on the lake system.  During the 2003-2004 drought  with mouth closure, the lake dropped to 25% of its full capacity (Taylor, per com) shown in Figure 6.  With no freshwater inflow from the rivers, the only source of fresh water was from the groundwater seepage.  Initial model results indicate that the salinity of these lake segments would have more than doubled without this groundwater contribution.  The salinity in the southern lake increased substantially slower than the salinity in False Bay (Figure 7).  This is attributed to the high seepage rate from the Mbomveni plain (>1000m3/day/km) that was clearly visible along the expanding beach from May 2003 to January 2004.  The freshwater seepage (EC <4 mS/cm) provides 100% of the freshwater inflow to the lake during droughts when the river flow ceases.  However, it also provides a fresh water environment in the substrate/lake bed along the shoreline during saline conditions when the lake is full or partially full.  This subsurface seepage provides a freshwater environment below the saline lake conditions and it also provides small fresh water streams that continually flow into the lake throughout the duration of the extreme droughts providing micro-habitats as freshwater refugia for the survival of some fauna and flora for the duration of the saline episode.  These surviving populations then provide a rapid recovery under freshwater environments.  

The groundwater seepage will have minimal impact uder a freshwater lake environment when river flow greatly exceeds the groundwater contribution. However, under conditions of low freshwater inflow the groundwater becomes the dominant (only) source of freshwater.  When the mouth closes and the lake level drops, the groundwater seepage will provide a substantial and persistent recharge to the lakes that can influence the salinity levels for a substantial period of time.  With the mouth open and high salinity levels (low river flows) the groundwater can provide micro-habitats as freshwater refugia sites for the survival of freshwater species for the duration of the drought period.  

[image: image9.png]Lake St. Lucia Groundwater Seepage

Mkuze Swamps

Lister Point

Groundwater seepage
from Western Shores
South of Listern point

Groundwater seepage
from Eastern shores

REFERENCE CONDITIONS REFERENCE CONDITION
18,500,00 m" 3/year 27,000,000 m*3fyear
PRESENT STATE PRESENT STATE

13,100,00 m" 3/year 20,200,00 m"3/year

‘. Wy drological Research N

e ——— i JyLyLAND (02D 0358028417




Figure 6  Lake bathymetry and lake surface areas in January 2004 (afer Taylor, pers com).
[image: image10.png]Lister Point

[l =(e

20071 2002 2003 2004 Year




Figure 7  Salinity measurements at Lister Point and Charter's Creek (from Taylor, pers com)
Kelbe B E, B K Rawlins and W Nomquphu, Geohydrological Modelling of Lake St Lucia. Department of Hydrology, University of Zululand, kwaDlanezwa, SA.

Appendix D

Details on the Macroinvertebrates of 

the Lake St Lucia Estuary

MACROINVERTEBRATES OF THE ST LUCIA ESTUARY

 A summary from available literature

Fiona MacKay

From the 1960s to the 1990s, salinity ranged from 0 to 120 ppt in the St Lucia lakes. Most macrobenthic studies during this time concentrated on periods during which salinities were at marine levels or higher.

Changes in the macrobenthic communities of Lake St Lucia do change with changing salinity. Between July 1948 and July 1951, Day, Millard and Broekhuysen (1954) conducted surveys under a salinity regime of 27 ppt to 53 ppt in the lakes. These surveys were more descriptive and did not adequately indicate species abundance and distribution for future comparisons. Boltt (1975) documented changes within one year from ~50ppt to ~20ppt and a subsequent increase to marine conditions (35 ppt). Blaber, Kure, Jackson and Cyrus (1983) described the macrobenthos of South Lake following a period of stable marine salinities.

Millard and Broekhuysen (1970) conduced a general ecological survey under low salinity conditions (7-9pt rising to 10-18ppt in January 1965) and from this, some information of the macrobenthos under this abiotic state can be determined although species abundance distributions were not documented. Weerts (1993) commenced a study in January 1992, following three years of stable salinities <8ppt. 

For purposes of comparison, benthic macroinvertebrates are defined as those invertebrates retained by a 0.5mm aperture mesh and spend at least daylight hours on or in sediments of the system.

A.
St Lucia Lakes

1. Low salinity Conditions (Weerts 1993)

Following heavy rains in late 1988, low salinity conditions prevailed in north and south lakes until January 1992. Eighteen sites were sampled in January 1992 with the salinity <8ppt except at the entrance to the Narrows where it was 28 ppt.

· Community composition

- Twenty five taxa from six phyla: (in order on decreasing number of species per Phylum) Crustacea, Annelida, Mollusca, Uniramia, Cnidaria, Nematoda.

- Most abundant species were Brachidontes variabilis, Apseudes digitalis and Corophium triaenonyx. Brachidontes variabilis and A. digitalis were approximately equally abundant. These three species accounted for 94% of all individuals collected.

· Taxonomic distribution

- Diversity in muddy areas was approximately similar to that measured in sand habitats.

- Brachidontes variabilis, Apseudes digitalis and Corophium triaenonyx were widespread as well as very abundant throughout the lake. The isopod Cyathura aestuaria, was widespread and abundant. No species was present at all eighteen sites.

-Polychaetes Prionospio sexoculata and Scolelepis squamata and the burrowing mud crab, Paratylodiplax blephariskios were restricted to South Lake.

- Pencil bait, Solen cylindraceus and the gammarid Grandidierella lignorum were restricted to North Lake.

- Oligochaetes were found only in the muddy sediments of False Bay. None of these taxa were classified as abundant and thus no conclusive information was offered by these apparent restricted distributions.

- Although only present in small numbers, some indication was given to distribution according to sediment preference. Brachidontes variabilis Corophium triaenonyx, Cyathura aestuaria, Assiminea durbanensis, Cumacea and Dendronereides zululandica (regionally endemic) were present predominantly in areas of sand. Apseudes digitalis was associated with muddy substrates and the mysid Mesopodopsis africanus showed no substrate preference at all.

- Greater abundance was recorded in South Lake than at sites in False Bay and North Lake. The highest abundance of the dominant taxa were recorded in the vicinity of Fanies Island.

- Brachidontes variabilis was the most important species gravimetrically, forming 76% of the total biomass recorded in the two lakes.

- Standing stock biomass in sand sediments was ~12X that of muddy sediments.

- In January 1992, mean standing stock biomass was 7.094g/m2. In increasing order of importance, the mean biomass per site in False Bay was 0.401g/m2, 5.906g/m2 per site in North Lake and 10.535g/m2. in South Lake.

2. Marine salinity conditions – South Lake (Weerts 1993)

From January to May 1992, salinity levels from south lake increased until marine conditions were measured just north of Fanies Island. Salinity in North Lake and False Bay were less than marine but also rose significantly from <8 ppt. In four months the lakes changed from brackish to marine conditions.

· Community composition

- Twenty seven taxa from four phyla, in descending order of abundance: Crustacea, Annelida, Mollusca and Cnidaria. 

- Most abundant species were Apseudes digitalis and Mesopodopsis africanus and together accounted for 96% of the individuals present.

- The number of animals present under marine conditions were approximately double those recorded under the stable brackish environment surveyed four months earlier in January 1992.

- While some Uniramia taxa were lost (Chironomidae and Ephemeroptera larvae), there was an influx of Polychaeta (five additional species) and Crustacea (three species). However, although relative dominance of species changed, no significant change to the species composition occurred as salinities rose to 35ppt.

· Taxonomic distribution

- Diversity in muddy areas was significantly lower than that measured in sand habitats.

- Apseudes digitalis and Mesopodopsis africanus were the largest biomass recorded in south lake, replacing the bivalve B.variabilis, dominating under brackish conditions.

- Standing stock biomass in muddy sediments was ~2X that of sandy sediments. This was attributed to the decrease in population of B.variabilis.

- Distributional ranges of taxa increased with increasing salinity in the lakes, such as D.zululandica and P.sexoculata. Although the sediment conditions of the lakes were comparable under the two salinity regimes, the bivalve B.variabilis significantly decreased its distribution to those areas influenced by lower salinity conditions.

- Sediment preferences were shown by Glycera longipinnis and Platynereis dumerilii as occurring exclusively only in sand, A.digitalis was almost exclusively surveyed in mud and M.africanus showed no preference to any substrate.

- In May 1992, the mean biomass per site in False Bay was 3.157g/m2, 3.202g/m2 per site in North Lake and 5.974g/m2 in South Lake.

- Standing stock biomass in muddy sediments was ~2X that of sandy sediments.

- False Bay, impoverished under brackish conditions increased significantly in density with increasing salinity.

3. Stable Marine Salinities (Blaber et al 1983)

The macroinvertebrates of South Lake were monitored monthly from August 1981 to July 1982 following a period of stable salinities of approximately 35ppt.

· Community composition

- Thirty seven taxa were collected in South Lake, with polychaete, amphipod, tanaid, bivalve and gastropod species occurring at all survey sites.

- Solen cylindraceus, B.virgilliae, M.macintoshi, D.arborifera, H.orbiculaire, A.digitalis, G.lignorum and M.africana were sampled during previous and subsequent surveys in the lakes.
- Corophium triaenonyx was not recorded during this period of prolonged marine salinity.

· Taxonomic distribution

- Solen cylindraceus was the greatest contributor to biomass, particularly in muddy areas. 

- Marphysa macintoshi was abundant at all sites with the largest standing crops in mud. After Solen, this species contributed most to overall biomass.

- Assiminea sp. and P.sexoculata previously recorded in large numbers by Boltt (1975) under hypersaline conditions was only recorded in low numbers.

- Apseudes digitalis and G.lignorum were abundant in mud and less common along the sandy eastern shores.

- Monthly biomass of macroinvertebrates associated with sand varied between 0.56 – 3.23 g/m2 (mean: 1.07 g/m2). On muddy substrata macroinvertebrate biomass ranged from 1.07 – 8.55 g/m2 (mean: 4.19 g/m2). Mean standing stock for South Lake during stable marine salinities was 2.63 g/m2.

The South Lake community had undergone considerable change since the survey by Boltt (1975). This was ascribed to variation in the lake’s salinity regime.

4. Hypersaline conditions (Boltt 1975)

In 1972, a northward decline in species diversity was recorded when salinities ranged from 45-58ppt. South Lake salinities were between 45-58 ppt, those in North Lake between 55-60 and from 70-80 ppt in False Bay. When salinities dropped to marine levels in 1973, colonisation of impoverished North Lake occurred from the community in South Lake.

· Community composition

- Twenty three taxa recorded. Pencil bait, S.cylindraceus was rare and M.macintoshi was absent. Together these species were responsible for significant biomass during a later period of stable marine salinities (Blaber et al 1983). 

- Assiminea sp. dominated sandy substrata at >1000 animals per m2. 

· Taxonomic distribution

- Comparative biomass measured between the lakes and Narrows showed highly contrasting macroinvertebrate communities and biomass. The Narrows supported 100x greater biomass than the average for similar substrata in the Lakes during the same period.

- Mean biomass was four times less than after a period of stable marine salinities in the Lakes during the early 1980’s (Blaber et al 1983).

- Monthly biomass of macroinvertebrates associated with sand varied between 1.08 – 3.26 g/m2. On muddy substrata macroinvertebrate biomass ranged from 0.013 – 0.235 g/m2. Mean standing stock for South Lake during hypersaline conditions was 0.6 g/m2.

5. Environmental forcing factors – North and South Lakes (Weerts 1993)

- Changes to taxonomic distributions were largely determined by sediment particle size (sandy vs muddy). This is related to factors such as median particle size and particle size distribution Larval settlement, feeding method and burrowing)

- Changes in community composition were primarily attributed to changes in salinity.

6. Summary of  North and South Lakes Macroinvertebrate environment

- A core of species are always present in the lakes under all salinity conditions.

- Apseudes digitalis was always amongst the dominant species present.

- Weerts (1993) found that all taxa in the lakes with the exception of B.variabilis, were also found in the Narrows benthic community. This species is also absent when the abiotic states exceed marine salinities. It thus has a physiological requirement for low salinities and perhaps retreats to low salinity refugia during adverse salinity conditions (Weerts 1993).

- The dominant bivalves in 1981-82 were relatively slow-growing forms such as Solen and Dosinia (Blaber et al 1983). It is likely that such forms gradually become dominat providing conditions remain suitable for sufficient time.

- Western areas of the lakes are generally muddy, whilst sandy substrata predominate in the eastern areas. False Bay is almost entirely constituted of muds (particle size <0.05mm). Floods do re-distribute sediments as documented by Day et al (1954) during the floods of 1949. Muddy sediments appear to overly sand, thus redistribution would appear to be the result of movement of fine mud (floods and wind-induced seiches) to expose coarser sand sediments.

- Turbidity ranges have been recorded from 2-1472 NTU and are directly related to the nature of the sediments. Turbidity is generally higher in the muddier, western areas of the lake.

B.
St Lucia Narrows

The Narrows were studied on two occasions between the 1980’s and 1990’s (Hay 1985, Owen 1992, Owen and Forbes 1997). The earlier study coincided with large-scale flooding associated with Cyclone Domoina. Salinity ranges from fresh (during flooding) to ~45ppt and turbidities have in the past ranged from ~1 to 200NTU. The Narrows are uniformly muddy except at the mouth, which is characterised by clean, marine sands.

· Community composition

- From April 1983-December 1984, the macroinvertebrate community contained few species and was dominated by the ocypodid crab Paratylodiplax blephariskios (Owen and Forbes 1997).

- Twenty-two taxa were recorded, but only five were numerically and gravimetrically important. Marphysa macintoshi, Dendronereis arborifera and Grandidierella lignorum were common and abundant at all times. 

- This community was significantly dissimilar to that found in the lakes. 

- Post Domoina in 1984, the community was considerably altered and A.digitalis, S.squamata and M.africana appeared in the Narrows. 

- Dredged channels were impoverished (Hay 1985). 

- In the early 1980’s, South Lake and the Narrows shared five species that were common in the studies conducted by Blaber et al (1983) and Hay (1985).

- In March 1989, mudflats in the Narrows were significantly dominated by P. blephariskios, M.africana and Victoriopsia chilkensis, respectively (Owen 1992).

- Dredged channels were still impoverished in 1988 (Owen 1992), but supported an entirely different species composition from that recorded by Hay (1985) pre-Domoina. Marphysa macintoshi and D.arborifera were replaced by S.squamata and Captetillade. Both these taxa are indicative of an unstable, disturbed community and are first order opportunistic colonisers with an r-selected reproductive strategy. Grandidierella lignorum was absent from these later surveys.

· Taxonomic distribution

In July 1983, (Hay 1985):

- Narrows macroinvertebrates were found to be ubiquitous with four species able to colonise a range of substrate types

- Communities in artificially disrupted or mobile sediment (Dredged channels and mouth) were highly impoverished

- Undredged mudflats carried significantly greater species than channels

- Paratylodiplax blephariskios was entirely absent from sandy areas as was S.cylindraceus from mud.

- Standing stock biomass was dominated by P. blephariskios.

Post flooding, in March 1984:

- Colonisation of the once impoverished dredged channels took place

- Solen cylindraceus colonised muddy areas

- Numerical abundance increased north of the road bridge. South of the bridge, flood damage had considerable altered the substratum

Between February and April 1989, (Owen 1992):

- Thirteen benthic taxa were recorded from the link Canal to the Umfolozi, dredged channel and trawled and control quadrats.

- Three amphipod species, not recorded in the surveys of Hay (1985) were sampled in from mudflats and the Link Canal to the Narrows: Victoriopsia chilkensis, Grandidierella bonnieroides and Bolttsia minuta
- Standing stock biomass was dominated by P. blephariskios on the mudflats and contributed 95% to the biomass of the mudflat, 96% to the biomass of the dredged channel and 97% of the biomass of the Link Canal.

C.
Comparison of Numbers of taxa in St Lucia Lakes and Narrows under different salinity conditions

	
	Description
	Ref.
	Salinity (ppt)
	Crustacea
	Mollusca
	Annelida
	Others
	Total No. Taxa

	Lakes
	Prolonged low salinity
	Weerts (1993)
	<8
	11
	4
	6
	4
	25

	
	Stable marine salinity
	Blaber et al (1988)
	35
	10
	9
	14
	4
	37

	
	Hypersaline
	Boltt (1975)
	>45
	6
	7
	4
	4
	21

	
	Salinity ~18ppt
	Boltt (1975)
	18
	8
	8
	5
	4
	25

	
	Marine salinity
	Boltt (1975)
	35
	9
	8
	5
	5
	27

	Narrows
	Pre- Cyclone Domoina Floods
	Hay (1985)
	35
	3
	3
	5
	0
	11

	
	Post- Cyclone Domoina Floods
	Hay (1985)
	~15
	7
	1
	5
	1
	14

	
	February-April 1989
	Owen (1992)
	35
	8
	1
	4
	0
	13

	
	September 1989-March 1990
	Owen (1992)
	35
	10
	1
	3
	0
	14


L = Low salinity (<10ppt), M = Marine salinity (~35 ppt), H = Hypersalinities (>40 ppt)

	
	Jul. 1972
	Jan. 1992
	1964-65
	Jan. 1973
	1981-82
	May 1992
	1942-51
	Jan. 1972

	5.3.1.1 REFERENCE
	1
	2
	3
	1
	4
	2
	5
	1

	5.3.1.2 SALINITY
	L
	L
	M
	M
	M
	M
	H
	H

	Assiminea durbanensis
	X
	X
	X
	X
	X
	X
	X
	X

	Solen cylindraceus
	X
	X
	X
	X
	X
	X
	X
	X

	Apseudes digitalis
	X
	X
	X
	X
	X
	X
	
	X

	Dosinia hepatica
	X
	X
	
	X
	X
	X
	
	X

	Grandidierella lignorum
	X
	X
	
	X
	X
	X
	
	X

	Prionospio sexoculata
	X
	X
	
	X
	X
	X
	
	X

	Capitella capitata
	X
	X
	
	X
	
	X
	
	X

	Hymenosoma orbiculaire
	
	X
	X
	
	X
	X
	X
	

	Mesopodopsis africana
	
	X
	X
	
	X
	X
	X
	

	Brachidontes variabilis
	
	X
	X
	
	X
	X
	
	

	Glycera convoluta
	X
	
	X
	X
	
	
	X
	

	Nassarius kraussiana
	X
	
	
	X
	
	
	X
	X

	Theora lata
	X
	
	
	X
	X
	
	
	X

	Marphysa macintoshi
	
	X
	
	
	
	X
	
	

	Cumacea
	X
	X
	
	X
	X
	X
	
	X

	Nematoda
	X
	X
	
	X
	X
	
	
	X

	Nemeratea
	X
	
	
	X
	X
	
	
	X


1 – Boltt (1975)

2 – Weerts (1993)

3 – Millard & Broekhuysen (1970)

4 – Blaber et al (1983)

5 – Day et al (1954)

Assiminea durbanensis and Solen cylindraceus were recorded under all salinity conditions. Apseudes digitalis was not present during hypersaline conditions between 1948 and 1951. Dosinia hepatica, P.sexoculata, G.lignorum and Cumacea were present in all surveys conducted since the mid 1970s (Boltt 1975). Numerically and gravimetrically important species were present throughout the range of salinity conditions with the exception of B.variabilis (not recorded in salinities >35 ppt) and C.triaenonyx absent from the Narrows and only present in the lakes under low salinity conditions (<15 ppt).

D.
Survival Strategies Under Adverse Conditions

Although salinity fluctuations are part of the normal environment of estuarine macrobenthic invertebrates, the mechanisms and responses they have evolved to deal with such fluctuations are in many cases only effective for relatively short periods (hours to days). If the period of adverse salinity exceeds the functional period of the avoidance mechanisms used, the fitness of the animal could be impaired, even resulting in death.

The Narrows macroinvertebrates are possibly a source, and a conduit from the marine environment from which recolonisation of the lake can occur following adverse salinity conditions. Another possible source are the groundwater fed refugia within the lake itself.

Previous studies of the lakes have indicated a macroinvertebrate community comprising three possible components (Weerts 1993):

I. A core of species, present under all salinity conditions of which one is important, numerically and gravimetrically. This dominance changes according to salinity and sediment changes.

II. Species present at low salinity, that retreat to refugia once salinities exceed their physiological tolerance limits. These fauna are not present in the Narrows and become important to the system after prolonged low salinities.

III. Species present at low abundance that may or may not be present in the lakes and/or the Narrows.
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