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Section G: Comprehensive Determination of RDM for Freshwater Lake Ecosystems (CER Freshwater Lakes)

G.1
Introduction

This section contains a summary of the process followed for a comprehensive ecological reserve (CER) determination for the Mhlathuze Lakes during 1998 (Kemper, 1999).  The study dealt only with the quantity of water (lake water level requirements or LWR) required for ecological maintenance of the lakes. The work was carried out as part of a project for the Directorate: Water Resources Planning in the Department of Water Affairs and Forestry to undertake a CER for the river, estuary and lakes.  The Basic Human Needs determination formed part of a concurrent investigation (Kemper, 1999).  

This summary of the CER determination for the Mhlathuze lakes is included in this section to serve as a guideline for RDM determination for freshwater lakes.

G.2
Mhlathuze study approach

The Mhlathuze study was the first documented attempt at determining the ecological requirements of inland lakes in South Africa. A definite paucity of international literature on the subject suggested that this may have been one of the first such applications of its kind in the world (Kemper, 1999). 

The study was approached in three distinct phases.  It started off with a planning meeting, followed by specialist studies and finally, a specialist workshop during which the RDM methodology (Steps 3-6) was applied to each resource unit (lake) to determine the RDM (Figure G1).  The RDM consists of the Ecological Management Class (EMC) and Reserve (lake water level in this case) and the Resource Quality Objectives (the RQO were not determined in this study).

G.2.1
Planning meeting

At the outset of the study, a planning meeting was convened during which project planners and specialists from various disciplines (fish, vegetation, aquatic invertebrates, limnology, water quality, hydrology, hydraulics), discussed the aims and objectives, and reached consensus on an acceptable methodology.  

G.2.2
Specialist studies

The Lakes Water Level Requirement (LWR) approach was thus proposed which comprised the collection of baseline information from previous reports, documents and studies as well as from a number of  field surveys. The results of the surveys and the literature surveys were compiled into a starter document which was distributed to each of the specialists and members of the study team.


G.2.3
Specialist workshop

A specialist workshop was convened in October 1998 at Mtunzini, Kwa-Zulu Natal, during which the LWR methodology was applied. The objectives of the meeting were to:

(i) To determine a range of water levels for each of the five lakes in the following format:

· Drought year minimum levels,

· Maintenance year dry season minimum levels, and 
· Management maximum levels.

The following additional factors also required consideration:

· Duration and frequency of water levels,

· Maximum rates of drawdown, and 

· Longer-term fluctuations in water levels.

(ii) To specify the levels of confidence in the recommendations and to identify future work which would be required to increase the confidence.

The LWR approach involved the following steps applied independently for each lake (or resource unit):

(i) Identify the reference conditions of the resource unit

(ii) Discuss the present operation of the lakes for the provision of water 

(iii) Assess the present status for each of the ecological determinants of the resource unit

(iv) Assess the habitat integrity for the water body and the littoral /  riparian zone

(v) Determine the ecological importance of the resource unit

(vi) Determine the social importance of the resource unit

(vii) Assess an achievable Ecological Management Class (EMC) for the water body and the littoral / riparian zone

(viii) Consider the future management classes either side of the EMC and list the flow related and non-flow related activities which would be required to meet  these classes.

(ix) Prioritise and list the objectives required to attain the EMC.  Recommend the water levels required to achieve the EMC and motivate these levels based on ecological grounds backed up by hydrological records where available.
(x) Specify the degree of confidence in the recommendations and identify further work required to increase the confidence.
Prior to the workshop, selected specialists were required to prepare comprehensive reports for each lake in the Mhlathuze system detailing
:

· Hydrology and digital terrain modeling (DTM); 

· Water quality and limnology; 

· Biota (separate reports on vegetation, invertebrates, birds and fish).

In addition, specialists were asked to formulate preliminary tools suitable for an assessment of the habitat integrity and ecological importance of each lake.  These tools (see below) were variations of similar tools previously developed for rivers.  

The five lakes were characterised  on the basis of their hydrology, and the reference conditions determined at the same time as the habitat integrity.  All of the lakes are presently artificially regulated.  The reference condition, expressed as water levels, was taken as being the water levels at the time of the study.  Ecological Management Class (EMC) scenarios were developed for subsequent stakeholder consideration.

Determination of the present ecological status of each of the Mhlathuze lakes was based on detailed assessments of the following attributes:

· Hydrology (water quantity), including estimates of the influence of, and interaction with groundwater; detail

· Water quality, as part of a detailed limnological assessment; detail

· Habitat (ecosystem health), assessed using a variation of the Habitat Assessment method developed for rivers by Kleynhans (1999).  See Rivers Appendix R5.;

· Ecological importance (biota) using the  method developed by Kleynhans (1999).  See Rivers Appendix R7.

·  Socio-economic considerations were incorporated according to a method proposed by O’Keeffe (1998). 

The Ecological Importance and Sensitivity (Step 4b) was determined, taking the following into account (see Appendix W3, Table W3-3):

· Water level requirements of rare and endangered aquatic species  should be considered for all relevant life cycle stages, as well as those which may need a particular breeding habitat or set of conditions;

· Specialized littoral wetland plant communities (e.g. fringing swamps);

· Direct human dependence on a healthy aquatic ecosystem might require the superimposition of drawdowns at particular seasons, or specific water level requirements forfish or plant communities.

It was also recognized that specific objectives, such as the above, could possibly form the basis for setting resource quality objectives (RQOs). 

The habitat assessment was tested by submitting the method to six specialists for application by them in the Mhlathuze system.  Each specialist had in-depth knowledge of various aspects of the different lake environments.  The mean scores for all the attributes (Table G1) were then used to derive the Present Ecological Status Category (Table G2) based on the habitat assessment using the method of Kleynhans (1999).  Problems with individual outliers were resolved through discussion with the specialist concerned, and were, throughout, found to be related to differing perceptions of the terminology, or a lack of understanding of the relationship of one or more criteria for a particular lake.  

The habitat assessment results were combined with the findings of the ecological importance evaluation (derived at the workshop), in order to arrive at the present status category.  While excellent agreement of the two methods was found in the Mhlathuze case, this may not always be so, i.e.  differences in categories may arise between the habitat assessment and eco-sociological importance assessment.  Such instances will require resolution through discussion and specialist input, and will need to be clarified in the background documentation which supports a reserve determination.

Essentially the same set of criteria (Table G2), but with different weights, were applied to an assessment of coastal lakes in the western Cape temperate region, and showed good adjustment and concordance with other assessment methodologies (Day et al.  1999).  These assessments are now being revised using the latest version of the methodology (Kleynhans 1999).

Table G1:  Present Ecological Status (habitat assessment) criteria used for the Mhlathuze Study

HABITAT ASSESSMENT RATING CRITERIA: SUB-TROPICAL COASTAL LAKES

CRITERION
RELEVANCE

Eutrophication and water quality 
Reduction in biodiversity, increased incidence of noxious algal blooms together with production of algal toxins.  Increased (algal) turbidity and reduction in light penetration; oxygen drawdown and fish kills; accumulation of pollutants.  Excessive development of rooted macrophytes and/or invasive exotics. 

Water level regulation (impounding, increased water level  constancy greater than one or more hydro years; increased frequency of water level fluctuation; disturbance of hydraulic regime); abstraction resulting in disturbed hydraulic regime, prolonged low water levels
Modification of (seasonal) littoral functioning and primary productivity in non-phytoplankton driven ecosystems.  Superimposed atypical water level fluctuations, or prolonged stability at a certain level may negatively affect the composition and structure of the littoral vegetation.  Aseasonal water level regulation may affect the availability of specific habitat types.  Negative impacts on downstream or estuarine character.  Rapid aseasonal water level fluctuations progressively erode littoral function.  Changes in temporal or spatial characteristics of flows and/or flushing may affect habitat types (plant, animal and bird) and/or allow nutrient or pollutant accumulation.

Loss of rooted submerged aquatic vegetation
Reduced ecosystem stability through reduced sediment binding, oxygen production, nutrient uptake, habitat and refugia.  Progression towards alternative state of phytoplankton dominance.

Siltation and/or suspensoids
Loss of habitat through blanketing or smothering and as a consequence of reduction in light penetration (increased turbidity); loss of feeding (sight) ability for fish species.  Shallowing.  Low redox potentials.

Loss of fringing wetlands (adjacent marsh zones)
Reduction in primary productivity and nutrient cycling.  Loss of habitat/refugia.

Loss of estuarine character (through impounding, outlet modification or flow regulation)
Loss of brackish or variably- (tidal) saline habitat.  Loss of algal controls through absence of salinity.  Loss of estuarine “nursery” habitat for marine fish species.  Species eliminations and density reductions.  Loss of connectivity between previously-interlinked coastal lake environments.

Loss of ecological function / connectivity
Disruption, loss or impediment of faunal migrations via coastal lakes to the sea or rivers.

Exotic macrophytes
Loss of habitat.  Reduction in biodiversity.  Reduced water quality.

Salinization (not-estuarine related)
Threat to habitat and loss of biodiversity. 

Exotic fauna
Dependant upon species involved and their abundance.

Table G2:  Present Ecological Status Category descriptions

CLASS
DESCRIPTION

A
Unmodified, natural;

· The resource base reserve has not been decreased;

· The resource capability has not been exploited

B
Largely natural with few modification;

· The resource base reserve has been decreased to a small extent;

· A small change in natural habitats and biota may have taken place but the ecosystem functions are essentially unchanged.

C
Moderately modified;

· The resource base reserve has been decreased to a moderate extent.

· A change of natural habitat and biota have occurred, but the basic ecosystem functions are still predominantly unchanged.

D
Largely modified;

· The resource base reserve has been decreased to a large extent.

· Large changes in natural habitat, biota and basic ecosystem functions have occurred.

E
Seriously modified;

· The resource base reserve has been seriously decreased and regularly exceeds the resource base;

· The loss of natural habitat, biota and basic ecosystem functions is extensive.

F
Critically modified;

· The resource base reserve has been critically decreased and permanently exceeds the resource base;

· Modifications have reached a critical level and the resource has been modified completely with an almost total loss of natural habitat and biota.  In the worst instances the basic ecosystem functions have been destroyed and the changes are irreversible.

G.2.4
Ecological and social importance assessment

The Mhlathuze study utilized the methodology developed by Kleynhans (1998), as modified by O’Keeffe (1998).  See Rivers Appendix R8.

Definitions: 

Ecological importance of a water resource is an expression of its importance to the maintenance of ecological diversity and functioning on local and wider scales.

Ecological sensitivity refers to the system’s ability to resist disturbance and its capability to recover from disturbance once the impact has been removed.  

The method used in the Mhlathuze study involved assessing a series of determinants on a scale of 0 to 4, where 0 indicates no importance and 4 indicates paramount or overriding importance.  An average of the determinants was calculated for each section (ecological, socio/cultural and economic), and the scores used to assign and describe the ecological management class for each lake.  

Interpretation of the mean scores was based on:

>0 to 1

Low importance

>1 to 2:

Moderate importance

>2 to 3:

High importance

>3

Very high importance

Furthermore, it was agreed that:

· The ecological assessment should constitute the overriding determinant for the Ecological Management Class for the resource, since it reflects the level of protection and resilience necessary to maintain the functioning of the resource;

· The socio/cultural assessment would be used to add motivation and confidence to the ecological assessment, and to provide additional motivation for selection of a particular management class;

· The economic assessment would be used to influence the decision either to improve the status of the resource, or to maintain it at its present status.  

The following fundamental approach was applied at the Mhlathuze workshop:

· Systems which rated high ecological scores were considered suitable for protection and/or conservation in terms of biodiversity values;

· High socio/cultural scores were taken as indicative of a need to maintain direct ecosystem benefits for people, and to preserve the valued religious, historical or aesthetic aspects of the system;

· Economic importance underscored the need to protect resource quality of the aquatic ecosystem.

G.2.5
Relationship between present ecological state (PES), importance and sensitivity (EIS) and ecological management class (EMC).

The quantitative determination of LWR for a lake depends intimately on its Future Management Class (EMC).  The EMC can be the same as its present state (ie, the lake is in good condition, and must stay in good condition), or it can be aspirational (ie, some improvement in the lake’s condition is desired).  A lake with a “high” EMC will have a more conservative LWR requirement than one which is, for instance, degraded or is not important, and for which no improvement is required.
It is therefore imperative that the EMC for the lakes is realistic and correct, as the LWR will be set according to the EMC.

Chapter 2 of the National Water Act provides, in Parts 1 and 2 respectively, for the establishment and application of a system by which water resources will be classified. These provisions, read together with section 6.3.3 of the National Water Policy, make it quite clear that resource classification is designed to afford the degree of protection necessary to prevent unacceptable damage to a water resource (that is, to maintain it in a healthy state) or, in cases where a resource is already unacceptably degraded, to restore it to a healthy state.

The process of determining an appropriate level of protection - the management class - comprises a number of steps (Figure G1). The present ecological status of the resource is assessed by considering the degree of change from the reference conditions, which describe the probable condition of the resource before it was impacted by human activity. The present status, together with an assessment of the ecological and social/cultural importance of the resource, enables the ecological management class to be determined. The Reserve and resource quality objectives define and quantify the specific characteristics of the resource which are necessary to achieve the management class.

The process as it is currently defined, and as it is has been applied to the freshwater lakes, is as follows:

· A present ecological state category (PESC) must be allocated to the lakes for which a management class is required.  The present ecological state is described by allocating a category (see Table G2) to the lakes.  The present state is described in six categories with A being near pristine and F irreversibly changed.  These classes are based on the Habitat Integrity system.  The PESC is described for each component used to set the LWRs.

· The lakes importance (social/cultural and ecological) is then established and considered when determining the management class. The ecological importance is determined by utilising the Ecological Importance Model (Kleynhans 1999) and the Social/Cultural Decision Support System  (O’Keeffe 1998).
· After a process of consultation, an ecological management class, the EMC, is allocated to the lake.  The management class is described in classes ranging from A (near pristine) to D (largely modified) (see Table G3). Unlike the PESC, the EMC range does not extend to classes E and F. Water resources which are currently in categories E and F are not considered to represent sustainable systems, and must therefore be protected and managed for improvement.  A high management class relates to a flow that will ensure a high degree of sustainability and a low risk of ecosystem failure.  A low management class will ensure marginal maintenance of sustainability, but carries a higher risk of ecosystem failure.  These EMCs are then further refined into the Reserve and Resource Quality Objectives (RQOs) which define the specific objectives required to achieve the EMC.
G.3
Lessons learned

The following “lessons learned” evolved from the Mhlathuze study, and are likely to be equally pertinent to the derivation of a methodology for wetlands (Burger et al., 1999):

· Habitat integrity methodology proved amenable to adjustment, and it is likely that it could be equally well used for application to wetlands (note that the Mhlathuze study treated the aquatic ecosystems as coastal lakes, and not wetlands per se, although each “lake” environment encompassed peripheral and/or fringing wetlands);

· Accurate links between vegetation zones, using different mapping techniques, was essential;  

· Identified lake and/or wetland levels need to be confirmed using hydrology;  

· Ground- and surface water hydrology need to be linked at equivalent levels of information and detail;  

· Present management polices and objectives need to be clearly understood;  

· Criteria for the required information detail should be clearly set at equivalent levels of confidence;

· The use of an IER might be unsuitable for complex wetland environments.  

G.4
Products of the Mhlathuze Study

An example of the product which resulted from the Mhlathuze study described the Present State, Ecological Importance and achievable EMC, as follows (a complete example from one of the five lakes assessed is presented in Appendix W3):  Note that this descriptive format needs to be accompanied by a detailed narrative description for the purposes of compiling the  statement of the RDM determination.

Table G3:
Descriptions of Ecological Management Classes for Lakes

CLASS
DESCRIPTION

A
· Unmodified, natural - the natural abiotic template should not be modified;

· The characteristics of the resource should be completely determined by unmodified natural disturbance regimes;

· There should be no human induced risks to the abiotic and biotic maintenance of the resource.

· The supply capability of the resource will not be utilised.

B
· Largely natural with few modification - only a small risk of modifying the natural abiotic template and exceeding the resource base should be allowed.

· Although the risk to the well-being and survival of especially intolerant biota (depending on the nature of the disturbance) at a very limited number of localities may be slightly higher than expected under natural conditions, the resilience and adaptability of biota must not be compromised.

· The impact of acute disturbances must be totally mitigated by the presence of sufficient refuge areas.

C
· Moderately modified - a moderate risk of modifying the abiotic template and exceeding the resource base may be allowed.  

· Risks to the well-being and survival of intolerant biota (depending on the nature of the disturbance) may generally be increased with some reduction of resilience and adaptability at a small number of localities.  

· However, the impact of local and acute disturbances must at least partly be mitigated by the presence of sufficient refuge areas.

D
· Largely modified - a large risk of modifying the abiotic template and exceeding the resource base may be allowed.  

· Risks to the well-being and survival of intolerant biota (depending on the nature of the disturbance) may be allowed to generally increase substantially with resulting low abundances and frequency of occurrence, and a reduction of resilience and adaptability at a large number of localities.  

· However, the associated increase in the abundance of tolerant species must not be allowed to assume pest proportions.  The impact of local and acute disturbances must at least to some extent be mitigated by the presence of adequate refuge areas.;

Table G4:  Present state, Importance & Sensitivity and Relationship to Ecological Management Class for Mhlathuze lakes

Water resource

(lake)
Present State Category

Importance

EMC selected


Water body
Riparian
Ecological
Social
EMC

Lake Cubhu
C
C/D
High
Low
C/B

Lake Mzingazi
C
C
Mod
Mod
C/B

Lake Nhlabane
C
D/E
High
Mod
C

Lake Mangeza
C
D
Mod
Low
C

Lake Nsezi
C/D
D/E
Mod
Low
C

Table G5:  Lake Water level Requirements as determined for the Mhlathuze lakes

Resource
Current FSL

(m amsl)
Minimum Drought level

(m amsl)
Maintenance

dry season

minimum

(m amsl)
Management

Maximum level

(m amsl)

Lake Cubhu
2.8
1.8
2.3
2.8

Lake Mzingazi
3.53
1.2
2.5
3.53

Lake Nhlabane
6.0
3.5
4.5
6.0

Lake Mangeza
17.1
16.0
16.0
17.1

Lake Nsezi
6.0
5.75
5.75
6.0

Notes:
m amsl = metres above mean sea level


FSL = Full  Supply Level

Figure G1:  Generic RDM Flow Diagram.
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10.  Monitor resource status and response to RDM implementation





9. Give effect to RDM determination
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8.   Publish notice of RDM determination, allow comment if necessary





7.  Design appropriate resource monitoring programme





6b.  Set RQOs for each resource unit using rules for selected classes:


   -  habitat, biota, water uses, land


   based activities





6a.  Quantify Reserve for each resource unit:


   - determine water quantity


   - determine water quality


   - integrate quantity and quality


   -  integrate river/wetland/groundwater/


   estuary components





5a. Determine ecological management classes for resource units:


   - Importance


   - Sensitivity


   - Achievability





4b.  Determine importance of resource units:


   - Ecological importance &


     sensitivity


   - Social importance


   - Economic importance





5b. Set management classes for resource units:


   - Ecosystem protection


   - BHN protection


   - Water users’ protection





4a.   Determine present status of resource units


   - Ecological status & resource quality


   - Water uses


   - Land uses, socio-economic


     conditions





3.   Determine resource quality


      reference conditions








2a.  Determine ecoregional types


2b.  Delineate resource units


2c.  Select sites for RDM study








































































































1.   Initiate RDM study


   - Delineate geographical boundaries


   - Select RDM level & components


   - Establish study team composition








� Ed’s note:  Author to supply brief description of information presented in specialist reports


� Ed’s note:  This table still includes outdated terminology (“resource base”) and must be reviewed by the author for version 1.1
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