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Appendix W3:
Worked example of CER determination for Lake Cubhu
W3.1
Reference Conditions

The reference conditions refer to the natural un-impacted condition of the lake, prior to changes due to human settlement, utilisation of the lake and its resources. The following characteristics describe Lake Cubhu in its reference condition:

· Hydrological and physical connection present between the lake, the Mtantatweni stream and estuary  which allows for the movement of fish, crustacean and planktonic organisms between the lake and the estuary.

· Contact present between the littoral papyrus beds and adjacent swamp forests.

· Good water quality due to recharge of aquifer through sands and clays and due to filtration by littoral and riparian vegetation. Low levels of suspended matter present in water body except during extreme droughts.

· Bottom is characterised by marine sand substrata.

· Seasonal fluctuations in water levels occur.

· Benthos is dominated by a relic crustacean component typical of estuaries in the area.

· High species richness of fish which comprises   estuarine, catadromous  and freshwater species and functions as a secondary nursery habitat for marine and estuarine  species.  

· Lake free of exotic macrophytes such as Eichornia.
These characteristics of the reference condition was determined on the basis of present conditions and the experience of the specialist scientists.

W3.2
Present Ecological Status
The present ecological status is determined from the specialist studies undertaken for the project.  

Table W3-1 : Present Ecological Status of Lake Cubhu
ATTRIBUTE
CATEGORY
MOTIVATION

FISH
C
High species diversity, loss of estuarine dependant and catadromous species due to periods of low water levels

ZOOPLANKTON
D*
Loss of some planktonic groups due to lack of food supply.

BENTHOS
B/C
High species diversity, relic estuarine component well represented

BIRDS
B
High diversity of recorded species, 6 vulnerable and rare species  

LITTORAL/RIPARIAN

VEGETATION
D
Significant loss of swamp forest, exotic machophytes present, extensive vegetation removal 

SOCIAL
LOW/

MOD
Increasing human pressures, deteriorated water quality due to human run-off, reduced prawn and fish populations  

HABITAT INTEGRITY

INSTREAM
C
Water level regulation, loss of ecological function, loss of fringing wetlands and estuarine character and presence of exotic macrophytes

HABITAT INTEGRITY

RIPARIAN
C/D
Vegetation removal and replacement, water level regulation, construction and development, exotic macrophytes and grazing 

Overall determination of the Present Ecological Status Category (PESC) of Lake Cubhu: 
Instream - category C       
Riparian / littoral  zone -category C/D
W3.3
Ecological Importance and Sensitivity
The ecological importance was determined using the Kleynhans model (Kleynhans, 1999, see Rivers Appendix R7) and the social importance determined using the method designed by O'Keeffe (O'Keeffe, 1998; Rivers Appendix R8).  The results of the importance rating provide motivation to either improve or maintain the PES. 

W3.3.1
Social Importance

This section refers to the importance of the system to any person dependant on a natural and healthy functioning system.  It also includes the importance of cultural issues related to the lake.  The results are displayed in Table W3-2 below:

Table W3-2 : Lake Cubhu: Social importance
CRITERIA
RATING

Dependence on a healthy lake ecosystem (value from 0 - 4)


People directly dependant on a healthy river:
3



People dependent on riparian plants for building, thatching, craft or medicinal plants:
2

People dependant on the river for subsistence fishing:
2

People using the river for recreational purposes:


1

Cultural/historical values (value from 0 – 4)


Sacred places on the river, and religious/cultural events connected to the river:
0

Historical/archaeological sites on the river:
0

Special features and beauty spots on the river:
0

General aesthetic value of the river:
1

IMPORTANCE RATING
1.1  (LOW/MODERATE)

W3.3.2
Ecological Importance

The results of the ecological importance are provided in Table W3.3 : 

Table W3.3 : Lake Cubhu:   Ecological Importance

PRIMARY DETERMINANTS
SCORE
COMMENTS

BIOTA (RIPARIAN & INSTREAM) 

(ENTER NUMBER 0 OR 1 TO 4)



Rare & endangered
4
Myxus capensis (freshwater mullet)
Clarias theodorae (snake catfish)
Croidia mossambica (naked goby)

Unique (endemic, isolated, etc.)

3 estuarine fish species including

Gilchristella aestuaria (estuarine round herring)  plus 6 unique and endemic estuarine invertebrate species including Munna sheltoni and Parahyallela natalensis

Intolerant (flow & flow related water quality)
2
Eleotris fusca - dusky sleeper

Aplocheilichthys katagae - top minnow

Species/taxon richness
3
Mixture of estuarine and marine species along with freshwater species

RIPARIAN & INSTREAM HABITATS 

(ENTER NUMBER 0 OR 1 TO 4)



Diversity of types
2
Only medium to high on a local scale

Refugia
2
Important on a local scale as refugia for five Machrobrachium species

Sensitivity to flow changes
3
Decreased water levels lead to increased turbidity levels due to resuspension of particulate organic matter

Sensitivity to water quality changes
3
TDS problems can be exacerbated by decreased water levels 

MEAN OF PRIMARY DETERMINANTS



PRELIMINARY RATING:BIOTA & HABITAT
HIGH


MODIFYING DETERMINANTS



IMPORTANCE TO FUNCTIONING OF NEIGHBOURING SYSTEMS 

(ENTER NUMBER 0 TO 4)







Migration route/corridor (instream & riparian)
3
Important as a migration route for 5 species of Machrobrachium, Varuna and estuarine and marine fish species

PRESENCE OF CONSERVATION & NATURAL AREAS 

(ENTER NUMBER 0 TO 4)







National Parks
0


Nature Reserves
2
Lies within the catchment of the Mhlathuze Estuary Nature Reserve

Wilderness Areas
0


Other areas of natural importance
0


Maximum
2


UNMODIFIED ECOLOGICAL IMPORTANCE & SENSITIVITY



ECOLOGICAL IMPORTANCE & SENSITIVITY:
HIGH


MODIFIED ECOLOGICAL IMPORTANCE & SENSITIVITY

MODIFICATION OF ECOLOGICAL IMPORTANCE & SENSITIVITY WHERE:

(1)ECOLOGICAL IMPORTANCE & SENSITIVITY IS MORE THAN "LOW" AND,

(2)IMPORTANCE AS MIGRATION ROUTE IS "HIGH" OR "VERY HIGH" OR

(3)CONSERVATION & NATURAL AREAS IS "HIGH" OR "VERY HIGH" OR

(4)INTOLERANT SPECIES ARE "HIGH" OR "VERY HIGH" WHERE

HABITAT FLOW SENSITIVITY OR FLOW RELATED WATER QUALITY IS

"HIGH" OR "VERY HIGH"

FINAL ECOLOGICAL IMPORTANCE & SENSITIVITY:
HIGH


W3.4
Select Ecological Management Class
Based on the present state evaluation and the importance rating, the most realistic EMC was selected for which to determine the Reserve.  The EMC is set in terms of classes A (unmodified) to D (largely modified).  See Appendix W4: Table W4-2.  The EMC was determined as follows:

EMC = C/B (PES Category: Water body = C;   Riparian / littoral zone = C/D)

The PES Category C (water body) can be improved to ecological management class C/B by introducing achievable water level objectives. Application of these objectives would also raise the riparian / littoral zone PES Class, however it will probably require external measures which are beyond the scope of this study .  

Specific objectives to achieve an ecological management Class C/B are:

· Re-instate the connection between the Lake and the estuary with a fish ladder and the provision of appropriate surface flows. 

· Maintain present water quality by controlling water levels above the maintenance dry  levels and keeping fine bottom sediments settled.

· Maintain contact between the three existing swamp forest areas and the Papyrus beds.   

· Prevent permanent exceedance of the present FSL. 

Higher EMC (class B) 
Raising the EMC to a Class B  is not realistic as this would probably not be achieved by management of the water levels  but will require  external factors. These would probably carry high social and economic costs such as  the removal of exotic species, the rehabilitation of swamp forests and littoral zones, the eradication of exotic macrophytes,  the resettlement of local communities away from the lake and the removal and control of cattle in  the riparian and littoral zones. This is not justified as the lake system has only low to moderate social importance.. 

Lower EMC (class D)
The water levels required for the lower EMC would involve the  poor management of lake water levels above full supply level and below the drought level to the detriment of water quality, the riparian and littoral zones  and the aquatic  fauna. This EMC  would also be characterised by the use of the lake shoreline for extensive grazing, subsistence farming, forestry and  settlement and would show little regard for ecological linkages between the lake and the estuary. Furthermore, no control of Eichornia on the lake surface would be required. 

W3.5
Quantify the Reserve - Lake Water level Requirements

W3.5.1
Water Levels
The water levels were set for:

· Drought levels,  which reflect those levels which will be achieved during drought periods only, and should not be maintained for extended periods of time unless indicated  by the length of a  period of actual drought.

· Maintenance dry season levels, which reflects the levels which should not be exceeded for lengthy periods during winter. If these levels are exceeded for short periods  during the dry season, maximum draw down must never exceed the drought levels.

· Management maximum levels, which reflects the maximum levels in the lakes and which should never be exceed for lengthy periods. These levels also reflect the maximum maintenance levels which would be experienced during summer.

It must be noted that seasonal fluctuations in water levels are considered important in the long term maintenance of the lakes. Fluctuations must therefore take place between the maintenance dry season and management maximum levels. The recommended lake water levels are provided in Table W3-4 below.

Table W3-4   Lake Water levels for Lake Cubhu
Water level 
Lake Water level (mamsl)

Current FSL (at time of assessment)
2.8

Drought minimum water level (12 months max)
1.8

Maintenance minimum dry season water level
2.3

Management maximum water level
2.8

Maximum draw-down rate
1 metre per month 

Other recommendations
The construction of a fish ladder on the lake overflow point with the provision of appropriate overflows to enable the spawning and migration of estuarine fish and crustaceans from the estuary to the lake  during maintenance wet months.

Notes:
mamsl = metres above mean sea level


FSL = Full Supply Level

W3.5.2
Motivations for water levels

DROUGHT MINIMUM WATER LEVELS

Level:   1.8 mamsl

Description of water level
Motivation
Why not lower
Source  

MOTIVATOR




Fish, Benthos, zooplankton, water quality 

(high confidence)
At this level substantial amounts of particulate organic matter and fine sediments are lifted into suspension through wind driven wave action . This would result in an increase in the suspended solid concentrations in the water column leading to decreased oxygen concentrations, decreased light penetration and the physical impairment of respiration of aquatic fauna present. The impacts associated with this water level are considered to be critical for the aquatic fauna.
Lower levels would result in the increased suspension of sediments which could  reach  even higher levels of toxicity for aquatic fauna.
Otto Langaneger pers.Obs.

Literature, Cubhu pipeline EIA study. 

MAINTENANCE MINIMUM DRY SEASON WATER LEVELS
Level:2.3 mamsl

Description of water level
Motivation
Why not lower
Source : 

MOTIVATOR




Water quality

(Low confidence)
Water levels above 2.3 mamsl will ensure the low occurrence of resuspension of fine sediments under any wind conditions and would ensure that minimal impacts occur to the fauna.
Any levels below 2.3 would lead to the suspension of fine sediments in localised areas and a general increase in the suspended solids concentrations with detrimental effects.
Lake DTMs, expert judgement 

MANAGEMENT MAXIMUM WATER LEVEL
Level:   2.8 mamsl

Description of water level
Motivation
Why not higher / lower
Source : 

MOTIVATOR




Vegetation, limnology 

(High confidence)
Water levels at  2.8 mamsl occur just below the remaining three  Barringtonia racemosa swamp forests on the southern and south western shorelines of the lake.

This level also coincides with the littoral zone as defined by the zone of emergent hydrophytes especially adjacent to the north western shoreline. 
Lake levels higher than this would  lead to a critical loss of the remaining few patches of swamp forest and the littoral zone emergent hydrophytes with a detrimental impact to the habitat and ecological integrity of the lake.
Pers. Observations, expert judgement

Fish, benthos, zooplankton
This level must provide, during the wet season,  for overflow at the proposed fish ladders during critical spawning and migration times for marine and estuarine fish, crustaceans and plankton. This would provide, in conjunction with the proposed fish ladder,  for the establishment of a connection between the lake and the estuary and thereby facilitate the recruitment of these species in the lake from the estuary and when necessary from the lake back to the estuary. 

It is documented that the crab Varuna litterata and the carid prawn 

Macrobrachium require at least two recruitment periods during the wet season and it is during these periods that overflow must be taking place over the proposed fish ladders. It is uncertain  what length of time is required for the larvae to complete their migration from the estuary into the lake. 
Lake levels lower than this, despite the presence of a fish ladder,  would bring about a disruption or loss of the connection between the lake and the estuary . This would lead to detrimental impacts to the recruitment of estuarine fish and crustaceans in the lake.
Literature, suveys, pers. Obs.

MAXIMUM DRAW-DOWN RATE





Rate:   1 m/month

Description of water level
Motivation
Why not faster
Source  

MOTIVATOR




Fish 

(Medium confidence)

Bank erosion *

(Low confidance)
Fish species nesting in the substrate have a larval stage which is vulnerable to excessive draw-down rates. In order to avoid failure of recruitment it is essential that the draw-down rate does not interfere with this crucial stage of their life cycle.

Bank failure may also take place if the rate of draw-down is too fast.  

*   Additional work is required to identify what areas would be       exposed at different draw-down rates and what components       would be detrimentally affected. 

     
Draw-down rates in excess of 1 metre per month would interfere with the larval stage of the life cycle of fish species nesting in the substrate. This would   lead to the disruption of recruitment by bringing about the failure of the larval stage.
Otto Langaneger pers.Obs.

Literature, Cubhu pipeline EIA study. 
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