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Appendix E4:
Discussion paper on determining the importance of estuaries and assigning Ecological Management Class (EMC)

E4.1
Introduction

The Ecological Management Class (EMC) will be defined as the level of protection to be assigned to an estuary and will be used in determining the ecological Reserve.  An EMC, lower than D is not a valid management objective, and should the present status be either an E or F, recommendations should be provided as to how the status can be lifted at least to a D class (Table 1). 

Table 1.  Proposed relationships between Ecological Management Classes based on an present ecological status, for an intermediate Reserve determination.

Present health status:

Present Ecological Status Category 
Recommended Ecological Management Class

A
A

B
B or A

C
C or higher

D
C/D or higher

E
D or higher

F
D or higher

The Ecological Management Class is used as a proxy for Management Class (MC) in an intermediate RDM process.  In a comprehensive RDM process, MC will be set in a consultative process on the basis of EMC and other socio-economic parameters. 

The level to which Ecological Management Class is elevated relative to current status will be motivated on the basis of its present health status (PES) and the importance of the system.  Thus:

Health
+
Importance
(
Future health

(PES)



(EMC)

Importance of an estuary can be considered in a number of ways.  This can include biodiversity importance in terms of containing populations of species which are rare or endangered etc, high species diversity, important habitats, unique physical attributes, etc.  The notion of importance is usually based on two main concepts: 

· rarity:  this pertains to rare physical types, rare habitats or rare species, where rarity implies scarcity, and means limited abundance or geographical range; and

· quantity (=abundance): estuaries are seen as important when they are large, support large areas of habitats, large numbers of species, large populations and are productive.  

A third component which should be considered is 

· ecosystem function  (e.g. nursery areas for marine fish)

Thus an estuary may be considered important when it contains rare elements of biodiversity, large quantities of flora or fauna, or when it provides an important ecosystem service.

In using importance status for determining EMC, it may be argued that the importance of an estuary is influenced by its health status.  Thus the question arises as to whether, if these indices are to be combined, we should use the reference condition to determine biophysical importance.  Use of the present biophysical importance status, which is determined to some degree by biophysical health, would amount to double counting in a decision process.  This is illustrated by using a simple example in Table 2, where the decision is determined by a combined index.

Table 2.  Example of considering pristine or present importance status in allocating EMC.

Biophysical health

(% of pristine)
Biophysical Importance
Integrated score

(BH x BI)


Pristine state
Present state
Based on

Pristine state
Based on

Present state

60%
100 points
72 points
60
43

A point that has been raised is the possibility of an altered state being more important than the pristine state.  An example of this might be the Mhlatuze system, where a change in hydrology has allowed colonisation of large areas by mangroves, with the result that this estuary now contains a major proportion of the country’s mangroves.  However, a more holistic look at the estuary would establish that the hydrological changes have also led to an equally or more important loss in ecosystem function, in that important outputs to the marine environment have been lost. 

Of further interest in this regard, and with assigning a EMC, is whether the notion of pristine state is appropriate.  For example, in the above example, assigning importance on the basis of a pristine condition makes an implicit assumption that this condition is attainable.  

It is probably more useful to consider the best attainable state.  For example, if estuarine health has been impaired by the construction of a marina, this damage may be largely irreversible apart from some degree of possible alteration.  Thus an estimate of the biophysical importance in terms of its best attainable state would probably be more appropriate than in its pristine state.  See the first example in Table 3:  the best attainable state provides the realistic upper limit for EMC, but is still higher than the EMC that would be allocated on the basis of its present, somewhat degraded importance status.

Table 3.  Possible different outcomes of allocating EMC on the basis of importance of the reference condition (RC) or best attainable state (BAS).  

(1)
PES
based on
present health  status
(2)

Present importance status
Recommended EMC
based on
1 and 2
(3)
Potential importance status based on RC
Recom--mended EMC
Based on 

1 & 3
(4)
Potential 
importance status based on BAS
Recommended  EMC
Based on 1 &4

e.g. 1
C
65
C
100
A
75
B

e.g. 2
A
5
C
5
C
5
C

A description of the best attainable state would require some idea of reversibility of damage.  This presents a potential problem in that the degree of reversibility carries a cost function, and ecologists would have to second-guess the planners in terms of what restoration procedures would be feasible.  Thus an alternative approach could be to provide an indication of how the health status might change for every major restoration step, or what steps are required to move to each higher EMC.   The easiest way to resolve this problem is to take BAS as the best state that could be achieved without removing major structures (e.g. buildings, large dams), but which could be achieved through flow alteration, or the adjustment or removal of minor structures (e.g. small dams, weirs).  Then the steps required to reach different possible EMC would be detailed, and one of these states selected on the state of BAS importance status, but not based on cost:  stakeholders are left to weigh up costs and benefits at a later stage in the process. 

The second example in Table 3 serves to illustrate the case of an unimportant estuary.  Current protocol will not allow the allocations shown in this example, but EMC will remain at A in all cases.  Thus a totally unimportant estuary, if in a pristine condition, cannot be altered to a significantly less pristine state.  Thus from an ecological point of view, the policy is to prevent any further degradation.  Ultimately, however, the FMC may be lower than EMC or PES, as it will be set on the basis of stakeholder wants, as well as ecosystem needs.   In other words, the EMC recommended by ecologists can be reduced by stakeholders, should economic development be considered more valuable than well-functioning estuarine ecosystems.  The Ecological Reserve, set to maintain EMC, is not sacrosanct, and will only serve to inform the stakeholder decision process.  The EMC set by this methodology is a the ecologists’ recommendation, and stakeholders will then determine the final EMC.  Thus ecologists have no need to make allowances for society in their allocation of EMC.

Several protocols have been suggested for assigning a management class and can be applied to estuaries.  Which protocol is used may depend on which reserve method (rapid, intermediate or comprehensive) is being used.  This study aims to define a methodology which will determine the PES and EMC in a comprehensive determination.  It has been suggested that the PES or Present Status be used as a temporary estimate of EMC in the case of intermediate assessments.  However, this goes against the precautionary principle.  It is thus recommended that where certainty levels are reduced in Intermediate and Rapid Determinations the EMC should be provisionally set at one and two levels higher than PES, respectively, until a comprehensive assessment can be carried out. 
E4.2
Review of indices of estuarine importance 
A Consortium for Estuarine Research and Management project was initiated in 1995 to establish a decision support system to produce rankings of the most important estuaries according to specified attributes.  The system developed incorporated a rarity, biological and physical value score.  The system was not implementable due to a lack of data for estuaries particularly those in the former Transkei and Ciskei (CERM 1996).  Since then both fish and botanical surveys have taken place in these areas and the opportunity now arises to develop further an overall importance rating system for South African estuaries.  CERM's (1996) importance rating index was constructed as follows (Table 4)

Table 4.  Criteria and score construction of CERM's proposed importance rating system.

Rarity
Biological
Physical

Criterion
Score
Criterion
Score
Criterion
Score

Whitfield classification
0 - 25
Habitat
0 - 20
Siltation
0 - 26

Geomorphology type
0 - 25
Plants
0 - 20
Tidal exchange
0 - 33

Size
0 - 25
Inverts
0 - 20
Water quality
0 - 19

Condition
0 - 25
Fish
0 - 20
Hydrodynamics
0 - 22



Birds
0 - 20



TOTAL
0 – 100
TOTAL
0 - 100
TOTAL
0 - 100

This index picked up many of the critical elements, but its main drawback for application in this context is that it combines measures of health and importance.  The rarity criteria include three measures of importance and one of health.  Most of the biological criteria are measures of importance, except the fish index, which includes a health score (difference from the reference community).  All of the physical criteria are measures of health which assess the difference between present and reference state.  

This CERM project led to the rating of South African estuaries in terms of their avifauna (Turpie 1995) and vegetation (Coetzee et al. 1996, 1997 and Colloty et al. 1998), and a project is currently underway to rate estuaries in terms of fish.  These efforts are described below.  No prioritisation exercise has been undertaken with respect to estuarine invertebrates, although, this group has the potential to contribute significantly to an importance rating system for South African estuaries.  This is probably due to the extreme paucity of quantitative data on invertebrates.

E4.2.1
Prioritisation of estuaries for waterbird conservation

Commissioned by the CERM team, Turpie (1995) used existing count data to explore methods and criteria for determining the importance of estuaries for birds.  Detailed summer counts of non-passerine waterbirds (species wholly or partially dependent on aquatic habitats) exist for most of South Africa's estuaries, with the exception of the Transkei region.  Much of this data comes from a published series of single summer counts of coastal wetlands that was carried out systematically around the coast during the two summer periods between 1979 and 1981 (Ryan & Cooper 1985, Ryan et al. 1988, Underhill & Cooper 1984, Ryan et al. 1986).   On the basis of these counts, there are estimates of the total coastal population for each species.  

Estuaries were ranked according to Species Richness, Species Diversity (Shannon Index), Rarity and Conservation Status.   The latter two indices weighted each species according to their rarity along the SA coast, and according to conservation status (endangered, endemic etc), respectively.  These indices tested the effect of using limited (presence-absence) as well as abundance data.  With the exception of the diversity index, which was shown not to be a useful tool for evaluating conservation importance, the resulting rankings were significantly correlated.  A key point made in the study was that the final evaluation of sites should ideally involve a subjective assessment of the results of single-criterion rankings, rather than using a multicriteria index.  

The data upon which the study was based are now 20 years old, and the counting effort has unfortunately never been repeated to date.   Since then counts have been undertaken in a number of sites at various times, and regular counts now take place of the more important areas under the University of Cape Town's CWAC (Co-ordinated Waterbird Counts) program.  A synopsis of these counts to date is due to be released shortly, but may not contain full details of counts.

E4.2.2
The Botanical Importance Rating (BIR) Index

This index, developed by Coetzee et al. (1997), assigned values on the basis of percentage area cover, condition (degree of impact), functional importance and plant community richness. 

The index is constructed as follows:

BIR = 1(Asupra x MF) + 1.75 (Ainter x MF) + 2 (Asubm x MF) + 1.5 (Areed x MF)

where Asupra, Ainter, Asubm and Areed are the area cover of supratidal saltmarsh (e.g. Sarcocornia pillansii), intertidal saltmarsh (e.g. Triglochin spp), submerged macrophytes (e.g. Zostera, Ruppia) and reed and sedge communities, MF is a multiplication factor representing community condition, and the weightings are community importance values based on association, or functional importance, within the estuary: i.e. water dependence, primary productivity and the richness of the community they support.

The area cover was originally a score based on percentage cover of the estuary:  % cover of <5, 5-25, 25-50, 50-75, >75 were scored 20, 40, 60, 80 and 100, respectively.  Thus a 5 ha  estuary and a 500 ha estuary, each having the same % cover distribution of macrophytes will receive the same score.   This meant that the index measured health, in as much as high scores represented a healthy and diverse plant community, irrespective of size. The index was first applied to 33 estuaries in the Cape, and the results were found to accord with the known botanical condition of those estuaries.   The score has now been changed to use actual area, and no longer includes a measure of condition.  Thus its emphasis is now more as a measure of importance.  A large proportion of SA estuaries have now been surveyed for plants, and a database exists which includes the components and scores of the index, in addition to species lists.  

Although it now contains a measure of abundance, the BIR does not, however, include some other aspects usually associated with importance, such as species richness, habitat or species rarity, endemism etc.   In some respects these aspects may be less important for estuarine plants, which are mostly widespread and common.  However, the index will not reflect the greater importance of an estuary by virtue of containing a rare mangrove species, except inasmuch as mangroves are an additional habitat component in the system.  These components need to be tested separately, and if there is a high degree of correlation with the existing index, then it would make sense to retain this as a relatively easy measure of botanical importance. 

E4.2.3
The Fish Importance Rating Index

Maree, Whitfield & Quinn have compiled a presence-absence database of estuarine fish species for 251 estuaries, based on their distributions around the South African coast.  These presence absence data will eventually be refined to lists of species which have been recorded in these estuaries, and which are sufficiently abundant to make up more than 1% of samples, and are thus assumed to be present in reasonable (conservable) abundance.  The data upon which this study is based is, however, difficult to work with due to differences in sampling effort and techniques, making comparison difficult..  Different sampling methods tend to be biased towards different groups or life-history stages.  Harrison has carried out limited, but uniform, sampling in most estuaries.  However, a good knowledge of estuarine ichthyofauna only exists for a relatively small number of estuaries.

Maree, Whitfield & Quinn are currently devising a Fish Importance Rating for South African estuaries.   This index is provisionally constructed from seven weighted measures of species and estuarine importance, as follows:

Table 5.  Criteria being used to evaluate importance of estuaries for fish 

Measures of species importance
Measures of estuarine importance

Number of economically important species
Number of estuarine-dependent species
Number of endemic species
Type

Est. Bay >

Perm Open >

Est Lake >

Temp Open >

River Mouth

Size

Large >

>

small
Condition

Excellent > Good > Fair > 

Poor
Isolation

Isolated >

>

>

Grouped

The rationale for including the estuarine measures within the fish importance rating is that these variables are assumed to affect abundance, and can be used as a surrogate for the lack of quantitative data.  Thus the measures of estuarine condition are scored on four or five categories of decreasing value (see table) according to how they might positively or negatively affect the importance of the fish community.

E4.3
Criteria for determining estuary importance
Ecological importance is an expression of the importance of an estuary to the maintenance of ecological diversity and functioning on local and wider scales.  Some of the variables that can be considered as the basis for the estimation of ecological importance of estuaries are listed in Table 6.  These variables can each be categorised as measures of rarity, abundance or ecological function.

Table 6.  Possible variables for inclusion in an Estuarine Importance Index.  Variable categories are rarity (R) abundance (A) and ecological function (F).

Variable
Type
INCLUDE

1. Estuary size
A
(

2. Rarity of the estuarine type and physical features, in relation to geographic area
R
(

3. Habitat diversity
A
(

4. Biodiversity importance in terms of plants, invertebrates, fish and birds.  
R, A, F
(

5. Proximity of other estuaries
R, F
(

6. Ecological services to neighboring environments
F
(

7. The sensitivity and resilience of the system to environmental change.
-
(

8. Naturalness 
-
(

9. Conservation status e.g. protected area, Ramsar or natural heritage site.
-
(

These variables were discussed in a workshop setting, regarding their suitability for inclusion in an Estuarine Importance Index.  Size was initially rejected because it is a driving variable for diversity and abundance of biota, and is thus likely to be highly correlated with these.  However, it is included because of the general paucity of information on the abundance of certain biota.  It was agreed that sensitivity of an estuary does not confer importance, although it does become an important issue in the setting of the Reserve.  Similarly, naturalness was not considered as an appropriate indicator of importance, and has more of a health connotation.  Proximity of other estuaries will be covered by the second variable.   Conservation status does not confer importance per se.  However, it is an important consideration in determining the Ecological Management Class of estuaries.  This will thus be taken into account as a modifying determinant in EMC allocation. 

The measurement of the remaining variables is discussed below.  In each case the score will be converted to a measure out of 100.  All variables will be measured based on an estimate of the best attainable state (BAS). 

E4.3.1
Size

Estuary size is defined as the total area (ha) within the geographical boundaries described in Section E.3.1.

Table 7.  Estuary size is converted to a measure of importance using the following scoring guideline, based on 10% percentiles of estuaries of known size.

Estuary size
Size Importance Score
Estuary size
Size Importance Score


10

60


20

70


30

80


40

90


50

100

E4.3.2
Rarity of estuary type with regard to geographic position.

South African estuaries have been classified into five types (Box 1, Whitfield 1992). There are only 3 estuarine bays and 4 estuarine lakes in the country, therefore these estuaries would have a high importance.  Geographic position is also important. The classification of an estuary in conjunction with the biogeographical zone determines how “rare” or “unique” the estuary is for the zone under consideration.  For example there are only two permanently open estuaries (Olifants and Berg) in the cool temperate zone and therefore these systems are of national importance.  The Palmiet estuary in the south-western Cape is the only system along that stretch of coastline that remains open for any length of time, and is thus very important in this region for fish and invertebrate recruitment. 

Whitfield's (1992)  Physical Classification of Estuaries

Type
Tidal prism
Mixing process
Average salinity *

Estuarine Bay
Large  (>10 x 106 m3 )
Tidal
20 – 35

Permanently Open
Moderate  (1-10 x 106 m3)
Tidal/riverine
10 - >35

River Mouth
Small  (<1 x 106 m3)
Riverine
<10

Estuarine Lake
Negligible  (<0.1 x 106 m3)
Wind
1 - > 35

Temporarily Open
Absent
Wind
1 - > 35


* Total amount of dissolved solids in water in parts per thousand by weight (seawater =  ~35 )

· Estuarine bay: Water area exceeds 1 200 ha.  Natural bays (Knysna) and artificially formed bays (Durban Bay) are permanently linked to the sea and the salinity within them reflect this.  Hypersaline conditions are not common and water temperatures are strongly influenced by the sea.  Marine and estuarine organisms dominate these systems and extensive wetland/mangrove swamps occur (Whitfield, 1992).

· Permanently open estuaries:  Vertical and horizontal salinity gradients are present and are modified by the river flow, tidal range and mouth condition.  Wetlands (salt marshes), as well as submerged macrophyte beds are common and the fauna is predominantly marine and estuarine.  Hypersaline conditions in the upper reaches can occur during times of severe drought.  Water temperatures in this estuary type are controlled by the sea during normal conditions and by river input during flood conditions.

· River mouths: Riverine influences dominate the physical processes in these estuaries.  Oligohaline conditions are often found.  The mouth is generally permanently open but the tidal prism is small and strong riverine outflow prevents marine intrusion.  During strong flood conditions the outflow of these mouths can influence the sea salinity for many kilometres.  Heavy silt loads are frequent in these estuaries often resulting in shallow mouths (<2m).  Water temperatures are strongly influenced by river inflow although the sea can influence bottom waters.  

· Estuarine lakes: Water area exceeds 1 200 ha.  These are usually drowned river valleys filled in by reworked sediments and separated from the sea by vegetated sand dune systems.  The dune can result in complete separation of the lake from the sea that then results in a loss of estuarine characteristics and the system can be referred to as a coastal lake.  Estuarine lakes can be either permanently or temporarily linked to the sea and salinity within them is highly variable.  Freshwater input, evaporation and the magnitude of the marine connection are the main causes of this large salinity fluctuation.  The tidal prism is small, and marine and river input have little influence on water temperatures, which are directly related to solar heating and radiation.  Estuarine, marine and freshwater organisms all occur depending on the salinity condition of the system.

· Temporarily open estuaries:  Sand bars often form in the mouths of these estuaries blocking off connection with the sea.  Sand bars form as a result of a combination of low river flow conditions and longshore sand movement on the adjacent coast.  Flooding is frequently the cause of mouth opening, which also results in large amounts of sediment removal.  However, infilling from marine and fluvial sediment can be rapid.  Hypersaline conditions occur in these estuaries during times of drought.  Tidal and riverine inputs control the water temperature in these systems when the mouth is open, but is independent of them when the mouth is closed.  Marine, estuarine and freshwater life forms are all found in these systems, depending on the state of the mouth.

It is proposed that estuary type and geographical position are taken into account in a Zonal Type Rarity Score, as follows:

ZTR = 100  x 1/Ntz,

where Ntz is the number of estuaries of  type t within the same biogeographical zone z.  This index yields scores in the range from 1 to 100, (Table 8), which are then used to allocate importance scores  (Table 9). 

Table 8.  Number of estuaries of each physical type in each biogeographical zone, and their ZTR scores.


Cool Temperate
Warm Temperate
Subtropical


Number
Score
Number
Score
Number
Score

Estuarine Bay
0
-
1
100
2
50

Permanently open 
2
50
29
3
16
6

River mouth
1
100
7
14
4
25

Estuarine lake
0
-
4
25
4
25

Temporarily closed
10
10
86
1
90
1

This index can potentially be extended to include the existence of unique physical features which would add to the reason for desiring a high management class.  For example, these could be canyons e.g. Msikaba, ravines or gorges, physical features such as the hole in the wall, small estuaries that remain permanently open e.g. Lupatana.  Then the estuary’s ZTR might change from 1/16 permanently open subtropical to 1/1 permanently open subtropical with feature X.

Table 9.  Converting ZTR index values to importance scores

 ZTR
ZT  Importance Score

<10
20

10-19
40

20-34
60

35-59
80

60-100
100

E4.3.3
Habitat diversity

An estuary can be considered more important if it has a high diversity of habitat types, or on the basis of representativeness, in terms of the size and rarity of those habitat types that it contains.

Estuarine habitats include physical (unvegetated) habitats such as channel area, sandflats, mudflats, and rock, and plant communities, such as salt marsh, mangroves, submerged macrophytes, reeds and sedges.  The definition could be extended to include surrounding habitats such as floodplains and dunes.  These can be incorporated into an index as follows (refer to Table 14 as an example data set):  

Habitat rarity score:   

This score will be influenced by the number of habitats in an estuary, and by the extent to which rare habitats occur within the estuary.  With area data for all (or most) estuaries, this can be calculated as

HR =  1000 x ( ai/Ai

where ai is area of the ith habitat in the estuary and Ai is the total area of that habitat in the country.  The multiplication factor is necessary because without it the score yields very small values, such that the sum of all scores for all estuaries is equal to the number of habitats considered.  

Table 10.  Estuarine habitats for inclusion in habitat index 

Category
Habitat
Area (ha)

(or presence data)

e.g.
National area 

(ha)*

Physical
Channel area (MSL)
30
?


Intertidal Sandflats
5
?


Intertidal Mudflats
10
?


Intertidal Rock
0
?

Plant
Supratidal saltmarsh
20
1028


Intertidal saltmarsh
30
1091


Mangroves
0
1060


Submerged macrophytes
35
1562


Swamp Forest

87


Reeds and sedges
10
1194

Total estuary area

140 ha


*Plant community total areas from Colloty 1999 (CD database) and Steinke 1999

Data requirements are fairly simple.  The plant community areas have been measured for a large proportion of South African estuaries.  Detailed maps from which physical data can be extracted are available for a number of estuaries, and detailed physical data are currently being compiled for all KZN estuaries (Ricky Taylor, pers comm).  However, there is probably not a lot of data at a sufficiently detailed level to divide intertidal flats into sand and mudflats.

It should be borne in mind that several of these habitat categories may undergo dynamic changes in area over the medium to long term (e.g. Cooper 1991, Table 15; Swartkops, pers obs, Adams in prep).  Dynamic changes in habitat areas is a major consideration in the assessment of estuarine importance with respect to habitats.  Any snapshot measurement only records habitats at one particular part of an estuary's cycle.  Thus snapshot measures of potentially highly unstable elements, such as Zostera cover, do not reflect the range or average level of availability of that habitat.  Again, this should be dealt with by using the estimated mean level of abundance over the full range of existing conditions.

The habitat rarity index needs to be translated into an importance score for use in the index. Because the distribution of scores is heavily skewed towards the smallest scores, simply normalising the scores on a scale of 0 – 100 has the danger of relegating low scores to estuaries that are relatively high in their ranking.  Using a known range of scores for approximately half of the country’s estuaries, the following scoring guidelines can be used.  Thus, roughly ten percent of estuaries are categorised in each percentile. (table 11).

Table 11.  Habitat  rarity index scoring system

Habitat rarity score
Corresponding

Habitat importance score
Habitat rarity score
Corresponding

Habitat importance score

0.00 – 0.25
10
6.00 – 12.50
60

0.25 – 0.75
20
12.50 – 20
70

0.75 – 1.5
30
20 – 50
80

1.50 – 3.00
40
50 – 120
90

3.00 – 6.00
50
> 120
100

E4.3.4
Biodiversity importance

Biodiversity importance will be determined on the basis of the importance of an estuary for each of the four biotic groups, which in turn will be based on a set of criteria appropriate to each group.  Thus biodiversity importance is a two step process in which individual specialists will need to play a major role in the first step.  The scoring for each group should ideally contain the following elements.

· Species Richness

· Species Rarity or Endemism (weighted species richness)

· Abundance (numbers, area or biomass)

It has been established that these measures are fairly well correlated.  Here it is argued that a species rarity score would suffice as a measure of biodiversity importance for each group, as it incorporates all of these aspects.  Where possible this index should use abundance data, but it is recognised that in some cases (e.g. invertebrates, to some extent, fish), estimates of overall abundance, or presence-absence data will have to suffice.

Species rarity: is usually described in terms of endangered species (i.e. red data classified), rarity in terms of occurrence at all sites, or endemism (important by virtue of the fact that they have restricted ranges and occur mainly or entirely in SA).  The rarity index below will tend to give weight to the species that fall in any of these categories.

The rarity score is a simple addition of a score for each species present in viable quantity in the system:

R = 100 x (ri,

where ri is the rarity score of the ith species.  The multiplier is smaller than for the habitat index because the larger number of species makes the index values larger.  The way in which the rarity score for each species can be calculated differs depending on the level of data available, as follows:

With abundance data:

ri = qi/Qi,

where qi = number or area in estuary and Qi = total number or area in whole country (not in biog zone – this will confer undue importance to spp which only just occur in that zone)

With species presence-absence data only: 

ri = 1/Ni.

where Ni = the number of estuaries in which the species occurs in SA.  If possible presence absence data should be refined to only count species as present where they known or thought to be in viable population numbers.  It is up to the specialist to decide this. 

Thus each species gets a score as a fraction of 1.  For example, if the only population of a species is on that estuary, it scores 1.  If the population is 100 out of 100000 of the national population, it gets a score of 0.001.  Alternatively, if the population is one out of 35 estuarine populations it gets 1/35. Scores calculated using abundance are far more sensitive than scores done on presence/absence, and will tend to produce lower species weights.  An estuary will score more highly if there are more species, and more highly if there are many rare species. 

Table 12.  Guideline for generating importance scores for birds, based on abundance data.

Bird rarity score
Corresponding

Bird importance score
Bird rarity score
Corresponding

Bird importance score

0 – 0.05
10
2.76 – 5.00
60

0.06 – 0.25
20
5.01 – 10 
70

0.26 – 0.75
30
10.1 – 20
80

0.76 – 1.50
40
20.1 – 60
90

1.51 – 2.75
50
> 60
100

Preliminary guidelines for plants and fish are given below, but will need to be updated once further information is provided during Phase 2 of the development of this methodology.  The preliminary guidelines for fish are based on species richness, while fish scores are based on hypothetical, and not actual fish presence-absence data.

Table 13.  Guideline for generating importance scores for fish on abundance data.

Plant rarity score

(No. of species)
Corresponding

Plant importance score
Fish rarity score

(based on hypothetical presence-absence)
Corresponding

FIsh importance score

1 – 3
10
0 – 15
10

4
20
16 – 25
20

5
30
26 – 35
30

6
45
35 – 38
40

7
60
39
50

8
70
40 – 44
60

9 – 10
80
45 – 46
75

11 – 14
90
47 – 64
90

> 14
100
> 64
100

The results of the four biotic indices can either be weighted and summed in a combined index or subjectively assessed to create an overall ranking.  The main purpose of subjective ranking, is that if one aspect comes out important, it may be dampened by low corresponding values, and the dampened effect in the final index will not alert the expert to the reason for a site's importance.  In the case of this study, there is a high number of estuaries to deal with.  One could create a composite index and then forget those with very low scores and then subjectively re-rank the higher-ranking sites.  Or one could create a ranking system which is explicitly based on an if-then structure or a set of overriding rules which pick up flagged values, to eliminate the dangers of a composite index. 

It is proposed that biodiversity importance score is calculated using a maximum function, or weighted maximum, rather than a just weighted mean,  so that it  scores highly in terms of biodiversity if it is important for any group. Thus, in order to weight the maximum importance rating for any single group, the estuary's biodiversity score is calculated using both the maximum score and the mean score of the four groups, as follows:

Biodiversity Importance Score = (Mean score + Max score ) / 2

where Mean score is a weighted mean of the four groups.  It is proposed that the score for each group carries an equal weighting (table 14).  This means that the weight of an individual species is inversely related to the number of species in the same taxonomic group.  In summary: 

Table 14.  Construction of the Biodiversity Importance Score

PARAMETER
e.g.
Weight

Plant importance score
20
25

Invertebrate importance score
60
25

Fish importance score
100
25

Bird importance score


80
25

Mean score
65
50

Max score
100
50

Biodiversity Importance Score
82.5


Biogeographic considerations

South African estuaries are grouped into three broad geographical regions: cool temperate, warm temperate and subtropical.  Cool temperate systems extend from north of Walvis Bay in Namibia to Cape Point; warm temperate from Cape Point to about Mbashe and subtropical estuaries north of Mbashe (Whitfield 1994).  Faunal composition therefore changes around the coast, with the highest number of species associated with warm temperate and subtropical systems, and highest productivity associated with the west coast.  A species richness dominated index would thus result in a general increase in importance from west to east.  Taking abundance into account will temper this trend to some extent.  Nevertheless, biogeographic zonation is an important aspect to take into account when prioritising sites for conservation in order to maximise representativeness, and hence should also play a role in determining the estuarine reserve. 

It is proposed that the most efficient way to ensure that a representative system of estuaries is assigned to a high Ecological Management Class, is to use complementarity analysis.  This would determine the core set of estuaries required for a conservation network to adequately represent estuarine biodiversity in South Africa (Turpie 1995, 1999 in press).  Such a core system could be seen as the highest priority, despite the fact that certain sites would have lower importance scores than estuaries in the top ten or twenty.   The core estuaries would then be categorised as having  ‘desired protected area status’ and should be included alongside current protected area status as a modifying determinant.
It is strongly recommended that a complementarily analysis is carried out as part of the second phase of this study, in order to provide the necessary information.

E4.3.5
Link with freshwater and marine environment
Estuaries provide several ecological services to their surrounding environments, particularly the marine environment.  These have been identified as follows:

Table 15.  Compilation of the Functional Importance Score 

Criteria for consideration
Guidelines for Importance score

a. Input of detritus and nutrients to the coastal zone
0 none

20 little

40 some

60 important

80 very important

100 extremely important

b. Nursery function for marine-living fish and crustaceans


c. Movement corridor for river invertebrates that breed in the marine environment (e.g. river crab Varuna littoralis)


d. Stop-over function for migratory birds


e. Roosting area for marine or coastal birds


Overall functional importance score
Max (a to e)

E4.4
Construction of the estuary importance index
Again, construction of this index must be simple.  All scores are presented on a scale of 0 (totally unimportant) to 100 (critically important).  Thus overall Estuary Importance can be calculated as follows:

Table 16.  Construction of the estuarine Importance Index

Criterion
Score (e.g.)
Weight

Size
50
15

Zonal Type Rarity
50
10

Habitat Diversity
70
25

Biodiversity Importance
88
25

Functional Importance
60
25

ESTUARY IMPORTANCE SCORE = Weighted Mean
70


Note: all weightings presented are still to be subjected to further discussion.

E4.5
Rules for allocation of EMC
The above methodology would be based on specialist assessment of the best attainable state.  The EMC will be allocated on the basis of the importance score, using the PES, or present health status, as a starting point.  The rules for allocation need to be calibrated.  That is, it depends on the desired relative frequency of A class, vs B class, etc, estuaries in the country.  Thus we would have to look at a preliminary distribution of scores, in order to set the EMC allocation rules which would result in the desired distribution of management classes. The EMC management classed refer to the same classes of health status as outlined in Table 17.

PES (= health status) sets the minimum EMC (= desired future health status).  The degree to which EMC is higher than PES depends on level of importance, level of protection or desired protection, and the best attainable state (BAS), as follows: (Table 15).

Table 17.  Proposed preliminary EMC Allocation Rules for Rapid  and Intermediate determination.

Current/Desired Protection Status

and Estuary Importance
Recommended EMC

Protected area
BAS

Desired Protected Area (based on complementarity)
BAS

Est Imp = 80 – 100
PES + 2, min B, or BAS

Est Imp = 60 – 80
PES + 1, min C, or BAS – 1

Est Imp = 40 – 60
PES, min D

Est Imp = 20 – 40
PES, min D

Est Imp = 0 – 20
PES, min D
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� Editor’s note:  This discussion paper serves as input to the development of procedures for determining the ecological management class of an estuary.
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