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Abstract

The future health and productivity of South Africa’s approximately 250 estuariesis dependent on two main factors: management
and freshwater inputs. Both management and water all ocation decisionsinvol vetrade-offsbetween conservation and varioustypes
of utilisation. In order to facilitate decision-making in both of these spheres, it is necessary to understand the rel ative conservation
importance of different estuaries. Thisstudy devisesamethod for prioritising South African estuaries on the basis of conservation
importance, and presents the results of aranking based on the collation of existing datafor al South African estuaries. Estuaries
are scored in terms of their size, type and biogeographical zone, habitats and biota (plants, invertebrates, fish and birds). Thirty-
three estuaries are currently under formal protection, but they are not representative of all estuarine biodiversity. We performed
a complementarity analysis, incorporating data on abundance where available, to determine the minimum set of estuaries that
includes all known species of plants, invertebrates, fishes and birds. In total, 32 estuaries were identified as ‘ required protected
areas, including 10 which are already protected. An estuary’simportance status (including ‘ required protected area’ status) will
influence the choice of management class and hence freshwater allocation under the country’s new Water Act, and can be used to

assist the devel opment of a new management strategy for estuaries, which is currently underway.

Introduction

There are approximately 250 functional estuariesin South Africa
(Whitfield, 2000), together making up about 70 000 haof oneof the
country’ smost productive habitats. Estuaries are well-known for
their biodiversity, productivefishandinvertebratefisheriesandfor
the important functions that they perform, such as providing
nursery areas for marine fish, conduits for species which move
between ocean and rivers (e.g. some eels and invertebrates) and
feeding and staging sites for significant populations of migratory
birds(Skelton, 1993; Turpie 1995). They also support anumber of
endemic species, many of which depend on estuaries for their
survival. However, estuaries constitute one of the most threatened
habitats in the country. In the past few decades there has been a
plethora of marina and resort developments, reclamation and
increasing human disturbance and exploitation. In many cases,
freshwater inflows, vital to the maintenance of salinity profiles,
sediment scouring and nutrient supply, have been siphoned off or
polluted. Asaresult of all of these pressures, many South African
estuarieshavebecomefunctionally degraded, andthishasfrequently
been accompanied by alossof species(e.g. GoliathHeronfromthe
Swartkops, Estuarine PipefishfromtheKariega—Whitfield, 1998)
or areduction in populations (Love, 2000; Wooldridge, 1999).
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The future health of South Africa’ s estuaries is dependent on
two main factors: their direct management and the quantity and
quality of freshwater inputs. Very little consideration has been
given to either in the past, but both of these aspects are currently
under review in South Africa. Their management has now been
entrusted to Marine & Coastal Management, Department of
Environment Affairs & Tourism by the Marine Living Resources
Act (Act 18 of 1998), and their water alocation is now being
considered under the new National Water Act (Act 36 of 1998).
Through theresource-directed measures (RDM) process, thelatter
will ensureafreshwater supply or ‘ reserve’ for estuariestomaintain
their ecological functioning, but thelevel of the reserve may vary,
depending on socio-economic goals, to maintain estuaries in
anything from a near-pristine state to a satisfactorily-functioning,
but altered state (Adams et al., 1999).

Relativeconservationimportanceisanimportant consideration
in the decision-making processes regarding the management of or
freshwater allocation to estuaries. Because of the demands for
consumptive and non-consumptive use of estuaries, and for water
from their catchments, it isnot practical to ensurethe high-quality
functioning of all South African estuaries. Thusit is essential to
formulate a sound way of prioritising estuaries in terms of their
conservation importance, and to use this in determining the ways
in which estuaries are managed and to what extent their water
requirements are secured. The quantity and quality of water
alocated to the estuarine reserve will be determined by the
management class assigned to an estuary. Management class, in
turn, will be assigned on the basis of an estuary’s health and

ISSN 0378-4738 = Water SA Vol. 28 No. 2 April 2002 191



importance as well as other socio-economic considerations, the
methodology for which is under development.
The aims of this study were to:

» develop amethod to determine the conservation importance of
estuaries;

» prioritise South African estuaries on the basis of existing
information; and

» propose an efficient network of estuarine protected aress.

Onthebasisof theabove, recommendationsaremaderegardingthe
use of these findingsin:

* determining an estuary’ s management class, and hence water
reserve; and
» developing aworkable system of estuary management.

Methods
Prioritisation of estuaries

The study began with a review of existing methods to prioritise
estuaries on the basis of different criteria.  Following this, we
selected criteria and devised weightings and an overall index
during two workshops attended by a sel ection of the country’ stop
estuarinespecialists. Dataontherelevant biophysical attributes of
South African estuaries were obtained from published and
unpublished datasets. Estuarieswere prioritised onthebasisof the
developed index, the methodol ogy for which is described in detail
below.

Identification of a minimum required set of estuarine
protected areas (EPAS)

Using existing data, present EPAs (estuaries which are fully or
partly protected as national parks, nature reserves etc.) were
analysed in terms of their representativeness of the country’s
estuarine biodiversity. Following this, complementarity analysis
was carried out to determine the minimum set of estuaries that
would represent all estuarine species (in estuaries supporting
viable populations), asfar as could be determined.

A complementarity analysisisaniterative selectiontechnique,
which identifies how the greatest diversity of species can be
conserved at the minimum number of sites (Pressey et al., 1993).
Suchanalysescanvary intermsof approach and typeof algorithms
used. Inthisstudy ararity algorithmwas used, which givespriority
to sites containing the highest number of rare species. Each siteis
assigned ararity value:

. N k
Rarity= ) —
=2
where:
k isthe total number of estuaries, and
a isthe number of estuaries containing the ith species.

The analysis begins by identifying the site with the highest rarity
value. Thissiteisthen consideredreserved, andall speciesoccurring
at thissiteareremoved fromtheanalysis. Subsequent stepsrepesat
this procedure until all species are included in the reserved sites.
Thus, each consecutively sel ected site conserves speciesthat have
not been conserved in any of the previous sites.

Using a simple presence-absence database, complementarity
analysis selects the minimum set of sitesin which each speciesis
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included at least once. This algorithm can be altered to represent
each species in more than one estuary, if required. There is,
however, a danger in this approach, in that a species may be
designatedas’ conserved’ at asitewhereitisinsufficiently abundant
to ensure its long-term survival. In order to circumvent this
probleminthesimplest mathematical way, abundance can betaken
into account, whilst still using a presence-absence agorithm.
Where data on abundance were available, species were only
counted as present at the sites where they are most abundant (e.g.
the top five sites), or where at least 10% of the total coastal
population occurs.

For the complementarity analyses, the plant, invertebrate, fish
and hird datasets were refined to include only estuarine species
(e.g. excluding intrusive marine and freshwater species that are
only occasionally recorded in estuaries or at estuary mouths). For
fish and birds, abundance data were used to refine the presence-
absence datasets to the top five estuaries for each species.

Prioritising estuaries: A review of issues and methods

From aconservation standpoint thenotion of importance of anarea
is usually based on two main concepts:

e rarity, pertaining to rare physical types, rare habitats or rare
species, where rarity implies scarcity, and means limited
abundance or geographical range; and

e quantity (= abundance), pertaining to size, habitat area and
diversity, species diversity, population size, and productivity.

A third component which should be considered is ecosystem
function (e.g. nursery areas for marine fish), athough this is
usually very difficult to quantify in practice.

It may beargued that theimportance of an estuary isinfluenced
by its health status. Thus the question arises as to whether health
status should be taken into consideration. Indeed, an estuary may
even bemoreimportant initsaltered statethan in its pristine state.
An example of this is the Mhlatuze system, where a change in
hydrology and morphology hasallowed col onisation of largeareas
by mangroves, withtheresult that thisestuary now containsamajor
proportion of the country’ s mangroves. However, amore holistic
look at the estuary would establish that the hydrological and
morphological changeshaveal soledtoanequally or moreimportant
lossin ecosystem function, inthat important | acustrinecomponents
of the previous Richards Bay have been lost. However, since the
practical implications of determining the extent of deviation of an
estuary from its pristine state are immense, and because altered
states usually cause adeclinein conservation status which should
be reflected in a comprehensive index, we confined this study to
determining the priority status of estuariesin their current state.

Although several indiceshavebeendevel oped, few countrywide
assessments have been completed of the priority status of different
estuariesin South Africa. Turpie (1995) used existing count data
to explore methods and criteriafor determining the importance of
different estuaries for birds. Detailed summer counts of non-
passerine waterbirds (species wholly or partially dependent on
aquatic habitats) exist for most of South Africa sestuaries, withthe
exception of the Transkei region. Many of these datacamefrom 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 and Cooper, 1985,
Ryan et al., 1988, Underhill and Cooper, 1984, Ryan et a., 1986).
Onthe basis of these counts, there are estimates of thetotal coastal
population of each species. Estuaries were ranked according to
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TABLE 1
Criteria used to evaluate importance of estuaries for fish in the FIR (Maree et al., 2000)

Measures of species importance Measures of estuarine importance

Number of | Number of Number of Type Size Condition Isolation

exploitable | estuarine- endemic

species dependent species Estuarine bay > large > Excellent> | Isolated >

species Permanently open > > Good > >

Estuarine lake > small Fair > >
Temporarily closed > Poor Grouped
River mouth

species richness, species diversity (Shannon Index), rarity and
conservation status. Theseindicestested theeffect of using limited
(presence-absence) aswell asabundancedata. With theexception
of the Shannon index, which was not considered to be auseful tool
for evaluating conservation importance, the resulting rankings
were significantly correlated (Turpie 1995). A key point madein
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 multicriteriaindex, but this may not
be practical when evaluating alarge number of sitesonthe basisof
several attributes or biota.

A fishimportancerating (FIR) for South African estuarieswas
recently devisedby Mareeet dl ., (2000). Thisindex wasconstructed
from sevenweighted measuresof speciesand estuarineimportance
(Tablel), andwasdesigned towork onapresence-absencedataset,
wherespecieswereonly consideredto bepresent if they constituted
more than 1% of any total catch by number. The FIR assumes a
potential distribution for species by assuming that each estuarine
species occurs in all estuaries within its distribution range, and
henceproducesaranking for all South African estuaries. Estuarine
measures are included within the FIR (Table 1) because these
variables are assumed to influence abundance, and can be used as
asurrogate for quantitative data. Thus, the measures of estuarine
condition are scored on categories of decreasing value (Table 1)
according to how they might positively or negatively affect the
importance of the fish community. The estuarine importance
component of the FIR should therefore be seen as an essential part
of the FIR, and should not be regarded as an independent estuarine
importancerating that may beremoved fromthespeciesimportance
component.

Obtaining quantitative datafor fishis particularly difficult, as
different sampling methods tend to be biased towards different
groupsor life-history stages. However, Harrison et al. (2000) have
recently carried out limited, but uniform, samplinginmost estuaries,
providing the opportunity for aquantitative analysisin this study.

The botanical importance rating (BIR) index, developed by
Coetzee et a. (1997), assigned values to estuaries on the basis of
percentage area cover of different plant habitats, their condition
(degree of impact), functional importance and plant community
richness. Thisindex was constructed as follows:

BIR = 1(A_,.XMF)+175(A  xMF)+2(A_, xMF)
+15(A X MF)
where:
Apa P Ao aNd A, are the area cover of supratidal

saltmarsh (e.g. Sarcocorniapillansii), intertidal saltmarsh (e.g.
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Triglochinspp.), submerged macrophytes(e.g. Zostera, Ruppia)
and reed and sedge communities;

MFisamultiplicationfactor 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 therichnessof the
community they support.

Theareacover wasoriginally ascorebased on percentage cover of
theestuary. Thusa5 haestuary and a500 haestuary, each having
the same % cover distribution of macrophytes received the same
score. This meant that the index measured health (e.g. Colloty et
a., 1998), inasmuch as high scores represented a healthy and
diverse plant community, irrespective of size. Theindex wasfirst
applied to 33 estuaries in the Cape, and the results were found to
accord with the perceived botanical condition of those estuaries.
The score has since been changed to use actual area, and no longer
includes a measure of condition, making it more of a measure of
importance. It now also includes other aspects usually associated
withimportance, namely speci esrichness, community typerichness
and community typerarity (Colloty etal ., 2000). A largeproportion
of South African estuaries has now been surveyed for plants, and
adatabase exists which includes the components and scores of the
index, in addition to species lists.

In the only attempt at constructing an importance rating of
South African estuariesbased on multipl eattri butes, the Consortium
for Estuarine Research and Management (CERM, 1996) devised
anindex whichincorporated ararity, biological and physical value
score(Table2). Theindex included many critical elements, but its
main drawback for application in the context of thisstudy isthat it
combines measures of health and importance. The rarity criteria
include three measures of importance and one of health. Most of
thebiological criteriaare measures of importance, except the fish
index, which includes a health score based on difference from the
reference community. All the physical criteria are measures of
health that assess the difference between present and reference
state (the reference state refers to conditions that are assumed to
haveexisted prior to anthropogenicimpactsandislargely based on
freshwater supply patterns). Nevertheless, the method was not
implemented dueto alack of biotic datafor estuaries, particularly
thoseintheformer Transkei and Ciskei (CERM, 1996). Sincethen
both fish and botanical surveyshavetaken placeintheseareasand
theopportunity now arisesto devel opfurther anoverall importance
rating system for South African estuaries.
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TABLE 2
Criteria and score construction of CERM'’s (1996) proposed importance
rating system
Rarity Biological Physical

Criterion Score Criterion Score Criterion Score

Estuarine type 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
TABLE 3
Possible variables for inclusion in an estuarine importance index.

Variable categories are rarity (R), abundance (A) and ecological function (F)

Variable Type Selected in
this study

1. Estuary size A v
2. Rarity of the estuarine type in relation to geographic area R v
3. Habitat diversity A F v
4. Biodiversity importance in terms of plants, invertebrates, fish and birds. R, AF v
5. Proximity of other estuaries R, F x
6. Ecological servicesto neighbouring environments F v
7. The sensitivity and resilience of the system to environmental change. - x
8. Naturalness - x
9. Conservation status, e.g. protected area, Ramsar or natural heritage site. - x
10. Marine, estuarine and freshwater linkages F x

Methodology for determining estuarine
conservation importance

Identification of attributes for inclusion in the index

Ecological importance is an expression of the importance of a
particular 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 an estuary arelisted in Table 3. Thesevariablescan
each be categorised as measures of rarity, abundance or ecological
function.

Thesevariableswerediscussedinaworkshop setting, regarding
their suitability for inclusioninanestuarineimportanceindex. Size
was initially rejected becauseit is adriving variable for diversity
and abundance of biota, and isthuslikely to be highly correlated
withthese. However, it isincluded because of the general paucity
of information ontheabundanceof certainbiota. It wasagreedthat
sensitivity of an estuary does not confer importance, although it
doesbecomeanimportant issuein setting freshwater requirements
and in management. Similarly, naturalness was not considered as
an appropriate indicator of importance, as it has more of an
estuarine health connotation. Proximity of other estuaries is
partially covered by therarity variable. Conservation status does
not confer importance per se; it is, however, an important
considerationin determining themanagement classof estuaries, as
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wewill arguelaterinthispaper. Treatment of thesel ected variables
is discussed below.

Attribute scoring systems and data availability

Size

Estuary sizeisdefined asthetotal area(ha) withinthegeographical
boundaries described in the RDM methodology (Adams et a.,
1999). Areadatafor 89% of estuarieswascompiled primarily from
Caolloty (2000), using supplementary information from Cowan and
VanRiet(1998) and CERM (1996). Thereareseveral discrepancies
between these sources, due to different definitions of estuarine
boundaries, with the primary source tending towards higher
estimates of area because of itsinclusion of the floodplain area.

Link with freshwater and marine environments
Estuaries provide several ecological servicesto their surrounding
environments, particularly themarineenvironment. Theseinclude:

*  Export of detritus, nutrients and sediment to the coastal zone

¢ Nursery functionfor variousmarine-livingfish and crustaceans

¢ Nursery function for freshwater organisms (e.g. river prawns
such as Macrobrachium spp.)

e Movement corridor for migratory invertebrates(e.g. river crab
Varuna littoralis) and fishes (e.g. anguillid eels)

* Roosting areas for marine or coastal birds.
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TABLE 4
Whitfield’s (1992) physical classification of estuaries

Type Tidal prism Mixing process Average salinity *
Estuarine bay Large (>10x 10° m®) Tidal 20-35
Permanently open Moderate (1-10 x 10° md) Tidal/riverine 10->35
River mouth Small (<1 x 10° md) Riverine <10
Estuarine lake Negligible (<0.1 x 10° m?) Wind 1->35
Temporarily closed Absent Wind 1->35

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

Number of estuaries of each physical type in each biogeographical

TABLES

zone, and their ZTR scores

Cool temperate | Warm temperate Subtropical
Number | Score | Number| Score | Number| Score
Estuarine bay 0 - 1 100 3 33
Permanently open 2 50 29 3 16 6
River mouth 2 50 6 17 4 25
Estuarine lake 0 - 4 25 4 25
Temporarily closed 5 20 85 1 94 1

We proposed the calculation of a functional index score which
ranges from zero (of no importance) to 100 (extremely important)
for each. However, thereisno collated information at thisstageon
functional importance of estuaries, and it was not possible to
include this attribute in this study.

Rarity of estuary type with reference to geographic
position

South African estuaries have been classified into five types (Table
4, Whitfield, 1992). There are only four estuarine bays and eight
estuarinelakesinthecountry, thereforethese systemsareimportant
in terms of rarity. If biogeographical zonation is aso taken into
consideration, then the classification of an estuary in conjunction
with the biogeographical zone determines how “rare” or “ unique”
the estuary isfor the zone under consideration. For examplethere
areonly two permanently open estuaries (Olifantsand Berg) inthe
cool temperate west coast zone and therefore these systems are of
national importance (Table5). The Palmiet Estuary in the south-
western Capeisthe only system along that stretch of coastline that
remains open for any length of time, and is thus very important in
thisregionfor fishandinvertebraterecruitment. Thus, azonal type
rarity score was devised, as follows:

ZTR=100 x UN,,
where:
N, is the number of estuaries of type t within the same

biogeographical zone z.

Thisyields scores in the range of 1 to 100 (Table 5).
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Habitat diversity
An estuary can be considered more important if it has a high
diversity of habitat types, or onthebasi sof habitat representativeness,
intermsof the sizeand rarity of those habitat typesthat it contains.
Estuarine habitatsinclude physical (unvegetated) habitats such as
channel area, sandflats, mudflats, and rock, and plant communities,
such assalt marsh, mangroves, submerged macrophytes, reedsand
sedges. Habitat information is available for 92% of the country’s
estuaries (Colloty, 2000).

A habitat rarity score was designed to take into consideration
the number of habitats in an estuary, and the extent to which rare
habitats occur within the estuary, as follows:

HR=1000xY' &
i=1
where:
a isareaof theith habitat in the estuary and
A isthetotal areaof that habitat in the country (Table 6).

The multiplication factor is necessary because without it the score
yields very small values, such that the sum of all scores for al
estuariesis egual to the number of habitats considered. The plant
community type areas have been measured for alarge proportion
of South African estuaries (Table 6).
Itshouldbeborneinmindthat several of thesehabitat categories
undergo dynamic changes in area over the medium to long term
(e.g. Cooper, 1991, Colloty etal ., 2000). Natural changesin habitat
areas are amajor consideration in assessing estuarine importance
with respect to habitats. Any snapshot measurement only records
habitats at one particular part of an estuary’ scycle. Thussnapshot
mesasures of potentially highly unstable elements, such as Zostera
capensiscover, donotreflecttherangeor averagelevel of availability
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TABLE 6
Estuarine habitats and total areas for incorporation in the habitat rarity score,
based on cover data for 92% of the country’s estuaries (Colloty, 2000)
Category Habitat Area (ha) National area
(e.g. Mngazana) (ha)
Physical Channel area (MSL) (= phytoplankton habitat) 45.6 47539
Intertidal sandflats and mudflats (benthic microalgae) 5.6 4234
Intertidal rock (macroalgae) 0 227
Plant Supratidal saltmarsh 7.4 5093
Intertidal saltmarsh 1.25 2720
Mangroves 145 1575
Submerged macrophytes 0.8 1141
Swamp forest 7.8 273
Reeds and sedges 114 7187
TOTAL ESTUARY AREA 224.85 69 805

of that habitat. Ideally, this should be dealt with by using the
estimated mean level of abundance over the full range of existing
conditions.

Biodiversity importance

The four main biotic groups - plants, invertebrates, fish and birds,
wereselected for inclusioninabiodiversity importancescore. The
scoring for each group should ideally incorporate the following
elements:

* gpeciesrichness,
e speciesrarity or endemism; and
» abundance (numbers, area or biomass).

Here it is argued that a species rarity score would suffice as a
measureof biodiversity importancefor eachgroup, asitincorporates
al of these aspects.

South African estuariesfall withinthreebroad biogeographical
zones. The cool temperate zone extends from north of Walvis Bay
in Namibia to Cape Point; the warm temperate zone from Cape
Point to about M bashe and the subtropical zoneextendsnorthfrom
Mbashe (Whitfield, 1998). 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 thewest coast (Whitfield and Marais,
1999; De Villiers et a., 1999; Turpie et a., 2000). A species
richness-dominated index would thusresultinageneral increasein
importancefrom west to east. Taking abundanceinto account will
temper this trend to some extent. Nevertheless, biogeographic
zonationisanimportant aspect to takeinto account when selecting
protected areas, as discussed in the following sections.

Thus, wherepossibl e, thebiodiversity importanceindex should
use abundance data, but it is recognised that in some cases (e.g.
invertebrates), estimatesof overal | abundance, or presence-absence
datawill havetosuffice. Speciesrarity isusually describedinterms
of red data status, rarity in terms of occurrence at all sites, or
endemism (important by virtue of the fact that they haverestricted
ranges and occur mainly or entirely in South Africa). The species
rarity index, which is asimple addition of a score for each species
in the system, tending to give weight to the speciesthat fall in any
of these categories, is constructed as follows:
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n
SRI =100x)' T,
i=1
where:
r. isthe rarity score of the ith species.

The multiplier is smaller than for the habitat index because the
larger number of species makesthe index valueslarger. The way
inwhich the rarity score for each species can be calculated differs
dependingonthelevel of dataavailable, asfollows. Withabundance
data:

L= qi/ Qi’
where:

g = number (or area) in estuary; and

Q= total number (or area) in all South African estuaries.
With species presence-absence data only:

rr. = UN.
where:

N, = thenumber of estuariesin which the species occursin

South Africa

If possible, presence-absencedatashoul d berefined toonly include
species as present where they are known or thought to bein viable
population numbers. Scores calculated using abundance are far
more sensitive than scores based on presence-absence, and will
tend to produce lower speciesweights. Anestuary will scoremore
highly if there are more species, and more highly if there are many
rare species.

There are no abundance datafor plant species per se, but plant
specieslistshavebeen compiled for 92% of South African estuaries
(Coalloty, 2000). A dataset of 264 estuarine invertebrate species
was compiled based on distribution data (Awad et a., 2000;
Emanuel et a., 1992; Day, 1967a;b; Branch et a., 1994) and
estuary type (Whitfield, 2000). All estuarieswithin therange of a
specieswereassumed to contai n these species, except thosemarine
species which tend to occur at the mouths of permanently open
estuarieswerenot considered presentintemporarily closed estuaries.
This dataset thus overestimates the presence of species, as it
assumes the maximum possible diversity within each estuary,
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TABLE 7

Calculation of the biodiversity importance score
Parameter e.g. Nahoon Weight
Plant importance score 90 25
Invertebrate importance score 60 25
Fish importance score 80 25
Bird importance score 70 25
Mean score 75 50
Max score 90 50
Biodiversity importance score 825

without accounting for the fact that the actual species present will
depend on estuary size, type and habitat availability. Infuture, the
dataset will be refined as more estuaries are surveyed.

Two datasets are available for estuarine fish. The first was
compiled by Maree et al. (2000), and comprises both hypothetical
presence-absencedatabased onknowndistributionsand apresence-
absence database based on actual records of speciesin estuaries.
The second, compiled by Harrison et al. (2000), containsempirical
abundance and biomassdataobtained in asingle sampling effort of
most of the country’s estuaries. The latter are thus generally
comparable from estuary to estuary. For analysis, abundance data
were used to create a presence-absence dataset with species being
considered present at the top five sites or where their numbers
exceeded 10% of the total estuary sample.

Similarly, empirical species records and abundance data for
birds are available for a large number (178) of South African
estuaries, and having been ascertained in asingle sampling effort,
arecomparablefrom estuary to estuary. Bird abundance datawere
used to refine the presence-absence dataset to species being
considered present at the top five sites or where their numbers
exceeded 10% of the total coastal population (Turpie, 1995).

Oncealignedtoacommon scoring base (seebel ow), theresults
of the four biotic indices can either be weighted and summed in a
combined index or subjectively assessed to create an overall
ranking. Subjective ranking could be justified, in that it would
avoid the dampening effect that may result if an estuary were
important according to one attribute, but had low corresponding
valuesfor other attributes. A resulting low overall rank, may not
alert the expert to the fact that the estuary is important for one
particular reason. However, in this study there are too many
estuaries to make a subjective ranking viable. One could create a
composite index, eliminate those sites with very low scores and
then subjectively re-rank the higher-ranking sites. Alternatively,
the method of aggregation could take into account the maximum
attribute value aswell asthe weighted average values. Therefore,
an estuary will score relatively highly if it were important for one
taxonomic group aswell asif it wereimportant for all groups. The
overall scoreisthusobtained by using themaximum scoreobtained
inthefour groups, aswell astheweighted averagescore, asfollows:

Biodiversity importance score = (mean score + max score)/2
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where the mean score is aweighted mean of the four groups, and
the maximum is the maximum of the four groups (Table 7).

Using this scheme in the example of Table 7, the estuary
obtains an overall score of 82.5 rather than the 65 obtained with a
simple weighted average. It is proposed that the score for each
group carriesan equal weighting. Thismeansthat theweight of an
individual speciesisinversely related to the number of speciesin
the same taxonomic group.

Development of a common scoring base

The calculation of these scores from existing datayields avariety
of ranges of scores for each attribute. These scores need to be
adjusted to acommon scoring base before their incorporation into
anoveral index. A common method of dealing with thisproblem
istonormalisethescoresonascaleof 0to 100, wherethemaximum
and minimum scores are converted to 100 and O, respectively, and
intermediary scores are scaled accordingly. Applying thissystem
resultedinstrongly skewed di stributionsof scores, but with skewness
differing from one attribute to the next. This means that a site
scoring 50 for an attribute may rank very differently from a site
scoring 50 for another attribute. Thus, in order to ‘smooth’ these
distributions, we settled on asystem of percentiles. For eachindex
described above, the estuaries falling within each 10% percentile
were given ascore of 100, 90, 80, and so on (Table 8). Because of
theskewnessof scores, thismeansthat thereisoften aconsiderable
range of scoreswithin apercentile category (especialy inthe case
of estuary size).

Construction of the estuary importance index

Weights need to be assigned to each attributein the construction of
anoverdlindextoreflecttheir relativeimpact onoverall importance.
These weights effectively stretch or shrink the scales of each
attribute score. Weightsweregivento theattributesin aworkshop
setting. Specialistsfirst ranked different estuaries which differed
from each other only by attribute score, in order to bring to their
attention the range of impact of achangein level of each different
attribute. Following this, relative weights were agreed on for the
different attributes, with and without considering functional
importance as an attribute (Table 9).

The weightings originally devised were for use in the RDM
process, but were adjusted for use with the preliminary data
available for this analysis. Estuary size was given a relatively
greater weighting to be used as a proxy for the lack of biological
dataand functional importance datafor many estuaries, andfor the
lack of abundance or biomass data in most cases, even where
species richness is known. Secondly, within the biodiversity
importanceindex, thefour biotic groupswerenot wei ghed equally,
but invertebrates were down-weighted to 10%, with the other
groups each weighted as 30%. The invertebrate data were very
coarse, having amuch smaller range of scores than would be the
case with empirical data, and potentially overestimating the
invertebrate score in many estuaries. In the analysis, where
biodiversity dataweremissing for oneor moretaxa, thebiodiversity
importance score was taken as a mean of the existing scores,
excluding missing scores. However, where size or habitat data
were missing atogether, specialist opinion was used to assign a
score.
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Construction of the estuary importance index, and the adjusted weighting system
used when Functional Importance was excluded from the analysis

TABLE 8
Adjusted importance scores from scores calculated for the different components of the estuary
importance index, giving type of data that each score is based on
Adjusted Size ZTR Habitat Plant Invertebrate Fish Bird
importance rarity rarity rarity rarity rarity
score score score score score
[Area (ha)] [Area (ha)] [Presence- [Distributional [Abundance] [Abundance]
absence] | presence/absence]
10 0-15 1 0.0-03 0-05 0-93 0-25 0-0.05
20 16-4 3 0.31-0.9 06-35 93.1-95 26-55 0.06 -0.25
30 41-85 6 091-15 36-7 95.1-97.9 56-9 0.26-0.75
40 8.6-125 - 151-25 71-11 98 -100 9.1-125 0.76 —1.50
50 12.6-175 17 251-50 11.1-17 100.1 —102* 126-175 151-275
60 17.6-30 20 51-10 17.1-25 17.6-225 2.76 -5.00
70 30.1-50 25 10.1-15 251-35 102.1-110 22.6-37 5.01-10
80 50.1- 100 33 15.1-25 35.1-50 110.1-120 37.1-615 10.1-20
90 100.1 - 200 50 25.1-50 50-100 120.1-125 61.6—-90 20.1-60
100 > 200 100 > 50 >100 >125 >90 > 60
* scores 55
TABLE 9

Criterion Weights Weights
excluding last attribute

Size 15 40

Zonal typerarity 10 10

Habitat diversity 25 25

Biodiversity importance 25 25

Functional importance 25

ESTUARY IMPORTANCE SCORE = Weighted Mean

Results: Conservation importance and estuaries
requiring protected area status

Estuary ranking in terms of conservation importance

The top 50 estuaries from the prioritisation exercise are shown in
Table 10. The full results, with estuaries presented from west to
east, are givenin Appendix 1. Most of the estuaries near the top
of the list are large systems, as to be expected. However, the
ordering of the top few estuaries was carried out by biologists
whoseperception of estuarineimportanceiscentred onbiodiversity
importance alone. These patterns are clearly influenced by zonal
type rarity, which brings estuaries such as Knysna to a higher
positionthan St. Lucia. Neverthel ess, thetop scoresdiffer by small
margins, and rankings within such close scores are somewhat
arbitrary. Changing the weightings of the component criteria
causes minor changes to these orderings, but no major changes.
It should be noted that among the top 50 estuaries, only eight
arefrom the stretch of coastline from Tyolomngato the Mkomazi,
whichcontainsmorethan half (about 136) of thecountry’ sestuaries.
This is probably largely due to the predominance of very small

198 1SSN 0378-4738 = Water SA Vol. 28 No. 2 April 2002

estuaries along this stretch, but may a so have been to some extent
an artefact of a relative lack of information on these estuaries,
especialy for birds. Many of these estuaries are in far better
condition than the estuaries featured in Table 10.

Estuary rankings obtained in this study differ from the results
of single-taxa analyses that have been carried out for plants, fish
and hirds (Table 11), due to combining all taxa as well as other
attributes. The most important concern is that the top-ranking
estuariesbased onthedifferent taxaareincluded inthetop-ranking
(i.e. scoring above 80) estuariesin theoverall analysis (thisstudy),
with the exception of Nxaxo, Matigulu, Nhlabane and Durban Bay
(Table 11).

There is, however, a notable difference between the results
based on the fish importance rating and the estuaries classified as
important for fish in this study: only 10 out of the top 25 estuaries
areshared (Mareeet a., 2000). Most of the parametersused inthe
FIR wereintended asaproxy for fish abundance data, while actual
abundance data were used in this study. The main difference
between the two indicesisthat the FIR a so reflectsimportancein
terms of exploitable species.
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TABLE 10
The top 50 South African estuaries ranked in terms of conservation importance (IMP).
Conservation importance is calculated on the basis of weighted size (S), habitat (H),
zonal type rarity (Z) and biodiversity (B) importance scores
Rank | Estuary S H z B IMP Rank | Estuary S H z B IMP
1 Knysna 100 | 100 | 100 | 990 | 998 | 26 | Richard'sBay | 100 50 80 | 85.0 | 818
2 Berg 100 | 100 90 | 940 | 975 | 27 | Kariega 90 80 20 | 94.0 | 815
3 Olifants 100 | 100 9 | 940 | 975 | 28 | Mbashe 90 90 30 | 80.0 | 815
4 Kosi 100 | 100 70| 995 | 969 | 29 | Mtata 90 90 30 | 79.0 | 813
5 St Lucia 100 | 100 70| 985 | 96.6 | 30 | Mkomazi 100 60 30 | 90.0 | 80.5
6 Swartvlei 100 | 100 70| 970 | 963 | 31 | Kowie 90 80 20 | 89.0 | 80.3
7 Orange 100 | 100 90 | 880 | 96.0 | 32 | Goukou 90 90 20 | 765 | 79.6
8 Bot/Kleinmond | 100 | 100 70 | 945 | 956 | 33 | Duiwenhoks 90 90 20 | 75.0 | 79.3
9 Klein 100 | 100 70 | 93.0| 953 | 34 | Uilkraas 90 90 10 | 775 | 789
10 | Mhlathuze 100 | 100 80| 820 | 935 | 35 | Matigulu/Nyoni| 90 70 30 | 89.0 | 788
11 | Swartkops 100 | 100 20 |100.0 | 920 | 36 | Mzimvubu 90 90 30 | 670 | 783
12 | Great Fish 100 | 100 20| 970 | 913 | 37 | Xora 90 80 30| 755 | 779
13 | Mfolozi 90 | 100 70 | 925 | 911 38 | Mgeni 80 90 10 | 885 | 776
14 | Gamtoos 100 | 100 20| 955 | 909 | 39 | Sundays 90 70 20 | 875 | 774
15 | Keiskamma 100 | 100 20| 935 | 904 | 40 | Nhlabane 100 50 70 | 70.0 | 77.0
16 | Keurbooms 100 90 20| 945 | 881 | 41 | Nxaxo/Ngqus 90 80 10 | 795 | 769
17 | Kromme 100 90 20| 875 | 86.4 | 42 | Kabeljous 90 80 10 | 750 | 75.8
18 | Breé 100 90 20| 85| 859 | 43 | Seekoei 90 80 10 | 740 | 755
19 | Mtati 100 | 100 10| 790 | 858 | 44 | Bushmans 90 60 20 | 895 | 754
20 | Mlaazi 90 90 30| 940 | 850 | 45 | Mtentu 80 80 30 | 81.0| 753
21 | Mgwalana 100 | 100 10| 75.0| 848 | 46 | Sand 90 70 10 | 815 | 74.9
22 | Mngazana 90 | 100 30| 820 | 845 | 47 | Mzamba 80 80 30| 795 | 749
23 | Mpekweni 90 | 100 10 | 865 | 836 | 48 | Bira 90 70 10 | 81.0 | 74.8
24 | Wilderness 90 70 70 | 895 | 829 | 49 | Groot Brak 90 80 10 | 705 | 746
25 | Heuningnes 90 90 20| 875 | 824 | 50 | Gourits 90 60 20 | 83.0| 738
TABLE 11

Comparison of results of importance status of estuaries with respect to overall importance
(EIR), botanical importance (BIR), fish importance (FIR) and birds (based on subjective
analysis of separate indices - Turpie 1995). Top ranking estuaries which are also within the
top ten according to the EIR are shown in bold, and the EIR status (A = score of 80 or more,
B =60 or more, etc.) is shown

Rank| EIR BIR EIR Status FIR EIR Status | Birds CSI EIR Status
(this study) (this study) (this study)
1 |Knysna St Lucia A St Lucia A St Lucia A
2 |Berg Mngazana A Kosi A Berg A
3 |Olifants Knysna A Richard’s Bay A Richard’'s Bay A
4 | Kos Swartkops A M hlathuze A Langebaan not incl.
5 |StLucia Berg A Mlaazi A Orange A
6 | Swartvle Olifants A Matigulu/Nyoni B Olifants A
7 | Orange Mbashe A Durban Bay C Rietvlei B
8 |Bot Nxaxo B Knysna A Verlorenvlei not incl.
9 |Klen Keiskamma A Nhlabane B Wilderness A
10 |Mbhlatuze Mlalazi A Mtakatye not incl. Bot A
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TABLE 12
Estuaries with protected area status, and the cumulative contribution they make to the representation
of estuarine biodiversity. Estuaries marked with a # are only partially protected.

# Estuary Additional Cumulative % # Estuary Additional Cumulative %
species species species species
conserved conserved conserved conserved

1 StlLucia 246 246 44.9 19 Mbhlatuze 0 496 90.5
2 Wilderness # 103 349 63.7 20 Siyaya 0 496 90.5
3  Knysna# 38 387 70.6 21 Mhlanga 0 496 90.5
4 Diep# 23 410 74.8 22 Mgobozeleni 0 496 90.5
5 Nyoni 19 429 78.3 23 Mtentu 0 496 90.5
6 Kos 18 447 81.6 24  Hluleka 0 496 90.5
7  Gamtoos# 12 459 83.8 25 Ngoma 0 496 90.5
8 Heuningnes 9 468 85.4 26 Quko 0 496 90.5
9 Swartvle # 7 475 86.7 27 Gqutywa 0 496 90.5
10 Mpenjati 5 480 87.6 28 Groot (00s) 0 496 90.5
11 Orange# 4 434 88.3 29 Elands 0 496 90.5
12 Msikaba 3 487 88.9 30 Groot (wes) 0 496 90.5
13 Mladazi 2 439 89.2 31 Goukamma# 0 496 90.5
14 Mgeni # 2 491 89.6 32  Seekod # 0 496 90.5
15 Keurbooms# 2 493 90.0 33 Mbizana# 0 496 90.5
16 Mendu 1 494 90.1

17 Sout (00s) 1 495 90.3

18 Mfolozi 1 496 90.5

TABLE 13

Desired protected areas: Minimum set of estuaries required in a protected area network to represent
100% of species in the analysis, based on complementarity analysis. Estuaries, or portions thereof,
which are already protected are marked with an asterisk.

# Estuary Additional Cumulative % # Estuary Additional Cumulative %
species species species species
conserved conserved conserved conserved

1 StLucia* 246 246 449 17 Bot 2 518 94.5
2 Beg 95 341 62.2 18 Bushmans 1 519 94.7
3 Kos* 17 358 65.3 19 Nhlabane 1 520 94.9
4  Swartkops 74 432 78.8 20 Rietvlei* 2 522 95.3
5 Nyoni* 16 448 818 21 Mtamvuna 3 525 95.8
6 Wildevoelvlei 11 459 83.8 22 Pamiet 4 529 96.5
7  Wilderness* 10 469 85.6 23 Mvoti 2 531 96.9
8 Manzimtoti 4 473 86.3 24  Great Kel 2 533 97.3
9 Gouritz 4 477 87.0 25 Mgeni* 2 535 97.6
10 Swartvlei 8 485 88.5 26 Mpenjati* 2 537 98.0
11 Heuningnes* 5 490 894 27 Mntafufu 2 539 984
12 Olifants 6 496 90.5 28 Mhlali 2 541 98.7
13 Knysna* 5 501 91.4 29 Mladazi* 2 543 99.1
14 Keiskamma 5 506 92.3 30 Kromme 2 545 99.5
15 Kariega 6 512 934 31 Goda 2 547 99.8
16 Lowvu 4 516 94.2 32 Mbashe 1 548 100.0
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TABLE 14
Proposed rules for allocation of ERC, where EIS = estuary
importance score, PES = present ecological state, given as a
health class A to F, and BAS = best attainable state

Current/future protection status

EIS=80-100 (Highly important)
EIS = 60 — 80 (Important)

and biodiversity conservation importance ERC
Protected area A or BAS
Requiring Protected Area Status A or BAS

EIS = 0-60 (Of low to average importance)

PES+ 1, min B, or BAS
PES+ 1, min C, or BAS
PES, min D

Existing estuarine protected areas (EPAS)

A total of 33 estuariesin South Africacurrently enjoy some degree
of protected area status, although 11 of these are only partly
protected (Whitfield ,1998; Table 12), and the status of some of
these EPAs is effected primarily in protection afforded to
surrounding areas and not to the estuary per se. The proclamation
of protected areasinthe past has, however, beenonanad hocbasis,
rather than as part of a strategic national plan. Just over 90% of
South Africa’s estuarine species are represented (using rules of
presence-absence described above) in these protected or semi-
protected estuaries. Infact, thisrepresentationisachieved with just
18 of the estuaries.

The ‘ideal set’ of EPAS

Ideally, South Africashould have areserve network of estuariesin
which all estuarine species are represented and conserved. Inthis
analysis, protected area priorities were determined with
representativeness as the primary goal. The conservation of the
top-scoring sites, aslisted in Table 10, does not generally resultin
an efficient solution, asanumber of speciesmay only be presentin
lower-scoring sites. Thetop 10 and top 20 siteslisted in Table 10
support only 84% and 89% of estuarine species, respectively.
Although one can achieverepresentation of themajority of species
by selecting the top sites in each biogeographical zone (Turpie,
1995), only the more sophisticated complementarity algorithms
will select a perfectly efficient solution, in which all species are
represented in the minimum set of sites (Turpie et a., 2000).

Theresultsof acomplementarity analysisshowed that, without
specifying any estuaries for inclusion at the outset, a set of 32
estuaries (11% of South African estuaries) isrequired to represent
100% of estuarine species (Table 13). It should also be noted that
only 12 estuariesarerequired to represent 90% of thisdiversity. Of
the estuaries making up this set, 10 already enjoy protected area
status.

If thecomplementarity analysisisrunstartingwiththeexisting
protected areas, then an additional 21 estuaries are required to
represent all estuarine biodiversity. Although the total number of
speciesare effectively represented in 39 of these, the total number
of estuarieswith protected areastatuswould amountto 54. Ineither
case the total representation of estuarine species will require the
proclamation of an additional 21 to 22 estuaries. Thus, the more
pragmatic optionisto strengthen the protected areastatus of the 10
protected areas included in the above list, and proclaim the 22
remaining estuaries in this list as estuarine protected areas. We
classify the set of estuariesin Table 13 as“requiring protected area
status’.
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Discussion

The results presented in this paper have been two years in the
making, and, following several iterations and discussion sessions,
arenow widely accepted by the estuarineresearch community. We
envisage these results as having two main applications: to aid in
decision-makingregarding thefreshwater requirementsof estuaries,
and to aid in the devel opment of asound management strategy for
the country’ sestuaries. Wediscusseach of theseissues separately
below.

Application to the RDM process for determining
freshwater requirements of estuaries

The RDM process involves assigning a fina management class
(MC) to an estuary on the basis of its ecological reserve category
(ERC) and other socio-economic criteria. The ERC isdetermined
onthebasis of the health and importance of an estuary. TheMCis
an expression of society’s desired future state of health of the
system, and determinesthe quantity and quality of water that needs
to be alocated to the estuarine reserve, a higher reserve being
associatedwithahealthier system. TheMC may behigher or lower
thanthepresent stateof health, depending ondemandsfor allocating
water to other uses, vs. demands for maintaining ecosystem goods
and services(e.g. recreation, fisheries, etc.). Thepotential manage-
ment class of an estuary ranges from A (near-pristine) to D
(functional, but altered), whereas an estuary’ s present health may
also be classed as E or F (totally degraded).

The ERC of an estuary will be allocated on the basis of its
importance score, using the present ecological status (PES), or
present health, as a starting point. We devised a system whereby
the ERC can be determined on the basis of health and importance,
so that a higher level of importance provides the motivation for
improvement or maintenance of ahigher level of health (Table 14).
PES sets the minimum ERC. The degree to which ERC is higher
than PES depends on level of importance, required level of
protection, and the best attainable state (Table 14).

Notethat estuaries classified asrequiring protected area status
are given special treatment in the setting of ERC (Table 14). We
propose that it transcends this level of decision-making to have a
strong influence in the final setting of the MC, even after taking
socio-economic considerations into account. In other words,
estuaries requiring protected area status should be guaranteed a
relatively high estuarinewater reservein spiteof other demandson
this water supply. Whereas this may not lead to a welfare-
maximising outcomefromalocal-level perspective, itisincumbent
onthecountry tomakeprovisionfor theconservationof biodiversity,
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TABLE 15
Intensity of management effort for different classes of estuary

Type of measure

Type of estuary

EPA A B c D E
No-go zones *k Kk * ko *x *% *
No-exploitation zones Kkkk | Kk *% *% *
Bag and size limits *kkk *kkk *kkk *kkk *kkk *kkk
Effort control Kkkk | kkx *xk *xk —_ *kk
Bordering no-devel opment zones *kk *x * * *

asasignatory to the biodiversity convention. Moreover, thereare
other ways of ensuring water supply to affected parties (e.g.
conservation measures to improve catchment run-off, economic
incentive measures to reduce demands), or by ensuring that these
communities benefit from having an estuarine protected area.

Application to management

Management of South African estuaries has been uncoordinated
andirregular inthepast. At present ahiatusinlegal protection has
effectively rendered estuaries ‘free-for-all’ areas, following a
change-over fromprovincial legidationtothenational level Marine
Living Resources Act (Act 18 of 1998), which is still undergoing
refinement. Nevertheless, with this recent transfer of estuary
management responsibility to the Department of Environment
Affairs and Tourism, an opportunity has arisen to start afresh,
hopefully with amore strategic approach to this problem. Efforts
havebeguntodevelopanationa planand mechanismsfor managing
South Africa’ sestuariesandto provideguidelinesand prioritiesfor
researchinitiatives(Boydetal.,2000). However, itisfundamentally
difficulttodesignacross-cutting management strategy for estuaries,
dueto their variability in size, type, functioning and setting, with
some estuaries in sparsely populated areas, others in popular
holiday areas, and others playing an important role in subsistence
economies. Nevertheless, the need has been identified to put a
national estuarine protocol in place, which is non-negotiable and
legislated, tocompel local authoritiestofollow certain management
procedures (Boyd et al., 2000). This study can contribute to the
formulation of such a protocol, as follows.

Firstly, weproposeaset of 32 estuariesthat should bemanaged
as EPAsif good representation of biodiversity isto be attained in
protected areas. Thisisnot to say that thebiodiversity conservation
is not required in the remaining estuaries (see below), but we
strongly recommend that these sel ected estuaries, which represent
only 11% of thecountry’ sestuaries, areafforded evenhigher levels
of protection than other estuaries. These estuaries are highly
representative of the national set, including al five types of
estuaries and falling within all three biogeographical zones.
Althoughthey includearangeof sizes, they dotendtobelarger than
average estuaries, as larger estuaries generally contain higher
diversity and larger populations. However, it is their size that
potentially presents the biggest political obstacle to their
proclamation as protected areas. Large estuaries, such as the
SwartkopsEstuary, areoften associated withintensivedevel opment
and large catchmentswith important water supply potential. Thus
it is important to consider what level of protection would be
requiredfor EPAs. |deally, EPAsshouldbemaintained as' reference’
systems maintained in a minimally-altered state. The purpose of
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EPAs would be to secure stocks of the elements of biodiversity
containedwithinthem aswell asprovidethefull economic benefits
of ecosystem services provided by their functioning (e.g. nursery
functions for maintaining coastal fisheries). Achieving such aims
requires severe restrictions on consumptive and non-consumptive
activitiesand on-sitedevel opments, aswell asrestricting catchment
activitiesthat affect water supply, siltation and pollution. For some
of theestuarieslisted in Table 12, this can potentially be achieved.
For others, such as the Swartkops Estuary, it would be more
difficult. Y et removing the Swartkops Estuary from thelist would
mean increasing the list by several estuaries, suggesting that it
might be more pragmatic to attempt to improve conditionsin the
Swartkops.

Secondly, we propose that an estuary’s importance status,
irrespective of protected area status, has abearing onitslevel and
type of management. Itisnot only EPAsthat require management
attention. While the economic consequences of alternative
management scenarios have not been explored for South African
estuaries, it isalmost certain that in many cases greater value will
be obtained from estuaries maintained in awell-functioning state
than in those degraded by activities associated with short-term
gains, such as over-exploitation and excessive developments.
Moreover, it does not take detailed economic studies to show that
over-expl oitation and degradation carry acost tofuturegenerations
as well as affecting present benefits obtained from recreational
activities and even marine fisheries.

Whileall estuariesrequiremanagement and planning measures
to maintain their productivity and functioning, we concede that
different estuaries need to be maintained to maximise different
types of benefits, and may best be managed in a state somewhat
altered from the pristine condition. Estuarieswhich areimportant
for recreati on requiredifferent management approachesfromthose
important for subsistence fisheries. Indeed, it is often the use of a
resource itself which has the greatest impact on its supply.

In proposing the strict protection of 11% of South Africa's
estuaries, wedo not suggest that theremai ning estuariesbeallowed
to degrade through lack of management. The priority ranking
provided in this study should be used to guide a national-level
management strategy for estuaries. We suggest that estuaries are
classified on the basis of their EIS scores, into five different
categories, A to E, based on scores of 80 to 100, 60 to 80, etc., and
that theintensity of conservationmanagementisallotted accordingly
(Table 15). Past management practices have concentrated on
exploitation, mainly through sizeand bag limitsand gear regul ations,
but these have become increasingly ineffective, due to a lack of
enforcement and in some cases, turning of a blind eye to illegal
methodsof fishing or bait collectionfor political reasons. Zonation
has seldom been implemented, but is apromising tool for curbing
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exploitation and human disturbance of estuaries, andisfar easier to
police. Clearly muchwork hastobedonetofind effectiveinstitutions
and strategies for achieving wise use of South African estuaries.
These processes cannot be implemented simultaneoudly for all
estuaries, but should beimplemented asamatter of priority in high
ranking (Class A and B) estuaries.
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APPENDIX 1

Ranking of South African estuaries (ordered from west to east) in terms of conservation importance score (IMP),
calculated on the basis of size (S), zonal type rarity (Z), habitat importance (H) and biodiversity importance (B)

Rank Estuary S H 4 B IMP Rank Estuary S H 4 B IMP
7 Orange 100 100 90 880 96.0 | 225 Elands 30 10 50 200 245
3 Olifants 100 100 90 940 975 | 215 Groot (Oos) 30 10 50 330 278
2 Berg 100 100 90 940 975 | 205 Tsitskamma 30 20 10 49.0 30.3
61 Rietvlei/Diep 100 10 60 855 69.9 | 216 Klipdrif 30 10 10 46.0 27.0
177 Houtbaai 10 50 90 425 36.1 | 17 Kromme 100 90 20 875 864
59  Wildevoélvlei 60 90 60 720 705 | 43 Seekoei 90 80 10 740 755
236 Bokramspruit 20 10 60 135 199 | 42 Kabeljous 90 80 10 750 758
237 Schuster 20 10 60 135 199 | 14 Gamtoos 100 100 20 955 90.9
190 Krom 20 10 60 720 345 | 125 Van Stadens 70 30 10 545 501
191 Silvermine 10 50 10 650 338 | 182 Maitland 10 70 10 515 354
46  Sand 90 70 10 815 749 | 11  Swartkops 100 100 20100.0 92.0
153 Eerste 50 40 10 495 434 | 89 Coega(Ngcura) 70 40 10 80.0 59.0
152 Lourens 40 30 10 755 434 | 39 Sundays 90 70 20 875 774
187 Sir Lowry’sPass 30 20 10 665 346 | 99 Boknes 70 50 10 640 575
238 Steenbras 20 10 20 275 194 | 44 Bushmans 90 60 20 895 754
136 Rooiels 50 40 10 68.0 480 | 27 Kariega 90 80 20 940 815
120 Buffels (Oos) 60 30 10 745 511 | 86 Kasuka 70 70 10 580 610
73 Pamiet 70 60 20 765 641 | 31 Kowie 90 80 20 89.0 80.3
8 Bot/Kleinmond 100 100 70 945 956 | 167 Rufane 50 10 10 63.0 39.3
97  Onrus 70 60 10 555 579 | 91 Riet 50 80 10 71.0 588
9 Klein 100 100 70 930 953 | 53 Kleinemond Wes 80 90 10 675 724
34  Uilskraals 90 90 10 775 789 | 54 Kleinemond Oos 70 90 10 830 723
203 Ratel 40 10 10 46.0 310 | 12 GreatFish 100 100 20 97.0 913
25  Heuningnes 90 90 20 875 824 | 157 Oldwoman's 30 50 10 665 421
235 Klipdrifsfontein 30 10 10 175 199 | 23 Mpekweni 90 100 10 865 83.6
18 Breé 100 90 20 855 859 | 19 Mtdi 100 100 10 79.0 85.8
33  Duiwenhoks 90 90 20 750 793 | 21 Mgwalana 100 100 10 75.0 848
32  Goukou 90 90 20 765 796 | 48 Bira 90 70 10 81.0 748
50 Gourits 90 60 20 830 738 | 82 Gqutywa 80 70 10 445 616
207 Blinde 20 10 10 745 301 | 239 BlueKrans 20 30 10 100 19.0
74  Hartenbos 70 60 10 805 641 | 94 Mtana 60 70 10 625 581
96 KleinBrak 80 10 10 895 579 | 15 Keiskamma 100 100 20 935 904
49  Groot Brak 90 80 10 705 74.6 | 131 Ngginisa 50 60 10 545 49.6
201 Maalgate 50 10 10 325 316 | 113 Kiwane 60 70 10 495 549
240 Gwaing 20 10 10 26.0 180 | 51 Tyolomnga 90 60 10 86.0 735
199 Kaaimans 40 10 20 450 318 | 241 Lilyvae 20 10 10 255 179
24 Wilderness 90 70 70 895 829 | 109 Ncera 70 50 10 56.0 555
6 Swartvlel 100 100 70 970 963 | 245 Mlee 10 10 10 320 155
68  Goukamma 100 40 10 655 674 | 180 Mcants 50 20 10 385 356
1 Knysna 100 100 100 990 998 | 93 Gxulu 80 50 10 510 583
223 Noetsie 40 10 10 200 245 | 143 Goda 60 30 10 545 461
57 Piesang 80 80 10 71.0 708 | 247 Hlozi 10 10 10 285 146
16  Keurbooms 100 90 20 945 88.1 | 233 Hickman's 30 10 10 270 223
212 Matjies/Bitou 20 10 10 655 279 | 90 Buffalo 80 40 20 595 589
83  Sout (Oos) 80 50 20 60.0 615 | 218 Blind 10 10 10 740 26.0
81  Groot (Wes) 70 50 10 825 621 | 244 Hlaze 20 10 10 19.0 163
102 Bloukrans 80 10 50 685 56.6 | 60 Nahoon 80 60 20 84.0 70.0
186 Lottering 60 10 50 135 349 | 70 Qinira 80 70 10 62.0 66.0
210 Elandsbos 40 10 50 20.0 285 | 69 Gqunube 80 50 20 810 66.8
144  Storms 80 10 50 265 46.1 | 78 Kwelera 80 60 20 580 635

204 ISSN 0378-4738 = Water SA Vol. 28 No. 2 April 2002 Available on website http://www.wr c.org.za




Rank Estuary S H 4 B IMP Rank Estuary S H 4 B IMP
112 Bulura 70 50 10 540 550 | 151 Sinangwana 50 30 10 615 439
246 Cunge 10 10 10 305 151 | 22 Mngazana 90 100 30 820 845
105 Cintsa 70 50 10 575 559 | 139 Mngazi 60 20 10 68.0 47.0
76  Cefane 80 80 10 430 638 | 195 Bululo 20 30 10 665 331
95  Kwenxura 70 50 10 655 579 | 165 Mtambane 60 20 10 375 394
135 Nyara 60 40 10 525 481 | 36 Mzimvubu 90 90 30 670 783
219 Hagahaga 30 20 10 305 256 | 221 Ntlupeni 30 10 10 380 250
175 Mtendwe 50 40 10 240 37.0 | 142 Nkodusweni 70 40 10 30.0 465
110 Quko 70 40 10 655 554 | 75 Mntafufu 60 70 30 780 64.0
146 Morgan 60 30 10 495 449 | 101 Mazintlava 80 50 30 365 56.6
232 Cwili 20 10 10 435 224 | 217 Mzimpunzi 40 20 10 170 26.3
52  Great Kei 90 70 20 70.0 730 | 71  Mbotyi 80 70 10 605 65.6
209 Gxara 10 40 10 545 286 | 178 Mkozi 30 30 10 625 36.1
162 Ngogwane 50 30 10 465 401 | 242 Myekane 20 10 10 235 174
79  Qolora 60 90 10 640 635 | 183 Lupatana 30 40 10 495 354
197 Ncizele 40 10 10 545 331 | 173 Mkweni 40 60 10 235 379
100 Kobongaba 70 50 20 575 569 | 98 Mskaba 60 50 30 730 578
41  Nxaxo/Ngqusi 90 80 10 795 769 | 118 Mgwegwe 40 80 10 635 529
198 Cebe 20 40 10 555 329 | 200 Mgwetyana 30 10 10 650 318
172 Gqunge 40 40 10 435 379 | 45 Mtentu 80 80 30 810 753
148 Nggwara 50 40 10 540 445 | 166 Sikombe 50 50 10 235 394
176  Sihlontlweni/Gcini 50 20 10 435 369 | 206 Kwanyana 40 10 10 43.0 303
64 Qora 80 70 20 675 684 | 126 Mnyameni 70 40 30 365 501
196 Jujura 40 10 10 545 331 | 214 Mpahlanyana 30 10 10 495 279
160 Ngadla 50 30 10 480 405 | 213 Mpahlane 30 10 10 495 279
127  Shixini 60 40 20 56.0 50.0 | 47 Mzamba 80 80 30 795 749
72 Ngabara 90 70 20 370 648 | 193 Mtentwana 50 20 10 30.0 335
184 Ngoma/Kobule 50 40 10 175 354 | 85 Mtamvuna 80 50 10 63.0 613
149 Mendu 60 40 10 370 443 | 250 Zolwane 10 20 10 165 141
28  Mbashe 90 90 30 80.0 815 | 168 Sandlundiu 30 40 10 645 391
140 Ku-Mpenzu 50 60 10 435 469 | 234 Ku-boboyi 20 20 10 310 218
138 Ku-Bhula/

Mbhanyana 40 70 10 515 474 | 169 Tongazi 10 70 10 645 386
108 Ntlonyane 70 50 10 565 556 | 230 Kandandhlovu 20 20 10 355 229
133 Nkanya 60 50 10 470 493 | 116 Mpenjati 50 50 10 79.0 533
37 Xora 90 80 30 755 779 | 103 Umhlangankulu 50 80 10 615 564
211 Bulungula 10 40 10 520 280 | 220 Kaba 20 40 10 245 251
226 Ku-amanzimuzama 30 20 10 245 241 | 114 Mbizana 50 70 10 63.0 543
155 Mncwasa 60 20 10 505 426 | 249 Mvutshini 10 20 10 165 141
189 Mpako 50 30 10 245 34.6 | 137 Bilanhlolo 30 60 10 775 474
150 Nenga 50 30 10 630 443 | 248 Uvuzana 10 20 10 180 145
154 Mapuzi 60 30 10 420 430 | 204 Kongweni 20 40 10 470 308
29 Mtata 90 90 30 79.0 813 | 222 Vungu 20 30 10 325 246
67  Mdumbi 80 60 30 710 67.8 | 181 Mhlangeni 30 40 10 500 355
192 Lwandilana 50 20 10 31.0 338 | 115 Zotsha 40 80 10 675 539
145 Lwandile 60 40 10 44.0 46.0 | 208 Boboyi 20 40 10 425 29.6
62 Mtakatye 90 70 30 505 69.1 | 224 Mbango 10 60 10 180 245
188 Hluleka/lMajusini 50 30 10 245 346 | 129 Mzimkulu 10 100 30 71.0 498
107 Mnenu 80 60 10 310 558 | 122 Mtentweni 40 80 10 555 509
119 Mtonga 70 50 10 440 525 | 229 Mhlangamkulu 30 10 10 295 229
156 Mpande 50 30 10 565 426 | 171 Damba 20 90 10 26.0 380
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Rank Estuary S H 4 B IMP Rank Estuary S H 4 B IMP
185 Koshwana 20 80 10 245 351 | 106 Manzimtoti 40 70 10 855 559
161 Intshambili 20 80 10 455 404 | 141 Mbokodweni 40 40 10 79.0 46.8
123 Mzumbe 60 50 10 520 505 | 77 Sipingo 40 100 10 87.0 638
147 Mhlabatshane 20 90 10 52.0 445 | 88 Durban Bay 10 100 80 915 599
170 Mhlungwa 30 60 10 405 381 | 38 Mgeni 80 90 10 885 77.6
163 Mfazazana 20 80 10 440 400 | 55 Mhlanga 90 70 10 695 719
164 KwaMakos 20 90 10 325 396 | 56 Mdloti 80 90 10 635 714
202 Mnamfu 20 80 10 100 315 | 84 Tongati 70 80 10 495 614
128 Mtwalume 60 50 10 490 498 | 65 Mhldli 60 90 10 825 681
227 Mvuzi 10 50 10 23.0 233 | 174 Seteni 20 80 10 350 378
87 Fafa 70 80 10 450 603 | 92 Mvaoti 60 30 70 795 584
243 Mdesingane 10 30 10 165 166 | 66 Mdlotane 70 90 10 655 679
124 Sezela 50 50 10 675 504 | 121 Nonoti 60 60 10 445 511
231 Mkumbane 10 40 10 295 224 | 63 Zinkwasi 60 90 10 845 686
134 Mzinto 40 80 10 47.0 488 | 58 Tugela/Thukela 80 50 70 765 70.6
228 Mzimayi 10 40 10 33.0 233 | 35 Matigulu/Nyoni 90 70 30 89.0 788
179 Mpambanyoni 20 50 10 570 358 | 132 Siyaya 40 60 10 700 495
158 Mahlongwa 40 40 10 585 416 | 20 Mldazi 90 90 30 940 850
130 Mahlongwana 40 80 10 505 496 | 10 Mhlathuze 100 100 80 82.0 935
30 Mkomazi 100 60 30 900 805 | 26 Richard'sBay 100 50 80 850 818
194 Ngane 20 40 10 57.0 333 | 40 Nhlabane 100 50 70 70.0 77.0
104 Umgababa 60 60 10 635 559 | 13 Mfolozi 90 100 70 925 911
111 Msimbazi 50 50 10 870 553 | 5 St Lucia 100 100 70 985 96.6
80 Lowvu 50 80 10 87.0 628 | 117 Mgobezeleni 20 80 70 720 530
159 Little Manzimtoti 20 80 10 470 408 | 4 Kos 100 100 70 995 96.9
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