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Abstract. In many semi-arid areas, estuaries are threatened
because of freshwater impoundment. Estuaries are important
sites for ecological diversity and, increasingly, for recreation.
A system has been developed which rates estuaries according
to their botanical importance. A formula allows a single nu-
merical importance score to be calculated. The area cover of
each estuarine plant community type (i.e. intertidal salt marsh,
submerged macrophytes, reed/sedge swamps and supratidal
salt marsh) and its importance in the estuary forms the basis of
the score. The ‘ecological condition’ of the plant community
and the community richness within the estuary are incorpo-
rated into the formula. The formula is effective in determining
the botanical importance of estuaries. Further methods to
determine the zoological, physical and socio-economic im-
portance of estuaries need to be developed to allow the overall
importance of estuaries to be determined.

Keywords: Evaluation; Plant community type; South Africa.

Nomenclature: See Table 1.

Introduction

Estuaries in South Africa are threatened by encroach-
ing industrial and residential development, recreational
activities as well as an increasing demand for freshwater
from a rapidly expanding population (Siegfried 1978;
Begg 1985; Whitfield & Bruton 1989). The construc-
tion of impoundments and the resultant decrease in
freshwater flowing into the estuaries will have far-
reaching consequences for their biological and physical
functioning (Allanson 1992; Adams et al. 1992;
Reddering 1988). In place of a pristine system, a shal-
low, silted up estuary with degraded plant and animal
communities will affect a number of common recrea-
tional activities such as swimming, boating, angling,
canoeing and sailing (Ramm 1990; Begg 1975).

The construction of dams appears, at present, to be
the only way to satisfy the freshwater demand of South
Africa’s population. This implies that not all estuaries
will be able to be conserved with respect to their fresh-

water requirements. Estuaries with a high conservation
priority need to be identified and their freshwater re-
quirements met in order to ensure their continued func-
tioning (Siegfried 1978).  Any individual estuary can be
identified as important for a number of different rea-
sons. It may have a rare bird species present; another
may have unique hydrological features and still another
may have especially large salt marsh areas or it might be
an important recreation area. These zoological, physi-
cal, socio-economic and botanical factors all contribute
to the overall importance of an estuary. The Consortium
for Estuarine Research and Management (CERM) is
working towards incorporating all these attributes and
developing an overall importance value for South Afri-
can estuaries (N. Quinn pers. comm.). This paper, how-
ever, only deals with the botanical importance of estuar-
ies.

Plant communities in estuaries have both ecological
and economic importance within the estuary (Vernberg
1993). Ecologically, salt marshes are a source of pri-
mary production and they provide a habitat and food for
a large variety of faunal species (Childers & Day 1990;
Kokkin & Allanson 1985; Taylor & Allanson 1995).
Reed beds are capable of removing large amounts of
nutrients from the water column and act as nutrient sinks
in the natural environment (Martin & Fernandez 1992;
Brix 1993; Vernberg 1993). The economic importance
of estuarine plant communities relates to the effective-
ness of salt marshes in flood, erosion and storm-water
surge control (Vernberg 1993). Their ability to improve
water quality by retaining pollutants and excess nutri-
ents can also have important economic implications.
Any method which aims to determine the botanical
importance of estuaries must take these properties into
account.

A large salt marsh will be a more effective habitat
than a small one and must, therefore, be considered
more important for the estuary. Maintenance of habitat
has long been recognized as the key issue in conserva-
tion and environmental management. In addition, the
greater the number of different plant community types
in an estuary the greater the variety of habitat but,
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according to Keddy (1991), we need indicators of bio-
logical health because in the absence of measurable
criteria, we have little way to judge whether one envi-
ronmental state is better than another.

A standard method of condensing biological com-
munity information for use by professionals not trained
in biology is through the use of an index (Ramm 1988).
Comparison of faunal or floral lists is difficult and
therefore a variety of indices has been developed. The
simplest of these provide information on community
structure and examples include the Shannon-Weaver
diversity index (Shannon & Weaver 1949), the index of
species richness by Margalef (1958) and the evenness
index by Pielou (1966). Many indices have been devel-
oped to assess water quality based on presence or ab-
sence of biota (Chutter 1972; van Dam et al. 1994) while
others include an assessment of the habitat (Railsback et
al. 1981; Harper et al. 1992; Campbell 1994).

Using indices, planners, developers, managers and
conservationists are able to see at a glance which areas
are sensitive and require more attention and which should
have a high conservation priority. To this end, Raal &
Burns (1996) have developed an index, which they call
a ‘Numerical Importance Value’, to assess the condition
of the vegetation around the South African coast.

The numerical value is calculated using a table of
individual values for each component:

NIV = VRF × END + SR +TS +DIS/2 + AV/2 (1)

where VRF = Vegetation Rarity Factor, END = ende-
mism, SR = Species richness; TS = Threatened species,
DIS = Disturbance and AV = Alien Vegetation. Their
results enabled them to classify the coastal vegetation

into a number of importance categories, namely, High
Conservation Importance, Intermediate Conservation
Importance, Low Conservation Importance and Insig-
nificant Conservation Importance.

The botanical importance index developed in this
project is effective at summarising the most important
estuarine botanical information into a single score. Us-
ing this index it is possible to identify estuaries which
are botanically important and require careful considera-
tion, management and conservation.

Development of a botanical importance score

The factors used in the botanical scoring of estuaries
were:
• Plant community area covered;
• Plant community condition (degree of impact);
• Plant community importance within the estuary; and
• Plant community richness.

Species were not considered separately because,
unlike in most terrestrial environments, most estuarine
plant communities consist of either one or very few
dominant species (O’Callaghan 1994). For example,
monospecific stands of the reed Phragmites australis are
common in brackish estuaries. Also, there are no South
African estuarine plant species which are considered to
be rare, endangered or threatened (Hilton-Taylor 1996)
although this probably needs further investigation.

The principle behind the scoring was that  the greater
the area covered by a plant community, the fewer impacts
associated with it, and the greater the number of commu-
nities – i.e. community richness – in an estuary, the higher

Table 1. Plant communities for the botanical scoring of estuaries.

Plant community Main species (for South African estuaries)

Supratidal salt marsh Suaeda fruticosa (L.) Forssk.
Sarcocornia pillansii  (Moss) A.J. Scott
Atriplex vestita  (Thunb.) Aell. var. appendiculata Aell.
Disphyma crassifolium (L.) L. Bol

Intertidal salt marsh Sarcocornia perennis (Mill.) A.J. Scott
S. decumbens (Tölken) A.J. Scott
Triglochin bulbosa L.
T. maritima Ruiz & Pav.
Spartina maritima (Curtis) Fernald
Chenolea diffusa (Thunb.)
Cotula coronopifolia L.

Submerged macrophyte beds Zostera capensis Setch.
Ruppia cirrhosa (Petag.) Grande

Reed and sedge community Phragmites australis (Cav.) Steud.
Juncus kraussi Hochst.
Schoenoplectus littoralis (Schrad.) Palla
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the final score. The four plant communities considered
and their main species are listed in Table 1.

The formula developed for the calculation of the
final botanical score for each estuary is as follows:

1 (Asupra × MF) + 1.75( Ainter × MF) + 1.5(Areed × MF) +
+ 2 (Asubm × MF) (2)

Where 1, 1.75, 1.5 and 2 are community importance
values; MF is a Multiplication Factor expressing plant
community condition; and
Asupra = Area covered by supratidal salt marsh;
Ainter = Area covered by intertidal salt marsh;
Areed = Area covered by the reed-sedge community;
Asubm = Area covered by submerged macrophytes.

Each of the components of the formula is discussed
below. The scoring system has been applied to 33 South
African estuaries. The Kowie estuary occurring along
the eastern Cape coast (33° 36'  S, 26° 53' E), with three
plant communities, is used as an example. Results of
this overall study are described in Coetzee et al. (in
press).

Community area covered (Ax)

First the areas covered by the different plant commu-
nities and the water surface area in the estuary were
summed. Then the percentage area covered by each
plant community and the percentage water surface area
were calculated from this total. To incorporate the area
cover of the plant communities into the formula, cover
scores were transformed as follows: first the percentage
estimates were transformed into Braun-Blanquet cover
scale values as used in phytosociology (Mueller-Dombois
& Ellenberg 1974) and then these values were replaced
by equally spaced figures between 20 and 100 (Table 2).
This large range of values was chosen to enable a more
distinct comparison between community types as to the
area covered by them.

A major limitation to any project including a range of
number of different areas is data availability and uniform-
ity. Area data might be available for one estuary, but not

for another; or for one estuary many historical data may
be available, whereas for other estuaries only one recent
description is known. This means that the same sort of
data are not always available for all estuaries. Using
percentage range classes means that estimations can be
made of the area covered by different plant communities
with some degree of accuracy. Each plant community in
the estuary was allocated a cover score in this manner and
is represented in the formula as Ax.

Results for the Kowie estuary
This estuary has  a supratidal marsh covering 2 % of

the area, an intertidal marsh with 42 % cover and a
submerged macrophyte community with 3 %. This gives
a total plant community cover of 47 %, the balance of
53 % being water. The scores for each of  these  commu-
nities are:

Cover Br-Bl class Score

Supratidal marsh 2 % < 5 % 20

Intertidal marsh 42 % 25 - 50 % 60

Submerged macrophyte community 3 % <5  % 20

These values are then used as the cover score in the
formula, i.e.
Asupra =  20
Ainter =  60
Asubm =  20.

Plant community condition (MF)
The ecological condition of the plant communities

was incorporated into the formula using a multiplication
step. Multiplication was used instead of addition as an
addition step would always result in an increase in the
score, even if the condition of the plant community was
poor. A high score indicates a plant community in good
condition.

The condition of the community was assessed by
looking at the number of impacts affecting it. The im-
pacts (Table 3) included were chosen after reviewing
the literature and from local experience of estuarine
systems and the factors affecting them. The impacts
were grouped into five categories, namely, hard engi-
neering structures, anthropogenic impacts, alien plant
invasion status, water quality and sedimentation. Exam-
ples of impacts within each of these categories are
indicated in Table 3. Each estuarine community needs
to be checked and the number of impacts affecting the
community noted. In this way the total number of im-
pacts for each community type can be determined.

Four different condition classes (Class 1 - 4) were
subjectively determined, based on the number of im-
pacts (Table 4) and multiplication factors were assigned
to these classes. Class 1, ‘pristine’, indicates an estuary

Table 2. Braun-Blanquet (Br-Bl) percentage cover classes
and associated scores allocated.

Cover interval Customary Score allocated for
 Br-Bl score use in the formula

0.01 - 5 % 1 20
5.01-25% 2 40

25.01-50% 3 60
50.01-75 % 4 80

> 75 % 5 100
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of invasive plant species. Class 4, ‘disturbed’, indicates
estuaries which are under severe anthropogenic impact
and have little remaining botanical significance.

The multiplication factors assigned to the commu-
nity condition classes were used to modify the cover
score to give a final number which incorporated the
community area cover and community condition (see
below). If the plant community has a large area and is in
a pristine condition (Class 1) then the score is doubled.
If, however, the marsh is impacted and in poor condition
(Class 3), the score is divided by a factor of 2. If the
community is disturbed and of little botanical signifi-
cance, the cover score is multiplied by 0.1, which de-
creases the score considerably. Such a reduction in
importance score may appear if a  large salt marsh area
has been degraded.

Results for the Kowie estuary
The impacts affecting each of the plant communities

were determined using the impact table shown in Table
3. The supratidal marsh had two impacts affecting it, the
intertidal marsh six impacts and the submerged
macrophytes community five impacts. Multiplication
factors MF could then be assigned using Table 4. The
condition scores then change the cover scores Ax in the
following manner:

Score Ax MF Ax × MF

Supratidal marsh   2% 20 2 40

Intertidal marsh 42% 60 1 60

Submerged macrophytes   3% 20 1 20

With 40, 60 and 20 being the adjusted scores for each
community type.

Plant community importance

Each plant community was assigned an importance
value according to its association with the estuary,
particularly the water column. Because of their close
association with the water, submerged macrophytes

Table 3. Impact checklist against which each plant commu-
nity type in the estuary is checked.

Hard engineering structures

Bridge, weir through habitat, rubble obstructing flow
Retaining walls, canalisation of estuary course,
    canalisation of the mouth
Jetties through the vegetation
Major dam or numerous farm dams in catchment affecting freshwater
    inflow

Anthropogenic impacts

Littering
Trampling and foot paths
Bait digging
Overgrazing
Boats mooring in the vegetation

Alien plant invasion status

Presence of invasive plants

Water quality

Effluent discharge upstream negatively affecting plant community
Storm water discharge into estuary negatively affecting plant
    communities

Sedimentation

Erosion from catchment increasing siltation in plant community
Marine sediment intrusion into the vegetation

Table 4. Impact classes and multiplication factors assigned to them.

Class No. of Community quality indication Multiplication
impacts factor

1 <2 Pristine: largely natural conditions ×2
2 3-6 Under impact: some forms of impact operating,  but no rehabilitation required ×1
3 7-10 Degraded: under heavy impact: rehabilitatory measures are required ×0.5
4 >10 Disturbed: severely degraded and of little botanical significance ×0.1

in a natural condition with no major impacts. Class 2,
‘under impact’, indicates an estuary under some impact,
but no rehabilitation is required; it includes estuaries
where, for example, the salt marsh communities un-
dergo some impacts, but the marsh as a whole is not in
an ecologically poor condition. Class 3,‘degraded’, re-
fers to those estuaries which have been changed to the
extent that the plant communities involved are in a
degraded state. Rehabilitation measures are necessary
to restore significant botanical importance potentially
attached to them. These measures may include the re-
moval of a weir, managing the water quality or removal
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(e.g. Zostera and Ruppia beds) were regarded as the
most important plant community (importance value =
2). They support more diverse and abundant inverte-
brate and juvenile fish communities than soft-bot-
tomed habitats and marshes (Whitfield 1984; Whitfield
1989; Fredette et al. 1990; Connolly 1994). Submerged
macrophytes are an important source of net organic
carbon production (Allanson 1982). Although they can
be grazed directly for food, it is more common that the
consumption of plant material is centred around
filamentous algae and diatoms growing on the con-
sumer organisms (Harlin 1973; Blaber 1974; Zimmer-
man et al. 1979). The primary productivity from an
average-size seagrass bed and its associated algae and
the secondary production from the large variety of
resident faunal species is high, similar to some highly
productive marine and terrestrial ecosystems (Fredette
et al. 1990; Day 1981). Intertidal salt marshes were
seen as the second most important plant community
(importance value = 1.75). Although they also perform
most of the functions associated with submerged
macrophytes, they do not support as wide a variety of
faunal species (Fredette et al. 1990). Both the sub-
merged macrophyte and intertidal salt marsh commu-
nities are important with respect to water column proc-
esses and produce considerable amounts of plant detri-
tal matter (Allanson 1982; Whitfield 1988).

Salt marshes are important inorganic and organic
nutrient sources for estuaries but the degree of tidal
flushing is important in determining how much of the
nutrient is released into the water column (Childers &
Day 1990). A supratidal marsh with little tidal flooding
would be less important with respect to nutrient ex-
change with the water column than an intertidal marsh
or submerged macrophyte bed (Taylor & Allanson 1995).
For this reason supratidal salt marshes were given the
lowest importance value (importance value = 1) as they
are rarely flooded and in contact with the water column.
Reed swamps and sedge communities were assigned an
importance value of 1.5. These wetlands act as natural
biological filters (Weisser & Parsons 1981; Brix 1993);
they are important for bank stabilization and contribute
to the diversity of aquatic life (particularly avifauna)
(Haslam 1971).

Results for the Kowie estuary
The scores determined according to the cover and

condition components are 40, 60 and 20 for the supratidal
marsh, the intertidal marsh and the submerged macro-
phyte bed respectively. After incorporating the Impor-
tance values for each community the scores are adjusted
in the following way:

Cover × Importance Importance

condition value score

Ax × MF n( Ax × MF)

Supratidal marsh 40 1 40

Intertidal marsh 60 1.75 105

Submerged macrophytes 20 2 40

The values used in the following step would be 40, 105
and 40.

Plant community richness

The scores calculated for each individual commu-
nity, i.e. the product of the cover, condition and Impor-
tance values are added together to obtain an overall
score for the estuary. The addition step incorporates the
community richness aspect of the importance rating i.e.
the greater number of plant communities in the estuary
the higher the score.

Results for the Kowie estuary
 Using the same example, the three final scores for

each community are summed:
40 + 105 + 40= 185.
The score of 185 is the final botanical importance score
for the estuary which includes the area covered by the
three plant communities present in the estuary, condi-
tion, importance and richness of all the different plant
communities . In multiple estuary comparisons the estu-
ary which obtained the highest score after this step
would be regarded as the most important estuary botani-
cally. The estuaries would then be rated from highest to
lowest to achieve a botanical importance rating.

Discussion

The botanical scoring system was successful in con-
densing the botanical significance data for the estuaries
to a single number. Because the formula is made up of a
number of different components –i.e. area, condition,
importance and richness– an estuary can achieve a high
or low score for different reasons. The presentation of
tables showing the allocation of points is therefore es-
sential.

Although the area covered by the plant communities
has been included in the formula, the total area has been
excluded. While we acknowledge that a large estuary
will be more important than a small one, the problem is
that most South African estuaries are small when com-
pared with estuaries, for example, in the USA. If we had
added a scoring factor based on overall size, a situation
might arise where a large estuary, for example Olifants
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(area 650 ha) is rated against a small one, for example
Buffels Oos (area 0.92ha). In our rating system, the
Olifants had a normalized score of 100, whereas the
Buffels Oos rated 59 – the latter area had only one plant
community, but was in good condition. In the South
African context, the Buffels Oos is an important estuary
because of its condition rather than its size. The size of
our estuaries is catered for by virtue of the fact that the
small estuaries have fewer plant communities. This
aspect may need attention in countries where size does
not have such a big impact.

The impacts contained in the scoring system are
those that can be readily observed. An impact which is
included is water quality, but this is difficult to assess
and quantify. Plant communities may not be degraded
as a result of poor water quality, indeed communities
such as reedbeds thrive under conditions of high nutri-
ent input (Brix 1993).

In the present scoring system all impacts were con-
sidered to have an equal effect on the plants, e.g. the
presence of invasive plants is comparable to the nega-
tive effect of bait digging or the construction of a road
through a plant community. The scoring system could
be improved by including the degree of impact on a
plant community, i.e. determining the area of the plant
community disturbed by the impact. This information is
not readily available for South African estuaries but can
be obtained from aerial photographs. This would be a
time-consuming process and is probably only justified
when comparing two estuaries rather than for the overall
importance rating of numerous estuaries. In many cases
aerial photographs are not available for the estuary
before an impact occurred, e.g. in the Kowie estuary the
mouth was canalized in 1836 (Heinecken & Grindley
1982). An extensive knowledge of the history of the
estuary would be necessary to determine the extent of
different impacts.

Other impacts that are not readily quantifiable are
those that result in a change in species composition. For
example, an increase in salinity as a result of decreased
freshwater inflow from the catchment, might cause the
disappearance of Potamogeton –a brackish submerged
macrophyte genus– and an increase in Zostera – a
marine submerged macrophyte genus (Adams et al.
1992). Decreased tidal flushing as a result of a weir or
bridge may change the species composition of an inter-
tidal salt marsh to a more supratidal or freshwater type.
It is difficult to calculate the area of a plant community
affected by these impacts. For these reasons the degree
of impact is not included in the present botanical scoring
system. Only the number of impacts are included. This
is advantageous as the condition of the plant community
can be rapidly assessed with an impact checklist after a
single visit to the estuary. In the development of any

index, detail is often sacrificed for perspective (Ramm
1988). In the case of this botanical scoring system, detail
on the degree of impact on a plant community is omitted
in preference to a perspective on the number of impacts
affecting the community.

The importance rating does not incorporate the dy-
namic nature of estuarine plant communities. Periodi-
cally open estuaries, and some permanently open estu-
aries are characterized by fluctuating biomass of sub-
merged macrophytes (Adams et al. 1992; Talbot & Bate
1987; Talbot et al. 1990). The formula does not take this
into account as it only considers maximum area cover
and the potential of the estuary to support a high plant
biomass.

In South Africa, narrow channel-like estuaries that
have a large freshwater input also support rich phyto-
plankton communities. Alterations to the freshwater
input and the associated nutrients can impact these
communities. Microalgal communities were excluded
from the botanical scoring system due to lack of knowl-
edge. They should be included at some stage because
in certain estuaries microalgae are the dominant pri-
mary producers.

The conservation status or importance of a system is
often determined using species richness or diversity.
Turpie (1995) successfully used the diversity of bird
species as a component of an index which rated the
importance of South African estuaries based on avifauna.
This botanical scoring system does not include species
richness. Monospecific communities such as Zostera
capensis or Phragmites australis beds are common in
estuaries. In the salt marsh habitat, diversity is influ-
enced by the degree of elevation above the high water
mark or the salinity gradient. Salt marsh plants occur in
distinct zones along this gradient. If the gradient is
absent then fewer species occur. It is for these reasons
that plant community richness was included instead of
species richness.

The botanical scoring system developed in this project
can be used to identify estuaries that have a high botani-
cal conservation status. The freshwater input into these
estuaries should be managed accordingly. From a knowl-
edge of the dominant plant communities in the estuary,
general comments can be made about the management
of freshwater flow into the estuary in order to maintain
the plant communities. For example, an estuary that has
extensive brackish plant communities needs freshwater
to maintain the environment in that condition rather than
allowing it to become more saline.
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