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The use of a botanical importance rating to assess changes in
the flora of the Swartkops Estuary over time
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Abstract

The Swartkops Estuary has the third largest salt marsh area in South Africa and conservation of this area is essential.  Industrial and
residential developments since 1939 have encroached into areas that were previously salt marsh and have reduced the botanical
status of the Swartkops Estuary.  Supratidal salt marsh was estimated to cover an area of approximately 40 ha before any
development occurred, however presently only 5 ha remains (a reduction of 88%).  The intertidal salt marsh was reduced in cover
from 215 ha to 165 ha (a reduction of 23%).  The reed and sedge communities and submerged macrophyte, Zostera capensis were
affected by natural processes such as floods.  This study showed that the supratidal salt marsh has been most affected by development
and that which has survived remains vulnerable in terms of loss due to further developments.

A means of assessing changes in estuarine flora over time using a botanical importance rating system was tested on the Swartkops
Estuary.  The botanical importance score is based on the area covered by the different plant community types as well as an average
primary productivity index for each plant community type.  The most important botanical components in the Swartkops Estuary
from the point of view of the importance score, are the intertidal salt marsh, and intertidal benthic microalgae.  If the mouth remains
open thus ensuring regular tidal flushing and providing bait digging does not escalate, these plant community types should continue
to function optimally.

Introduction

Encroaching residential and industrial development and the in-
crease in demand for freshwater threaten South African estuaries.
In order to ensure their continued survival, there is a need to identify
estuaries that have a high conservation status.  An estuary might
have a high conservation status if it is a reservoir of high species
diversity, contains a high number of plant community types or its
state of intactness is adequate to ensure continued functioning.  A
botanical importance rating system was developed to identify these
estuaries (Coetzee et al., 1997).  The botanical importance rating
system can be used to assess changes in the botanical condition of
an estuary over time.  By comparing the present condition to the
past, or pristine condition, an assessment can be made of the present
botanical status of an estuary.  The botanical status can be used as
an indicator of ecosystem status as the plants are the primary
producers and their condition will influence the status of higher
trophic levels.

The Swartkops Estuary has the third largest area of salt marsh
along the South African coastline and exhibits a variety of estuarine
flora (Baird et al., 1986).  There are six different plant community
types, namely supra- and intertidal salt marsh, submerged
macrophytes, reeds, sedges, phytoplankton and benthic microalgae.
Plant community types not found in the estuary include mangroves
and swamp forest.  Macroalgae species occur in the Swartkops
Estuary (Hilmer et al., 1988), but the area covered by this plant
community type could not be measured from available maps or
aerial photographs.

Maintenance of habitat has long been recognised as the essen-
tial issue in conservation and environmental management.  In

addition, the greater the number of different plant community types
in an estuary the greater the variety of habitats.  Ecologically,
estuarine plants are a source of primary production and the commu-
nity types which they comprise provide habitats for a large variety
of faunal species (Davies, 1982, Bally et al., 1985; Whitfield, 1984;
Adams et al., 1999).  These species range from planktonic and
benthic filter feeders to birds that utilise the marshes for food and
breeding (Adams et al., 1999).  The ability of plants to improve
water quality by retaining pollutants and excess nutrients can have
important implications for many beneficial water uses in the
marine environment; for example mariculture, recreation and
subsistence fishing. A large salt marsh will provide a more effec-
tive habitat than a small one (Daly and Mathieson 1981).  A
comparison of maintaining single large vs. numerous small seagrass
beds has shown that density and diversity of species was higher in
the many small seagrass beds.  However, it was later shown that the
single large seagrass continued to function longer if artificial
changes were made to the surrounding environment (McNeill and
Fairweather, 1993).

The Swartkops Estuary is surrounded by urban and industrial
developments of the Port Elizabeth metropolitan area.  These
developments have resulted in a number of changes to the estuarine
flora.  These include physical elimination of plant community types
as well as changes to the physical environment such as obstruction
of water flow in the supratidal regions that has resulted in invasion
by terrestrial plant species.

The objective of this study was to determine the effects of
human impacts on the extent and distribution of the estuarine flora
in the Swartkops Estuary.  These effects were assessed from
available literature, past aerial photographs, orthophoto maps and
the application of a formula to calculate the comparative botanical
importance score for the estuary under ‘pristine’ and present
conditions.* To whom all correspondence should be addressed.
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Materials and methods

Assessment of aerial photographs, orthophoto maps
and past literature

The area covered by the different plant community types (ha) was
measured from 1:50 000 topographic maps, aerial photographs
(Directorate Surveys and Institute for Coastal Resource Manage-
ment, UPE) and photographs and maps published in past reports
(Jacot Guillard, 1974; Baird et al., 1986).  These were converted
into scaled digital images (Hewlett-Packard Scanner 4C).  The
digital images were then calibrated and the area covered by the
plant community types was measured using image analysis soft-
ware (analySIS 3.0).  The area covered by residential and industrial
developments and constructions such as road bridges was also
measured from maps (Fig. 1). Development has mainly encroached
into the supratidal salt marsh area.  To estimate the past cover of this
plant community type, vegetation distribution was assessed at six
sites where development has encroached into the marsh.  The area
of supratidal marsh was measured as the area above the mean high
water spring tide mark (MHWST) and below the 2.5 m contour line.

Application of the botanical importance rating formula

Botanical importance is a measure of the functional importance and
is based on the area and number of different plant community types
and their contribution in the form of energy input to higher trophic
levels (i.e. primary production).

The botanical importance rating formula has been applied to
the Swartkops Estuary to show the effect of human activities on the
estuarine flora over time.  The formula includes all estuarine plant
community types namely; salt marsh, reeds and sedges, benthic
microalgae found in the intertidal sand and mudflats and
phytoplankton.  The extent of the phytoplankton community type
within the Swartkops Estuary was calculated as the area covered by
water on the slack tide in hectares thus allowing comparison with
other plant community types.  The average primary productivity
values were calculated from available South African literature, the
exception being the values for the supratidal salt marsh (Appendix
Table 1).  The formula is as follows:
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BIR = botanical importance rating and:
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abbre- value
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= Supratidal salt marsh a 836
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= Submerged macrophytes c 1 316
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= Macroalgae h 196
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= Swamp forest i 1 780

A wide range of botanical importance scores is usually obtained,
therefore the scores are normalised to make the differences easier
to conceptualise.  The highest score obtained was regarded as 100
and the lower scores are represented as a percentage of the highest
score.

Estuaries can be rated on a national basis using the botanical
importance rating formula.  Comparisons can thus be made be-
tween estuaries along the South African coastline in order to gain
a better perspective on the importance of an estuary.  Seven systems
were selected from the Cape and KwaZulu-Natal regions and
compared with the present botanical importance score of the
Swartkops Estuary.

Results

Phytoplankton

The water surface area of 135 ha was used as a measure of
phytoplankton and extended from the mouth of the estuary to
Perseverance Bridge (16 km upstream of the mouth) (Fig. 5,
Appendix Table 2).  For use in the botanical importance rating, this
area was considered to have remained unchanged despite the
changes caused by development.  Changes in freshwater input
(water quantity) and water quality may have affected phytoplankton
production within the estuary.  These changes, however, are not
included in the botanical importance formula because, as yet, we
have no way of estimating the magnitude of this effect, as it is
impossible to predict what phytoplankton production may have
been under pristine conditions.

Benthic microalgae

The area covered by intertidal benthic microalgae was based on the
extent of exposed intertidal mud and sandbanks in the estuary.  This
was calculated to be 174 to 180 ha.  An average value of 177 ha was
used in the botanical importance formula (Fig. 5, Appendix Table
2).  It was assumed that there has been no significant reduction in
size or change to the geomorphology of these banks over time.  The
scour of one bank generally results in the deposition and creation
of a new bank on the opposite side (Reddering and Esterhuysen,
1988).

Submerged macrophytes - Zostera capensis Setchell
(eelgrass)

MacNae (1957) found the seagrass Zostera capensis abundant
along the entire length of the Swartkops Estuary and it covered an
area of 15 ha (Table 1).  Z. capensis was found in the subtidal zone
in the upper reaches of the estuary but was most abundant in the
intertidal regions of the middle and lower reaches.  In the upper
reaches of the estuary the species was observed growing on sandy
substrata in contrast to the lower and middle reaches, where it grew
on mud banks.

Talbot and Bate (1987) studied the population dynamics of
Z. capensis in the Swartkops Estuary and showed that the plant is
sensitive to flooding and sediment deposition.  Thorough surveys
of seagrass beds during the winter and summer of 1981 indicated
the presence of a thriving community with up to 90% of the beds
found within the first 6 km of the estuary.  A significant but small
difference was observed between the winter area coverage of
13.7 ha and the summer extent of 16.1 ha in 1981 (Table 1).

A survey of the Swartkops estuary in late 1984 (Hilmer et al.,
1988) indicated a complete disappearance of the entire Z. capensis
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population from the estuary after heavy flooding.  Recolonisation
of the estuary by this species was only apparent in August 1988
when about 4 % of the 1981 population size had returned, covering
approximately 0.6 ha (Table 1) mostly in the mouth region (Hilmer
et al., 1988).  In this study the area covered by Z. capensis was 12.5
ha (Table 1, Figs. 1 and 2).

Salt marsh

Intertidal salt marsh
For this study, it was estimated that the intertidal salt marsh covered
an area of 215 ha before any development took place in the basin
of the Swartkops Estuary (Table 2, Fig. 2).  This would represent
the pristine condition for intertidal salt marsh.  Aerial photographs

taken in 1939 indicate that large areas of intertidal salt marsh
(45 ha) were lost when the Swartkops and Redhouse Villages were
developed (Table 2, Fig. 2).  In later years, smaller areas of marsh
were lost to the solar salt works, the power station, the Uitenhage
road and to other roads and bridges.  MacNae (1957) described the
Swartkops Estuary vegetation found in the lower estuarine reaches,
between Amsterdamhoek and Swartkops Village.  From MacNae’s
vegetation map it was estimated that in 1957 the intertidal salt
marsh covered 168 ha.  Above the railway bridge, salt marsh occurs
mainly along the north bank as far as the saltworks, while beyond
Redhouse Village it extends along the southern bank approxi-
mately 10 km from the mouth (“Bar – None”) in a narrow belt
(Fig. 1).  From later maps and aerial photographs area covered by
the intertidal salt marsh was 166 ha for the period 1983 to 1987

Kwaz

Perseverance causeway
Tidal limit

Bar None

Despatch - Uitenhage road

Brick

Motherwell

Rail an

1 km

TABLE 1
SUMMARY OF THE POPULATION DYNAMICS OF ZOSTERA CAPENSIS FOUND IN THE SWARTKOPS ESTUARY

Survey Standing biomass - Productivity Cover (ha) Comment
g·m-2 (Dry mass)

MacNae, 1957 - - 15 Pristine

Talbot and Bate (1987) 76 - 125 20 x 106 g C·yr-1 Increased from Fluctuations due
- surveyed in 1981 13.7 - 16.1  to floods

Emmerson, 1983 160 decreased - - Between 1982 - 1984
 to 40  flood led to complete

removal

Hilmer et al., 1988 - - 0.6 Slow recovery phase

Adams and Haschick 250 - 310 - - Recovery hampered
(in press)  by trampling

Aerial photographs - - 12.5 -
 1996

Figure 1
The Swartkops Estuary showing the

distribution of surrounding developments
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(Table 2).  Since the construction of Settlers Bridge (N2 Highway)
in 1974 there has been little change in the area covered by intertidal
salt marsh (165.8 ha, Table 2, Fig. 3).  In 1996 the intertidal salt
marsh covered 165 ha, the reduction of 0.8 ha due to the upgrading
of road interchanges in the Fishwater Flats region (Table 2).

Supratidal salt marsh
The area covered by supratidal salt marsh was measured from aerial
photographs and maps drawn in previous studies (Table 3).  For the
pristine or pre-development condition, supratidal salt marsh was
estimated to cover approximately 40 ha in extent (Fig. 2).  Approxi-
mately 31 ha of supratidal salt marsh had already been eliminated
by 1957 because of developments (Table 3).  From 1957 to 1997
construction of Fishwater Flats Sewage Works, Settlers Bridge
(N2) and the M19 bridge to Uitenhage resulted in the further
removal of approximately 4 ha of marsh (Fig. 3).

Reeds and sedges

The area covered by reeds and sedges has not been documented nor
identified in previous reports.  For this study, estimates of the area
covered by reeds and sedges were based on visual presence in
photographs provided in reports and from recent colour aerial
photographs (Table 4).  Dense reed and sedge beds are usually
found in the upper reaches of estuaries where the salinity is less than
15 g·�-1.  Phragmites australis (common reed) is the dominant
species in the Swartkops Estuary and extends from Redhouse
Village to Perseverance causeway (head of the Estuary, Fig. 1).
Table 4 shows that for the pristine condition or until 1957 reeds
covered approximately 10 ha, after this a series of floods and bank
erosion reduced the cover to 6 ha in 1983.  Futher floods and
quarrying in the channel and floodplain for stone at the head of the
estuary reduced the cover to 4.5 ha in 1997.

Past plant cover in the Swartkops
estuary, before 1939

Intertidal salt marshes

Intertidal regions with Zostera capensis beds

Supratidal salt marshes

Reeds

Escarpment

Terrestrial vegetation

1 km

Figure 2
The past vegetation

cover of the Swartkops
Estuary before 1939

TABLE 2
SUMMARY OF THE CHANGE IN THE AREA COVERED BY INTERTIDAL

SALT MARSH AS CALCULATED FROM AVAILABLE MAPS, AERIAL

PHOTOGRAPHS (TRIG. SURVEY AND DEPARTMENT OF ENVIRON-
MENTAL AFFAIRS) AND ORTHOPHOTO MAPS (1:10 000)

Survey/Author Cover Comments
 (ha)

Aerial photos and 215 Estimate of intertidal area
field survey before any development at

current MSHWM

Aerial photos 1939 170 Post development of
Swartkops and Redhouse
Village

MacNae, 1957 - 168 Post-construction of power
estimated from maps station, salt works, Uitenhage

road and railway bridges

Jacot Guillard (Hill, 165.3 Reduction in intertidal salt
Kaplan and Scott) marsh after construction of
1974 - Aerial Settlers Bridge (N2),
photographs 1968-1974

Orthophoto maps 166 -
1983

Aerial photographs 165.8 -
1985

Talbot and Bate, 1987 166 -

Orthophoto maps 165 Reduction due to further
1996 road construction (M19 to

Uitenhage)
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Botanical importance rating

Calculations of the botanical importance scores are shown in Table
2 of the appendix.  Changes in the botanical importance score over
time have been summarised in Fig. 4.  In the pristine state the
Swartkops Estuary had the highest normalised botanical impor-
tance score (100) with a steady reduction in score over time as
shown in Fig. 4.

The pristine condition (Fig. 4, Appendix Table 2) represents
the estuary without any development and where the estuarine flora
is assumed to have colonised all available habitats.  There was a
decrease in the botanical importance score for the Swartkops
Estuary over time.  A major decrease in area covered by supratidal
and intertidal salt marsh is seen in the earlier years of development,
with large-scale elimination becoming less evident in subsequent
years.  This is shown by the 49% reduction in the botanical
importance score once development started taking place within the
Swartkops Estuary (pristine condition to 1939, Fig. 4, Appendix
Table 2).  Developments such as Swartkops and Redhouse Vil-
lages, roads and bridges and the power station led to the removal of
large areas of supratidal salt marsh.  In later years (1939 - present,
Fig. 4, Appendix Table 2) the gradual loss of vegetation lead to a
6% reduction in the botanical importance score (51 to 45).  The
removal of the highly productive submerged macrophyte Zostera
capensis by flood accounts for the low importance scores for 1984
and 1988.  Presently, the most important botanical components in
the Swartkops Estuary are the intertidal salt marsh and intertidal
benthic microalgae (Fig. 4, Appendix Table).

Changes in plant cover also alter the botanical importance of an
estuary on a national basis when compared to other estuaries of
different sizes or with other plant community types present.  For
example, the Quko Estuary covers a total area of 78 ha compared
to the Mngazana Estuary that covers an area of 615 ha.  The high
importance score for the Olifants Estuary is a result of the large area

Present plant cover in the Swartkops
estuary, 1998

Intertidal salt marshes

Intertidal regions with Zostera capensis beds

Supratidal salt marshes

Reeds

Escarpment

Terrestrial vegetation

Redhouse Sw
Vi

Uitenhage Road

Figure 3
The present estuarine vegetation cover of the

Swartkops Estuary (1998).

TABLE 3
SUMMARY OF THE CHANGE IN THE AREA COVERED BY SUPRATIDAL

SALT MARSH CALCULATED FROM AVAILABLE MAPS, AERIAL

PHOTOGRAPHS (TRIG. SURVEY AND DEPARTMENT OF ENVIRON-
MENTAL AFFAIRS) AND ORTHOPHOTO MAPS (1:10 000).

Survey/source Cover Comments
(ha)

Aerial photos 40 Estimate of supratidal area
1939  before any development at

2.5 m contour

MacNae 1957 9 Post development of Swartkops
- estimated from Village and Redhouse Village,
maps power station, salt works,

Uitenhage road and railway
bridges, Neave industrial area

Jacot Guillard, 8 Post construction of  Fishwater
1974 Flats Sewage Works (1972) and

the Settlers Bridge (1968-1974)

Orthophoto maps 6 Road construction (M19 to
1983  Uitenhage)

Aerial survey 5 Further road construction and
1996/1997  extension of Fishwater Flats
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covered by supratidal salt marsh.  The Mngazana Estuary has a high
importance score because it has the largest mangrove community
present in the Eastern Cape Province.  In its pristine condition the
Swartkops Estuary would have had a higher ranking (second place)
in terms of its national botanical importance than it presently has
(third place) (Table 5).  This is due to the loss of area covered by
the estuarine plants.  Despite this because of the large area of
estuarine flora still present in the Swartkops Estuary it is still ranked
third based on its present condition within this group of estuaries.

Discussion

The majority of plant community types found in the Swartkops
Estuary have been affected by anthropogenic development within
the estuary basin.  Bridges and roads have caused major changes in

the Swartkops Estuary. As early as MacNae’s (1957) study, changes
in sediment deposition were noted to have led to the loss of
intertidal salt marsh after the construction of the railway bridge
near Swartkops Village.  The embankments of this bridge and the
N2 Settlers bridge led to the removal of both the inter- and
supratidal salt marsh.  Because of this, there has been a decrease in
the botanical importance score of the Swartkops Estuary over the
last 40 years.  In order to protect river front properties in Swartkops
Village and Amsterdamhoek area, retaining walls were constructed.
In the case of the Swartkops Village, areas adjacent to the retaining
walls have been built up, whereas the Bluewater Bay walls were
constructed in an area of steep cliffs, where no intertidal area would
have developed.

Small-scale anthropogenic impacts include footpaths and
trampling, littering, bait digging, mooring of boats in vegetation
and overgrazing.  The effects of these impacts are not recorded in
the botanical importance score, as it is difficult to determine the
amount of area/productivity lost as a result of these activities.  The
extensive intertidal mudflats are an ideal habitat for bait organisms
such as the mud prawn (Upogebia africana) and pencil bait (Solen
cyclindraceus).  Extensive bait digging has resulted in impacts such
as trampling and uprooting of the Zostera capensis beds, littering
(plastic bags containers and discarded fishing tackle) and numer-
ous footpaths in the supra- and intertidal salt marshes.

0

50000

100000

150000

200000

250000

300000

Pristine 1939 1957 1974 1982 1983 1984 1988 P

Year

A
re

a 
(h

a)
 x

 A
ve

ra
g

e 
p

ro
d

u
ct

iv
it

y

Supratidal salt marsh Intertidal salt marsh Reeds Submerged Macrop

Figure 4
Graphs representing the

change in area x productivity
values over time for the

respective plant community
types

TABLE 4
SUMMARY OF THE CHANGE IN THE AREA COVERED BY REEDS AND

SEDGES CALCULATED FROM AVAILABLE MAPS, AERIAL PHOTO-
GRAPHS (TRIG. SURVEY AND DEPARTMENT OF ENVIRONMENTAL

AFFAIRS) AND ORTHOPHOTO MAPS (1:10 000).
MSHWM = MEAN SPRING HIGH WATER MARK.

Survey/source Cover Comments
 (ha)

Aerial photos 10 Estimate of area before any
development at current MSHWM

MacNae 1957 10 -
- estimated from
maps

Jacot Guillard 1974 9.5 Steady reduction in cover after
flooding events

Orthophoto maps 6 Increased bank erosion below
1984 Perseverance causeway

Coetzee et al. 1997 5 Further erosion and quarries

TABLE 5
BOTANICAL IMPORTANCE SCORES RANKED IN DECREASING ORDER

OF IMPORTANCE FOR A NUMBER OF SOUTH AFRICAN ESTUARIES.
NORMALISED SCORES ARE ALSO PRESENTED.

Estuary Botanical Normalised
importance score score

Olifants 402 567 100
Swartkops (pristine) 397 027 99
Mngazana 329 685 82
Swartkops (’39 - present) 203 857 - 179 936 51 - 45
Gamtoos 90 704 23
Kieskamma 83 298 21
Goukou 62 107 15
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The salt marsh has been divided into two plant community
types.  These are the intertidal marsh that occurs from the mean high
water neap mark to the mean high water spring mark, and the
supratidal marsh that occurs above the spring high-tide watermark.
These two salt marsh types differ in species composition (Adams
et al., 1999).  Supratidal salt marsh species may have similar
salinity tolerance ranges to that of intertidal species but they are
more sensitive to inundation (Adams et al., 1992, Adams and Bate,
1994).  Salt marsh has been affected by human development and
subjected to higher pressures than the other plant community types.
This is possibly due to the ease at which these areas are reclaimed
for residential or industrial development by the reduction of tidal
flow and the drying out of such areas.

The reed and submerged macrophyte plant community types
have shown greater variation in area cover due to natural distur-
bance.  Large floods have been shown to remove these reeds
resulting in bank erosion and loss of potential habitat for subse-
quent recolonisation.  Floods remove the riparian vegetation and
scour the banks leaving behind unstable steep sided river banks
where there appears to be little subsequent sediment deposition.
These banks are later colonised by grasses and invasive plants such
as Acacia spp.  Quarrying activities in the Perseverance area have
altered the channel geomorphology thus preventing reed establish-
ment in this region of the estuary.  Alien invasive plants such as
Acacia cyclops, Lantana camara and Senna didimobtyra are found
in small isolated clumps in the upper reaches of the estuary.  Large
floods remove the riparian vegetation which is mostly reeds, erode
the river banks and open up areas for invasion by alien species, thus
removing a habitat previously colonised by reeds.

The submerged macrophytes have also shown variation due to
floods, with little seasonal variation evident.  Seagrasses in more
temperate climates have stable standing stocks with variation often
correlated to flooding periodicity (Talbot and Bate, 1987)

In its pristine condition the Swartkops Estuary would have had
a higher ranking (second place) in terms of its national botanical
importance than it presently has (third place).  This is due to the loss
of area covered by the estuarine plant community types.  Despite
this because of the large area of estuarine flora still present in the
Swartkops Estuary it is still ranked third based on its present state.

Conclusion

Application of the botanical importance rating system identified
salt marsh as the estuarine plant community that has experienced
the greatest loss due to human development.  Emphasis should be
placed on the protection of salt marsh as these areas make a
significant contribution to the secondary production of the estuary.
Any reduction in their area will affect higher trophic levels (Davies
1982; Bally et al. 1985; Whitfield, 1984).  The most important
botanical components in the Swartkops Estuary are the intertidal
salt marsh and intertidal benthic microalgae.  These areas should
continue to function optimally provided the mouth of the estuary is
allowed to remain open, thus ensuring regular tidal flushing.
Supratidal salt marsh areas have suffered the greatest losses prob-
ably because they are only periodically inundated, and with suit-
able engineering are more prone to development (i.e. Fishwater
Flats Sewage Works, Neave industrial area).  In the future, the
supratidal salt marsh may be the most vulnerable plant community
type in terms of loss due to further developments.
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APPENDIX TABLE 1
PRIMARY PRODUCTIVITY VALUES FOR THE NINE ESTUARINE PLANT COMMUNITY TYPES. THE AVERAGE PRIMARY PRODUCTIVITY VALUE

FOR EACH PLANT COMMUNITY TYPE IS USED IN THE BOTANICAL IMPORTANCE RATING FORMULA.  THE LOCALITY OF THE ESTUARY IS
GIVEN AS WELL AS THE METHOD USED TO MEASURE PRIMARY PRODUCTIVITY.

Species Productivity Locality Reference Methods
(g·m-2·yr-1)

Supratidal salt marsh
Sarcocornia cynosuroides 792 Louisiana, USA Hopkinson et al., 1978 Change in biomass
Sarcocornia oleyni 880 Louisiana, USA Hopkinson et al., 1978 Change in biomass
Average 836

Intertidal salt marsh
Spartina maritima 651 Swartkops Estuary Pierce, 1979 Change in biomass
Average 651

Reeds and sedges
Typha latifolia 1 249 Swartvlei Estuary Howard-Williams Production/biomass ratios

& Liptrot, 1980
Schoenoplectus littoralis 1 004 Swartvlei Estuary Howard-Williams Production/biomass ratios

& Liptrot, 1980
Schoenoplectus littoralis 960 Bot River Estuary Bally et al., 1985 Change in biomass

Phragmites australis 930 Swartvlei Estuary Howard-Williams Production/biomass ratios
& Liptrot, 1980

Phragmites australis 1 621 Swartvlei Estuary Howard-Williams Unknown
& Allanson, 1981

Phragmites autralis 1 790 Bot River Estuary Bally et al., 1985 Change in biomass
Phragmites australis 2140 Siyaya Estuary Benfield, 1984 Change in biomass
Average 1770
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APPENDIX TABLE 1 (CONTINUED)

Species Productivity Locality Reference Methods
(g·m-2·yr-1)

Submerged macrophytes
Chara globularis 231 Swartvlei Estuary Howard-Williams O

2
 Light/dark bottle method

& Liptrot, 1980
Chara globularis 236 Swartvlei Estuary Howard-Williams, 1978 O

2
 Light/dark bottle method

Chara globularis 2 230 Bot River Estuary Bally et al., 1985 Change in biomass
Potamogeton pectinatus 415 Swartvlei Estuary Howard-Williams Production/biomass ratios

& Liptrot, 1980
Potamogeton pectinatus 2 506 Swartvlei Estuary Howard-Williams O

2
 Light/dark bottle method

& Allanson, 1978
Potamogeton pectinus 4 124 Bot River Estuary Bally et al., 1985 Change in biomass
Ruppia cirrhosa 83 Swarvlei Estuary Howard-Williams Production/biomass ratios

& Liptrot, 1980
Ruppia maritima 710 Bot River Estuary Bally et al., 1985 Change in biomass
Average 1 316

Mangroves
Avicennia marina 1013 St Lucia Estuary Steinke, 1995 Litter production
Avicennia marina 1056 Mhlathuze Estuary Steinke, 1995 Litter production
Brugueria gymnorrhiza 698 Mgeni Estuary Steinke, 1995 Litter production
Brugueria gymnorrhiza 729 St Lucia Estuary Steinke, 1995 Litter production
Brugueria gymnorrhiza 824 Mgeni Estuary Steinke, 1995 Litter production
Rhizophora mucronata 972 Mhlathuze Estuary Steinke, 1995 Litter production
Average 1 811

Intertidal benthic microalgae
57 Swartkops Estuary Pierce, 1979 Fielding  & Damstra conversion

(Fielding et al., 1988)
128 Sundays Estuary Rodriguez, 1994 Fielding  & Damstra conversion

(Fielding et al., 1988)
189 Bot River Estuary Bally et al., 1985 Fielding  & Damstra conversion

(Fielding et al., 1988)
Average 124

Phytoplankton
57 Swartkops Estuary Pierce, 1979 Henry et al. (1977) conversion

250 Sundays Estuary Hilmer & Bate, 1990 14CO
2

182 Bot River Estuary Bally et al., 1985 Henry et al. (1977) conversion
Average 163

Macroalgae
Enteromorpha sp. 129 Swartvlei Estuary Whitfield, 1988 Change in biomass
Caulerpa filiformis 329 Sundays Estuary Talbot et al.,1990 Production/biomass ratio
Cladophora sp. 132 Palmiet Estuary Branch & Day, 1984 Change in biomass
Average area 196

Swamp forest
Hibiscus tiliaceus 2220 Siyaya Estuary Schleyer & Roberts, 1987 Litter production
Barringtonia racemosa 1560 Siyaya Estuary Schleyer & Roberts, 1987 Litter production
Average 1890
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APPENDIX TABLE 2
SUMMARY OF AREA (HA) COVERED BY THE DIFFERENT PLANT COMMUNITIES OVER TIME AND CALCULATION OF THE BOTANICAL IMPORTANCE

SCORES FOR THE SWARTKOPS ESTUARY

Change in area (ha) covered by plant community type  over time
Pristine 1939 1957 1974 1982 1983 1984 1988 Present

Supratidal salt marsh 40 9 9 8 8 6 6 6 5
Intertidal salt marsh 215 170 168 165.3 166 166 166 166 165
Reeds and sedges 10 10 10 9.5 9.5 9.5 6 5 4.5
Submerged macrophytes 16 16 15 15 15 16 0 0.6 12.5
Intertidal benthic microalgae 177 177 177 177 177 177 177 177 177
Phytoplankton 135 135 135 135 135 135 135 135 135

Area x productivity

Supratidal salt marsh 33440 12540 7524 6688 6688 5016 5016 5016 4180
Intertidal salt marsh 282940 110670 109368 108066 108066 108066 108066 108066 107415
Reeds 14000 14000 14000 13300 13300 13300 8400 7000 6300
Submerged macrophytes 21056 21056 19740 19740 19740 21056 0 789.6 16450
Intertidal benthic microalgae 28851 28851 28851 28851 28851 28851 28851 28851 28851
Phytoplankton 16740 16740 16740 16740 16740 16740 16740 16740 16740

BI Score 397027 203857 196223 193385 193385 193029 167073 166463 179936
Normalised score 100 51 49 49 49 49 42 42 45
National normalised score 99 51 49 48 48 48 42 41 45


