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EXECUTIVE SUMMARY
MOTIVATION AND BACKGROUND

The continued supply of freshwater to estuaries is very important in South Africa where much of
the country is arid. The construction of impoundments and the resultant decrease in freshwater
fiowing into estuaries will have far-reaching consequences to their biological and physical
functioning (Reddering 1988, Allanson 1992, and Adams et al. 1992). The construction of
dams appears, at present, to be the only way that the freshwater demand of the people can be
satisfied. if this trend continues it will mean that not all estuaries will be able to be conserved,
even in their present condition, with respect to required freshwater. Important estuaries should
be earmarked for conservation but first must be identified.

An estuary can be identified as important for a number of different reasons. It may have a rare
bird species present. Another may have unique hydrological features; it might be an important
recreational estuary or it may have especially large saltmarsh areas. These botanical,
zoological, physical and socio-economic factors all contribute to the overall importance of an
estuary. This project aimed to determine only the botanical importance of a number of
individual estuaries.

PROJECT OBJECTIVES

The original project objective was to identify estuarine plant communities and their freshwater
requirements in different types of South African estuaries. The freshwater requirements of the
plant communities can only be determined once the communities within the estuary have been
identified. Project objectives were revised to:

* A classification of estuarine plant communities in different types of estuaries to
establish whether alf estuaries might be considered botanically the same.

* In order to retain a complete range of South African estuarine types, the project
aimed to identify those estuaries which have a high conservation status in terms of
their botanical communities (botanical importance rating).

* Compile a comprehensive list, as well as develop an identification key of the diatom
species present in Cape estuaries.



BRIEF SUMMARY OF MAJOR RESULTS AND CONCLUSIONS

Literature review

An extensive review was completed of the following topics;

(1) Classification of South African estuaries,

(2) Estuarine plant communities related to their importance, and
(3) Importance Rating Indices.

Classification of South African estuaries based on plant communities in relation to
freshwater management

The initial classification of estuarine plants in the five different estuarine types as proposed by
Whitfield (1992) showed that most species occurred in all the different types of estuaries.
However, Natal estuaries were separated from Cape systems based on floristic differences i.e.
mangrove swamps versus saltmarshes. Ordination of the area covered by the four different
plant communities in temporarily and permanently open Cape estuaries, showed that the
estuaries flowing into False Bay were reed dominated, and could be separated from the
remaining estuaries which were dominated by saltmarshes. The estuaries with large saltmarsh
areas could be further divided into those dominated by either intertidal {eg. Swartkops,
Kromme) or supratidal saltmarshes (eg. Gamtoos, Gouritz).

From knowledge of the different plant communities in an estuary, general comments can be
made about the management of freshwater flows into the estuary in order to maintain these
plant communities. For example if one considered the freshwater management of the
Swartkops estuary, a permanently open system that has extensive intertidal saltmarshes, it
would be important to;

i) maintain salinity between 10-35 ppt, as this is the optimal salinity range for the
growth of intertidal saltmarsh plants,

ii) ensure daily tidal flushing, because the salinity must be maintained and should
not drop to zero,

iii) prevent prolonged inundation during the growing season, because if the plants

are submerged they do not flower and set seed, and
iv) prevent prolonged dry sediment conditions as the plants require waterlogged
conditions for optimal growth.
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The development of a botanical importance rating system for estuaries

A system has been developed which rates estuaries according to their botanical importance.
Botanical importance is defined as the contribution of the plant communities to the overall
conservation status of an estuary. The formula derived to calculate a numerical importance
value allows a single value to be calculated. The area covered by each estuarine plant
community type (i.e. supratidal saltmarsh, intertidal saltmarsh, submerged macrophytes and
reed/sedge swamps) and its importance in the estuary forms the basis of the score. The
condition of the plant community and the community richness within the estuary were also used
in the formula.

The botanical importance rating system was presented to a panel of experts (Appendix 1) at a
workshop in December 1994. A number of improvements to the importance rating were
suggested. These included:

(1) Separate the permanently and temporarily open estuaries and show their scores
separately,

(2) The four different estuarine plant communities should be assigned importance values
based on the closeness of their association with the estuary,

(3} The area impacted in the different plant community types should be included
instead of only the number of impacts, and

(4) A plant species richness component was to be included.

The first two suggestions were incorporated into the final botanical importance rating system.
The area of plant community impacted was not included, as this was very difficult to quantify. A
plant species richness component was not feasible because monospecific communities such as
Zostera capensis or Phragmites australis beds are common in estuaries.

The botanical importance of selected Cape estuaries

This study focused on temporarily and permanently open estuaries only along the Cape coast.
For convenience the whole region was sub-divided into four regions: namely, western Cape;
south-western Cape; southern Cape and south-eastern Cape. These sub-regions were
included as they correspond to regionally discrete rainfall areas.

Thirty three estuaries were studied and rated according to:

(1) Their importance along the whole Cape coast,

(2} Their sub-regional importance (i.e. southern Cape versus south-eastern Cape, etc),

(3) Their rating compared to other estuaries of their type (i.e. temporarily or permanently
open).



The Olifants estuary on the west coast received the highest importance score for the whole
Cape coast. It has extensive marshes in its lower reaches that are in good condition. Reed and
submerged macrophyte beds are also a feature of this estuary. Two False Bay estuaries, the
Lourens and Sir Lowry's Pass, had the lowest scores. These two estuaries are severely
impacted as a result of residential and industrial proximity, and rehabilitation would be
necessary to restore any botanical significance to them.

Not all estuaries were used to obtain these scores and more need to be included to make the
importance rating relative to all estuaries along the whole South African coast. This rating can
be used to identify estuaries that should receive a high conservation status. The freshwater
requirements of important estuaries should be managed accordingly and the development of
impoundments on them curtailed.

The importance rating formula is effective in determining the botanical importance of estuaries.
Further methods to determine the zoological, physical and socio-economic importance of
estuaries need to be developed to allow the overall importance of estuaries to be determined.
However we feel that the condition and extent of the plant communities can to a large extent
determine the overall ecological condition of an estuary.

Distribution and identification of estuarine microalgae

We have found 78 diatom genera to be present in nine estuaries that have been sampled. A
catalogue of scanning electron microscope photographs of estuarine diatom species has been
prepared which relates each species to its position in a specific estuary and to the salinity of the
water. Species associated with marine, brackish and freshwater conditions have been
identified. Digital images of the diatom taxa have been captured and will be available for
incoroporation into a World Wide Web site on the Internet.

The multivariate technique, ordination was used to determine whether diatorn species could be
associated with specific estuaries or salinity conditions. Ordination of the estuaries according to
the water column diatoms showed no apparent clustering. Too many species were considered
and it is recommended that future studies only consider the dominant 1 to 3 species ata
particular site. For the benthic diatoms fewer species were considered. Ordination of the

benthic diatoms showed that species and sites could be associated with specific salinity
conditions. In particular, the Gamtoos, Palmiet and Berg sites were grouped together probably ~
because of their brackish conditions.

A computerised key for the identification of estuarine diatoms to the level of genus has been
developed. Further identification to the level of species remains a problem and requires to be
addressed. The identification system makes use of a database, customised to the interests of
the user, which is capable of interrogation using simple database programs.

Aithough this key was developed for the estuarine diatoms of the Cape coast, it is a customized



system that will allow water scientists to compile a system to identify the species which are
important in the aquatic systems in which they are working.

OVERALL CONCLUSIONS

Obijective 1
Classification of estuarine plant communities in different types of estuaries to establish whether
all estuaries might be considered botanically the same.

Result
The classification of specific Cape estuaries according to their plant communities showed that
they can be sub-divided into two groups based on their botanical features:

Group 1: Estuaries dominated by brackish species
(reed and sedge communities)
Group 2: Estuaries dominated by halophytic species

(saltmarsh communities)
2.1 Estuaries dominated by intertidal saltmarshes
2.2 Estuaries dominated by supratidal saltmarshes.

From knowledge of the different plant communities in an estuary general recommendations can
be made concerning the management of freshwater flows into the estuary in order to maintain
the plant communities in good condition.
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Objective 2
In order to retain a complete range of South African estuarine types, the project aimed to
identify those estuaries which have a high conservation status in terms of their botanical

communities (botanical importance rating).

Result

A system has been developed which rates estuaries according to their botanical importance.
The area covered by each estuarine piant community type, its importance in the estuary, the
condition of the plant community and the community richness within the estuary form the basis
of the formula. Thirty-three temporarily and permanently open estuaries were studied and
scores allocated according to their importance along the whole Cape coast. A regional
importance was also determined. Using the calculated score, estuaries can be compared with
others of their type (i.e. temporarily or permanently open estuaries).

When each estuary is classified with respect to its botanical importance, we believe that the
data set will be extremely important to the Department of Water Affairs and Forestry. It will
assist them to allocate water impoundment schemes to river systems. Other management
bodies such as the Department of Environmental Affairs and Tourism and Cape Nature
Conservation to rank estuaries according to their botanical importance can also use the rating
system. Because of the nature of the scoring system, each rating can be analysed with respect
to the plant communities and ameliorating actions devised to reduce adverse impacts. If the
plant communities are in good condition then other conditions (i.e. faunal, socio-economic etc.)
will also be optimal or near optimal.

Objective 3
Compile a comprehensive list, as well as develop an identification key of the diatom species
present in Cape estuaries.

Result

A list of 78 diatom genera has been compiled. These are listed by the estuary and salinity
conditions in which they were found. Digital images of these species have been captured and
will be available for incorporation into a World Wide Web site on the Internet. Research
workers or personnel of the Department of Water Affairs and Forestry would be able to consult
such a reference site should they find diatom species identification a necessity.

A computer-based program has been devised which provides an identification system for South
African estuarine diatom species—The system-is believed-to-be-relatively-simple-so-that - -
untrained staff should be able to identify species after a short training period. Thisis a
customised diatom identification system that will allow water scientists to compile a system to
identify the species that are important in the aquatic systems in which they are working.

This identification key has great potential if further developed for use as a water management
tool. This is because diatoms respond rapidly to changes in water chemistry.
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RECOMMENDATIONS FOR FUTURE RESEARCH

(1)

(2)

(3)

The botanical importance rating should be extended to include all South African
estuaries. .

Rehabilitation plans must be formulated to restore botanical importance to those
estuaries that were identified as degraded.

The diatom identification key should be extended to include species names. Visual
material should be made available to water managers.

Studies on estuarine microalgae should continue in order to include them at a later
stage into the botanical importance rating of estuaries.

PUBLICATIONS AND SYMPOSIA PRESENTATIONS

Miss J. Coetzee completed a MSc as part of this project. It was entitled “Classification of South
African estuaries based on plant communities”. Three other student projects were completed
on topics related to the objectives of the project. Chapter 3 and 4 were published in journals.
The paper "The identification of diatom genera for ecological studies, G.C. Bate and F.E.
Round” which is a component of Chapter 5 was also prepared. Seven presentations were
made at local symposia and one overseas conference (25th Annual Symposium of the
Estuarine and Coastal Sciences Association. Trinity College, Dublin, Ireland).
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BOTANICAL IMPORTANCE
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Attempts to reorginise grouping in the vegetation dataset as mathematically as possible.

CONSERVATION STATUS
The amount of the present vegetation that is conserved.

ORDINATION
Organises community data on species abundance exclusively.

ALLOCHTHONOUS
Not made in situ (i.e. not made in the estuary but imported from outside the system)

BRACKISH
Water within the salinity range of 5 - 15 ppt (seawater = 35 ppt)

HABITAT
Area or natural environment in which the requirements of a specific plant or animal are met,
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HALOPHYTE
A plant that is tolerant of high concentrations of salinity.

HYPERSALINE
Salinity greater than 40 ppt

IN SITU
In the natural habitat or within the organism

PHYTOPLANKTON BLOOM
Dense growth of algae or phytoplankton.

PRIMARY PRODUCTION
Fixation of inorganic carbon etc. into organic matter by autotrophs, which are referred to as

primary producers.

RETENTION TIME
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SALINITY :
The proportion of saits in pure water, in parts per thousand by mass. Units expressed as

ppt, g I, g kg”. In this report ppt was used.



INTRODUCTION

The initial project title was "The freshwater requirements of plant communities in different types
of estuaries". The objective was to identify the various estuarine plant communities and their
freshwater requirements in South African estuaries. The freshwater requirements of the plant
communities could only be determined after the communities within the different estuaries had
been identified. The first section of the study, was an attempt to classify South African
estuaries based on the plant communities present. A botanical importance rating system for
estuaries was subsequently developed and applied to Cape estuaries. Another component of
the study was the identification of estuarine microalgae and the relationship between these
species and freshwater input.

As the project developed emphasis was placed on the botanical importance of South African
estuaries and the title of the project was changed to "Botanical importance and its relationship
with freshwater supply - South African estuaries."

The project objectives were:

* A classification of estuarine plant communities in different types of estuaries to
establish whether all estuaries might be considered botanically the same.

* In order to retain a complete range of South African estuarine types, the project aimed
to identify those estuaries that have a high conservation status in terms of their
botanical communities (botanical importance rating).

* Compile a comprehensive list, as well as develop an identification key of the diatom
species present in Cape estuaries.

The study used multivariate analysis (ordination) to determine similarities or dissimilarities
between estuaries and establish whether all estuaries could be considered botanically similar.

An individual estuary can be identified as being important for a number of reasons. It may have
especially large saltmarsh areas; it may have a rare bird species present; another might have
unique hydrological features or it might be an important recreational estuary. These botanical,
zoological, physical and socio-economic factors all contribute towards the importance of an
estuary and the Consortium for Estuarine Research and Management (CERM) is working
towards incorporating all these attributes into an overall importance rating for South African
estuaries (CERM 1994).



This study focused on the botanical importance of Cape estuaries from the Quko (Double
mouth) estuary on the southeast coast, to the Olifants estuary on the west coast (Figures 1-3).
Only temporarily and permanently apen estuaries were considered. The estuaries were rated
according to their importance within the Cape region, their regional importance as well as
against other estuaries of their type (i.e. temporarily or permanently open).

The index developed in this project is effective at summarising botanical information into a
single score. Using this index planners, developers, managers and conservationists can see at
a glance which estuaries are considered the more botanically important and which, therefore,
require careful consideration, management and conservation in an environment which is
increasingly being utilised solely for the supply of a single commodity, water.

A catalogue of estuarine diatom species was made which relates each species to its position in
specific estuaries, salinity value of the water and time of year at which the collection was made.
The multivariate technique, ordination was used to determine whether specific species could be
associated with specific estuaries or salinity conditions. A computerised key for the
identification of estuarine diatoms was developed. Although this key was developed for the
estuarine diatoms of the Cape coast, it is a customized system that will allow water scientists to

~ compile’a system to identify the species that-are important-in-the-aquatic-systems-in-which-they— - -- -

are working.

WESTERN CAPE

SOUTH WESTERN CAPE

INDIAN OCEAN

F IGURE 1. Diagrmmnatic representation of the west and south western Cape. The approximate location of the
estuaries used in the scoring system are shown.



FIGURE 2. Diagrammatic representation of the southern Cape region. The approximate location of. the estuaries used
in the scoring system are shown.

Eastern Boundary
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FIGURE 3. Diagrammatic representation of the south eastern Cape region. The approximate location of the estuaries
used in the scoring system are shown.



1. LITERATURE REVIEW
1.1 CLASSIFICATION OF SOUTH AFRICAN ESTUARIES

Classification schemes for the estuaries along the South African coastline have used a number
of different parameters. These include the general morphology of the estuary, the mixing
processes involved, salinity stratification, circulation patterns, tidal range and salinity regime.
None, however, have used biological parameters to group similar estuaries. This section
presents the different classification schemes proposed for South African estuaries. South
African estuaries are generally small and their inlets are often restricted by sandspits (Day
1981, Reddering 1988). Sea water intrusion is influenced strongly by the strength of the
inflowing freshwater and the estuaries can have varying periods of salinity in their lower reaches
which vary from strongly saline to freshwater conditions, depending on the rainfall in the
catchment (Day 1981, Adams ef al. 1992). South African estuaries can be regarded as unique
and for this reason classification schemes which deal exclusively with South African estuaries
are described. The classification scheme at the end _of this_section (Whitfield 1992), is the

scheme which was accepted and used for the initiation of this study.

1.1.1 Begq (1978)

Begg's (1978) report presented the morphology, geology, mouth condition, physico-chemical
conditions and hydrology on 73 of Natal's estuaries. Also given are general descriptions of the
fauna and flora in each estuary. Before describing each of the estuaries however, he gave a
general classification of the estuaries along the Natal coast (Table 1).

Begg's (1978) estuary classification and descriptions are very similar to those of Whitfield
{1992). The descriptive names are easy to understand and it is easy to place a estuary into any
one of the classes on the basis of what the estuary looks like. Begg (1978) however, make the
distinction between a "true" estuary and the others, whereas Whitfield (1992) does not. Begg
{1878} used the term "true estuaries”, to describe permanently open estuaries. This is
misleading, as the reader/user is led to believe that an estuary in this class is more important
than one in the closed or blind estuary class. Day (1981) described an estuary as ".. a partially
enclosed coastal body of water which is either permanently or periodically open to the sea and
within which there is a measurable variation of salinity due to the mixture of sea water with
freshwater...." This definition includes those estuaries that are always open or occasionally
open to the sea and does not imply that the one is better than the other in terms of their
estuarine function.



TABLE 1. The five estuary types described by Begg (1978) for only Natal Estuaries.

ESTUARY TYPE DESCRIPTION

Free access to the sea and under tidal influences. Salinity

should be measurably diluted by freshwater inflow.

LAGOON Separated from sea by a sand bar. Dominated by
freshwater. Generally wind mixed.

EMBAYMENTS Salinity, as a result of tidal influence, not markedly reduced
by freshwater inflow. Generally tranquil environments with
nutrient rich bottom sediments.

TRUE ESTUARY

ESTUARY Largely fluctuating environment — from hypersaline to fresh

LINKED LAKE water conditions depending on climate.

SYSTEM

RIVER MOUTH Freshwater dominated system, no tidal mixing of sea and
freshwater.

1.1.2 Hevydorn and Tinley {1980)

Heydorn and Tinley (1980) presented a classification of South African estuaries. This
classification described Cape estuarine systems exclusively and not those found in Natal. Asin
some of the other classification schemes (Day, 1981; Whitfield, 1992), Heydorn and Tinley
divided the coast into different regions. The basis of those divisions was the major changes in
the coastal environment along the coast to which the estuaries would be subject, eg. wave or
wind exposure. The four regions recognised are listed below:

West Coast: Orange River mouth to Stompneuspunt .
South West Coast:  Stompneuspunt to Cape Agulhas.
South Coast: Cape Agulhas to Cape Padrone (east of Algoa Bay)

South Fast Coast:  Cape Padrone to Kei River mouth

The classification scheme used the general morphology of the estuary's mouth to divide them
into four types (Table 2). This scheme used easily recognisable physical features of estuaries
to place them into similar classes, in this case, mouth structure. It does not give any indication
of whether estuaries are perennially open to the sea, what their salinity range would be or the
freshwater inflow, it only considered the lower reaches of the estuary. The scheme was aimed
at managers and planners. It gave an indication of the sensitivity of the different areas in the
lower reaches, to recreational activities and developments.



TABLE 2. The four different estuary types described by Heydorn and Tinley (1980) for only
Cape estuaries.

ESTUARY TYPE DESCRIPTION
SINGLE SAND A single sand spit on one side of the mouth with a

SPIT rocky platform on the other.

DOUBLE SAND No rocky platform in the vicinity of the mouth — only
SPIT sand.

ROCKY No sand in the vicinity of the mouth - only rocks.
HEADLANDS

VLEI COAST A double sand spit, but backed by extensive wetland

and floodplain areas. Long beaches and foredunes
are not uncommon along the surrounding coastline.

1.1.3 Day (1981)

Day (1981) described three broad estuary types along the South African coast. He also divided
the coastline into, what he termed, biotic provinces, i.e. cold temperate, warm-temperate and
subtropical. These divisions were based on water temperatures in the estuaries, which are
indirectly determined by rainfall and river flow in the area. The estuaries occurring in these
provinces would, on the basis of the water temperature, rainfall and river flow, have their own
distinctive characteristics. The three provinces recognised were:

SUBTROPICAL estuaries of southern Mozambique to the Transkei - minimum water
temperatures of 16°C, good summer rainfall and strong river discharge.

WARM-TEMPERATE estuaries of the eastern and southern Cape - minimum water
temperatures between 12-14¢C, variable rainfall. According to Day (1981) the estuaries along
the Tsitsikamma coast form a special subgroup, as the rainfall is higher and more consistent
through the year.

COLD-TEMPERATE estuaries of the Atlantic coast - few éstuaries are found here due to the
low rainfall and high evaporation, the Berg and Olifants are the only two permanently open
estuaries and are characterised by strong freshwater inflow in winter.

The different types of estuaries that Day (1981) recognised in his general classification are
described in Table 3. In order to use Day's classification, measurements would have to be
taken to determine whether vertical or horizontal salinity gradients are present and also what
mixing patterns were involved. An estuary cannot be classified simply on its appearance as
with the system of Heydorn and Tinley (1980).



TABLE 3. The estuary described by Day (1981).

ESTUARY TYPE  SUB-TYPE DESCRIPTION
1. NORMAL Increase in the salinity from the head of estuary
to the mouth. Net flow seaward.
1a. Saltwedge Wedge of sae water along the bottom and a

layer of freshwater at the top with no mixing
between the two.

1b. Highly stratified Layer of seawater along bottom with freshwater
at the surface with some mixing between the
two.

1c. Partially stratified Vary degrees of mixing stratification between

inward and outward flowing water, vertical
salinity gradient often present.

1d. Vertically homogenous Salinity decreases from the mouth to the head of
the estuary, strong mixing and turbulent waters
mean no verticat salinity gradient is present.

2. HYPERSALINE Reversed salinity gradients that increase in
salinity from the mouth to the head. Conditions
often hypersaline in times of drought.

3. CLOSED Temporarily closed by a sandbar across the

\BLIND mouth resulting in no tidal range or currents.
Only freshwater enters. Hyper- or hyposaline
conditions can prevaii.

1.1.4 Harrison, Cooper, Ramm and Singh {1994)

Harrison et al. (1994) used the community degradation index (CDI) (Ramm 1890) to calculate
the estuarine health index (EHI) of west and south-western Cape estuaries (Orange river to
Buffels (Oos) in False Bay). In the calculation of the EHI the physical nature of all the estuaries
was assessed and each was placed into groups with similar characteristics {Table 4). The
parameters considered in this classification included catchment size, salinity, channel width,
mouth condition and floodplain width. Multivariate analysis techniques were used to determine
which estuaries form similar groups according to those parameters. In total, nine different
groups were recognised (Table 4).

This scheme uses a large number of different classes to describe essentially similar systems.
There are five groups which all describe ephemeral pans, differing mainly with respect to their
size. This large number of different groups makes the placing of estuaries into these groups
difficult and time consuming. Only someone who is familiar with the scheme and who knows the
various descriptions would be proficient at using it. Descriptive names were not given to the
different classes, only numbers, making it difficult to distinguish from one another in the system.



TABLE 4. The nine different estuary types recognised by Harrison et al. (1994) for the west and
south western Cape estuaries.

TYPE DESCRIPTION

ESTUARIES

1 Large estuaries with near permanent mouth, tidally Orange, Olifants, Groot Berg.
mediated salinities, permanent surface water.
2 Large estuary/coastal lagoon with long coastal barrier, Diep River/Rietviei.
permanent surface water and can become
hypersaline.
3A Large ephemeral coastal pans. High proportion of Buffels, Verlore, Papkuils,
freshwater and hypersalinity uncommon. Wadrif, Jakkals.
3B Small ephemeral coastal pans either dry or Spoeg, Holgat,
hypersaline. Not estuaries as they are prone to Groen, Sout (noord),
dryness, hypersalinity and lack contact with the sea, Swartlintjies, Bitter, Brak.
little or no habitation by marine, estuarine or
freshwater organisms.
4 Freshwater dominated (groundwater) ephemeral Dwars (suid).
CoC “coastalpan. - — - Tt e e e S
5 Tiny semi-arid systems seasonally dry also termed Jacobsbaai, Dwars (noord)
small ephemeral coastal stream (wadi) termination’s and Léerbaai.
with infrequent connection with the sea.
6 Very small ephemeral coastal wadi termipation’s with  Sout (suid), Bok,
periodic connection with the sea — small catchments, Silverstroom, Modder.
seasonally dry beds fed by periodic rivers.
7A Moderately large perennial hyposaline estuaries with Buffels (Oos), Lourens,
good salinity variation (all in False Bay). Sand/Sandvlei, Eerste,
Elsies, Rooiels.
7B Smallftiny perennial estuaries dominated by Houtbaai, Schuster,
freshwater with minimal marine influence. Bokramspruit,
Booiskraal, Krom,
Wildevoélvlei, Buffels (Wes),
Silvermyn, Sir Lowry's Pass.
8 Moderately large coastal lake dominated by Zeekoei.
freshwater inflow and open to the sea.
9 Pock bounded estuary without a sandy barrier. Steenbras.

1.1.5 Whitfield (1992 }7 : Physical classification

This last classification scheme to be described is the one that was accepted for use in this
study. Whitfield (1992) used the physical aspects such as the salinity, mouth characteristics,
tidal prism and mixing processes present in estuaries to categorise them into five types. it is
easy to determine into which class an estuary would fall with only a small amount of information
on the tidal influence, catchment and general estuary morphology. Because this scheme was
used for the rest of the study a detailed description of the different estuarine types is provided.



(a) Permanently open estuaries:

As the name suggests these estuaries are permanently open to the sea. Vertical and horizontal
salinity gradients are present and are modified by the river flow, tidal range and mouth
condition. Wetlands, as well as submerged macrophyte beds are common and the fauna are
predominantly marine and estuarine. Hypersaline conditions in the upper reaches can occur
during times of severe drought. The sea during normal conditions and the river input during
flood conditions controls water temperatures in this estuary type.

(b) Temporarily open estuaries:

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

{c) River mouths:

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

(d) Estuarine lakes:

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

(e) Estuarine bays:
Here too the water area must exceed 1 200 ha for a system to be considered within this type.
Natural bays (Knysna) and artificially formed bays (Durban Bay) are permanently linked to the
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sea and the salinities within them reflect this. Hypersaline conditions are not common and
water temperatures are strongly influenced by the sea. Marine and estuarine organisms
dominate these systems and extensive wettand/mangrove swamps occur (Whitfield 1992).

Whitfield (1992) also divided the coast into three biogeographic zones they were:

Subtropical - Kosi Bay (Natal) to Mbashe estuary (Transkei)

Warm Temperate - Mendu estuary (Transkei) to Buffels {(Wes) estuary (False Bay)

Cool! Temperate - Booiskraal estuary (Cape Peninsula) to Orange river mouth
(Cape west coast)

Whitfield's (1992) classification is easily understandable, it does not make use of numerous
subgroups which make the placing of estuaries into classes confusing. The descriptive names
given for each group are concise and effective at conjuring up the correct image of the estuary.

...... For these reasons, it is the scheme that was accepted.and.used.for_this.study..CERM's....
Decsion Support System will also use this classification in the determination of overall estuary
importance ratings (CERM Progress Report 1994).

All the estuaries along the South African coastline are assigned to one of the different estuary
types in Whitfield's (1994) synopses of available information. This report lists all the
publications that deal with individual estuaries. Included in this report is a rough estimation of
the ecological condition of each of the estuaries by classifying it as either poor, fair, good or
excellent. The description gives an indication of the degree to which human interference has
affected the functioning and viability of the system (Whitfield 1994).
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TABLE 5. Physical classification for all South African estuaries (Whitfield 1992).

TYPE TIDAL PRISM MIXING AVERAGE
PROCESS SALINITY

ESTUARINE BAY Large Tidal 20— 35 %o
(>10 x 10°m?)

PERMANENTLY Moderate Tidal/riverine 10 - >35 %o

OPEN (1-10 x 10° m°)

RIVER MQUTH Small Riverine <10 %o
(<1 x 108 m%)

ESTUARINE LAKE Negligible Wind 1->35%
(<0.1 x 10° m®)

TEMPORARILY Absent Wind 1->35 %0

OPEN

1.2 ESTUARINE PLANT COMMUNITIES AND THEIR IMPORTANCE

A wide range of flora may be found within individual estuaries. These plant communities have
an ecological as well as economic importance within the estuary (Vernberg 1993). Ecologically
they are a source of primary production and provide habitat and food for a large variety of
faunal species. The economic importance of estuarine ptant communities relates to their
effectiveness in flood, erosion and stormwater surge control (Vernberg 1993). Their ability to
improve water quality by retaining pollutants and excess nutrients can also have important
economic implications.

The various plant communities associated with estuaries include; phytoplankton (microscopic
unicellular or chain forming algae) which occur in the water column and benthic microalgae
found associated with the bottom sediments and macrophytic plants. The larger macrophytic
plants occur in distinct communities of submerged macrophyte beds, inter- and supratidal
saltmarshes as well as reed, rush and sedge areas.
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1.2.1 Phytoplankton

Phytoptankton are microalgae suspended in the water column. In southern Africa
phytoplankton are dominant in large channel-like estuaries {(e.g., Sundays and Gamtoos) that
have a high freshwater input. The nutrients derived from freshwater support the high
phytoplankton biomass (Adams and Bate 1994a). Phytoplankton support a pelagic or water-
column based food-chain. Small zooplankton, such as mysid shrimps in the Sundays River
(Jerling and Wooldridge 1994) and larval fish feed on these microalgae which are in‘turn eaten
by larger fish and invertebrates.

The destruction or alteration of the phytoplankton community has been shown to have serious
consequences. The full impact may occur years after the community has been changed and

will come in the form of depleted stocks of commercial fish, gamefish, crustaceans and

molluscs (Odum 1970). An example of this has been reported for the dominant pelagic catfish
Barbus holubi, whose juvenile stages are predominantly planktivorous. According to Allanson_____ _
(1982), any factor that causes a decrease in primary production of phytoplankton has an effect

on these juvenile fish, and materially influences the contribution they would make to the later
biomass of harvestable fish.

1.2.2 Benthic microalgae

In shallow estuaries or those with large intertidal regions, benthic microalgae are often
important contributors to primary production. A survey of Cape estuaries showed that in most
systems benthic microalgal biomass was two or three orders of magnitude higher than the
phytoplankton (Adams and Bate 1994a). Under calm conditions and low wave heights diatoms
accurnulate on the sediment surface. In the Langebaan lagoon and in the Swartkops estuary
the highest microaigal biomass occurred in the top 1 mm of sediment (Fielding et al. 1988,
Rodriguez 1993). Increased water currents and sedimentary movements easily disturb Benthic
microalgal communities. They bind to sediments with mucilage threads and can contribute to
sediment stabilisation.

Benthic microalgae are grazed directly by some invertebrates (Whitfield 1989a) and fish
species. In the Swartkops and Swartviei estuaries benthic_diatoms are important food items of
the mullet species (Masson and Marais 1975, Whitfield 1988a).
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1.23 Submerged macrophytes

Dense eelgrass (Zostera capensis) beds occupy the mudflats of the intertidat and shallow
subtidal zone in permanently open South African estuaries. Ruppia cirrhosa, another
submerged macrophyte, is common in periodically open estuaries characterised by fluctuating
salinities, but can also be found in the calm brackish upper reaches of permanently open
estuaries (Adams et al. 1992, Adams and Bate 1994b). Potamogeton pectinatus is commonly
associated with lower salinity waters in estuaries (Day 1981).

Submerged macrophytes are an essential biotic component responsible for the maintenance of
good quality water. They play an essential role in nutrient trapping and recycling. Some
submerged macrophytes such as Zostera capensis, are thought to assist in the deposition of
sediment carried under load, and act as a sediment binding agent (Edgcumbe 1980).
Submerged macrophytes provide an important habitat for fish and invertebrates. Wildfowl
numbers have also been shown to be closely related with the occurrence of these plants
(Blindow et al. 1993, cited in Quick and Harding 1994).

Submerged macrophyte beds have been shown to support more diverse and abundant
invertebrate and juvenile fish communities than bare soft-bottomed habitats and marshes
(Fredette et al. 1990, Connolly 1994). Whitfield (1989a) found that the biomass and diversity of
macroinvertebrates at eelgrass sites in the Swartvlei estuary were higher than adjacent sandy
sites. Similarily, the abundance of dominant benthic invertebrate species, in the Berg River
estuary, have also been reported to fluctuate in response to seasonal growth of Zostera (Kalejta
and Hockey 1991). These submerged macrophyte beds provide shelter for the invertebrates
from predators and strong water currents (Whitfield 1988a and Whitfield 1989a) while also
providing a substratum for the attachment of suspension feeders (Davies 1982). In addition
they provide food for epifaunal and benthic invertebrate species, in the form of detritus (and
associated micro-organisms), diatoms and filamentous algae that are trapped in the beds
(Whitfield 1989a).

Submerged macrophyte beds form nursery areas for juvenile fish by providing shelter and
protection from predators (Whitfield 1984), while also providing them with a food supply.

Branch and Grindley (1979) showed that juvenile fish in the Mngazana estuary had strong
preference for submerged macrophyte beds. Hanekom and Baird (1984) reported for the
Kromme estuary, that significantly higher numbers of Monodactylus falciformis and
Rhabdosargus holubi were recorded in Zostera beds. In the Swartkops River, the Zostera beds
were found to form an integral part of the nursery function, for the icthyofauna, of the estuary
(Beckley 1983}, as was the case with Potamogeton in the Sundays estuary (Beckley 1984).

Although submerged macrophytes can be grazed directly for food, it is more common that
consumption of plant material is centred around filamentous algae and diatoms growing on the
consumer organisms (Thayer et al. 1975, Larkum and West 1990, Walker and McComb 1992).
This is supported with findings from a number of South African estuaries, including Swartvlei
(Whitfield 1988a); Kromme and Swartkops (Hanekom and Baird 1984); Klein River (Talbot
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1955); West Kleinemond and Kasouga (Blaber 1974). The plants also provide food indirectly
through their diverse and abundant invertebrate faunas consumed by carnivorous fish species

(Whitfield 1984, Connolly 1994).

The collapse of the submerged macrophyte community in the South African Swartvlei estuary,
resulted in a major decline in total invertebrate standing stocks as well as a simultaneous
change in species composition (Davies 1982). This regression phase lasted three years, and
the prolonged senescence of Potamogeton pectinatus and charophyte beds in the estuary,
resulted in a 60% decline in prirmary production, a 74% slump in littoral invertebrate biomass
and a 54% decline in the abundance of fish species (Monodactylus falciformis and
Rhabdosargus holubi) associated with the macrophytes (Whitfield 1984). The effect on the
decline in fish numbers was indirect and related mainly to the collapse of the invertebrate stocks
associated with the plants. Similar effects would be expected to spread through the
herbivorous and invertebrate-feeding avifaunal community of the lake (Davies 1982). Studies
on the effect of macrophyte harvesting on invertebrates associated with P. pectinatus, in the
Zandvlei estuary, also showed higher invertebrate standing stocks at unharvested sites

* (Stewart and Davies 1986). o

The importance of the movement of Zosfera debris from the site of production to outside areas
where beds are absent, has been documented as an important source of food for fishes
occurring in the macrophyte free areas (Bach et al. 1986, and Whitfield 1988a, 1988b).
Whitfield (1988b) reported a total export, of Zostera and associated algae, of 0.87 g ash-free
dry mass m2d-', which represented a monthly export of 18 % of the Zostera bed biomass in the
Swartviei estuary. Allanson (1982) reported on the overwhelming importance of the littoral plant
community, during the Potamogeton climax phase, as a source of net organic carbon
production (Allanson 1982). There was a reduction of 60% in daily littoral production, after a
major regression of Potamogeton in the Swartvlei estuary.

Whether the submerged macrophytes are used primarily as protection from predators or as a
food source is difficult to determine (Connolly 1994), but the fact that numerous species utilise
these areas is proof enough of their importance in an estuary. Submerged macrophytes are
also important for primary and secondary production within estuaries.
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1.2.4 Saltmarsh community

Saltmarsh communities occur in protected estuaries and embayments along the southeastern,
southern and western coasts of South Africa. North of the Kei River the subtropical climate
favours the development of mangrove swamps.

Saltmarsh plants are zoned according to their water requirements and tolerance of salinity. The
grass Spartina maritima is commonly found near the low water level. Higher up the shore,
succulents such as Salicornia and Sarcocornia, and sedges and rushes, such as Scirpus and
Juncus, are common. This leads to the division of this vegetation into either intertidal or
supratidal saltmarshes. Other saltmarsh species include the small shrubs Chenolea diffusa and
Limonium scabrum, as well as Triglochin bufbosa and Cotula coronopifolia (Day 1981 and
O'Callaghan 1994). In the supratidal saltmarsh areas, which are only occasionally inundated,
one finds the grasses, Sporobolus virginicus, Stenotaphrum secundatum and Cynodon
dactylum, as well as the rush Juncus kraussii and the succulents, Disphyma crassifolium and
Carpobrotus edulis (Day 1981, Adams et al. 1992 and Q'Callaghan 1994).

Marsh plants are important inorganic and organic nutrient sources for estuarine ecosystems
{Childers and Day 1990). However, the estuarine water levels and the degree of flushing are
important in determining how much of the nutrient is released into the water column. i a marsh
is rarely flooded, its importance in the ecosystem decreases (Childers and Day 1990). A
supratidal marsh, therefore, with little tidal flooding, will be less important with respect to nutrient
exchange than an intertidal marsh or submerged macrophyte bed. The marsh's importance as
a habitat for invertebrate and bird species, however, does not increase. From work done in the
Kariega estuary, Taylor and Allanson (1995) demonstrated the significance of high saltmarshes
in the functioning of estuarine ecosystems. Although they are rarely inundated by the tide,
during high spring tides, detrital plant material originating form the low saltmarsh areas is
deposited on the high salt marsh areas, whose structure serves to act as a detrital sink. Long
periods of exposure allow heterotrophic breakdown and decomposition in an environment
where available oxygen is not limiting. Carbon dioxide produced by respiration is released to
the atmosphere. By this naturai process, high saltmarshes act as carbon "sink" for the estuary
and consequently play an integral part in the carbon budget of the estuarine ecosystem.

Kokkin and Allanson (1985) stated that a marked variation in river inflow, influenced by the
rainfall regime and an increase in dam construction, reduced the import of carbon from
terrestrial sources. Estuaries have therefore, become reliant on autochthonous (plant material)
sources and marine imports. The primary production of Spartina maritima, in the Swartkops
estuary, has been estimated at over 10 000kJ.m2.yr' (602 g.m2.yr*) (Day 1981). Only half of
this is estimated to accumulate in the detritus chain and the remainder is either deposited in the
estuary or washed out to sea {Day 1981). Kokkin and Allanson (1985) further showed that the
important organic carbon produced by the marshes remains in the estuary and is utitised by the
organisms that live there or alternatively it remains bound in the food chain..

Saltmarshes provide a unique niche for some crustacean and mollusc invertebrates that are
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specifically adapted to marshes, and which do not occur elsewhere in the estuary. During fiood
tides many fish species enter the marsh creeks where they feed off the substrate, or prey on
mudprawn that occurs there in high abundance. Bacteria and other micro-organisms break
down the plant material from marsh plants, and “filter-feeders” sieve out the fine organic
particles as a food source. Other plant fragments sink to the bottom and are eaten by "deposit-
feeders® such as worms. In this way these plants offer feeding opportunities to a broad
spectrum of animal life, thus playing an essential role in the functioning of the estuarine
foodweb (Cape Nature Conservation}.

Costa et al. (1994), showed that in the Mira estuary, Portugal, the saltmarsh-border-zone was
more important for juvenile fish species than the seagrass beds in the estuary. Estuarine
saltmarshes also support large numbers of avifauna, such as those of the Swartkops estuary,
which not only provide a valuable breeding locality for many bird species, but also provides a
year-round feeding area for shorebirds (Martin 1991).

‘The ecologicai function and physical stability of marshes are easily disrupted by, for example,
interference with the tidal exchange of water, reclamation or infilling, pollution, dredging, or
trampling by vehicles or animals (Baird et al. 1992).

1.2.5 Reed/rush/sedge communities

In freshwater and brackish zones reed, rush and sedge communities are common. These
communities serve the valuable ecological function of protecting banks from erosion.
Destruction of Phragmites australis (common reed) stands by recreational activities in Europe
have been shown to require costly shore rehabilitation programmes (Weisser and Howard-
Wiliams 1982). Reedbeds have been shown to function as effective silt traps by reducing the
turbulence and therefore, the silt carrying capacity of water flowing through them (Weisser
1978, cited in Benfield 1984). According to Weisser and Parsons (1981, cited in Benfield 1984),
such accumulation of sediments in the upper reedbeds of the Siyaya Lagoon, South Africa, may
protect the lower sections of the lagoon from sedimentation, but at the same time may seriously
impede the flow of water through these sections.

Phragmites-dominated marshes provide a habitat for many birds, invertebrate and fish species
(Haslam 1971). Whitfield (1980) has shown that, within the Mhlanga estuary north of Durban,

the detrital aggregate, with a standing stock of 161 KJ.m2 and arising from the fringing
Phragmites swamps, was the most importantfood-resource of 90% of the fish-community of the- -
estuary. According to Benfield (1984), production by P. australis is high. He cites various
authors that have reported reedswamp communities of temperate regions to have the highest
productivity of any plant community.

Wetlands, and particularly reedswamps, are capable of removing iarge amounts of nutrients
from the water column. They act as nutrient sinks in the natural environment and are so
effective that they are used as water purification systems in artificial wastewater treatment
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systems (Brix 1993, Martin and Fernandez 1992). Taylor (1983) showed that Phragmites
australis contributed about 90 % of Swartvlei's littoral primary production after the Potamogeton
pectinatus beds had diminished. This indicates that reed beds can act as either nutrient
sources or sinks depending on the status of the other piant community types present in the

estuary.

In addition, reed and rush communities have an important utilitarian value, particularly in rural
areas of Natal (Begg 1986). The rush, Juncus kraussii is used for the construction of sleeping
mats and numerous craftwork products (Heinsohn and Cunningham 1991). Hut-building and
thatching material is obtained from Phragmites.

In surmmary, the plant communities associated with estuaries are important as:
- nursery areas for juvenile fish

- food sources for fish and invertebrate species

- habitat for a large number of invertebrate species

- providers of nutrient input into the water column

- uptakers of excess nutrients form the water cofumn

- detritus sources for food chain, and

- stabilisers of sediment.

1.3  IMPORTANCE RATING INDICES

Due to the increasing number of people utilising the coastline (Allanson 1992, Begg 1978),
there is now a need to evaluate estuarine and coastal resources and to determine sensitive
areas where careful planning and management must take place. Biological and physical
information needs to be presented in an easily readable and understandable format. Lengthy
repors summarising the inormation, like the ECRU reports and Begg's (1984) reports, are likely
to be ignored as too much reading and interpretation of the information is required to determine
the sensitivity of an estuary. A simple way to summarise biological information is to develop an
index that gives an indication of the status of certain aspects of the area or community in
question (Ramm 1988). Planners, developers, managers and conservationists can then see at
a glance which areas are sensitive and require more attention and which have a high
conservation priority.

One way to achieve this is to develop a method that summarises the biological information into
one index or score for the estuary. In most cases, however, an index takes into consideration
only one species, or aspect of the estuary. When such an index is used for management, or
planning purposes, it is important that there are a number of other factors that are also
important in the estuary, not just the factor used to obtain the index. Ramm (1988) mentioned
that in the use of indices, "detail® is sacrificed for "perspective” as no index can summarise all
the aspects important in an estuary. The use of a number of indices in conjunction with each
other is a way to achieve a more holistic impression of the condition of an estuary. Also,
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provided the details are available showing how an index is obtained, specific management
options can be determined. This is the concept behind the development of CERM's
(Consortium for Estuarine Research and Management) Decision Support System, where the
physical, biological and socio-economic factors of the estuary are taken into consideration to
achieve a final importance rating (CERM Progress Report, 1994).

1.3.1 CSIR 1989

The CSIR report “The Mapping and Conservation Importance Rating of the Cape Coastal
Vegetation as an Aid to Development Planning” was reviewed. A number of sensitivity maps
have been provided for the Cape coastal region with the aim of providing development planners
with a guideline to floristically sensitive areas. All vegetation types were considered, i.e.
terrestrial, dune and estuarine flora.

This report used the following criteria to allocate importance values to each mapping unit:

(1) whether they have high concentrations and numbers of endemic species,

(2) whether they form a concentration of biogeographic outliers,

(3) whether they form examples of important natural processes,

(4) the existence of aesthetic landforms and ecosystem diversity,

(5) the ecological quality of the sites (the state of intactness /disturbance), and

(6) the degree of threat from human activites.

An arithmetic formula was developed to provide a consistent ranking of all vegetation types,
The components included in the formula were: vegetation type rarity factor, level of endemism,
plant species richness, presence of threatened species, extent to which each vegetation type
has been abused by land-use activities, and extent to which vegetation type is invaded by alien
vegetation.

A vegetation importance hierarchy Was established and used to identify areas with high biotic
significance. The vegetation maps were prepared using a colour code to indicate the different
conservation categories i.e. purple represented the most important vegetation types and brown
those of low conservation importance. The study recommended that where future
developments are planned areas of high biotic importance are avoided.

1.3.2 O’Callaghan (1990)

O'Callaghan (1990) made use of past and present aerial photographs to observe the changes
in the vegetation as a result of industrial or residential action, around the False Bay estuaries.
The increase or decrease in key vegetation types (wetlands, riverine shrub, dune vegetation)

and water surface area were used to calculate the relative environmental importance (1), the
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relative environmental state (E), the coefficient of change (A) and the conservability (C) of each
of the False Bay estuaries. The conservability of an estuary was then calculated by determining
how much the estuary had changed as a resulit of the surrounding development. No change, or
an increase in wetland or water area, was seen as a positive effect and such an estuary would
receive a high conservability rating (O'Callaghan 1990). A decrease in overall wetland or water
area was regarded as negative and such an estuary would receive a low conservability rating.

Estuaries with the highest conservability were Rooiels, Steenbras and Buffels (Oos), due to
very little residential and industrial development around them. The Zeekoei obtained the lowest
conservability rating due to the presence of sewage ponds and encroaching alien vegetation.
Residential, recreational and industrial development as well as alien vegetation encroachment,
were all given as the major factors causing changes to the vegetation observed in the estuaries
flowing into False Bay (O'Callaghan 1990).

The evaluation technique of examining past and present aerial photographs can be valuable in
determining the effects of development on the estuarine environment. O'Callaghan's (1990)
study, however, was restricted to False Bay estuaries only and to extend such a study to cover
the entire coastline would be an expensive, time-consuming project. The interpretation of the
aerial photographs can be subjectivé, as it is necessary to determine the extent to which a
development has had either a positive or negative influence on the vegetation or estuary. For
O'Callaghan's study (1990), an expert panel was used to provide their opinions on both
negative and positive impacts.

1.3.3 Harrison et al. 1994

Ramm (1988) developed the community degradation index (CDI) to compare "...the present
biological community to the community that would exist in the absence of (or prior to)
degradation....". In the implementation of his CDI no subjective decisions are made with
respect to the sensitivity of particular species to a pollutant or mix of pollutants. The subjectivity
is in the interpretation and in the use of the index for planning purposes. Cooper et al. (1993)
and Harrison et al. (1994) used the CDI (Ramm 1988) to calculate the estuarine health of Natal
estuaries and west and south western Cape estuaries respectively. The report for the southern
and eastern Cape estuaries will be available in early 1996 (Harrison pers. comm.). The
biological health, water quality and aesthetic conditions of the estuaries were used to compile a
final estuarine health index (EHI) for different estuaries.

a) Biological Health Index (BHI)

This index was calculated after surveying the existing fish communities and comparing them to
historical data on the same systems. The CDI (Ramm 1988) was adapted to measure the
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degree of similarity between the historical (potential) community and the actual community
found in a survey.

b) Water Quality Index

Selected chemical and bacteriological parameters were used to obtain an index number for the
water quality of an estuary. The parameters used were: dissolved oxygen, oxygen absorbed,
ammonia, Escherichia coli counts, nitrate, phosphate and chlorophyli-a concentration.

c) Aesthetic Health Index

This aspect took into account the appearance of an estuary by comparison with its pristine
state. Parameters taken into account to determine the differences were floodplain landuse,
.. degree to which the channel margins were natural, persistent odours, presence of exotic

vegetation, oil sheen, mouth stabilisation, presence of bridges and degree of visual impact from
industrial or residential buildings.

An Estuarine Health Index is derived from the three components, namely, a biological health,
water quality and aesthetics indices. The final value obtained, for the EHI, is more
representative of the overall condition of the estuary than if only one of the indices had been
used. If an index is used that considers historical data, the data has to exist in fairly extensive
format and in such a format that adequate comparisons can be made with present-day
information. Should changes have occurred in the data being used to develop the index, it must
be clear such changes were as a result of anthropogenic habitat degradation and not natural
causes (Ramm 1988).

1.3.4 CERM 1994

The Consortium for Estuarine Research and Management is developing a computer based
Decision Support System (DSS) to establish an importance and present status rating for South
African estuaries. This DSS wili ultimately be made up of a number of modules, namely:
biological and physical importance, socio-economic importance, current status, potential for
rehabilitation and lastly the consequences of caichment development. The biological -
importance in the DSS is made up of the following criteria:

CLASSIFICATION: the rareness, uniqueness on a national or regional scale.
HABITAT: the amount and diversity of habitat available to organisms
SPECIES: species diversity and species richness

UTILIZATION: extent to which estuarine-dependent species utilize the estuaries.
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As part of the CERM importance-rating sub-project Turpie {(1994) developed a method for
prioritizing South African estuaries for waterbird conservation. A variety of techniques were
used and compared to determine the most effective method of identifing important conservation
sites. The criteria used for each site evaluation are given below, as well as the different
techniques used in each.

1. Diversity

Species richness: the total number of species

Shannon’s index of species diversity

2. Abundance
Total number of birds
An index of abundance - assighed abundance scores for common, rare and abundant species.

3. Rarity and conservation status

Conservation Value (CV) index

An index of coastal population size

Site endemism index

Conservation Status score - taking into account the species rarity

4. Multiple criteria indices (MCI)

Two different multiple criteria indices were used, one incorporated the conservation status score
and the site endemism as well as the proportion of coastal population. The other incorporated
the conservation status score, site endemism score and abundance score.

Turpie {1994) mentioned that one of the problems with muitivariate indices is that the cause of
the site (estuaries) position in the heirachy is hidden in a complex formula. The factors
indicating the importance rating of the estuary need to be clearly indicated to the decision-
makers. A number of criteria were thought to be the most relevant when evaluating sites for
waterbird conservation. Species richness was recommended as a better indication of diversity
than the Shannon-Weaver diversity index. All species should be given weighting according to
their level of national abundance, endemism and Red Data book status. Each bird species
should be given some measure of abundance in the estuary, i.e. rare, common, very commmon
or abundant. Rarity is an important descriptor as species restricted in their distribution need
more attention devoted to their conservation status.

A number of importance rating indices were reviewed in order to provide a background for the
development of the botanical importance rating.
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2. CLASSIFICATION OF SOUTH AFRICAN ESTUARIES BASED ON PLANT
COMMUNITIES IN RELATION TO FRESHWATER MANAGEMENT

2.1 INTRODUCTION

One of the objectives of the study was to determine whether each of the physical estuary types
as classified by Whitfield (1992) had their own unique botanical features and whether those
botanical features could be used to divide the estuaries into similar classes. The study used
multivariate analysis (ordination) to determine similarities or dissimilarities between estuaries.

22 METHODS

Information was obtained from the CSIR, ECRU "Estuaries of the Cape” reports (Table 6) and
Begg's reports "The estuaries of Natal" (Table 7). An attempt was made to classify South

African estuaries according to their botanical features into the five estuary types as identified by
Whitfield (1992). This was done using the multivariate technique, detrended correspondence

" analysis {(DCA) with the aid of the computer programme;-CANOCO—Multivariate-analysis-is-a——-
statistical technique adapted by ecologists to determine primary gradients in large data sets.

DCA techniques were used on data organised in a number of different ways, namely; individual
plant species cover presence/absence of species, and the area cover of plant communities.

2.2.1 Individual species cover

Species data in the ECRU reports are presented in the form of Braun Blanguet cover classes
(Table 8). Begg (1978), however, provided diagrammatic vegetation maps, showing the
location of the communities, as well as a description of the plant species composition. Blaun
Blanquet scores were subjectively assigned to the species present in the Natal systems with the
aid of Begg's (1978) maps and descriptions.

A Braun Blanquet class is a cover score that gives an indication of the percentage cover of the
individual plant species in the different estuarine communities. Each class has a percentage
cover range associated with it (Table 8). The Braun Blanquet classes i.e. numbers from 1-5,
were used in the DCA multivariate technique. This ordination technique is used to find
similarities and dissimilarities between samples, (estuaries in this case), on the basis of the
cover of plant species summarised into @ matrix. The end result is presented as an ordination
diagram that illustrates the similarity, or dissimilarity, by placing dissimilar estuaries further apart
along an axis and more similar estuaries closer together.



23

TABLE 6. The Cape estuaries used for the classification and botanical importance rating. The
estuaries of the Cape report numbers, CSIR report numbers, index numbers and the author and

the year of the publication are provided.

ESTUARY CSIR ESTUARY CSIR AUTHOR(S) & YEAR
REPORT # REPORT INDEX #
#

™ 406 Gamtoos CMS 48 Heinecken (1981)

8" 407 Rooiels CSW 10 Heinecken (1982)

9* 408 Uilkraals CSW 17  Heydorn & Bickerton
(1982)

10* 409 Kowie CSE 10  Heinecken & Grindley
(1982)

11* 410 Hartenbos CMS 1 Bickerton (1982)

12 411 Buffels (wes), Eisies, Sir Lowrys CSW 1,2 Heinecken (1982)

13" 412 Silvermine CcSw 3 Heinecken (1982)

16" 415 Eerste CSW6  Grindley (1982)

17* 416 Lourens CSW7  Cliff & Grindley (1982)

19* 418 Groot (wes) & Sout CSW 23 Morant & Bickerton (1983)

20* 419 Groot Brak CcMS 3 Morant (1983)

21 420 Breé CSw 22 Carter (1983)

23" 422 Swartkops CSE 3 Baird, Hanekom &

‘ Grindley

24* 423 Onrus CSW 14 Heinecken & Damstra
(1983)

25* 424 Heuningnes CSW 19 Bickerton (1984)

26* 425 Oilifants CW 10 Morant (1984)

27 426 Wildevoélviei/Noordhoek Cw28 Heinecken (1985)

29* 428 Hout Bay Cw 27 Grindley (1988)

31" 430 Keurbooms/Bitou & Piesang CMS 19  Duvenage & Morant
(1984)

33 432 Krom, Seekoei & Kabeljous CMS 45, Bickerton & Pierce (1988)

46

34" 433 Kafterkuils & Duiwenhoks C8W 24  Carter, Brownlie {1990)

38 437 Gourits CSW 25 Heydorn (1989)

39" 438 Quko CSE 56 Burns, du Plessis,
Verwoerd

42* 441 Nahoon, Qinira, Gqunube CSE 44, Wiseman, Burns, Vernon

45
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TABLE 7. The Natal estuaries used in the Nata! and Cape DCA analysis.

NATAL ESTUARIES

Damba Msimbazi
Fafa Mtamvuna
iNtshambili Mtwalume
Koshwana Mzimkulu
Kosi Mzinto
Ku-boboyi Mzumbe
Lovu Nagane
Mahlongwa Nhlabane
Mahlongwana Nonoti
Matigulu Nyoni
Mbokodweni Richards Bay
Mdloti Seteni
Mfolozi.. .Sipingo
Mgeni Siyai
Mgobezeleni St. Lucia
Mhiabatshane Tugela
Mbilali Tongati
Mhlanga Tongazi
Mhlugwa uMgababa
Mkomazi Zinkwasi
Milalazi Zolwane
Mpenijati Zotsha

Braun Blanquet

TABLE 8. The Braun Blanquet classes and the associated cover percentages.

% Cover range

5 75-100

4 50-75

3 25-50
_2 5-25

1 1-5

+ <1*

r <<l

* Plants that occur occasionally
** Plants that occur only once; cover is ignored and assumed insignificant
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A presence/absence matrix was compiled using the dominant estuarine species observed in the

field (Table 9). Further DCA analysis was performed on these data and the clustering with

respect to Whitfield's (1992) estuary types was again investigated.

TABLE 9. The dominant species used for presence / absence DCA ordination run.

2.2.3 Communi

The ECRU reports provide the cover (in ha) of the plant community types present in the
estuary. Four communities were considered:

Plant communities

Dominant species

Supratidal saltmarsh

Sarcocornia pillansii

Intertidal saltmarsh

Sarcocornia spp.
Spartina maritima
Triglochin spp.
Salicornia spp.

Submerged macrophytes

Zostera capensis

Ruppia spp.
Potamogeton spp.

Reed and sedge communities

Phragmites australis
Scirpus spp.

Typha spp.

Junecus spp.

area cover

supratidal saltmarsh,
intertidal saltmarsh,

submerged macrophytes, and
reed and sedge swamps.
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Using the area values given, the percentage area cover of each of the communities in the
estuary was calculated relative to the other estuarine communities and the water surface area
(see example A). If the plant community area values were not provided in the ECRU reports,
then the areas of the community types were calculated using the diagrammatic vegetation
maps. The mapping programme, Mapinfo, was used to digitise the boundaries of each of the
communities present as well as the water surface area.

Exampie A

Consider an estuary which has three plant communities present: an intertidal marsh with an
area of 4 ha, a submerged macrophyte bed with an area of 0.5 ha, and a reedswamp with an
area of 1.5 ha. The water surface area, up to the head of the estuary is 10 ha.

The calculation would look as follows:

COMMUNITY TYPE AREA (ha) % AREA CALCULATED
Submerged macrophytes 0.5 0.5M16* 100 =312 %

Intertidal saltmarsh 4 4/16 * 100 = 25%

Reedswamp 1.5 1.5/16 * 100 = 9.38%

Water surface area 10 10/16 * 100 =62.5%

Total 16 100%

Blaun Blanquet scores were allocated to each of these communities and water surface area,
based on the percentage cover value obtained in the calculation above:

COMMUNITY BRAUN BLANQUET SCORES

Submerged macrophytes
Intertidal saltmarsh
Reedswamp

Water surface area

AN =N

These numbers were then used in the matrix for DCA analysis.
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2.3 RESULTS

2.3.1 Individual species cover

The separation of Natal and Cape estuaries into two distinct groups can be clearly seen in
Figure 4. The estuaries were separated according to species differences i.e. the presence of
mangrove swamps in the Natal estuaries and saltmarsh species in the Cape estuaries. On the
basis of the separation of the Natal and Cape estuaries, the decision was taken to exclude the
Natal estuaries from further examination and to concentrate only on the Cape estuaries that had
ECRU reports available. Also the locality of the Natal estuaries would have made field
observations and ground truthing of the data time consuming and expensive.

When only Cape species data were used for DCA analysis there was weak clustering of
permanently open estuaries (indicated by the crosses) and estuarine lakes and bays (solid
triangles). Temporarily open estuaries (open circles), however, did not display any clustering.
This indicates that temporarily open estuaries do not have specific plant species associated
with them as do permanently open estuaries and estuarine lakes and bays. The latter
estuaries, when compared to temporarily open estuaries, are fairly stable with respect to mouth
dynamics i.e. opening and closing. Within these three estuarine types, therefore, the plant
species have ample opportunity to establish specific community types. The dynamic nature of
temporarily open estuaries is probably the reason why these systems have a wide
representation of plant species.

2.3.2 Presence/absence

Estuarine lakes, estuarine bays and river mouths were excluded from further analysis. Only a
small number of these systems occur along the Cape coastline and are unique with respect to
their physical, morphological and biological features. For this reason these estuaries already
enjoy a high conservation status. The presence or absence of the dominant estuarine
macrophytes was considered for temporarily and permanently open estuaries only.

A distinctive clustering of permanently and temporarily open estuaries was evident (Figure 6).
The estuaries were grouped according to the estuarine plant species present that were
distributed along a salinity gradient. False Bay and surrounding estuaries (i.e. Elsies, Eersts,
Lourens, Hout Bay, Wildevoelvlie and Onrus) occurred on the top left hand side of the
ordination diagram. These temporarily closed systems are dominated by freshwater through
most of the year (O' Callaghan 1990) and are characterized by brackish reed and sedge
species i.e. Typha, Cyperus and Scirpus (Figure 7). The species ordination diagram (Figure 7)
shows that the species changed along a salinity gradient from freshwater to brackish
(Potamogeton, Phragmites, Juncus and Ruppia) and then to saltmarsh species ( Triglochin,
Salicornia, Sarcocornia, Sporobolus, Zostera and Spartina). Spartina is a grass species which
is only found in permanently open estuaries (Adams and Bate 1995) such as the

Duiwenhoks, Kafferkuils, Keurbooms and Kowie.
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2.3.3 Plant community area cover

Tables 10-13 presents the percentage area cover values calculated and the associated
Braun Blanquet scores used for the DCA analysis. Figure 8 is the ordination diagram
obtained using these Braun Blanquet scores. From the values obtained in the Tables,
observations can be made regarding the dominance of certain community types in the
different regions. For example every estuary in the False Bay and surrounding region has a
reed/sedge community and very few other communities. The remaining estuaries have high
percentage covers of both supra- and intertidal marshes. It is important to note that these
percentage cover values are only for those plant community types for which an area value
was provided in the ECRU reports. Community types that were present in the estuary, but
for which area values were not provided, did not receive a percentage area cover value and
are not represented in these tables. These communities are only taken into account in the
scoring (botanical importance rating) section of this study.

The estuary ordination diagram (Figure 8) for the plant community area cover shows two
gradients. The first gradient is from reed/sedge communities to halophytic communities.
.The_False Bay and surrounding estuaries grade into permanently open estuaries with
saltmarsh communities present. The second gradient from the bottom to the top of the
ordination diagram indicates estuaries dominated by supratidal marshes. These estuaries
included the Uilkraals, Gamtoos, Heuningnes and Gourtiz estuaries that changed to a group
of estuaries with intertidal saltmarshes (Swartkops, Duiwenhoks, Kafferkuils, Nahoon, Kowie
and Gqunube). The estuaries appeared to be grouped according to their geographical
location rather than because they are either temporarily or permanently open.
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FIGURE 8. The estuary ordination diagram obtained using the area cover of the plant communities (Tables 10-13).
Arrows indicate the gradients referred to in the text.
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TABLE ?O. ‘The area values (in ha} and the subsequent percentage area cover of each
community in the False Bay estuary on the south western Cape coast. The Braun Blanquet

class to which each community is assigned is indicated in brackets behind the percentage
values.

AREA

E?R'ooijel; ‘Elsies | Sir Lowrys | Buffels | Silvermine | Ecrste | Lourens | Hout | Wildevoglvlei
' Pass. (oos) Bay

1.52 117 0.45 0.09 24 25 1.37 30.46
0.29 12.72

3.76 0.04 0.47 221 136 | 058 }046 15.38
528 121 (092 23 [4.05] 3.08 [1.83] 58.56

2879 | 9669 | 4891 | 391 [5926| 81.17 |7485| 5202
(3 &) &) ¢ @ | 6 | @ )

7.16 21.72

(2) (2

721 331 5109 [ 9609 |[3358| 1883 {2514} 2626
3) | 4 3) ) (3) (3 2 [ 3 3)

SUBMERGED MACRO 0.82
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TABLE 11. Area values (in ha) and the subsequent percentage area cover of each community
type in the estuaries of south western Cape coast. The Braun Blanquet class to which each
community is assigned is indicated in brackets after the percentage area values.

—— = e ——— .

-~ AREA

| Olifants | Uilkraals | Onrus | Heuningnes [ Bre | Duiwenhoks | Kafferuils| Gouritz

164.08 21 39.37 370.74 72.91 47.78 91.51

2849 371.7 28.15

196.79 41.08 50.78 442 21.07
41.08 3.13

'1645.77] 58.7 141.08| 70.65 | 411.82)] 123.69 | 91.98 | i12.58

25.41 35.78 : 55.73 90.02 58.95 51.95 81.28
: € 3 ‘ )  5) (4) @) (3)
4402|6422 | o |..3984
3 4) 3)
30.47 9.98 41.05 4805 [ 1872
3 @ (3) (3) @)
100 4.43
() 1)

TABLE 12. Area vaiues (in ha) and the subsequent percentage area cover of each community
type in the estuaries of the south Cape coast. The Braun Blanquet class to which each
community is assigned is indicated in brackets after the percentage area values.

................... nbos | Sout " Hms Keurbooms
4243 8.5 192.07
0.49

42.9

3.14
31.16 | 82.99 | 31.38 142.92,11.64]| 234.97 |

)

REA
89.41 46.34 50.1 98.86 | 73.02 81.74
() @ (4) (5) 4 &)
244 41.97 43.4 1.14 18.26
(1 €)] @ &) )
6.46 6.5
2 @
8.1s 5.23 2698
) &) 3

% SUBMERGED MACRO.
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TABLE 13. Area values (in ha) and the subsequent percentage area cover of each
community type in the estuaries of the southeastern Cape coast. The Braun Blanguet class
to which each community is assigned is indicated in brackets after the percentage area
values.

‘Quko| Qinirs | Kowie [Swartkops|: Krom | Gqunube Nﬁh’dbﬁ
382 [ 4308 | 142 [ 26268 [ 7421 | 56.55

68.55
352 360 104.93 7.62 6.38
137 15.81
4.18 0.18 1683 | 6.36 18.91

241.18132.39| 324.11 |34.9|55.03|84.64| 515.7 |470.88| 81.83 |63.43

72.56 |66.17(4)| 69.87 |B88.83| 6942 | 509 27.54 55.78 90.69 89.15

@ #) G| @@ 3) (3 (5) &)
2571 [ 091(1) | 11.05 ‘ 14.56
(3) (2) 2)
1.17 41.59 | 69.81 | 2228 | 931 | 1085
@) 3) ) 2 @) 2)
173 | 0.4 1.17 30.58 | 7.51 4.02
(1) 8] m 3| @ M
3279 | 179 2.66 3.36
@ | @ () (1)

24  DISCUSSION

Multivariate analysis techniques were used to establish whether plant‘ species were
associated with specific types of estuaries (Whitfield 1992). The estuaries were separated
according to species differences i.e. the presence of mangrove swamps in the Natal
estuaries and saltmarsh species in the Cabe estuaries. When the Natal estuaries were
removed from the analysis the results showed that the remaining estuaries could not be
grouped according to species cover. Presence/absence of dominant species and plant
community cover was more useful in determining estuary groupings. The presence/absence
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ordination diagram indicated that estuaries could be grouped into clusters representing
permanently and temporarily open estuaries. In particular, the temporarily open estuaries
flowing into False Bay were separated from the remaining estuaries oh the basis of their
brackish plant communities. Classification of the estuaries according to their plant
communities showed that estuaries can be divided into two groups based on their botanical

features:

Group 1: Estuaries dominated by brackish species
(reed and sedge communities)
Group 2: Estuaries dominated by halophytic species

(saltmarsh communities)
2.1 Estuaries dominated by intertidal saltmarshes
2.2 Estuaries dominated by supratidal sattmarshes

Group 1 is dominated by temporarily open estuaries in south western and southern Cape
- (False Bay), where freshwater conditions and brackish wetlands are common (O'Callaghan

1990). Group 2 describes all the remaining permanently and temporarily open estuaries
along the Cape coast. These estuaries, especially the permanently open, have greater tidal
exchange and more marine influence and halophytic species are therefore common. The
Swartkops, Kromme and Qlifants estuaries have extensive intertidal marshes and therefore
fit the description for group 2.1. The Gamtoos and Gouritz estuaries have large supratidal
saltmarshes and fit into group 2.2.

From knowledge of the different plant communities in the estuary general comments can be
made about the management of freshwater flows into the estuary in order to maintain the
plant communities. For example if one considered the freshwater management of the
Swartkops estuary (i.e. a permanently open system) which has extensive mtertldal
saltmarshes it would be important to; i

maintain salinity between 10-35 ppt, as this is the optimal salinity range for
the growth of intertidal saltmarsh plants,

ensure daily tidal flushing, because the salinity must be maintained and
should not drop to zero,

prevent prolonged inundation during the growing season, because if they are
submerged they do not flower and set seed, and

prevent prolonged dry sediment cond[tlons as the plants reqmre
waterlogged conditions for optlmal growth
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Freshwater input thus effects a number of physical factors to which the plants respond,
these include salinity, water level, water velocity and turbidity. Freshwater input is important
in maintaining salinity at optimal conditions for plant growth. Species that comprise the reed
and sedge communities (i.e. Phragmites spp, Scirpus spp) grow optimally at a salinity of tess
than 5 ppt, but can survive between 5 and 15 ppt. Intertidal and supratidal saltmarsh plants
predominate at salinities between 10-35 ppt, at salinities outside this range growth and
productivity are reduced. The reedswamp communities and the saltmarsh plants require
waterlogged conditions. The degree of tidal flushing determines whether the marsh is
intertidal or supratidal. Prolonged inundation can have a detrimental effect on plant growth
and supratidal marsh plants are more sensitive to submergence than intertidal plant.
Submerged macrophytes are sensitive to water velocity and water clarity. The physical
conditions that need to be maintained in order to ensure the growth and survival of estuarine

plants is summarized in Table 14.

TABLE 14. Physical conditions that need to be maintained in order to ensure the growth
and survival of estuarine plants.

Supratidal saltmarsh

: salinity between 10-35 ppt
: tidal flushing once/twice a year
Intertidal saltmarsh

: salinity between 10-35 ppt

: daily tidal flushing

: prevent prolonged inundation during growing season
: prevent prolonged dry sediment conditions
Submerged macrophytes

: salinity varies depending on dominant submerged macrophyte
: prevent prolonged exposure

: prevent turbid conditions

: water velocity < 1 m.s ™

: periodic flooding

Reeds and sedges

: salinity less than 15 ppt
: periodic flooding and water level fluctuation to prevent encroachment of the water body

: prevent prolonged dry sediment conditions



36

3. THE DEVELOPMENT OF A BOTANICAL IMPORTANCE RATING SYSTEM FOR
ESTUARIES

3.1 INTRODUCTION

Encroaching industrial and residential development, recreational activities as well as an
increasing demand for freshwater from a rapidly expanding population threaten estuaries in
South Africa. The construction of dams appears, at present, to be the only way that the
freshwater demand of the population can be satisfied. This implies that not all estuaries will
be able to be conserved with respect to their freshwater requirements. Estuaries with a high
conservation priority need to be identified and their freshwater requirements met in order to
ensure their continued functioning. All that remains is to identify estuaries with a high

conservation value.

Any individuai estuary can be identified as important for a number of difierent reasons. It
may have a rare bird species present; another may have unique hydrological features and
~ another may have especially large saltmarsh areas or it might be an important éstiary for
recreation. These zoological, physical, socio-economic and botanical factors all contribute
towards 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 African estuaries (CERM 1994). This project,
however, deals with only the botanical importance of estuaries. Botanical importance is
defined as the contribution of the plant communities to the overall conservation status of an
estuary.

Plant communities in estuaries have ecological as well as economic importance within the
estuary (Vernberg 1993). Ecologically, saltmarshes are a source of primary production and
they provide habitat and food for a large variety of faunal species (Childers and Day 1990,
Kolkkin and Allanson 1985, Taylor and Allanson 1995). Reedswamps, are capable of
removing large amounts of nutrients from the water column and act as nutrient sinks in the
natural environment (Martin and Fernandez 1992, Brix 1993, Vernberg 1993). The
economic importance of estuarine plant communities relates to their effectiveness in flood,
erosion and stormwater surge controt {(Vernberg 1993). The ability of estuarine plant
communities to improve water quality by retaining pollutants and excess nutrients can also
have important economic implications.

Any method that aims to determine the botanical-importance-of-estuaries-must take these.
properties into account. A larger salt marsh will be more effective at performing the
functions mentioned above, than a small one and should therefore be considered more
important for the estuary. Also, the greater the number of different plant community types in
the estuary the greater the variety of habitat types. Maintenance of habitat has long been
recognized as the key issue in conservation and environmental management.

This chapter will describe the development of a scoring system that was effective at
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summarising botanical importance into a single score. With this information planners,
developers, ranagers and conservationists can see at a glance which estuaries are
botanically more important and require careful consideration, management and
conservation. '

3.2 DEVELOPMENT OF A BOTANICAL IMPORTANCE SCORE
The factors used in the botanical scoring of eStuéries'weré: ]

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'Caliaghan 1994). For example monospecific stands of the reed Phragmites australis are
common in brackish estuaries.

Each estuary score is the arithmetic sum of each of the four factors listed above. The
principle behind the scoring was, the greater the area covered by a plant community, the
fewer impacts associated with it, and the greater the number of communities (i.e. community
richness) in an estuary - the higher the final score. The four plant communities considered
and their main species are listed in Table 15. ‘

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

Where:

1{Aypre X MF) + 1.75(A X MF) + 2(A,,,, X MF) + 1.5 (A ., X MF)

Where:

Apn = Area covered by supratidal saltmarsh.
e = Area covered by intertidal saltmarsh.
W Area covered by submerged macrophytes.
oot = Area covered by the reed-sedge community.

MF = Multiplication Factor (plant community condition)

2, 1.75, 1.5, 1 = community importance values based on the association of the plant
community with the estuary.

Each of the components of the formula are discussed below and an example is given of how
this scoring system would be used for a hypothetical estuary.
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3.21 COMMUNITY AREA COVERED (Ax)

First the areas covered by the different plant communities 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 (Table 16)
as used in phytosociology (Mueller-Dombois and Ellenberg 1974) and then these values
were replaced by equally spaced figures between 20 and 100 (Table 16). 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 that looks at a number of different areas, is data availability
and uniformity. Information on the area covered by different plant communities 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 is not always available for all estuaries. Using percentage range
classes means that estimations can be made of the area covered by different piant
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 A, .

Example A:
An estuary has three plant communities: An intertidal marsh with 34 % area cover, a

reedswamp with 3 % area cover and a submerged macrophyte community with 8 % area
cover. The scores for each of these communities, would be:

% COVER  B-B CLASS SCORE
(From Table 15)

Intertidal marsh 34 25-50% 60
Reed swamp 3 <5% 20
Submerged macrophytes 8 5-25% 40

These values are then used as the cover score in the formula i.e.
Ain:ar = 60: Amd = 20, Asubm = 40.
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TABLE 15. Plant communities used for botanical scoring of estuaries.

Plant communities Dominant species (for South African estuaries)

Supratidal salt marshes Suaeda fruticosa, Sarcocornia pillansii,
Atriplex vestita, Disphyma crassifolium

Intertidal salt marshes Sarcocornia perennis, S. decumbans, Triglochin bulbosa, T.
maritima, Spartina maritima, Chenolea diffusa, Cotula
coropnifolia

Submerged macrophyte beds  Zostera capensis, Ruppia cirrhosa

Reed and sedge communities  Phragmites australis, Juncus kraussii, Scirpus littoralis

TABLE 16. Braun — Blanquet (B-B) percentage classes and associated scores.

B-B class Customary  Score allocated for
B-B score use in formula

0.01-5% 1 20

5.01-25% 2 40

2501-50% 3 60

50.01-75% 4 80

>75% 5 100
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3.2.2 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.

Looking at the number of impacts affecting it assessed the condition of the cdmmunity. The
impacts (Table 17) 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 engineering structures,

anthropogenic impacts,

alien plant invasion status,

water quality and

sedimentation.

Within each category a number of impacts were listed which affect plant communities (Table
17). Each estuarine community needs to be checked and the number of impacts affecting the
community noted. In this way the total number of impacts for each community type can be
determined. Four different condition classes (Class 1 - 4) were subjectively determined, based
‘on the number of impacts (Table 18). Multiplication factors were assigned to these classes.
Class 1 "pristine" indicates an estuary 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 saltmarsh communities undergo some impacts, but
the marsh as a whole is not in an ecologically poor condition. Class 3 "degraded” refers to
those estuaries that 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 removal of a weir,
managing the water quality or removat of invasive plants species. Class 4 "disturbed®, indicates
estuaries that are under severe anthropogenic impact and have little remaining botanical
significance.

The multiplication factors assigned to the community condition classes were used to modify the
caver score to give a final number which incorporated the community area cover and
community condition (see example C). If the plant community has a large area andisina
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 significance, the cover score is multiplied by
0.1, which decreases the score considerably. Such a reduction in importance score may
appear if a large salt marsh area has been degraded.
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Example B:

The impacts affecting each of the hypothetical communities were determined using the impact
Table shown in Table 17. If, for example, the intertidal marsh has eight impacts affecting it, the
reedswamp one impact and the submerged macrophyte community three impacts,
multiplication factors could then be assigned using Table 18. The condition score then changes
the cover scores (A, )in the following manner;

Percentage Cover Multiplication Cover x

cover score factor (MF)  condition

(%o} (A (A _x MF)
Intertidal marsh 34 60 0.5 30
Reedswamp 3 20 2 40
Submerged macrophytes 8 40 1 40

With 30, 40 and 40 being the adjusted scores for each community type.

3.2.3 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 (eg. Zostera and Ruppia beds) were regarded as the most important
plant community (importance value = 2). They support more diverse and abundant invertebrate
and juvenile fish communities than soft-bottomed habitats and marshes (Whitfield 1984,
Whitfield 1989a, Fredette ef al. 1990 and Connolly 1994). Primary productivity of submerged
macrophyte beds is also very high and on par with the most productive plant habitats in marine
and terrestrial ecosystems (Day 1981, Fredette et al. 1990). Intertidal saltmarshes were
regarded 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 submerged
macrophyte and intertidal saltmarsh communities are important with respect to water column
processes and produce considerable amounts of plant detrital matter (Allanson 1982, Whitfield

1988b).



TABLE 17. Theimpa

checked.

HARD ENGINEERING STRUCTURES

Bridge, weir through habitat, rubble obstructing flow
Retaining walls, canalisation of estuary course,
canalisation of the mouth

Jetties through the community

Major dam or numerous farm dams in catchment
affecting FW flow

ANTHROPOGENIC IMPACTS

Littering

Trampling and foot paths

Bait digging

Qvergrazing

Boats mooring in the plant community
ALIEN PLANT INVASION STATUS

Presence of invasive plants
WATER QUALITY

Effluent discharge upstrem negatively affecting plant
community

Storm water discharge into estuary negatively
affecting plant community

SEDIMENTATION

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

TABLE 18. Impact classes and multiplication factors assigned to them.

Class # #of Community quality description Multiplication
impacts : - e —__ . factor _
1 <2 Pristine X2
2 3-6 Impacted but no rehabilitation required x1
3 7~-10 Impacted to the extent that some x0.5
rahabilitatory steps are required
4 >10 Severely degraded community — of litile x 0.1

botanical significance
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ct checklist against which each plant community type in the estuary was
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Saltmarshes 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 and Day 1990). A supratidal marsh with little tidal flooding would be less
important with respect to nutrient exchange than an intertidal marsh or submerged macrophyte
bed. For this reason supratidal saltmarshes 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 and Parsons 1981, Brix 1993), they are important for
bank stabilization and contribute to the diversity of aquatic life (particularly avifauna) (Haslam
1971).

Example C:
The hypothetical estuary has three communities, an intertidal marsh, a reedswamp and a

submerged macrophyte bed. The scores determined according to the cover and condition
components were 30, 40 and 40 respectively. After incorporating the importance values for
each community the scores are adjusted in the following way:

Cover x condition Importance value Importance score

(A X MF) (n) n(A, x MF)
intertida! marsh 30 1.75 53
Reedswamp 40 1.5 60
Submerged macrophyte 40 2 80

The values used in the following step would be 53, 60 and 80.

3.2.4 PLANT COMMUNITY RICHNESS

The scores calculated for each individual community i.e. the product of the cover, condition and
importance 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.

Example D:
Using the same example, the three final scores for each community are added together:

53 + 60 + 80 =193

The score of 193 is the final botanical importance score for the estuary that includes the area
covered by the three plant communities present in the estuary, condition, importance and
richness of all the different plant communities. In multiple estuary comparisons the estuary
which obtained the highest score after this step would be regarded as the most important
estuary botanically. The estuaries were then be rated from highest to lowest to achieve a



botanical importance rating.

33 WORKSHOP-IMPROVEMENTS TO SCORING SYSTEM

The initial scoring system developed in 1994 was presented to a panel of experts (Appendix
one) at a workshop in December 1994. A number of improvements to the botanical importance
rating were suggested and are summarized below;

1. The permanently and temporarily open estuaries be separated and their scores
presented separately,

2. The four different estuarine plant communities be assigned importance values based
on their association with the estuary,

3. The area impacted in the different plant community types be included instead of just
the number of impacts, and

4, The final score be downdgraded according to the number of species one would expect
to find in each plant community (i.e. n/Nmax).

The first two suggestions by workshop participants were included in the final botanical
importance rating system. This inclusion of a modification factor that would take into account
the area impacted in the different plant community types was investigated. Because the area
impacted needs to be quantified, impacts would have to be restricted to those that result in the
destruction of the plant community, i.e. impacts would be restricted to; hard engineering
structures, anthropogenic impacts, and invasion status.

Quantification of the area impacted proved problematic. Impacts such as littering, grazing and
canalisation of the estuary mouth can be observed but to quantify the area impacted is difficult.
It was also found that in estimating the area impacted, these areas fell into the lowest Braun
Blanquet cover classes of < 5% and 5-25%. It was felt that the secondary impacts might have a
far greater effect on the estuarine plant communities, but could not be accurately quantified. For
example, a footpath may result in destruction of a certain area of marsh that can be directly
quantified. However, the footpath could have a number of secondary impacts such as restricting
tidal flushing of the marsh. This could be a far greater |mpact resulting in dry sedtment
conditions and increased sediment salinity. - - -

The final suggestion from the workshop was to include a plant species richness component for
each of the different plant communities. The suggestion was to determine the maximum
potential number of species for each plant community (Nmax) and then determine the actual
number of species (n). n/Nmax would then give a species richness component. This was not
practical as most estuarine plant communftaes consist of monospecific stands (eg. Zostera beds
and Phragmites stands).
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3.4 DISCUSSION

The botanical scoring system was successful in condensing 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 essential.

In the present scoring system all impacts were considered to have an equal effect on the plants,
e.g. the presence of invasive plants is comparable to the negative 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 canalised in
1836 (Heinecken and 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
trom the catchment, might cause the disappearance of Potamogeton (a brackish submerged
macrophyte) and an increase in Zostera (a marine submerged macrophyte) (Adams et al.
1992). Decreased tidal flushing as a result of a weir or bridge may change the species
composition of an intertidal saltmarsh to a more supratidal or freshwater type. It is difficult to
calculate the area of plant community affected by these impacts. For these reasons the degree
of impact is not included in the present botanical scoring system. Only the numbers 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, detall is often sacrificed for perspective (Rarnm 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 dynamic nature of estuarine plant communities.
Periodically open estuaries, and some permanently open estuaries are characterised by
fluctuating biomass of submerged macrophytes (Talbot and Bate 1987, Talbot et al. 1990,
Adams et al. 1992). The formula does not take this into account as it only considers optimal
areal cover and the potential of the estuary to support a high piant biomass.

In South Africa, narrow channel-like estuaries that have a large freshwater input support rich
phytoplankton communities. Alterations in the freshwater input and the associated nutrients can
impact these communities. Phytoplankton communities are exciuded from the botanical scoring
systemn due to lack of knowledge. They should be included at some stage because in certain
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estuaries phytoplankton are the dominant primary 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 that 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 saltmarsh habitat,
diversity is influenced by the degree of elevation above the high water mark or the salinity
gradient. Saltmarsh plants occur in distinct zones along this gradient. If the gradient is absent
then fewer species occur. [t 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 botanical conservation status. The freshwater input into these estuaries should be
managed accordingly. From knowledge 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
allow it to become more saline.

The botanical importance rating score can be effectively used in an environmental or impact
assessment when a dam is to be built in a region. The score will indicate estuaries which are
botanically unique and whose freshwater requirements need to be maintained. Dam
construction in their catchments should then be discouraged. If construction is unavoidable,
stringent management policies need to be enforced to fulfil the requirements of the estuary.
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4. THE BOTANICAL IMPORTANCE OF SELECTED CAPE ESTUARIES

4.1 INTRODUCTION

This study focused on the botanical importance of Cape estuaries from the Quko (Double
mouth) estuary on the south-east coast, to the Olifants estuary on the west coast (Figures 1-3).
The estuaries were rated according to their importance within the Cape region, their regional
importance as well as against other estuaries of their type (i.e. temporarily or permanently
open). Only temporarily and permanently open estuaries were considered. Estuarine lakes
and estuarine bays (e.g. Knysna and Wilderness, Whitfield 1992) were excluded from the study.
Estuarine lakes and bays are unique with respect to their physical, morphological and biological
features and should in any event enjoy a high conservation status arising out of an importance
system. Temporarily and permanently open estuaries on the other hand, have a large diversity
of form and structure. The extent and type of plant communities present differ and therefore,
the botanical importance and conservation status of these estuaries will also differ.

The morphology of an estuary can restrict the establishment of estuarine plant communities
resulting in an estuary receiving a low botanical importance score. Whitifield (1995) classified
the condition of the Quko and Sout estuaries as excellent i.e. the estuaries are in a near pristine
condition with negligible human impact on either the estuary or catchment. These estuaries
should therefore receive a high conservation status. However these estuaries received low
botanical importance scores as steep banks surround them and the estuarine vegetation is
sparse. For this reason it is important that not only the final score be considered but also the
components from which it is derived.

42 METHODS

The botanical importance rating of estuaries was determined using the scoring system
described in Chapter 3. This system indicates which estuaries are botanically important and the
reasons for their importance. Factors used in the botanical scoring of estuaries were; plant
community area covered, condition (degree of impact), association with the estuary (plant
community importance within the estuary) and plant community richness.

The information required for the importance scores, i.e. area cover of plant communities and the
impacts affecting plant communities, was obtained from the Estuarine and Coastal Research
Unit's (ECRU) "Estuaries of the Cape, Part I' reports and from field visits. ECRU was
subsequently incorporated into EMATEK (Division of Earth, Marine and Atmospheric Science
and Technology) (Wiseman et al. 1993) and is now known as Environmentek, CSIR. Although
these reports are generally descriptive and aim to be understood by non-scientists (Wiseman et
al. 1993), they provide the most coherent form of information available on individual Cape
estuaries. The estuaries for which scores were calculated are listed in Table 6.

The formula developed for the calculation of the final botanical score for each estuary was as
follows:
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1(Aqpe X MF) + 1.75(A0 X MF) + 2(A_,,., X MF) + 1.5 (A, X MF)

Where:
Avps = Area covered by supratidal saltmarsh.
e = Area covered by intertidal saltmarsh.
= Area covered by submerged macrophytes.
Ay = Area covered by the reed-sedge community.
MF = Multiplication Factor (plant community condition)
2,1.75, 1.5, 1 = community importance values based on association with the estuary.

A cover score of either 20, 40, 60, 80 or 100 was assigned to each plant community. The
higher the area covered by the plant community the higher the score. if a site visit to the
estuary confirmed the presence of a plant community for which an area was not provided in the
ECRU reports then the community was allocated a cover score of 20.

The multiplication factor (MF) was determined from the number of impacts affecting each

- -community, the greater the-number-of impacts the lower-the.multiplication factor. _Each._.

community in the estuary was checked against the impact table. The numbers of impacts
affecting the community were noted and the total number of impacts for each community type’
determined (Tables 20-22). The total number of impacts is indicated as well as the
multiplication factor subsequently assigned to the plant community (Tables 20-22).

The cover score was multiplied by the multiplication factor to abtain a single score for each
plant community. This number was then multiplied by the community importance value. Plant
communities were assigned an importance value according to its association with the estuary,
particularly the water column.

The botanical importance scores for the different estuaries were calculated using the formula
described. Because a wide range of scores was obtained, the scores were normalized to make
the differences easier to conceptualise. The estuary with the highest score was regarded as
having a score of 100 and the rest were ranked as a percentage of the highest score. The
botanical importance rating is presented according to the three categories "all Cape”, "regional”
and "estuary type" (i.e. temporarily and permanently open estuaries). The regiona! importance

rated the estuaries within four climatic and rainfall regions (Table 19 and Figures 1-3).

TABLE 19. Regional climatic divisions along the Cape coast.

REGION BOUNDRIES CLIMATE
Western Cape Orange River to Cape Town  dry

South western Cape  Cape Town to Mossel Bay winter rainfall
Southern Cape Mossel Bay to Tsitsikamma all year rainfall
South eastern Cape Tsitsikamma to Kei mouth bimodal raintall




TABLE 20. Impacts affecting the estuaries along the south eastern Cape coast.An impact is indicated by an "X" and the communities impacted are shown in
brackets. The number of impacts were totalled and a multiplication factor was assigned (in brackets). FW = Fresh water, S = Supratidal marsh, I = Intertidal marsh, s
= Submerged macrophytes, R = Reedswamps and sedges.

Olifants | Heunirignes {Hout |Rooiels | Wildeviel Silvermine | Elsies | S.L.Pass| Uilkeaal | Lourens: Eerste: om-us

HARD ENGINEERING STRUCTURES §

. Bridge, weir through habitat ‘ X(R) | X(s,R) X(R) XRy[ XR) | X(S,R) | X(R) | X(R)

Retaining walls, canalisation of estuary course X(S) X(R) X(R) X({R) | X{R) X(R) | X(®R)

Jetlies

_Rubble obstructing flow ‘ _ _ X(R) X(R) X(R)
_Farm dams in catchment affecting FW inflow

Dam in catchment affecting FW inflow X(R) X(R)
_ Canalisationof mouth .
ANTHROPOGENIC IMPACTS

Littering o I BN | X®) X() X®R) XR) | X(R)

Trampling and foot paths N X(8,D) X(SR} | X(R) X(0) XSR) | X® | X1R

Bait digging _ _ _
" Grazitig . . _ X8 X(8S) X(R) XS | - X(LR) | X(R)

- Mooring in habitat

_High'speed boating
INVASION § TATUS

Presence of invasivé plants X(R) X(ILR) X(R) X({R) | XE®R) X(S) X(R) | X(LR)| X(R)
Vegetation enchroachment X(S) X(R) X(R)
WA TER QUALITY

Effluent discharge upstream _ X{R) | X(R) XR) | XR) | X(R) | X(D

Storm water dischage inlo estuary X(R) X(R) X{R) XRy} XR) X(R) | X(R}y | X(R) | X(D
SEDIMENTATION _ :

Erosion from calchment increasing siltation X([R) X(R)
TOTAL # OF IMPACTS:  Supratidal§ 3(1) | 4(1) | ' 4(1)

' Intertidal marshf 2(2 ' 3(1) 3(1) 2(2)
Submerged macroph(;rte g 02 0€2; 1 §2; .

L Reedswamps and sedgesy 0(2 2(2 90.5)] 1(2 2(2) 700.5) [6(1)| 6(1) | 2(2) | 7(0.5) |8(0.5)] 6(1)
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TABLE 21. Impacts affecting the estuarine plant communities along the southern Cape coast. An impact is indicated by an "X" and the communities impacted are
shown in brackets. The number of impacts were totalled and a multiplication factor was assigned (in brackets). Abbreviations described in Table 20.

'[iSout |Groot-wes| .Groot |Hartenbos |Breé |Duiwenhoks|Kafferkuils |Gouritz |Piesang | Keurbooms
A : i S A e L Brakt : N 1} R A A AR '

HARD ENGINEERING S TRUCT URES

_ Bridge, weir through habitat
‘ ;‘_Relammg walls, canallsatlon of estuary coursc
- Jetiies . . R
_Rubble obstruclmg flow ,'; L

_Farm dams in catchment_affecling FW mﬂow'i
" Dam in catchment affecting . FW mﬂow S
“~Canalisation of mouth s

ANTHROPOGENIC IMPA c TS

_,Lmenng
. Tmmplmg and foot paths
Bait digging '
Grazmg ,
: Mooring in habitat

ngh speed boatmg
IN VASI ON STATUS

. Presence of invasive plants
Vegetanon cnchroachmem '

WATER QUALITY

Effluent discharge upstream q'." )
* Storm water dischage into estuary
SEDIMENTATION . |
Erosion from catchment mci‘eﬁé’ing siltation
Marine sediment intrusion . . || -
TOTAL # OF IMPACTS;, Supratldal 02
Intertidal marshg

Submerged macrophytes]
Reedswamps and sedges |

XM XS :
X(s) X(S,Ls) | X(R) X(D

X

X(1,5)

I

X(s) !
X(S,LR) X(S.D) X(LR) | X(S,LR) X(S) X(R) X

|

E

;

X(s) X(s) X(s)
X(8.,D XS, X(S)

X(8,1)

B v ERE PR ey IS

X(5,R) X(S,R) XD XM X(5,1) X(5) X(R) X{§5,1)

X(Ls) X(i,s) X(R)

X(R)

3(1 i 1(2
4(1 5(1 22)] | 12 1 3(1
3(1 31 02 2 0{2; 12
1(2) 2(2 1(2) 2 0(2 5(1) 02

05



TABLE 22. Impacts affecting the estuarine plant communities along the southern eastern Cape coast. An impact is indicated by an "X" and the comsmunities

impacted are shown in brackets. The number of impacts were totalled and a multiplication factor was assigned (in brackets). Abbreviations described in Table 20.

TN L g Krom |Seckoei| Kabeljous |[Gamioos | Swartkops | Kowie | Nahoon | Quinira] Gqunube Quko_
HARD ENGINEERING STRUCT URES

" Bridge, weir lllrough habitat- - ol X(5,1Y | X(S.8) X(R) X(8,Ls) X(1,s)
"“""Relammg walls canahsauon of estuary ,urse
Cletties . , X(Ls,R) X(1,5) X(1,8)
““Rubble- Obslructmg ﬂow R ; X(5,s)
" -Farm dains in catchment aﬁ'cctmg FW mﬂow X(s,R) X(s,R)
" Dam in catchment affcclmg Fw mﬂow T Xas, Ry X()
' Canalisation of mouth =~ ', e X(S) X(s)
ANTHROPOGENIC IMPA CTS R
_Littering ~ -~ e 1 X(R) X(Ls)
- Trampling and fool paths j _‘ s XS L) X(S) X(S,1,5) X(S,Ls) | XILsR) | X(R) X(1,5)
: Bail dtggmg R X(s) X(Ls) X(Ls) X(s) X(s)
- Grazing X(5,1) X(S) X(S) X(I)
i—;Mooran h'abllat X(1L,s) X(s)
. High speed boating X(s) X(Ls,R) X(I) X(1s)
INVA SION STATUS
Preserice of invasive plams X(S) X(S) X(8S) X(S) X(8) X({LR) X
" Vegetation-enchroachment. | XM X(R)
WATER QUALITY
“Efflient discharge 'upstrcam : XN
- Storm'water dischage into esluary X(s)
SEDIMENTA TION i L ~
. Erosion Trom catchment increasing si ation X X0 : X(R) X0
“Marine sediment intrusion e D tiie o ' X(1
TOTAL # OF lMPACTS: Supratldal marsh 4(1) 41) 1(2) 2(2) (1) 2(2)
Intertidal marshff 7(0.5) . 0(2) ;gg g; gﬁ; g(i) %(}) 1(2)
Recdensoans oo e 368 | i 1 8 0(2) 23) 23 | sy |6

1S
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43 RESULTS

Tables 23-26 show the final formula scores and the breakdown of the scoring components for
each estuary. The presentation of tables showing the allocation of points is essential as an
estuary can achieve a score for different reasons. The final score should therefore be
considered in refation to its component scores.

4.3.1 Importance rating for all Cape estuaries

in the following text the estuary score is presented in brackets after the name of the estuary.

The actual formula score is given first, followed by the normalised score. Table 27 shows the

importance rating for all the estuaries considered and the condition of each estuary as

described by Whitfield (1994). The estuary with the highest score was the Olifants (410, 100}, a

permanently open estuary on the west coast. The estuaries with the lowest scores were two

temporarily open False Bay estuaries, Lourens and Sir Lowry's Pass (30, 7; Plate 1). The

Olifants obtained a high score as it has extensive marshes in the lower reaches that are in good

condition. Community diversity was also high, as all four estuarine plant communities were
“present.” The Duiwenhoks (330, 80) a permanently-open-estuary-had-the-second highest-score:——

Three plant communities were represented which had few impacts associated with them.

Eleven estuaries had normalised scores above 50. Within these eleven estuaries there was
good representation of both temporarily and permanently open estuaries. The Kabeljous (300,
73) a small temporarily open estuary had the third highest score. It is a dynamic system often
open or closed depending on the rainfall of the region. It has extensive submerged macrophyte
beds when water levels are high, as well as intertidal saltmarshes and reedbeds (Adams et al.
1992).

The Groot Brak (290, 71) estuary is perceived to have a number of impacts associated with it,
mostly related to effluent seepage into the estuary (Morant 1983, Slinger of al. 1994). Despite
this it received a high botanical imponiance score. The high score can be attributed to the large
marsh areas in the lower reaches which have few visible impacts associated with them. All four
estuarine plant communities were also present. Blooms of filamentous green macroalgae have
long been associated with eutrophic conditions (Josselyn and West 1985). Such blooms occur
in the Groot Brak estuary and have been shown to adversely impact the social acceptability of
water (Huizinga, Environmentek, CSIR, pers. comm.).

The condition of the Quko (140, 34) and Sout (40, 10) estuaries was rated as excellent by
Whitfield (1994). Although these estuaries are in a botanically pristine undisturbed state they
did not receive a high botanical score as the estuarine vegetation is sparse and only one
estuarine plant community is represented. Steep banks-surround-these systems-with thick - -
terrestrial coastal thicket vegetation up to the water's edge. The morphology of an estuary can
therefore limit botanical diversity of an estuary. The two estuaries with the lowest score, the
Lourens and Sir Lowry's Pass (30,7) flow into False Bay. These estuaries are in poor condition
and rehabilitatory steps would be necessary to restore any botanical significance to them.
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TABLE 23. The scoring components used to obtain the final score for each estuary for the
False Bay and surrounding areas. The cover score is given for each community, The
muitiplication factor (MF) indicates the condition of the community. Each community is allocated
an importance value. The final score is obtained from the addition of each plant community’s
score after muitiplication with the importance value.

Hout Rooiels Wildevoel Silvermine Elsies Sir Lourens Eerste Buffels
Bay Lowrys Oos
Pass

SUPRATIDAL
<5%
5-25%
25-50%
50-75%

>75 %

MF

INTERTIDAL

<5%

5-25% 40 40
25-50%

50-75%

>75 %

MF 1 1

REEDS WAMPS
<5% 20

5-25% 40
:g(s) ;(5) :/A. 60 60 60 . 60

S754, . 0 80
>75 % 100
MF 05 2 2 0.5 1 1 05 05 2

SUBM’ERGED
MACROPHYTES
<5% 20
5-25%
25-50%
50-75%
>75 %
MF 2

Cover score X
importance value
Supratidal
Importance value

Intertidal 40 40
Importance value 1.75 1.75

Reedswamps 30 120 120 30 80 20 20 30 160
Importance value 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
45 180 180 75 120 30 30 43 240

Submerged macrophytes 40
Importance value 820

FINAL SCORE 45 260 250 75 120 30 30 115 240
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TABLE 24. The scoring components used to obtain the final score for each estuary‘folr thg
south western Cape region. The cover score is given for each comnjuqity. The muitiplication
factor (MF) indicates the condition of ;he community. Each' (?ommunaty is allocated an. |
importance value. The final score is obtained from the addition of eaf:h plant commum.ty S score
after multiplication with the importance value. The final score is oblained from Erj’e ad'dltlon of
gach plant community score after multiplication with the importance yfalue. “20*” indicates the
communities for which area cover was not available, these communities were allocated to the

lowest cover class.

r

Olifants Heuningnes Uilkraal Onrus Bree Duiwenhoks Kafferkuils Gourits

SUPRATIDAL

<5% 20" 20+

5-25% 40

25-50% 60 60

50-75% 80

>75 %

- MF - - s s e e s e ] e e 2 l—— i

INTERTIDAL

<5%

5-25% 40

25-50% 60 60 60

30-75%

>73 %

MF 2 2 2 |

REEDSWAMPS

<5% 20 20* 20* 20+ 20*

5-25% 20~

25-50%

50-75% :

>75 % 100

MF 2 2 2 1 2 2 2

SUBMERGED

MACROPHYTES

<5% 20" 20+ 20~ 20+ 20*

5-25%

25-50%

30-75%

>715 %

MF 2 2 2 2 2

%cmgr score X importance

Supratidal 60 60 80 40 20 40

Importance value 1 1 1 1 1 |
60 60 80 40 20 40

Intertidal 120 80 120 60

Importance value .75 _ SR OV & S O 1.75
210 1400 - 210 105 -

Reedswamps 40 40 40 100 40 40 40

Importance value 1.5 1.3 1.5 1.5 .3 1.5 1.5
60 60 60 150 60 60 60

Submerged macrophvtes 40 40 40 40 40

Importance value 2 2 2 2 2
80 . 80 80 80 80

FINALSCORE ~ 410 200 140 150

§
I

330 265 180




TABLE 25. The scoring components used to obtain the final score for each estuary for the
southern Cape region. The cover score is given for each community. The multiplication factor
(MF) indicates the condition of the community. Each community is allocated an importance
value. The final score is obtained from the addition of each plant community score after
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multiplication with the importance value. “20*” indicates the communities for which area cover

was not available, these communities were allocated to the lowest cover class.

Wes

Groot Hartenbos Sout Groot Picsang Keurbooms Krom Gamtoos
Brak '

SUPRATIDAL
<5%

5-25%

25-50%
50-75%

>75%

MF

60

20

60

20

20

30

60

INTERTIDAL
<5%

5-25%
25-50%
30-75%

>75%

MF

40

40

40

40

0.3

[

REEDSWAMPS
<5%

5-25%

25-50%

50-75%

>75%

MF

40

40

60

20~

20

(2]

SUBMERGED
MACROPHYTES
<5% ’
5-25%

25-50%

50-75%

>75 %

MF

20~

20"

20+

24

Caver score X im
Cqver sco portance

Supratidal
Importance value

Intertidal
Importance value

Reedswamps
Importance value

Submerged macrophytes
Importance value

FINAL SCORE

1.75
0

80
1.5
120

20

40

170 40

40

80
L3
120

1640

1.5
90

40

40

1.75

79

40

1.5

64

40

80

250

10
40
20
1.75
33
40
1.3
60
20

46

175

120
120
40

1.75
70
40

L3
60

250
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TABLE 26. The scoring components used to obtain the final score for each estuary for t.he
south eastern Cape region. The cover score is given for each community. The multiplication
factor (MF) indicates the condition of the community. Each gommunity is allocated anl ‘
importance value. The final score is obtained from the addition of each plant _cpmmumtyls score
after multiplication with the importance value. “20*” indicates those communities for which
areas were not available and therefore allocated to the lowest class.

Seckoei Kabeljous Swartkops Kowie Nahoon Qinira Gqunube Quko

SUPRATIDAL

<5% 20 20" 20+
5-25% 10

25-50%

50-75%

>75%

MF 1 2 1 2
INTERTIDAL

-553% .. e e e e

5-25% 40 40 40
25-50% 60

50-75% 80

>75 %

MF 0.5 1 1 2 2

REEDSWAMPS

<5% 20 20 20* 20* 20+
5-25%

25-50% 60

$0-75%

>75 %

MF 2 2 2 2 1 2

SUBMERGED

MACROPHYTES

<5% 20 20* 20+ 20+
$-25% 40

25-50% 60

50-75%

>75 %

MF 1 2 0.5 1 1 2

Cover score X importance

value
Supratidal 20 80 20 40
Importance value 1 1 i 1

20 80 20 40
Intertidal 40 60 40 80 80
Importance value 1.75 1.75 1.75 1.75 1.75

70 108 70 140 140

Reedswamps w0 40 0w e 40
Importance value LS 1.5 15 15 L5 1.5

60 60 60 60 90 60
Submerged macrophytes 60 g0 10 20 20 40
Importance value 2 2 2 2 2 2

120 160 20 40 40 80

FINAL SCORE 200 300 170 185 170 90 280 140
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TABLE 27. Botanical importance rating for all Cape estuaries. The formuia scores are
foliowed by the normalised scores. The ecological condition of each community (Whitfield 1994)
is given in the last column. :

Formula Normalised Whitfield

Score Score rating

Qlifants 410 100 Good
Duiwenhoks 330 80 Excellent
Kabeljous 300 73 Good
Groot Brak 290 71 Fair
Gqunube 280 68 Good
Kafferkuils 265 65 Good
Rooiels 260 63 Good
Keurbooms 250 61 Good
Gamtoos 250 61 Fair
Wildevoélviei 250 61 Good
Buffels Cos 240 59 Good
Seekoei 200 49 Poor
Breé 200 49 Good
Heuningnes 200 49 Good
Kowie 185 45 Fair
Gouritz 180 44 Good
Krom 175 43 Fair
Swartkops 170 41 Fair
Nahoon 170 41 ~ Fair

' Hartenbos 170 41 Poor
Groot Wes 160 39 Good
Onrus 150 37 Poor
Quko 140 34 Excellent
Uilkraal 140 34 Fair
Elsies 120 29 Poor !
Eerste 115 28 Poor
Piesang 90 22 Fair
Qinira 90 22 Good
Silvermine 75 18 Poor
Hout Bay 45 11 Poor
Sout 40 10 Excellent
Sir Lowry’'s Pass 30 7 Poor

Lourens 30 7 Poor
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4.3.2 Regional importance rating

Table 28 lists the botanical importance scores for the different regions. The Olifants estuary
(410, 100) received the highest score in the western Cape as it was the only estuary considered
in this region. The estuary with the highest score in the south western Cape was the
Duiwenhoks (330, 100). In the southern Cape, the Groot Brak estuary (290, 100) had the
highest score. The estuary with the second highest score, the Keurbooms (250, 86), is an
important recreational estuary near Plettenberg Bay.

In the southeastern Cape, the Kabeljous estuary had the highest score. Two of the larger
estuaries in this region, the Krom (175, 58) and Swartkops (170, 57) had lower scores than
other smalier systems along the coast. Although extensive intertidal saitmarshes and Zostera
capensis beds characterize these estuaries, their botanical importance is decreased by
numerous residential and industrial impacts that are associated with them. A low condition -
score therefore decreases the significance of their large estuarine plant areas.

4.3.3 Estuary-type score

The permanently open estuary with the highest score was the Olifants (410, 100) and the Sout
near Natures Valley had the lowest score (40, 10) (Table 29). Examples of heavily impacted
permanently open estuaries include the Kowie (185, 45) and Nahoon (170, 41) estuaries.
Impacts in the Kowie estuary include hard engineering structures such as the marina on a
wetland area near the mouth and the canalisation of the estuary course in the lower reaches.
Trampling, as a result of bait digging and livestock grazing, has severely impacted the fargest
marsh in this estuary. The Nahoon estuary in East London on the south east Cape coast, is
impacted as a result of close residential proximity, decreased freshwater inflow and effluent
discharge. The estuarine plant communities cover small areas and consequently receive low
caver scores that were further decreased by the low condition score.

The two temporarily open estuaries with the highest scores were the Kabeljous (300, 100) and
Groot Brak (290, 97). As already mentioned two False Bay estuaries, Lourens and Sir Lowry's
Pass (30, 10) received the lowest score (Table 28). The estuaries in the False Bay area
generally obtained low scores, with the exception of the Rooiels (260, 87), Wildevoélvlei (250,
83) and Buffels (Oos) (240, 80). These three estuaries are located away from the dense
residential areas that surround the other estuaries. Although these estuaries are small with low
community richness and low community area cover, the absence of impacts affecting the
communities increased the cover score and improved the final score. Of the 10 temporarily
open estuaries with scores below 50, seven occur in the area of False Bay and surroundings.
These estuaries are severely impacted as a result of residential and industrial proximity.
Rehabilitatory steps would be necessary to restore any botanical significance to them. .
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TABLE 28. The estuary type botanicai importance rating. The formula score is foliowed by the
normalised score.

PERMANENTLY OPEN TEMPORARILY OPEN
Qlifants 410 100 Kabeljous 300 100
Duiwenhoks 330 80 Groot Brak 290 97
Gqunube 280 68 Rooiels 260 87
Kafferkuils 265 65 Wildevoélvlei 250 83
Keurbooms 250 61 Buffels Qos 240 80
Gamtoos 250 61 Seekoei 200 67
Breé 200 49 Hartenbaos 170 57
Heuningnes 200 49 Groot Wes 160 53
Kowie 185 45 Onrus 150 50
Gouritz 180 44 Quko 140 47
Krom 175 43 Uilkraal 140 47
Swartkops 170 41 Elsies 120 40
Nahoocn 170 41 Eerste 115 38
Sout 40 10 Piesang 90 30
Qinira 90 30
Silvermine 75 25
Hout Bay 45 15
S.L.. Pass 30 10
Lourens 30 10

TABLE 28. Regional botanical importance rating. The formula score is followed by the

normalised score.

Region 1 Region 2 Flegion 3 Region 4

Olifants 410 100 Duiwenhoks 330 100 GrootBrak 290 100 Kabeljous 300 100
Kafferkuils 265 80 Keurbooms 250 86  Gqunube 280 93
Rooiels 260 79 Hartenbos 170 59 Gamtoos 250 83
Wildevoél 250 76 GrootWes 160 55  Seekoei 200 67
Buffels Oos 240 73 Piesang 90 31. Kowie 185 &2
Breé 200 61  Sout 40 14 Gouritz 180 60
Heuningnes 200 61 Krom 175 58
Onrus 150 45 Swartkops 170 57
Uilkraal 140 42 Nahoon 170 57
Elsies 120 36 Quko 140 47
Eerste 115 35 Qinira 90 30
Silvermine 7% 23
Hout Bay 45 14
S.L. Pass 30 9
Lourens 30 9
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4.4 DISCUSSION

The botanical importance scores highlighted estuaries with important botanical features e.g. the
Kabelious. The importance of the Kabeljous estuary could be overlooked because it is not very
large nor important from a recreational point of view. However, it is a good example of a
dynamic temporarily open estuary and the condition of its plant communities is reflected in its
high score. The Rooiels and Wildevoélvlei were two other small estuaries that obtained high
botanical importance values. In a separate study by O'Callaghan (1990), the Rooiels received
the highest conservability rating, because there has been little human impact on this system.

The Olifants achieved the highest botanical importance score in this study. Two other studies
have also indicated its importance (Turpie 1994, Harrison ef al. 1994a and b). Turpie (1994)
ranked the Olifants amongst the top 10 estuaries important for waterbird conservation in South
Africa, In Harrison et al. (1994a,b) it achieved the highest score in their estuarine health index
(EHI) survey of the west coast. The estuarine health index is based on biological health
(assessment of fish community), water quality and aesthetic condition of an estuary {Harrison et
al. 1994a). The Olifants is an example where three indices, looking at different parameters, can
be combined to decide the importance of the estuary.

Management of estuaries inevitably requires trade-offs and it is recognized that not all estuaries
are equally important. Certain estuaries have little ecological value and enjoy low priority when
water is scarce, whilst others would be regarded as being so important that they would be
allocated water in almost any circumstances. The botanical importance rating indicates which
estuaries need existing freshwater flows in order to maintain their importance. A management
plan for these estuaries should then be developed. The scoring method helps in this
management plan by indicating which botanical communities are present. Different plant
communities will have different freshwater requirements. A permanently open estuary which
has large brackish communities, needs freshwater to maintain the brackish environment. In
other estuaries freshwater is needed to keep the mouth of the estuary open and intertidal marsh
areas tidally flushed (Adams and Bate 1995).

Estuarine microalgal communities were not considered in the botanical importance rating.
Estuaries that have a strong freshwater inflow and a pronounced salinity gradient up the length
of the estuary, e.g. the Gamtoos are capable of supporting a rich phytoplankton community
(Adams and Bate 1994a). Lack of knowledge on the phytoplankton communities, however, is a
major limiting factor to their inclusion into a botanical importance rating at this stage.
Mangroves were also excluded from the botanical importance rating, as subtropical estuaries
where mangroves occur were not considered. It is recommended that the botanical importance
rating is revised to include estuaries north of the Kei River and a fifth estuarine plant community
i.e. mangroves. The botanical importance rating does not extract the socio-economic
importance of an estuary. For example in the Groot Brak estuary, effluent discharge creates
adverse socio-economic impacts as unsightly macroalgal blooms form when the mouth is
closed. The Groot Brak estuary still received a high botanical.importance score as all four
estuarine plant communities considered were present and in fair condition.

Only a small number of estuaries were used in this botanical importance rating. There are 127
permanently and temporarily open Cape estuaries. Thirty-three estuaries were used in this
study, as these were the only systems that had consistent botanical data available. Thereis a
urgent need to extend this botanical importance rating by including further estuaries as this
method can be successfully used by water planning managers, scientists and conservationists
to determine the overall importance of individual estuaries. In addition, a clear statement
regarding the condition of any estuary may resuit in local residents pushing for improvements.
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5. MICROALGAE IN CAPE ESTUARIES

5.1 RESEARCH APPROACH

In an earlier report to the Water Research Commission on the freshwater requirements of South
African estuaries (Adams and Bate 1994a), the work of Hilmer (1990) showed that the amount
of chlorophyll present in estuaries was dependent on the input of nutrients into the system via
river flow. The work that led to these conclusions was undertaken in the Swartkops and
Sundays estuaries. The physical conditions responsible for high phytoplankton biomass were
identified and incorporated as rules into the Estuarine Decision Support System (EDSSys).
This Decision Support or expert system was designed to predict the response of estuarine flora
to alterations in freshwater input (Adams and Bate 1994a). When, at the request of the project
steering committee, the examination of microalgae and freshwater input, was extended to south
coast estuaries, the rules were shown to not be universal but confined to the eutrophied
Swartkops and Sundays estuaries. Other systems which did not have high levels of nutrient
input but which did have a relatively high flow of freshwater, did not exhibit the same increase in
phytoplankton biomass.

The original EDSSys mode! incorporated a factor of 'residence time' into the rule base. This was
to allow the phytoplankton time to develop after the entry of water and nutrients into the estuary.
When this was tested in other south coast estuaries, it was found that the water was not in the
estuary sufficiently long for a high biomass to develop. At the same time, it was possible to
understand that the dynamic nature of phytoplankton meant that they were not a time-integrated
measure of the quality of water entering the estuary.

With this in mind, Dr. Gerald Boalch from the Marine Biological Association, Plymouth, England,
was invited to South Africa to advise us on how to proceed with the study of the influence of
frashwater on the microalgal flora. Dr Boalch is the Chief Editor of the prestigious journal
Botanica Marina and was therefore in a position to know what research was being undertaken
around the world. As a result of his visit, the approach was altered from biomass and primary
productivity to species ecology. The basis of this latter approach was that the species present
would indicate habitats. Because diatoms were the first organisms to respond to habitat
change, they would have to become the focus of the research.

Diatom taxonomy is in some disarray because of the proliferation of electron microscopes at
research institutes. This meant that diatom taxonomy would be an important aspect in the
understanding of freshwater effects in the estuarine environment. The work undertaken in the
study included an examination of the diatom flora, and especially the static (benthic, epilithic
and epipelic) flora. However, the phytoplankton was also included.

The distribution of microalgae in Cape estuaries was therefore studied with respect to the
general diatom flora. This produced problems related to species identification and, to solve
those problems a visit was made to Professor F.E. Round at the Botany Department, University
of Bristol, England. Professor Round is a co-author of a revision of diatom taxa (Round et al.
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1990). He was extremely helpful in naming taxa that we were unable to identify. During the
visit to Bristol it became apparent that Professor Round's main interests were in river ecology
and the use of diatoms as indicators of water quality. For this reason he was invited to Port
Elizabeth to advise us on how to proceed. He arrived in Port Elizabeth in November 1995 and
spent some time in the field examining rivers and estuaries. As a result of that visit he
recommended that the sampling strategy then in use be altered to include only epipelic diatoms,
in estuaries, and epilithic diatoms in rivers as indicators of water quality. Furthermore, he
demonstrated that an examination of the full diatom flora was unnecessary. Only the dominant
species or dominant 2-3 taxa are important in describing the habitat (water quality). However,
the physical habitat, stones, mud or plant material is equally important. For this latter reason,
the physical habitat sampled must be kept constant up the length of the water body, i.e. only
one physical habitat can be used for comparative purposes.

Prior to the visit of Professor Round the method of identifying and counting benthic diatoms was
very unsatisfactory. Correspondence by e-mail with other workers around the worid indicated

. that they were experiencing the_same problems.of separating_diatom frustules from sediment __
particles. Professor Round demonstrated a method of overcoming all the problems previously
encountered. The result is that an easy method of separating diatoms is now available. This
method is now in use both by the Port Elizabeth team and the Durban team (Dr. Derek Watt,
UDW) both of whom are working on the water quality of Eastern Cape and Natal estuaries.

Professor Round was instrumental in pointing out that each of the diatom genera has a number
of distinctive characteristics. He listed a few of these characteristics and this led to the analysis
of the work by Round et al. (1990), from which the computerised identification system evolved.
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5.2 THE DISTRIBUTION OF MICROALGAE IN CAPE ESTUARIES

5.2.1 INTRODUCTION

In order to establish the relationship between freshwater input and phytoplankton and benthic
microalgae the identification of microalgal species became necessary. Diatoms were the
dominant benthic microalgal component whereas higher numbers of flagellates occurred in the
phytoplankton. Although the microflora comprises diatoms, dinoflagellates and other microalgal
groups, we believe that the diatoms are the most important because they respond more quickly
to changes in water quality. There have been a few diatom taxonomic studies in the past (e.g.
Archibald 1983), but none have related diatom species composition to physical characteristics
of the estuaries. A catalogue of estuarine diatom species has been made which relates each
species to its position in specific estuaries, salinity value of the water and time of year at which
the collection was made. Data matrices were drawn up for the presence /absence of diatom
species in the seven estuaries sampled. The multivariate technique, ordination was then used
to determine whether there was any pattern in the data i.e. whether specific species could be
associated with specific estuaries or salinity conditions.

5.2.2 METHODS

Two field trips were undertaken to study diatom populations in different estuaries. Four stations
were sampled in each estuary in order to obtain samples along a gradient from marine to
freshwater conditions. Phytoplankton and benthic diatoms were identified in the field and in the
laboratory using light microscopy to a magnification of approximately 1000. Scanning electron
microscopy (S.E.M.} was used to identity microalgae 1o species level. Light and scanning
electron microscope photographs of the different diatom species were catalogued according to
estuary and position in the estuary.

A note was made of the salinity value of the water and time of year at which the collection was
made. Species lists were compiled for:

(1) Phytoplankton (diatom) species found in Cape estuaries sampled,

2) Benthic microalgae (diatom) species found in Cape estuaries sampled, and

(3) Species associated with marine (20-35 ppt), brackish (5-20 ppt) and freshwater
(< 5 ppt) regions of the estuary.

A presence/absence data matrix was drawn up for water column (Table 30) and benthic
diatoms (Table 31) in the seven estuaries sampled (Berg, Palmiet, Kafferkuils, Gouritz, Great
Brak, Keurbooms and Gamtoos.). Ordination (Detrended correspondence analysis, DCA) was
used to determine whether estuaries and sites within the estuaries, could be grouped according
to similarities in diatom composition. Ordination is the collective term for multivariate
techniques that arrange sites along axes on the basis of species composition (Gauch 1982).
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The result of ordination is the arrangement of species and samples in Iow-dime_nsional space
such that similar entities are close by and dissimilar entities far apart. The spe';:ies and site
(estuary) ordination diagrams obtained from the presence/absence DCA analysis are presented

in the Results section.

5.2.3 RESULTS

A catalogue of photographs of estuarine diatom species has been made which relates each
species to its position in specific estuaries, salinity value of the water and time of year at which
the collection was made. So far, we have shown that there are 195 diatom taxa and 78 genera
present in the nine Cape estuaries studied (Berg, Palmiet, Kafferkuils, Gouritz, Groot Brak,
Keurbooms, Gamtoos, Sundays and Great Fish). Digital images of these species have been
captured and will be available for incorporation into a World Wide Web site on the Internet.
Research workers or personnel of the Department of Water Affairs and Forestry would be able
to consult such a reference site should they find species identification a neceséity.

Certain diatom species were found to occur over a wide salinity range from freshwater (0 ppt) to
marine (35 ppt) conditions. These species included Amphora coffeaeformis, Aulacoseira sp.
Camplylodiscus sp, Cocconeis sp, Coscinodiscus sp, Cylindrotheca closterium, Entomeis sp,
Extubocellulus spinifer, Haemiaulus sp, Leptocylindrus sp.1,, Melosira sp.2, Navicula
tripunctata, Nitzchia sp., Tabularia sp. and Thalassiosira decipiens. Of the taxa listed, more
species (29) were found in only saline water (35 ppt) than freshwater (10). Sixteen taxa were
only associated with brackish water (5-20 ppt) and not marine or freshwater conditions.

DCA analysis provides two ordination diagrams i.e. the species and estuary ordinations. These
diagrams must be looked at in association with each other. This is because the species
ordination indicates the cause of the clustering cbserved in the estuary ordination and visa
versa. The principle behind DCA is that the points closer together are more similar than points
which are further apart. In this way it was possible to see which estuaries and sites within the
estuaries or species were similar to each other.



Table 30. Presence/absence duta matrix for the water column diatom species in the Cape estuaries samplecl.
Berg Gamntoos Gouritz Great Brak Kafferkuils Keurbooms Pakmict
-3} B2 83 B4 Gal Ga2 Gal Gad G G2 G3 G4 GB1 GB2 G&3 GB4 KF1 KF2 KF3 KF4 KEB1{ KB2 [ 4:x} KB4 P1 Pz P3

10
Achnanthes trevipes 1 1
Achnanthidium dekcatula

)

Biddulphia akernans %
Biddulphia huomay 1 1
Biremis 3p.

-

Catacombas sp.

Chagtoceros curisetus

Chaetoceros protuberans

Chasloceros sp.1

Chaeloceros $p.2

Chietoceros ipes

Cimacosphenia sp. 1
Coceoneis arenicols

Coccontis coslata 1 1

Cogcomis 5p.1 1 1 1 1

Coccormis sp.2

Coceoneis sp.3 1 1

Coccontis sp.4 1
Cocconeis 5p.5 1

Coccontis sp.8 1

Coscinodiscus nochilar

Coscintbscus adatus

Coscinodiscus sp.1

Coscinrodscus 5p.2

Cycloteta ocelala
Cyclotela psaudosteloigera 1
Cyckitels sp. 1 A} 1 1 1
Cyindrotheca closterium 1

Delphirwis angustata 1
Delphneis sp- 1
Diptoneis didyma 1

Diploneis . +
Ditykum brightwelli t ] \
Entomonais alata 1 1 1 1 1

Entomoneis 8p 1 1 1

Eucocconeis sp.

Eupodiscus oculatus 1
Extubocedukss spinifera 1 1 ] 1 1 1 1 \ 1

Fallacia #p. 1 1

Fragilasia efiptica 1

Fragilariz 5p1 1 1

-
-

£
H
£
&

Leptocylindrys sp.1 1 i 1 1 1 L]
Leptocylindrus sp.2 1 1 1
Licmophora sp.

G9



Table 30. cont.

Nilzschia tosterium
Nitrschia constricta
Nitzschiz delicalissima
Nitzschia dissipata
Nitzschia frustulum
Hitrschia longissima
Nilzschia oblusa
Nittgchia ovals
Nilzschia pacifica
Mizichia seriala
Mitzschia sp.1
Niteschia 5p.2
Nitzschia 5p.3
Opephora pacifera
Opephara $p.
Paraia sp.
Petrodiciyon sp.
Patroneis sp.
Pieurasipma sp.
Protokesia sp.
Psatmodictyon sp.

Terpsinos sp.
Thalassionema nitzschiides
‘Thalassiosira decipiens.
Thatassiosira fuviatiis
Thalassiosira kevandari
Thalassiosira roluka
Thalessiosica sp.
Thalassiosia sublils
Thalassiosira weisflogi
Thatassicthrix $p.
Trybioneda p.

Berg
a1

¥}

[P
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B4

Gamtoos

Gat

Ga?

Gad

- -

Gat

Gouritz

Gl

G2

Gy

G4

Great Brak

ab

Ge2

Ga3

KafTerkuils Keurbooms Palmiet

GB4 KF1 KF2 KF3 KF4 K81 Ké2 KB3 KB4 P1 P2 P3

i 1
L |

1 1
1 !
1 1 1
1 1
1 1 1
1 1 i
1 '
1 1
1 ' 1
1 1 1 1 t
1
!
1 1 1 1
1
1 1
Ca 1
1
'
1
1 1 1 !
1
1
1
1
1
1 ]
1 1
1
1 1
1
' 1
1
1 1 1 1
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TABLE 31: Presence/absence data matrix for the benthic diatoms in the Cape estuaries
sampled.

Berp Gamtoos Gouritz Groot Brak KafTerkuils Keurbooms Palmiet
B81 a2 B3 B4 Gal Ga2 Gal Gada GY G3 G4 GBI GB2 KF1 KFZ KF3 KF4 KB1 KBZ P9 P2
Amphipitsra sp. 1
Amphora coffeastormis 1
Amphaora sp. 1 1
Amphora sp3 1 1 1
Ardissonia sp. 1
Baciltaria sp, 1
Bigduiphia pulchella 1 1
Biddulphia tuomeyi 1 1 i
Campylodiscus sp 1
Cocconels sp 1
Coccones sp4 1 1
Cocconeis sps 1
Coscinodiscus rad 1
Coscinodiscus sp3 1 1 1 1
Cylindrotheca closterum 1
Diploneis didyma 1
Diptanais sp. H
Entomonais sp. 1 1 1
Extuboceliulus spinifera 1
Fragilaria sp1 1
Fragilaria. sp2 1
Gyroaigma sp. 1 1
Leptocylindrus spi 1
Liemephora sp.
Mslosira lineata
Melosira moniliformis
Melasia sp2 1
Navicula spi
Nawvicula sp3 1 1 1
Navicula sp6
Navigula sp7 1
Navicuta sp@ 1
Navicuia spto 1
Navicula sp17 1 1 1 1
Navicula sp 1 1
Navicuia spK 4
Navicula Linulate 1 1 1 1
Navicyia perminuta 1 1
Navicuia taneiloides 1
Navicuta tripunctata 1 1 1 1
Nitzschia clostarium 1 1 1
Nitzschia constricta 1 t 1 1 1 1+
Nitzschia alagantuia .
Nitzschia frustulum 1
Nitzschia obtusa 1 1
Nitzschia sp1 1 1 1 1 1 1
Nitzschia 5p2 1
Qdontella rostrata 1 1
Odontelta sp. 1
Qpephria sp. 1
Paralia sp. 1
pleurasigma sp. 1 1
Psammodictyen sp. 1 t ]
Saminavis sp.
Skeletonama potamus 1 1 1 1
Surirella sp3 1
Thalassicsira allenii 1
Thalagsksira deciplens 1 . .
Thalagsikisira rotula 1

ek s

-

Figure 9 the ordination diagram for the estuaries based on the phytoplankton species
compasition, shows that Gamtoos, Palmiet and Berg sites can be grouped together. These
estuaries are similar because of their brackish conditions. Diatom species (Figure 10) do not
show any distinct grouping. The species presented on the lower left corner of the ordination
diagram are those that would be more abundant in the Gamtoos, Palmiet and Berg estuaries
and are therefore probably associated with brackish conditions.
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The estuary ordination diagram for the benthic diatoms (Figure 11) indicates four distinct
groups. Site 2 in the Groot Brak estuary (GB2) a group on its own. Certain species only occur
in this site (Figure 12). These species are listed in Table 32.

Group 2 includes sites from the Berg, Gamtoos and Palmiet estuaries that would indicate
brackish conditions. All the stations in the Kafferkuils estuary form group 3 (Figure 11} while
group 4 is made of sites that would indicate saline conditions. The diatom species associated
with these saline sites are listed as group 4 in Table 32. At site 1 {(mouth) in the Keurbooms
estuary two different Odontella spp were found. These species are usually associated with
sandy conditions (Round, pers. comm.). This indicates the habitat preference of diatoms.

5.2.4 DISCUSSION

Ordination of the estuaries according to the phytoplankton (diatom) species showed no

- -apparent clustering.- This illustrates the problem.of.considering.alt diatoms_as opposedtothe

dominant three or four species. Despite the lack of clustering in the species ordination diagram,
the diagram of the estuaries showed that the Gamtoos, Palmiet and Berg appeared to form a
distinct group. This is possibly as a result of the predominance of brackish stations in these
systems. Both the Gamtoos and Berg estuaries have strong salinity gradients between the
mouth and head of the estuary. However, in winter the Berg functions as a river mouth, as
does the temporarily open Palmiet estuary (Slinger et al. 1995, Taljaard and Largier 1989).

DCA analysis of the benthic diatom species occurring in the different estuaries showed that
species and sites could be associated with specific salinity conditions. Fewer benthic (60) than
phytoplankton (161) diatom species were identified in the estuaries. This is possibly a reason
why clustering or grouping of sites and species was evident for the benthic diatom ordinations
and not the phytoplankton ordination. Itis recommended that future studies only consider the
dominant 1 to 3 species at a particular site.

It is important that the habitat preference be taken into account when sampling benthic diatoms
i.e. certain species are associated with mud particles while others occur attached to sand
grains. Five benthic diatom species were dominant at site 2 of the Great Brak estuary. These
species included Cylindrotheca closterium which occurs in the epipelon of marine habitats
(Round et al. 1990} and Navicula tenefioides which according to van Dam et al. (1994) can be
associated with specific water quality conditions. These conditions include high O, saturation,
low organic nitrogen concentrations, low salinity (< 1 ppt) and wet, moist habitats that
occasionally dry out.
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FIGURE 9: The ordination diagram for the estuartes based on water column diatoms.
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FIGURE 10: The ordination diagram for the water column diatom species based on estuary

sites.
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FIGURE 12: The ordination diagram for the benthic diatom species based on estuary sites.
Species acceurring in the four different groups are listed in Table 32.



TABLE 32. Benthic diatom species for the four groups identified in the ordination diagram,
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Figure 12.
GROUP 1 GROUP 2 GROUP 3 GROUP 4
Cylindrotheca closterium Amphora sp. Extubocellulus spinifera  Amphora sp3
Fragitariasp 2 Amphora coffeaeformis  Nitzschia elegantula Diploneis didyma
Navicula spC Bacillaria sp. Nitzschia frustulum Navicula spK

Navicula tenelloides
Navicula perminuta

Biddulphia tuomeyi
Biddulphia pulchella
Campylodiscus sp.
Cocconeis sp4
Cocconeis sp1
Cocconeis sp5
Coscinodiscus radiatus
Diploneis sp.
Entomoneis sp.
Fragilaria sp 1
Gyrosigma sp.
Leptocylindrus sp 1
Licomorpha sp.
Melosira lineata
Melosira meniliformis
Navicula sp9
Navicula sp6
Navicula sp7
Navicula sp1
Navicula sp17
Nitzschia sp1
Nitzschia constricta
Nitzschia sp2
Opephria sp.
Paralia sp.
Pleurasigma sp.

Qdontelfa sp.
QOdontella rostrata
Thalassiosira rotula

Navicula linulate
Psammodictylon sp.
Skeletonema potamos
Thalassiosira allenii
Thalassiosira decipiens
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5.3 AN IDENTIFICATION KEY FOR ESTUARINE DIATOMS

5.3.1 INTRODUCTION

Diatoms are especially useful in studies on the ecology of freshwater, estuarine and marine
systems (Round 1990, Round 1991 and van Dam et al. 1994). The diatoms are particularly
important because they respond to changes in water chemistry. These include changes in
species and cell numbers. To use them, however, it is necessary to have some understanding
of the taxonomy of this group of microalgae.

A great number of texts are available on the genera of diatoms, some having been written as
long ago as 1853 (Smith 1853). From the point of view of water ecology, such texts are not
helpful to the pure ecologist because they are too voluminous, they may not be easily available,
or they lack a systems approach to establishing the name of a particular taxon. In addition,
many of the early taxa have been renamed in recent times (Round et al. 1990). This is partly as
a result of using scanning electron microscopy where fine anatomy is revealed in a manner that
is not possible with the light microscope.

Difficutties with diatom identification have reduced their potential for useful work in water
research. A computerised key for the identification of estuarine diatoms was developed.
Although this key was developed for the estuarine diatoms of the Cape coast, it is a customized
system that will allow water scientists to compile a system to identify the species which are
important in the aquatic systems in which they are working. The principle behind the scheme is
that only the dominant "indicator" species are important. This greatly reduces the total number
of species that require to be identified. When a "new" species is found it can easily be added to
the system. This work is a collaborative effort with Professor Frank Round, Bristol University,
U.K. He provided the basis of the identification scheme by correlating the most important
features on which the taxonomy of each genus is based.

5.3.2 METHODS

To identify a diatom genus, it is first necessary to know its diagnostic characteristics that are
identified using microscopic techniques. To obtain a sample of epipelic diatoms aimost free of
sediment, the upper layers of the siit, sand and mud is drawn up using a glass tube. The
sample is allowed to settle overnight before the excess liquid is removed from the surface
downwards. Coverslips are placed carefully on the wet surface of the sediments and left in
place for a further day. During this-time, the benthic diatorms-rise to the surface and attach to
the glass coverslips. The coverslips are carefully removed with only very small amounts of the
sediment.

in our laboratory, a permanent microscope slide of cleaned frustules is prepared by placing the
diatom-encrusted coverslips into a mixture of saturated potassium permanganate and

concentrated hydrochloric acid. This mixture of live diatoms and digestion mixture is heated at
60°C until the solution turns clear. The coverslips are removed and the frustules centrifuged at
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2000 rpm for 10 minutes after which the supernatant is drawn off and distilled water added.
The tube is well mixed and the process of centrifugation repeated five times to remove all the
acid. On the last occasion distilled water is not added and a concentrated digest remains. A
few drops of the mixed diatom "digest" is spotted onto a coverslip and allowed to dry naturally.
When completely dry, a small amount of Naphrax® is dotted onto a slide and warmed on a hot
plate. This is placed over the coverslip and the whole warmed to about 60°C to disperse the
Naphrax. When the surplus Naphrax®r has solidified, the excess is removea with a blade and
the coverslip sealed with Bioseal®

The slide is viewed on a computer screen using a Zeis Axioplan microscope with differential
interference contrast optics. The image is digitised using a JVC KY-F3 television camera and
visualised using a Vidas image analysis program (Kontron Electronik GMBH).

Using a computer the names of the 78 diatom genera, already identified in our studies in Cape
estuaries, were entered into a Lotus 1-2-3 spreadsheet in the first column. Forty-six diagnostic
features were selected from Barber and Haworth (1981). These diagnostic features were
entered as a single word descriptor as the top row in the spreadsheet. Appendix 2 shows the
spreadsheet with the 78 diatom genera and associated diagnostic features.

From Round et al. (1990), each of the included genera was added to the database by entering a
1 into the appropriate column where the diagnostic characteristic applied, or leaving it blank if it
did not apply. In this way, between 2 and 13 characters were provided for each genus. Once
the Lotus 1-2-3 database was complete, it was taken into a Lotus Approach DBase IV file.

The Lotus Approach database is used in Forms Mode (Figure 13). Using "Find", characteristics
of the visualised diatoms are entered into the blank form. When all recognisable attributes have
been entered, the “Find" is activated. The Lotus Approach program matches the attributes
entered into the "Find" form and compares them with the database. It then produces an output
indicating the number of "hits" in which all the characteristics entered match the database.
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FIGURE 13. Computer screen showing the Forms Mode of the Lotus Approach database for
estuarine species.

5.3.3 RESULTS: IDENTIFICATION OF A DIATOM GENUS

EXAMPLE 1

The diatom shown in Figure 14 is used as an example._All that an amateur might be able to
recognise was that the specimen was linear or lanceolate, possessed a raphe and parallel
striae which were straight. These diagnostic characteristics were entered. "OK" was pressed
and 8 "records” or possible genera were registered (Figure 15). The first was Achnanthes, but
the data in the Lotus Approach file indicated that the specimen should have been assymetrical,
therefore Achnanthes was incorrect. All the other records could similarly be rejected except for

Navicula. Hence from the available evidence it is possible to conclude that the most likely
identification is Navicula.
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FIGURE 14. Example of a light micrograph of a diatom taken from Cholnoky (1962) to illustrate

the type of information that a researcher might have available for use in the identification of a
species.
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FIGURE 15. The first of eight records located by Lotus Approach in the search mode. These

eight records contain the identified species. The correct species is determined using Round et
al. 1990.
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EXAMPLE 2

The diatom shown in Figure 16 is used as an example. We might only be able to recognise that
the specimen was lanceolate and sigmoid. These attributes were entered. "OK" was pressed
and two "hits" were registered. The first was Gyrosigma. The form showed that further
information on the genus could be found on page 586 of Round et al. (1990). Visual
examination showed that the specimen in guestion could well be Gyrosigma. The second
possiblity was Pleurosigrma that could he found on page 580 of Round et a/. 1990. An
examination of the differences between these two genera in that text showed that the striae in
Pleurosigma run at an angle of > 90¢ to each other whereas in Gyrosigma they run at an angle
of 90¢ to each other. With this information we were able to choose Gyrosigma as the most likely

genus.

”fffa'ff;;;;f,;;;*‘,u:
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Gyrosigna stompain Cholnoky

FIGURE 18. Example of the Gyrosigma stompsii diatom from Chotnoky (1962) to illustarate the
type of information that a researcher might have available for use in the identification of a
species.
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5.3.4 DISCUSSION

We believe that an important feature of the method devised is that it provides a system which
can be used by an amateur, but, more importantly, it provides the basis ot a teaching tool so
that the user quickly becomes reasonably proficient at recognising details of diatom
morphology. We recommend the system to students and to researchers who wish to embark
on a programme of water research.

Within this identification system, only data that is relevant to a particular system need be
included. lt is possible to include the data for all known taxa, but if marine systems are the
focus of the research effort, it may be possible to exclude all freshwater taxa. Likewise, if rivers
are being studied, all the marine taxa may be excluded.

In many countries, lists of diatom species are easily found in the literature. Many of the names
may have been changed but these features can be entered into the database. Hence, it is easy
for a scientist setting out on a programme of research to quickly create a database of all the
species likely to be found. This will greatly ease the problem of identification.

The key developed for identification of estuarine diatoms has great potential if further developed
for use as a water management tool. This is because diatoms respond rapidly to changes in
water chemistry. A catalogue of epipelic diatom species should be compiled which indicates
the water quality characterisitcs in which they are commonly found. Lists of this type are
currently being compiled in the European Economic Community for use in their systems to
monitor the inorganic conditions of their rivers and estuaries.
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6. GENERAL CONCLUSIONS AND RECOMMENDATIONS

This study has successfully developed a botanical importance rating system for South African
estuaries. This importance rating must now be extended to other estuaries in order to make it
applicable on a national basis and on a full regional basis. We believe that the importance
rating must be extended to Natal estuaries. When each estuary is classified with respect to its
botanical importance, we believe that the data set will be extremely important to the Department
of Water Affairs in assisting them to allocate water impoundment schemes to river systems.
Because of the nature of the scoring system, each rating can be analysed with respect to the
plant communities and ameliorating actions devised to reduce adverse impacts. We further
believe that the botanical importance rating is of greater significance than other possible ratings
(faunal, socio-economic, etc.) because if the plant communities are in good condition then other
conditions will also be optimal or near optimal.

The European Economic Community are undertaking extensive research into the diatom
communities in their rivers. These organisms are able to register the integrated water quality
flowina in a svstem. A similar study is under way in Britain and the indications are that this type
of system is very important. For the foregoing reasons, we recommend that research on the
attached diatom flora of South African rivers and estuaries be extended. Associated with this
research, emphasis is required on the identification of Socuth African diatoms.

7. RECOMMENDATIONS FOR FUTURE RESEARCH

The most important recommendations for future research include:

1. The botanical importance rating should be extended to include all South African
estuaries.
2. Rehabilitation plans must be formulated to restore botanical importance to those

estuaries that were identified as degraded.

3. The diatom identification key should be extended to include species names. Visual
material should be made available to water managers.
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epipelic diatom species should be compiled which indicates the water quality
characteristics in which they are commonly found. Lists of this type are currently
being compiled in the European Economic Community for use in their systems to
monitor the inorganic conditions of their rivers and est(aries.

4. Studies on estuarine microalgae should continue in order to include them at a later
stage into the batanical importance rating of estuaries.
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28. PUBLICATIONS AND SYMPOSIA PRESENTATIONS

8.1 Reports and theses

Adams, J.B. 1996. Estuarine Botanical Communities. In: (T.H. Wooldridge and L. McGwynne,
eds) The Estuarine Environment. SAB Institute for Coastal Research Report No. C.31). pp 34-
42.

Coetzee, J.C. 1995. Classification of South African estuaries based on plant communities.
Unpublished MSc dissertation, Department of Botany, University of Port Elizabeth. 117 pp.

Home, I.F. 1995. The use of microalgae as indicators of eutrophication by urban runoff at the
Motherwell canal on the Swartkops estuary. Unpublished third year project, Department of
Botany, University of Port Elizabeth. 34 pp.

Snow, G. 1994. Biomass and distribution of benthic microalgae and phytoplankton in the
Kromme estuary, eastern Cape. Unpublished third year project, Department of Botany,
University of Port Elizabeth. 48 pp.

Van Wyk, U.P. 1994. Biomass and distribution of phytoplankton and benthic microalgae in the
Gamtoos estuary. Unpublished Honours project, Department of Botany, University of Port
Elizabeth. 76 pp.
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Adams, J.B. and G.C. Bate. 1994. The effect of salinity and inundation on the estuarine
macrophyte Sarcocornia perennis (Mill.) A.J. Scott. Aquatic Bolany 47: 341-348.
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Appendix Table 2. Spreadsheet of diatom genera ana identification characterislics of taxa found in 9@ South African estuares
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