The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



FORAMINIFERAL SPECIES DISTRIBUTIONS

AND SEDIMENTOLOGICAL DYNAMICS OF THE KNYSNA ESTUARY,

SOUTH AFRICA

Prepared by Keryn Simpson
SMPKFROO1

For the Department of Geological Sciences, UCT
November 2003

Dissertation submitted in fulfilment of the requircments

for the degree of Master of Science



FORAMINIFERAL SPECIES DISTRIBUTIONS AND SEDIMENTOLOGICAL

DYNAMICS OF THE KNYSNA ESTUARY, SOUTH AFRICA

By

KERYN SIMPSON

Dissertation submitted in fulfilment of the requirements

for the degree of Master of Science

Department of Geological Sciences
University of Cape Town
South Africa

November 2003



ACKNOWLEDGEMENTS

So many people have helped and advised i the course of this project. and whilst it is impossible 1o name
everyone, [ am particularly grateful to Dr J. Compton of the Departiment of Gcological Sciences,
University of Cape Town (HCT), for his supervision and Dr LK. McMillan {ol De Beers Marine) for
assistance with the taxonomy and identification of the foraminifern. 'This thesis would not have been
possible without their valuable advice and encouragement. | would also like to thank the Lniversity ol

Cape Town and the National Rescarch Toundation tor funding this research.

Furthermore, | am thankful to the Department of Geological Sciences, ULC.T, for the use of the laboratory
in the Marine Sciences Building. The National Parks Board lor permisston to research the Knysna
Estuary. MrG. Anderson for help in the lield. n the laboratory and for ediung the SEM images. | would
also like to thank him for his constant support and coniidence in me. Mrs M, Waldron of the Scanning
Electron Microscope Unit.  Dr ). Rogers of Geological Sciences. UC.T. for some usetul references,

Finally. 1 am especially grateful to my parents for all their vears of encouragement and support.

Ul ua ot s

o Bustorn II-:;E','-

Aerial photograph of the Knysna area: Taken in 1990 Surveys and Mapping, Mowbray, South Africa.



ABSTRACT

The Knysna Estuary is situated on a marine-cut platform in the Garden Route, 501km east of Cape Town. The
total area of the estuary is 1827 ha, of which 1000 ha is intertidal marsh. The Knysna River inflow at
Charlesford, about 18 km upstream of the Knysna Heads, affects the waters of the upper estuary, but has
negligible influence on the rest of the estuary because of the large tidal influx. Although the status of the
Knysna Estuary is considered to be in an acceptable environmental condition, pressures of development and
tourism in the area are likely to cause substantial deterioration. Investigating the microfossil assemblages in
the Knysna Estuary is imperative, since foraminifera serve as essential ecological indicators, and can be used
to monitor the health of the ecosystem during development, as they are extremely sensitive to any
environmental changes. The Knysna Estuary is well suited for investigating microfossil assemblages, since it
has the richest fauna of larger benthic invertebrates of any of the South African estuaries and it is open to the
sea throughout the year. The estuarine environment is therefore fairly stable and samples collected at a single

time of the year are generally representative of the average conditions within the Knysna Estuary.

An analysis of the surface sedimentology and foraminifera was carried out on 42 surficial sediment samples,
located in the main channel, from the weir on the Knysna River (head of the estuary), to the Knysna Heads
(mouth of the estuary). Additional samples were collected from the Sout River, under the Railway Bridge,
the sewage-treatment-plant outlet, on either side of the causeway connecting Thesen Island to the mainland, in
the Ashmead Channel, around Leisure Isle, as well as from intertidal marsh areas in the lower, middle and
upper estuary. Beach and rock pool samples on either side of, and between, the Knysna Heads were also
analysed. The estuarine conditions, artificial structures in the estuary and the geology of the Knysna area are
considered in relation to the sedimentology and foraminiferal species distribution across the Knysna Estuary.

Foraminiferal assemblages in the subtidal channel include foraminifera that have been transported into the
sample sites from other parts of the channel, such as from the saltmarsh areas, the open ocean, and/or the
coastal environment. A total of 105 species of foraminifera from 56 genera were recorded in the Knysna
Estuary; including approximately 10 species that were reworked from Latest Pleistocene deposits. Most of
the recorded foraminifera are compiled into a Scanning Electron Microscope photo-atlas. Six foraminiferal
assemblages were identified in the Knysna Estuary. 1) A littoral assemblage, from beach and rock pool
environments, consists mainly of genera which have adapted to high-energy, surf-zone conditions. Also
associated with this assemblage are a moderate amount of reworked and broken foraminifera. 2) A shallow-
marine assemblage, including both planktic and benthic foraminifera from the continental shelf that have less
robust tests than littoral foraminifera. These species are found in the more sheltered seawater areas of the
estuary, landward of the mouth. 3) An estuarine assemblage, containing species that live in sheltered waters
with salinities slightly lower than seawater and relatively long residence times, is established best between the
Railway Bridge and the White Bridge. This assemblage includes some typically estuarine species of
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foraminifera such as Amwmonia parkinsoniana, Rotalia gaimardii and Haynesina germanica. 4) A low-
diversity upper-estuarine/hyposaline assemblage, which consists predominantly of Ammonia parkinsoniana
with a number of agglutinated Miliammina fusca. 5) A mudflat/saltmarsh assemblage consisting essentially of
agglutinated foraminifera such as Trochammina inflata, which thrives on saltmarsh areas in the middle and
lower estuary, and Miliammina fusca, which is associated with Jumcus or rush wetlands in the upper reaches

of the estuary; and 6) a localized assemblage distinguished by an Elphidiella species in the Ashmead Channel.

An analysis of the sediment grain size and composition, as well as the water pH, salinity, temperature, current
velocity and colour, provides ecological parameters for each sample, enabling relationships to be described
between foraminiferal assemblages and environmental conditions. Species in the Knysna Estuary are
influenced mainly by variations in salinity, food supply and current strength or turbulence. According to their
abundance and diversity, foraminiferal assemblages were used to define various ecological regimes within
the main subtidal channel, including: 1) A Bay Regime near the Knysna Heads, which contains turbulent sea
water with relatively strong tidal currents. Due to the high energy in this region of the estuary the sediment
comprises a scarce, moderate diversity, littoral assemblage of robust foraminifera. 2) A Lagoon Regime that
dominates most of the middle and lower estuary is characterised by waters with limited fresh water inflow,
relatively shallow depths, high foraminiferal species diversity, strong tidal flow and residence times of 1-2
weeks. Salinities are of the order 30 - 34 %0; 3) A Barren Regime is established from approximately 1.5 km
downstream to ~ 400 m upstream of the White Bridge, resulting from an absence of microfauna in the main
channel samples; 4) An Estuarine Regime upstream of the White Bridge is affected by inflow from the
Knysna River, contains water with salinities jower than 30 %e, often exhibits stratification and accommodates
only two species of foraminifera (upper estuarine/ hyposaline assemblage) in relatively high numbers; and 5)
A River Regime above the Charlesford weir includes catchment-derived sediment and fresh river water, with
no evidence of microfauna. If one were to consider the estuary as a whole, and not just the main subtidal
channel, we would include an intertidal Saltmarsh Regime, accommodating high numbers of agglutinated

foraminifera, comprising predominantly three species.

The use of foraminifera in estuarine studies and monitoring these environments is imperative. Foraminifera
are reliable indicators of pollution and have been used to specify areas within the Knysna Estuary that are
most vulnerable to the increasing economic demand in the Knysna area, such as under the White Bridge and
in the Ashmead Channel. Furthermore, this study provides a valuable reference to evaluate the impact that
rapid development on the shores of the estuary, increased road and boat traffic and amplified storm water and
sewage works discharge will have on the Knysna Estuary, and particularly, to the microfauna, in the future.
Since different species of foraminifera have preferred environmental habitats and non-living tests are
transported in suspension and as bed load by tidal currents and wave action, they can be used as reliable
indicators of sediment providences. Furthermore, foraminiferal tests of the littoral and shallow-marine

assemblages can be used to define tidal strength and limits of marine influence in estuaries.
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1. INTRODUCTION

Since 1817, when the first ship attempted the treacherous passage through the Knysna Heads, Knysna has
optimised adventure. Originally a country fair, the first festival was held in 1982 to promote the town’s
oyster farming and sporting activities were launched the following year. Today, thousands of tourists
and athletes come to the estuary during July for the Oyster Festival and events such as the Forest
Marathon, mountain bike and road races, off-road 4x4 trails, angling competitions, adventure races,
bungee jumping, rock-climbing and abseiling off the Western Head, -sgxorkelling, kayaking, yacht races,
surf-ski and canoe challenges, bird-watching trails and an array of other activities. Knysna is blessed
with its own micro-climate so, even in July, it’s a good place to escape the winter. The Knysna Estuary
is a typical estuary possessing a salinity gradient of varying intensity and structure and a diversity of
habitats, colonised by an array of animal and plant taxa. These features, as well as the climate and the
clarity of its water make the Knysna Estuary, biologically, the richest estuary along the South African
coast (Day et al., 1952 and Day, 1967). Attractions such as these, that have drawn people to the shores
of the Knysna Estuary, are now threatened by rapid urbanisation in the Knysna area, which is disturbing
the natural functioning of the estuary.

Of the South African ecosystems, estuaries are most threatened by human activities. This threat not only
comes from human encroachment on the estuaries and their surrounding littorals, but also from
interference with the saltmarsh environments and the catchment areas (Allanson, 2000). The Knysna
Estuary ranks very highly in terms of conservation importance. The preservation of its fauna and flora
alone would ensure that 42.7 % of South Africa’s estuarine biodiversity would be conserved (Turpie,

2000). However, this substantial value does not take into account the microfauna.

Although the status of the Knysna Estuary is considered to be in an acceptable environmental state
(Allanson, 2000), pressures of development and tourism in the area are likely to cause substantial
deterioration. Economic demand has led to increasing encroachment onto the saltmarsh areas all around
the Knysna Estuary, leading to the destruction and relocating of the pristine intertidal vegetation, as well
as their associated macro- and micro-faunal communities. Sixty percent of the supratidal area of the
Knysna Estuary has already been lost to development in the last 54 years (Maree, 2000). The immediate
danger to the wetland areas lies in the accretion of suspended material (largely silts and clays delivered

by the Salt River and storm water drains), as well as anthropogenic disturbance of these areas.

Studying the microfossil assemblages in the Knysna Estuary is of great importance with regard to
understanding the ecology and dynamics of the Knysna Estuary and other estuarine environments.
Foraminifera serve as essential ecological indicators and can be used to monitor the health of the
ecosystem during development, since their distribution is controlled by environmental parameters, such as

temperature, salinity, substrate, calcium carbonate availability, depth, turbidity, illumination, hydrostatic
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pressure, currents and tides, trace elements and dissolved oxygen in the water, as well as biotic factors
such as food availability, predation, and competition (Lipps, 1993). Rapidly changing environmental
conditions results in low species diversity and population density, associated with an increase in tolerant
and opportunistic species and can create deformed, aberrant specimens (Boltovskoy et al., 1991 and Samir
and El-Din, 2001). Hence, benthic foraminifera reflect human-induced environmental perturbation and
are therefore very important bio-indicators of contamination, eutrophication and siltation. Foraminifera
can also be used to recognise different sedimentary facies, enabling a better understanding of the sediment
dynamics in the estuary and therefore provide data for improved management plans. Nothing has yet been
published on the foraminifera of the Knysna Estuary and very little résearch of this kind has been done on
the coastal regions of South Africa. The Knysna Estuary is well suited for investigating microfossil
assemblages, since it has the richest fauna of larger benthic invertebrates (numbers of species and
individuals) of any of the South African estuaries. It is also open to the sea throughout the year, unlike
many other estuaries that are closed for part, or most, of the year. Thus, the fauna is fairly stable and
samples collected at a single time of the year are reasonably representative of the average conditions
(Benson and Maddocks, 1964).



1.1 PROJECT OBJECTIVES

This thesis examines the sedimentology and micropalaeontology of the surface sediments, as well as the
hydrographic parameters in the main channel of the Knysna Estuary from the head of the estuary, near
Charlesford, to the mouth of the estuary at the Knysna Heads (Fig. 1.1). Research of this kind provides
ecological parameters for each of the samples, enabling relationships to be depicted between
foraminiferal assemblages, sediment types and various ecological parameters. This study will therefore,
try to clarify the correlation between foraminiferal faunas and wvarying estuarine " environmental
conditions. It will also improve the currently limited database of micropalaecontological research in
southern Africa. i

The Knysna Estuary is one of the most biologically productive estuaries in South Aﬁica and is listed as
an area of primary importance in the National Marine Pollution Monitoring Programme. The fact that
the Knysna Estuary is relatively unpolluted (Allanson ez al., 2000), makes it an excellent marine-
pollution monitoring station for the southern coast of South Africa (Grindley, 1985). Foraminifera are
very sensitive in situ monitors of environmental change and degradation and can therefore be used as
indicators of pollution. This study, therefore, also specifies areas within the estuary that are vulnerable to
contamination and will be polluted if development in the Knysna Area continues at its currently high

rate.

Foraminiferal assemblages can assist in establishing various ecological regimes within the estuary,
according to variations in foraminiferal abundance and species diversity. Variations in foraminiferal
assemblages are related to changes in environmental parameters, such as pH, salinity, depth, dissolved

oxygen concentrations, current strength, turbidity, nutrient content and/or sediment type across the

estuary.



Fig 1.1 The Knvsna Fstuary and its location in South Africa
Muodified from Largier ef of (2000).
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1.2 PRACTICAL APPLICATIONS OF THE INVESTIGATION

An essential component of assessing anthropogenic and environmental change is to understand the
magnitude of natural variation. This study will serve as a reference to evaluate the impact that urban
sprawl and tourism has had, and will have, on the microfauna of the Knysna Estuary, given that they are
sensitive to any hydrographic or ecological changes in their environment. Results from this thesis will
allow for comparisons with other coastal regions of southern Africa and will add to the presently-limited
database regarding the microfauna, in particular, the foraminifer&} of estuarine and shallow-marine

environments around southern Africa.

The commercial and industrial applications for such research can be beneficial to activities such as
monitoring pollution in estuarine and shallow-marine environments, as well as for oil and placer diamond
exploration, where environmental reconstruction is an aid in the identification and recovery of these

TESOUrces.

Results from this thesis may also be used to predict palaco-environmental conditions, as well as the
palaeo-hydrology in older sediments, since certain foraminiferal species flourish in distinct ecological
settings that are related to fluctuations in the mean sea-level. Foraminifera are therefore reliable sea-
level indicators, and when studied in vertical sections such as cores and exposures, they accurately reveal

changes in sea-level through time.



1.3 STUDY AREA
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1.3.1 GEOlLOGY AND GEOMORPFHOLOGY OF THE KNYSNA AREA AND THE CATCHMENT OF THE
Enys~a RIvER

The geology of the Knysna Estuary 1s well known, Tocrien (1979) deseribed the geology of the Knysna
catchment area. Tysomn {1971), Miller (1963 and 1975), Du 'loit {1966), and Butzer and Helgren (1972)
mapped the Cretaccous and Early Tertiary deposits of the Enon pebble Conglomerates.  Buizer and
Helgren (1977) provided accounts of the geomorphology of the soils of the area.  Dingle, Siesser and
Mewton {1983) cxamined the Mesozeic and Tertiary geology of the area.  Grindley and Eagle (1978)
presented an analysis of sediments on the cast and west of the causewsy adjoining Thesen [sland,
recommending that part of the causeway be replaced by a bridge. Grindley (1985) has reviewed the
geology of the Knysna area atul the catchment of the Koysoa Biver, combining the past geclogical and

geomorphological studies,

Kaysna has an interesting geological history and the coastal plain has undergone many changes in sea
level.  In the Pleistocens the coustal plain was submerged and the ocean reached the Outenigua
Mountains (Day, 1967}, During the subscguenl pericd of elevation overs croded the coastal plain and cul
deep gorges into the mountainoys catchment area as well as the emergent coastal plain. A period of
subsidence followed and the drowned valley, which now forms the Knysna Estuary, started to fill with
sediments (Day. 1967). The geology of the area is shown in Figure 1.3.1, derived from the 250 000
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Geological Series (Map No. 3322 Oudtshoorn Sheet) of the Geological Survey, with the series of
geological formations depicted in the key to Figure 1.3.1 (adapted from Toerien, 1979).

The oldest rocks in the area are found south of the Outeniqua Mountains to the west of Knysna. These
are Late Precambrian in age and consist mainly of contorted bands of schists, phyllites and feldspathic
quartzites of the Kaaimans Formation (Toerien, 1979). They adjoin outcrops of intrusive gneissic granite
further to the west, but these rocks are not found in the Knysna River catchment. The catchment of the
Knysna River lies within the mountain ranges of the Cape Fold Belt, with its long faults and fold axes
striking east-west (Grindley, 1985). The Cape Fold Belt was de;;osited from the north and north-east in
an approximately east-west-striking cratonic basin with it’s major axis in the vicinity of 33° 30’ S
(Toerien, 1979). Most of the catchment comprises rocks of the Table Mountain Group (TMG), including

the Peninsula, Cedarberg, Tchando and Kouga Formations (Toerien, 1979). Apart from the subordinate
Cedarberg (shale) and Baviaanskloof (feldspathic sandstoné) Formations, the TMG consist of
supermature quartz sandstones, which are coarse-grained and cross-bedded, indicating deposition in a
marine environment by major fluvial systems (Toerien, 1979 and Viljoen and Reimold, 1999). West of
this area, advancing glaciers from the north-west and the north terminated the deposition of the thick
Peninsula sandstone. This is evidenced by sporadic soft-sediment deformation in the top of the Peninsula
Formation, as well as by thin conglomeritic sandstone and siltstone beds at the base of the Cedarberg
Formation (Toerien, 1979). The Baviaanskloof Formation, the youngest of the Table Mountain Group
(TMG) and the overlying Gydo Formation of the Bokkeveld Group, lie beyond the catchment of the
Knysna River.

Formations surrounding the Knysna Estuary range in age from the Early Cretaceous Brenton Formation,
to Quaternary deposits overlain by present day aeolian dune sands. The south-western shore of the
Knysna Estuary exposes the Brenton Formation, which is composed of marine clays and sandstones
(McLachlan et al, 1976). Microfossils from the Brenton Formation correspond to fossils from the
Sundays River Formation, Colchester Member on the continental shelf and in the Algoa Basin north of
Port Elizabeth (Du Toit, 1966; Toerien, 1979; Dingle et al., 1983), making the Brenton Formation
younger than the Enon Conglomerate Formation. A detailed account of the Brenton Formation is
provided by McLachlan ef al. (1976). The Lower Cretaceous well-consolidated pebble conglomerates of
the Enon Formation represents torrential deposits in an arid climate under strongly oxidizing conditions,
giving these deposits their characteristic reddish colour (Toerien, 1979). Figure 1.3.2, from McLachlan et
al. (1976), illustrates the geology surrounding the Knysna Estuary and shows the stratigraphic
relationship between the Brenton Formation and the Enon Conglomerate Formation. These deposits are
part of the Uitenhage Group. The terrestrial Enon conglomerates are succeeded upwards by estuarine

deposits of rounded TMG sandstone clasts set in a sandy matrix (Grindley, 1985).



Prominent high level terraces on the mountain slopes form a striking topographical feature. They are
remnants of extensive contemporaneous peneplains and are generally capped by silcrete, and to a lesser
extent, ferricrete. These terraces are related to the equally striking wave-cut terrace, 180 —~ 240 m above
sea level, forming the present coastal plain between the Tsitsikamma and QOuteniqua Mountains and the
sea {Toerien, 1979).

Tertiary and Quaternary fixed dunes, dune rock and colluvial slope deposits are present on gently sloping
surfaces away from the Knysna Estuary channels. Aeolian sand was deposited on the coastal plain at
various stages indicating drier conditions, and aeolianites were formed at various sea levels below the
present sea level. The Quaternary deposits on land are largely overlain by younger vegetation-bound
dunes which reach far inland, north and west of Knysna on the Tertiary marine platform (Toerien, 1979).
The Knysna Heads, and the cliffs and hills extending to the east, are medium to coarse grained, quartzitic
and massive, based on Table Mountain Group rocks of the Ordovician Peninsula Formation (Toerien,
1979). The hills west of the Knysna Heads, and some of the hills to the north and east, are fixed dunes of
Tertiary to Quaternary age (Toerien, 1979). These areas are partly covered by recent vegetation-covered

dunes.

The town of Knysna and parts of Thesen Island are composed of colluvial slope deposits of Tertiary to
Quaternary age. Thesen Island consists of Recent (Holocene), poorly consolidated estuarine sediments
dominated by fine sands. These sediments are known to be at least 24 m thick and the underlying
geology is speculated to be either Enon Conglomerate or Table Mountain Group Quartzite (GIBB Africa,
1999).

Tyson (1971) pointed out that there are three distinguishable categories of soil in the Knysna area,
including juvenile, shallow (rarely exceeding 30 m depth), sandy azonal soils with poorly developed
horizons, brown or grey soils forming under present day conditions, and palaeosols. Azonal soils are
found on all steep slopes, on recent dunes and in the wetlands. Deep, dark, organic-rich soils develop in
areas prone to flooding, and the brown and grey soils are most extensive on the forested interfluves of the
foothills. Soils surrounding the Knysna Estuary generally consist of acidic (pH 4.5 — 5.5), fine-medium
sand, having originated from TMG quartzites and sandstones, or are windblown deposits from the littoral

zone and coastal embayments (Grindley, 1985).



Figure 1.3.1 Geology of the Knysna area and the catchment of the Knysna River.
Geological map no. 3322 Oudtshoorn (adapted from Toerien, 1979).
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1.3.2 D'YNAMICS OF TIHE KNYSNA [ISTUARY

Knysna is situated on a marine-cut platform in the Gacden Rowme, 500 km east of Cape Town, at
23°05°407°E: 34°04°357°5 (position of the month). The Knysna FEstuary is locatled between the Indian
Ccean in the south and the Outenigua Mountains in the north. The total arga of the estoary is 1827 ha
(Grindley, 1983). of which 1000 ha is imertidal marsh (Marge, 2000). [t is perhaps more accurate to refer
o the Knysna Esluary as an embavment, which is mostly marine dominated (Largier ef of., 2000
Estuaries can be classified according to the degree of mixing of fresh water and scawater. into three
categories: stratificd. partially mixed and well mixed (Dyer, 1979 and Largier ef of., 2000). Most of the
Knysna Estuary is well mixed. since manne water is transferred readily through the Knysna I'eads. The
upper-gstuary, north of the White Bridge, is stratified with respect tw salinity due to the Knyvsna River

discharge into this area,

The climate is temperate throughount the vear, making this area a prime tonrist destination. The warm,
equatorial Agitlhas Current is the major occan current in the region, T is a swift and massive current, up
to 160 km wide and flowing at a speed of up to 5 knots (2.6 m per second), {ransporting 80 million tonnes
of water per second (Branch and Branch, 1981). It follows the edge of the continental shelf (~200 m
depth} in a general south-westerly direction around the coast of South Alnica. From the Transkei,
southwards, the continental shelf Break moves away from the shore, deflecting the Agulhas Current away
froom the coast (Fig. 1.3.3) Close inshore, cooler pockets of waer flow parallel to the coust, bul i a
direction oppiositc 10 the Aguthas Current. As a result, the sonth coast, from about Port 8t. Johns to Cape
Point, has cooler coastal waters and different flora and Fauna from the east coast of southernt Alrica

{Branch and Dranch, 19871,

Figore | 3.3, Map of southern Africa showing the major coastal occan currents, From Branch and
Branch (1981). Also shows the four coastal regions, each of which snstains distinetive
marine tauna and flora,
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The Knysna Estuary is fed by variable flow (0.09 m®/s - >9m’/s) from the Knysna River at Charlesford,
18 km upstream of the Knysna Heads, which has a mean annual discharge of 110 x 10° m* (Largier et al.,
2000). The Knysna River originates in the OQuteniqua Mountains, with a catchment area of 526 km?, and
rainfall of ~922 mm is spread fairly evenly through the year. The Knysna River runs through one of the
many gorges which dissect the Tsitsikama Forest and although the gradient is steep, erosion on the
wooded slopes is minimal. The river water is clear, though peat-stained and the flow is fairly uniform.

The influx of catchment-derived sediment into the estuary is low (Day, 1981).

The Knysna Estuary is S-shaped; with a subtidal channel ~19 km in length (refer to figure 1.1). It
gradually broadens and deepens towards the mouth of the estuary, which opens between two impressive
headlands (Day, 1981), known as the Knysna Heads. The Knysna Heads are rockbound and thus there is
no lateral migration of the tidal inlet. The estuary is over 3 km wide, and covers an area of ~18 km®. The
maximum depth of the estuary is ~12 m at the mouth (Day, 1981). Relative to the river input, marine
waters dominate the estuary and the tidal reach is about 10 km. The Knysna Heads limit the import of
sand into the estuary and strong tidal currents through the rock-constricted channel prevent sand from
being deposited in the mouth. There are two islands in the Knysna Estuary, Leisure Isle and Thesen

Island, which are connected via causeways to the mainland.

Landward of Leisure Isle, the estuary becomes much wider and extensive subtidal and intertidal banks are
found. However the bulk of the water transported by the tides moves along the main channel, which is
~5 m deep and 300 m wide up to the Railway Bridge (Largier et al., 2000). In the channel surrounding
Thesen Island, peak tidal currents are 0.7 m/s during spring tides and 0.3 m/s during neap tides (Largier et
al., 2000). Landward of the Railway Bridge, tidal flow is contained in a narrowing and branching
channel and tidal current velocities remain fairly strong. The main channel of the estuary splits around a
series of low-lying islands, some containing oyster beds, while others are covered by saltmarsh
vegetation. The bed of the channel is dominated by sand, but there is an increasing fraction of fine
sediment (Reddering and Esterhuysen, 1984) associated with erosion from the surrounding muddy
marshes. The open estuary is easily affected by winds, causing waves that may stir up the soft mud in the
shallows (Day er al., 1952). Where both the White Bridge and the Railway Bridge cross the estuary,
embankments have been built on the intertidal marshes and longitudinal exchange is constricted to the
subtidal channel. Upstream of the White Bridge, the estuary narrows, the channel is confined by steep
natural banks and the intertidal area decreases (Largier ef al., 2000). Tidal currents weaken and channel

sediment becomes muddy, organic-rich and terrigenous (Reddering and Esterhuysen, 1984).
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MOUTH (TIDAL INLET) DYNAMICS AND TIDAL CURRENTS

As a result of constant wave action, the formation of sandbars is not possible in the rocky channel
between the Knysna Heads. Wave action is strong on the rocky shores at the mouth, but landward of the
Heads, the swells rapidly diminish (Day ef al., 1952). The total tidal range for the estuary is 1.6 m
(microtidal), which is typical for southern Africa. Tidal influences dominate the hydrography of the
mouth of the estuary and have a significant influence across the entire estuary. The strength of tidal
currents is determined by the tidal prism (or intertidal volume) and the cross-sectional area of the

channel.

The narrow mouth is characterised by very strong tidal currents throughout the water column. The
average tidal flow through the Knysna Heads is ~1 000 m*/s with mean flow velocities of 0.9 — 1.6 m/s
(Grindley, 1976). Strong tidal currents persist for about 2.5 km landward from the mouth owingvto the
constriction imposed by Leisure Isle, a consolidated flood-tide sandbank. It is here that scour holes, as
deep as 17 m, occur (Day et al., 1952). Marker (2000) noted that sand ridges on the Leisure Isle sandflat
have altered over time. Instead of an alignment approximately parallel to the shore (1988 — 1990), the
ridges are now aligned at right angles to the shore. Marker (2000) attributed the alignment of these sand
ridges to the fact that the intertidal sandflat has become more deeply submerged at each high tide,
compared to the 1980s, resulting in stronger drainage over the sandflat with the outgoing tide. Away

from the constricted mouth, tidal flows weaken.

Largier et al. (2000) suggest that on spring tides 80-85 % of the water that leaves the Knysna Estuary on
the ebb-tide is replaced by new ocean water on the subsequent flood-tide (i.e. only 15-20 % of flood-tide
volume is water that exited the estuary on the ebb-tide). In the presence of an alongshore flow in the
ocean, we expect that this exchange ratio would be greater than 80 %, and even on the weakest tides the
bulk of the flood-tide water is “new” ocean water, although it does not penetrate as far into the estuary as
on spring tides. At distances greater than one tidal excursion from the mouth (beyond the Railway
Bridge), the effect of tidal pumping is small and water is not readily replaced by “new” ocean water.
This region of the estuary has relatively long (1-2 weeks) water-residence times, which increase with

distance from the ocean (Largier ez al., 2000) (Fig. 1.3.4).
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Figure 1.3.4 Longiiedinal variations in residence (imes across the cstuary, Diagram {rom Largier ef of,
(20061).  Data collected over 3 days during high and low tides in April 1994,
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PHYSIO-CHEMICAL CHARACTERISTIC:

The Knysna Listuary remains the one of the most light-transparent estuaries along the entire coastline of
South Altica. The overall transpareney of the water colume varies scasonally from 1.67 m to 2.28 m as
measured by a Secehi disk (Allanson e ol 2008).  These levels of transparency imply that there is
always sufticient photosynthetic radiation passing through the water column to allow tor the growth of
extensive eelgrass meadows, upon which much of the nutdent mobilisation depends (Marce, 2000 and
Allanson et of , 2000). The maintenance of transparency is an essential requirement in 1he management
of the cstuary, Allanson e of, (20009, suzpest that if putrient loads increase substantially in the Ashmead
Channcl, duc o the relatively high vesidence limes, thoy will encourage phytoplankion blooms andfor
dense accumelations of macro-alegac. This will resull in deercased transparency, which will lead to the

loss of estearine macrophyies such as celgruss, and ultmately, a 1oss of biodiversity in the whale system,

The salinity inercases rapidly within the Orst 5 km of the esteary downstream from the weir, Thereafter
the salinily emains close (o that of scawaler (Allanson ef af., 20000, Comparisons of horizontal sahinity
varialion in the csleary sinee the initia] measurcments of Dhay of af, (1952) and later by Grindley (1985),
suggest that there has been no substantial chanee in the patiern of salinily since 1952, The ocean safinity
is relatively constant (34.7 . 35.2 %e), whereas temperaturcs vary between 15 °C and 23 °C, bui can be as
low as @ “C below the thenmochine in summer, or as high as 25 "C when directly influenced by the
Apufhas Current (Schumann, 1999 and Largier er of., 2000} The wann surface waters in summer are
nutrient depleted {Carter er of . 1987), whereas the winter waters are well mixed and uniformly cool
fLargier ¢f of. 2000). During summer, the easterly winds along the coast result in upwelling of cold,
autricnt-rich bottom water, which is abserved al the mouth of the estuary from iime (o ime (Schumann,

2000).
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The upper estusry contains relatively warm (225 °C) hyposaline water, At high tide the lower estuary 15
filled with coot (~15 °C), salty, ovean water and the area between the White Bridpe and the Railway
Bridge contains warmer, salty water (Largicr ef af., 20003 At low tide, low-salinity water (<30 %he)
spreads downstream from the river, warm, sally waler moves seaward, and the cool, high-salinity water
relreats oul of the mouth.  On the next incoming tide, this thermohaline structure is again pushed
lfandwards (Largier e af, 2000). The water pll generally remains below 7 in the uppermost estuary,
thereafier increasing sicadily to values of ~ 8.1 — 8.2 when seawater salinitics are reached (Allanson ef
i, 20000 Oxyren sstunilion of the waler column in the main channel varics between 82 % and 97 %%
across the enlire estoary (Allanson ¢f of, 2000, Oxyegen levels in the upper estuary are sigmilfeantly less

than those i1 the middle of the estuary, between the While Brid e and the Railway Bridge (Fig, 1.3.5).

Figure 1.3.5 Box and whisker plots of disscdved oxypen concentrations (mg/h,
Nala by Altanzon e af. (20000, March 1995
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Allanson e af (2000} attribute the lowered oxygen levels in the upper estuary Lo the natoral biochemical
oxygen demand (BOD) of the water column enriched with humic substanves.  Lowered water
tempearatures 25 a consequence of upwelling (Schumann, 20000, result in an ineresse in dissclved oxvgen
throughout the lower and middle reaches of the estuary up to Belvedere, with recorded values ranging
from 6.7 — 738 ma/t (Allanson et of, 2000). This influence did not, however, extend upstream of this
point and levels of dissolved oxyeen notth of While Bridge rermained fzidy unchanged (510 — 5.99
mg/l). Ancther significant source of oxyren-rich water is the 1idal drsinage from the shallow Ashmead
Channel.  IHere, nutrient-rich efftuent from the Knysna sewape-treatment works, and sporadic slorm-
water inflows, leads to periodic plytoplankton growlh snd, more importantly, (he mainlenance of the
extensive eetgrass meadows in the intertidu! areas (Allanson ¢ @l 20003, which produce oxygen through

the process of photosynihesis.
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SILTATION AND SAND MOVEMENT INTO AND AROUND THE KNYSNA ESTUARY

Rapid development, combined with large-scale mechanical landscaping, has made the Knysna Estuary
extremely vulnerable to erosional processes. In addition to internal redistribution of sediment, large
volumes of sediment have entered the estuary via storm water-drains and the Sout River, covering
eclgrass beds in the vicinity of their inflow (Grindley, 1976). Siltation, and accumulation of other
(coarser) sediments, occurs because the Knysna Estuary is incapable of clearing land-derived sediment

even when floods occur, as river flow is rapidly attenuated and rarely reaches the lower estuary.

Material tends to accumulate in the immediate vicinity of artificial structures. The estuary is crossed by
two road bridges and a railway bridge, and all three have solid embankments which restrict tidal flow and
encourage the deposition of sediments. Marker (2000) confirms that the Sout River is a major sediment
source and that cover sands in the catchment area are being washed into the estuary as development
occurs on the hills. Reddering (1994) also pointed out the extreme susceptibility of cover sands to
erosion, particularly in the catchment area of the Sout River. Sedimentation has occurred immediately
upstream of the Railway Bridge near the Salt River mouth, and although the texture of the estuarine
sediment and the flood sediment, derived from the cover sands, were similar, the colours of these
sediments are distinct. The flood sediment is yellow-brown in colour, in contrast to the dark grey
estuarine sediment (Marker, 2000). Cover sands have always been prone to erosion during flood
conditions, contributing to siltation in the estuary, however, the present period of rapid and extensive
urbanisation repeatedly exposes these sands, posing more of a threat with every rain event on the

estuarine plants and the macro- and microfauna (Marker, 2000).

An important factor controlling erosion is the recreational usage of the main channel. Boatwash
generates considerable wave action which affects the erodible geology of the incoherent cliffs. Marker
(2000) also noted that the Brenton shore is adversely affected by strong easterly winds, especially when
accompanied by rain. The Brenton shore consists of semi-consolidated early Cretaceous, fossiliferous,
marine clays (McLachlan et al., 1976), which are vulnerable to wind and rain and easily undercut by

wave action at high tide. Seepage at the base of the Brenton cliffs causes slumping and sand removal.
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WATER QUALITY: NUTRIENTS, SUSPENDED SOLIDS AND TOXIC MATERIALS

According to Allanson er al. (2000), agricultural activities in the catchment of the Knysna River have
resulted in nitrogen and phosphorus loadings in the upper estuary, contributing to the supply of these
essential nutrients to the estuary. Urbanisation has encroached upon intertidal wetlands and both
stormwater and sewage-treatment-plant flows introduce nutrients into the water column. While these
provide localised inputs, their contribution to the nutrient budget of the system compared with that
introduced by the tidal prism is small (Allanson er al., 2000). At present the tidal prism overrides the
impact of nutrients (and/or toxic materials of anthropogenic origin) t6 the water quality of the estuary.
Day (1981), recorded high nutrient concentrations and lush vegetation, attributed to the nutrient-rich
sewage treatment effluent, in the channel north of Thesen Island. Dissolved phosphate levels remain
relatively constant at about 1.2 pg PO, per litre throughout the estuary, which may be due to the buffering
action of the bottom sediments (Day, 1981). Polynuclear aromatic hydrocarbons and polychlorinated
biphenyls were undetectable in the water column (Allanson et al., 2000). Among the heavy metals, lead
and cadmium show elevated concentrations in the soft tissues of oysters, but not to dangerous levels
(Allanson et al., 2000). Nonetheless, heavy metal levels are of concern in light of both increased power
boat and ferry activity in the estuary and the marked increase in traffic along the N2, which crosses the
White Bridge.
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1.4 INTRODUCTON TO FORAMINIFERA

Refer to Appendix 5 for species names.

Foraminilera arc single-celled, testate protozoans that demonstrale a wide vaciety of test compositions and
morphology.  They imhabit all marine envitonments from the miertidal zone to the deep ocean floor,
ranging from the poles to the tropics, and a variety of interrelated biotic and abiotic tactors, such as
temperature, salinitv, calcium carbonate availability, ptl dissolved oxvgen. turbidity, trace clements,
illumination, substrate, hydrostatic pressure, currents. tides, food availability, predation and competition
control their distributions (Lipps, 1993 and Boltovskoy et af.. 1991). They usually live for up to & months
and their abundance in sediment samples may reach tens of thousands per square meter. Their diversity in

tropical environments may exceed 60 or 70 species in a sample of 300 individuals {Lipps, 1993).

Foraminifera appearcd at the Precambrian-Cambrian boundary and have evolved wvery rapidly through
time, Major taxonomic diversification occurred during the Devonian and the Triassic 10 Early Jurassic,
resulting in varying patierns of evalution and extinetion thal are of considerable biclogic and geologic

significance { Tappan and Loeblich, 1988 and Lipps, 1993). Their value as stratigraphic age markers is
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therefore very important, and they are the most important fossil group in both biostratigraphic and palaeo-
environmental reconstructions (Lipps, 1993). The major impetus for foraminiferal research remains in
their unsurpassed value for solving geological problems. Palaeotemperatures can be estimated through
isotope analysis of foraminiferal tests; palacodepths can be inferred from foraminiferal assemblages; the
movement of water masses can be reconstructed through distributional studies; and the movement of
tectonic plates can be recognised using foraminiferal data (Lipps, 1993). Studies by various authors (Alve
and Olsgard, 1999; Debenay et al., 2000; Jayaraju and Reddi, 1996; Samir and El-Din, 2001; and many
others) have proven that benthic foraminifera reflect human-induced environmental perturbation, through
test deformation, decreased numbers and species diversity, and can i)e used as reliable bio-indicators for
monitoring coastal pollution.

Foraminifera can be either planktic or benthic in nature. Taxonomically, benthic foraminifera are much
‘more diverse than planktic foraminifera, but the number of individuals is less among the benthic forms.
Planktic foraminifera are composed of calcium carbonate and are designed to float. In structure, they are
composed of bubble packs and spines, which serve as protection and also create buoyancy by increasing
the test surface area (Boltvoskoy and Wright, 1976). Their shells are porous, thin and light, and some
produce fat globules in their protoplasm. Interestingly, foraminifera have a symbiotic relationship with
algae living inside them. During the day the algae moves out onto their spines to absorb sunlight and at
night it returns inside the test (shell).

Benthic foraminifera live in or on the surface sediments and their tests are either calcareous or
agglutinated. Calcareous benthic foraminifera secrete their tests chemically and thrive in subtidal
channels, where water conditions are more alkaline and they are protected from desiccation. Agglutinated
benthic foraminifera live in the upper marsh areas and are occasionally washed into the channels by tidal
and rainfall runoff (Simpson, 2001). Agglutinated foraminifera tests reflect the composition of the local
bottom sediment, since they are composed of grains selected on the basis of either composition, specific
gravity, or size (Lipps, 1993 and Boltvoskoy and Wright, 1976). Agglutinated foraminifera build their
tests through secreting a tectin lining, which cements sediment grains and sponge-spicules, placing the
angular edges of the grains facing the inside of the test in order to channel light in (McMillan, 2001, pers.
comm.). Due to the rich biomass of organics, the upper marsh is poorly oxygenated and more acidic,
dissolving the carbonate tests of calcareous foraminifera. Agglutinated foraminifera, on the other hand,
thrive in these organic-rich environments as their tests can withstand these acidic conditions (Scott and
Medioli, 1980a and Boltvoskoy and Wright, 1976). Benthic foraminifera can attach themselves to a
substrate by three mechanisms; clinging by pseudopodia, attaching with an organic membrane and
cementing their tests by means of a calcite layer (Lipps, 1993 and Boltvoskoy and Wright, 1976). Test
strength, morphology, and habitat of shallow-water free-living benthic foraminifera are correlated. Test
strength increases with size and with the physical turbulence of the environment. Individuals from high-

energy environments have stronger tests than smaller-sized individuals from low-energy environments
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(Lipps, 1993). Southem African benthic foraminifera are mostly endemic, since they are localized in their
latitudinal distribution, whereas planktic species are considered as having international bio-stratigraphic
significance (Dale and McMillan, 1999).

Foraminiferal shells (tests) are beautiful, intricate and vary in size, shapes and patterns. Foraminiferal
tests are built of chambers, which are cavities containing cytoplasm with a surrounding firm wall (Lipps,
1993). The test wall is composed of an organic lining, with calcium carbonate secreted onto the lining to
build the chambers, which curl around each other. Adjacent chambers are separated by septa, but a
connection is maintained by a hole or foramen for which the order For;iminiferida is named (Lipps, 1993).
The opening on the last chamber through which pseudopodia extrude, is termed the aperture. The last
chamber built is often broken off in the sample, as it is much thinner and more delicate than its
predecessors. Tests may be single or multi-chambered. Multi-chambered species exhibit sutures, the
external line of junction between adjacent chambers that may by arranged in a variety of ways (Lipps,
1993). When later chambers envelop earlier ones, the test is called involute. When earlier chambers are
visible, the test is termed evolute. The test may coil in a single plane (planispiral) or in a spire

(trochospiral). Each coil of the test is called a whorl (Lipps, 1993).

Foraminiferal functional morphology is still in its infancy and consists of suggestions and speculations on
the function of the whole test, parts of the test, and the cytoplasm (Lipps, 1993). Foraminiferal tests are
important as they reduce physical and chemical stress, enhance feeding in particular habitats, enable
reproduction, aid in locomotion and maintain negative buoyancy (Lipps, 1993). The pseudopodia (or
reticulopodia) of foraminifera are used in several life processes: locomotion, collection or capture of prey,
digestion, elimination of waste materials, as well as shell construction and maintenance (Lipps, 1993).
External modifications to the surface of the test are often referred to as ornamentation, although many of
these surficial features are functional. Species that live in littoral environments usually display some kind
of omamentation. These functions probably include anchoring or stabilising the test in the sediment,
deploying pseudopodia, contributing to the mechanical breakdown of food particles and prevention of
predation (Lipps, 1993). Agglutinated foraminifera, on the other hand, show little surface sculpture
(Lipps, 1993).

The life cycles of only 20 or so of the 4000 living species of foraminifera are known and these cycle
exhibit considerable differences (Lipps, 1993). The tests of many species of foraminifera are dimorphic.
This dimorphism may involve differences in size or in more obvious morphologic differentiation and it is
the result of alternation of sexual and asexual generations. Foraminifera are different to most animals in
having an asexually produced uminucleate haploid generation (gamont) altermating with a sexually
produced multinucleate diploid generation (agamont or schizont) (Lipps, 1993). Asexual or sexual

generations may be repeated, or in some taxa, simple fission or budding may occur. Asexually formed
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specimens generally have more protoplasm initially and form a larger proloculus, while specimens

developing from gametes have less initial protoplasm and produce a smaller proloculus (Lipps, 1993).

Foraminifera constitute a major portion of the benthic biomass in shallow to deep marine ecosystems and
their many trophic interactions indicate their importance in benthic food webs. Planktic foraminifera,
similarly, occupy an important place in ecosystems within the water column (Lipps, 1993). Many species
are opportunistic feeders, consuming whatever food particles they encounter. They are in turn the
selective or accidental prey of fish, varidus invertebrates and perha[_)s other protozoans (Lipps, 1993).
Foraminifera feed upon bacteria, pennate diatoms, algal gametes, algae, seaweed, copepods, spores, small
echinoderms, micro-crustaceans, nanno-plankton and occasionally even other foraminifera in a wide
variety of marine environments; hence their food items are usually less than 25 - 50 pm in size
(Boltvoskoy and Wright, 1976 and Lipps and Valentine, 1970). Foraminifera are therefore key links in
marine food chains, assimilating energy available from minute autotrophy and also retrieving energy
available during the final stages of degradation of organic debris. When bacteria are eaten by foraminifera
and other groups, energy not otherwise available is retrieved to support a variety of organisms (Lipps and
Valentine, 1970).

Foraminiferal feeding mechanisms are related to test morphology. Foraminifera that take up dissolved
organic matter from their environment generally have a large cytoplasmic surface area (Lipps, 1993).
Passive herbivores should be common in food-rich environments. Marshes contain a great abundance of
organic debris, bacteria and epiphytes of various kinds, which make up the diet of herbivorous
foraminifera, Many attached foraminifera, whose test morphology corresponds to the substrate, may be
passive herbivores (Lipps and Valentine, 1970). Some species (e.g. Rosalina globularis) may move in
search of diatoms when this food source becomes scarce (Lipps, 1993). Most active herbivores have
trochoid, lenticular, or flattened tests (Lipps, 1993). Carnivorous foraminifera, both active and passive,
have test morphologies similar to herbivores, however they may have sticky pseudopods and the
rhizopodal network may be analogous to a spider’s web. Small crustaceans and various protozoans are
known prey of carnivorous foraminifera (Lipps, 1993). The test shape of benthic omnivores should be
similar to herbivores and carnivores as they use similar strategies to capture food (Lipps, 1993).
Foraminifera that move through fine-grained substrates may be detrital and bacterial scavengers. They
commonly have elongate tests, thus their movement through sediment is facilitated and may result in the
production of minute burrows (Lipps, 1993). Foraminifera that extend their pseudopodia into the water
column may be suspension feeders. They generally have erect tests with the aperture oriented away from
the substrate (Lipps, 1993). Other variations are possible; Elphidium crispum, lenticular in shape, which
lives in sandy sediments that are generally low in food supply, can use its pseudopodial nets to suspend
itself between the strips of coralline algae, much like a spider (Lipps, 1993). Planktic foraminifera (and
probably many benthic species as well) are omnivorous opportunistic feeders and have been observed to

consume autotrophic and heterotrophic protests, metazoans and organic detritus. Many species of
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foraminifera, such as Elphidium, Nonion, and planktic species are known to house algal symbionts,
usually diatoms, dinoflagellates, or chlorophytes. These foraminifera often have large, flattened discoidal
or fusiform tests, with various kinds of internal partitions to accommodate algal cells (Lipps, 1993). The
availability of nutritive material also affects test morphology. Studies by Arnold (1954c), Arnold (1967a),
Bradshaw (1955, 1968), Boltovskoy (1956b), Phleger (1960b), Tolderlund and Bé (1971) and Walton
(1955), prove that the test morphology, as well as the number of specimens in a given volume of sediment,

is affected by the abundance and distribution of organic matter within the sediment.

Predators upon foraminifera range from highly specialised micnn*o-camivorcs that feed largely on
foraminifera, to less selective ones that include foraminifera into their mixed diet, and to generalized
feeders that ingest foraminifera along with much other material (Lipps and Valentine, 1970). Benthic
foraminiferal densities may be substantially reduced by macrofaunal predation, either incidentally or
selectively. Most incidental consumers of foraminifera are grazers on algae or detritus feeders (Lipps,
1993). Some gastropods, crustaceans and worms are believed to be selective predators of particular
species of foraminifera (Lipps, 1993; and Lipps and Valentine, 1970). Foraminifera therefore support a
variety of larger organisms, and thus contribute to the diversity and secondary productivity of ecosystems
(Lipps and Valentine, 1970).
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1.5 PREVIOUS WORK ON THE KNYSNA ESTUARY AND ITS ENVIRONS

Much work has been carried out in the Knysna area due to its attractive location. The late Professor J.H.
Day undertook extensive work from 1964 to the 1980s on the ecology of southern African estuaries,
including the Knysna Estuary. Current knowledge of South African saltmarsh vegetation is based on
earlier ecological and physiological studies by Day (1981), who showed that the saltmarsh structure is
determined by environmental gradients such as salinity and tidal inundation. The Knysna Basin Project
(KBP), (Transactions of the Royal Society of South Africa, 2000, Vol. 55: 2), carried out from 1995 to
1998, provides a full scientific report on the Knysna Estuary and is aimed to synthesise research findings
in the estuary from present studies which have implications for the management of the Knysna area as a
whole. These findings laid down the present environmental conditions of the estuary, which were used
in this study to explain variations observed in the microfaunal assemblages. Included in the Knysna
Basin Project is a review of past marine and estuarine studies in South Africa (J.A. Day, 2000), as well as
a bibliography of scientific and environmental literature relating to the Knysna Basin. Allanson (2000)
assessed the reasons for establishing the KBP, reviewed the research findings, and discussed implications
for the management of the Knysna Basin. Papers by Largier ez al. (2000), Schumann (2000), and Marker
(2000) give, respectively, a clear description of the hydrographic structure of the estuary during low river
inflow and river flooding; the influence of offshore events, such as upwelling during the summer months,
and patterns of sediment movements within some regions of the estuary. The distribution and diversity
of éhe intertidal wetlands have been recorded and described by Maree (2000). Le Quesne (2000)
demonstrated that the wetlands play an essential role in providing areas for feeding and refuge, offering
excellent breeding grounds and nursery areas for a number of fish species. The chemistry of the water
column, with particular reference to suspended solids and nutrients, was studied by Allanson er al.
(2000).

Foraminiferal studies

There have been numerous studies of estuarine foraminifera from around the world, however most
foraminiferal studies are based in developed countries throughout the northern Hemisphere, and
especially in the United States and European countries. Foraminiferal studies with an ecological or
palaeo-ecological emphasis began in earnest in the 1930s with the works of R. Norton and M.J. Natland

in North America and W.A. Macfadyen in Europe (Lipps, 1993).

Fossil Prokaryotes and Protists (Lipps, 1993) provides a comprehensive account of fossil single-celled
organisms and includes a description of foraminifera, their morphology and life cycles, biology and
ecology, nutrition and predation, their evolutionary history and global palaeobiology and biostratigraphy.
The role of foraminifera in the trophic structure of communities from various marine environments has

been documented by Lipps and Valentine (1970). Murray (1968 and 1973) describes the composition,
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numerical abundance, size relationships, biomass and diversity of living foraminifera in lagoons and
estuaries from various parts of the world. Boltovskoy and Wright (1976) illustrated global
biogeographical provinces, based on foraminifera, around the world. ~Wang and Murray (1983)

examined the use of foraminifera as indicators of tidal effects in estuarine deposits.

Few studies of foraminifera in modern South African estuaries have been published, and none of the
systems that have been studied can be considered comparable to the Knysna Estuarine System. Studies
of modern foraminifera around the South African coast include the .work of: Albani (1965) in Durban
Bay; Cooper and McMillan (1987) in the Mgeni Estuary, Durban; Phleger (1976 a/b) and Wright ez al.
(1990) in the St. Lucia Estuary, Zululand; G. Franceschini (2003, unpublished) and Compton (2001) in
Langebaan Lagoon, on the south-west coast of South Africa. Both present day and fossil foraminiferal
assemblages on the continental shelf of southern Africa have been studied by McMillan. McMillan
(1974) recorded foraminifera collected from the continental shelf off the Knysna to Plettenberg Bay
coast. This study may be used to compare onshore to offshore foraminiferal assemblages and species
diversity. A study by McMillan (1986) describes how fossil foraminiferal distributions around southern
Africa provide a guide to past changes in oceanic water temperatures. Albani (1965) recorded species
from samples dredged in the vicinity of Salisbury Island, Durban Bay; and documented the species
Rotalia beccarii, which has since been correctly identified as Rotalia gaimardii. Cooper and McMillan
(1987) recognized distinct foraminiferal assemblages in the Mgeni Estvary consisting of marine,
estuarine and reworked foraminifera, and their distribution was assessed. Wright er al. (1990) used
foraminiferal asseﬁlblages in the St Lucia Estuary to identify sediment providences, thus providing an
alternate method to statistical sediment grain-size and distributional analyses in estuarine systems.
Phleger (1976a,b) researched the Holocene ecology, based on foraminifera, of the St. Lucia Estuary,
Zululand, and calculated sedimentation rates by comparing living and dead foraminifera in benthic
populations. McMillan did some research during 1973-1974 on foraminifera of the Knysna Estuary,

however, his work was never published.

Identification of Ammonia species in South Africa, since the earliest in 1907, have been referred to as just
one species: Ammonia beccarii (Linné), (see Phleger, 1976a,b and Salmon, 1978), however studies of
some of these Ammonia tests have shown them to be a morphologically diverse group in which a number
of distinct morphotypes can be recognised. McMillan (1987) published a paper on the variation in
assemblages of Ammonia species living around the South African coast at the present day. In this paper
he clears up any uncertainties concerning the genus Ammonia and gives a full account for the three
species of Ammonia found around South Africa: Ammonia parkinsoniana (d’Orbigny), Ammonia
Jjaponica (Hada), and Ammonia cf. koeboeensis (LeRoy). McMillan (1987) confirms that typical
Ammonia beccarii senso stricto does not occur; either living or fossil, in this part of the world, and all
South African species and morphotypes of this genus must be one of the three Ammonia species

mentioned above.
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Compton (2001) and Franceschini (2003, unpublished) researched the Holocene sediments and the
foraminifera of the Saldanha Region on the west coast of South Africa. The foraminiferal zones from the
subtidal channel to the upper marsh in Langebaan Lagoon are similar to the foraminiferal assemblages
observed in the intertidal areas of the Knysna Estuary (Simpson, 2001). These studies confirm that
saltmarsh foraminiferal assemblages are related to altitudinal variations in vegetation and are therefore
reliable sea-level indicators. Studies of intertidal saltmarsh areas on the east, south and west coasts of the
United Kingdom conclude that the distribution of foraminifera in the intertidal zone is a direct function
of elevation with the duration and frequency of intertidal exposure as the most important factors (Ho/rton
et al. 1999). Recent studies from North America (Scott and Medioli, 1980; Scott and Leckie, 1990;
Jennings and Nelson, 1992), South America (Scott ef al., 1996; Jennings et al., 1995), Italy (Petrucci et
al., 1983), United Kingdom (Horton et al., 1999) and Australia (Cann et al., 2000) suggest that
comparable low- and high-marsh foraminiferal assemblages can be recognised worldwide. A study by
Zong and Horton (1998), from coastal sites on both the east and west of Britain, illustrates that the
distributional patterns of diatom assemblages across the upper intertidal zone can also be divided into

three groups correlating to the upper supratidal marsh, the lower supratidal marsh and the tidal flat areas.

Literature regarding the effect of pollution of coastal waters on foraminifera is relatively abundant and
benthic foraminifera have proven to be reliable indicators for contamination in coastal marine and
estuarine waters. Papers published until 1975 were listed and discussed by Boltovskoy and Wright
(1976). Since then many new studies have transpired (Alve and Olsgard, 1999; Debenay et al., 2000,
Jayaraju and Reddi, 1996; and many others). While these studies conclude that pollution does affect
foraminiferal density, species diversity, distribution patterns and test morphology, there is still no clear
understanding of the relationship between pollutants and foraminifera. Not only do the pollutants vary in
nature and concentration, but they have different effects on different species of foraminifera. Some
pollutants are favourable for several species but, at the same time, harmful to others (Schafer, 1973; Setty
and Nigam, 1984). Some authors noted an increase in the proportion of aberrant specimens in polluted
areas (Alve, 1991, 1995; Geslin ef al., 1998; Samir and El-Din, 2001; Stott et al., 1996 and Yanko e? al.,
1994). Research by Samir (2000) and Samir and El-Din (2001) on the response of foraminifera and
ostracods to various pollution sources, including industrial wastes containing heavy metals, agricultural
waste and domestic sewage effluent, conclude that: 1) morphological abnormalities depend on the degree
of pollution and the type of pollutants; 2) foraminifera are more sensitive to industrial wastes containing
heavy metals than sewage effluent and agricultural waste; 3) agricultural wastes do not significantly
harm benthic foraminifera and 4) benthic foraminifera are less tolerant to pollution than ostracods and

molluscs.
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2. METHODS

2.1 FIELD SAMPLING PROCEDURE

Sampling sites were chosen using a series of aerial photographs, maps, and a Global Positioning System
(GPS). Forty-two main-channel sample sites were chosen for this study, from the weir on the Knysna
River to the mouth of the estuary at the Knysna Heads. Sample sites 11 to 40 coincide with the National
Parks Service navigation buoys which have been placed along the main channel. The rest of the sample
sites were identified by geomorphological features, and sample 1 was collected at the Charlesford farm
weir. The water depth of the sample sites ranges from 0.5 m to >10 m. Samples were collected in the
middle of the main channel of the estuary, since the adjacent intertidal areas are depleted in foraminifera
relative to the main channel. Desiccation of the intertidal mudflat sediments during low tide creates
unfavourable conditions for foraminifera (Simpson, 2001). Foraminifera prefer to live in environments
with a constant, shielding, water supply, such as in the main channel, and transportation of foraminifera
by tidal currents is also most active in the main channel of the Knysna Estuary. Therefore, the best
representation of foraminiferal assemblages in the Knysna Estuary occurs in the middle of the main

channel

The main channel samples were collected at low tide, during the period 14 - 17 January 2002, by diving
to the channel bed and scooping surface sediment of 5-10 cm depth into a container that holds
approximately 500g. GPS coordinates were taken at each sample site (Appendix 3). The wet sediment
samples were then placed into air-tight sample bags and labelled. The surface water temperature, pH,
current velocity and the surface- and bottom-water salinities were measured at each sample point. Water
colour, turbidity, depth, vegetation and shell abundance at each sample site were also noted. Surface
samples were also collected between January and March 2002 at selected localities including: the mouth
of the Sout River where it enters the estuary, in a side channel beneath the Railway Bridge, around the
Ashmead Channel; where the sewage effluent enters the estuary in the Ashmead Channel, on either side
of the causeway, which joins Thesen Island to the mainland, in the channel behind Leisure Isle, across the
sandflat stretching between Leisure Isle and the main channel near the Knysna Heads, as well as rock
pool and beach sand samples between the Knysna Heads, at Brenton-on-Sea on the Western Head and at
Noetzie beach on the Eastern Head.

Seventy sediment samples were collected in total (Fig. 2.1), representing a good coverage of the study
area, as well as the range of substrate types and the depositional environments. Appendix 2 contains
illustrations of the various substrate types within the estuary, including samples from selected fresh-

water, mudflat and littoral environments surrounding the estuary. Unfortunately, at the time of

26



collection, the samples were not stained to reveal the living to dead ratios, although reworked and
abraded foraminifira were noted., Howcever, samples collected in the Ashmead Channel and across the
Leisure Isle sandflat were stained with Rose Bengal solution, allowing for the tecoenition of living and

non-kiving foraminifera,

Figure 2.1  Sample locations in the Knvsna Cstuary. Adapted from Grindley (1985).
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2.2 SEDIMENTOLOGICAL AND MICRO-PALEONTOLOGICAL ANALYSIS

A portion of each sample was dried at a temperature of ~55 °C and weighed as the bulk dry sample. The
dried material was then wet-sieved, through a 2mm, a 500 pm (micron) and a 63 pum sieve, separating the
samples into, gravel (>2mm), very coarse to coarse sand (>500pum), medium to very fine sand (>63um),
and mud (<63um) grain-size fractions. Once wet-sieved, the sediment fractions were dried and weighed
in order to calculate the percentage of each grain-size fraction. Foraminifera were picked from the 63-
500 pm sand fraction using a No.l brush. Foraminifera were analysed on picking trays under a
binocular-microscope and stored in glass slides. Four picking trays (~5 grams sand fraction each) were
inspected per sample, so as to get a better understanding of species occurrence and abundance. They
were subsequently sorted, identified and counted. Foraminifera were counted per four standard picking-
trays of the sand fraction (63-500 um), of which the average weight of sediment was ~ 20 grams. Thus
graphs show foraminifera and species numbers per 20g of the 63-500 pm sediment (sand) fraction.
Selected specimens were mounted onto stubs, coated with carbon and photographed with a Scanning
Electron Microscope to aid identification and to illustrate the species. Lists of the recorded foraminifera

and species numbers are given in Appendix 4.

Foraminifera were identified with the help of Dr 1.K. McMillan, and journals and articles including
studies by: Graham and Militante (1959), Recent foraminifera from the Puerto Galera area, Northern
Mindoro, Philippines. Albani (1965), The Foraminifera in a sample dredged from the vicinity of
Salisbury Island, Durban Bay, South Africa. Barker (1960), Tuxonomic Notes, HMS Challenger
Expedition 1873-1876. Dale and McMillan (1998), Mud belt and middle shelf benthonic and planktonic
foraminiferal assemblages and sedimentation processes compared through the Holocene successions at
two tropical African (Sierra Leone) and two temperate African (western offshore, South Africa) sites.
Haynes (1981). Dale and McMillan (1999), Field guide to the Late Cenozoic Micropalaeontological
History, Saldanha Region, South Africa, and McMillan (1974), Recent and relict foraminifera from the
Agulhas Bank, South African continental margin. Bivalves and gastropods were generally identified with
reference to Branch and Branch (1981), The Living Shores of Southern Africa. Light microscope
photographs of the shells collected in the gravel fraction of some samples are illustrated in Appendix 2.
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2.3 LIMITATIONS OF THE STUDY

The samples collected around the estuary and within the main subtidal channel represent the entire Knysna
Estuary and the marine areas surrounding it, thus the data can be considered to be of good quality.
However, there are gaps between the samples due to the vast area of the estuary, thus the sedimentology
and microfauna between sample sites has to be extrapolated from adjacent sample data. Speculation in
these areas should be near to the truth, since gaps between samples are no more than 500m. Although
foraminiferal tests can provide an integrated record of environmental-conditions over periods represented
by the sediment sample, flood scouring and tidal currents in deeper water, and boat and wind action in

shallower water, mixes and transports tests, making interpretation more difficult.

Salinity, pH and other ecological factors that were measured in the field were only measured during one
week in January of 2002. However, the results obtained correspond closely to values collected by other
researchers (Allanson, 2000, Largier et al., 2000, and Schumann 2000), and therefore can be considered
representative of general environmental conditions in the Knysna Estuary. Benson and Maddocks (1964),
suggest that estuarine conditions are constant throughout the year due to the fact that the estuary is

continuously open to the sea.

Very little work has been published concerning foraminifera around the South African coastline, resulting
in a deprived database and placing limitations on describing the taxonomy of the species. Because very
few authors have given details of foraminiferal assemblages, especially in estuaries around southern
Africa, it is difficult to compare Recent, fossil and tidally influenced faunas. Ostracods were found in

this study, but due to time constraints, species classification was not completed.
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3. RESBULTS

Sediment was collected from 42 samples along the main channel of the Knysna Estuary (Fig, 3a). Sample
| is at the weir on the Knysna River and sample 42, eighteen kilometres downstream from sample 1, is
located at the mouth of the Knysna Estwary, between the Knysna Heads. Sample 13 was collected under
the White Bnidge (over which the N2 national road runs}, 6 km downstream from the weir, and sample 31 is

under the Railway Bridge, 12.4 kmi downstream from the weir.

Figure 3a. Sample locations in and around the Knysna Estoary. Adarted from Grindley (1985).
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In addition to the main channel samples, extra samples were collected around the Knysna Estuary and
analysed (Fig. 3a). Sout River 1 is 100m upstream from the mouth of the Sout River, and Sout River 2 is
located where the Sout River enters the Knysna Estuary near main channel sample 29. The Railway Bridge
sample was collected in a side-channel under the Railway Bridge. A number of samples were taken in the
vicinity of Thesen Island. Samples were also collected across the sandflat south of (adjoining) Leisure Isle

and from other marine/wave dominated areas between, and on either side of, the Knysna Heads.

Thesen Island can be found in the north-east corner of the Knysna Estuary, to the south of the central
business area of Knysna (Fig. 3b). It is surrounded to the west by the main channel of the estuary and to
the north, east and south by the generally shallow Ashmead Channel. It is joined to the mainland by a
céuseway. Thesen Island is the largest island in the estuary with an area above high tide of approximately
1km’ and a surrounding intertidal zone of approximately equal area. Thesen Island causeway samples 1
and 2 are situated east and west of the causeway connecting Thesen Island to the mainland, respectively. A
total of six samples were analysed from the entrance to the Ashmead Channel (sample Al), near main
channel sample 37, to the Thesen Island causeway (sample A6). A description of the Ashmead Channel
samples (Al to A6) is given in Table 2, Appendix 3. Sewage outlet sample 1 is located where the sewage-
treatment-plant effluent flows into the Ashmead Channel, and sewage outlet sample 2 is nearer to the

treatment plant.

A total of ten samples were taken from around Leisure Isle (Fig. 3¢). Samples L1 to L9 were taken on a
transect across the Leisure Isle sandflat, approximately 400m wide. Sample LO was collected in a small
channel behind/east of Leisure Isle. The sandflat is exposed at low tide and covered by sea water at high
tide. The water at high tide increases from a depth of 0.1 m at sample L1, to approximately 1 m near
sample L9, which is adjacent to the main channel (near sample 41). Beach and rock pool samples at
Brenton-on-Sea beach west of the tidal inlet, Noetzie Beach east of the tidal inlet, and between the Knysna

Heads were also analysed.

Table 1 in Appendix 3 contains the date and time that each of the main channel samples was collected, and
includes the GPS coordinates, a description of the sample sites, sediment type and the ecological,
hydrographical and micropalaeontological aspects of the sample sites. Table 2, Appendix 3 includes
location descriptions, sediment types and the physical and micropalacontological records for the extra
samples collected around the Knysna Estuary. The ecological and hydrological (physical) parameters
include: the salinity of the surface and bottom water, and whether there was a salinity gradient, the pH,
turbidity, transparency and colour of the water column, as well as the depth, flow velocity and temperature
of the water at each main channel sample location. The sedimentology includes the overall grain size,
sorting, roundness of the grains and the sediment colour. The micropalaeontological information includes
the number of individual foraminifera and species per 20 g of the sand fraction and the percentage littoral

foraminifera in each sample.
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Figure 3b. The Ashmead Channel and the locations of Ashmead Channel samples Al - A6
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3.1 PHYSICAL PROPERTIES

The bathymetry of the Knysna Estuary varies from .5 m to =9 m in the deeper waters near the tidal inlet of
the estuary {(Fig. 3.1.1). The salinily inercases mapidly downstream from the weir (8 %e). In the upper
¢sluary, bottom friction on the channel bed slows the lower part of the water column and lower-salinity
water moves over the higher-density water. causing stratification of the water column.  Salinity values
reach a high of 36.5 %o at sample 17 (2 km downstream of the While Brodee), alter which the salinity drops
slightly, remaining between 30 %e and 33 %o, until sample 39 (1.5 km from The leads), where it rises to
that of seawater (~35%a) and remains so 1o the mouth of the estuacy (Fig. 3.1.2)% The drop in salinity from
sample 19 to sample 37 coincides with the developed area along the banks of the estuary, and may therefore
be due to recent rains, resulting in fresh water runoll from the urban arcas inte the estuary, Figure 3.1.3
also illustrates a salinity gradient in the upper estuary from salinity measurements in the vertical water
column. Results are similar to the salinity structure of the estuary illustrated by Allanson e af. (20800) and
Largier ¢ aif. (2000). The pll decreases upstream, from more alkaline values (7.3 - 8. 18) near the mouth of
the estuary, tir valucs of 5.5 — 7.5 in the brackish waters of the upper estuary (Fig. 3.1.4). A scatter plot of
Salinity against pll for the main channel samples depicts an almost linear trend across the estuary from

more acidie, lower salinity river water to more alkaline, higher salinity sea water (Fig. 3.1.5).

Figure 3.1.1 Bathymetry along the main channe!l of the Knysna Estuary
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Figure 3.1.2 Salinily megsurements along the main channel of the Knysna Estuary
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Figure 3.1.3 Salinity measurements in the vertical water column along the main chunnel of the Knysna
Estuary. The lower and middie estuary are well mixed, while the upper estuary is stratified
with respect 10 salinity
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Figure 3.1.4 pH measurements of the surface waters along the main channe) of the Knysna Estuary
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Figure 3.1.5 Scatter plot of salinity vs. pH across the Knysna Fstuary
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Figure 3.1.6 plots salinity vs. pH for the extra samples collected around the Knysna Fstuary. Thesen
Island causeway and the Railway Bridge side-channel are near the Knysna CBD area. Thesc areas are
therefore susceptible to runoff from the adjacent urban slopes. Relatively alkaline runoif flows into the
chammel north of Thesen Island and in the rainy season the waters east of the causeway become less
saling. The Sout {Salty River samples reflect middle-estuarine (slightly lower than sea watet) salimities,
due to flood-tide water from the Knysna Estuary pushing into this channel every tidal cyele. Sout River
sample 1 is Turther ppstream, where the channel is narrow and vegetation on the banks results in relatively

acidic runaff into this area of the Sout River.

The sewage ouilet brmgs fresh water inio the Ashmead Channel sutrounding Thesen Island. Sewage-
cutlet sample 2 is silwated where the sewage efflueni runs into the Ashmead Channel waters, and
therefore has an elevated salimty relative to sewage-outlet sample 1. The pH values in the Ashmead
Channel range from near marine to 7.86 (Fig. 3.1.7). Samples A3 and A4 in the Ashmead Channcl show
clevated ptl values relative to the rest of the channel. This may be duc to (fairly alkaling) inflow in this
area from a combination of effluent from the sewage-treatmeni-plant ocutlet and runoft from the mainland.

The beach and rock pool areas include samples from the Leisurc Isle sandflat near the tidal inlet, between
the Knysna Heads. Brenton-on-Sea Beach (Western Head) and Noetzie Beach (Eastern Head). These



areas are essentially ‘marine’ and all haye salinity and pH values equivalent to sea water {salinity values
range trom 35-36 %o and pH ~ 8.1). The Leisure [sle sandfiat is similar to a beach environment, although

this area is, to some extent, protected from the harsh forces of breakers by the Knysna Heads.

Figure 3.1.6 Salimty vs. pH for extra samples arcund the Knysna Cstuary
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3.2 SEDIMENTS

The compaosition of the sediment varies across the estuary, Samples consist primarily of quartz grains, with
subdominant clay mimerals and organic material, as well as a few sandstone or rock fragments. Table 3 in
Appendix 3 containg the results from the grain-size analyses across (he Koysoa Estuary,  Variations in the
percent gravel (=2 mmy}, very coarse to coarse sand (2 - 0.5 mm}. medivm to very fine sand (.5 - 0.06 mm)
and mud (<63 pm) of sediment from the main channe] of the Knysna Estuary are presented in Figure 32,1,
Sediment in the lower estuary, near the tidal inlet, is clean and consists predominantly of well sorted,
ronnded (6 sub-rounded geartz grains, The middle estuary varies in composition; the ¢lay fraction and
oreanic content increasing with decreasing prain size and current activity., PBesides samples 17 and 11,
which are very fioe grained, reselting from erosion of the nearby saltmarsh areas, the rest of the estuary
contains generally well sorted, foe-medium grained sand with seb-angulur to subs-rounded quartz grains
and oeeasional Peninsela Formation sandstone rock fragments derived from the calchment area.  Samples
6 to 14 arc poarly sorted with coarse sand and med present. The channel bed of the upper estuary {sumples
1-6) is poorly sorted and compaosed of angular to sub-rounded sandstone and quartz cobbles, pebbles, gravel

and coarse sund,

The gravel fraction of the upper estuary samples conlalos only coarse rock Tmgments and pebbles with no
shell material. Ilowever, the pravel fraction of samples 19, 29, 30 and 34 consists predominantly of
molluse shells including, predominantly, Profometta capensis {gastropod) and minor Nassarius kraussianus
{zastropod), Loripes clauses (white bivalve) aod Selen capenrsiz {peneil bait). Appeodiz 2 contains light-
micrascope pictures iflustrating variations in sediment types and shells from selected samples around the

Knysna Estuary.

A grain-size analysis of the extra samples collected around the Knysna Estuary allows for chargcterisation
of the sediment types (Fig. 3.2.2). Sediment from the channel behind Leisure Isle and Brenton-on-Sea
beach is almest identical in composition, texture and colour. [t consists predominately of quartz erains and
caleareous shells and shell fragments, in addition to being well sorted, fine-medium grained sand wilh sub-
apgular to sub-rounded grains. ‘The sewage-outlet samples consist predomioantly of fine sand with <5 %%
mud content. The Ashmead Channe! sediment is simtlar to that of the sewage cutlet, but the mud {raction
increases arnund the channel towards Lhe causeway, where siltalion is prevaleat, The Railway Bridge side-
channel contains abundant shell material, dominating the gravel fraction. FProtomefla copensis is the
dominant shell species around the Railway Bridge, which is consistent with the shells from the surrounding
main channel samples, The Sout River samples contain immatore sediment with abundant angular
catchment-derived rock fragments and rare marine matenial, such as shells. Figure 3.2.3 illusimics the

general sedimentological changzes acress the esleary,
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Figure 3.2.2 Grain size analysis of the extra samples collected around the Knysna Estwary
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Figure 3.2.3 Gram-size analysis of the sediments in the Knysna Estuary. Adapted from Grindley (1983).
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3.3 MICROFAIINAL ABUNDANCE

Individual numbers of foraminifera and ostracods per 202 of the sand fraction vary considerably across the
estuary, with low numbers al the Knysna Heads (sample 42, tidal inlet), around the White Bridze and near
the head of the csluary (samples 1-3) (Fig. 3.3.1). Samples 17, 19 and 37 contain abandant foraminifera,
and samples 19, 27, 29 and 34 contam relatively high numbers of ostracods, Arcas upstream of sample 17
{off Belvedere) and seaward of sample 38 have low numbers of ostracod lests. Samp_les 4-6, 17-19, 26-32
and 34-3% display & relalively bigh abundance of microfauna (Fig. 3.3.1). There are two dominant species
of foraminifera from sample 1 to sample 16, aiter which species diversity of both foraminifera and
vstrageds rises comsiderably, reaching a maximum at sample 37 (south of Thesen lsland}, and then
decreasing towards the mouth of the estoary (Fiz. 3.3.2% A total of 105 species of foraminifera werg
recorded in the Knysna Estuary, whereas only 10 ostracod species were found.  Ter the purpese of this

study, ustracod data was not researched further than numbers of individuals and specics.

Figure 3.3.1 Relative nombers of foraminifera and ostracod individuals in main channel samples
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Figure 3.3.2 Relative numbers of foraminifera and ostraced species in main channel samples
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Numbers of foraminifera and ostracods. as well as species of foraminifera, vary considerably betwesn the
extra samples collected around the estuary, due to the differing environments (Fig 3.3.3 ard Fig, 3.3.4).
The Ashimead Channel, especially sampie A5 (north of Thesen Island), and the Railway Bridee side-
channel contain ostracods in varying abundances, whereas the saltmarsh and marie-dominated samples da
not contain ostracods.  The Koysna Heads rock pools are rich i calcareous {oraminifera, whereas the
sallmarsh arcas contain agglulinated foramimifera,  Samples from the sewage-outlet channel, the Sout
River, and just west of the causeway connecting Thesen Island to the mainland, are relatively devoid of

icrofauna.

Figure 3.3.3 Numbers of foraminifera and ostracods (n the extra samples around the Knysna Estuary

Enn P e e S S s
‘B0 0 8um o Ostracads I—
Do
e T ] SR,
E we
50 4 y——
; | LZDTI
R
-
B o -41#\
‘qp@ 5 of &

Sm = Saltmarsh; SR = Soul Biver; Te — Thesen Causeway; A = Ashmead Channel samnple; So = Sewage
autict; T.1-1.9 = Leisure Isle sandflat samples; Lo = channel behind Leisure Isle; Heads rp = Knysna
Heads rock pools; Heads sw = Knysna Heads surface water,  blw = below low water; and ahw = above
high water.

Figure 3.3.4 Numbers of foraminifera and ostracod species in the extra samples around the Knysna Estuary
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Foraminifere found in the beach sediments are, almost certainly, nat living there, but are non-living tests
that have been transported onto the beach and deposited. Mast of ihe Living foraminiferal tests found in
rack pools around the coast arg mons robust than ostracod carapaces and can therefore survive in turbulent
waters. (Jstracod carapaces {shelis) may be destroyed in energetic littoral environmeats, such as the wave-
dominated beach environments, rock pools and shallow-water sandflats around the mouth of the Knysna

Estuary.



Carte prains, foraminifera and calcarcous marine material, which make up the sediment of the Leisure Isle
sandflat are brought in through the tidal inlet and depesited in this arca, due to flood-lides transporting and
depositing sediment coplainmg foramimfera. Deposition [rom the water column scours with the reduction
in current strength as the water moves up the sandflat. "The numbers of foraninifera are considerably
higher than ostracods on the Lewsure Isie sandfat (Fig. 3.3.5) and, referomg back 10 Figures 3.3.3 and 3.3 .4,
it 1s evident that ostracods are not found in marine-dominated areas such as beach environments and rock

pools,

Figure 3.3.5 Numbees of forammifera and ostracods aoross the Leisure Isle sandflat and in the channel east
of Leisure Tsie.

Leizsure {=le sandflat and the channesl sast of Leisure Isle (L0
25':'. i Hipcims P B R LI W BT I LS Py Num!}er specle-s CRE Top T TN S I M—C1 LR W IF.LT
—o— Mumber forams
E 200 | - -w-- Mumbera of Ostranods ’__,rl_
it LS .
§ : sy
E_ 150 =—= P ———/'
=
B0 - ...... i R S &
R — e e i ) ey ——————
| [ . il NG S N = -
] : .
Li Lz L3 L4 Ls [ W] L? L& Lt L

Mumbers of living forammifera (tests stwned with Rose Bengal solution) increase across the sandflat
towards (he main channel, whereas numbers of non-living (ests decrease towards the mam channel,
ilustrating a simélar, bul opposite, trend {Fig 3.3.6). This may be duc to the susceptibility of dead (ests to

be transported onto the sand{iat with the loed tide, thus 2ccumulating away from the main channel.

I'igure 3.3.6 Number of living and non-living foraminifera tests across the Leisure Isle sandflat
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Contrary to the foraminifera, the numbers of living ostracods decrease steadily 1owards the main channe]
from sample L1 to sample 1.9 (Tig. 3.3.7). The percentage of living foraminifera vs. the percentage of
living ostracods demonstrale opposing trends across the sandflat, possibly signifying competition between
the migrofauna (Table 3.3.1 and Fip. 3.3.8),

Figure 3.3.7 Numbers of living and non-living ostracod tests across the Leisure Lsle sandflat
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Table 3.3.1 Leisure Isle sand[lat: Percentage foraminifera and ostracods stained with Rose Bengal solution,

number stained number staired % living %4 living
ostracods forams Ostracods Foraminifera
L1 50 10 8333 15.67
[ e 24 30 50.82 4518
-3 23 514) 26,14 7386
L4 10 a5 2222 773
5 5 60 S0 T O /1.
L5 7 130 511 | 8488
L7 5 so_ | ....526 | 94.74
_ L& 2 110 1.79 - 88521
L3 %! 175 1.68 531

Figure 3.3.8 Percentape of living foraminifera and ostracods across the Leisure Isle sandlat
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Microfauna are relatively abundant in the Ashmead Channel due o the nuirient-rich sediment in this area
(Figures 3.3.9 and 33.10). Foraminiferal species numbers penerally follow the same trend as the individual
numbers of foraminifera. However, species diversity decreases near the causeway. Sample AS (Fig. 3.5.10),
appraximately 100 m east of the causeway, is abnormally rich in ostraceds (=300 individuals per ~20 g sand).
Samples were stained with Rose Bengal solution to establish the numbers of living and dead foraminideea in the
Ashimead Channel. Data from the centre of the Ashmead Channel revealed thal there are generally more deacd
foraminifera than living foraminifers, and there are more living ostracods than dead ostracods in the Ashmead
Channel, although no clear trends were portrayed (Figures 3.3.11 and 331 2}, There is a higher percentage of
living osteacods than living foraminifera in the Ashmead Chanmel (Table 3.3.2), indiealing an environment that

favours ostracod inhabitaney.

Figure 3.3.9 Foraminifera of the Ashmead Channe!
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Figure 3.3.10 Numbers of foraminiftra vs, numbers of ostracods in the Ashmead Channel

300 A — —— e . P P

P
th
o

'

i

|

]

|

i

Numbers per 20g sand

B9 |- -

1‘.
e e : = . {causeway)
| B number of foramrifera O number of gstraceds |

45



Table 3.3.2 Foraminifera and Ostracods from the Ashmead Channel, percemage stained with Rose Bengal

Foraminifera  Ostracods

| % stained % stained
Sample A1 45 [l
Sample A2 35 B0
Sample A3 58 68
Sample A4 7 60
. Sample A5 32 69
| Sample A6 | 36 | 74

Figure 3.3.11 Ashmead Channel; Percentage of living to non-living (abiotic} foraminifera tests
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Figure 3.3.12 Ashmead Channel; Percentage of living to non-living nsiracod tests

Ostracods
100 ] x
gl
G0
R
40 | —
) jod R =iy R i
I
[ L1 LY B L1 S £ 1A HE T2 S
Al Az Al A AD )
- {causeway)
O % stained 0 % unstained



4. DISTRIBUTION OF FORAMINIFERA IN THE KNYSNA ESTUARY

Calcareous Foraminifera

Planktic species are buoyant and may drift into the estuary (alive or dead) from the open ocean. Nonion
boueanus is a calcareous benthonic, found in the open ocean on the continental shelf. Benthic Lagena,
Oolina and Bulimina species are typical of the continental shelf environment. They live in shallow water (5 —
40 m depth) and can tolerate relatively low oxygen levels (McMillan, 2001. pers. comm.). Ammonia
Jjaponica, also benthic, lives in shallow-marine environments. Planorbulina mediterranensis, Lobatula
lobatula, Cibicides refulgens, Glabratella and Rosalina species are characteristic of wave-dominated, littoral
environments and attach their tests to the substrate. The Elphidium species are Holocene in age, benthic, and
are generally found in the lower estuary (McMillan, 2001. pers. comm.). Their tests are planispiral and have
distinctive septal bridges. Elphidium crispum and Pararotalia nipponica indicate littoral influence and some
may be reworked from the Late Pleistocene, resulting in specimens being abraded and bleached. Miliolids
can either have 5 chambers (Quingueloculina spp.), 3 chambers (Triloculina spp.), or 2 chambers (Pyrgo
spp.) and/or they arrange their chambers around each other; for example Spiroloculina and Miliolinella
species. When in abundance, they generally indicate hypersaline conditions. Chambers are arranged at
specific angles to each other and the aperture often has a tooth in it, which varies in shape and size between
species (refer to plates 8-11 in Appendix 5). All these species may be washed further into the estuary by
wave and tidal action. Ammonia parkinsoniana is a typical benthic, lower-estuarine species, abundant in the
channels. This is the most abundant foraminiferal species found in the Knysna Estuary and is a common
occurrence in estuaries all around the South African coastline (McMillan, 1987). When found in abundance
this species indicates reduced salinity compared to ocean water and may be accompanied by other typically

estuarine foraminifera such as Haynesina germanica and Rotalia gaimardii.

Agglutinated Foraminifera .
Foraminifera that live on the intertidal saltmarsh areas are all agglutinated. Trochammina inflata are benthic

and generally creamy-brown in colour. They are characteristic of saltmarshes in estuaries around southern
Africa and globally. They can tolerate relatively low salinities in acidic soils and are associated with
abundant organic material. Haplophragmoides wilberti and Haplophragmoides canariensis belong to the
same family as Trochammina inflata, but the former can also be found in mangrove swamps and thrives on
the warmer east coast of South Africa. The latter is more typical of the inner shelf sediments (McMillan,
2001. pers. comm.). They are planispiral (identical on both sides) and involute (can only see chambers of the
last whirl). The species Miliammina fusca, also found world-wide, lives in low-salinity, upper-estuarine
marsh environments, indicating fresh water influence (McMillan, 2001. pers. comm.). Marine or littoral

agglutinated foraminifera include Textularia conica, Gaudrina rudis and Spiroplectinella sp.
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4.1 IDISTRIBUTION OF FORAMINITERA IN THE MAIN CHANNEL SAMPLES

Total individual foraminifora numbers 2nd foraminiferal species numbers vary considerably throughout the
Knysna Estuary (Fig, 4.1,1 and Table 4.] .1}. Species distributions in this chapter will be discussed from the
weir at the head of the estuary {o the Knvsna Heads (tidal inlet), so as to correlate with the tables and
tlustrations,  The upper estuary consists predominantly of two species of foraminifera. Samples 22 to 37,
upstrean and downstream of the Railway Bridge, display the richest foraminiferal diversity in the Knysna
Estuary. Species typical of shallow-marine conditions are found in re]éﬁve]y low numbers in these samples
and filicen species dominate the sediments of this region of the estuary (Table 4.1.1). In the lower estuary,
near the tidal inlet, species diversily in the sediments drops and foraminifera become scarcer. Eight species

of foraminifera dominate the microfaunal assemblage near the Kovsna Heads (Fable 4,1.1).

Figure 4.1.1 Relative numbers of foraminifer individaals and species atong the Knysna Estuary,
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Samptes | and 2, cotlected at the head of the estuary, where the water sabiity js virtually eeo, do not contain
foraminifera. Samples 3-9, between the Charlesford Weir and the Old Bridge (Refer to Fig. 3a), arc
refatively rich in foraminifera, althongh only two species, Miflammina fusca and Ammonic pavkinsonicia
s, thrive in this togion ol the estbary (Figured.1.2). Samples 11-16 sppear to be inhospitable to
foraminifera. Only ten Ammonia specimens were recorded i this section of the main channel (~2.7 km), in
the vicinity of the White (N2) Bridge. Downstream of this bareen arca, foraminiferal diversity increases
rather deamatically, with 2 sharp increase in dmmonio parkinvenriong numbers 0 117 per 20¢ sand (Fig,

4,1.23, and the foremost appearance of planktic species (2 recorded) in sample 17, afler which no plankiic
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species are recorded until sample 26, which is ~9 km from the tidal inlet {Table 4.1.1}. The plankiic specics

recorded in sample 17 were probably transported upsteeam during Mood tdes.

Frgure 4.1.2 Distnbution of Miigmming fusco, Ammonia parkivmvoniona 5.1, and Ammonio foponica across
the Knysna Estuary.
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Sample 18, ol Belvedere, displays (he first Haynesing germanica. a typically ¢stuarine species (Fie 4.1.3),
Fiphidium crispunt emerge in the Knysna Estuary sediments at this point {Table 4.1.1) and remain present to
the mouth of the estuary, In the middle estuary (sample 18 to ~ sample 30), most Elphidium crispum species
are abraded and broken, indicating fransporiation of non-living tests. From the Railway Bridee to the ndal
inict of the gstuary, the numbers of abraded Eiphiditm crispum become less and near ‘The lleads Eiphiditan
crisprm lests are all Targe and well-preserved. Low numbers of foraminifera, that are typically mdicatve of
littoral envivonments, were also documented in sample 18, such as Lobatula lobatwla, Porarotalio wippowica,
Bulimina sp.. Lavena sp. and Oolima sp. (Table 4.1.1), but these spectmens are most likely non-living tests
that were transported upstream with flood tides. Downstream of sample 18, Elphidhien specics and miliolids
such as Quingueloculing and Tridoculing specics increase in abundance (Table 4.1.1) Sample 20 presents
the appearance of Rotalia vaimordii and living Quinguneloculing dunberguiona, Triloculing oMomea ™ and
Triloculing trivonula.  Rotalio waimardii 15 & tvpically cstuaring species and in the Knysna Estuary 11 is
found, in fow numbers, trom sample 20-28, therefore confined to an arca in the main channel of just over 2
km, between the Railway Bridge and the White Bridge (Figure.d.1.3).  [n this region of e estuary, the
subtidal main channel meanders between constrictive intertidal sandbunks, thus providing 1 more tranguil
environment. compared to the area seaward of the Ratlway Bridge. Figure 4.1.3 illustrates the distribution of

specics of foraminitera that are estuaring in nature.
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Chiinguetocuding dunkerguiana is present in all samples from sample 20 to the ndal inlet of the estuary.
FHowever, seaward of the Railway Bridze most of the specimens, if not all of them, are orange 16 colour and
ahraded. indicating reworking trom (possibly} the lalest Pleistocene,  Quinguweloculing dunkerquiana,
therefore, thrives in waters stightty less saline than seawater. Seaward of the Railway Bridpe, the sediments
not only include more foraminilera of maring orign, but alse become more enriched in mariae material such
as shelts, echinoid spines, algal frapments ete.  frilocafing oblonga. Triloculing trigomda, and Trifocufing
tricarinata are non-omamented miliolids that cxist in salimitics a little lower than sca water.  Trifocufina
oblonga, the dominant estuarine miliolid, and frifocuding frigonuia can be found living in the main channel
from sample 20 to sample 38 {Table 4.1 .1}, which is sited ~2 km inland trom the Knysaa Heads, whers the
main channel becomes constricted between the Western Ilead and the Leisure Isle sandflat.  frifocudina
mricarinata appears in sample 22 and its presence continues, in low numbers, until sample 32, just
downsiream of the Railway Bridpge (Table 4.1.1). Elphidium macellum is found in low nembers from sample
24}, approximalely midway beiween the White Bridge and the Railway Bridge, o sample 32, just downstream
of the Railway Bridge (Uable 4.1.13.  Efphidizm macefluar usually thrives in littoral cavironments and was
probably washed upstream and deposited landward of the Railway Bridge. Species tvpical of shaliow-
maring setlings are also found dispersed between some sediment samples of the middle estuary, For
example, Rosuling sp., Gavelinopsis praegeri, Boliming sp.. Ovoling sp., Lagera sp. and agglutinated species

such as fextudaria comica. Gaudrinag rudis and Spiroplectinetfa sp (Table 4.1.1)

Figure 4.1.3 Typicaily estuarine foraminiferal species and their abundance throeghout the Knysna Estuary.
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Fifteen species dominate the sediments of samples 22 to 37, between Belvedere and Leisure Isle (Table
4.1.1). Specifically, Ammonia parkinsoniana, Elphidium crispum, Elphidium articulatum, Elphidium
macellum, Elphidium advenum, Haynesina germanica, Rotalia gaimardii, Triloculina oblonga, Triloculina
trigonula, Triloculina tricarinata, Quinqueloculina dunkerquiana, Cibicides refulgens, Pararotalia
nipponica, Poroeponides lateralis and Lobatula lobatula (Table 4.1.1). Cibicides refulgens and Pararotalia
nipponica were first found in sample 20 and are recorded in all the subtidal samples, in increasing
abundance, to the Knysna Heads. Poroeponides lateralis appears in sample 24 and is a constituent in all the
samples seaward of this point. The first specimens of Planorbulina mediterranensis and Spiroloculina
communis (miliolid) are found in sample 23, although Planorbulina mediterranensis is most abundant in
samples 35 to 39, 4 km to 1.5 km upstream from The Heads respectively (Table 4.1.1). These species are

typically littoral in nature, although they can evidently tolerate the lower mid-estuarine salinities of 30-33 %e.

Sample 37 contained the most foraminifera recorded in the main channel of the Knysna Estuary (Fig. 4.1.1),
as well as the highest diversity in foraminiferal species. This sample is located near the entrance to the
Ashmead Channel, about 1.7 km upstream from the Knysna Heads. The Ashmead Channel illustrates
relatively high numbers of foraminifera, and due to sample 37 being located at the confluence of these two
channels, the sediments contain foraminifera that are transported from the Ashmead Channel, as well as
living and non-living tests that are living in the main channel and those transported up and down the main

channel by tidal currents.

Eight species dominate the turbulent sediments near the Knysna Heads (Table 4.1.1). These are Ammonia
Japonica, Elphidium crispum, Pararotalia nipponica, Cibicides refulgens, Poroeponides lateralis, Lobatula
lobatula, Planorbulina mediterranensis, and Miliolinella subrotunda. Ammonia japonica is found in
samples 18, 19 and 20, but was probably transported to this region of the estuary, since it thrives in more
marine environments. From sample 35 to sample 42 (between The Heads), Ammonia japonica becomes the
dominant Ammonia species, whilst Ammonia parkinsoniana numbers decrease rapidly in this region.
Ammonia parkinsoniana is the classically estuarine Ammonia species, dominating the microfaunal
communities over most of the estuary, but gives way to Ammonia japonica when littoral sea-waters prevail
(refer back to Fig. 4.1.2). Miliolinella subrotunda is found living (well preserved) in samples 36 to 40, off
Leisure Isle. Other miliolids that live in shallow-marine, littoral environments are Quinqueloculina contorta,
Quinqueloculina seminulum and ornamented species of Triloculina, such as Triloculina terquemiana and
Triloculina bertheliniana. Figure 4.1.4 displays the distribution and relative abundance of the most dominant

foraminiferal species in the main channel of the Knysna Estuary.
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Figure 4.1.4 Distribution and relative abimdance of the most dominant toraminiteral species in the main
channel of the Knysna Listuary.
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4.2 FORAMINIFERA OF THE EXTRA SAMPLES COLLECTED AROUND THE KNYSNA ESTUARY

Species numbers and diversity vary considerably around the Knysna Estuary (Table 4.2.1), particularly when
evaluating localities such as the Sout River, which flows into the main channel of the estuary between the
Railway Bridge and the White Bridge, a side channel beneath the Railway Bridge, the Ashmead Channel,
which flows around Thesen Island, the sewage-outlet channel, which enters the Ashmead Channel, the
Leisure Isle sandflat and the channel behind Leisure Isle, the coastal rockpool and beach environments
between, and on either side of, the Knysna Heads, and the saltmarsh areas on the mudflats surrounding the

estuary. The following subsections explain the foraminiferal assemblages recorded in these samples.
Figure 4.3.1,, at the end of the chapter, illustrates a summary of foraminiferal distributions and relative

abundance across the Knysna Estuary, demonstrating certain important foraminiferal species from the main-

channel samples as well as the extra samples collected around the estuary.
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4.2.1 FORAMINIFERA OF THE SOUT RIVER

Foraminifera are scarce in the Sout River (Table 4.2.1). This may have something to do with the unsorted,
angular, immature sediment and the frequently altering water depth and salinity conditions, due to the Sout
River channelling rainfall runoff from the surrounding hills and being filled and emptied on the flood and
ebb tides, respectively. Water salinity near the mouth of'the Sout River (Sout River sample 2) is relatively
saline (30 %), but decreases upstream towards Sout River sample 1 (26 %o). Sout River sample 2 contains-
four species of foraminifera in comparatively low numbers, including Ammonia parkinsoniana (3), a small
Quingqueloculina species with a two-pointed tooth (3 recorded), Miliammina fusca and Trochammina inflata.
Ammonia parkinsoniana is probably washed into the Sout River from the Knysna Estuary, since it is not
found upstream in Sout River sample 1. The Quingueloculina species with the distinct two-pointed tooth is
also found upstream in Sout River sample 1 (one specimen). It is also recorded, in low numbers, in two other
areas of the estuary, such as in the sewage-outlet samples and in Thesen Island causeway sample 1 (east of
the causeway). The relative abundance of Miliammina fusca (five) recorded in Sout River sample 2 indicates
the influence of fresh water. Trochammina inflata was most likely washed into the Sout River from the
surrounding saltmarshes. The Sout River has similar sediment texture and foraminiferal assemblages as the
upper estuary, apart from the Quingueloculina species. However, the salinity in the Sout River is higher than
in the upper estuary, and similar to the middle-estuary, between the White Bridge and the Railway Bridge.
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4.2.2 FORAMINIFERA UNDER THE RAILWAY BRIDGE

The side channel under the Railway Bridge is relatively rich in microfauna (Table 4.2.1). The most abundant
foraminiferal species recorded is Elphidium cf. advenum. Elphidium articulatum is also relatively abundant
and both these Elphidium species are indicative of estuarine conditions, where salinities are slightly lower
than seawater. These Elphidium species, together with living estuarine species such as Ammonia
parkinsoniana and Haynesina germanica, and a few marine species such as Gavelinopsis praegeri, Rosalina
cf. globularis, Lobatula lobatula, Pararotalia nipponica, Bulimina elongata and planktic Globigerina
quinqueloba, prove this area to be transitional, from more estuarine waters to marine waters with increased
salinity. Furthermore, the downstream change in salinity coincides with a change in sediment texture, to
more fine-grained, well-sorted, rounded grains, as well as a change in water colour, from murky-green to
transparent blue-green water. There is also increased marine material in the sediments seaward of the

Railway Bridge (Table I in Appendix 3).

Miliolids are also particularly abundant in this sample below the Railway Bridge and some species were
rather unique. These include numerous large, flat, ribbed Quinqueloculina species with the aperture on a
neck, some large, flat Triloculina species with the aperture on a neck, a few keeled, finely grooved
Quinqueloculina species, numerous Quinqueloculina lata, some Triloculina tricarinata and Triloculina

trigonula, as well as a few globular Miliolinella species.

Trochammina inflata and Haplophragmoides wilberti were also recoded in the Railway Bridge side-channel.
This region of the estuary is flanked by vast areas containing abundant saltmarsh vegetation (Refer back to
Fig. 2.1), and due to precipitation runoff and tidal movement up and down the saltmarsh areas, agglutinated
foraminifera are, most likely, washed into the estuary from the nearby saltmarshes. Four species of ostracods

were collected under the Railway Bridge, with individual counts of ~ 40 per 20g sand.
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4.2 3 FORAMINIFERA OF THE ASHMEAD CHANNEL

The Ashmead Channel sumounding Thesen Island is sheltered from the tidal currents experienced in the main
channel of the estvary, as well as from prevalent boat and wind action on the water serface. This channel
contains relatively calm, ciear, alkafine (pll ~ 8.02) waters of moderate depth (~1.5 m), high organic and
nutrient content, and middle-estearne salinitivs (=33 %), The scdiment s gencerally fine-gramned, well-
sorted and contains shells and other maring debris.  Feraminifera numbers are high due to the protecied
nature of the Ashmead Chanpel as well as the constant, hut adeguate, nutrient supply from the sewage-

treatment plant owtlet and slorm water drains (Tig, 4.2.1)

Figure 4,2,1 Variation in numbers and species of foraminitera in the Ashmead Channel.
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Fapid deposilion of marine material takes place when water cnters the Ashimead Channel. Ashmead Channel
sample Al is located near the sowmthern entranee of the Ashmead Channel from the main channgl {Refer back
te Fig. 3b) and therefore demonstrates the greatest livtoral influence, calewlaled frorn the percent littoral
foraminifera in cach sample (Fig. 4.2.2), The percent itoral infinenee deereases, as expected, arcund the
Ashrocad Channel towards samnple AS. The conlined, relalively shallow channel area cavses water to Jose
encryy, and therelore holding capacity, resulling it deposilion frorm the water coluran, with mest marine
mnaierial accumnulating near the southern eptranee of the channel where the change in hydrology (s greatest,
13ue to accumulation occurring east of the causeway, one would expect the number of non-living tests to
accumulate in this area. The percentage of reworked material increases around the Ashmead Channel
towards sample A6 (Fig. 4.2.2), proving that dead material dogs acenmulale cast of the canseway, on the
northern side of Thesen Island.
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Figure 4.2.2 Variation in percent ittoral foraminifera and reworked foraminifora in the Aslimead Channel,
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Ashmead Channel sample

Ammonia parkinsoniana is the dominant specics in the Ashmead Channel, which is expected considering the
typically-estuarine salinities in this region of the estuary. Numbers of Ammonia parkinsoniana are higher in
the Ashmead Channel compared to main channel samples 34 — 37 collected west of Thesen Island (Figures
4.273 and 4.2 4). Main channel sample 37 is near to Ashmead Channel sample Al, and main channeg] sample
34 15 west of the cavseway {(Refer back to Fig. 3b). Main channel sample 37 and Ashmead Channel sample
Al display similar numbcrs of Ammonia parkinsoniana species, which refleets the proximily of these sample
sites. The number of Ammonia parkinsuniana species increase considerably from sample Al to sample A6

ngarthe causeway.

MNumbers of miliolids are gencrally higher in the main channel of the estuary, compared to the Ashmead
Channel, while Elphidivm specics do not show much variation in abundance between the main channel west
of Thesen Island and the Ashmead Channel (Figure 4.2.5 and 4.2.6). The presence of m-iliniids normal by
indicates hypersaline conditions (MeMillan, pers. comm. and Wright er of, 1990} and therefore increase in
abundance 1owards the Kovsna Heads, where water salinities increase to that of sea water. Quinguelocyling
dunkerguicma and Trilocuding “oblonga”, found throughout the Ashmead Chamnel, as well as Trdocauding
trigonula and Triloculing tricarinate, found in scdiments on the eastern side of Thesen Island, probably live
in the Ashmead Channel, sinee these species thrive in waters with salinities slightly lower than sea water
(Table 4.2.1). Howewver, miliclid specics such as Miiofinelly subrotunds, Spirolocuding communis, ribbed
Spirofoculima sp. and frifoculing terguemivna, which normally live m Tittoral marine envirenments, were
probably washed inte the Ashmead Channel from the main channcl together with ether littoral foraminifera

and marine materiat.
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Figure 4.2.3 Ammonia parkinsoeiang niumbers In the Ashmead Channel
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Figure 4.2.4 Ammonia parkinsoniang tumbers in the main channel near the Ashmead Channel.
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Figure 4.2.5 Numbers of miliolids and Efphidinm species in the Ashmead Channel
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Figure 4.2.6 Numbers of Miliolid and Elphidium species in the main channel, samples 34 - 37
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Foraminifera, tvpical of littoral, shallow-marine environments are more dominant in sediments of the main
channel than in the Ashmead Channel (Fig 4.2.7). This is to be expected, since sediment type and water
salinities, temperatures and current activity in the main channel are more comparable to the littoral shallow-
marine environments, The Ashmead Channel is protected from turbulent current activity, has slightly Jower

water salinities, warmer temperatures and liner sediment,

Various saltmarsh species were found in the Ashmead Channel (Table 4.2.1). including Hapiophragmoides
witherti, Trochamming inflova, and Mifiawoning fusca (sample A5 and A6). Both Faplophragmoides and
Trechammineg species are found living an the saltmarsh surmoonding Thesen Tsland (Sumpson, 2001, and
were probably washed into the Ashmead Channel, Previous research in the Ashmead Channel by Simpson
{2001) also recorded Mifiamming fusca in the sediments north of Thesen Island. down-stope trom the
Knysna CRE arca, coinciding with samples A5 and A6, Since the presence of Miflamming fusca in the
sediments indicates [reshwater influcnce, this arca mnst be prone to precipitation runclt eom the surrounding
urban slopes. No saltmarsh Toraminilfera were recorded in the main channel samples near the Ashmead

Channel (Table 4.2.2).
Although numbers of the Efphidic/la species are relatively low in the Ashmead Channel. they are well
preserved, and other than the one recorded tn main channel sample 18, this is the only area in the Knysna

Tistuary where this species was recorded (Table 4.2.2).

Table 4.2.2 Compatring Ashmead and nearby main channel samples; saltmarsh and Eiphidiclla species.

]
Ashmead Channel Al AZ | AT | AL | AS | AS MMain channel sample 331234 (3536 .37

Elphidiefla sp. 1 2 5 Eiphidiefia sp.

Saltmarshforams | 10: 0| Q| 0] 1| 0 Saltrmarsh forams
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Figure 4.2.7 Littoral foramintfera in the Ashmead Channel compared to nearby main channel samples
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Littoral foraminifera include:
Ammonia japanica, Textularia conica, Gaudrying rudis, Spiroplecuinella sp.,
Cilabratelfa sp., Oofina species, Homotrema rubrum, Lavena species. Bulimine
species, Pararotalia mipponica, Cibicides refudyens, Lobatula lebatula, Cibicidoides
sp.. Planorbuling mediterranensis, Acerviding sp., Rosalina bradvi, Rosalina of

globwlaris, Poroepanides lateralis, and Gavelinopsis praegeri.
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4.2.4 FORAMINIFERA OF THE SEWAGE OUTLET

The sewage outlet is a small, shallow channel that drains the sewage-treatment-plant effluent into the
Ashmead Channel. Sewage-outlet sample 1 is near to the Ashmead Channel and sewage-outlet sample 2,
80m from sewage-outlet sample 1, is nearer to the sewage-treatment plant. The channel water has 0 %o
salinity, but increases slightly to 2 %o near the Ashmead Channel due to mixing with the Ashmead Channel
water (~33 %o). Sewage-outlet sample 1 contains much more foraminifera (33 individuals) and species (12)
per 20g sand than sewage-outlet sample 2, which had 10 foraminifera consisting of 4 different species per
20g sand. In both samples, ostracod numbers per 20g of the sand fraction were relatively high, (18 in sample
1, and 15 in sample 2). Eight species of ostracods were recorded in sewage-outlet sample 1 and four species
in sewage outlet sample 2. Most of the ostracods are living in both the sewage-outlet samples and flourish
here because of the abundant organic matter and the high nutrient content of the sediments, as well as the

protected nature of this region of the estuary.

Foraminifera recorded in these samples are, most probably, washed in from the Ashmead Channel and the
surrounding intertidal banks. Foraminifera that are transported into the sewage-outlet channel include
foraminifera from the saltmarshes on the intertidal banks, foraminifera that live in the Ashmead Channel, as
well as some that are transported into the Ashmead Channel from the littoral/shallow-marine environments.
Foraminifera washed from the saltmarsh areas include Trochammina inflata, which is found in relatively low
abundance in both sewage-outlet samples. Foraminifera that may live in the Ashmead Channel include
Ammonia parkinsoniana, a small Quingueloculina species with a flat, two-pointed tooth in the aperture,
Haynesina germanica, Elphidium cf. advenum, and a fat Triloculina species, which are all species that thrive
in salinities slightly lower than seawater. Foraminifera that may be washed into the channel, via the
Ashmead Channel, from marine waters near The Heads include Pararotalia nipponica, Rosalina cf.
globularis, Cibicides refulgens, Lobatula lobatula, and Cibicidoides sp. Serpulid worm tubes and shell

fragments recorded in the sediments are also evidence of marine material transported into this channel.
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4.2 3 FORAMINIFER A ON TLEISURE ISLE SANDFLAT AN THE CHANNEL BEHIND LLEISURE ISLE

T'he numbers of specics remains relatively constant across the sandfMut, southwest of Teisure [sle, and in the
channel behind Teisure Isle. However, the numbers of total foraminifera vary from sample 1o sample (Fig.
4.2 8). Foraminifera typical of littoral and shallow-maring environments are found in abundance araund
I.cisure Jsle, This is attributable to: Firstly, the marine salinitics and constant supply of new acean water
with every tidal vycle favours the survival of foraminifera that live in shallow-manne/littoral environments.
Secondly, the Leisure Isle sand[lat was formed by the continuous deposition of sediment, resufting from
decreused wave crcrgy in thig area whean occanic water is brought in through the tidal inlet on the flond-tide.
Foraminifera are depasited an the sand-bank adjoining Leisure Isle, resulting in the accumulation of, mainly,
littoral foraminifera. Few foraninifera may be transported by tidal action further upstream into the Knysna

Estuary,

Figure 4.2.8 Mumbers of foraminifera; individuals and species across the Leisure Isle sandftat.

Leisure lsle sandflat samples L1-L9 and the channel behind Leisure Iske (LO). !
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Tistuarine species such as dmmonia parkinsoniana (shown on Fig. 4.2.9), Triloculing trigomda, Elphidium
articularum, Elphidium advenam and Owinguelocaling dunkerquicma are relatively scarce. and some tests,
gapecially Oninguelocuiing dunkergquiona, are discoloured and abruded. In contrast, litoral species of
foraminifera, such as  Pararotalia nippoxica, Plamorbiding  meditervanensis,  Lobatula  loebatula,
Poroeponides  lateralis, Cihicides refuigens, Elphidinm  crispum, Elphidinm  macelinm,  Triloculing
ferquemigna, Trilocoling bertheliniong, Miliolineiln suwhrotundo, Ammonia japonica and agglutinated
Textuluric conica and Gaudring rudis are relatively abundant across the entire sandflat (Fig. 4.2.9). Well-
preserved tests of shallow-marine foraminifera sueh as Gofing, Logena, and Buliming species are also

recorded in the sedimments of the Leisure Isle sandilat (Appendix 4),  Elphidium of alvarezianum, which is
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relatively well preserved in some main-channel samples (18, 19, 29, 30, 30, and 37), is recorded and well

preserved in all the Leisure Iste sandflat samples (Appendix 4).

Figure 4.2.9 Distribution of the dominam species recorded across the Teisure Isle sandflat
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Sample LU from the channel behind Leisure Isle and Leisure [sle sandflat sample L3 have the highest
diversity of foraminifera, due to transpon and deposidon of sediment and foraminifera in these areas by the
flood tides. The channel behind Leisure Isle is permanently fitled with relatively shatlow (<1m), transparent,
oceanic water (>34 %o). This channel is ideal for foraminifera on account of its adequate refuge from
turbulent wave and current action, along with the relatively warm waters, particularly at low tide, as a resnlt

of being accessible 1o sunlight penctration and the shallow nature of the channel.

Sample L9 is relatively rich in foraminifera doe to its location beside the main channel, near the mouth of the
Knysna Estuarv, Foramunifera that reside in shallow-marine habitats thrive in this area becapse of the
constant supply of ocean water, and protection by The Heads, from the destructive action of breakers. Lower
numbers of foraminifera further up the sandflat, away from the main channel, can be the result of two
ecological factors: Firstly, living foraminifera in samples L1 to 1.3 seem to be competing with relatively high
numbers of living ostracods, as mentioned in chapter 3.3 (Fig. 3.3.8). Sccondly, this area is prope to
desicecation during low tides, which is unfavourable for foraminifera, and therefore most of the foraminifera
recorded on the upper sandflat are non-living (refer back to Fie. 33.6). Mreo, a two-chamber miliolid
recorded in samples 13 and L6 was also found living on the Leisure lsle sandflat and was not recorded
elsewhere in the estuary (Appendix 4).
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4.2.6 FORAMINIFERA OF MARINE SAMPLES

Marine samples collected for this study include the beach and rock pool samples from between the Knysna
Heads, Brenton-on-Sea beach and Noetzie beach. These samples all contain entirely littoral foraminiferal
assemblages. The Knysna Heads rock pools comprise a high-diversity assemblage (~35 species), with
abundant living foraminifera (~254 per 20g sand fraction). The species recorded in the Knysna Heads rock
pools were predominantly well preserved with few reworked or abraded specimens (Appendix Zi). The
Brenton-on-Sea and Noetzie rock pools contain foraminifera with relatively large tests. The sediment in
these rock pools consists of moderate numbers of well-preserved Poroeponides lateralis and Cibicides
refulgens specimens and a few larg;:, abraded Challengerella bradyi that were, most likely, reworked from
the Pleistocene beach-rock deposits. Other reworked material recorded in these rock podls, includes
Quingueloculina dunkerquiona, Cancris auriculus and a few abraded Pararotalia nipponica, Ammonia

Jjaponica and Elphidium advenum specimens.

The Brenton-on-Sea and Noetzie beach sediments contain littoral foraminifera similar to those from the
Leisure Isle sandflat, as well as reworked foraminifera that were probably transported by wave action from
the nearby rock pools. The beach samples collected below the waves contain a higher-diversity assemblage
(>100 foraminifera per 20g sand, including ~24 species) than samples from above the wave base (<100
foraminifera per 20g sand, including ~14 species). Most of the foraminiferal tests in the beach sediments are
abraded and/or broken, indicating transportation and accretion with coastal sediments, particularly since
foraminiferal numbers and test preservation decreases from the rock pool environments to sediment below
wave base, and in beach sediment above the high-water mark, respectively. The collection of foraminifera in

the beach sediments is therefore, generally, a non-living assemblage.
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427 TORAMINIFERA LIVING ON THE INTERTIDAL WETLANDS OF THE KNYSNA ESTUARY

Above the Zostera (eslgrass) meadows on the banks of the Knysna Fstuary, is a rich assemblage of
saltmarsh plants, which are varicusly inundated and exposed during the tidal ¢ycle. The interlidal marsh
areas ol the estuary cover un area of 1000 hectares (ha) and are second in size only to Langebaan Lagoon
on the west coast of South Africa (Maree, 2000). The plant-species diversity and disiribution of these
intertidal wetlands have been described by Maree (2000). The intertidal saltmarsh (850 ha), is dominated
by Sparting maritima and halophytic marsh plants such as Sarcocormia natalensis and Chenolea diffusa;
whereas lhe esluaring intertidal rush marsh (150 ha). is dominaled by Juncus kraussii. The Sparting-
dominated marsh areas generally occur in the lower reaches of the estuary at a level between mean sea
level and mean high-water neaps, whereas the estuarine interlidal rush marshes in the middle to upper
reaches of the estuary are characterised by reduced salinity, with the marsh surface occurring at a level
between mean high-water neaps and mean high-water springs (Adams ef af, [999). Studies by Simpson
(2001), Horton ef o, (1999, Jennings and Nelson (1992), Jennings ef af (1995), Scoll and Medioli
{1980a), Scott and Leckie (1990), Scott & ol {1996) and oihers, have proved that foraminiferal
assemblages, in conjunction with changes in the sediment type and vegetation, also have characteristic

zones of aceumutation from the channel to the upper-marsh areas (Fig. 4.2.100.

Figure 4.2.10 Variations in foraminiteral assemblages from the subtidal chanrel to the supratidal marsh
environment. {diagram from: Simpson, 2001)

Subitidal
channc]

Calcareous forariniferi

| Apghtinated foraminifera Faraminiferd rire o7 abseni

LWS: low water, spring tide. LWN: [ow water, neap lide. MSL: mean sea level, HWN: high water,
neap tide and HWS: high water, spring tide.
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Three localities, labelled saltmarsh transects a, b and ¢ were chosen to correlate with saltmarsh areas studied
by Maree (2000). “Transect a° 15 sited south-gast of Thesen Island, opposite the Ashmead Channel and is
representative of saltmarshes of the lower estuary, “Transect b” located wesl of the Railway Bridge. is
representalive of the middle reaches of the estoary: and * Transect ¢” is situated north of the White Bridge and
i5 representative of saltmarshes of the hyposaline, upper-eslvanae region of the Knysaa Estuary (Fig. 4.2.11}).
Saltmiarsh “a’ and Saltmarsh b’ have similar vegetative cover, dominated by Sparting maritime, Sarcocornia
natalensis and Chenolea diffusa (Fig. 4.2.11) aml both tansects consist ol foramimiferal assemblages

comparable to the intertidal saltmarsh areas surrounding Thesen Lsland (Simpson. 2001).

Figure 4.2.11 Saltmarsh sites selecled for this stedy; located 1z the lower, middle and vpper teaches ol the

Knysna Fstuary; and the distribution of saltmarsh vegetation aronnd the estuary.

|_| SO TR ErnEniey

B o A TR e Ty g TR
ORI Do runiby

B ey SN SO randy
U A0S0 SIS community

U Eomial Ve SN SO Tisnily
|__| SRR LTI
Hl Poeogmites cofier.any
; lesrsct vac etatin Salt marsh
Transeci g

Salt marsh
Transect ©

-
&
Y

Soale 50050

Sall marsh
Transecl b

Diagram adapled [rom Maree (20003, Publicalion in Transactions of the Roval Soclety 55 (2) for the
Knysna Basin Project (1995 1998),

Four samples were collected across Saltmarsh "2’ Sample ‘& 1 is sited in Zostera vegetative cover, ~T{I m
from the centre ol the Ashmead Channel. Sample *a” 2 is surrounded by Sparting maritima, 100 m from the
channel, Samples *a’3 and ‘a’d are approximately | 50 m and 200 o, respectively, from the chapnel. located

in halophytic marsh plants, Sarcocoraia nafalensis and Chenolva oiffusa (Fig 42113 Alter sample “a° 4 the
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vegetation becomes more terrestrial and foraminifera are scarce. Figure 4.2.12 illustrates the grain size
analysis and percentage organics across Saltmarsh ‘a’. The organics recovered from samples ‘a’ 3 and ‘a’4,
after washing and sieving the sediment, were different in colour and texture. The organic matter from
sample ‘a’ 3 was fibrous and light brown in colour, while the organic matter from sample ‘a’4 formed black
clusters. However, the abundance of foraminifera (Fig. 4.2.13) and the species of foraminifera in both these
samples was the same. Saltmarsh ‘a’ is dominated by one agglutinated species, Trochammina inflata (Fig.
© 4.2.14). Haplophragmoides wilberti was recorded, as a minor species, with the dominant Trochammina
inflata on the saltmarsh area surrounding Thesen Island (Simpson, 200 1.), and therefore may be living in fhe
lower- and middle-estuarine saltmarsh sediments, although not recorded in the samples collected for this

study. -

Five samples were collected across Saltmarsh ‘b’, west of the Railway Bridge. This transect was measured
from a subsidiary channel, running parallel with the main channel of the Knysna Estuary. Sample ‘b’1 is
located ~50 m from the channel, within Sparting maritima vegetation. Samples ‘b’2 and ‘b’3 are ~70 m and
~250 m from the channel, respectively, with vegetative cover consisting of halophytic marsh plants such as
Sarcocornia natalensis and Chenolea diffusa. Sample ‘b’4 is sited within a tributary channel, with no
vegetation, ~570 m from the channel, and sample ‘b’5, ~ 650 m up the transect, is located within dry Juncus-
type vegetation (Fig. 4.2.11). Organic matter collected from samples near to channel-type areas (i.e. samples
‘b’ 1, 4 and 5) is scarce, light brown and fibrous, whereas samples associated with halophytic marsh plants
(samples ‘b’ 2 and ‘b’ 3) contain a large proportion of organic matter composed of black clusters (Fig.
4.2.15). Samples ‘b> 2 and ‘b’ 3 are rich in foraminifera (Fig. 4.2.16), consisting only of Trochammina
inflata, while samples ‘b’ 1, 4 and 5 contain far fewer foraminifera, and include Miliammina fusca, as well as
a few calcareous Elphidium spp. and Ammonia parkinsoniana (Fig. 4.2.17). The samples analysed from
Saltmarsh ‘b’, therefore, illustrate that foraminiferal species and abundance seem to be related to the
abundance of organic matter, which, in this case, coincides with variation in type of organic matter. The
presence of foraminifera such as agglutinated Miliammina fusca and calcareous Ammonia parkinsoniana (in
low abundance) near the channel and in a sub-channel in the upper marsh of transect ‘b’ suggests some
freshwater influence in the middle-estuary (Fig 4.2.17). In the wet season, enhanced flow from the Knysna
River with additional surface and groundwater runoff from the urban slopes surrounding the estuary, results
in lowered salinity conditions in the middle reaches of the estuary. The lower estuary is flushed every tidal

cycle and, due to being readily open to the ocean, is not affected in the wet season.

Transect ‘¢’ is distinct from the lower and middle reaches of the Knysna Estuary, in terms of vegetative
cover and microfauna. Two samples were collected from Saltmarsh ‘c’, north of the White Bridge, due to
the narrow intertidal area in this region of the estuary. Sample ‘c’ 1 was located closer to the main channel
of the estuary than sample ‘c’ 2, which was ~50 m from the main channel. According to Maree (2000), the
vegetation in this region of the estuary consists of the Juncus/Samolus community (Fig. 4.2.11). Both
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samples contain a moderate abundance of organics (Fig. 4.2.18). Sample ‘¢’ 2 has a greater mud fraction and
more foraminifera {Fig. 4.2.19) than sample ‘¢’ | Miiammeiea fusca s the dommnant saltmarsh specics in
this reeion of the estuary with Trochamming infiata as the sub-dominant species (Fig, 4.2.20). Figore 4.2.21
illustrates the variation in the dominating species of foraminifera for the three selected saltmarsh sites geross

the Knysna bstuary.

Saltmarsh “a’: south cast of Thesen Island

Figure 42,12 Saltmarsh *a’: Sediment grain size analysis.
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Transecl *B: Salimarsh west of the Railway Bridec

Figure 4.2,15 Saltmarsh *b’: Grain size analysis
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Figure 4.2,16 Salimarsh *b"; Relative abundance of foraminifera up the saltmarsh
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Transect e: Saltmarsh north of the White Bridye, in the upper reaches of the cgtuary

Figore 4.2.18 Saltmarsh “¢’: Gram sizc analysis
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Figure 4221 Foraminiferal species variation for selecied salimarsh sites across the Knysna Estuary
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4.3 LIST OF FORAMINIFERA RECORDED IN THE KNYSNA ESTUARY

Total number of species = 105
Total number of genera = 56

Agglutinated intertidal marsh
species

Miliammina fusca
Trochammina inflata
Haplophragmoides wilberti
Haplophragmoides canariensis
Ammonia species

Ammonia parkinsoniana s.1.
Ammonia japonica

Elphidium species

Elphidium cf. articulatum
Elphidium articulatum
Elphidium advenum

Elphidium cf. advenum
Elphidium cf. alvarezianum
Elphidium crispum

Elphidium macellum
Elphidiella sp.

Elphidium gunteri
Planktonics

Globigerina sp.

Globigerina bulloides
Globigerina quinqueloba
Globbigerinoides ruber
Globigerinella equilateralis
Globorotalia inflata
Globoguadrina dutertrei
Neogloboquadrina pachyderma
Estuarine species

Ammonia parkinsoniana s.1.
Haynesina germanica

Rotalia gaimardii

Triloculina "oblonga”
Quinqueloculina dunkerquiana
Relatively rare marine species
Gypsina sp.

Uvigerina sp.

Chrysalidinella dimorpha
Cassidulina laevigata
Planispirillina sp.

piece of Nubecularia lucifuga

Littoral species

Pararotalia nipponica
Cibicides refulgens
Cibicidoides pseudoungerianus
Poroeponides lateralis
Lobatula lobatula
Planorbulina mediterranensis
Acervulina sp.

Acervuling inhaerens
Glabratella sp.

Glabratella australensis
Rosalina bradyi

Rosalina williamsoni
Rosalina cf globularis
Gavelinopsis praegeri
Shallow-marine species
Lagena semilineata

Lagena striata

Lagena leavis

ribbed Lagena sp.

Lagena cf Iyelli-

Lagena sp.

Oolina melo

Oolina cf. melo

Oolina hexagona

finely ribbed Oolina sp.
Oolina sp. A (McMillan, 1987)
Oolina squamosa

Glandulina sp.

Cyclogyra orbicula

Bulimina marginata
Bulimina elongaia

Bulimina orangensis
Brizalina striatula

Brizalina pseudopunciata
Agglutinated marine species
Siphonaperta martinae
Textularia conica
Graudryina rudis
Spiroplectinella sp.
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Miliolids

Triloculina "oblonga”

Triloculina trigonula

Triloculina tricarinata

Triloculina terquemiana

Triloculina bertheliniana

Triloculina fichteliana .
fat Triloculina sp.

flat, ribbed Triloculina sp.

elongate Triloculina sp.
Quinqueloculina cf. vulgaris
Quingueloculina dunkerquiana
Quinqueloculina seminulum
Quinqueloculina contorta
Quinqueloculina lata
Quinqueloculina cf curta (reworked)
little Quinqueloculina sp.

narrow Quinqueloculina sp.

finely ribbed Quinqueloculina sp.
Quingueloculina sp. with no tooth
Spiroloculina communis

ribbed Spiroloculina sp.

Miliolinella subrotunda

Miliolinella circularis

thin elongate Miliolinella sp.

Pyrgo sp.

Reworked shallow-marine foraminifera
All Latest Pleistocene in age
Lenticulina sp.

Challengerella bradyi (latest Pleistocene)
Challengerella cf bradyi

Hyalinea balthica

flat Planularia sp.

Notorotalia clathrata

Brizalina sp.

Orange Quinqueloculina dunkerquiana
Other reworked foraminifera
Nonion boueanus

Ehrenbergina cf. healyi (Early Miocene)
large Cibicidoides sp. (Eocene)
Cancris cf. auriculus(Miocene)



Figure 4.3.1 Distributions and relative abundance across the Knysna Estuary of some important
species of foraminifera.

Solid dot represents species presence in sediment;
Size of dot represents relative abundance of that particular species
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5. USING FORAMINIFERAL ASSEMBLAGES AS AN AID IN ESTABLISHING
ECOLOGICAL REGIMES WITHIN THE KNYSNA ESTUARY

Foraminiferal assemblages from this study are primarily from the subtidal channel and include foraminifera
that have been transported into the sample sites from other parts of the channel, such as from the saltmarsh
environments and the open ocean or littoral environment; therefore rendering an assemblage including living,
dead (recent) and reworked (fossil) tests. Variations in foraminiferal assemblages usually correlate to
changes in environmental parameters, such as pH, salinity, depth, light intensity, dissolved oxygen
concentrations, current strength, turbidity, calcium carbonate and trace element content, nutrient content and
sediment type (Boltvoskoy and Wright, 1976). A study by Lidz and Rose (1989) concluded that faunal
assemblages, rather than individual species of foraminifera, are diagnostic environmental indicators, since
many species range over several faunal zones. Foraminifera found in the Knysna Estuary can be divided into
the following assemblages: a littoral/ sub-littoral assemblage, from high energy beach and rock pool
environments near the Knysna Heads and along the coast; a shallow-marine assemblage indicative of
relatively sheltered environments that are constantly covered by seawater; an estuarine assemblage,
containing species that live in fairly sheltered waters with relatively long residence times and salinities
slightly lower than seawater; an upper-estuarine, hyposaline assemblage, influenced by fresh river inflow; a
mudflat/ saltmarsh assemblage living on the intertidal wasteland areas surrounding the estuary; and a
localized assemblage of Elphidiella species in the Ashmead Channel (Fig. 5.1). Cooper and McMillan
(1987) recorded similar foraminiferal assemblages in the Mgeni Estuary, near Durban.

The littoral/ sub-littoral assemblage

This assemblage consists mainly of genera which are adapted to high-energy, surf-zone conditions. The
dominant species in the littoral assemblage include Cibicides refulgens, Lobatula lobatula, Poroeponides
lateralis, Planorbulina mediterranensis, Glabratella sp., Pararotalia nipponica, ornamented Triloculina and
Quinqueloculina species, and Elphidium species such as Elphidium crispum. Most of these species live
attached to a substrate of either rock or seaweed in the intertidal and subtidal zones (Haynes 1981, and Lipps,
1993), and have trochospiral and planoconvex tests, which are fairly strong, enabling them to live in these
high-energy environments. Elphidium is a common inhabitant of marginal-marine and high-energy
environments, and is a familiar resident in lower energy environments such as estuaries and lagoons
(Boltovskoy and Wright, 1976). Foraminifera from this assemblage have been noted in the marine-derived
sands near the mouth of the estuary, the Leisure Isle sandflat, in the channel behind Leisure Isle, in the beach
sand at Brenton-on-Sea and Noetzie, as well as in rock pools at the Knysna Heads, Noetzie, and near
Brenton-on-Sea. Sediments in these areas are generally fine, well sorted sands, consisting predominantly of

sub-rounded to rounded quartz grains and abundant calcareous shell fragments and algal material.
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Also associated with this assemblage are a moderate amount of reworked and broken foraminifera, many of
which are Pleistocene in age (Cooper and McMillan, 1987). Some younger specimens of latest Pleistocene
to early Holocene also occur. An abundance of reworked tests is generally indicative of high-energy
environments, most of which derive from erosion of partly cemented Pleistocene highstand deposits at the
base of the Knysna Heads and along the s;uth coast. Their presence in the estuarine sediments is attributed
to storm action and longshore drift (Cooper and McMillan, 1987).

Shallow-marine assemblage

This is generally a high-diversity assemblage of planktic and benthic foraminifera that generally have less
robust tests than littoral species. Most of the benthic genera in this assemblage inhabit the shallow (<100 m
depth) continental shelf areas, while the planktic species are open-ocean, as well as continental-shelf dwellers
(Haynes, 1981). Typical benthic genera in the assemblage include Planispirillina, Lagena, Oolina, Brizalina
and Bulimina species. Shallow-marine foraminifera are therefore less abundant in the mobile sands between
the Knysna Heads, and are best preserved in the more sheltered areas in the lower reaches of the estuary,
such as in the channel behind Leisure Isle and in the main subtidal channel near the Ashmead Channel.
Planktic species such as Globigerina bulloides, Globigerina calida, Globoquadrina dutertrei, and
Globigerinoides ruber are found in the Knysna Estuary, although they are generally scarce. Their tests are
more porous than benthic tests and can be carried further up the estuary in suspension. Most planktic species
are fully marine, although Globigerina bulloides and Globigerinoides ruber can tolerate salinities as low as
30.5 %o (Haynes, 1981). It is probable that the presence of planktic species in the Knysna Estuary is due to
the death of these foraminifera, which have then been transported from the sea and into the estuary by the
flood tides and deposited on the channel beds during the high-tide slack (Cooper and McMillan, 1987).

Estuarine assemblage

The estuarine assemblage is best established where the salinity drops to approximately 32 %o and waters are
less turbulent. Characteristic foraminifera of this assemblage include Admmonia parkinsoniana (in high
numbers), Rotalia gaimardii and Haynesina germanica, which are typical estuarine species of foraminifera
Other species that thrive in salinities slightly lower than seawater are Elphidium articulatum, Elphidium cf.
articulatum, Elphidium advenum, Triloculina “oblonga”, Triloculina trigonula, Triloculina tricarinata and
Quingueloculina dunkerquiana, which are well preserved and relatively abundant in samples that include the
estuarine assemblage. Main channel samples, which best illustrate this assemblage are samples 18 — 28,
which are situated from ~2 km seaward of the White Bridge to ~1 km downstream of the Railway Bridge.
No Rotalia gaimardii were found upstream or downstream of this area and Ammonia parkinsoniana numbers

were highest in this region of the Knysna Estuary.
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Upper-estuarine, hyposaline assemblage
The low-salinity (0 %o - 20 %) of the brackish upper-estuarine waters results in a low-diversity foraminiferal

assemblage (Murray, 1973; Haynes, 1981). The Upper-estuarine/ hyposaline assemblage is dominated by the
rotaliid Ammonia parkinsoniana with some arenaceous Miliammina fusca. Ammonia parkinsoniana is
common in estuarine and low-salinity environments around the world, whereas Miliammina fusca is
generally most abundant in channel sediments and surrounding mudflats of the upper, hyposaline reaches of
an estuary (Cooper and McMillan, 1987). Since Miliammina fusca was abundant on the marsh areas
upstream of the White Bridge (N2), they were probably washed into the channel from the surrounding
mudflats. Many of the Miliammina species found in the channel north of the White Bridge are bleached

(cream colour, instead of orange), which is additional evidence of transport from the intertidal marshes.

- Mudflat / saltmarsh assemblage
Sediment in these areas consists of more than 90 % mud (< 63 um), deposited by suspension settling from

the estuarine waters when the banks of the estuary are covered with water during flood and spring tides.
Saltmarsh vegetation on the mudflats effectively traps the fine grained sediment. These areas are prone to
desiccation during low tide, creating relatively saline conditions, resulting in the disintegration of calcareous
foraminiferal tesfs, which dissolve in these hypersaline conditions (Simpson, 2001; Boltvoskoy and Wright,
1976). The mudflat assemblage consists essentially of arenaceous foraminifera such as Trochammina inflata
and some Haplophragmoides wilberti (recorded by Simpson, 2001), which thrive on saltmarsh areas in the
middle and lower estuary. Trochammina inflata occurs globally on intertidal and estuarine mudflats
(McMillan, pers. comm. 2001; Cooper and McMillan, 1987). Miliammina fusca, associated with Juncus or
rush wetlands, is the dominant species in the upper reaches of the Knysna Estuary. These species are
associated with mangroves and mudflats worldwide and are tolerant of lowered salinity and low-alkalinity
conditions (Haynes, 1981). An inundation gradient occurs along the banks of the estuary and both the
vegetation and the foraminifera experience different tidal regimes with regard to height above or below sea
level. Foraminiferal assemblages on the intertidal mudflats are directly related to elevation above mean sea-
level, with the duration and the frequency of intertidal exposure as the most important factors (Horton ef al.,
1999; Scott and Medioli, 1980a).

Localized assemblages

A species of foraminifera, Elphidiella sp., is only recorded living (very well preserved) in the Ashmead
Channel. One Elphidiella species was found in the main channel of the Knysna Estuary in sample 18, ~2 km
seaward of the White Bridge, but this specimen was probably transported upstream by tidal action.
Unfortunately, records of the Elphidiella species are rare, especially around the South African coastline, and
its preferred habitat is not clearly understood. 1t is therefore difficult to clarify why a small population of this

species is living in the Ashmead Channel. An explanation may be the high nutrient content within the
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sediments and the shelered. lirly shallow and relatively wann waters of the subtidal environment in the
Ashmead Channel,

Fiaure 5.t Furaminiferal assemblages and their distribulion in the Knysna Esluary
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ESTUARINE REGIMES OF THE KNYSNA ESTUARY

Studies of modern estuaries have shown that they are characterised by low-diversity assemblages of living
benthic foraminifera (Wang and Murray, 1983). Offshore, living foraminiferal assemblages are generally
more diverse than those of estuaries (Murray, 1973). According to Wang and Murray (1983), the transport of
marine foraminifera into an estuary increases with an increase in tidal influence. Foraminiferal tests are
transported as bedload and predominantly in suspension. Foraminifera that are carried in suspension are
generally very small (<200 pm) and include many open-marine speéies. When they are dropped from
suspension on the slack tide and deposited in the sediment of the estuary, they lead to higher-diversity
assemblages in environments where the diversity of the living assemblage is low. As faunal dominance is
partly related to diversity, species dominance generally decreases with increasing diversity (Wang and
Murray, 1983). The abundance of exotic tests shows a progressive increase with increased tidal strength, and
since the Knysna Estuary is open to the southern Indian Ocean, a large proportion of the estuarine sediment
will include both local (estuarine) and exotic (marine) species. For that reason, samples collected upstream
of the Knysna Heads vary, with decreasing oceanic influence, in the abundance and diversity of foraminifera.
These variations in foraminiferal numbers and assemblages can be used to infer estuarine regimes within the

Knysna Estuary.

Largier et al. (2000) divided the Knysna Estuary into three regimes according to their thermohaline or
hydrographic character. The “bay regime” in the lower estuary, contains water that is primarily oceanic and
negligibly influenced by river inflow or residence in the estuary. The “lagoon regime” in the mid-estuary
(generally between the White Bridge and the Railway Bridge), consists of waters that are diluted little by
river inflow, but are warmer and have salinities slightly lower than seawater, due to long residence times in
the relatively shallow, meandering channel, resulting in retention of freshwater runoff from the slopes
surrounding the estuary;, and the “estuary regime” in the upper estuary, which is significantly influenced by

river inflow.

These regimes correspond to changes in water type, tidal velocities, depth and sediments. Microfauna living
in the channel sediments are influenced by these changes and foraminiferal assemblages reflect the changing
environmental conditions and sediment types. For this study, regimes were determined across the Knysna
Estuary according to the tolerance limits of certain species, which are indicated by the dominance and
existence of particular species of foraminifera, total numbers of foraminifera, and the percentage of littoral
foraminifera. Alterations in the foraminiferal assemblages recorded in the sediments of the main, subtidal
channel are related to ecological changes across the estuary (Table 5.1, Fig. 5.2 and Fig. 5.3). The following

regimes were established across the main channel of the Knysna Estuary:
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The Bay Regime

Bay-regime waters are comparable to other bays along the South African coast and are characterised by near-
oceanic salinities, generally above 34 %o. This regime expands on the flood tide, filling the lower estuary to
7.5 km from the mouth during spring tides, and to 4 km during neap tides (Largier et al., 2000). Flushed
every tidal cycle by tidal pumping and tidal diffusion, the Bay regime exhibits a ready import and export of
water-borne material, including nutrients, larvae, plankton, foraminifera and pollutants, regardless of the
strength of river flow. The character of this regime is thus set more by offshore and shallow marine-waters
than by estuarine hydrodynamics. Current velocity in the water column between the Knysna Heads reaches a
maximum of ~1 m/s at spring low tide (Largier ef al,, 2000). A combination of strong tidal currents and
swell action suspends sediment particles from the channel bed, which, together with shelf-derived
constituents and reworked material from the erosion of the surrounding coastal rocks, are transported into the
estuary. Due to the high energy in this region of the estuary, fragile foraminifera do not survive and the
sediment comprises a scarce, low-diversity, littoral assemblage of robust foraminifera. A small number of
planktic species were recorded in the surface waters at the Knysna Heads (refer to Appendix 2), however
they were absent in the channel sediments between The Heads (Table 4.1). Planktic foraminifera do not
survive in the sediments of this area due to their fragile test structure. Instead, planktic foraminifera that float
into the estuary are transported and deposited further upstream, and most of those documented are found in

the Lagoon regime, seaward of the Railway Bridge.

Main channel samples 36 and 37, ~3 km landward of The Heads, contain the greatest diversity of
foraminiferal species and this area appears to be the transition zone from the Bay regime to the Lagoon
regime. Seaward of this area (in the Bay regime), species such as Miliolinella subrotunda and Ammonia
Jjaponica become prominent in the foraminiferal assemblage. Elphidium crispum tests are well preserved and
i‘elatively large. Littoral foraminifera such as Poroeponides lateralis, Cibicides refulgens, Pararotalia
nipponica, Planorbulina mediterranensis and Lobatula lobatula dominate the microfaunal assemblage, and
estuarine foraminifera such as Triloculina “oblonga”, Triloculina trigonula, Ammonia parkinsoniana,
Quinqueloculina dunkerquiana, Elphidium articulatum and Elphidium advenum decrease rapidly in
abundance. Cassidulina laevigata and Sigmoilina sp. (foraminifera from the inner continental shelf) are

recorded to be well preserved in this transition zone (Table 5.1).

The Lagoon Regime

The Lagoon regime is characterised by aged salt water with little direct freshwater influence. Salinities are
of the order 30 - 34 %o (Figure 5.2). With limited river inflow, shallow depths and strong tidal flow, these
waters are typically well mixed (Largier et al., 2000). Long residence times of 1 — 2 weeks (Refer back to
Fig. 1.3.4) in this region of the estuary are indicated by relatively high water temperatures observed during
warm weather (Largier er al., 2000). According to Largier ef al. (2000), the seaward limit of the Lagoon
regime extends close to the mouth during low tide, but is in the vicinity of the Railway Bridge at high tide.
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The upstream limit of the Lagoon regime varies with tidal phase and variations in the rate of river discharge,
but seldom extends upstream of the White Bridge (Largier et al., 2000). Sediment on the channel bed
consists of moderately to well sorted, fine-medium sand with relatively little marine material (Table 1,
appendix 3). Sediment colour varies from one location to the next. Some samples are light grey in colour,
consisting of fine-medium sand and may contain abundant estuarine gastropocis, such as Protomelila
capensis, while others consist predominantly of very fine grained, dark-brown sediment that has been eroded

from the nearby saltmarshes.

The Lagoon regime contains some shallow-marine and littoral species that have been transported upstream
with the flood tides, but it is characterised by the occurrence of the estuarine foraminiferal assemblage
including: Ammonia parkinsoniana, Haynesina germanica, Rotalia gaimardii, Elphidium articulatum,
Elphidium advenum, Triloculina “oblonga” and Quinqueloéulina dunkerquiana. Ammonia parkinsoniana is
most abundant in the Lagoon regime and gives way to Ammonia japonica near the tidal inlet of the estuary,
indicating the transition to the Bay regime (Table 5.1). The appearance, or disappearance, of some species in
the foraminiferal assemblage subdivides the Lagoon regime into 4 zones (sub-regimes): the ‘marginal
Lagoon regime’, which is essentially a transition zone from the Bay regime to the Lagoon regime, the ‘lower
Lagoon regime’, the ‘middle Lagoon regime’ and the ‘upper Lagoon regime’, furthest upstream (Table 5.1
and Fig. 5.2). Diversity decreases from the ‘marginal Lagoon regime’ to the ‘upper Lagoon regime’. The
‘marginal Lagoon regime’ contains the highest diversity of foraminifera in the Knysna Estuary. In order to
correlate with the progression of samples, as shown in Table 5.1, the different zones/sub-regimes of the
Lagoon regime shall be discussed downstream, from the ‘upper Lagoon regime’ to the ‘marginal Lagoon
regime.” Hence, observing the change in foraminiferal assemblages with an increase in tidal/marine

influence.

The ‘upper Lagoon regime’ (samples 17 - 19) is characterised by abundant Ammonia parkinsoniana, sub-
dominant estuarine foraminifera such as Haynesina germanica, Elphidium articulatum, Elphidium advenum,
Elphidium cf. alvarezianum, minor abraded littoral species such as Elphidium crispum, Pararotalia
nipponica, Lobatula lobatula,, minor shallow marine species such as a ribbed Lagena sp., Oolina cf. melo,
Bulimina marginata and one planktic species (Table 5.1). The ‘middle Lagoon regime’ (samples 20 - 28)
has a similar assemblage of foraminifera as the ‘upper Lagoon regime’, but is characterised by the
appearance and limited extent of the estuarine species, Rotalia gaimardii, and the appearance of estuarine
miliolids such as Triloculina “oblonga”, Triloculina trigonula, Triloculina tricarinata, and Quinqueloculina
dunkerquiana. Littoral species increase in abundance as well as diversity, and species such as Spiroloculina
communis, Quingueloculina contorta, Quingueloculina cf. vulgaris, Poroeponides lateralis and agglutinated
Textularia conica and Gaudrina rudis become apparent. Some Pleistocene (reworked) Challengerella
bradyi are also recorded in the ‘middle Lagoon regime’ (Table 5.1). The ‘lower Lagoon regime’ (samples 29

- 34) shows decreasing numbers of Ammonia parkinsoniana and Elphidium articulatum, the greatest
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abundance of Triloculina “oblonga”, the termination of Triloculina tricarinata and contains no estuaarine
Haynesina germanica or Rotalia gaimardii. The ‘lower Lagoon regime’ has increased diversity of littoral
and shallow-marine foraminifera compared to the ‘upper’ and ‘middle’ Lagoon regime (Table 5.1). The
‘marginal Lagoon regime’ (samples 35 - 38) contains the highest diversity of foraminifera in the Knysna
Estuary and shows a rapid increase, downstream, in the percent littoral foraminifera within the sediment
samples of the Lagoon regime (Fig. 5.2). Triloculina “oblonga” and Triloculina trigonula decrease in
abundance, compared to samples further upstream, and Quingueloculina dunkerquiana specimens are
predominantly reworked (abraded and orange in colour). Ammonia j&ponica and Miliolinella subrotunda
appear in the sediment samples and Pararotalia nipponica, Cibicides refulgens and Elphidium crispum (all
littoral foraminifera) dominate the assemblage with abundant, but sub-dominant, Ammonia parkinsoniana.
Numbers of reworked foraminifera increase and some shallow-marine (Lagena and Oolina species) and

planktic species are recorded in the ‘marginal Lagoon regime’.

The Barren Regime

There is an absence of both foraminifera and ostracods in the main channel samples from approximately 1.5
km downstream to ~ 400 m upstream of the White Bridge (samples 10 - 16). However, the mudflat areas on
the banks of the channel do contain relatively abundant agglutinated foraminifera consisting predominantly
of Miliammina fusca with sub-dominant Trochammina inflata. Since this study focussed on the channel of
the Knysna Estuary, this area has been termed the Barren regime. Foraminifera recorded in the channel
sediments include two saltmarsh species and eleven specimens of Ammonia parkinsoniana. Foraminifera are
therefore scarce in this region of the Knysna Estuary compared to the rest of the estuary. The reason for the
absence of foraminifera is unknown, but contaminants from the N2 highway, which crosses the White
Bridge, may possibly be polluting the water and adding toxic metals to the sediments under the bridge, since
the roadside drains directly from the White Bﬁdge into the estuary. Allanson et al. (2000) investigated the
chemistry of the water column with particular reference to nutrients, suspended solids and the levels of toxic
materials such as heavy metals, polynuclear hydrocarbons and polychlorinated biphenols in the estuary.

However, their research was restricted to the Ashmead Channel and the oyster beds in the middle estuary.

The Estuary Regime

The Estuary regime has water with salinities of less than 30 %0 and often exhibits stratification. The low
salinities, particularly of the surface waters, are accounted for by the inflow of fresh water from the Knysna
River and weak tidal currents. The channel sediment is dominated by fluvially-derived, poorly sorted,
gravel, pebbles and cobbles, composed of Table Mountain Group (Peninsula Formation) sandstone and
quartzite fragments. The Estuary regime is defined by two species of foraminifera (very low diversity) that
make up the upper-estuarine/hyposaline assemblage. Calcareous Ammonia parkinsoniona s.l. and

agglutinated Miliammina fusca, which may have been transported from the intertidal banks.
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The River Regime

The River regime contains catchment-derived water and sediment that is transported into the estuary from the
Knysna River. This regime dominates the area north of the Charlesford weir; ~18 km from the tidal inlet of
the estuary, but since the Knysna River was not included in this study, representative samples for this regime
were not collected. Main channel samples 1 and 2 consist of fresh (0 — 2 %), relatively acidic water, flowing
on a poorly-sorted, immature channel bed and contain no foraminifera. These samples are therefore included

into the lower limits of the River regime.
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Figure 5.2 Determining regimes across the Knysna Estuary with respect to; salinity changes. pereentage

littora! foraminifera, and foraminilera species numbers.
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Figure 5.3 Regimes of the Knvsna Estuary according to salinity gradients and foraminiferal data:

Also indicating the main-channel sample locations relative to these repimes.
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6. DISCUSSION

Estuaries can be classified according to the degree of mixing of fresh water and seawater, into three
categories: stratified, partially mixed and well mixed. (Largier ef al., 2000). Most of the Knysna Estuary is
well mixed, since marine water is transferred readily through the Knysna Heads. It is perhaps more accurate
to refer to this estuary as an embayment, which is almost entirely marine dominated (Largier ef al., 2000),
receiving variable flow (0.09 m*/s.- >9 m’/s) from the Knysna River at Charlesford, some 18 km upstream of
the tidal inlet. The total area of the estuary is 1827 ha (Grindley, 1985), of which 1000 ha is intertidal and
supratidal marsh (Maree, 2000). The Knysna Estuary is well suited for investigating microfossil
assemblages, since it has an ideal climate, transparent water and a diversity of habitats, which sustain the
richest abundance of fauna and flora along the South African coast (Day ef al,, 1952 and Day, 1967). Itis
also open to the sea throughout the year, thus samples collected at a single time of the year are representative

of the average conditions (Benson and Maddocks, 1964).

The distribution of foraminifera in the Knysna Estuary can be documented, but the reasons for those
distributions are complex. A variety of interrelated biotic and abiotic factors control microfaunal
distributions, and changing levels of importance of these factors from place to place have proven difficult to
unravel (Lipps, 1993). A total of 105 Species from 56 Genera of foraminifera were recognised in the Knysna
Estuary. Displaced and reworked tests of early Holocene to Pleistocene age include ~10 species (refer to
chapter 4.3). Of the benthic foraminifera in the Knysna Estuary, 9 truly estuarine species were recorded,
including Ammonia parkinsoniana s.1., Elphidium articulatum, Elphidium advenum, Haynesina germanica,
Rotalia gaimardii, Triloculina “oblonga”, Triloculina trigonula, Triloculina tricarinata and
Quinqueloculina dunkerquiana. 4 Saltmarsh species were found, including abundant Trochammina inflata,
and subdominant Haplophragmoides wilberti in the lower and middle estuary, and Miliammina fusca in the
upper-estuarine marsh areas. 14 Calcareous littoral foraminifera and 4 agglutinated littoral foraminifera were
recognized. 19 Calcareous shallow-marine foraminifera were recorded. 8 Species of Elphidium and 1
Elphidiella species were found. 25 Species of miliolids were documented, including 9 Triloculina species,
10 Quingueloculina species, 3 Spiroloculina species, 3 Miliolinella species and 1 Pyrgo species. Although
scarce and in low abundance, 8 planktic foraminifera were recorded within the sediments of the Knysna

Estuary. These species have been illustrated in Appendix 5.

Wang and Murray (1983) were able to correlate foraminiferal assemblages with tidal range and the degree of
mixing of fresh water and salt water in estuaries. Planktic tests are transported furthest in suspension,
designating the landward limit of marine influence (tidal range) in the estuary. The most-upstream record of
a planktic foraminifera in the Knysna Estuary is in sample 17, just downstream of the White Bridge. Wang
and Murray (1983) divided estuarine foraminiferal assemblages into: (a) indigenous estuarine species,

adapted to marginal-marine salinity conditions, living in the channels, on the tidal flats and on the marshes;
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(b) open-marine (exotic) species, carried into estuaries by tidal currents, either as bedload or in suspension;
and (c) reworked or transported foraminiferal tests derived from erosion of pene-contemporaneous or older
sediments. Foraminifera from each of these categories have been recognised and recorded in the Knysna

Estuary (refer to Ch. 5).

Day (1967) suggested five controlling factors responsible for species richness or poverty in estuaries. Among
these, the erosion of the drainage basin, which determines the water clarity and hence the richness of aquatic
vegetation, and the width and permanence of the estuary inlet, which affects the tidal range and wave action
in the estuary, are of particular relevance to this study. Day (1967) also stresses the importance of shelter in
the lives of estuarine animals. Calm-water species (including foraminifera) possess the ability to survive in
sheltered water as well as a tolerance to reduced or varying salinity. The availability of food is another
fundamental factor controlling species richness or poverty. The fundamental, and possibly primitive, role of
foraminifera seems to be as consumers of minute organisms and detritus and once they have assimilated some

of the energy available at this level, it can be passed onto larger organisms on higher trophic levels.

The largest numbers of foraminifera around the Knysna Estuary were recorded on the saltmarsh areas
neighbouring the channels and in the rock pools near the mouth of the estuary. The intertidal marshes
support many agglutinated foraminifera, but species diversity is very low. The rock pools between the
Knysna Heads contained abundant calcareous, littoral foraminifera of moderate diversity. Marine marshes
contain an abundance of organic detritus, bacteria and epiphytes of various kinds (Lipps and Valentine,
1970), which can sustain large numbers of foraminifera. The microcarnivores that feed on foraminifera in
these muddy environments are diverse and some detritus feeders, such as some species of gastropods and
possibly mud prawns, incidentally include foraminifera in their diet (Lipps and Valentine, 1970).
Considering the foraminifera-rich rock pools near the Knysna Heads; rocky-bottom communities are
generally associated with turbulent environments and there tends to be little fine detritus present..
Nevertheless, organic detritus does collect in the rock cervices and mats of megascopic algae. Bacteria,
diatoms and other unicellular algae live in these places and can sustain foraminiferal populations (Lipps and
Valentine, 1970). Foraminifera living in these environments attach themselves to the substrate by use of
either pseudopodia, an organic membrane, or by means of a calcite layer (Lipps, 1993). Some gastropods
and small grazing metazoans regularly ingest foraminifera that live in the rock pools (Lipps and Valentine,
1970).

In general, as grain-size increases in sedimentary substrates, the amount of organic matter present declines.
Therefore, as one traverses from the finer-grained mudflats to more sand-rich, subtidal channel communities
there is less organic debris and bacterial abundance probably declines as well (Lipps and Valentine, 1970).
Standing crops of foraminifera are therefore expected to decline in sand-rich sediments as their food sources

diminish, which would help explain (together with the turbulent waters in the tidal inlet) the decrease in
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numbers of foraminifera near the mouth of the Knysna Estuary. Foraminifera are nevertheless present and
locally diverse in coarse sands and many foraminifera that live in sandy sediments have special feeding
habits which are almost certainly associated with the low food supply. For example, species of Elphidium

extend pseudopodial nets which cover relatively large areas (Lipps and Valentine, 1970).

Ostracods were not found in the sand-rich sediments of the marine-dominated areas. Ostracods can move
more efficiently than foraminifera, since they are arthropoda with appendages that extend beyond their
microscopic bivalve shells, which can be used for swimming. They can therefore move to where food is
more readily available (McMillan, pers. comm. 2002). Their shells (carapaces) may also be more fragile
than littoral foraminiferal tests, forcing them to inhabit more sheltered, low-energy environments. The
Ashmead Channel, which surrounds Thesen Island, is generally enriched in microfauna relative to the main
channel of the Knysna Estuary. The Ashmead Channel is a shallow, low-energy, relatively warm
environment, with sufficient light penetration, relatively large saltmarsh areas, a high dissolved organic
content in the water column and the subtidal sediments are fine and muddy. It also receives a constant, but
adequate, nutrient supply from the sewage-treatment plant and stormwater drains, which can support
abundant algal and vegetative growth. These factors combined, allow foraminifera and ostracods to thrive in
this region of the Knysna Estuary and would also explain the presence of the mud prawn, Upogebia
Africana, throughout the Ashmead Channel, as noted by Hodgson ef al. (2000),

Foraminiferal tests are composed of calcium carbonate or fine arenaceous material and after demise of the
living protoplasm, this test acts as a sediment grain. Transported or reworked tests therefore often yield data
on sediment provenances and transportation processes. According to Wright ef al. (1990) who studied
foraminifera and sedimentation patterns in the St. Lucia Estuary on the east coast of South Africa, the study
of foraminiferal assemblages provides a quick, simple method of distinguishing between marine- and
catchment-derived sediment, presenting an alternate method to sediment grain-size analysis. It is probable
that most of the sediment containing littoral and reworked foraminifera originated in coastal rock pools
around the Knysna Estuary, which contain recently eroded material. This sediment was then transported,
together with some foraminifera from the continental margin, onto the beaches near the mouth of the estuary,

and into the Knysna Estuary by wave action and longshore drift.

Many reworked or transported species recorded in the sediments of the estuary were identified on account of
being abraded, broken and discoloured (see Appendix 2), such as Elphidium crispum and Pararotalia
nipponica species in the middle estuary, which were transported from the lower estuary and Quinqueloculina
dunkerquiana in the lower estuary, which was transported from the middle estuary. Specimens of
Quinqueloculina contorta, Triloculina terguemiana and Oolina melo in the lower estuary were perhaps
transported from other high-energy environments within or outside of the Knysna Estuary and most

Pararotalia nipponica, Elphidium crispum, Nonion boueanus and Triloculina terquemiana species in the
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Ashmead Channel were transported by flood tides from the high-energy, littoral environment near the
Knysna Heads. Using foraminifera to recognise the different sedimentary facies enables a better
understanding of sediment dynamics within the estuary and, because foraminifera are such sensitive

ecological indicators, they ultimately provide data for improved estuarine management plans.

Changing environmental parameters across the estuary are reflected by contrasting foraminiferal
assemblages. The zonation or variation of foraminiferal assemblages in the Knysna Estuary may be
interpreted as a response to: (a) alterations in ecological conditions, (bj sediment-transport mechanisms, and
(c) the erection of artificial structures on and around the Knysna Estuary. Foraminiferal assemblages in the
Knysna Estuary have been discussed in Chapter 5 and include: a littoial assemblage, a shallow-marine
assemblage, an estuarine assemblage, an upper estuarine/ hyposaline assemblage, a mudflat assemblage and a
localized assemblage of Elphidiella species in the Ashmead Channel. Once salinities of >30 %o are reached
in the estuary, ~7 km downstream from the weir, littoral and shallow-marine foraminifera appear in the
channel sediments. The littoral and the shallow-marine assemblages are important in the Knysna Estuary,
because oceanic waters and current activity controls a large proportion of the estuary. Marine influence,
indicated by the presence of littoral, shallow-marine and planktic foraminifera, decreases from 100 % at the
tidal inlet, to >40 % near main-channel sample 20 (essentially mid-estuary), to 0 % in the upper-most
estuary. A large proportion of the littoral and shallow-marine foraminifera in the channel and on the
sandflats in the lower estuary, were presumably transported to their present position from exposed beaches
associated with medium-grained sandy substrates. Marine foraminifera are transported further upstream by
storm surges and spring tides. Marine influence, indicated by a large quantity of planktic, littoral and
shallow-marine foraminifera, gastropods, bivalves, echinoid spines and sponge spicules is evident in the
sediments of the Ashmead Channel. Samples Al and A2 (south of Thesen Island) contain abundant shell
material, including slightly abraded and relatively bleached estuarine shells such as Protomelfa capensis,
Loripes clausius and Solen capensis that were possibly transported from the Knysna Heads rock pools. As
one progresses anticlockwise around Thesen Island towards the causeway, both marine influence and shell
abundance decreases. The sediments at the causeway demonstrate the least marine influence, with an

assemblage of abraded and somewhat bleached marine foraminifera and shells.

Shallow-marine assemblages and foraminifera from the continental shelf indicate an onshore-offshore
movement of sand, in addition to the coastal longshore movement. Near the Knysna Heads, a combination of
strong tidal currents and vigorous wave action causes suspension of sediment particles, which are transported
into the Knysna Estuary, together with shelf-derived and reworked material derived from erosion of the
surrounding coastal rocks. Thus, species diversity and the proportion of exotic, marine species in the channel
sediments can be used as criteria for the recognition of tidal strength in estuaries. This is clearly of value in
the interpretation of fossil estuarine deposits, since there is an obvious correlation between tidal amplitude,

estuary type and the resultant foraminiferal assemblages.
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Largier et al. (2000) divided the Knysna Estuary into three regimes. The “Bay regime” in the lower estuary,
The “Lagoon regime” in the mid-estuary (generally between the White Bridge and the Railway Bridge), and
the “Estuary regime” in the upper estuary. By studying the changing environmental conditions and the
associated foraminiferal assemblages, the Knysna Estuary has been divided further. A “Barren regime” has
been included in the vicinity of the White Bridge and the “Lagoon regime” has been subdivided into four
zones/sub-regimes. Hence, subtle changes that are not clearly reflected in the oceanography are reflected by
the microfauna (Figure 5.2 and 5.3). This study focussed on the main subtidal channel of the estuary. A
Saltmarsh regime would be included if one were to look at the estuary as a whole. The boundary of regimes
within the estuary usually demonstrates an area of enriched foraminiferal diversity relative to the surrounding
channel areas. A good example is the confluence of the Lagoon regime and the Bay regime near main

channel samples 36 and 37, which contains the greatest diversity of foraminifera within the Knysna Estuary.

The Bay regime, near the tidal inlet of the estuary, consists of a relatively low-diversity, littoral assemblage
of foraminifera. The low-diversity littoral assemblage is attributed to the turbulent nature of this area. The
disruption of sediments by tidal currents destroys the feeding nets of foraminifera and results in the
destruction of more fragile foraminiferal tests. Only foraminifera whose tests have adaptive features
enabling them to withstand turbulent conditions are preserved. Studies by Guilcher ef al. (1965), Murray
(1965b) and Brooks (1973) prove that current action directly affects the distribution of living tests in
shallow-water, high-energy zones. Phleger (1967), Murray (1968a, 1969) and Haynes and Dobson (1969) all

noted that where tidal currents are rapid the specimen abundance is low.

Upstream of the Bay regime is the Lagoon regime, which is established from just seaward of the Railway
Bridge to ~2 km seaward of the White Bridge. The Lagoon regime consists of waters that are warmer and
slightly less salinethan seawater, due to relatively long water-residence times. The Lagoon regime consists
of 4 zones according to the tolerance limits and abundance of specific species. The Lagoon regime generally
contains a high-diversity assemblage of predominantly estuarine foraminiferal species, with some shallow-
marine and commonly abraded littoral foraminifera. The high-diversity assemblage in the Lagoon regime,
compared to the rest of the estuary, could be due to the presence of a more favourable habitat in this region
and/or the inaccessibility of this area to the public and especially to bait collectors. Hodgson et al. (2000a),
determined that the numbers of the mud prawn, Upogebia africana (Crustacea: Thalassinidae), showed a
peak in abundance in the middle estuary, particularly near the oyster beds, and considered reasons for the
‘density of Upogebia africana in this part of the estuary. Factors contributing to the favourability of this
habitat may include the less variable and higher water temperature (particularly in the summer months) in
this area when compared to the lower and upper reaches of the estuary. In addition, the salinity of the middle
reaches is less variable than higher up in the estuary and the amount of <63 pm (mud) sediments and organic

matter is slightly higher (Hodgson et al. 2000a). Korringa (1956) suggests that oyster spat and older oysters
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might thrive above the Railway Bridge in the middle reaches of the estuary because of the high food content
of the water. Both foraminifera and the mud-prawn populations may benefit from the relatively abundant
organic detritus produced by the oysters, though the mud-prawn population possibly also include
foraminifera into their diets. Another factor contributing to increased foraminiferal numbers and diversity in
this regime is the transport of foraminifera into this area from the open ocean, the littoral environment, as
well as from the surrounding mudflats. It has long been known that open-sea foraminifera may be
transported progressively into estuaries with increased tidal influence (Wang and Murray, 1983). Illing
(1950) demonstrated that dead test behave as sediment grains and are 0 subject to transport by current
movements. Living and fossil marine foraminiferal tests are thus transported upstream, adding to the

estuarine assemblage of foraminifera and therefore increasing microfaunal diversity of the Lagoon regime.

A Barren regime exists around the White Bridge, where microfossils within the main channel are scarce.
The area around the White Bridge may be absent of foraminifera due to pollutants draining into the estuary
from the national road (N2), contaminating the sediments in this region of the estuary. Juncus vegetation
growing on the mudflats around the White Bridge also appears unhealthy (fairly sparse and a bit dilapidated).
The diversity of macrofauna living in the soft, muddy intertidal sediments of the estuary as a whole has not
decreased since the enumeration by Day ef al. in 1952 (Allanson et al., 2000). In fact, macrofaunal diversity
has actually increased in the Knysna Estuary due to more fine sediments being incorporated into the intertidal
sediments through anthropogenic activities in the catchment area and on the banks of the estuary (Allanson et
al., 2000). However, compared to intertidal mudflats in the middle and lower reaches of the estuary, the area
around the White Bridge does show fewer numbers of macrofauna (Allanson et al., 2000). This area needs
more attention and the levels of toxic metals need to be investigated carefully, either within the sediméﬁts

beneath the bridge, or within the plant tissue of Juncus growing on the surrounding mudflats.

More than 12 km upstream of the mouth, upstream of the White Bridge, fluvial currents play an important
role, causing a salinity gradient in the vertical water column. The channel bed comprises abundant cobbles
and generally >30 % gravel (coarser than -1phi grain size). This region of the estuary is termed the Estuary
regime. It is composed of catchment-derived sediment and brackish water with low salinity and pH values.
The Estuary regime consists of relatively high numbers of only two species of foraminifera, Ammonia
parkinsoniana and Miliammina fusca. Environments such as this, where foraminiferal faunas are
characterised by large numbers of a few species, are generally considered as stressful habitats (McMillan,
1987). Miliammina fusca is the dominant species on the mudflats in this region and a large number are
washed into the subtidal channel from the mudflats on the banks. Upstream of the Estuary regime is the
River regime, which was not included in this study, although main channel samples 1 and 2 do fall within the

lower limits of this regime. These samples consist of fresh river water and contain no foraminifera.
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Foraminiferal assemblages on the marsh areas of the estuary, together with a sedimentological and ecological
analysis of these areas, provides evidence that the foraminiferal assemblages, in conjunction with the
sediment type and changes in vegetation, also have characteristic zones of accumulation from the channel to
the upper-marsh areas (Simpson, 2001). Considering the results from saltmarsh ‘a’ near Thesen Island in the
lower estuary and from saltmarsh ‘b’ near the Railway Bridge in the middle estuary, we can assume that the
abundance, as well as the prevailing species of foraminifera, are related primarily to variations in the
abundance of organic matter on the intertidal saltmarshes. Since the abundance of vegetative cover coincides
with the type of vegetation, foraminiferal assemblages are thus associated with elevation-related changes in
the saltmarsh plants. Abundant organic matter, not only provides food, but protects foraminifera from
predators and harsh sunlight. The prawn banks (intertidal mudbanks), which have lifnited plant cover, are
prone to desiccation during low tide and are therefore devoid of foraminifera relative to the adjacent subtidal
channel and supratidal saltmarsh environments (Simpson, 2001). Diatom assemblages across the intertidal
zone can also be divided into three groups correlating to the upper marsh, lower marsh and tidal flat areas

{Zong and Horton, 1998), which correlates with the foraminiferal data.

Saltmarsh areas downstream of the White Bridge are dominated by Trochammina inflata and
Haplophragmoides wilberti. Their preservation potential is enhanced by the lack of competition with
calcareous foraminifera and the low energy conditions prevailing in the muddy areas in which they live.
Miliammina fusca, associated with Juncus or rush wetlands, is the dominant species in the upper reaches of
the estuary. The rush (Juncus) wetlands have been built by the Knysna River over the last 6000 years
(Holocene transgression) in the vicinity of the White Bridge and upstream to the Red Bridge (Maree, 2000).
Le Quesne (2000) demonstrated that these wetlands play an essential role in providing breeding grounds and

nursery areas for a number of fish species such as the checked goby Redigobius dewaalii.

The need for sustained river flow to maintain estuarine conditions in the sector above the White Bridge and
to allow some variation in salinity across the estuary has been stressed in the Knysna Basin Project
(Allanson, 2000). While the overwhelming magnitude of the tidal volume is acknowledged (average tidal
flow through The Heads is ~1 000 m®/s, compared to 0.09 - >9 m*/s from the Knysna River (Largier et al.,
2000)), it is the river inflow which is of importance if the estuarine character of the ecosystem is to be
maintained. The first requirement is to maintain a salinity gradient in the upper estuary. If salinities are
established near to that of seawater in the upper estuary, the Juncus wetlands will become replaced by less
productive saltmarsh and the biological character of both the macro- and the microfauna above the White
Bridge would change (Allanson, 2000). The upper estuarine foraminiferal assemblage of Ammonia
parkinsoniana and Miliammina fusca would be replaced by hypersaline species of foraminifera such as
miliolids. In addition, cues for the upstream migration of fish and planktic animals would be reduced in
intensity and these rich feeding grounds would become under-utilised (e Quesne, 2000). Estuarine fish are

preyed upon by fish-eating birds and other fish, such as “Garrick/Leervis” and “kob”, which will therefore
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also be affected. River-borne organic particles contribute significantly to the food of suspension feeders such
as oysters, razor clams, mud prawns and foraminifera, which are all very important in the estuarine food web.
In times of severe drought the salinity in this area would rise to above that of seawater, creating a hypersaline

environment, which is inimical to many estuarine species.

It is essential, therefore that the estuarine reserve for the Knysna Estuary be properly established in terms of
the requirements of the National Water Act of 1998. Allanson (2000) discusses the fact that, whilst the
present invertebrate reserve in the south-east of the estuary and the intertidal area adjacent to the Featherbed
Reserve affords protection to some habitats and the associated organisms, other habitats around the estuary
are not protected. Future management plans should consider expanding the current reserve areas to include
sections of the middle and upper reaches of the estuary, the subtidal as well as the intertidal environments.
Of crucial importance is the further protection of the supratidal marshes and the continued regulation of
boating. Marsh areas are important to the ecology of the estuary for a number of reasons, which include
acting as a nutrient sink during the recycling of phosphates and nitrates within the system and providing a
habitat for numerous estuarine organisms, birds, fish, the endangered seahorse Hippocampus capensis, as
well as a diverse number of invertebrates (Day et al., 1952 and Maree, 2000) and foraminifera. The use of
marsh areas for recreation, development, bait collection and demand for fresh water, are just a few pressures
that are likely to increase in the future and one cannot overstress the function and conservational importance

of these wetlands in the entire system.

We cannot escape the reality that urbanisation and expansion of greater Knysna will increase the volume of
sewage-treatment-plant effluent and stormwater discharge, which will affect the loading of nutrients and
toxic materials, if not throughout the estuary, then certainly in the Ashmead Channel. The potential for large
growths of ﬂoaﬁng macro-algae such as Enteromorpha and Ulva is increasing and, if not dealt with
correctly, will interfere with navigation, destroy the feeding grounds of waders, decrease the aesthetic
appearance of the channel and most certainly affect the microfauna. The levels of toxic materials in the
water column show some change with respect to copper and zinc in stormwater outflows from the Knysna
industrial area, Thesen Island and discharge from the sewage-treatment-plant into the Ashmead Channel.
However these enhanced values are not, as yet, a threat. These sources are diluted by the huge volume of
daily tidal flow through The Heads, coupled with utilisation and mineralization in the sediments by the
microfauna, preventing a build-up of nutrients in the water column (Allanson ef al., 2000). In the rest of the
estuary, these values have not changed overall since the 1982 surveys by Watling and co-workers (Allanson
etal., 2000), however measurements were not taken under the White Bridge, which appears to be unsuitable
for microfauna. What is important to note is that, if the sediments beneath the White Bridge are
contaminated, these contaminants are not affecting the e&tuary seaward of the barren regime, since the levels
of metals within the soft tissue of the Knysna commercial oysters, Crassostrea gigas, were not above the

maximum tolerable standards for heavy metals in the water column (Allanson et al., 2000).
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Thesen Island has been the location of Thesen and co. (Pty) Ltd timber processing works since the 1920s
when the Thesen family raised the level of the island to introduce industrial activities. Other activities on the
Thesen Island include the National Parks Board offices, a scientific laboratory for environmental sciences,
and the Knysna Oyster Company. The causeway, constructed in 1883, connects Thesen Island to the
mainland (Viljoen, 2000). The causeway reduced flow to approximately 15% of the natural flow prior to its
construction and even though culverts were emplaced in 1972 to improve circulation, siltation persisted in
this area (CSIR Environmentek, 2000). Studies of tidal movement havé shown that the exchange of water in
the Ashmead Channel, between the mainland and Thesen Island, is poor. The limited tidal exchange east of
the causeway contributed to theé deterioration of the water quality in that area and a number of effects gave
cause for concern (Grindley, 1985). Fluctuations in dissolved oxygen (relatively deoxygenated), the high
percentage of sub-sieve particles (<63 pm) and high nitrogen values in this area all result from the
accumulation of fine sediments with a high organic content east of the causeway, in contrast to the unaffected
area west of the causeway (Grindley and Snow, 1983 and Grindley, 1985). Ulva vegetation and algal growth
on the tidal flats east of the causeway indicates raised nutrient levels (Simpson, 2001). Sponges were found
on the tidal flats of both the southern and eastern sides of Thesen Island, but were not present near the
causeway due to the virtually anaerobic nature of the sediment (Simpson, 2001). Sediments near the
causeway include some Miliammina fusca species, indicating lowered salinities, which may result from
runoff from the slopes of the urban area north of Thesen Island (Simpson, 2001). According to Allanson et
al. (2000), effluent from the sewage-treatment plant and the stormwater drains produces pulses of nutrient-
rich water into the Ashmead Channel. However, harmful levels of nuirients in the water column are

prevented (at present) by the large daily volume of tidal flow into the estuary.

The seawall, built in 1930, which surrounds Thesen Island, has resulted in the loss of much of the intertidal
habitat. It intercepts the lower marsh area on the south of the island, inhibiting the transport of both
sediment and foraminifera from the channel to the saltmarsh and vice versa. A site-characterisation study of
the soil in the pole-yard (12 hectares) on Thesen Island demonstrated contamination by toxic wood treatment
chemicals (GIBB Africa, 1999), posing a threat, by groundwater contamination, to the intertidal saltmarsh
areas, not more than 100 m away (Fig. 6.1). In October 1993, an application for rezoning on the island, from
industrial to township development was submitted to the Knysna Town Council and at present the island is
being redeveloped for recreational and residential use. Islands are to be created within the existing island,
with canals forming a number of interlinked waterways around residential plots. This will enhance the
appearance of the island and increase tourism and recreational benefits in the area (Fig. 6.2). The causeway
will be reconstructed to allow natural circulation around the island (Fig. 6.3). If monitored properly, the
creation of sub-channels within Thesen Island could create a perfectly sheltered environment in which the
microfauna can flourish, and considering their importance in the estuarine food-web, the macrofauna and the

ecosystem as a whole will also benefit,
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There is much potential for continued investigation into the marshland and channel areas of the Knysna
Estuary. A geochemical analysis involving heavy metal concentrations within the microfossil tests and a
detailed study on morphological (test) deformities could be done to establish the degree to which the
microfauna are being affected by pollution associated with development on the shores of the estuary,
especially around the White Bridge and in the Ashmead Channel. Metal concentrations should be attempted
in Ammonia parkinsoniana specimens, since this is the most widespread single species of benthic
foraminifera in the Knysna Estuary and this species can be compared within other estuarine environments

around the South African coast, as well as globally.

Research by Samir (2000) and Samir and Ei-Din (2001) on the response of foraminifera and osfracods to
-various pollution sources, including contaminants containing heavy metals, agricultural waste and domestic
sewage effluent, conclude that foraminifera are more sensitive to wastes containing heavy metals than
sewage effluent and agricultural waste. This might explain why several foraminifera survive living in the
sediments near the sewage treatment plant outflow in the Ashmead Channel, while foraminifera are rare in
the subtidal area around the White Bridge. Samir and El-Din (2001) also state that increasing pollution
results in low species diversity and population density, and the survival of tolerant and opportunistic species.
We can therefore assume that agglutinated saltmarsh species and calcareous Ammonia parkinsoniana are
more tolerant to heavy metal contaminants than other estuarine microfauna, since these species, although
scarce, were found in the sediments below the White Bridge. Samir (2000) also noted that benthic
foraminifera are less tolerant to pollution than ostracods and molluscs, which can move more efficiently to

more favourable areas.

Increasing environmental stresses are likely to lead to the disruption and dynamic restructuring of
communities, as well as localised extinctions of both rare and abundant species, and total extinctions of rare
species (Culver and Buzas, 1995). The role of benthic foraminifera in the trophic structure of shallow-
marine communities dictates that many other organisms will be affected by environmental degradation
caused by the activities of humans. This research provides a valuable reference to evaluate the impact that

urban sprawl and tourism has had, and will have, on the microfauna of the Knysna Estuary.
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Tigure 6_1. Previous industrial activities on Thesen Lsland. (Modified from GIBB Africa. 1999. Site

Cheraclerisation Sty — Pole vard and Associated Wood Treatwent Fucilities, Previously
from a CSIR document)
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Figure 6.2 Proposed redevelopment of Thesen Island (From GIBB Africa, 1999), Facing south.
The Eastern Head, Leisure Isle and the main channel all appear in the view.
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Figure 6.3 Proposed reconstruction of Thesen lsland causeway
Photograph by K. Simpson (2002}, facing south.

COMPARTNG THE FORAMINIFERA OF THE KNYSNA ESTUARY WITHOTHER ESTUARINE AND QFFSHORE

ENVIRONMENM IS ALONG TTEE SOUTHLAFRICAN COAST.

Many of the genera recorded in this study ocour around much of the South African coast and are typical
temperate-water dwellers (Murray, 19737 McMillan, 1974).  The presence of warm- and femperate-waler
dwellers is a tunction of'the latimdinal position of the ¢stvary. Warm-waler planktic foraminifera are carried
southward by the Agulbas Current and become mixed with species more typical of the temperate areas of the
west and south coast. They may then be transported into the Knysna Estuary by longshore drift and wave
action.  This section compares the foraminifera found in the Knysna Fsteary with {oraminifera recorded m
the Mgeni Estoary and the 5t Lucia Fsmwary on the east coast, as well as on the Agulhas Bank on the

continental shell’ off the south coast of South Africa.

According to Cooper and McMillan (1987). the Mgeni Estuary on the cast coast of’ South Africa has similar
foraminiferal assemblazes to the Knysna Estuary. Ningty-seven specics of 54 gencra were recorded in the
Mpeni Estuary, which is sirmilar (0 the 105 speeies and 56 gonera reconded in the Kaysna Estuary. However,
only 46 specics, £4% of the Knyvsna specics from the south coast, are also found in the wanmer waters of the
Meeni Estuary on the cast coast,  Specics commoen 10 both the Mpgeni Estvary and the Knysna Estuary
inclidde: cslparme speeics soch as Ammonia poarkinsorioae and Heavmesing germcnicea, all the saltmarsh
species, Trochamming inflota, Haplophragmoides witberti and Miliammina fusca, most Efphidium species,
Elphidiium crispum, Elphidiwm macellum, Elphidivm advenum, Elphidivm abvareziomem and Efphidium cf
punteri; many miliolids, such as  Quwingueloculing  dimkerguiong, Guingueloculing semingium,

Ouingueloculing late, Cuingveloculing caria, Triloculing trivonda, Trilocaling tergquemiana, Trifnending
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tricarinata, Triloculina fichteliniana, Spiroloculina sp. and Spiroloculina communis; littoral and shallow-
marine species such as Ammonia japonica, Pararotalia nipponica, Poroeponides lateralis, Cibicides
refulgens, Cibicides pseudoungerianus, Planorbulina mediterranensis, Glabratella sp., Miliolinella
subrotunda, Rosalina globularis, Lagena semilineata and Oolina squamosa; and most of the planktic species
that were recorded in the Knysna Estuary, including Globorotalia inflata, Globigerina bulloides, Globigerina
calida, Globigerinoides ruber, Globoquadrina dutertrei, Globigerina sp. and Globigerinoides triloba. We
can therefore infer that most of the planktic species in the Knysna Estuary are transported from the east coast
via the Agulhas Current into the estuary. ‘

According to Wright ez al. (1990), 45 species of 31 genera were recorded in the St Lucia Estuary, Zululand,
also on the east coast of South Africa, but further north than the Mgeni Estuary. Only Twenty-four of these
species, 23% of the Knysna species from the south coast, were common to both the St Lucia Estuary and the
Knysna Estuary, which one might expect since the distance from Knysna increases. The dominant
foraminifera in the St. Lucia Estuary (Wright ez al., 1990) and the Mgeni Estuary (Cooper and McMillan,
1987) are Ammonia, Elphidium and Quinqueloculina species with subordinate Triloculina and Cibicides
species (Wright ef al., 1990) and the Knysna Estuary reveals similar results. Foraminiferal Species that are
common to all three estuaries (Mgeni and St Lucia on the east coast and Knysna Estuary on the south coast)
are Ammonia parkinsoniana, Haynesina germanica, Haplophragmoides wilberti, Elphidium advenum,
Elphidium crispum, Elphidium macellum, Elphidium gunteri, Pararotalia nipponica, Poroeponides lateralis,
Cibicides refulgens, Glabratella sp., Miliolinella subrotunda, Quingueloculina dunkerquiana, Triloculina
trigonula, Triloculina tricarinata, Triloculina sp., Quingueloculina cf. vulgaris, Quinqueloculina cf. curta,

Lenticulina sp, Cassidulina laevigata and the planktic species Globigerinoides triloba.

Considering the saltmarsh foraminiferal assemblages, Cooper and McMillan (1987) noted the same mudflat
microfauna in the Mgeni Estuary on the east coast of South Africa and Trochammina inflata and Jadammina
macrescens were recorded as the dominant species of the Langebaan Lagoon saltmarsh, on the south west
coast of South Africa (Franceschini, 2003). Trochammina inflata is therefore found on saltmarshes all
around the South African coastline, but species such as Jadammina macrescens, Haplophragmoides wilberti

and Miliammina fusca are more localised.

Offshore, on the Agulhas Bank, 115 species of foraminifera, of 57 genera were recorded (McMillan, 1974).
These numbers are similar to those in the Knysna Estuary, but only 25 of these species, 24% of the Knysna
species from the south coast, were also found on the Agulhas Bank, indicating an onshore movement of some
species of foraminifera. Species common to the Knysna Estuary and the Agulhas Bank include: Elphidium
crispum, Elphidium macellum, Elphidium cf advenum, Cassidulina laevigata, Cibicides refulgens, Cibicides
pseudoungerianus, Hyalina balthica, Orbulina sp., Pararotalia nipponica, Ammonia japonica, Spirillina sp.,

Cancris auricular, Rosalina cf. bradyi, Uvigerina sp., Bulimina marginata, Bulimina elongata, Lenticulina
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sp., Lagena sp., Miliolinella circularis, Miliolinella subrotunda and possible Challengerella bradyi ( All

Ammonia-type species were mistakenly identified as Ammonia beccarii in McMillan, 1974).

Ammonia parkinsoniana is the only estuarine species of foraminifera common to estuaries all around the
South African coast, though Ammonia appears to decrease in species diversity northwards towards tropical
Mozambique (Wright es al., 1990). The genus appears in the South African fossil record in the Early
Pliocene and remains widespread and abundant to the present day (McMillan, 1987). The genus, Ammonia,
is best represented in shallow-marine, intertidal and lower-estuarine environments, where it may, on
occasion, constitute almost the entire foraminiferal asseﬁlblage. In such environments, foraminiferal faunas
are usually characterised by large numbers of few species, a feature generally considered to be indicative of
stressful habitats (McMillan, 1987).- Further offshore, other Ammonia species occur, such as Ammonia
Jjaponica, which is typical of more marine environments, but these are much less numerous and only rarely
dominate the diverse and abundant foraminiferal assemblages of the continental shelf (McMillan, 1987).
This would explain why Ammonia parkinsoniana numbers decrease towards the mouth of the Knysna

Estuary, while Ammonia japonica appears in the foraminiferal assemblage in this region of the estuary.

The tests of Ammonia parkinsoniona show some variation in the Knysna Estuary. All specimens of this
species have been referred to as Ammonia parkinsoniana senso lato for the purposes of this study. Variations
in test morphology may be influenced by water salinity and temperature or they may be reflective of the
energy, and thus the type of substrate, of the environment in which the species live. Still, attempts to relate
test morphology with environment have not been successful in explaining the distribution of variants of
Ammonia parkinsoniana around the South African coast at the present day (McMillan, 1987). Nevertheless,
the relationship of test form to temperature is of significance, since it has been established by laboratory
experiments (McMillan, 1987). This study did not focus on variations of test morphology, but further,
precise studies on variation of Ammonia parkinsoniana s.1. in the Knysna Estuary would be of value, since
they may clarify how test morphology of one species may vary relative to changing environmental

parameters.
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USING FORAMINIFERA TO INTERPRET CHANGES IN SEA LEVEL

Understanding relative sea-level change is an important topic in many environmental studies. Accurate
knowledge of relative sea-level (RSL) change is relevant to a wide variety of regional and global
environmental studies including: coastal-evolution models, ice-sheet history and global-circulation models,
and for practicél matters related to coastal engineering, mining and exploration in marine environments and
global environmental management. One of the records of RSL change comes from microfossil data (e.g:
diatoms, foraminifera and pollen) contained in a range of Holocene s;zdimentary deposits (Horton er al.,
1999). Although pollen and diatom assemblages are used successfully as sea-level indicators and to infer
palaco-environmental, the use of foraminifera have become increasingly important. Foraminiferal
assemblages are usually well preserved, easily detectable and occur in high numbers (100 — 200 tests per
cm’) in both contemporary and fossil deposits, thereby providing a good statistical base for palaeo-

environmental interpretations (Horton et al., 1999).

The results in the Knysna Estuary demonstrate that tidally influenced sediments can be recognised from their
foraminiferal faunas. Where changes in tidal effects take place, there may be a similar change in
foraminiferal assemblages and the general correlation demonstrated between tidal strength, estuary type and
resultant foraminiferal death assemblages (thanacoenoses), is clearly of value in the interpretation of fossil
estuarine deposits (Wang and Murray, 1983). It is possible that by studying the sequence of deposits laid
down during a rapid rise of sea level, the increase in tidal/marine influence across the estuary could be

recognised.

The Knysna Estuary preserves considerable evidence for sea level fluctuations. In-situ Loripes clauses shells
from a subtidal mud bank deposit near the Knysna Estuary indicatés a-+2.8 m1o+3.8 m sea level at 6.30 ka
(Marker and Miller, 1993 and Marker and Miller, 1995). At the Knysna Heads, wave-cut caves provide
evidence for older high sea-levels at +5 m and +15 m (Marker, 1986). The Heads provide free access to the
ocean so that sea level change is immediate in the estuary. A rise in sea level would have resulted in marine
foraminifera being transported further upstream in the Knysna Estuary and the microfauna and vegetation
living on the supratidal marshes would have been replaced by species that inhabit the intertidal mudflat and
subtidal channel environments. A Holocene low sea level stand is evident from an exposed palaeosol
containing roots and tree stumps, about 1 m below neap high tide, on the Brenton shore (Marker, 1997). This
exposure has been interpreted as a freshwater swamp deposit in which trees reached maturity and the wood is
typical of land indigenous timber. A much earlier, mid—Pieistocene, low sea-level stand has also been
identified at the Knysna Heads. A well jointed and planed aeolianite exists as a shore platform in the subtidal
zone immediately below the Western Head within the entrance to the estuary (Marker, 1997). Its position
below sea level, implies a reduction of sea level so that subaerial lithification would occur. These changes in

sea level would have affected areas all around the South African coast, as well as globally. Studies have
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shown that Holocene sea-level fluctuations, similar to those observed in the Knysna Estuary, occurred in the

Langebaan Lagoon on the southwest coast of South Africa (Compton, 2001).

Sea-level fluctuations can be observed best by studying microfaunal variations from the subtidal channel,
across the intertidal sand- and mudflats to the upper (supratidal) marsh areas, since foraminiferal
assemblages exhibit a strong correlation with elevation above mean sea level (Simpson, 2001) (Figure 4.2.10,
Chapter 4.2.7). Channel sediments contain calcareous foraminifera, while foraminifera on the intertidal
mudflats are scarce, due to an unfavourable habitat caused by repeatéd exposure, desiccation and flooding
with tidal fluctuations (Simpson, 2001). The lower and upper marsh areas are relatively rich in agglutinated
foraminifera and it has been stated that assemblages of agglutinated saltmarsh foraminifera are the most
accurate sea-level indicators of temperate coastlines. The distribution of foraminifera in the intertidal zone is
generally a direct function of elevation in relation to mean sea level, with the duration and frequency of

intertidal exposure as the most important factors (Horton et al., 1999).
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7. CONCLUSIONS

A total of 105 Species and 56 Genera of Recent foraminifera were recognised in the Knysna Estuary.
Displaced and reworked tests of Pleistocene to Early Holocene age included 10 species. Of the benthic
foraminifera in the Knysna Estuary, 9 truly estuarine species were recorded, including: Ammonia
parkinsoniana s.l., Elphidium articulatum, Elphidium advenum, Haynesina germanica, Rotalia gaimardii,
Triloculina “oblonga”, Triloculina trigonula, Triloculina tricarinata and Quinqueloculina dunkerguiona.
Four agglutinated saltmarsh species, 14 calcareous littoral foram{nifera and 4 agglutinated littoral
foraminifera, 19 calcareous shallow-marine foraminifera, 8 Elphidium species and 1 Elphidiella species were
found. Twenty-five miliolids were documented, including: 9 Triloculina species, 10 Quinqueloculina
species, 3 Spiroloculina species, 3 Miliolinella species and 1 Pyrgo species. Although sparse, and in low
abundance, 8 planktic species of foraminifera were recorded within the sediments of the Knysna Estuary,
most of which were also recorded in the Mgeni Estuary on the east coast of South Africa. Hence, the
majority of the planktic foraminifera found in the sediments of the Knysna Estuary were carried southward
by the warm Agulhas Current and transported into the estuary by longshore drift, tidal currents and wave

action.

Variations concerning foraminiferal assemblages in the Knysna Estuary have been interpreted as a
response to (a) alterations in ecological conditions, (b) sediment-transport mechanisms, and (c) the
construction of artificial structures on and around the Knysna Estuary. This study provides ecological
parameters for each of the samples collected in the main channel, and around the Knysna Estuary, enabling
relationships to be depicted between foraminiferal faunas and their environment. Variations in
foraminiferal assemblages usually correlate to changes in environmental parameters, such as pH, salinity,
depth, light intensity, dissolved-oxygen concentrations, current strength, turbidity, calcium carbonate and
trace element content, mitrient content and sediment type. The most important factors controlling
foraminiferal distributions in the Knysna Estuary seem to be: 1) the abundance and availability of food,
which relates to the abundance of organic matter and therefore sediment grain size, since the fine intertidal
marsh sediments provide abundant organic material, 2) turbulence, wave and tidal current action (i.e.
energy of the environment), 3) relatively constant water conditions (temperature, salinity, and pH), and 4)
protection from desiccation and predators. Consequently, foraminiferal assemblages have assisted in
establishing ecological regimes within the Knysna Estuary according to variations in environmental
parameters, foraminiferal abundance and species diversity. Where changes in tidal effects take place, a
similar change in foraminiferal assemblages is observed. Foraminiferal assemblages in the Knysna Estuary
include: a littoral assemblage, a shallow-marine assemblage, an estuarine assemblage, an upper estuarine/
hyposaline assemblage, a mudflat or saltmarsh assemblage, and a localized assemblage of Elphidiella

species in the Ashmead Channel. Littoral and shallow-marine foraminifera can be used to define tidal
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strength and oceanic limits in estuaries. The main subtidal channel of the Knysna Estuary has been divided
into the following regimes or zones, according to changing environmental conditions and the associated
foraminiferal assemblages: A Bay Regime in the lower estuary, which is comparable to other bays along
the South African coast and has moderate species diversity, including littoral and shallow-marine
assemblages of foraminifera, a Lagoon Regime in the middle reaches of the estuary, exhibits high
foraminiferal species diversity and relatively stable conditions with long water residence times compared to
the rest of the estuary, a Barren Regime around the White Bridge, an Estuary Regime upstream of the
White Bridge, which is influence by river inflow and contains very low species diversity, and a River
Regime upstream of the Charlesford weir. If one were to consider the estuary as a whole we would include
an Intertidal Saltmarsh Regime, accommodating high numbers of agglutinated foraminifera, comprising
predominantly three species. Regions of enriched foraminiferal diversity relative to the surrounding

channel areas are evident between different ecological regimes.

The general correlation demonstrated between the amplitude of the tides, estuary type and resultant dead
foraminiferal assemblages is clearly of value in the interpretation of fossil estuarine deposits, especially with
regard to understanding changes in sea-level. Sea-level fluctuations can be observed best by studying
foraminiferal variations across intertidal areas and an accurate knowledge of relative sea-level change is
relevant to a wide variety of regional and global environmental studies, including coastal-evolution models,
ice-sheet history and global circulation models. The understanding of past sea-level changes is also
important for practical matters related to coastal engineering, mining and exploration in marine environments
and global environmental management. Furthermore, foraminiferal assemblages provide a quick, simple
method of distinguishing between marine and catchment-derived sediment, enabling a better understanding
of the sediment dynamics in the Knysna Estuary. A large proportion of the littoral and shallow-marine
foraminifera in the channel and on the sandflats in the lower estuary were presumably transported to their
present position from exposed beaches, which are associated with medium-grained, sandy substrates.
Foraminifera from these marine-dominated assemblages can be found over most of the Knysna Estuary due
to immense oceanic exchange at the mouth (tidal inlet) of the estuary. Marine foraminifera are transported

further upstream by storm surges and spring tides.

Foraminifera common to the Mgeni Estuary and the St Lucia Estuary on the east coast of South Africa, and
the Knysna Estuary on the south coast of South Africa are: Ammonia parkinsoniana, Haynesina germanica,
Haplophragmoides Wilberli, Elphidium advenum, Elphidium crispum, Elphidium macellum, Elphidium
gunteri, Pararotalia nipponica, Poroeponides lateralis, Cibicides reﬁdgens, Glabratella sp., Miliolinella
subrotunda, Quinqueloculina dunkerquiana, Triloculina trigonula, Triloculina tricarinata, Triloculina sp.,
Quingqueloculina cf vulgaris, Quingueloculina cf. curta, Lenticulina sp, Cassidulina laevigata and the
planktic species Globigerinoides triloba. Twenty-five species that were found in the Knysna Estuary were

also recorded offshore on the Agulhas Bank. Species common to the Knysna Estuary and the Agulhas Bank
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include: Elphidium crispum, Elphidium macellum, Elphidium cf. advenum, Cassidulina laevigata, Cibicides
refulgens, Cibicides pseudoungerianus, Hyalina balthica, Orbulina sp., Pararotalia nipponica, Ammonia
Japonica and possible Challengerella bradyi (All Ammonia-type species were identified as Ammonia
beccarii), Spirillina sp., Cancris auricular, Rosalina cf. bradyi, Uvigerina, Bulimina marginata, Bulimina
elongata, Lenticulina sp., Lagena sp., Miliolinella circularis and Miliolinella subrotunda. By comparing
the microfauna of the Knysna Estuary with other estuaries around the coast, and offshore, one can obtain an
- idea of oceanographic circulation around the South African coastline and how far foraminifera can travel and

survive.

Although the Knysna Estuary is considered to be in an acceptable environmental condition (Allanson, 2000),
pressures of development and tourism in the area are likely to cause substantial deterioration. Economic
demand has led to increasing encroachment onto the saltmarsh areas all around the Knysna Estuary, leading
to the destruction and relocating of the pristine intertidal vegetation, as well as to the associated macro- and
microfaunal communities. Studying the microfossil assemblages in the Knysna Estuary has proved to be
very important with regard to understanding the ecology and dynamics of the Knysna Estuary and other
estuarine environments and will expand the currently limited database of micropalacontological research in
southern Africa. This study has also shown that foraminifera serve as essential environmental indicators and
can be used as indicators of pollution, eutrophication and siltation. Accordingly, foraminifera have been
used to specify vulnerable areas within the estuary, such as under the White Bridge and in the Ashmead
Channel. This study provides a valuable reference to evaluate the impact that increasing development and
economic demand will have on the Knysna Estuary, and particularly, to the microfauna. Future management
plans should consider expanding the current reserve areas to include regions of the middle and upper reaches
of the estuary. Of crucial importance is the further protection of supratidal marshes and the continued

regulation of both stormwater discharge into the estuary and boat activities.
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beach is visible along the coast. Photograph modified from a 2001 issue of Getaway magazine.
Looking towards the east.

The Knysna Heads. Facing south. Looking down to Brenton beach from the western
Photovtaph by K. Simpson, 2002 Head. Photograph by K. Simpson, 2002

Middle reaches of the Knysna Estuary as seen from the western Head Belvedere residential area on
foothill. Facing north-east. Photograph by K. Simpson, 2002




Aerial photograph ol Thesen [sland and the

Knysna CBD. Photograph from CSIR, Stelienbosch,
MNote the main subtidal channel in lower left quadrant
and the Ashmead Channel around Thesen Island.

Proposed redevelopment of the Thesen Tsland
Causeway Photograph b K. Simpson (2002).

The Ashmead Channel at the Thesen lstand canseway. Thesen Island in the background. Facing south,
Photograph by K. Stmpson, during low tide (2002). MNote accunmulation of sediment.

Right; Aerial photograph of the Knysna Heads,
Leisure Isle and the Leisure Isie sandtlat
Photograph from CSIR, Stellenbosch.

Below; Sewage treatment plant outlet channel.
Facing east. Photograph by K. Simpson, 2002




Leisure Isle sandfat. Facmy south towards the Knysna Heads, Risht: sandflat at ligh tide.
Left: sandflat at low tidz. Photographs taken from Leisure Isle by K. Simpson, 2002,

Lower reaches of tne Knvana Estuary. Facing south-southeast. Raihway Bridg: in foreground,
Railway Bridge side-channel in lower right quadrant. Knysna Heads and Southern Indian
Ocean in the backg-ound. Photograph adapted from "“Qut There” magazine (July, 2001 1ssue).

Shallow channel of tie Sout River, Facing north.  Mouth of the Sou! River, where it flows into the
Photograph by K. Simpsor, 2302 Knysna Estuary. Facing south. Photograph by
K. Simpson, 2002




The weir on Charlesford (arm. Facing west.
water lilies on the water surface. Facing north. Photograph by K. Simpson, 2002,
Photograph by K, Simpson, 2002

Near main channel sample 2, ~100 m downstream of the weir. Note the dark, peat-stained
watcer, the pebbles and cobbles making up the channel bed and the vegetation on the banks.
There arc no interiidal marshes in the upper-most reaches of the Knysna Estuary

Facing south, Photograph by K. Simpson, 2002,
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Variation in sediment texture anud coleur across the Knysna Lstuary,
Samp les with most distinct vaniation were selected

Main Chunnel 84, Sand fraction, Main Churmel 811, Sind fraction; Main Chunrel 13, sand feciioe
Upper reaches of the estuary. Upsircam of the Wivie Bridge Urder the White Bridge (M2},
(magnification x12.75) {maznif cation x 12,75 {mymification x12.75)

o e “ sk a

LNy S et :
Main Channel Samples 17, 18 & 1% Mo L amel 825, Sens fraction: lim Chune el 835, Sumd frigti o
Sand fraction; off Belvedere. ahove be Ruilway Bridgs, cownsircam of the Failwe Bridgee,
(magnification x12.75) imaen Forfon x12.55) {magnification x)2,75)

Sewnge-oulel chummel, tloss (o
Konvang s tide | inlet the Ashmead Chanpel, Sure
(Mg Muation «12.75) fraction. (Magnification 12,75

L @V ¢ i

Sout River, Sand fraction. Sal-mamh sediment: ower and middle  Rallway Brdge side chanr<], Sad
{Magnification 12 75x) estuar sallmarsh areey. fraction. (Mugnificition 15,7502
(Magri jeetion 3,15



Rock pool scdiments; Kovsna Estuary

Brerton rock pools. sand fraction. Note
Elphidium crispum.
{ Magnification 12.75x}

Brenton rock pools, sand fraction, MNote
miliolid and clongate cechinoid spines,
{Maymification 12.75x)

Bremlan rock pools, sand fraction. Note
Elphidivm crispum and Chaollergerelia
hrechyi

{Magnilication 12,75%)




Shells of the Knysna Estuary

Brenton rock pools: calcarepus marine Rrenton rock pools: Brenton rock pools;
matcrial abundani. Sundstone rock [ragments, calcareous Sandstone rock fragments and bivalve
(Maugnification 3.15x) fragments & fFirsurella meaahilic gastropod  shells, (Magnification 3.13%)

im centre, {Mapnification 3.15x)

s

Auhmend Chegane] 82, West of Thesen [sland Canseway, Raihway FBrdge side channel.

Pink staining by Rose Bengal solution. Abraded shells (Provowtefla capensis and Protometia capensis dominant shell
Protomefla capensis is dominant shehl Neassarius Krcmsatons), shell fragments, species.  {Magmification 3.15%)
spectes. Bivalve in bottam right corner wood and sandsfune rugmenis.

{Magnilication 3.13x) i Magnilication 3,15x)

bain channe! sample 19, Main channel samples 29, 30 and 34.
Slightly abraded Progomelfa capensis with Well preserved and sbraded Profomeilo capensic, Nassarius froimssionis and
hivalve shell to left. (Magnification 3.15x}  sub-angular quartzite prains. (Magnification 3.15x)
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Table 1:

Main Channel samples; Deseription table

Sample 1 2 3 4 H 6 - T
Date 16/01/2002 16/01/2002 16/01/2002 16/0172002 16/01/2002 16/01/2002 14/01/2002
Low Tide 11:26 11:26 11:26 11:26 11326 11:26 10:22

23:41 23:41 23:41 23:41 23:41 23:41 22:44
High Tide 17:42 17:42 17:42 17:42 17:42 17:42 16:41

05:39 05:39 05:39 05:39 05:39 05:39 04:36
Time 13:59 13:38 12:00 11:48 11:08 10:47 11:46
GPS Reading (°S) 33.99831 33.99786 34.00585 34.00703 34.01089 34.00998 3401473

(°E) 23.00305 23.00396 23.01028 23.01604 23.01824 23.01247 23.00474
Location Description Just upstream of weir ~100m before weir ~ 500m upstream of 5.4 ~ 500m upstream of 8.5 ~500m upstream of 5.6 ~850m NE of Red Bridge ~500m upstream of Red Bridge
Fresh water lillies abur;dant On Charlesford farm Near cobblestone rapids Hairpin bend in channel Bend in the channel (near nature reserve arca}
Depth {m} ' 0.5 0.5 0.8 1.1 2 16 14
Surface Salinity (%e) 0 16 18 20 22 20
Bottom Salinky (% ) 0 18 20 22 24 25
Flow Velocity (m/s) 0.13333 0.5 0.3 0.1 0.1 0.2 0.2
Water Tempersture (°C) 24.5 ' 24 26.5 27 25 25 26
Water Colour Brown Brown Brown Brown Brown Brown Brown
Water clarity transparent transparent transparent transparent transparent transparent transparent
pH 5.51 5.79 7.26 7.54 7.49 7.43 7.54
Sediment tvpe immature grave] and sand immature gravel and sand immature gravel and sand immature gravel and sand imimature gravel and sand imsmature gravel and sand coarse sand
Sorting very pootly sorted very pootly sorted very poorly sorted very poorly sorted very poorly sorted very poorly sorted poarly sorted
Roundness of grains very angular to subangular | very angular to subangular | very angular to subangular very angular to subangular very angular to subangular very angular to subangular angular to subangular
Comments pebbles & cobbles present pebbles & cobbles present pebbles & cobbles present pebbles & cobbles present pebbles abundant grave} abundant gravel abundant
some organics present some organics present SOMe Organics present very few organics very few organics nio shells or organics no shells or organics

Sediment colour off-white medium brown-grey Brown light medium brown dark brown dark brown medium brown
Number forams /20g sand 0 0 13 65 103 100 28
Number species /20g sand 0 0 3 2 3 3
Littoral forams/influence (%) 0 0 0 0 0 0




Main Channel samples; Description table {cont)

Sample 8 9 10 - 11 - 12 13 ‘14
Date 14/01/2002 14/0172002 14/01/2002 14/01/2002 14/01/2002 14/01/2002 14/01/2002
Low Tide 10:22 10:22 10:22 10:22 10:22 10:22 10:22

22:44 72:44 22:44 22:44 22:44 22:44 22:44
High Tide 16:41 16:41 16:41 16:41 16:41 16:41 16:41

04:36 04:36 04:36 04:36 04:36 04:36 04:36
Time 12:15 12:38 13:03 13:25 13:42 13:58 15.32
GPS Reading (°S) 34.01622 34.01811 34.02104 34.0265 34.03027 34,03133 34.03288

(°E) 23.0010] 22.99748 22.59323 22.98809 22.99007 22.99151 22.99401
Lecation Description Under Red Bridge Betw. Refi & Old Bridge At Old Bridge Channel marker 1 Channet marker 2 Under N2 Bridge Channel Marker 3v
Depth (m ) i.1 2.5 2.6 3 2.8 2.7 3
Surface Salinity (%} 19 23 27 29 30 30 31
Botiom Salinity (%s) 29 24 30 30 30 31 31
Flow Velocity { m/s-1) 0.2 0.2 0.2 02 0.4 0.4 0.2857
Water Tempersture {°C) 26 27 24.5 24 25 24 25
Water Colour Brown Brown Brown Brown Brown, but clearer Almost clear Dark blue-grey green
Visibility transparent transparent transparent transparent ,___transparent 1m vigibility im visibility
pH 7.5 7.31 7.59 7.77 1.72 7.8 7.74
Sediment type coarse sand coarse sand coarse sand sandy mud coarse sand medium sand medium sand
Sorting poorly sorted poorly sorted poorly sorted moderately sorted poorly sorted moderately sorted moderately sorted
Roundness of graing angular to subangular angular to subangular angular to subangular subangular o subrounded angular to subangular angular to subangular angular to subangular
Comments gravel abundant gravel abundant gravel abundant high organic content quartz + rock fragments quartz + rock fragments quartz -+ rock fragments
no shells or organics no shells or organics few shell fragments eroding saltmarsh sediment few shell fragments few shell fragments no shells or organics

Sediment colour medium brown light brown light brown-grey dark brown-charcoal medium brown brown medium brown
Number forams /20¢ sand 28 31 2 5 0 4 0
Number species /200 sand 3 1 2 0 1 0
Littoral forams/influence (%) 32 0 0 0 0 0




Maln Channel samples; Description table {cont)

Sample 15 16 17 18 19 20 21 -

Date 14/01/2002 14/01/2002 14/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002

Low Tide 10:22 10:22 10:22 10:54 10:54 10:54 10:54

22:44 22:44 22:44 23:12 2312 2312 23:12
THigh Tide 16:41 16:41 16:41 17:12 17:12 1712 17:12
04:36 04:36 04:36 05:08 ' 05:08 05.08 05:08
Time 15:46 16:10 16:21 09:41 09:54 10:02 10:14
GPS Reading (°8) 34.03367 34.03345 34.03493 34.0368 34.04264 34.0473 34.0491
{(°E) 22.9971 23.00157 23.00469 23.00825 23.00634 23.00625 23.00915
Location Description Channe! Marker 4 Channel Marker 5 Channel Marker 6 Channel Marker 7 Channel Marker 8 Channel Marker 9 Channel Marker 10
Near sandbank Next 1o sandbank.

Depth { m) 33 3 3.3 5 3 22 2.5
Surface Salinity (%o ) 33 36 36 32 30 30 30

Bottom Salinity (%) 33 36 36.5 32 30 30 30

Flow Velocity { m/s-1) 0.3333 0.3333 0.3333 0.1666 0.5 0.8 0.8

Water Temperature (°C) 25 24 24 23 24 23 23.8

‘Water Colour Dark blue-grey green Dark blue-grey green Dark blue-grey green Dark blue-grey green Dark blue-grey green Dark green-brown Dark green-brown
Visibility poor - 20cm visibility transparent transparent transparent transparent 1m visibility 1m visibility

pH 811 8 7.94 7.45 7.75 7.86 7.91
Sediment type medium sand medium-fine sand silt fine sand fine sand fine sand medium - fine sand
Sorting moderately sorted moderately sorted very well sorted moderately sorted well sorted moderately sorted moderately soried
Roundness of gralns angular to subangular angular to subangular rounded subangular to subrounded subangular to subrounded generally subrounded generally subrounded
Comments quartz dominant quartz rich high organic content gastropod shells present _gastropod shells abundant | some pastropods & bivalves | some gastropods & bivalves

no shells or organics no shells or organics forams are tiny organics present lots organics forams show abrasion forams show abrasion

Sediment colour light-medium brown medium brown charcoal medium brown - dark grey dark yellow-grey light brown light brown
Number forams /20g sand 0 0 124 56 122 41 64

Number species /20g sand 0 0 6 13 14 i2 14

Littoral forams/infiuence (%) 0 0 5.65 32.1 15.6 56.1 52.6




Main Channel samples; Description table {cont)

Sample 2 23 2 25 26 2T 28
Date 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/0172002 15/0172002
Low Tide 10:54 10:54 10:54 10:54 10:54 10:54 10:54
23:12 23:12 23:12 23:12 23:12 23:12 23:12
ﬂigh'!‘ide 17:12 17:.12 17:12 17:12 17:12 17:12 17:12
05:08 05.08 05:08 05:08 05:08 05:08 05:08
Time 10:21 10:29 10:39 10:46 10:53 11:02 1:1
GPS Reading { °S ) 34.04944 3404834 34.04684 34.04479 34.04179 3403978 34.03829
{°E} 2301139 23.01442 23.01596 23.0172 23.01812 23.02011 23.02303
Location Description Channel Marker 114 Channel Marker 12 Channel Marker 13 Channel Marker 14 Channel Marker 15 Channel Marker 16 Channel Marker 17
Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Next to N2 Road
Depth (m) 1.8 2.7 1.8 35 22 3 6
Surface Salinity { %) 31 32 32 32 33 32 32
Bottom Salinity (%) 31 32 32 32 33 32 32
Flow Velocity ( m/s-1) 0.8888 1 1 0.8 0.8 0.333 0.30769
Water Temperature (°C) 24.2 242 23 235 24.5 24 245
Water Colour Dark green-brown Dark green-brown Dark green-brown Green-brown-blue Green-brown-blue Green-brown-blue dark green
Visihility 1m visibility 1m visibility 1m visibility Im visibility 1.5m visibility 3I0cm visibility 30cm visibility
nH 7.95 7.91 7.91 7.91 7.94 7.92 7.96
Sediment type medium - fine sand medium - fine sand medium - fine sand medium - fine sand medium - fine sand medium - fine sand medium sand
Sorting moderately sorted moderately sorted moderately sorted well sorted well sorted well sorted well sorted
Roundness of grains generally subrounded generally subrounded generally subrounded generally subrounded generally subrounded generally subrounded generally subrounded
Comments some gastropods & bivalves | some gastropods & bivalves | some gastropods & bivalves arious shells & echinoid spineyarious shells & echinoid spinebarious shells & echinoid spine gastropods abundant
forams show abrasion __|calcareous fragments abundgcalcaxeous fragments abundan{calcareous frapments abundanicalcareous fragments abundantcalcareous fragments abundan no organics
Sediment colour light brown- grey light brown- grey light brown- prey light brown _ light brown- grey light brown- grey light brown
Number forams /20g sand 84 61 47 37 79 142 100
Number species /20g sand 19 19 13 13 17 18 i5
Littoral forams/infiuence (%) 51.2 52.5 55.3 43.2 51.9 359 40




Maln Channel samples; Description table (cont.) '

Saniple

18 30 31 32 33 34 38

Date 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002
Low Tide 10:54 10:54 10:54 10:54 10:54 10:54 10:54

23:12 23:12 23:12 23:12 23:12 2312 2312
High Tide 17:12 17:12 1712 17:12 17:12 17:12 1712

05:08 05:08 05:08 05:08 05:08 05:08 035:08
r’ﬁ_n’xre 11:17 11:24 11:39 11:42 11:50 11:58 12:10
PS Reading (°S ) 34.03768 34.03982 34.04162 34.04154 3404468 34.04748 34,0507

{(°E} 23.0269 23.03045 23.03349 23.03456 23.0383 23.04198 23.04353
Location Description Channel Marker 18 Channetl Marker 19 Under Railbridge Channel Marker 20 Channe! Marker 21 Near Channe! Marker 22 Near red sandbar marker
Near Sout River outlet Upstream of Railbridge Near sandbank
th{m) 5 ‘ 2.6 2 23 6 2.6 3
Surface Salinity (%e) 32 33 32 32 32 32 32
Bottom Salinity { %e ) 32 33 32 32 32 32 32
Flow Velocity (m/s-1) 0.3333 0.2666 0.1 0.1 0 0.57143 0.666
Water Tempersture (°C) 24 24 24 24.2 24 24 24
Water Colour dark green dark preen dark merky green dark green dark green dark green dark green
Visibility 30cm visibility relatively transparent DOOL relatively transparent 1m visibility {m visibility moderate
H 7.99 7.95 7.98 8.03 8.01 8.04 8
Sediment type fine sand ' fine sand fine sand fine sand medium - fine sand fine sand fine sand
Sorting well sorted well sorted well sorted well sorted well sorted well sorted very well sorted
Roundness of grains subrounded subrounded subrounded subrounded subrounded subrounded subrounded to rounded
Comments gastropods abundant pastrop. & forams abundant some gastropods gastropods abundant 1O Organics organics present gtz & calcareous fragm.
organics present organics presnt quartz slightly pritty quartz slightly grigy quartz slightly gritty gastropods abundant very clean sediment

Sediment colour medium brown-grey medium brown-grey light brown- grey light brown- grey light brown- grey medium brown-grey light brown- grey
Number forams /20g sand 125 136 107 64 39 44 123
Number species /20g sand 21 29 17 16 17 11 22
Littorsl forams/influence (%) 70 59.6 53.3 46.9 53.9 75 56.1




Main Channei samples; Description table {cont.)

i ap o

. 42 ‘b.qi";";:'

Sample 36 37 38 39 41
Date 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002 15/01/2002 17/01/2002
Low Tide 10:54 10:54 10:54 10:54 10:54 10:54 11:59

23:12 23:12 2312 23:12 2312 2312
High Tide 17:12 17:12 17:12 17:12 17:12 17:12 18:11

05:08 05:08 05:08 05.08 05:08 05:08 06:10
| Time 12:17 12:34 12:42 13:13 13.26 13:44 1338
GPS Reading ( °S ) 34.05489 34.06099 34.06447 34.0689 34.07251 34.0754 34.07743

{°E) 23.04334 23.04544 23.04816 23.05135 23.0534 23.05617 23.06062
Location Description Near Channel Marker 24 Near Channel Marker 25 Near Channel Marker 26 Near Channel Marker 27  { Just past Chaonel Marker 28 Entrance to The Heads Between The Heads
2nd sandbar marker Near green sandbar marker | Near green sandbar marker | Near green sandbar marker Near The Heads
Depth (m) 4 5 6 6 8 8 10
Surface Salinity (%) 32 32 33 35 36 36 35
Bottom Salinity (%) 32 32 33 35 36 36 335
Flow Velocity { m/s-1) 0.666 0.666 0.57143 0.57143 0.8 i 1.2
Water Temperature (°C) 24 23 23 23 22.5 222 23
Water Colour dark green Green-blue Green-blue Crystal green-blue Crystal green-blue Crystal green-blue Crystal green-blue
Visibility transparent transparent transparent transparent transparent transparent transparent
nH 8 8.02 8.01 8.08 8.1 8.11 8.18
Sediment type fine sand fine sand fine sand fine sand fine sand fine sand fine sand
Sorting very well sorted very well sorted very well sorted very well sorted very well sorted very well sorted very well sorted
Roundness of grains subrounded to rounded subrounded to rounded subrounded to rounded subrounded to rounded subrounded to rounded subrounded to rounded subrounded to rounded
Comments qiz & calcareous fragm. qtz & calcareous fragm. qtz & calcareous fragm. qtz & calcareous fragm. qtz & calcareous fragm. qtz & calcareous fragm. gtz & calcareous fragm.
very clean sediment very clean sediment some organics very clean sediment very clean sediment very clean sediment very ¢lean sediment

Sediment colour light brown- grey light brown- grey light brown- grey beige beige beige beige
Number forams /20g sand 131 203 121 72 57 38 51
Number species /20g sand 27 44 36 20 13 11 15
Littoral forams/influence (%) 68 89.8 90.1 93 94.7 93 96.1




Table 2: Extra Samples collected around the Knysna Estuary

[Slmpie Sout River sample 1 Sout River sample 2 Railbridge side channel Thesen isiand canseway 1 Thesen island causeway 3 Sewage outlet 1 Sewage outlet 2
Date 17/01/3002 17/01/2003 17/01/2004 17/01/2003 17/01/2006 17/01/2007 17/01/2008
Time 10:00 10:19 10:39 10:55 11:08 11:55 12:00
GPS Reading (“S ) 34.03293 3403698 34.03774 34.04337 34,04346 34.04642 34.04639
{°E} 2302486 23.02466 23.03645 23.04826 23.04813 2306751 23.06817
Loc¢ation Description 100m upstream of At Sout River mouth Near N2 road, under Just east of Causeway Just west of Causeway ~§0m from sewage outlet At the sewage outlet
(locations on figure 2.1) Sout River mouth Railbridge
{Depth (m) 0.2m 0.6 3 3.5 2 03 L3
Surface Salinity { % ) 26 30 32 32 32 2 0
Bottom Salinity { % } 26 30 32 32 32 2 0
[Salinity Gradient No No No No No No No
btow Velocity {mis™) Zero 0.13 0.4 015 0.6 (fst under causeway) .15 -0.15
‘Water Temperatare (°C ) 25 4.5 23 25 25 26 25
'Water Calour Clear Clear Blue-green Brownish blue Brownish blue light brown-clear Light brown
H 7.37 7.65 7.95 8.02 8 7.85 7.81
Water clarity transparent poot poor poor poor relatively clear paor
Sedi type coarse sand dium grained sand Fine sand fine sand medium grained sand fine sand hii dium grained sand
Sorting pooriy sorted poorly sorted well sorted well sorted moderately sorted well sorted well sorted
Roundness of grains angulas 1o subsngulay angular to subanguler sybangular 10 subrounded subangular o subrounded subangular to subrounded banguler to subreunded bangular to subrounded
C no organics or shells no oggrgnics ot shells organics & shells present abundant organics & shells some shell frapn few shell fragments very few shells & organics
ds ~30/ray microfauna rare microfauna small, but sbund di lovks gritty sediment locks gritty some organics pre microfauna rare
[Sediment colour Light brown Light brown light grey Tight brown-grey Tight brown-grey light grey light brown-grey
Forsminifers g sand 3 12 55 33 3 33 10
Foraminifersi Species /20p sand 3 4 21 11 3 12 4
% littoral/ shallow marine forams 0% 0% 63.60% $7.58 60% 87.88% 40%




Ashmead Channel

Ashmead channel sample Al A2 A3 Ad AS A6
==Location Entrance to Ashmead channel lkm from Al T50m from A2 1km from A3 800m from A4 100m from A3
fear causeway
Depth ( m ) ~1.7m ~1.5m ~1.5m ~1.5m 0.75m 1m
Surface Salinity (%) 33 33 33 33 13 33
Relative flow velocity moderate moderate moderate moderate Slower Very slow
'Water Temperature { °C ) 23 23 23 23 23 23
‘Water Colouy clcar-gree;x clear-green clear green-brown clear green-brown green-brown brown
8 8.02 81 8.1 7.9 7.86
'Water clarity good moderate moderate moderate poor very poor
Sediment type medium-fine grained sand fine sand very fine sand very fine sand mud-rich sand mud-rich sand
Sorting well sorted well sorted well sorted well sorted well sorted well sorted
Roundness of graing subangular- subrounded bangular- subrounded subangular- subrounded subangular- subrounded subangular- subrounded subangular- subrounded
Comments Eelgrass present (lots organics) few organics Eelgrass present (lots organics) moderate amt organics organics abundant organics abundant
Sand fraction dominant Shell -rich mud-rich mud-rich sediment gritty sediment gritty
abundant marine material abundant marine material some marine material some marine material marine components - few and abraded marine components - few and abraded
Foraminifera /20g sand 88 29 122 92 68 91
Foraminifers! Species /20g sand 27 11 29 21 13 11
% littoral/ shallow marine forams 84.09 93.01 77.68 72,82 45.58 26.37
% reworked forams 3.04 3 7.4 11.96 22,06 29.67

Distance from sample 1 to sample 6 = 4km

Marine material = echinoid spines, sponge spicules, gastropods, bivalves, efc.

Sample A2 contains abundant shell material, including Prosomella capensis, Loripes clausius and Solen capensis.




Marine dominated samples

Collected in March 2002

Sample Leisure isle sandfiat channel behind Leisure isle Knysna Heads Brenton beach Brenton Noetzie beach Noetzie
(L1-L9) {Lo) rack pools rock pools rock pools
GPS Reading ( °S X °E ) / / / / / / /
locations on figure 2.1
" Dq:ti: {(m) 0 -1m at low tide 30cm at low tide ~15cm at low tide above water ~20cm at low tide above water ~20cm at low tide
Salinity { % ) marine (~35%e) marine {~35%o) marine (~35%) maring (~35%o) marine (~35%e) marine (~35%e) marine (~35%e)
Water Temperature {(°C) fluctuates with seasonal ocean temperatures; generally range from 15°C to 25°C from winter to sumimer months respectively
Water Colour blue-green (clear) blue-green (clear) blue-green (clear) biue-green (clear) blue-green (clear) blue-green (clear) blue-green (clear)
H oceanic (~8.0) oceanic (~8.0) oceanic (~8.0) oceanic (~8.0) oceanic (~8.0) oceanic (~8.0) oceanic (~8.0)
fwater clarity tmnspa;'ent transparent relatively clear moderate relatively clear moderate relatively clear
Turbulence relatively high energy environ. moderate to low energy high energy environment high energy environ, high energy environ. high energy environ. high energy environ.
1Sediment type generally fine grained sand fine sand medium grained sand fine sand medium grained fine sand medium grained
l&ﬁng well sorted well sorted well sorted well sorted well sorted well sorted well sorted
lR dness of grains generally sub-rounded generally sub-rounded generally sub-rounded generally sub-rounded generally sub-rounded generally sub-rounded generally sub-rounded
Comments abundant marine material abundant marine material abundant marine material abundant marine material abundant marine material | abundant marine material abundant marine material
Sediment colour light-brown light-browm light-brown light-brown light-brown light-brown . Jight-brown
Foraminifera /20 sand 109 avg, 193 254 107 avg. 84 19 25
Foraminiferal Species /20¢ sand 26 avg, 31 35 14 avg. 14 7 7
% littoral/ shallow marine forams 100% 100% 100% 100% 100% 100% 100%

Marine material (gastropods, bivalves, echinoid spines, sponge-spicules, bryozoa, ophioroid oscicles, serpulid worm tubes, algal fragments, etc.)




Table 3

>2mim >500um and <2mm <500um and >83um <63um
#Main channel sample % gravel % sand Y%esand % mud
sample 1 18.224 60.048 21.680 0.038

sampie 2 8.143 28.579 683.957 1.321

sample 3 65.576 20.535 13.850 0.340

sample 4 38,716 47.103 12.457 1.725

sample 5 12.272 23.373 59.189 5,165

sample 6 42.438 37.295 17.748 2.519

sample 7 1.303 58.604 35,973 4.119

sample 8 0.000 43.423 50.029 6.548

sample 9 0.000 30.500 62.322 7.178

sample 10 0.000 42.428 42.607 14.965
sample 11 0.000 18.467 39.976 40.557
sample 12 0.000 37.256 54,447 8.297
sample 13 0.000 35.485 49197 . 15348
sample 14 0.000 £8.162 41.006 0.832
sample 15 0.000 16.103 82.893 1.008
sample 16 0.000 5.961 93.243 0.796
sample 17 0.000 0.000 19.551 80.449
sample 18 0.000 11.057 70.780 18.164
sample 19 14.163 4.608 70.802 10.428

sample 20 0.000 2.776 96.930 0.294
sample 21 0.000 1.870 97.728 0.302
sample 22 0.000 0.831 98.632 0.437
sample 23 0.000 10.761 88.691 0.548
sample 24 0.000 12.609 87.092 0.299

sample 25 0.000 7.661 82.285 0.054
sample 26 0.000 2.030 97.508 0.462
sample 27 0.000 1.112 98.461 0.427
sample 28 0.000 3.368 96.632 0.000
sample 29 2.372 7.934 77.668 12.026
sample 30 3.410 2.658 91.238 2.693
sample 31 0.000 0.349 89,371 0.281
sample 32 0.000 2.950 96.880 0.170
sample 33 0.000 6.897 93.103 0.000

sample 34 5,490 1.911 85.285 7.314
sample 35 0.000 1.825 98.059 0.116
sample 36 0.000 0.561 99.120 0.319
sample 37 0.000 0.323 99.198 0.478
sample 38 0.000 0.676 98.375 0.948
sample 39 0.000 2.228 87.772 0.000
sample 40 0.000 1.904 98.096 0.000

sample 41 0.000 2.018 97.981 0.000
sample 42 0.000 1,743 98.257 0.000

Exira samples % gravel (>2mm) | % sand (>600pum & <2mm) | % sand (<500pm & >63pum) | % mud {(<63um)

Sout River 1 0.000 22.779 73.692 3.529
Sout River 2 0.000 8.877 90.289 0.734
Railbridge 6.685 3.451 73.817 16.046
Thesen causeway 1 0.422 3.182 91.318 5.077
Thesen causeway 2 2.810 23.428 73.482 0.279
Ashmead channel A1 0.000 0.351 95.180 4.499
Ashmead channel A2 37.235 0.220 51.853 0.692
Ashmead channel A3 7.947 0.200 86.872 4.981
Ashmead channel A4 3.133 0.150 76.018 20.699
Ashmead channel AS 1.926 0.053 58.378 38.643
Ashmead channel A8 1.856 0.000 65.076 32.968
Sewage outlet 1 0.000 0.000 96.412 3.588
sewage oullet 2 0.000 0.127 95.873 4.000
Leisure Isle sandfiat L1-1.9 0.000 3.161 96.839 0.000
Channel behind Liesure isl 0.000 2615 97.385 0.000
[Brenton beach ahw 0.000 2.651 97.349 0.000
Brenton beach blw 0.000 3.707 96.293 0.000
Rockpools near Brenton 18.843 24.419 55738 0.000
Rockpools at Noetzie bea 19.500 24.470 56.030 0.000




APPENDIX 4
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Basmpls 24 Sunsple 23
{78% brokem & shesdod, Elphidinm crisgres 50% beoken & sivaded) Asmsaceia parkinstninnn
Amsaoia parkingreiens o). Elphidinn srioposs
Quinpudventing dunkarpisne Cuuinsmeinoudios deskorqion
‘slocling trigomile Cilbicides rofllgese
Lobmtuls lobatuls Poroopouides tatseslis
Rotsfis gaimardii e sosl
Elphidives wacaiium Elphidine advenies
Cutaqualoulies, of. velgaris Trikocubine “cblvags’
Crsudiryina rudis Frikooulins picerusts
Wicidoides 5. Parasotsls sipponics
Pocceponides letoralis Cibieidoides spedoungrizss
Homotrwmas rabrus (piace) Challoage relle bradyl
Suwm of forewst per 2omple Sum of forams per sqmpla
Nugehar of spacies pev samiple Nuswber of specias pev sample
%6 fistoral influerce 96 fittoral snfluence
H {Reworked fromn Pleisiocens)
1 {(Rewndded from Fleisioomns)
Sample 27 Bamphe 28
EX n (8 rowneked fom Plek Amenonis i 5, E Amsnonis periinpoiians si. £
1 Biphiions artiozlstas Elphidiom srigum
13 (50% broksn & shruded) Elphictin of. advemim 3 Eiphidium macelium
Eiphidim crispum 1B (fow broken & sbwaded) Teibowesling “shlonga™
Elphiives maselbrs Tribaculins tricaripes
riloculies “obleage” £at Tritoouline sp.
eiloculins trigonuls Cuinqueloculion of, wigaris
Epingueloculion dunkorgeiss Tesbelaria coucs
Quinquelooulinn comtorts Furansialia sipponics
Grausdryion nafis Cbicidoides spsdovngorimus
Pararotatia wppouica Porosporides lateralis
iciden refulgens Sam o forams per smmple
Posooponides leteralic Nusber of spuctes per sample
Lobetals lobstuls 9 inttoral infhusec:
s of foramss pev sassple
rumber of speciss par sumple
tioral sflence
Sample 30 Saemple 31
ol "chiongs” Trilooslins “shioogs’
Ammonis parkinsesdans b Amavonia parkinsocies
Elphidiem of, advermm Cibicides refulgums
Elphidius edvemss: Elphidium sdvemus
Quinqueloating duskorgsians Porsrotalis sppoica
Lobabula lobamia Elphidium of. sdvomn
Bevides rofulgsas Teiloculine trigomuls
iphieinn of alvaresisturs Elphidiam artiouision
from ilculion Lentioubie sp. (fosall)
sibbd Spiroloculine Elphidivn messiien
Colins malo CQuinquebeculing ssminbin
Bufimise slongata Spirolurulim communis
Heysesinn gremiaicn Suum of forams per suvple
Triloculing tigonls Huseler of spoctas por svanple
Cuingueloculin of. vulgaris 36 ittorad influence
Quinguioonfins somimucn
Quinguionuling coators (Revanked from Pletstocons’
Tonmlaris cosice
Poroepunides letornlis
Lagenm <. byelli-
Rosalie bradyi



Sample 32 Samsple 33
Ammosie paridescnis Elphidim crispum (#05% brokes & sbraded)
edovelins “oblongs” Pursroudis sipposice 4 froom Flois
Eiphidium crisgars. Trilousting “cblongs’
s .
Cuinspedoculing dunbwrquisne. rome Cueingpeoliculi (Reworked,
Prresctnbia nipposics Cibisiden rafislgams
il rigosuls Porosprnides ateralis {Roworked)
riloentins iricarinsts Lobamls lobetuls
iphidiun sivansrs Trilosnbing trigraule
Elphidines metntue a4 Trilovalias sp. {Roworked)
Spieokualion ooy Sparagloctissils s
Civickdoides spmdoumgerisny Citisidokdes sprudnugociamt
Plarstuslion mediterrmsssis B slongatn
Sust of fornans par somiple Globoguadring duterired
‘wember of spectas pev swpls Bum of foraus per somple
liatoral inflommc Neawsber of spacias e sample
96 fiving Hitoro! byfluemce
Sample 33 Sample 36
Elphidium crispass brokin & abvaded) Amasosis parkingoeians v.
Apprmosis prkipsoniens 5.1 Pargrotaliy sipponice ¥
Tritausbing “phicaga” 1] Quingelowlivn dunkorgeians 16 (Rovrked froee Pleisossns)
Prsoinfis sipposics i Elphiduses crispes 4
Bricidon refilges Triboouliens “cbloogs”
s Cibicides refilgens
Eighndaum advenns Plancrbmbine mediterresensis
ribocsaling irigonula Elpbidiuss adeomia
Lobala lobamia Lobatule lobatuls.
Plapeebubios moditenuamsis (3 Reworked) Quinquelooulion comorty
Riphictinm of. sdvessen Elphidium of. sévesnm
Cuisgualocoling of. vulgari (Reworked) Elphidiuss of. shvareziomum
Clobigorios {1 Reworked) Hayoesin goresion
Ao Eponise {Reworkec) Elphision mecelum
Filooulins Roguenizn {Reworkec from Pleistooens; Trdouline trigotula
Cirmndryins rulis H Cuingosioeulian of. curta 1 {Raworked)
Libicidoides sp. (Raworked) Clinsidoiles spoudougerisms
Bulimion srangenvs. Porospasides laerlis
Avervalise Onliss mebo
helicngurelis wnidyl (Reworked from Pleisiocens) il eibbed Ooling 2. (Rerworked)
Suta of fovaws per soreple Cuolise 5p. A (Mebiilian, 19873
unsher of species per sample 2. Assrvstins 5p. L
96 bivivg Bioral bfluence 341 Challengerells braclyi H {Reworked from Pleisioonss)
Casvidulins lsovigata t
Ciokigeriom up.
Supt of forams par soeple
Humber of species per samp
9 norod inflamsce
Sassple 37 Sample 38
Cibiciden sefilgons Miliolinells subeusmda
litioknelia sbvoseds Cibicidos refulgens
ilnaations “olblonge” Lobatels iobatmls
Asmstcain paskissoniste Asumvia parkinsonisns 3§,
Laobatsls fobetaty Elphidiam of. srticulston
Amenooie jeposion Elphidium cf, advem
Eiphidivm sfvessss Elphidiues advomuss
Elphidium of. sdvesom Triloculin “cblongs’
Qprisnpionslisn ooetona Planrbulise seditorrassis
Planorbliss weditnrapcusis Trijoculing trigosle
Quinipsslooution, duskerguians (o0 sEoworied) Quinquelonelin dutksrypions
Elphidinam of. alvprecizsen Quuinqueloculine somiszion
Gavalinopeis Pracgesi Spirchuoulion cotmmmmis
Larsichibion Wovigats Lagena o,
Quinquelocalins semititno Chcbigerios bulloides
Cloboroisks aflats Trilouli torquemions
Hlat, vibbed Trioculing Quincprelosadion contorts
viboealien Gobiotisen Chigidoides grovdomgurions i
Cuinqeioculin lats i Oolirs wsels H (Rewrorked from Pluistosons)
eibad Spirnlovation sp. Gandy rishad Coling H
Bdilsolionlls (fut) sp. Colinn sqrasecen
sigowiing 8p. Rosslion of. globularis
Spirophoctineiia ap. Hosntrema ndbram
Ciicidvides wasdoungerianus Auvudive, indmorens
Cilgbestells sp. Avesvalion s
Lagme sp. Cawmiduling levigats
Lagees: strsst Provopad Gestiopod-tike plaskionic
Lagees sowitionsts Suss of forams per somple
Lagess: loavis Wuachey of spactes pev sassple
Roalion tradyl % Utoral influsce
Cogoria suriculis deog water Torme
Clarysabidinells dimorpbs
holigetion 5p.
Clokigatin elloid
a .
Swst of forams per saveple
Humber of spacies pav sample
% Hnioral byfhuance
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EXTRA SAMPLES AROUND THE KNYSNA ESTUARY

SOUT RIVER SAMPLES 1 AND 2

Qtz immature, unsorted, angular.

Same foram assemblage and sediment texture as upper estaury

sample 2 closer to the main estuary

Foraminifers of Sample 1
Miliammina fusca

narrow Triloculina sp.

rounded quinqu sp with no tooth
Number species

Number forams

RAILBRIDGE SIDE CHANNEL

Foraminifera
Elphidium ¢f. advenum

large flat ribbed Quinqueloculina sp.

Pararotalia nipponica
Elphidium articulatum
Triloculina tricarinata
Quinqueloculina lata
Efphidium crispum
Bulimina elongata
Trochammina inflata
Ammonia parkinsoniana s.1.
Large flat Triloculina sp.
Haynesina germanica
Globigerina quinqueloba
Haplophragmoides wilberti
Triloculina trigonula
keeled finely grooved quinqu sp.
globular miliolinella sp.
Lobatula lobatula

Rosalina cf. globularis
Gavelinopsis praegeri

Pink globular foram sp.
Number species

Number forams
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SEWAGE OUTLET SAMPLES 1AND 2

Ostracods abundant with various species

Some serpulid worm tubes and shell fragments

Foraminfera of sample 1
Pararotalia nippenica

fat Triloculina sp.

Lobatula lobatuls
Trochammina inflata
Ammonia parkinsoniana s.1.
Elphidium crispum (1 reworked)
small Quingueloculina sp.
Cibicides refulgens
Rosalina cf globularis
Elphidium cf. advenum
Cibicidoides sp.
Globigerina calida

Number species

Number forams
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Foraminifera of Sample 2
Miliammina fusca

Ammonia parkinsoniana s.1.

small Quinqueloculina sp.
Trochammina inflata
Number species

Number forams

(aperture on neck)
(mainly reworked)

(1 reworked)

(small)
(aperture on neck)

(Y tooth)

Foraminifera of sample 2
small Quinqueloculina sp.

Ammonia parkinsoniana s.l.

Haynesina germanica
Trochammina inflata
Number species
Number forams

e W W A

da, e B W g

sample 1 components
ostracods 3 species
sample 2 components
ostracods 2 species

flat tooth with two points

sample components
ostracods 4 species.

flat tooth with two points



ASHMEAD CHANNEL SAMPLES
collected 30/03/2002

Exira components

gasiropods

bivalve shells

copopods

organics

Broken echinoid spines & sponge spicules

Sample Al

Elphidium ef. arti {glob. chambers)
Ammonia parkinsoniana 8. (small)
Neogloboquadrina pachyderma (uveniles)
Eiphidium articulatum

Tritoculina “oblonga®

Globigerina quinqueloba (juveniles)
Quinqueloculina seminulum
Quinquetoculina dunkerqui
Pararotalia nipponica (2 reworked)
Brizalina pseudopuntata

Rosalina cf. globularis

Ovolina melo

Miliolinelia subrotunda

Lobatula lobatula

Globorotalia inflata

Elphidium crispum

Spiroluculing communis

Pink globular foram sp.

Coling hexagona

Nonion boueanus (reworked)
Haynesina germanica
Haplophragmoides canariensis (from saltmarsh)
Galandulina

Elphidium macelium

Elphidium of, alvarezianum
Elphidium cf. advenum

Elphidielia sp.

Number species

Number Foraminifera

% littoral influence

Sample A4

Ammonia parkinsoniana 5.1 {med-large)
Elphidium cf. asticul (rounded shape)
Miliolinella subrotunda

Pararotalia nipponica {reworked)
Ammonia japonica

Eiphidium of. articul (glob. chambers)
Elphidium crispum (reworked)
Triloculina "oblonga®

Triloculina trigonula

Elphidium advenum

(\_ 3. 9 i o i, 3
Trochammina inflata (from saltmarsh)
Triloculina tricarinata

Triloculina terquemiana (reworked)
Quinqueloculina seminuium
Quingueloculina lata

ribbed Spircloculina sp.

Cibicides refulgens

Rosaling cf. globulanis

Lenticuling sp.

Cyclogyra orbicula

Number species

Number Foraminifera

% littoral influence

THESEN iSLAND CAUSEWAY FORAMS

Thesen island sample | (east of /next to causeway)

Thesen island sample 2 (west of causeway)

Foraminifers listed from most sbundant in each sarple, to least abundant,

All Elphidium crispum are broken and abraded
All A ia japoni

{med size) sbraded; washed into channe!

Elphidiela sp. are perfect in sample 5, however one broken elphidietla in sample 1.

Milliolids all sbraded, thus probably washed into channel

Sample A2
H Elphidium crispum {abraded)
Elphidium articulatum
E“;"“‘. of articulat (glob hambers)

Ammonia parkinsoriana s.§. (small)
Elphidiom of slvarezianum
Elphidium macellum

fat Triloculing sp.

Oui Lacisling dunl

Cuingueloculing seminulum
Miliolinelia subrotunda

P 55 F? Lead)

Number species -
Number Foraminifera
% liroral influence
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7
82
84.09

Sample A3

15 Ammonia parkinsoniana s.L. (sost large, various sizes)
11 Elphidium cf. articul (rounded shape)
5 Elphidium cf articul. (glob. chambers)
H Eiphidiella sp. (well preserved)
4 Ammonia japonica
4 Miliammina fusca (from upper estuary mudflats 7)
4 Triloculina “oblonga"
4 Pararotalia nipponica (reworked)
4 QOolina melo
3 Eiphidium crispum (reworked)
2 Quingueloculing dunkerquiana (reworked)
1 Bulimina elongata {well peserved)
1 Nonion boveanus (reworked)
1 Number species
1 Number Foraminifera
1 % littoral influence
1
1
1
1
1
21
92
72.82

Foraminifers of Sample § Foraminifers of sample 2
Ammonia parkinsoniana sl 1 Ammonia parkinsoniana 8.1,
Pararotalia nipponica 7 Quinqueloculina dunkerqui
Elphidium crispum 3 Pararciaha nipponica
small Quingueloculina sp.(tooth = fimt & two point 3 Number species

Cibicides refulgens 2 Number Foraminifera
Lobatula lobatula 2

Elphidium cf. articulatum i

Q < q £ M o, 1 o 8 l

Quingueloculina contorta 1

Poroeponides lateralis 1

Rosalina of. globularis 1

Number species Hi

Number Foraminifera 3
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Sample A3

Elphidium cf. articul (glob. chambers)
Elphidium articulatum

Triloculina "oblonga”

Miliolinella subrotunda

Ammonia parkinsoniana s 1 (small)
Quinqueloculina lata

Quinqueloculing seminulum
Quinqueloculina dunkerqui

Pararotalia nipponica {reworked)
Globigerina sp. (uveniles)

Eiphidium crispum (reworked)

Triloculina tricarinata

Ammonia japonica
Elphidium cf. arti
Elphidiclia sp.
Triloculina trigonula
Triloculina tesqueniana
Miliolinella circulanis
Gavelinopsis prasgeri
Lenticulina sp.
Haplophragmoides canariensis (from saltmarsh)
Elphidium advenum

Elphidium cf. advenum

Elphidivm cf. alvarezianum

Cibicides refulgens

Oolina sp. A (McMilian, 1987}

Cyclogyra orbicula

Globbigerinaides ruber

flat Planularia sp.

Number species

Number Foraminifera

% littoral influence

tatum

ded shape)

Sample A6

Ammonia parkinsoniana .. (large in size)
Elphidium cf, srticul {rounded shape)
Pararotala nipponica (reworked)
Trochammina inflata (from saltmarsh)
Elphidium cf. articu} {glob. chambers)
Elphidium crispum (reworked)

Ammonia japonica

Miliammina fusca (from upper estuary mudflats 7)
Elphidium articulatum

Rosalina cf globulanis

Globigerina sp.

Number species

Number Foravinifera

% littoral influence
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LEISURE ISLE SANDFLAT SAMPLES (Sample L1 near Leisure isle. Sample L9 at the main channel)
Number of foraminifera per 20g sand

1h mple components
serpulid worm tubes
ostracods

glass sponge spicules
various gastropods

Sample L1

Lobatulg fobatula

Pararotalia nipponica
Elphidium cf. articulatum
Quinqueloculina dunkerquiana
Eiphidium crispum

Cibicides refulgens
Miliolinella subrotunda
Poroeponides lateralis
Elphidium cf. alvarezianum
Quingpeloculina lata
Grandryina rudis
Planorbulina mediterranensis
piece of Homotrema rubrum
Ammonia japonica
Elphidium macellum
Quinqueloculina seminulum
Cibicidoides speudoungerianus
Ammonia parkinsoniana s.l.
Triloculina terquemiana
Triloculina bertheliniana
Quinqueloculina contorta
Spiroluculina communis
Miliolinella circularis
Textularia conica

Acervulina sp.

Hyalinea balthica (reworked)
Number species

Number forams

bivalves

calcareous algal fragments
echinoid spines

bryozoans

ophioroid oscicles

—
-
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Sample L2

Pararotalia nipponica
Elphidium cf. articulatum
Lobatula lobatula

Ammonia japonica

Elphidium crispum
Quinqueloculina dunkerquiana
Mitiolinella subrotunda
Cibicides refulgens

Ammonia parkinsoniana s.l.
Quinqueloculina contorta
Poroeponides lateralis

Pink globular foram sp.
Elphidium maceflum
Elphidium advenum
Elphidium cf. alvarezianum
Triloculina terquemiana

finely ribbed Quinqueloculina sp.
Cibicidoides speudoungerianus
Cibicidoides sp.

Planorbulina mediterranensis
Acervulina sp.

Rosalina bradyi

Rosalina williamsoni

piece of Homotrema rubrum
flat Planularia sp. (reworked)
Number species

Number forams

Sediment discription
fine-medium grained

similar to Brenton beach samples
angular to subangular grains
clean sediment

well sorted

calcareoys fragments abundant

Sample L3
Pararotalia nipponica
Elphidium cf. articulatum

" Elphidium crispum

Lobatula lobatula
Planorbulina mediterranensis
Ammonia japonica
Elphidium macellum
Cibicides refulgens
Quingueloculina seminubum
Poroeponides lateralis
Ammonia parkinsoniana s.1.
Miliolinelia subrotunda
Quinqueloculina dunkerquiana
Textularia conica
Triloculina terquemiana
Narrow Quinqueloculina sp.
piece of Homotrema rubrum
Quingueloculina contorta
Acervulina sp.

Haynesina germanica

Pink globular foram sp.
Globigerinella equilateralis
Elphidium articulatum
Elphidivm advenum
Elphidium cf. alvarezianum
Triloculina tricarinata
Triloculina bertheliniana
Triloculina sp.

ribbed Spiroloculina sp.
Pyrgo sp.

Graudryina rudis

Lagena sp.

QOolina melo

Gavelinopsis pracgeri
Bulimina orangensis
Globorotalia inflata
Number species

Number forams
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Sample L4

Pararotalia nipponica
Elphidium crispum
Ammonis japonica

Lobatula lobatula
Poroeponides lateralis
Cibicides refulgens
Quinqueloculing dunkerquiana
Elphidium ¢f. articulatum
Elphidium advenum
Triloculina trigonula
Ammonia parkinsoniana s.1.
Eiphidium cf alvarezianum
Elphidium macellum
Triloculina terquemiana
Quinqueloculina lata
Miliolinella subrotunda
Textularia conica
Cibicidoides speudoungerianus
Planorbulina mediterranensis
Acervulina sp.

Rosalina bradyi

Rosalina ¢f. globularis
Bulimina elongata

Pink globular foram sp.
Caneris auriculus

Nonion boueanus (reworked)
Number species

Number forams

Sample L7

Pararotalia nipponica
Elphidium crispum

Lobatula lobatula

Cibicides refulgens
Ammonia japonica
Quingueloculina dunkerquiana
Poroeponides lateralis
Ammonia parkinsoniana s .
Elphidium macellum
Triloculina trigonula
Planorbulina mediterranensis
Elphidium cf. articulatum
Elphidium advenum
Elphidium cf. alvarezianum
Triloculina terquemiana
Quinqueloculina seminulum
Miliolinella subrotunda
Graudryina rudis
Cibicidoides speudoungerianus
Acervulina sp.

Gavelinopsis praegeri

piece of Homotrema rubrum
Pink globular foram sp.
Number species

Number forams
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Sample LS

Pararotalia nipponica
Lobatula lobatula

Elphidium crispum

Cibicides refulgens
Planorbulina mediterranensis
Poroeponides lateralis
Quinqueloculina dunkerquiana
Miliolinella subrotunda
Ammonia japonica
Elphidium macellum

Pink globular foram sp.
Ammonia parkinsoniana s.b.
Elphidium cf. articulatum
Elphidium articulatum
Elphidium cf. alvarezianum
Triloculina trigonula
Triloculing tricerinata
Quinqgueloculina seminuium
Quingueloculina contorta
Graudryina rudis
Cibicidoides speudoungerianus
Acervulina sp.

Haynesina germanica
Gilabratella australensis
Number species

Number forams

Sample L8

Pararotalia nipponica
Cibicides refulgens
Poroeponides lateralis
Lobatula lobatula
Planorbulina mediterranensis
Ammonia japonica
Elphidium crispum
Elphidium macellum
Elphidium advenum
Quingueloculina dunkerquiana
Pink globular foram sp.
Ammoniza parkinsoniana s.}.
Elphidium cf. alvarezianum
Triloculina tricarinata
Quingueloculina seminulum
Quinqueloculina contorta
Miliolinella subrotunda
Textularia conica
Cibicidoides speudoungerianus
Acervulina sp.

Glabratelia australensis
Oolina melo

Challengerella bradyi
Number species

Number forams
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Sample L6

Pararotalia nipponica
Elphidium crispum

Cibicides refulgens

Ammonia japonica

Lobatula lobatula
Planorbulina mediterranensis
Quinqueloculina dunkerquiana
Poroeponides lateralis
Elphidium advenum
Miliolinella subrotunda
angular quingu sp with no tooth
Ammonia parkinsoniana 5.1
Elphidium macellum
Quingueloculina seminulum
Spiroluculina communis
Graudryina rudis

piece of Homotrema rubrum
Elphidium cf. articulatum
Triloculina trigonuia

- Quingueloculina lata

Pyrgo sp.

Agglutinated Siphanaperta martinae

Textularia conica
Spiroplectinella sp.
Cibicidoides speudoungerianus
Cibicidoides sp.

Acervulina sp.

Glabratella sp.

Planispirillina sp.

Number species

Number forams

Sample LY

Pararotalia nipponica
Lobatula lobatula
Elphidium crispum
Planorbulina mediterranensis
Poroeponides lateralis
Ammonia japonica
Cibicides refulgens
Elphidium macelium
Elphidium advenum
Textularia conica
Quinqueloculina dunkerquiana
Graudryina rudis

Elphidium cf articulatum
Quinqueloculina seminulum
Ammonis parkinsoniana s.1.
Elphidium of alvarezianum
Triloculina trigonula
Miliolinella subrotunda
Acervulina sp.

Triloculina terquemiana
Quinqueloculina contorta
(Glabratella australensis
Gavelinopsis praegeri

Pink globular foram sp.
Globigerina sp.
Globorotalia inflata
Chrysalidinella dimorpha

Ehrenbergina cf. healyi (reworked)

Number species
Number forams
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CHANNEL BEHIND LEISURE ISLE (L0)

Pararotalia nipponica Ex}
Ammonia japonica 20
Planorbulina mediterranensis 18
Cibicides refulgens 16
Elphidium crispum 14
Lobatula lobatula 14
Elphidium macellum i1
Poroeponides lateralis 10
Triloculina trigonula 8

Ammonia parkinsoniana s.1
Elphidium‘cf. articulatum
Spiroluculina communis
Miliolinella subrotunda
Rosalina bradyi

Elphidium articulatum
Triloculina "oblonga”
Triloculina tricarinata
Quir;queloculina contorta
Graudryina rudis

Acervulina sp.

Elphidium cf alvarezianum
Quingueloculina cf. vulgaris
Quinqueloculina dunkerquiana
Quinqueloculina seminulum
Miliolinella circularis
Textularia conica

Cibicidoides speudoungerianus
Lagena sp.

Pink globular foram sp.
Globigerina sp.

Cancris auriculus

Number species

Number forams 193
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SURFACE WATER AT THE HEADS

Foramlnifera

Pasarotalis nipponica
Neogloboquadring pachyderma
Cibicidoides speudoungerianus
Lobatuls lobetula

Miliolinells subrotunda
Cibicides refulgens
Poroeponides lateralis
Giabratells sustralensis

Pink globular foram sp.
Number specias

Number forams

KNYSNA HEADS ROCK POOLS

Feraminifera

Planorbuling mediterranensis
Lobatula lobatula

Ammonis japonica
Elphidium crispum
Triloculine trigonula
Elphidium maceltum
Miliclinella subrotunda
Cibicides refulgens
Poroeponides lateralis
elongate Triloculing sp.
Graudrying radis
Spiroluculing communis
Elphidium sdvenum
Textularia conica

piece of Homotrema rubnum
Armemonia perkinsoniana s.1.
Quingueloculing dunkerquians
Cingueloculing contorta
Acervulina sp.

Triloculing tricarinata
Triloculing terquemiana
Cibicidoides speudoungerianus
Rosslina bradyi

Elphidium articulatum
Elphidium of. slvarezianum
Elphidium gunteri

thin elongate miliolinells sp.
large Cibicidoides sp. (Eocene)
Lagens semilineats

Gypsina sp.

Uvigerina sp.
Globbigerinoides ruber
Globogquadring dutertrei
piece Nubecularia lucifuga
Number species

Number forams

BRENTON BEACH SAMPLES
Below low water; wave dominated littoral zone

9

3 abraded, reworked

¥
2 recrystalized and recalcified
1

1
1
1

i juviniles, unknown species

8
21
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Foraminifers below low water/ ttoral zone

Quinqueloculing dunkerquiana

Paracotalia nipponica

Elphidium crispum

Cibicides refulgens

Poroeponides laterslis

Ammonia japonica

Lobatula lobatula

Planorbuling mediterranensis

Elphidium macellum

Graudivina rudis

Texctularia conica

Ammonia parkinsoniana s.i.

Triloculing terquemiana

Quinqueloculing of. vulgaris

Cuingueloculina contona

Spiroluculina communis

large Cibicidoides sp. (Eovens)
. Acervuling sp.

Glabratella sustralensis

Rosalina bradyi

Bulimina elongata

Pink globular foram sp.

Lenticuling sp.

Number species

Number forams

27
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Other sample components

lots calcareous algal fragments
shells - gastropods and bivelves
bryozoans

ophioroid oscicles

schinoid spines

brachiopod shell

ostracods ~ 6 species

serpulid worm ubes

glass sponge spicules

Bamicle plates

Sedi Siscripti
coarse grained

angular- subangular grains
gquartz dominant

shells and shell fragments shundant

clean sediment

Orher components

qtz grains sngular
sponge spicules

shell fragmenis
gastropods

algsl and coral fragments
seawoed

broken echinoid spines

ostracods: 2 specimens, same species

BRENTON ROCK POOLS

Forams from cemented Pleistocene daposits

Foraminifers

Poroeponides lateralis
Elphidium crispum
Challengerells bradyi
Cibicides refuigens

large Cibicidoides sp.
Quinqueloculing dunkerguisna
Triloculing trigonuls
Ammonia japonica
Quingueloculing seminulum
Miliolinella subrotunda
Pararotalia nipponica
Quingueloculing contors
piece of Homotrema rubrum
Cancris auriculus

Number species

Number forams

20 large snd well preserved

17 (large and well preserved)

11 {Reworked: latest Pleistocene)
g
6 (Reworked from the Eocene)
3
4
3 (large, reworked)
3

R B

i

1 (Reworked from Miocene)
i4
&4

Beach sand sample; below storm water mark
Seversly wave swopt ares, only thick willed forams preserved

Sample components Formminifera i beach sand, above high water mark
serpulid worm tubes d) P fia nippon 28
serpulid worm tubes { d) Elphidi p 12
bund b lgal fra Cibicides refulg 11 2 reworked
ghells - gastropods and bivalves Ammonia jEponica 5
bryozoa sbundant Poroeponides lateralis 4
Planorbulina mediterranensis 4 40% reworked
Quinqueloculing dunkerquisna 3 typlcal of continental shelf
Sediment diseription Lobatula lobstule 3
Quartz dominant Challengerelia bradyi 2
subangular- subrounded grains Elphidium maceltum 2
fine-medium grained Triloculing trigonula 2
shells and shell fragments abundant tutinated Siphanap i 1
sbundant marine material large Cibicidoides sp. (Eocene)} H
clean sediment Clobigerina sp. ]
Number spectes 4
Kumber forams 76



NOETZIE BEACH SAND
Foraminifora

Parsrotalia nipponica
Elphidium crispum
Elpidium sdvenum
Challengerella bradyi
Cibicides refulgens
Quinqueloculing dunkerquisna
Iyulinea balthica

Number species

Mumber forams

Sodi o
Quanz dominant

Well soried

submgulas- subrounded grains
fisie-medium grained

shells and shell fragments abundant

abundant marine material
clean sediment

10 {80% reworked)
2 (large, reworked)
2 (abraded/ reworked)
2 (Reworked from late Plei
1
1 (sbraded, orange, reworked)
1

7
19

serpulid worm tubes (omamented)

NOETZIE ROCK POOLS
Feraminifers
Challengerells bradyi
Pararotalia nipponica
Elphidium crispum
Cibicides refulgens
Poroeponides lateralis
Elpidium sdvenum
Quingueloculing dunkerquisns
Number species

Number forams

. scrinti
Cuartz dominant
d dy well sorted

serpulid worm tubes 4}
bomd

1 Sk ded pra

i algal frag
shells - gastropods and bivalves
bryozos abundant

grains
medium grained
shelis and shell fragments abundant
abundant marine material
clean sediment
similar to Brenton rock pools

T (Reworked: lste Pleistocens)
5 {reworked)
3 {rounded/ shraded)
4 (living}
2 (living)
1 (rounded/ sbraded)
1 (abraded, orange, reworked)
7
25
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APPENDIX 35

Scanning Electron Microscope (SEM) images of identified foramimfera species of the Knysna

Estuary

PLATE 1

Row 1a dmmonia parkinsoniana, veniral view
Row 1b Ammonia parkinsoniana, veniral view
Row le Ammonia parkinsoniana, ventral view
Row 2a Ammonia parkinsoniana, veniral view
Row 2b Ammonia parkinsoniana, ventral view
Row Z¢ Ammania parkinsoniana, obligue-ventral view
Row Ja Ammonia pariinsoniana, ventral view
Row 3b Ammonia parkinsoniana, ventral view
Row 3¢ Ammonia pariansoniang, venlral view
Row da Ammonia parkinsoniarng, ventral view
Row 4b Ammonia parkinsoniana, ventral view
Row 4c Ammonia parkinsoniana, dorsal vicw
Row Sa Ammonia parlansoniang, dorsal view
Eow 5b Ammonia parkinsoniana, dorsal view
Row 53¢ Ammonia parkinsoniana, dorsal vicw
Row Ga Ammonia parkinsontand, dorsal view
Kow 6b Ammonia parkinsoniana, dorsal vicw

Row 6 dAmmonia parkinsoniana, dorsal view



L
o]
o,




PLATE 2

Row la Eiphidium crispum, side view

Row 1b Eiphidium crispom, side view

Row lc Elfphidium erispum, side view

Row 2a Elphiditm crisprom, septal bridges, high magnification
Row2b ;Efphfdfum crispiun, septal bridges, high magnification-
Row 2¢ Eiphidium crispum, septal bridges, high magnification
Row 3a Fiphidium crispum, edge view

Row 3b Elphidium macellum, side view

Row 3¢ Elphidim macellion, umbilical area, high magnification
Row 4a Eiphidm cf. alvarezianum, side view

Row 4b Efphiditm cf. advenum, side view

Row 4c Eiphidinm advenum, side view

Row 3a Eiphidium of. articulatum, side view

Row 5h Eiphidium articulatiom, side view

Row 3¢ Elphidim cf. ariiculaium, side view

Row Ga Eiphidivm cf, articularum, side view, high mapnilication
Row 6b Elphidium cf. ariicidatum, apertural view

Row 6¢ Efphidium of. articulatum, apertural view, high magnification






PLATLE 3

Row la Fiphidium cf articulatum, side view
Row 1b Elphidivm cf articularum, side view
Row ¢ Elphidium of articidaium, apertural view
Row 2a Elphidivm guaterd, side view

Row 2b Elphidiclla species, side view

Row 2¢ Elphidicila species, lngh magnihcation
Row 3a Elphidiclia species, side view

Row 3b Fiphidiella species, side view

Row 3¢ Fiphidiella species, edge view

Row da Haynesina germanica, side view

Row db Haynesing germanica, side view

Row d¢ Haynesing germanica, umbilical area, high magnilication
Row 3a Ammomia japonica, dorsal view

Row 3b Ammaonia japonica, dorsal view

Row Sc Ammonia japorica, ventral view

Row ba Ammonia jfaponica, ventral view

Row 6b Rotalia gatmardii, veniral view

Row 6 Retalia paimardii, veniral view
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PLATE 4

Row la Lobarila lobatula, ventral view

Row 1b Lebatula lobatula, ventral view

Row lc Lobatula lobaiula, dorsal view

Row 2a Lobatula lobatula, dorsal view

Row 2b Lobatula lobatula, apertural view or edge view

Row 2e Cibicides refulgens, veniral view

Row 3a Cibicides refulgens, ventral view

Row 3b Cibicides refuloens, ventral view

Row 3¢ Cibicides refudoens, dorsal view

Row 4a Poreeponides lateralis, dorsal view

Row 4b Porocponides lateralis, ventral view, and aperture with potes
Row 4¢ Poroeponides lateralis, oblique-dorsal view

Row 5a Poroeponides lateralis, dorsal view

Row 5b Poroeponides lateralis, perforations. medium magnification
Row Sc Poroepaonides lateralis, perforations, high magnification
Row 6a Cibicidoides speudoungerianus, dorsal view

Row 6b Cibicideides spendoungerianus, obhique-ventral view

Rorw e Picee ol Homotremi ruhrum






PLATE 5

Row la fargrotalic nipponicy, dotsal view

Row b Pararotalia nipponica, dorsal view

Row Tc Pararotalia nipponica, veniral view

Row 2a Purarptalia nipponica, venttal view

Row Zb Rasafina cf. globularis, dorsal view

Row 2c Rosafing of. globuwlaris, ventral view

Row 3a Rosafing bradyi, dorsal view

Row 3b Rosaling bradyi, dorsal view

Fovw 3¢ Rasaling bradyi, veniral view

Row da Ravaling hradyi, ventral view

Eow db Rosaling bradyi, veniral view

Row dc Rosaling bradyi, ventral view

Row 5a Glabratella australensis, veniral view

Row Sh Clabratefla ausiralensis, dorsl view

Row ¢ Clabratella australensis, dorsal view

Eow fa Alanorbuling mediterranensis, ventral view
Row 6b Planorbuling mediterranensis, ventral view

Row 6c Planorbuling mediterrgnensis, ventral view, high magnification






PLATE 6

Row la Planorbulina mediterranensis, ventral view
Row b Planorbudina mediterranensis, veniral view
Row le Planorbuling mediterranensis, ventral view
Row 2a Planorbuling mediterranensis, ventral view
Row 2b Planorbuling mediterranensis, ventral view
Row 2¢ Planorbuling mediterranenyis, venlral view
Row 3a Indeterminate pink globular species

Row 3b Indeterminate pink globular species

Row 3¢ Indelerminate pink globular species

Row 4a Brizolina speudopumciaia, side view

Row 4b Buliminag orangensis, side view

Row d4¢ Bulimina orangensis, sidc view

Row Sa Buliming elongata, side view

Row Sh Buliminu efongata, side view

Row 5S¢ Rulimina elomgara, side view

Row 6a Oolina melo. apical vicw

Row 6b Oolina melo, side view

Row 6¢ Oolina melo, side view






PLATE 7

Row la Oolina hexagona, apical view

Row 1b Qolina hexagong, side view

Row 1¢ Qoling hexagona, side view

Row 2a Ooling squamosa, oblique-side view

Row 2h Goling sp. 4 (McMillan, 1987), side view
Row 2c¢ lagena siriate, side view (multiple embryo, or possibly damaged during test growth)
Row 3a Lapena semilineata, apical view

Row 3b narrow Lagena semilineata, side view
Row 3¢ Lagenu cf byellii, apcal view

Row 4a ribbed Lagena sp. apical view

Row 4b ribbed Lagena sp. apical view

IRow 4¢ ribbed Lagena sp. apical view






PLATLE 8

Row la Oningueloculing dunkerguians, side view

Row 1b Cuingueloculing dunfergquiana, apertural view

Row lc Quingueloculing dunkerguiona, aperiural view

Row 2a Quingueloculing dunkerguiona, tooth in aperture, high magnificalion
Row 2h Quingueloculing dunkerguf.:-ma, tooth in aperture, high magnification
Row 2e Chungueloctding dunkerguinna, tooth In aperturce, high magnification
Row 3a Cutngueloculing seminulum, oblique view

Row 3b Quingueloculing seminufim, apertural view

Row 3¢ Changueloculing lofa. side view

Row da Chuinguelocuding contorta, side view

Row 4h Chiinguelociding contorta, apertural view

Row dc Quinguclocuding contoria, side view

Row 5a Quingucloculing contorta, side view

Row 5b Quingueloculing cf. vulgaris, side view

Row Sc (uingueloculinag of. vidgaris, side view

Row 6a Quinguelociding of widhdate, side view

Row 6b large broad Ouinguelocuiing sp. with Y-shaped tooth in aperlure, side view

Row 6¢ larpe broad Ouingueloculing sp. with Y-shaped tooih in aperture, apertural view



PLAT= 8




PLLATE®

Row la Small, broad Quingueloculina sp. (tooth has bwo points), apertural view
Row b Smail, broad Cuinguefoculing sp. (wooth has two phints]: high magmfication
Bow ¢ finely ribbed Quingueloculing sp., side view

Eow 2a Cingueloculing sp. with no tooth, side view

Row 2b h}:imé’ocuf-fna comminis, 3ide view

Row 2c Spiredloculing communis, side view

Row 3a Sprrofoculing comprnis, apertaral view

Row 3b Spiroloculing contmunis, tooth in aperture, high magnification

Row 3¢ Ribbed! grooved Spricloculinag sp., side view

Row 4a Ribbed! grooved Sprivfoculing sp.. side view (quarlz grain on specimen)
Eow 4b Pereo, apertural view

Row 4¢ Pyrgo, side view

Row 5a Triloculing frigomida, apertural view

Row 5b Triloculinag (rigomta. apertural view

Row 5S¢ Trifocuiing irigonuia, apertural-oblique view

Row 6a Triloculing trigonuda, apertural view, Y-shaped tooth

Row 6b Trifocuding irigonuda, apertural vicw

Row 6c Trilocuding trigonula, tooth in apertire, high magnificatton






PLATE 10

Row la Trilociding trigonula, apertural view

Row 1b Trifocuting trigonula, aperlural view

Row le Trifocuding irigonufa. apertural view

Row 2a Elonpate Triloculing sp., side view

Raw 2b Triloculina oflonga, apertural view

Row 2¢ Trifoculing orlonguy, apertural view

Row 3a Triloculing eblonga, apertural view

Row 3b Triloculing oblonga, obligue view

Row 3¢ Triloculing oblonga, apertural vicw

Row da Triloculing eblongs, Y-shaped tooth in aperturc, high magnification
Row 4b Triloculing oblonga, Y-shaped tooth in aperture, high magnification
Row d¢ Triloculing oblonga, Y-shaped tooth in aperture, high magnification
Row 3a Trilociding sp., apertural view

Row 5b Trifoculing tricarinate, aperiural vicw

Row 5S¢ Triloculing tricarinata, aperiural view

Row 6a Large, flat Trifoculing sp., with aperiure on neck, side view

Row 6b flal, ribbed fridocuiing sp., side view

Row 6 Large, broad Trifociding spr, apertural -edge view
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PLATE 11

Row la Vrilpenling terguemiana, side view

Row 1b Yrilnculing terqueminnag, apertural view

Row lc Triloculing terguentiana, oblique-aperture view

Row 2a Triloculing terquemiana, side view

Row 2b Triloculing terguemiana, aperiural view

Row 2¢ Triloculing terquemiana, stde view

Row 3a triloculing ferquemioma, oblique view

Row 3b Friloculing terqueniana, tooth in aperture, high magnification
Row 3¢ Triloculina terquemiana, tooth in aperture, high mapnification
Row da friloculing terquemiana, tooth in aperiure, high magnification
Row 4b Triloculing terquemiana, 1ooth in aperture, high magnification
Row 4¢ Triloculing ferguemiana, toolh in aperlure, high magnification
Row Sa Triloculing bertbifiniana, sude view

Row 3b Triloculing berthiliniana, apertural view

Row 5c Trilpeuling berthiliniana, tooth in aperture, high magntfication
Row 6a Miliolinella subrotunda, apertural view

Row 6b Miliodinella subrotunda, apertural view

How 6c Milislinella subrotunda, oblique view






PLATE 12

Row la Miliolinella subrotunda, obhque view

Row 1b Miliolinella subrotunda, side view (gbnormal growth)
Row 1¢ Milinfinella subrotunda, side view

Row 2a Mifiolinella subrotunda, side view

Row 2b Miliolinella circutaris, side view

Row 2c Miliolinella circudaris, side view

Row 3 Milianunina fusca, side view

Row 3b Mificemmina fusca, opposite side view

Row 3¢ Mifiommina fusca, agglutinated surface, ligh magnification
Row 4a Miliammina fusca. side view

Row 4b Mifiammina fusca. oblique-apertural view

Row dc Miligmminag fusca. oblique-apertural view

Row 5a Siphanaperta martinge, (agehitinated miliolidy

Row 5b Trochamming inflata, dorsal view

Row 3¢ Trochamming inflata, ventral view

Row 6a Haplophracmoldes witherti, side view

Row 6b Haplophracmoides sp., side view

Row 6¢ Haplophragmoides canariensis, side view






PLATE 13

Row la Textularia comica, side view

Row 1b Textularia conica, side view

Row le¢ Textilaria conica, side view

Row 2a Textularia conica, apical view

Row 2b Textularia conice, apertural view

Row 2e Textularia conica, obhique-apical view

Row 3a Texfularia conice, apical-side view

Row 3b Textularia conica, apical-side vicw

Row 3¢ Textularia conica, agglulinated surface, high magnilication
Row 4a Gaudrina rudis, apical vicw

Fow 4b Gaudrina rudis, apical view

Row 4¢ Gaudrina rudis, apertural view

Row 5a Gaudrina rudis, apical vicw

Row 5h Gaudring rudis, oblique-apical view

Row 5S¢ Gaudrina rudis, agglutinaled surface, high magmification
Pow 6a Gaudring rudis, apertural view

Row 6b Spiroplectinella sp., side view

Row 6c Spiruplectinella sp., agglutinated surface, high magmiication






PLATE 14

Row 1a Cyclogyra orbicular, side view
Row 1b Glebuling, side view

Row lc Glanduling. side view

Row 2u Lenticuling sp, side view

Row 2b Lenticuling sp, side view

Row 2¢ Nownton boueanus, side view

Row 3a Chrysalidinella dimorpha, side view
Row 3b Cassidulinag luevigata, side view
Row 3¢ Caneris auriculus, ventral view
Row 4a Cheldiengerella bradvi, dorsal view
Row 4h Chuliengerella bradvi, ventral view
Row 4¢ Challengerella bradyi, ventral view
Row 5a flat Plamudaria sp. (Pleistocene)
Row 5b Planispirifling sp., side view

Row Sc Hveding bedihica (Pleistocene)



FLATE 14




FLATLEE 15

Row la Globorotalia inflata, oblique-side view

Row 1b Globorotalia inflata, ventral view

Row Lo Globorotalia inflate, side view

Row 2a (Floborotalia inflata, veniral view

Row 2b Globigerinoides trifoba, veniral view

Row 2c (lobigerina sp, ventral view

Row 3a Meogloboguadring pachyderma. dorsal view

Row 3b Neogloboguadring pachyderma, dorsal view

Row 3¢ Globoguadrina diderirel, obhique-dorsal view

Row 4a Globizerinoides rubber, aperhural view

Row 4b Globigerinoides rubber, side view

Row dc Clobigerinoides rubber, side view

Bow 5a Globigerinoides rubber, side view

Row 5b (Glabiverinoides rubber, side view

Row 5S¢ (Flobigerina bulloides dorsal view

Eow Ga juvenile Neogloboguadrina pachyderma, ventral view
Row 6b juvenile Neagloboguadring pachyderma, ventral view

Row 6¢ juvenile Neogloboguadring pachyderma, ventral view
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PLATE 16
Ostracods of the Knysna Estuary.



STRACODS OF THE KNYSNA LSTUARY




PPLATE 17

Row land 2 Ostracods of the Knysna Esluary

Row 3 and 4 Gastropods in sediments near the mouth of the Knysna Fstuary
Row da Serpulid wornm tube '

Fow 5b Bivalve shell

Row 5¢ (Glass sponge spicule






APPENDIX 6



Foraminifera Species of Knysna Lagoon

Recorded according to list of species in chapter 4.3

1) Miliammina fusca (Brady, 1870}

Quingueloculina fusca H.B. Brady, in G.S. Brady & Robertson, 1870: 286, pl.ll1,
fig.2a~c, 3a-b.

Original reference: G.S. Brady & D. Robertson (1870} The Ostracoda and
foraminifera of +tidal rivers, with an analysis and descriptions of the
foraminifera by Henry B. Brady. Annals and Magazine of Natural History, 4th.
Series, 6: 273-3009.

2) Trochammina inflata (Montagu, 1808)

Nautilus inflatus Montagu, 1808: 81, pl.18, fig.3.

Original reference: G. Montagu (1808) Testacea Britannica: Supplement. 8S.
Woolmer, Exeter: 1-183.

3) Haplophragmoides wilberti Bndersen, 1953

Haplophragmoides wilberti Andersen, 1953: 21, pl.4, fig.7a-b.

Original reference: H.V. Andersen (1953) Two new species of Haplophragmoides
from thejﬁ;ouisiana coast. Contributions from the Cushman Foundation for
Foraminiferal Research 4: 21-22.

4) Haplophragmoides canariensis (D'Orbigny, 1839)

Nonionina canariensis D'Orbigny, 1839: 128, pl.2, £ig.33~34.

Original reference: A.D. D'Orbigny (1839) Foraminiféres. In: P. Barker-Webb & S.
Berthelot, Histoire Naturelle des Iles Canaries 2(2) Zoologie. Béthune, Paris:
119-146.

5) Ammonia parkinsoniana (D'Orbigny, 1839)

Rosalina parkinsoniana D'Orbigny, 1839: 99, pl.4, fig.25-27.

Rosalina catesbyana D'Orbigny, 1839: 99, pl.4, fig.22-24.

Original reference: A.D. D'Orbigny (1839) Foraminiféres. In: R. de la Sagra,
Histoire Physique, Politique et Naturelle de 1'Ile de Cuba. A.Bertrand, Paris:
1-224.




6) Ammonia -japonica (Hada, 1931)

Rotalia japonica Hada, 1931: 137, text-fig.93a-c.

Original reference: Y. Hada (1931) Notes on the Recent foraminifera from Mutsu
Bay. Report of the Biological Survey of Mutsu Bay, Part 19. Scientific Reports
of the Tohoku Imperial University, Sendai, 4th Series (Biology) 6: 45-148.

7) BElphidium articulatum (D'Crbigny, 183%9)

Polystomella articulatum D'Orbigny, 1839: 30, pl.3, fig.%-10.

Original reference: A.D. D'Orbigny (1839%) Voyage dans 1'Amérigue Méridionale -
Foraminiféres. Pitois-Levrault et Cie., Paris, and V. Levrault, Strasbourg 5: 1-
86.

8) Elphidium advenum {(Cushman, 1922)

Polystomella advena Cushman, 1922: 56, pl.9, fig.li-12.

Original reference: J.A. Cushman (1922) Shallow-water foraminifera of the
Tortugas region. Carnegie Institute, Washington, Publication No. 311 (Department
of Marine Biology, Paper No.l17): 1-85.

9) Elphidium cf. alvarezianum {D'Orbigny, 183%)

see Polystomella alvareziana D'Crbigny, 183%: 31, pl.3, fig.l1l1l-12.

Original reference: A.D. D'Orbigny (1839) Voyage dans 1'Amérigue Méridionale =
Foraminiféres. Pitois-Levrault et Cie., Paris, and V. Levrault, Strasbourg 5: 1-
86.

10} Elphidium crispum (Linné, 1758) s.l.

Nautilus crispus Linné, 1758: 709 (figured by Plancus, 1739: pl.1l, fig.2d-f).

Original reference: C. von Linné, 1758: Systema Naturae per Regna Tria Naturae,
Secundum Classes, Ordines Genera, Species, cum Characteribus, Differentiis,
Synonymis, Locis. L. Salvius, Stockholm, Edition 10, 1: 1-823.

11} Elphidium macellum (Fichtel & Moll, 1798) s.l.

Nautilus macellus Fichtel & Moll, 1798: 66, var.B, pl.10, fig.h-k.

Original reference: L. wvon Fichtel & J.P.C. wvon Moll (1798) Testacea
Microscopica, Aliaque Minuta ex Generibus Argonata et Nautilus, ad Naturam
Delineata et Descripta. Camesina, Wien: 1-123.




12) Elphidium gunteri Cole, 1931

Elphidium gunteri Cole, 1931: 34, pl.4, fig.S$-10.

Original reference: W.S. Cole (1931) The Pliocene and Pleistocene foraminifera
of Florida. Florida State Geological Survey, Bulletin 6: 1-79.

13) Globigerina bulloides D'Orbigny, 1826

Globigerina bulloides D'Orbigny, 1826: 277, modéles no. 17 (lére livraison) and
no.76 {(4éme livraison).

Original reference: A.D. D’Orbigny (1826} Tableau méthodique de la classe des
céphalopodes. Annales des Sciences Naturelles, Paris, Séries 1, 7: 245-314,

14) Globigerina gquingueloba Natland, 1938.

Globigerina gquinqueloba Natland, 1938: 149, pl.6, fig.7.

Original reference: M.L. Natland, (1938) New species of foraminifera from off
the west coast of North America and from the later Tertiary of the Los Angeles
Basin. University of California, Scripps Institute, Oceanography Bulletin,
Technical Series 4: 137-164.

15} Globigerinoides ruber (D’Orbigny, 1839)

Globigerina rubra D’Orbigny, 1839: 82, pl.4, fig.l1l2-14.

Original reference: same as no. 5 (Ile de Cuba ref.).

16) Globigerinella aequilateralis (Brady, 1879)

Globigerina aequilateralis Brady, 1879: 285.

Globigerina aequilateralis Brady, 1884: 605, pl.80, fig.18-21.

Original references: H.B. Brady (1879) Notes on some of the reticularian
Rhizopoda of the “Challenger” Expedition. Quarterly Journal of Microscopical
Science, London, New Series 19: 20-63, 261-299.

H.B. Brady (1884) Report on the foraminifera dredged by H.M.S. “Challenger”
during the years 1873-1876. Reports of the Scientific Results of the Voyage of
H.M.S. “Challenger” 9 {(Zoology): 1-814 {2 volumes).

17) Globorotalia inflata (D’/Orbigny, 18389)

Globigerina inflata D’Orbigny, in Barker-Webb & Berthelot, 1839: 134, pl.2,
fig.7-9.

Original reference: same as no. 4 {canary island ref.)



18) Globoquadrina dutertrei (D’Orbigny, 1839)

Globigerina dutertrei D'Orbigny, 1839: 84, pl.4, fig.19-21.

Original reference: same as no. 5 (Ile de Cuba ref.).

19) Neogloboquadrina pachyderma (Ehrenberg, 1861)

Aristerospira pachyderma Ehrenberg, 1861: 303.

Aristerospira pachyderma Ehrenberg, 1873: 386, pl.l, fig.4.

Original reference: C.G. Ehrenberg (1861) Uber die tiefgrund-verhidltnisse des
oceans am eingange des Davisstrasse und bei Island. Konigliche Preussische
Akademie der Wissenschaften, Berlin, Monatsbericht: 275-315.

C.G. Ehrenberg (1873) Mikrogeologische studien iber das kleinste leben der

meeres — tiefgrinde aller zonen und dessen geologischen einfluss. Konigliche
Preussische Akademie der Wissenschaften, Berlin, Abhandlungen (for 1872): 131~
397.

20) Haynesina germanica (Ehrenberg, 1840)

Nonionina germanica Ehrenberg, 1840: 23.

Nonionina germanica Ehrenberg, 1841: pl.2, fig.la-g.

Original reference: C.G. Ehrenberg (1840) Ein weitere erlduterung des organismus
mehrerer in Berlin lebend beobachteter polythalamien der Nordsee. Konigliche
Preussische Akademie der Wissenschaften, Berlin, Berichte: 18-23.

C.G. Ehrenberg (1841) Uber noch jetzt zahlreich lebende thierarten der
kreidebildung und den organismus der polythalamien. Konigliche Preussische
Akademie der Wissenschaften, Berlin, Phys.-Math. Klasse II, Abhandlungen (for
1839): 81-174.

21) Rotalia gaimardii (Barker, 1960)

Streblus gaimardii Barker, 1960: 218, pl.106, fig.%a-c.

Original reference: R.W. Barker (1960) Taxonomic notes on the species figured by
H.B. Brady in his report on the foraminifera dredged by HMS Challenger during
the vyears 1873-1876. Society of Economic Paleontologists and Mineralogists,
Special Publication 9: 1-238.

22) Triloculina “oblonga” -informal species

23) Quingueloculina dunkerquiana - see also no. 63 below.




24) Chrysalidinella dimorpha (Brady, 1884)

Chrysalidina dimorpha Brady, 1884: 54, pl.46, fig.20, 2la,b.

Original reference: H.B. Brady {1881) Notes on some of the reticularian
Rhizopoda of the Challenger Expedition Part 3, 1- classification; 2~ further
notes on new species; 3- note on Biloculina mud. Quarterly Journal of
Microscopical Science, new series 21: 31-71.

25) Cassidulina laevigata D’Orbigny, 1826

Cassidulina laevigata D'Orbigny, 1826: 282, pl.15, fig.4-5,

Original reference: A.D. D’Orbigny (1826) Tableau méthodique de la classe des
Céphalopodes. Annales des Sciences Naturelles, Paris, Series 1, 7: 245-314.

26) Nubecularia lucifuga Defrance, 1825

Nubecularia lucifuga Defrance, 1825: 210.

Original reference: M.J.L. Defrance (1825) Dictionnaire des Sciences Naturelles.
F.G. Levrault, Paris 35: 1-534.

27) Pararotalia nipponica (Asano, 1936)

Rotalia nipponica Asano, 1936: 614, pl.31, fig.2a-c.

Original reference: K. Asanc, (1936) Fossil foraminifera from Muraoka-mura,
Kamakura goéri, Kanagawa Prefecture. Journal of the Geological Society of Japan
43 (515): 603-615.

28) Cibicides refulgens De Montfort, 1808

Cibicides refulgens De Montfort, 1808: 122, text-fig.

Original reference: D. de Montfort (1808) Conchyliologie Systématique et
Classification Méthodique des Coquilles 1: 1-409.

29) Cibicidoides pseudoungerianus {(Cushman, 1922)

Truncatulinoides pseudoungeriana Cushman, 1922: 97, pl.20, fig.9.

Original reference: J.A. Cushman (1922) The Byram Calcareous Marl of Mississippi
and its foraminifera. United States Geological Survey, Professional Paper 129-E:
79-122.

- 30) Poroeponides lateralis (Terquem, 1878)

Rosalina lateralis Terquem, 1878: 25, pl.2, fig.lla-c.

Original reference: 0. Terquem (1878) Les foraminiféres et les entomostracés
ostracodes du Pliocéne supérieur de 1’Ile de Rhodes., Mémoire de la Société
Géologique de France, Paris, Séries 3, 1(3): 1-135.




31) Lobatula lobatula (Walker & Jacob, 1798}

Nautilus lobatulus Walker & Jacob, in Kanmacher, 1798: 642, pl.l4, fig.36.

Original reference: G. Walker & E. Jacob (1798) In: Essays on the Microscope,
etc. by G. Adams. Second Edition, with Considerable Additions and Inprovements,
by F. Kanmacher. Dillcen & Keating, London: 1-712.

32) Planorbulina mediterranensis D’Orxbigny, 1826 -

Planorbulina mediterranensis D'Orbigny, 1826: 280.

Original reference: A.D. D'Orbigny (1826) Tableau Méthodique de la Classe des
Céphalopodes. Annales des Sciences Naturelles, Paris, Séries 1, 7: 245-314.

33) Acervulina inhaerens Schultze, 1854

Acervulina inhaerens Schultze, 1854: 68, pl.6, fig.1l2.

Original reference: M.S. Schultze (1854) Uber den Organismus de Polythalamien
(Foraminiferen), nebst Bemerkungen tber die Rhizopoden im Allgemeinen. Wilhelm
Engelmann, Leipzig: 1-68.

34) Glabratella “australensis (Heron-Allen & Earland, 1932)"

non Discorbina pileolus Brady, 1884: 469, pl.89, fig.2-4. (non Valvulina
pileclus D’Orbigny).

Pileolina ?2australensis Moura, 1965: 48, pl.6, fig.3 (non Heron-Allen &
Earland).

Glabratella australensis McMillan, 1987: 363, pl.1l4, fig.14-18; pl.15, £fig.1-2
(non Heron-Allen & Eaxland).

This species 1s unique to southern-Africa. It is quite unlike Glabratella
australensis, described from around Australia. Also unlike Glabratella pileolus,
described from around South America. Species needs a new name.

Original zreference: A.R. Moura (1965) Foraminiferos da Ilha da Inhaca
(Mocambique). Revista dos Estudos Gerais Universitérios de Mocambique, Maputo,
Série 2, 2: 1-74.

Extra reference: I.K. McMillan (1987) Late OQuaternary foraminifera from the
Southern Part of Offshore South West Africa/Namibia. Unpublished Ph.D. thesis,
University College of Wales, Aberystwyth: 1-565,

35) Rosalina bradyi (Cushman, 1915)

Discorbis globularis (D’Orbigny) var. bradyi Cushman, 1915: 12, pl.8, fig.la-c.

Original reference: J.A. Cushman (1915) A monograph of the foraminifera of the
North Pacific Ocean, Part 5: Rotaliidae. United States National Museum, Bulletin
71: 1-83.




36) Rosalina williamsoni (Chapman & Parr, 1932)

Rotalina nitida Williamson, 1858: 54, pl.4, £ig.106-108 (non Rotalina nitida
Reuss, 1841).

Discorbis williamsoni Chapman & Parr {(m.s.): Parr, 1932: 226, pi.21, fig.25.

Original reference: W.J. Parr (1932) Victorian and South Australian shallow-
water foraminifera, parts I and II. Proceedings of the Royal Society of
Victoria, new series, 44: 1-14, 218-234. -

37) Rosalina cf. globularis D’Orbigny, 1826

see Rosalina globularis D'Orbigny, 1826: 271, pl.13, fig.l-4.

Original reference: D'Orbigny’s “Tableau Méthodique” reference, 1826,

38) Gavelinopsis praegeri (Heron-Allen & Earland, 1913)

Discorbina praegeri Heron~Allen & Earland, 1913: 122, p1.10, £fig.8-10.

Original reference: E. Heron-Allen & A. Earland {(1913) The foraminifera of the
Clare 1Island district, Co. Mayo, Ireland. Clare Island Survey, Part 64:
foraminifera. Proceedings of the Royal Irish Academy 31(64): 1-188.

39) Lagena semilineata Wright, 1886, var.

see Lagena semilineata Wright, 1886: 320, pl.26, fig.7.

Original reference: J. Wright (1886) Foraminifera of the Belfast Naturalists’
Field Club’s cruise off Belfast Lough, in the steam-~tug “Protector”, June 1885;
also foraminifera found by Dr. Malcomson, at Rockport, Belfast Lough.
Proceedings of the Belfast Naturalists’ Field Club, for 1885-6 (Appendix): 317~
326. -

40) Lagena striata (D'Orbigny, 1939)

Oolina striata D’Orbigny, 1839: 21, pl.5, fig.12.

Original reference: D'Orbigny, 1839, “WVoyage dans 1l’Amérique Méridionale” ref.

41) Lagena laevis (Montagu, 1803)

Vermiculum laeve Montagu, 1803: 524, pl.1, fig.9.

Original reference: Montagu’s “Testacea Britannica” ref. —see no.69.



42) Lagena cf. lyellii (Seguenza, 1862)

see Amphorina lyellii Seguenza, 1862: 52, pl.1l, fig.40.

Original reference: G. Seguenza (1862) Die terreni Terziarii del distretto di
Messina, Parte II: descrizione dei foraminiferi monotalamici delle marne
Mioceniche del distretto di Messina. T. Capra, Messina: 1-84.

43) Qolina melo D'Orbigny, 1839
Oolina melo D'Orbigny, 1839: 20, pl.5, fig.9.

Original reference: D’Orbigny’s “Amérique Méridionale” ref. again.

44) Oolina hexagona (Williamson, 1848}

Entosolenia squamosa (Montagu) var.y hexagona Williamson, 1848: 20, pl.2,
fig.23.

Original reference: W.C. Williamson (1848) On the Recent British species of the
genus Lagéna. Annals and Magazine of Natural History, Series 2, 1: 1-20.

45) Oolina sp.A McMillan, 1887
Oolina sp.A McMillan, 1887: 220, pl.6, fig.13-14.

Original reference: McMillan, 1987 Ph.D. thesis.

46) Oolina sguamosa {Montagu, 1803)

Vermiculum squamosa Montagu, 1803: 526, pl.14, fig.2

Original reference: Montagu’s “Testacea Britannica” - see 41 and 69.

47) Cyclogyra orbicula - take this as informal species.

48) Bulimina marginata D'Orbigny, 1826

Bulimina marginata D'Orbigny, 1826: 269, pl.12, fig.10-12.

Original reference: A.D. D'Orbigny (1826) Tableau méthodique de la classe des
Céphalopodes. Annales des Sciences Naturelles, Paris, Series 1, 7: 245-314.

49) Bulimina elongata D'Orbigny, 1846

Bulimina elongata D’Orbigny, 1846: 187, pl.11, f£fig.18-20.

Original reference: D’Orbigny, 1846, Tertiary of Vienne (ARutriche), again.



50) Bulimina “orangensis” McMillan, 1987

Bulimina “orangensis” McMillan, 1987: 240, pl.7, £ig.17-20.
Bulimina cf. alazanensis Martin, 1981: 40, pl.4, fig.3-4 (non Cushman)

Original references: R.A. Martin (1981) Benthic foraminifera from the Orange-
Luderitz shelf, southern African continental margin. Joint Geological Survey of
South Africa/University of Cape Town, Marine Geoscience Group, Bulletin 11: 1-
15.

I.K. McMillan ~(1987) Late OQuaternary foraminifera from the southern part of
offshore South West Africa/Namibia. Unpublished Ph.D. thesis, University College
of Wales, Aberystwyth: 1-565.

$1) Brizalina striatula (Cushman, 1922)

Bolivina striatula Cushman, 1922: 27, pl.3, fig.1l0.

- Original reference: J.A. Cushman (1922) Shallow water foraminifera of the
Tortugas region, Carnegie Inst. No.311 - see ref. for no.8, Elphidium advenum.

52) Brizalina pseudopunctata (Héglund, 1947)

Bolivina pseudopunctata H6glund, 19%47: 273, pl.24, fig.5a-b.

Original reference: H. Héglund (1947) Foraminifera in the Gullmar Fjord and the
Skagerak. Zoologiska Bidrag frén Uppsala 26: 1-328.

53) Siphonaperta “martinae” McMillan, 1987

Quingueloculina agglutinans (non D’Orbigny) Martin, 1974: 85.

Sigmoilopsis sp. McMillan, 1974: 37, pl.2, fig.7a-c.

Quinqueloculina agglutinans (non D’Orbigny) Martin, 1981: 25, pl.2, fig.8.
Sigmoilopsis schlumbergeri (non Silvestri) Martin, 1981: 27, pl.2, fig.13.
Siphonaperta “martinae” McMillan, 1987:

Siphonaperta sp. McMillan, 1890: 139, fig.7B-C.

Original references:

R.A. Martin (1974) Benthonic foraminifera from the western coast of southern
Africa. Joint Geological Survey of South Africa/University of Cape Town Marine
Geoscience Unit, Technical Report 6: 83-87.

R.A. Martin (1981) Benthic foraminifera from the Orange-Luderitz shelf, southern
African continental margin. Joint Geological Survey of South Africa/University
of Cape Town Marine Geoscience Unit, Bulletin 11: 1-75.

I.K, McMillan (1987) Ph.D. thesis.

I.K. McMillan (1990) Foraminifera from the Late Pleistocene (Latest Eemian to
earliest Weichselian) shelly sands of Cape Town city centre, South Africa.
Annals of the South African Museum 99: 121-186.

Another species that needs its taxonomy resolved in a proper publication.



54) Textularia conica D'Orbigny, 183¢

Textularia conica D’Orbigny, 1839%9: 143, pl.l1, £fig.19-20.

Original reference: D'Orbigny, 1839: Ile de Cuba again.

55) Gaudryina rudis Wright, 1900

Gaudryina rudis Wright, 1900: 53.

Original reference: J. Wright (1900) The foraminifera of Dogs Bay, Connemara.
Irish Naturalist 9: 51-55.

56) Triloculina “oblonga” - informal species

57) Triloculina trigonula (Lamarck, 1804)

Miliolites trigonula Lamarck, 1804: 351, pl.l1l7, fig.4a-c.

Original reference: J.B.P.A. de M. De Lamarck (1804) Suite des mémoires sur les
fossiles des environs de Paris (Explication des planches rélatives aux coquilles
fossiles des environs de Paris). Annales du Museum National d’Histoire
Naturelle, Paris 5 (for 1804): 179-188, 237-245, 349-357.

58) Triloculina tricarinata D’ Orbigny, 1826

Triloculina tricarinata D’Orbigny, 1826: 299, modéles, no.7.

Original reference: same as Globigerina bulloides, no.13.

$9) Triloculina terquemiana (Brady, 1884)

Miliolina terguemiana Brady, 1884: 166, pl.114, fig.l.

Original reference: Brady, 1884, Challenger Report.

60) Triloculina bertheliniana {(Brady, 1884)

Milioclina bertheliniana Brady, 1884: 166, pl.114, fig.2a-Db.

Original reference: Brady, 1884, Challenger Report again.

61) Triloculina fichteliana D’Orbigny, 1839

Triloculina fichteliana D'Orbigny, 1839: 171,'pl.9, fig.8-10.

Original reference: D’Orbigny, Ile de Cuba reference.



62) Quingqueloculina cf. vulgaris D'Orbigny, 1826

see Quinqgueloculina vulgaris D'Orbigny, 1826: 302, modéles no.33.

Original reference: same as Globigerina bulloides, see no.13.

63) Quinqueloculina dunkerguiana (Heron-Allen & Earland, 1930)

Miliolina dunkerquiana Heron-Allen & Earland, 1830: 56, pl.12, fig.9-11.

Original reference: E. Heron-Allen & A. Earland (1930) The foraminifera of the
Plymouth district. Journal of the Royal Microscopical Society, London, Series 3,
50: 46-84, 161-199.

64) Quingueloculina seminulum (Linné&, 1758)

Serpula seminulum Linné, 1758: 1264.

Original reference see Elphidium crispum, same reference.

65) Quingueloculina contorta D’Orbigny, 1846

Quingueloculina contorta D’Orbigny, 1846: 298, pl.20, fig.4-6.

Original reference: A.D. D'Orbigny (1846) Foraminiféres Fossiles du Bassin
Tertiaire de Vienne (Autriche). Gide et Cie., Paris: 1-312.

66) Quingueloculina lata Terquem, 1876

Quingqueloculina lata Terquem, 1876: 82, pl.2, fig. Ba-c.

Original reference: 0. Terguem (1876) Essai sur le Classement des Animaux gui
Vivent sur le Plage et dans les Environs de Dunkerque: Deuxiéme Fascicule. O.
Terquem, Paris: 55-100 (See also: O Terquem (1877) Mémoires de la Société
Dunkerquoise pour Encouragement des Sciences, des Lettres et des Arts 20: 146-
181).

67) Quingueloculina cf. curta Cushman, 1921

see Quingqueloculina curta Cushman, 1921: 426, pl.100, fig.1-2.

Original reference: J.A. Cushman (1921} Foraminifera of the Philippine and
adjacent seas. United States Naticonal Museum, Bulletin 100, 4: 1-608.




68) Spiroloculina communis Cushman & Todd, 1%44

Spiroloculina communis Cushman & Todd, 1944: 63, pl.9, fig.4-5, 7-8.

Original reference: J.A. Cushman & R. Todd (1944} The genus Spiroloculina and
its species. Cushman Laboratory for Foraminiferal Research, Special Publication
11: 1-82.

69) Miliolinella subrotunda (Montagu,” 1803}

Serpula subrotunda dorso elevato Walker & Boys, 1784: 2, pl.1l, fig.4.
Vermiculum subrotundum Montagu, 1803: 521.

Original references: G. Walker & G. Boys (1784) Testacea minuta rariora
nuperrine detecta in arena littoris sandvicensis (A collection of the minute and
rare shells lately discovered in the sand of the sea-shore near Sandwich.) G.
Walker, London: 1-25.

G. Montagu (1803) Testacea Britannica, or Natural History of British Shells,
marine, land and freshwater. J.S5. Hollis, Romsey: 1-606 (3 volumes).

70) Miliolinella circularis (Bornemann, 1855)

Triloculina circularis Bornemann, 1855: 3498, pl.19, fig.4.

Original reference: J.G. Bornemann (1855) Die mikroskopische fauna des
Septarienthones von Hermsdorf bei Berlin. Zeitschrift der Deutschen Geologische
Gesellschaft, Berlin 7: 307-371.

71) Challengerella bradyi Billman, Hottinger & Oesterle, 1980

Challengerella bradyi Billman, Hottinger & Oesterle, 1980: 91, pl.12, fig.1l-14;
pl.13, fig.1-7, text-fig.17.

Original reference: H. Billman, L. Hottinger, & H. OQOesterle (1980) Neogene to
Recent rotaliid foraminifera from the Indopacific Ocean: their canal systemn,
their classification and their stratigraphic use. Schweizerische
Paldontologische Abhandlungen 101: 71-113.

72) Hyalinea balthica (Schroter, 1783)

Nautilus balthicus Schrdter, 1783: 20, pl.l, fig.Z2.

Original reference: J.S. Schrdter (1783) Einleitung in die Conchylienkenntniss
nach Linné, 1. J.J. Gebauer, Halle: 1-860.

73) Notorotalia clathrata (Brady, 1884)

Rotalia clathrata Brady, 1884: 709, pl.107, fig.8a-c.

Original reference: H.B. Brady’s 1884 Challenger report again.



74) Nonion boueanus (D’Orbigny, 1846)

Nonionina boueana D’Orbigny, 1846: 108, pl.5, fig.1l1l,12.

Original reference: same reference as Quinqueloculina contorta: forams of
Tertiary of Vienne {Autriche).

75) Ehrenbergina cf. healyi Finlay, 1947

see Ehrenbergina healyi Finlay, 1947: 284, pl.7, fig.106-115.

Original reference: H.J. Finlay (1947) New Zealand foraminifera: key species in
stratigraphy 5. New Zealand Journal of Science and Technology, Series B, 28:
259-292. -

76) Cancris cf. auriculus (Fichtel & Moll, 1798)

see Nautilus auricula var.oa and var.p Fichtel & Moll, 1798: 108, pl.20, fig.a-f.

Original reference: same as for Elphidium macellum.






