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An introduction to understanding wetland hydrology, soils and landforms.
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Introduction.
Even though wetlands have many benefits to society, such as purifying water, controlling erosion and
providing habitat for wetland dependent species, they continue to be destroyed and poorly managed.
This is usually because the benefits are poorly understood (Booklet I) or they benefit people distant
from the wetland. In order to begin improving the management and protection of wetlands, one needs
to have a better understanding of how wetlands function.
In South Africa there are many terms commonly used to refer to wetlands, including marsh, sponge,
vlei (Afrikaans), and iXhaposi (Zulu). This booklet, which includes a comprehensive glossary at the
end, aims to assist you in recognising wetlands and improving your understanding of how wetlands
function. It examines hydrology and soils in Section I and landforms and geology in Section 2,
introducing the various topics through a series of questions.
Section 1 : What is a wetland?
In trying to understand wetlands, a good place to start is -with the question: what is a wetland?
A wetland is wet land (i.e. land which is wet) ! But not all wet land results in a wetland. Why is this
so? A wetland is found where the land is wet enough (i.e. saturated or flooded) for long enough to be
unfavourable to most plants but are favourable to plants adapted to anaerobic soil conditions. As soil
becomes increasingly wet, the water starts to, fill the space; between the soil particles. When all the
spaces are filled with water the soil is said to be saturated. In areas which are not wetlands, water
drains away quickly and the soil does not remain saturated. However, in wetlands the water persists or
drains away very slowly and the soil remains saturated or flooded for long periods. Soil in these
conditions is said to be waterlogged. Depending on factors such as temperature, it usually takes a week
or so for the plant roots and other living organisms in the soil to use up the oxygen, causing anaerobic
conditions to develop in the waterlogged soil.

What are anaerobic soil conditions and what importance do they have for plants?
Anaerobic conditions occur when there is no, or very little oxygen; present in the soil. This is
important to plants because plant roots require oxygen to live and function. Hydrophytes are plants
that have special adaptations for living in anaerobic soils (e.g. specialised air spaces which allow
oxygen to move easily from the leaves and stems donwn into the roots). Anaerobic conditions may,
contribute to the ability of wetlands to purify, water because many chemical processes that help in
removing pollutants from the water require anaerobic conditions (see Booklet I). If the soil is saturate
and the anaerobic zone is within the upper 50 cm of soil (i.e. the main rooting zone), it is generally
close enough to the soil surface to significantly influence the plants growing in the soil, this will cause
the area to develop characteristics of a wetland. However, if the water clogged layer always remains
below 50 cm from the soil surface it would probably be too deep to significantly influence the

vegetation (i.e. there is sufficient aerated surface soil for non-wetland conditions to prevail). Such an
area is unlikely to develop the characteristics of a wetland.
What causes anaerobic conditions to develop in saturated soils?
To answer this question we need to examine the relative speed with which oxygen diffuses through air
and water. There is, in fact, a tremendous difference, with oxygen diffusing 10 000 times more quickly
through air than through water. Thus, when roots and soil micro-organisms use the oxygen in the soil,
the rate at which it is replaced by oxygen diffusing from the air above the soil and down through the
soil is much slower if the soil is saturated than if it is unsaturated. In saturated soil, the water in the
spaces between the soil particles effectively "blocks" the diffusion of oxygen.
To summarise: have seen that, expressed very-simply, a wetland is just that - it is a wet land. More
specifically it is land which is wet at or close to the soil surface for long enough for anaerobic
conditions to develop. The land does not have to have surface water to be considered a wetland.

Water regime is a term used to describe how, the wetness of the soil changes over time. Do all
wetlands have similar water regimes? No - wetlands can have quite different water regimes, from
permanently waterlogged areas, which remain flooded or saturated to the surface for the entire year; to
temporarily waterlogged areas, which are flooded or saturated too close to the soil surface for only a
few weeks in the year (but still long enough to develop anaerobic conditions and determine the nature
of the plants growing in the soil).

The upper limit of the saturated zone in the soil is referred to as the groundwater table. In most pans of
the landscape the water table lies many metres below the soil surface. However, in wetlands the water
table usually lies close to or above the soil surface. Even so, the water table depth changes in response
to climatic changes (e.g. from year to year, season to season, and within a season). This is most
noticeable in seasonally and temporarily waterlogged areas (see diagrams below)

Water table differences between the wet and dry seasons in a
hypothetical wetland
To see the depth of the water table at a particular time: simply dig a hole in the ground until water, is
reached and measure the depth once the water level has stabilised. If you find that the saturated zone is
close to the soil surface (i.e. within 50 cm) you are probably in a wetland. If, however, you find that
the saturated zone is not close to the soil surface, this does not necessarily mean that the area is not a
wetland. You may be in a temporary wetland and you will need to wait for some months before water
is visible close to the soil surface. Thus, it is usually not enough to simply know if there water table is
at one instance in time. One needs a general picture of how it changes over time i.e. one needs to
determine the ,water regime). One way of doing this is to directly- measure the water regime over a
long time (preferably for more than a year) through the use of a measuring well. Because of the
expense and time, this usually not possible. Alternatively, indirect indicators of the .water regime
could be used. The belt indirect indicator is the soil morphology (i.e. the colour patterns and general
appearance of the soil). The presence of plants that are adapted to certain water regimes may also be
used as indicators, in South Africa most sedge species are confined to wetland areas. There are,
however, exceptions; such as Cypress especially, a common weed in croplands, which occurs widely
outside of wetlands.

Graphs showing water table changes over a
year in two hypothetical wetland areas

Some common sedges found in
wetlands
How can soil colour patterns be used to indicate soil water regime?
The water regime has a strong effect on the colour patterns of the soil. One can say that the water
regime leaves its signature on the soil. So different water regimes leave different signatures. This
means that we can indirectly determine what the water regime is for a particular area by interpreting
the area's soil colour patterns (i.e. by "reading its signature") from a single site visit. Because these
signatures develop slowly they reflect 'average' conditions over a long time. They save us the time and
effort of me assuming the water regime continuously.
Well drained soils that are seldom saturated have enough oxygen present to oxidise the iron, resulting
in the soil being uniformly red/brown in colour, usually without mottles (see Glossary: soil drainage
classes). Under aerobic conditions iron in the soil is not soluble in water, and thus it is not leached out
of the soil and the soil retains its red/brown colour. In contrast, under anaerobic conditions the iron
oxides are reduced and broken down and the effect that they would have in making the soil red/brown
is lost. Thus, we find that wetland soils, often referred to as hydric soils, are generally grey, in colour.
On a colour chart these soils have a chroma of 2 or less. You can demonstrate the effect of anaerobic
conditions on iron by seeing what happens when a mild steel welding rod is inserted into a
permanently anaerobic soil and left for several months. Where it is inserted into the soil the rod does
not rust because there is no oxygen in the immediate environment to react with the iron in the rod and
form iron oxides (rust), as would occur to an iron rod inserted in an aerobic soil.
Although temporarily wet soils tend to be anaerobic for shorter periods and less close to the soil
surface than seasonally wet soils, both of these soils alternate between being anaerobic (mainly in the

wet season) and aerobic (mainly in the dry season). When anaerobic soil dries out, iron oxides form in
patches, resulting in mottles. Mottles often form around plant roots, which provide a route for oxygen
to move down into the soil. Thus, soil which is grey but has many mottles may be interpreted as
indicating a zone with a fluctuating (rising and falling) water table. When a wetland is drained and the
water regime is changed the soils retain their characteristic colour signatures. Thus, soils are useful for
indicating if a drained area used to be a wetland. This helps in determining where wetlands used to be
and assists in working out the extent of wetland loss.
How do anaerobic conditions affect organic matter in the soil?
Besides affecting the mineral chemistry of soils (with iron being especially noticeable ) the water
regime of wetlands also has an important influence on soil organic matter. Most micro-organisms
which decompose (break down) organic matter use oxygen in the process. So when oxygen is depleted
these organisms cannot function. Although other organisms gain energy by anaerobic respiration they
decompose organic matter much more slowly. This increases the amount of organic matter in the soil.
Thus, the wettest parts of the wetland, which are most anaerobic, tend to have the highest organic
matter contents in a given wetland.
Low temperatures also promote organic matter accumulation, so that for a particular water regime,
more will accumulate in a cool climate than in a warmer one. Soil with a very high organic matter
content is referred to as peat. In cold areas such as Ireland and Canada many of the wetlands have peat
soils. Under the warmer conditions of Africa, peat is much less common but is still found in many
permanently wet areas. Wetlands with peat soils are referred to as bogs or fens.
Which of the soil forms in the South African Soil classification system are wetland soils?
The soil forms (categories in the classification system) common to South African wetlands are
Champagne, Katspruit, Willowbrook and Rensburg. The Champagne form consists of a soil layer with
greater than 10% organic carbon. The others are all characterised by the presence of a G horizon (i.e. a
gleyed soil layer) immediately below the surface horizon. There are also other soil forms which are
found mainly in non-wetland areas but which are also found in temporary wetlands. These include the
Kroonstad, Westleigh, Longlands and Estcourt. The Dundee farm is found near rivers but it is
generally well drained and would not be considered a wetland soil.
Soil maps showing the distribution of different soil forms exist for some parts of South Africa, with
one of the most extensively mapped areas being the Tugela catchment in KwaZulu-Natal. These maps
are very useful in showing the distribution of wetlands.
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Section 2: Where are wetlands found?
From Section I we have seen how important water is in affecting the functioning of wetlands. Unless
there is a supply of water to the wetland and the water is retained there will be no wetland!
Water which falls as rain or snow on the catchment, and which is not lost to the atmosphere through

evaporation or transpiration, moves down through the catchment to the sea. It moves (see diagram
below) as : (a) overland flow on the soil surface; (b) subsurface flow beneath the soil surface; and (c)
streamflow. Wetlands are found where this movement of water through the catchment is slowed down
or obstructed, resulting in waterlogged soils. Water also reaches the wetland directly as rain or snow
(d). Water may be lost from the wetland in several ways: (w) loss into the atmosphere through
evaporation and transpiration; (x) overland flow; (y) groundwater flow; and (z) streamflow.

The slowing down of water flow is important for many wetland functions (e.g. the deposition of
sediment) and waterlogging is also important for many- functions (e.g. removal of pollutants such as
nitrogen from the water). These functions have several benefits to people, such as erosion control and
water purification (see Booklet I ).
An important question we should answer in tying to understand a wetland better is: what is causing
these particular areas to be wet (i.e. what is maintaining the wetlands as wet areas)? This may be
difficult to find out, but to begin it is helpful to look at the wetland's terrain position and landform
setting.
What is the wetland's terrain position?

Wetlands are characteristically- found in bottomland positions, which have gentle slopes giving rise to
poorly drained conditions where water is retained in the soil. However, wetlands are also found in
other positions, including:
•
•
•

footslopes, which have gentle slopes;
mid-slopes, in small areas where groundwater discharges; and
valleyheads, where groundwater may also be discharging.

What is the landform setting of the wetland?

Wetlands have a wide range of landform settings shown below.

Many wetlands, particularly those which are large, consist of a combination of landform settings. A
good example of this is the Blood River vlei, shown below.

What part does geology play in the formation of wetlands?
In trying to establish further why a wetland is found in a particular place, it is helpful to examine the
geology of the area. Generally, there are two main ways in which the geology contributes to wetlands
forming:

1. A geological obstruction may resist downward erosion, resulting in extensive flat areas where water
accumulates if there is a sufficient source, usually surface, water but also groundwater. This
obstruction (sometimes referred to as the key point of the wetland often consists of very hard erosion
resistant rock, such as dolerite, but alluvial soil deposits may also act as an obstruction. An obstruction
may further be caused through geological faulting, as is the case in the Okavango Swamps.

2. Impervious material close to the surface forces groundwater movement very close to or onto the soil
surface discharging groundwater.
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Conclusion
This introductory booklet has dealt with only a few aspects of wetland functioning. There are other
important aspects which need to be considered when managing wetlands. One of the most important is
the quality of the water entering the ,wetland and how this is affected by wetland functioning. These
factors are dealt with in more detail in Booklet I and in the references given below.
Now that you have read this booklet you should have a better understanding of: (1) what a wetland is;
(2) the source/s of water that maintain wetland water regimes and what geological and landform
factors cause water to accumulate at wetland sites; (3) anaerobic conditions and how they develop in
wetlands; and (4) how wetland water regimes vary greatly, from areas which remain permanently wet
to areas which are only temporarily wet. This understanding of wetland functioning will add to your
understanding of the benefits and uses of wetlands gained from Booklet 1.
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Glossary of terms.
Aerobic: having molecular oxygen (O2) present.
Anaerobic: not having molecular oxygen (O2) present.
Biodiversity: the variety of life in an area, including the number of different species, the genetic
wealth within each species, and the natural areas which they are found.
Biological integrity: refers to the fauna and flora that are characteristic of an area (i.e. the species that
would naturally be in an area)
Bog: a mire (i.e. a peat accumulating wetland ) that is hydrologically isolated, meaning that it is only
fed by water falling directly on it as rain or snow and does not receive any water from a surrounding
catchment. Bogs have acidic waters and are often dominated by mosses (Mitsch and Gosselirk, 1986).
The term bog is frequently used much more broadly in South Africa to refer to high altitude wetlands
that have organic-rich soils. Many of these wetlands would not be bogs in the correct sense.
Bottomland: the lowlands along streams and rivers, often on alluvial (river deposited) soil.
Catchment: all the land area from mountaintop to seashore which is drained by a single river and its
tributaries.
Chroma: the relative purity of the spectral colour, which decreases with increasing greyness.
Decomposition: is the breakdown of dead organic matter into simpler substances.
Direct (wetland) benefits: have worth, quality or importance to humans and are realised by individuals
actively using a wetland (e.g. for recreation, or pasture production).
Estuary: where the river and sea meet and the fresh water from the river mixes with thc sea water.
Evaporation: the change from a liquid or solid state to a vapour.
Fen: a mire (i.e. a peat accumulating wetland) that receives some drainage from mineral soil in the
surrounding catchment.

Gley: soil material that has developed under anaerobic conditions as a result of prolonged saturation
with water. Grey and sometimes blue or green colours predominate but mottles (yellow, red, brown
and black) may be present and indicate localised areas of better aeration.
Groundwater: subsurface water in the zone in which permeable rocks, and often the overlying soil, are
saturated.
Groundwater table: the upper limit of the groundwater.
Hydric soil: soil that in its non-drained condition is saturated or flooded long enough during the
growing season to develop anaerobic conditions favouring growth and regeneration of hydrophytic
vegetation (i.e. wetland soil).
Hydrology: the study of water, particularly the factors affecting its movement on land.
Hydrophyte: any plant that grows in water or in soil that is at least periodically anaerobic as a result of
saturation; plants typically found in wet habitats.
Indirect (wetland) benefits: have worth, quality or importance to humans but do not require active use
of wetlands by individuals in order for the benefits to be realised. Instead, the wider public benefits
indirectly from the services that wetlands provide (e.g. purification of water).
Marsh: a wetland which is seasonally or permanently flooded/ponded, with soils which remain semipermanently or permanently saturated, and, which is usually dominated by tall (usually >1.5m)
emergent herbaceous vegetation, such as the common reed (Phragmites australis).
Mire: a peat accumulating wetland, including both bogs and fens.
Mottles: soils with variegated colour patters are described as being mottled, with the "background
colour" referred to as the matrix and the spots or blotches of colour referred to as monies.
Open water: temporarily to permanently flooded areas characterised by the absence (or low
abundance) of emergent plants.
Peat: soil material with a high organic matter content. According to the Soil Survey Staff (1975)
definition, in order for a soil to be classed as organic it must have >12% organic carbon by weight if it
is sandy and 18% if it is clay-rich.
Perched water table: the upper limit of a zone of sanitation in soil, separated by a relatively
impermeable unsaturated zone from the main body of ground water below.
Permanently wet soil: soil which is flooded or waterlogged to the soil surface throughout the year, in
most years.
Red data species: all those species included in the categories of endangered, vulnerable or rare, as
defined by the International Union for the Conservation of Nature and Natural Resources.
Riparian: the area of land adjacent to a stream or river that is influenced by stream-induced or related
processes. Riparian areas which are saturated or flooded for prolonged periods would be considered
wetlands and could be described as riparian wetlands. However, some riparian areas are not wetlands
(e.g. an area where alluvium is periodically deposited by a stream during floods but which is well
drained).

Roughness coefficient: an index of the roughness of a surface and is a
reflection of the frictional resistance offered by the surface to water flow.
Runoff: total water yield from a catchment including surface and subsurface flow.
Seasonally wet soil: soil which is flooded or waterlogged to the soil surface for extended periods (>1
month) during the wet. season, but is predominantly dry during the dry season.
Sedges: Grass-like plants belonging to the family Cyperaceae, sometimes referred to as nutgrasses.
Papyrus is a member of this family.
Soil drainage classes: describe file soil moisture conditions as determined by the capacity of the soil
and the site for removing excess water. The classes range from very well drained, where excess water
is removed very, quickly, to very poorly drained, where excess water is removed very slowly.
Wetlands include all soils in the very poorly drained and poorly drained classes, and some soils in the
somewhat poorly drained class
Soil saturation: when all spaces between the soil particles are filled ,with water.
Sustainable use : the use of a resource in a way which allows that resource to renew itself so that it will
continue to be available for the benefit of future generations.
Swamp: a wetland dominated by trees or shrubs (USA definition. Swamp is also sometimes used to
refer to reed or papyrus dominated areas.
Temporarily wet soil: The soil close to the soil surface (i.e. within 40 cm) is occasionally wet for
periods > 2 weeks during the wet season in most years. However, it is seldom flooded or saturated at
the surface for longer than a month.
Transpiration: the transfer of water from plants into the atmosphere as water vapour
Vlei: a colloquial South African terra for wetland
Water quality: the purity of the water.
Waterlogged: soil or land saturated with water long enough for anaerobic conditions to develop
Wet grassland: an area which is usually temporarily wet and supports a mixture of: (1) plants which
are common to non-wetland areas and (2) short (< 1m) hydrophytic plants (predominantly grasses).
Wet meadow: an area which is usually seasonally wet and dominated by hydrophytic sedges and
grasses which are common only to wetland areas.
Wetland: a collective term used to describe land where an excess of water (i.e. waterlogging) is the
dominant factor determining the nature of the soil development and the types of plants and animals
living at the soil surface (Cowardin et al., 1976); lands that are sometimes or always covered by
shallow water or have saturated soils, and where plants adapted for life in wet conditions usually grow.
Wetland soil: synonymous with hydric soil.
Wetland catchment: all of the land area upslope of the wetland (from which water drains into the
wetland) and including the wetland itself. The "surrounding catchment" refers to that part of the

wetland catchment excluding the wetland.
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Organisations concerned with wetlands.
Your provincial Nature Conservation Department
Directorate: Resource Conservation
Department of Agriculture
P/Bag X120
Pretoria, 0001
Department of Environmental Affairs Tourism
Private Bag X447
Prctoria, 0001
Your provincial Department of Agriculture
The Wildlife & Environment Society of South Africa
P O Box 394
Howick, 3290
Southern African Crane Foundation
P O Box 905
Mooi River, 3300
Rennies Wetland Project
P O Box 44344
Linden, 2104
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Quiz
In order to test yourself ( and see whether you have a reasonable understanding of this booklet, you
should be able to answer the following questions:
1. What is a wetland?
2. Why do plants not adapted to wetland conditions find it difficult to grow in wetlands?
3 -Are the following statements true or false (explain your. answers)

A. An area which remains saturated to the soil surface for periods of only three weeks would not be a
wetland .
B. A soil with a high chroma (e.g. chroma 5) is unlikely to be a wetland.
C. An area must have surface water to be considered a wetland
D Wetlands are only found in valley bottom positions.
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