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ABSTRACT

Wetlands provide important ecosystem services, including the purification of Waier.

uMngeni catchment is an important basin providing water to the cities of Pietermaritzburg and
Durban, South Africads second I|irgcaneEsdovee c 0onomn
the deterioration of water quality in Midmar Dam, a large impoundment withibaisia The

Lions River, one of the main tritaries to Midmar Dam, transporfsollutants from its

catchment, as well as the Mooi River catchment through the recently implementety&oi

transfer scheméMMTS) into the impoundmentThis study aims to establish a baseline
ecological integrityand effect on downstream water quabfythe Lions Riverfloodplain an

important but degradedyetland in the uMngeni catchmetd,provide a guide for the planning

and implementation of rehabilitation interventios comprehensiveassessment of the

wetl andods structur e wa sandusaoildparaneters,enmappad sandn g v
compared with an interpretationlahdusechange within the wetland based on historical aerial
photographsTh e we t | a n d downstieanmwatec quality wasissessetly sampling

water at various points the Lions Rier channethrough the floodplain over a period of one

year. The studyfoundthatt he wet | andds ecol ogi cal I ntegr.i
landuse in the floodplairA comparison of soil wetness indicators which reflect the historic

extent of the thodplain and vegetation wetness indicators which reflect the current extent of

the floodplain suggest that although localised drying out of some areas has occurred, most of
the historical floodplain area still supports wetland conditi¥vstness indicataerof soil and
vegetation indicate a tr aregneoA moddarateaanighi n t h e
abundance of ruderal and alien invasive speciéd¥of the floodplain particularly the drier

area®f the floodplainfurther indicate a reduction itresystem health. Hydrological processes

emerge as the key drivers of species composition and historical landuse in the flotdiatein.

quality results indicate that total oxidised nitrogen decreased from upstream to downstream
whilst ammonia concentratis remained stablat all the sampling points. Soluble reactive
phosphorus concentrations increased, while total phosphorus concentrations decreased from
upstream to downstrearhis study highlighted the importance of detailed field studies and

understanishg for rehabilitation planning to return ecosystems to their natural function
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1 INTRODUCTION

The term wetland is used worldwide to refer to ecosystems which are primarily driven by the
interplay of land and water and the consequential characteristics which influence plants,
animals and soils occurring in the area. In South Africa, the Nationar\Aet (Act No 36 of

1998) definesawetlandadsl and whi ch i s transitional bet we
where the water table is usually at or near the surface, or the land is periodically covered with
shallow water and which land in normal cirmstances supports or would support vegetation

typically adapted to I|Iife in saturated soil

Wetlands are sensitive, yietportant ecosystems of high value for the provision of goods and
services to society, but are being rapidly and widely degradedeséti al., 2006; Swanepoel

and Barnard, 2007yorldwide,wetlands aréncreasinglysubjected to many human activities,
including agriculture, urbanisation, extraction of biological goods and flood control practices
(Sutulaet al, 2006; Kotzeet al, 2012), leaving them in a degraded conditi®hilst South

African wetlands continue to be lost as a result of ecosystem degradation, scientific insight
used to understand the impacts of landuse on these ecosystems is mainly based on Euro
American studies (Wters et al, 2006) and knowledge on the functioning and structure of
local wetlands remains poor. It is therefore important to establish baselines against which
management practices and impacts of future developments can be assessed and predicted.
(Kotzeand O6Connor, 2000) .

In the uMngeni catchment, which drains the important economic areas around the cities of
Pietermaritzburg and Durban in KwaZtMatal, South Africa, approximately half of the

original wetland area has been lost due to human distgbanc Kot ze and OG6Conr
WRC, 2002; Riversvioore and Cowden, 2012Jhe remaining wetland areas continue to be
threatened byultivation, artificial drainage, alien invasive plants, too frequent burning and

over grazing in the upper catchment (WRC, 200-urthermore, there is concern over the
deterioration of water quality in Midmar Dam, the main water supply dam for the catchment
(GroundTruth, 2012\Ngubaneet al, 2015 Namugizeet al, 2015.



In response to the water security needs on the uMmggchment, e uMngeni Ecological
Infrastructure Partnership (UEIRyas formed. This partnershig, collaboration between
stakeholders of the uMngeni catchment including private industry, government departments,
local municipalities and researclstitutions, amongst others, hescognised the need for a
coordinated effort to secure water resources within the catchBEwaiagical infrastructure is
defined as naturally functioning ecosystems fthatduce andieliver valuable services to
people, such as cliate change regulation, fresh water and disaster risk reduction (SANBI,
2013). These ecosystems include mountain catchments, rivers and wetlands.

The Lions Riverfloodplainwetland lies just upstream of Midmar Dam the Lions Riveand
therefore presentsn important opportunity for investing in ecological infrastructure for the
UEIP. This studyaims to establish the baseline ecologinggrity of this important wetland
by assessing t heanafondgienyng asevellas establigheuetfat of the
floodplain on downstream water qualitVhis is to provide a guide for the planning and

implementation of rehabilitation interventions on the wetland.

1.1 ResearchObijectives

The primary objectiveof the research described hergrio determinethe baseline ecological

condition of theLions River floodplain to enable recommendations on rehabilitation

interventions to be madd&o fulfil this, the studyaims toanswer the followingwo central

research questions

1. What is thecurrent ecologicatondition and functioningf the Lions River floodplain
based on vegetation composition and soil morphology as indicators of hydrological
regime?

2. What effect is the floodplain having dhe quality of water flowing through the main

channel from upstream tibwnstream?

1.2 Document Structure

This dissertatiofis structuredac or di ng t h e aficordapce with thereguations 1 n
of the University of KwaZuleNatal. It should be noted that using this structure means that

some degree of repetition is inebte, particularly with regards to site description and the like

2



The main bodyomprises of three chapsawhich are preceded by an overall introduction and
followed by a final discussioand conclusionAlthough the research chapters are intended for

journals, their structure is consistent with that of this dissertation.

Chapter 2 is based on the relevant literaturefttggilights wetland ecosystems function, their
importance for water security and ecosystem service provisios chapter also highliggthe
limitations that are experienced wetland assessment, rehabilitation and monitoririgs
review informed the focus and design of the research chapters that follo@hapter 3
describeghe ecological condition of the Lions River floodplain éd®n soil and vegetation
parameters using established methMikilst, Chapter 4 presentswaater qualitystudy that

examinedheeffect of the floodplain on downstream water quality



2 WETLAND REHABILITATI ON FOR IMPROVED DOWN STREAM

WATER QUALITY T A REVIEW

2.1 Introduction

Wetlands are important ecosystems which provide many ecosystem services, including the
trapping of sediment, nutrients and toxic compounds. In South Africa, which is aswvatee
country, wetlands can play an important role in mamgthe limited water resource by storing

and purifying water, recharging groundwater and regulating stream flow (Swanepoel and
Barnard, 2007). However, wetlands are subjected to many human activities, including
agriculture, urbanisation, extraction of liglcal goods and flood contrpractices that are
increasing worldwide (Sutulet al, 2006; Kotzeet al, 2012).Consequently, many etlands

are left in a degraded condition both ecologically and hydrologically with a diminished capacity

to provide impormnt ecosystem services.

Wetlands have been reported to assimilate-pmnt source pollution along river channels,
improving water quality and controlling the transportation of pollutants downstream (Llorens

et al, 2009; Faret al, 2012). Wetlands areansitional ecosystems occurring between the
upslope drainage areas and the stream channel. Consistent with their position in the landscape,
wetlands display a zonation of edaphic and floristic characteristics which is primarily driven
by variations in fidro-period the frequency and duration of saturation (Grerdehl, 2005).

The hydreperiod, combined with depth, drainage and water source are some of the main
factors that influence the provision of ecosystem services such as water quality imptovemen

( Mal an and Day, 2012) . The excessive altera
human activities, such as the diversion of water for agricultural use, is likely to lead to the
severe degradation of a wetland. In South Africa, wetland degradhaisoresulted in the need

for the assessment of wetlands for a variety of purposes, including wetland management,

rehabilitation planning and policy development (Kogzal, 2012).

The processes of wetland degradation and rehabilitation have clasbeallydepicted as

occurring on straight parallel paths, but in opposite directions. However, in reality these are



complex, involving dynamichanges in biodiversity and ecosystem function (Zedler, 1999).
Rehabilitation interventions typically involve efferto reintroduce plant and animal species
and recover ecosystem functions that have been lost through degradation. Unfortunately
wetland protection and rehabilitation typically follow belatedly after the loss of many wetlands
or after the complete degraatat of wetland ecosystemsittle evidence of rehabilitation
success exists from loftgrm monitoring studies of restored wetlands (Zedler, 20003.
important to develop inclusive monitoring techniques to improve our understanding of the

impact of wethnd rehabilitation.

This paperprovides a review othe effect of wetland rehabilitation on downstream water
guality improvement. The importance of rehabilitating wetlands aspecof water resources
management is also highlighted. In addition, cd@sitions for the necessity of lotgrm

monitoring of rehabilitation interventions are made.

2.2 Wetland Functional Assessments

With growing pollution |l evels and deteriorat
it has become important to analyse and understand the effectiveness of wetlands in improving
water quality (Fanet al, 2012). Wetland ecosystems are acknowledigedperforming

invaluable functions in the management of water quality and are consequently recognised as

an integral component of catchment systems (Greetell, 2005). These functions are
generally linked to the wetlan@iscological integrity, whichirive processes that allow for the

provision of these ecosystem functiofsgUre2.1). This has prompted an interest and need

for the development of wetland assessment metthad<an

1. assess the condition of wetlands and the levels of sireesosystem integrityaused 1
the degradation of the ecosystem
2. provide a measure for the effectiveness of management and rehabilitation acindies

3. monitor wetland condition (Fennesstyal, 2007).
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Figure2.1.  lllustration of the ecological integrity concept as the integrating function of

wetlands including both ecosystem structure &mtttion (Fennessyet al,
2007)

2.2.1 A hydrogeomorphic approach to wetland functional assessments

The hydrogeomorphic (HGM) method originally developed by Brinson (1993) as a
classification method for wetlands and later developed as an assessment took{Shith
1995), assesses wetlands based on hydrological and geomorphological controls. Tra@se con
are largely responsible for maintaining the functional aspects of wetland ecosystems. The HGM
method places emphasis on the abiotic components of a wetland for functions such as the
chemistry of waterhabitat maintenance and water storage and toandjhis method produces
scores for wetland functions such as biogeochemistry, hydrology, plant community and habitat
(Jordanet al, 2007). The HGM method requires a characterisation of the wetland, which
involves describing the wetland ecosystem andsiteounding landscapehe proposed
development or rehabilitatioproject and its potential impacts on the wetland (Sreithl,

1995). The assessment models of the HGM method define the relationship between the
wetlands ecosystem, the landscape anddpacity of the wetland to perform a function (such

as nutrient removal) by considering the

1. geomorphic setting, which is the wetlandds
2. water source and its transport, including precipitation, groundwateugiade flow, and
3. hydrodynamics, which is the rate at which water moves in the wetland and the direction of

flow (Brinson, 1993; Smitlet al, 1995).



The assessment models result in a functional index score based on several variable scores,
which providea means of estimating the capacity of a wetland to perform a function in relation

to a reference wetland. The variable scores are derived from field observation in a one hectare
area around an assessment point in a wetland. The HGM method provides aapiolly and
systematically assess the functional capacity of a wetland (Shafer, 20@53tudy of the

Lions River floodplain uses the HGM approach to wetland functional assessments as the
underlying framework over which the hydrology, geomorphologygeteton and soll
characteristics werassessedl he use of the HGM method in wetland functional assessment
has both benefit and limitation§gble2.1).

Table2.1. The benefits and limitations of using the HGM approach for wetland functional
assessments (Source: based on Shafer, 2005)
Benefits Limitations

It is based on the comparison with a refere o o
dat It does not explicitly assess offsite impact
at a

wetl andds

It incorporates a classification system as | Does not assess cumulative impacts a

of the wetland assessment process

landscape scale

Provides aapid assessment procedure

Cannot compare different wetland types

Determines the wetland functional capac

which can be used in determining mitigati

Does not assign a value to wetland functi

and rehabilitation interventions

Goodall and Naudé (28), Fisher and Acreman (20Q43utulaet al (2006)and Fanet al

(2012) have stressed the importance of also considering wetland characteristics, such as size,
location, vegetation and climate when conducting wetland assessments, as these influence the
ability

detailed studies require ample time in the field and taxonomic expertise to complete, which are

wetl ands®o tdenitrificatiorf andrsedimiéation Eldweverypsgch s u ¢ h

often not available and not cesffective (Fennessst al., 2007).



2.2.2 Rapid assessment methods

Rapid assessment methods (R&Mim to evaliate natural ecosystems and their complex
ecological conditions, using a limited set of indicators or stressors in field (8tall22006).

These stressors are assessed and used to deduce conclusions about the ecological integrity of a
wetland ecosyste. RAMs are increasingly being viewed integral to thenplementation of

wetland assessment, rehabilitation and monitoring programmes (Fergtessy 2007).

However, RAMs are still best used as a part of more comprehensive wetland assessment

programssupporting resource inventories and qualitative monitoring.

A review of RAMs was undertaken by Fennesswl (2007), using four criteria, namely, the

met hoddés ability to measure the current cond
site visits, the efficiency of the method (requiring little taxonomic expertise and time in field)

and the ability toverify the assumptions underlying the method. The evaluation was initially

of 40 methods, from which 16 were selected for further analysis and then a further six for in

depth evaluation. The review revealed that the evaluated RAMs had multiple appljcations
including being applied for ecological condition monitoring, mitigation and rehabilitation

planning, establishment of wetland performance criterion and regulatory detiaiong.

Additionally, Fennessgt al (2007) highlighted the importance of hagia clear definition of

the study area, as this will influence data collection as well as the analysis and the results of

the study. Different wetland types must also be considered, as different wetlands are subject to
different stressors and have varymsugsceptibilities to particular stressors. There may also be

i ssues with scoring, as the results of t he
judgement o6 of the wuser. Therefore, it is i mp
at the esult. Finally, it is important to establish the link between a RAM study and
comprehensive data, to enable the extrapolation of more detailed results through probability

based sample design for the entire resource base.

In South Africa, Macfarlanet al (2009) developed the tool WEHealth, which is a RAM as
a response to decision makers needing to have an easfrjersdlly and coseffective tool to
enhance their ability to make ecologically sound decisions. The-W#zlth tool provides a

means to cay out a study that covers a broad landscape, based on available data, as well as
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rapid field assessment method for a wetland (Ketzal, 2012). WETHealth assesses the
condition of the wetland using stress indicators based on geomorphology, hydrotbgy a
vegetation, for the purpose of rehabilitation planning and assessment (Mactadbn2009).

Whilst the tool does assescosystem function, it primarily focuses on ecological integrity
expressed in terms of deviation from a natural reference atat¢o a limited extent, water
guality. The assessment is based on the key assumptions that a wetland will respond predictably
to a stressor. Although geomorphology, hydrology and vegetation indicators are assessed
separately in the tool, it is recognigbdt they are closely linked and may have feedback effects

on each other.

2.2.3 The role of wetland functions in the provision of ecosystem services

The review of wetland functional assessment makes a case for the importance of ecosystem
functions that occurin wetlands for the provision of services such as water quality
improvement, pollution control and flood attenuation (Gremigdll,, 2005 Jordaret al, 2007;
Acreman and Holden, 20L.3A wetlands ability to improve water quality is largely dependent

on factors such as the water source, hymbood, drainage pattern and inundation depth.
Wetlands which are fed by groundwater, river or daed runoff will have varying water
quality as this isnfluenced by the type and concentration of chemical constituent which are
present in thencomingwater (Malan and Day, 2012). Additionally, the duration of saturation

as well as drainage pattern will influence water quality as this will have an infloente
contact time between water, soil and vegetation, while also influencing evaporation and the
ability of chemicals to concentratd@ofdanet al, 2007 Malan and Day, 20)2It is therefore
important to assess the wetl@mtlnctioningto understandhese processesd better inform
rehabilitation planning and monitoringable 2.2 below highlights some of the important
ecosystem services provided by wetlands #redunderlying ecosystem functions to which

they are linked.



Table2.2. Wetland ecosystem services with examples of underlying ecosystem functions

(Source: based on Grossman, 2010)

Ecosystems  function  (structure and process)

Services S :
maintaining the service
Hydrological services
Flood water detention Storage of overbank water, reduction of flow velocity

Groundwater recharge

: Infiltration / seepage of water to / from groundwater
discharge

Sediment retention Sediment deposition

Biogeochemical services

Uptake of nutrients by plants, storage in ¢

Nutrient retention transformation and gaseous export (denitrification)

Carbon sequestration Organic matter accumulation

Ecological services

Food web support Biomass production

Habitat provision | Habitat (permanent, nursery, migratory resting,)efor
landscape structural diversi| plants and animals

Riparian habitats andetlandswith fluvial connectionsre used around the world to improve
thequality of water flowing through thenm agricultural catchments (Verhoevenal, 2006).
Wetland biogeochemical functions enable wetlands to achieve this through nutrient removal
and sediment trapping. A collective study of data from 57 natural wetlands around the world
by Fisher and Acreman (2004) showed that wetlands reducedeamt(tl) and phosphorus (P)
loading. However this primarily depended on the degree of waterlogging and the duration and
rate of nutrient loading. The review suggested that N and P removal required differing wetland
types, where P removal was maximised uradpbic conditions which allowed P to bind to

iron and aluminium and minimised sedimenteiease. In contrast, N removal is maximised

by a fluctuating water table where anaerobic and aerobic conditions are juxtaposed within the
sediment. Moreover, theview revealed that wetlands that were sampled more frequently and
during high flow events were more likely to display increased nuoestThis indicates that
wetlands can be a source of nutrient loading during high flow events as the sedimenhto whic

N and P are bounded is flushed out of the system. This occurs when wetlanil sailsn
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saturated aerobic state are flooded and easily extractable soil P is flushed out. However, this
only happens in the first few days following the development ofrabaeconditions caused
by waterlogging. Soon thereafter, the easily extractable P becomes immobilized again as it is
bounded to iron in a solid phase (Kekal, 1998).Figure2.2 below illustrates this process

graphically.

Storm
A hydrograph ~

Additional P input

Flush of Particulate P
Due to re-suspension of
bed sediment 2

External P loading

Base flow
vBaseﬂow v el alaiitn Y
o Jlelelie s LT L - Settling of particulate P
———» Pdischarge et Liititii e pbound to Fe-oxides P discharge
R ate s e oW >
b Internal P loadin, o0 o ledlelellets oOptul 0
Settling of particulate P ’ TP "9 T S T IRl d
: (mineralization & Fe-P dissolution) ° " ® % e
(Organic P + CaCOs- P) R T /\—"N e =
Ae A OA. /'\o /’\ e st e =

Figure22. Schematic of the possible phosphorus t
high pood events. The gsrillesyratesetttngand hapes
re-suspension of particulate P (Nyeejeal., 2014)

Wetlands have also been known to perform hydrological functions such as flood attenuation
and groundwater recharge and dege Bullock and Acreman, 20Q&creman and Holden,

2013. A review of 169 wetland functional studies around the world by Bullock and Acreman
(2003) confirmed that wetlands have a strong influence on the hydrological cycle,
strengthening the view that wetlandse an integral componentof water resources
managementin addition, thereview found that approximately 80% of the studies suggested
that floodplains reduced flooding, while approximately 41% of the headwater studies suggested
enhanced flooding. It is therefore, important to consider wetland typn vassessing

hydrological functions. Wetlands can alter floods in many viagisiding
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1. changing peak flow which determines the maximum flood level and inundation,

2. risetime which has an influence on how fast the water rises and how quickly it reaches its
peak,

3. the lagtime between precipitation and reaching the flood peak,

4. the duration of the flogdand

5. the flood volume (Acreman and Holden, 2013).

Acreman and Holden (2003) conclude that when assessing wetland hydrological functions, it
is important toconsider the wetlarid location and configuration in the landscape, as in the
broad sense upland wetlands tend to enhance flooding, whilst floodplains generally reduce
flooding. Topography is also important as it influences the welaalblity to store sirface

water. Finally, soil characteristics such as moisture content, grain size, hydraulic conductivity
and organic matter content, all have an impact on the wétlahdity to absorb water and the

movement of water through the soil.

Wetlands are a rigiction of the presence of water in a landscape (Gregtfell, 2005). Their
interaction with the environment and the resultant soil and vegetation characteristics can only
be understood through their ecosystem functions. HGM functional assessmentMAdRA ¢ a n
provide a basis from which these functions can be understdogever the understanding of
wetland functions castill be significantly improvedAcreman and Holden, 2003ordanet

al., 2007 by incorporating soil properties such as water table depth, percentage water filled
pore space, alkalinity, hydraulic conductivity and soil organic matter content, as well as
vegetation characteristidenitrification which is the most important wetlaidgeochemical
function contributing taN retentionrequires an absence of oxygen and a supply of organic
carbon and nitrateDenitrification can be correlated with the availability of organic carbon,

water table depth and the percentage of water filledsp@ordart al, 2007).

Hefting et al (2013 andVerhoeveret al (2006) note that wetlands worldwide are being used
to reduce nutrient concentrations in throdlglhw water and have a significant role to play in
improving water quality in agriculturaatchments. A teiyear record of water quality data was
studied by De Klerk (1997) of two degraded wetlands (wetland 1 and wetlaiglize2.3) in
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areas dominatelly agriculture in the uMngeni River catchment showed that both wetlands

improved the qualitypf water passing through them

Wetlands Qass (Matural vegetation) ®
A(100%)
B(75 - 99%)
[ C(50 - T4%)
D (25 - 49%)
E (0 -24%)

2.5

5 Hilometers

20 35

20 354

a0 ﬂ‘!di" o !?'-I;!E o “--I'd1

Figure2.3.  Two study wetlands in the uMngeni River catchment (De Klerk, 1997)

While most of the constituents showed improvement, in both wetlands there was no
improvement in nitrates. Wetland 2 also showed no improvement in total phosphates. Wetland
2 is located within a township and subjected to high phosphate loading from thestow p 6 s
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sewage systems, thus indicating that landuse plays a significant role in the quality of water in
wetlands. Although it is important to sample water quality throughout the wetland and not just
at the inflow and outflow to account fadditional wate inputs between upstream and
downstream measuring poinidich may bias the results positively or negatively, this study
by De Klerk (1997) is an indication of the potential of wetlands for improving water quality
even in a degraded conditiomhe study $e for this study, thelions River floodplain

comprises of the upper portion of Wetlan(Figure?2.3).

2.3 Rehabilitation of Wetland Ecosystems

In view of the increasing loss of natural ecosystems, the field of rehabilitation is a growing area

of scientific endeavour, especially concerned with wetland rehabilitation (Whigham, 1999;
Llorensetal , 2008). The r ehabi | daltregiing noust begif witaanwe t | a
understanding of the regime, how it has been altered and how much of it must be restored for

the system to function optimally. The hydrological regime can be altered by flood control
practices, drainage, Hfilling, dams, wate diversions and groundwater extraction, which all

result in changes to flood peaks, frequency and the duration of flooding (Zedler, 2000;
MartinezMartinezet al. 2014).

Rehabilitation interventions are normally aimed at restoring wetland function aadang

the provision of services such as flood attenuation and water quality improvement. However,
the success of these interventions is debatable, as project promoters generally claim success to
justify the high costs of rehabilitation (Zedler, 2000; k&okt al, 2000). Whigham (1999)
concurred and further stated that with the continued failure of rehabilitation projects, wetland
biodiversity continues to decline, although, it is also importantecognise that wetland

protection and rehabilitation is\ty a part ofalarger effort to conserve biodiversity.

Wetland rehabilitation and construction projeaftenfail because of the lack of consideration

for the fact that a wetland is part of the larger landscape (Whigham, 1999). This is further
exacerbad in nontidal wetland habitats, where it is considerably harder to restore
hydrological conditions. Rehabilitation intervention in ratal floodplains must be

considered within the context of natural processes such as sedimentationgiEler2003.
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It is also suggested that the rehabilitation of soil conditions forms a vital part in restoring a non
tidal wetland (Whigham, 1999).

The use of reference wetlands in rehabilitation efforts is highly desired for gaining information,
which can be usedipreparation for rehabilitation interventions to reduce the probability of
failure and partial successa¥itigham, 1999Sutulaet al, 200§. Rehabilitated wetlands can

also be compared to natural reference wetlands, to determine the extent to wihnitiatebra
interventions were successful in restoring ecosystem function and biodiversity. Moreover,
reference wetlands can be used to guide efforts to ensure that wetland rehabilitation is
successful. However, Kotz al (2012)notesthat there is lackf data for reference wetlands

in South Africa and this is echoed byeétial (2012) in China and Sutukt al (2006) in the

United States.

Wetlands are a cosfffective method for improving water quality, while yielding added
benefits such as floodtehuation, contributing to biodiversity conservation and providing for
human recreational and cultural neédatho and Venohr, 2014Rehabilitation interventions

are important for reclaiming degraded landscapes and mitigating the impacts of human

developments especially in agricultural and industrialised catchments.

2.4 Monitoring the Outcomes of Wetland Rehabilitation

Little evidence of rehabilitation success exists from {@rgh monitoring studies of restored
wetlands (Zedler, 2000). Although the investment of public funds into the protection and
rehabilitation of wetlands has occurred, wetland loss continues asigvetiaditions are not
monitored routinely. Additionally, monitoring efforts across projects are not consistent, thus
making it difficult to conduct analyses and draw conclusions to inform decision making (Sutula
et al, 2006).

Zedler (2000) and Kolkat d. (2000) argue that monitoring techniques used to monitor the

impacts of rehabilitation interventions are biased towards predicting success, by considering
changes to single wetland components, such as the rehabilitation of hydrological condition in
isolation of the how that change will impact other components, such as vegetation and
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biodiversity. Therefore, it is important to develop inclusive monitoring techniques to improve
our understanding of the impact of wetland rehabilitation. Braack (n.d) rotes thait is
important to initiate monitoring programmes before or early in the process of wetland
rehabilitation to establish a baseline upon which the effectiveness of rehabilitation
interventions can be measured against. Also, the monitoring programoften the only

tangible feedback available to managers.

I n developing monitoring programmes for wet
considerall aspect of the project, including social and ecosystem bengiiswill determine
the approach Table 2.3), intensity and frequency of monitoring. Other important

considerations include:

1. What level of monitoring provides answers to the key questiarglesked by the project
(e.g. did the project improve the wetld@adbility to enhance water quality?)

2. Does the monitoring answer the question at an appropriate level for the stakeholders
involved in the proje&

3. Does the monitoring programme match theotegces available to the project in terms of

funding, time and skills (Water and Rivers Commission, D02
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Table2.3. Qualitative and quantitative approaches for monitoring the wetland
rehabilitation outcomegased on NOAA, n.d)

Qualitative Quantitative

1 Aerial photographs of the wetlan T Measurement of water level chang
area showing the wetlands gene with an automatic watdevel gauge
hydrology and vegetation cover 1 Sampling water periodically to asse

1 Groundlevel photographs  fd changes in water quality
identification of some plar 1 Collecting of soil samples to test f
species, general level of plg organic matter and other s
growth,and general water levels characteristics

1 General site observations such 1 Surveying surface elevations
turbidity, presence of solid wast permanent transects once a year
evidence of human use, vegetatf 1 Recording plant species aodver by
condition, presence of invasive plar species along randomly establisk
and evidence of erosion transects across the site

It is important develop monitoring programmes which are appropriate for the project and are
within the available budg€Figure2.4). Monitoring the effects of rehabilitation interventions
forms an important component of wetland rehabilitation project and facilitates a learning and

continual improvement process for rehabilitation projects.
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Using replicated sampling
+

A Features of
Monitoring control and/or

reference sites different
Sampling befi d aft -+ levels of
Anecdotal information and e Sampling before and after evaluation

restoration works :
observations recorded restoration works

Simple 4——— LEVEL OF MONITORING COMPLEXITY —————p Complex

Use of simple survey methods, such as:
* Photographs at fixed points.

More advanced methods, such as:
* Survey methods and forms Monitoring
* Water quality and macroinvertebrate monitoring. methods

» Statistics may be used to
design and evaluate
monitoring programs.

* May need a pilot study.

> Trends
Trend of increasing:

* Costs;

» degree of confidence in the results; and

» need for the specialist input when planning the monitoring and evaluation.

Figure2.4. The features of different levels of evaluation (based on Water and Rivers
Commission, 2002)

2.5 Conclusion

Wetlands worldwide have been reported to assimilate pollution along river channels, grovidin
ecosystem services, such as nutrient and sediment trapping, controlling the transportation of
pollutants downstream and improving water quality. This review has highlighted the
importance of conducting wetland functional assessments, implementing itatiabil

interventions and the need for long term monitoring of the effects of wetland rehabilitation.
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The HGM approach to wetland functional assessment and the RAMs which have been
developed from its adaptation, provide a good basis from which wetlasgséem functions

can be understood. By using a limited set of field observation of stressors on the &etland
hydrological and biogeochemical functions, an indication of the weHaragpacity to perform
ecosystem services such as flood attenuation, ntunéenoval and sediment trapping can be

estimated.

Wetland rehabilitation must begin wiimunderstanding of the prevailing hydrological regime

and how it has been altered, as wetland functioning is highly dependent on the dwetland
hydrological conditn. Likewise, understanding of the soil and vegetation characteristics is
important for the development of rehabilitation programmes in wetldimgsuse of reference
wetlands for the planning, implementation and monitoring of rehabilitated wetlands lveould
ideal for providing a comparative basis to refer to. However, such wetlands are scarce and there
is a lack of data for such wetlands worldwide. It is therefore important to comprehensively
assess different wetlandiGM types to build our knowledge basied understanding of these
ecosystems, also enabling the implementation of efficient rehabilitation interventions that

work.

The literature emphasises the importance of wetlands for improving water quality both at
individual wetland scale and at a catclminscale However, it is also important to note that
although it has been demonstrated that welanel effective in improving water quality, their
effectiveness may vary considerably depending on the particular pollutant and features of the
wetland. Thesfore, t is important to monitor wetlands over the long term to further build the
understanding of how this function can be enhanced in light of the continued deterioration of
water resources worldwide. Tangible monitoring programmes must be devel@sseéss the
impacts of rehabilitation interventions on the whole wetland ecosystem, to foster understanding

and improvement in rehabilitation for enhancing ecosystem services.

* % %
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As highlighted in this review, wetlands are important ecosystems worldwide that are integral
to water resource management. However, our understanding of these ecosystems is limited,
especially in the Southern African perspect®bapter Jresents a metllology forassessing
wetland ecological condition on the Lions River floodplain based soil and vegetation
parameters and historical landu3dis is useful forunderstanding ecosystem structure and
function and assista the planning and implementationrehabilitation Chapter 4 investigates

the impact of the floodplain on downstream water quality.

20



3 AN ASSESSMENT OF THEECOLOGICAL CONDITION BASED
ON SOIL AND VEGETATI ON PARAMETERS OF THE LIONS
RIVER FLOODPLAIN, SOUTH AFRICA

Abstract

Wetlands are exposéal many human activities, including agricult@medurbanisation that are
increasing worldwideresulting in wetland degradatiomn South Africa, a watescarce
country, wetlands can playyamportantwater regulatingole. This study aims to establish a
baseline ecological integrity of the Lions RiVi@odplain an importantbut degradedyetland

in the uMngeni catchmentp provide a guide for the planning and implementation of
rehabilitation interventionsA comprehensivea s s e s s me n't of the wetl at
undertaken using vegetation and soil parameters, mapped and compared with an interpretation
of landusechange within the wetland based on historical aerial photogrdptes.study
concludedthat h e we t | acal thtegity leas dedreaggdeto historical landuse in the
floodplain Wetness indicators of soil and vegetatiam be used tmdicate a transformation

i n t he we regirmenwhérs thevsailtrelects the historic water regime and vegetation
reflects the current water regim& moderate to high abundance of ruderal and alien invasive
species in 61% of the floodplain, particularly the drier areas of the floodplain, further indicate

a reduction in ecosystem heal8oil degree of wetnesgnergd asthe key drivers of species
composition and historical landuse in the floodplain. The drier areas in the floodplain are most
disturbed This study highlighted the importance of detailed field studies and understémding
rehabilitation planning to returecosystems to their natural function, thereby forming

important ecological infrastructure for sustained water provision.

3.1 Introduction

Wetland are sensitive and importaetosystems of high value for the provision of goods and
services to sociefyputarebeing rapidlyand widelydegraded\(alterset al., 2006;Swanepoel

and Barnard, 2007)The term wetland is used worldwide to refer to ecosystems which are
primarily driven by the interplay of land and water and the consequential charactesistic
influence plants, animals and soils occurring in the &kedland hydrological processes result

in three key elementeamely fluctuating water table, hydromorphic soils and hydrophilic plant
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communities (Mitsch and Gosselink, 2007; Xialogigal, 2014). Wetland ecosystems are

driven by hydrogeomorphic variables and hydrological processes which establish a physical
templ ate for chemical and Dbiological proce:
properties (Cabezas al., 2007; Xialonget al, 2014).In South Africa, the National Water Act

(Act No 36 of 1998) defines a wetlandiad and whi ch i s transitional
aquatic systems where the water table is usually at or near the surface, or the land is
periodically covered withtsallow water and which land in normal circumstances supports or

would support vegetation typically adapted t

Wetlands occur in the transitional area between terrestrial and aquatic systems and will
therefore have varying hydropeds and water regimes (Kotat al, 1996; Walterset al,

2006; MitschandGosselink, 2007; Cabezasal, 2007). In South Africa, very few long term

wetland water table measurengexist, therefore water regime is often determined using soill
morpholaical and vegetation features (Kotteal, 1996). The system developed by Koéte

al. (1994, 1996) for wetland water regime has proven useful for describing the degree of
wetness for wetland soils using soil morphological features, particularly thealuiathe soll
matrix and intensity and depth of soil mot t
Cadwell, 2008).

Hydrological functioning of the upstream catchment is recognised as the driving determinant

for the formation and maintenance of spieaifetland typegsuch as floodplains, depressions

and valleybottom wetlandsand wetland processes (Thompson and Polet, 2000; Tockner and
Stanford, 2002; Mitsch and Gosselink, 2007). Located inthegglowa di ent al | uvi al
floodplain wetlands gabe defined as low lying areas of land, formed under the present climate

and sediment load and are periodically inundated by lateral overflow water from their
associated rivers (Ollist al., 2013). Although, the primary source of inundation in floodglain

is often lateral overflow from the main stream channel, other contributing water sources are
recognised including groundwater, direct precipitation, inputs from tributaries and surface
runoff. (Coleet al, 1997; Tockner and Stanford, 2002). Fluvial dyies, including flood and

flow pulses, is the key driver of hydrological connectivity within floodplains, a key process for

the watermediated transfer of energy, matter and organisms within the system (Tockner and
Stanford, 2002). Thus, the disturbanceaof wet | anddés hydrol ogi cal f
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intervention within and outside the wetland, such as-ioésin water transfers alters the natural
distribution patterns of aquatic biota, presents problems of water quality in the system and

disrupts ecologial processes in the wetland (Bunn and Arthington, 2002).

Being the physical foundation of wetlands, soil is the key medium for the conversion of
substances and a reservoir for chemical substances supporting wetland plants @attezas
2007).Hydric wils aredefined as soils which are saturated, flooded, or ponded long enough
during the growing season to develop anaerobic conditions in the upper part (Soil Survey
Division Staff, 1993; Kotzest al, 1996). The prolonged saturation of mineral soil résuh
anaerobic condition which cause gleying, whilst periodic saturation results in alternate
anaerobic and aerobic condition, whigénerallycause the formation of yellow, orange and

red or black mottlesn a grey to brownistgrey matrix(Kotze et al, 1996). Therefore, soil
morphology can be used as an indicatbthe long term soil water regime evensystems

with altered hydrological conditions.

Hydrophilic wetland plants are the major biological group driving ecological processes in the
wetland sgtem. Due to their adaptation to the anaerabicditionsof wetland sediments,
hydrophilic plants play an important role in nutrients accumulating in wetland systems.
(Xialonget al, 2014). Environmental pressures such as level of inundation, soilnegiere,

pH and degree of water table fluctuation act as drivers of wetland plant assemblage and
structure and can be defined using sampled vegetation (Keretedl, 2006). Wetland
vegetation forrafunctional groups according to their level of confinementetland condition
ranging from obligate wetland species, which are strongly confined to wetland environments,
to nonwetland species which occur in terrestrial areas (Marneweck and Kotze, 1999).
Therefore wetland indicator status of vegetation careberded to provide an indication of
wetness in a wetland, with the wettest areas being dominated by obligate wetland species
(Cowdernet al, 2013).

Worldwide, wetlands areincreasingly subjected to many human activities, including
agriculture, urbanisatig extraction of biological goods and flood control practices (Setula
al., 2006; Kotzeet al, 2012) Often, wetlands are leih adegradedondition both ecologically
and hydrologically, with a diminished capacity to provide important ecosystem eservic
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Whilst South African wetlands continue to be lost as a result of ecosystem degradation,
scientific insight used to understand the impacts of landuse on these ecosystems is mainly based
on EureAmerican studies (Walterst al, 2006) and knowledge oné&hfunctioning and

structure of local wetlands remains poor. It is therefore impottaimcrease the knowledge

base of local wetland functioning aadtablish baselines against which management practices

and impacts of future developmentan be assessedd predicted Kot ze and O6Co
2000).

In the uMngeni catchment, which drains the important economic areas around the cities of
Pietermaritzburg and Durban in KwaZtMatal, South Africa, approximately half of the
original wetland area has been lostéd t o human di sturbance (Kot
WRC, 2002; Riversvioore and Cowden, 2012) whilst cultivation, artificial drainage, alien
invasive plants, too frequent burning and over grazing continue to be a significant threat to
wetlands in the uppecatchment (WRC, 2002). Furthermore, there is concern over the
deterioration of water quality in Midmar Dam, the main water supply dam for the catchment
(Ngubaneet al, 2015 Namugizeet al, 2015. In response to this, stakeholders of the uMngeni
catchmen have collaborated in investing in ecological infrastructure, forming the uMngeni
Ecological Infrastructure Partnership (UEIP). Ecological infrastructure is defined as naturally
functioning ecosystems that produce and deliver valuable services to memples climate
change regulation, fresh water and disaster risk reduction (SANBI, 2013). These ecosystems
include rangelands, wetlands, rivers and mountain catchments. The Lionsl&dgiain
which lies just upstream of Midmar Dam, therefore presemtgrgortant opportunity for
investing in ecological infrastructure for the UEIP. Thuss tstudy aims to establighe
baseline ecological functioning of this important floodplainwetland by assessing the
ecosystembs structure, to provide a guide fo
interventions on the wetlan@o achieve this, @ o mpr ehensi ve assessment
soil and vegetation is undertaken, as welha analysis of landuse change in the wetland.
this chapterthree fundamental questioase addressed:

1 Whatlandwse changghave occurredithin the wetlandand how has thisnpacted the

ecosystembs structure and functioning?
1 What is the historic andurrent representation of wetness zones on the floodplain, as
inferred from soil morphology and vegetation characteristics respectively?

1 Whatare the keylrivers of the ecosystem structure in th@odplair?
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3.2 Methods

3.2.1 Study Area

The study was conducteéd the Lions Riverfloodplain( S2 9 A2 76 14. 86380 ; E30
the KwaZuluNatal(Figure3.1). Located in the upper uMngeni catchment above Midmar Dam,

the Lions River has a catchment area of 362.01. kbean annual precipitation (MAP) in the

upper uMngeni catchment is generally mibran 700 mm per annuriMarburtonet al., 2012)

with most of the rainfall falling in the summer months (Octab&tarch). The catchmetd

mean annual ruoff ranges from 20600 mm per annurfMidgley et al, 1994), whilst average

annual minimum and maximu temperatures are 19°C to 25°C respectively. Landuse in the

Lions River catchment is predominantly commercial agriculture and forestry, which is also

found in the immediate surrounds of the study site.

+ City / Town
— Rivers
I Dams
I Lions River Wetland . ]
"I Quaternary Catchments DJ"‘?*’"
I Tertiary Catchment U20 %
KZN Province

g 35 T i 2 2 = Scale - 1:350 642 >

Figure3.1.  Location of study site in the upper uMngeni catchment, KwaZRlatal.
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The Lions Riveffloodplainlies on land that is owned and managed by Sappi Southern Africa
TForests and the boundary of the fl ¢eemapl ai n

resource$or management purposes.

3.2.2 Sampling strategy

The sampling procedure commenced with the selection of five transect lines, over which survey
plots at 50 metre interval would be locatédig(re 3.2). Using a recent aerial image of the
floodplain as a guide, the transect lines were spatially distributed across the wetland to be
inclusive of oxbows, artificial drainage channels and anégarying degrees of wetness. This

was to ensure that the wetland was sampled to provide a representative baseline condition of
the entire wetlandlhree of the transect lines fell on the western side of the main channel only
due the occurrence of a hi#levated ground) on the eastern side.

A total of 61, 2m by2m surveyplots were sampled during late spring (November) of 2014 to
ensure easy identification of the plant species when they were in full bloom. November also
falls withinagdre wWwhitel®si § awmegn stehe wetl and i

Figure3.2. Map of survey plots on five transect lines at Lions River wet{&wmdirce: Esri,
Digital Global).
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At each of the survey plots, vegetation ad characteristics were described as outlined in
sections3.2.3and3.2.4

3.2.3 Plant community composition and richness

Botanical compositionwithin the 2m by 2m plots, all the species present were identified and
recorded. Where a species was unknown to the survey team, a sample was collected, allocated

a nickname and labelled for later identification. A visual estimation was then made of each
speciesb6 aerial coverage within the plot wusi
Using ana priori classification, each of the species identified within the floodplain were
assigned a wetland indicator status based on the classes outlifigdler8.1 (Ervin et al,

2006; Van Ginkekt al. 2011; Lichvaret al, 2012).

Table3.1. Wetland indicator classe¥#&n Ginkelet al, 2011) and abundant species at the
Lions Riverfloodplain for each class

Abundant species at Lions River
Indicator Status Ecological Index | floodplain (*Asterisk denotes alie

invasive species)

Hemarthria altissima, Juncusffusis,

Obligate 1 . . :
Leersia hexandra, Phragmites australis
. N Agrotis cf. eriantha, Paspalum
Facultative positive 2 )
dilatatum*
Facultative 3 Eragrostis plana, Trifolium repens*
Facultative negative 4 Hypericum forrestii*, Rubus cuneifolius
) Conyza albida*, Verbena bonariensis*
Nonwetland / terrestrial 5

Richardia brasiliensis*

With the species identified, a Wetland Index Value (WIV) (Wentworth and Johnston, 1986;
Carteret al, 1988; Cowderet al, 2013) was determined gble 3.2). Using the approach
defined by Carteet al. (1988), WIV was calculated using the ecological index for the assigned
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wetland indicator status of each species ranging from 1 (obligate) tmavétland) and the

proportional abundance recorded for each indicator class at each plot.

Table3.2. Wetland Indicatovalue thresholdé/WVentworth and Johnston, 1986

Wetland Indicator Value

Wetland <25
Transitional 251 3.5
Nonwetland > 3.5

Furthermore, the proportion of ruderal (weedy) and exotic species abundance relative to
indigenous noftuderal species abundance was determined for each sampleBrpiotthe

plot data, wetness zones were agtilated and mapped using ArcGIS drawing tool. In addition

to the plot datan situ, butad hocobservation as necessdiigld experience and Google Earth
images of the study sitevere used to determine theetness zorgeas indicatedby WIV.
Similarly, the proportion of ruderal and exotic species abundance were extrapolated and

mapped for the whole wetland.

3.2.4 Soll physical and chemical properties

Degree of soil wetnesSoil morphological features (matrix chroma, and intensity and depth of
mottling) following Kotzeetal ( 1 9 9 4, 1996) were used to desc
regime. A core was sampled at each pla tiepth ofL.2 metre using a Dutch screw or bucket

auger. The matrix colours for the different horizons were determined using thelMioike

Colour Chart and the depth and intensity of mottling were estimated in order to categorize the
site as one of the four wetness classes-weitand, temporarily wet, seasonally wet and
permanently/serqpermanently wet (Kotzeet al, 1996). Using te South African soil
classification system (SCWG and MacVicar, 1991), the soil form of each soil core was
identified. The approach used for mapping vegetation characteristics was used to extrapolate

soil degree of wetness and soil forms in the Lions Riegtand.
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Soil texture Soil texture was estimated infialds i ng t he O6f i hsgmepteswieest 6 mi
manipulated with water to reach a state of maximum plastiwitjetermine the soil texture.

This was donéy the same field technicidar all ssmplesto minimise error.

3.2.5 Historical Image Analysis

Historical aerial photographs of the site from the years 1944, 1959, 1967, 1978, 1989 and 2010
were obtained and digitised using Arc®YS10.2. Landuse was visually determined and
mapped on each image using six categories, namely: commercial forestry, cultivated land,
channel straightening, artificial drainage channels,-made structures and other disturbance
(Table3.3).

Table3.3. Description of the six categories used to map landuse

Category Description

Commercial forestry | Commercial forestry includesrea planted with mainliopulus

sp.for timber production purposes.

Cultivation Cultivation is considered to be areas cultivated with agriculi

crops mainly for food production.

Channel straightening | Channel straightening is considered to be theification of the
stream with the wetland resulting in a new shorter course ¢

stream.

Avrtificial channels Artificial channels includes created artificial drains, which h
the potential of having a high impact on water retention withir
wetland (Macfarlanet al, 2009).

Man-made structures | Man-made structures include all buildings found with the wetl

area.

Other disturbance Other disturbance includes all observed disturbance withir
wetland that could not be categorised into the other
categories example, grass mowing and channel impec

structures
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3.2.6 Statistical analysis

Statistical analysi was undertaken to describe the correlation between vegetation species
composition and the prevailing environmental variables namely; soil water regime, soil texture,
historical disturbance and artificial drainage of the wetland. A constrained conical
comrespondence analysis was used to ascertain the optimal dispersion of species scores and the
environmental variable that is most strongly related to specompositionThis method
highlights the environmental variables driving species composition orctbapfain. Table

3.4 below gives a description of the plot data used in the CEdthermore, amanalysis of

variance was conducted to compare the means avdtandindexValue(derived from the
vegetation composition datand the soil water regime grougslentified based on soll

morphology)

Table3.4. A description of all variables used in the statistical gsial

Variable Description

Species composition | All vegetation species identifietliring the vegetation survegsr

plot and their abundance.

Disturbance Plot location was overlaid with the historical images (Sec
3.3.]) to determine if the plot had been historically disturbe

remained undisturbed.

Drainage Plots located within or outside artificial drainage channels w
the floodplain.
Soil forms Prevailing soil form at the plot as identified during the soil sur

(Section3.2.9).

Soil texture Texture of the soil as estimated in field (SecBo?.4).

Soil water regimg Plot location on the wetness gradient from wet (permanently
(hydregime) = 1) to dry (nonwetland= 4) as indicated by soil morpholgl

features.
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3.3 Results

3.3.1 Historical landuse and land cover

Historical landuse and land cover change was mapped for LionsfRiwdplain using aerial
photographs from the years 1944 to 20Ai@\re3.4). Figure3.4a shows an aerial photograph

of the Lions Riverfloodplainfrom 1944, the earliest imagkat could be found of the site.

Landuse within thdloodplain was mainly cultivation with evidence of artificial channels
constructed to drain water off these areas.¥ed e st r u ct udistubanedwate 600t he
also observed. Upp 1959 Figure 3.4b), cultivation persisted in th#Boodplain although

reduced from 1944 and was restricted to the reaft and souttvest corners of thgoodplain

The atificial drainage channels were still preseni959

In 1967 Figure3.4c), a further transition in landuse had occurred, and cultivation was replaced
by commeral forestry withn the floodplain The wetland is also surrounded by commercial
forestry. The number of structures in fl@dplainhad also increased and were concentrated
in the same area. Forestry activities had expanded by Fg)i8¢3.4d) to include the areas
where previously mamade structures had been located. Artificial channels remained clearly
visible and were likely to be active. Although reduced, conorakforestry was still present in

the wetland in 1989%{gure3.4a).

Currently (2010) all commercial forestry and agriculture has been removed and is now
excludedfrom thefloodplain However, thefloodplain remains in an altered hydrological

condition due to the network of artificial drains which are still actively draining the western
portion of thefloodplain (Figure 3.4b). Also, most parts of thoodplain continue to be

di sturbed by intensive cattle grazing. Mor eo
used for agriculture, whilst ingtimmediae surrounding areas, commercial forestry remains

the dominant landuse. This is continuing to have an impact on water inputsfitwoth@ain

and the quality of the water in the main channel.
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¢) 1967 d) 1978

Figure3.3. Landusechange at LionRiver floodplain over time, a) 1944, b) 1959, c) 1967
and d) 1978, from aerial photos (Source: Esri, Digital Globe)
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Figure3.4. Landusechange at LionRiver floodplain over time, a) 1989 and b) 2010, from
aerial photos (Source: Esri, Digital Globe)

Over time (Figure 3.5) landuse in the Lions River floodplaitransitionedfrom being
predominantly cultivation in the 19406s and
19806s O6used of the floodplain had been sigr
and commerail forestry have been excluded from the floodpldio date,6 u soé the

floodplainis limited to cattle grazing. Remnaatfects of previous landuse in the form of

artificial drainage channel to drain water for cultivation and forestry purposes aewislight

on the floodplain.
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