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Abstract

Environmental degradation is a serious problem é@sdtho, Africa. The majority of
studies dealing with soil loss and gully erosionéhanainly focused on the mechanics of
the erosion. However, mountain watersheds are tsensind vulnerable to degradation
and in so being, have large inherent environmemtglications. Gully erosion diversifies
the micro-topographical and hydrological environtndiine severe changes and eventual
system degradation incurred as a result of gullyiag rarely been quantified. This paper
specifically highlights mire phytogeographic respes to valley head degradation at
selected sites in eastern Lesotho by comparingnpatobserved in gullied mires to those
seen in other non-gullied mires. Soil and vegetabelt transects are set up across five
mires (2 gullied) in the highlands of eastern LasofThe response of many of the plant
species to the overall environmental gradient vaysnanetrical and unimodal in pattern.
The spatial distribution of the soil's physical pesties, topography and vegetation
community patterns were found to reflect the spati@saic of the soil moisture gradient.
The negative impact that gullying has on the ecabigdical regime of the valley heads
is evident and is allowing for shrub encroachmeBwih the wetland and dryland
vegetation communities correlate strongly with ganges in the surface soil moisture
gradient. Gully erosion is clearly a threshold pimaenon. Continued grassland
degradation, accelerated soil erosion and subsequéying of the wetlands will lead to
plant and animal diversity loss, decreased livdsfmoductivity, sediment-laden water

and shortened dam life-span.



Preface

Mountain watersheds have always been of globalaronisecause of their important and
sensitive function. The impairment of wetlands hamsiderable implications for
surrounding regions (Paudel and Thapa, 2001), hexvelespite conservation efforts,
mountain wetlands remain vulnerable to degradatiem.1971, in the city of Ramsar,
Iran, the first international treaty was signedtfoe protection, conservation and wise-use
of wetlands and their resources (Ramsar, 2004).efawd at Lets’eng-la-Letsie, in the
province of Quthing (Lesotho) was added to thedistt™ July 2004. A large number of
African wetlands are in good condition, howeverpapulation increases, the pressure to

exploit these wetland areas also increases (Sch0gg).

Within this dissertation, the degradation of Lesoivetlands is discussed with regards to
the impact it has hydraulically and economicallytbe region (Schwabe, 1995; Grab and
Morris, 1999; Nusser and Grab, 2002). The loss eflamds represents a huge loss in
species diversity through habitat destruction,ltdss of water regulation, more frequent
flash floods, the loss of nutrients, and most ingoaty, the loss of large tracts of
valuable wetland and grassland (Schwabe, 1995).bItgeographical aspects of five
valley heads are examined with particular focushen effect that gully erosion has on

wetland characteristics.

This dissertation is divided into seven chapte@hapter 1 introduces the basis of this
study. A general review of some issues in Lesotluh @s, politics, environmental issues
and population dynamics are given. The objectiieb® study are outlinedChapter 2
outlines the environmental setting of the highlamdgion in Lesotho.Chapter 3
describes the methods used to collect and intetpeetdata within this dissertation.
Chapter 4 presents a literature review on the processesraathanics of gully erosion in
general, as well as for two of the five valley headcluded in this dissertation. It also
summarizes and compares the collected data towmakt conducted in the same area.

Chapter 5 presents a literature review on mountain soilspltleo soils and wetland soils.



It then describes the soils found within the vallegads studied in this dissertation.
Chapter 6 presents a literature review on the effects otudince to vegetation

patterning and community type. It then describesvigetation communities within this
dissertation and discusses patterns found and dbsiljje reasons for this occurrence.
Chapter 7 presents a summary of the findings of this reseand provides a conclusion

to them.

Sections of this work have been presented at theudinBritish Ecological Society
Meeting in Lancaster, England in 2004 and have hmdslished in the International

Journal, Arctic, Antarctic and Alpine Research, 200
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Chapter 1

Introduction

1.1 Setting

The small mountainous Kingdom of Lesotho is an &arelwithin South Africa (Marake
et al., 1998) and is situated between longitudes 27°0ad 29°30'E and latitudes
28°30'S and 30°40’S (Rydgren, 1988) (Figure 1.Bsdtho is ca. 30 355 Kim size and

is comprised of four main physiographic regiong western lowlands, the foothills, the
Senqu River Valley and the central and easternldmgls (Figure 1.1). The mountain
highlands constitute 80% of the total land arehesfotho and are the highest in southern
Africa, reaching 3 482 m a.s.l. (Bainbridge al., 1991). Two of the four highest
mountain ranges, namely the Drakensberg and Malomistitute the highlands region of
the study area. Together, these two north—soutiditng mountain ranges represent
southern Africa’s major drainage divide between ¢hsterly-flowing rivers towards the
Indian Ocean (e.g. Tugela) and the westerly-flowivgrs towards the Atlantic Ocean
(e.g. Senqu) (Bainbridget al., 1991; Nusser and Grab, 2002). Deeply dissectsdlb
valleys, steep slopes, planation surfaces and asedérainage network characterize the

highlands area, with the Great Escarpment actirigeasastern border between Lesotho
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Figure 1.1 Physiographic regions of Lesotho and small-scatation of study site (after Kakonge, 2002,
p64).

and South Africa (Jacot-Guillarmod, 1969; van Zmste Bakker and Werger, 1974;

Morris et al., 1993).

Lesotho’s watersheds are the largest in southenicéfthus making Lesotho one of the
most important sources of fresh water on the Africantinent (Bainbridget al., 1991,

Schwabe, 1995). The water source begins as sprvigsh are surrounded and filtered
by mires. Sadly however, Lesotho is one of the nawsetled countries in the world

(Calles and Kulander, 1996). The loss of rangel#mdugh soil loss coupled with



population increases and pressures on water resounake the alpine wetlands an
increasingly important but vulnerable resource. Wetlands are showing signs of
degradation through gully erosion, overgrazamgl plant invasions. This study primarily
investigates the effects of gully erosion on the-geology of three valley head mires and
may thus provide valuable environmental informatiequired for the continuation of the

Lesotho Highlands Water Project (LHWP).

1.2 Politics And Demographics

Until independence on Octobel' 4966, Lesotho was a British protectorate known as
Basutoland. The political history since independeinas been unstable, with the Basotho
National Party (BNP) being in power until 1986 (Mkeet al., 1998). In 1986, the BNP
was overthrown by the military amidst political gsere from South Africa. In 1993, the
Basutoland Congress Party (BCP) was democratitaditated and a new constitution
was formed, which gave limited power to the kingspite mediation with the Southern
African Development Committee (SADC) there has hastability, attempted coups and

successful take-overs and restorations since 1¥98dakeet al., 1998).

The population of Lesotho was just over 2 millior2001 (Nel and lligner, 2001), which
equates to a population density of 66 people pet Ker half the population resides in
the western lowlands where 80% survive on subsistegriculture and livestock (Nixon,
1973; Meakins and Duckett, 1993; Makhoalibe, 1998 and lligner, 2001). The actual
population density on available arable land is tbais733 people per KnfMarakeet al.,

1998). Since independence, total arable land in Leso#sdecreased from 13% to 8%



(Schmitz and Rooyani, 1987; Maragteal., 1998; Nusser, 2002). The remaining 92% of
the country is comprised of mountains, villagesygedland and barren eroded land

(Marakeet al., 1998).

1.3 Socio-Economic Issues

Although Lesotho’s largest source of foreign exgwanstems from the Lesotho
Highlands Water Project (LHWP) (see section 1.6 details), agricultural production

and livestock rearing are the main sources of eympémt (Marakeet al., 1998).

1.3.1 Agriculture

Seventy percent of crops grown in Lesotho are aoesulocally. Main crops are grown
in both the lowlands and in the mountains, dependim the season and consist of grain
(maize, wheat and sorghum), beans and peas (Marake 1998). Although 60% — 70%
of the workforce is engaged in agriculture, the@eis becoming increasingly dominated
by livestock rearing (Maraket al., 1998). Agricultural production has declined sinc
1978 / 79, whilst livestock production has increhsger that of agriculture since 1984.
Some of the reasons for this decline in agricultatdputs are said to be drought, harsh
winters, fertiliser application rates and the lasdand through soil erosion (Maralee
al., 1998). Despite pressure on existing arable larde tracts are still left fallow each

year (Marakest al., 1998), perhaps due to the dominance of thetthegssector.



1.3.2 Livestock Activities - Transhumance

Rangelands comprise 80% of the total land area dkéeet al., 1998) and are mainly
found in the foothills and subalpine regions. Thameas are grazed by cattle, sheep and
goat according tdhe transhumance system,which has been an ongoing tradition of
livestock rearing since the 9Century (Quinlan and Morris, 1994; Makhoalibe, 499
Nusser, 2002). In late spring (October/Novembargstock is taken from villages below
2 400 m a.s.l. and brought to the summer grazirsgspo the upper subalpine and alpine
grasslands (2 750 m — 3 100 m a.s.l.). In lateraot(May), the livestock is brought
back to the village areas to forage on the harddsted and village rangelands. Although
Lesotho’'s monarch allows usufractuary rights, trenghumance grazing practice is
controlled in the village areas by the infrequemibfed systems ahaboella andleboella
(Marakeet al., 1998).Maboella andleboella are controlled by the principal chiefs and
are systems whereby plots of grazing and range&edset aside each summer for
rejuvenation. There is also a requirement thah efg@zing post area have a grazing
permit so that livestock numbers and movementseamonitored (Maraket al., 1998).
However, grassland deterioration remains an ongemigcern in these grazing areas
(Quinlan and Morris, 1994; Maralet al., 1998). Since the 1970’s, the grazing carrying
capacity of the village winter grazing areas hase®sed due to increases in population
and soil erosion. In response to this loss, goppmessure has increased on the mountain
rangelands (Nusser, 2002). Winter grazing pogshaw being established in the lower
subalpine regions (2 600 m a.s.l.), above thegeda There is thus an ever-increasing
grazing pressure on the grasslands and wetlandbeofsubalpine zone without an

adequate period of vegetation rejuvenation (Quialath Morris, 1994).



1.4 Erosion And Controls

Due to perceived ineffective range management byidbal chiefs, as well as the fact
that traditional conservation controls do not egtémo the alpine areas (as these areas
were rarely used and more difficult to control) (lsllke et al., 1998; Nisser, 2002), the
government has introduced various conservationebdsgislations and programmes.
Systems and laws, such as the Village Developmeniné€lls (VDC’s), the Land
Husbandry Act of 1969, Pasture Management regusti(i973), Grazing Control
regulations (1977), Grazing Associations which apein Range Management Areas (in
1978), livestock import taxes (in 1984) and Livegt&xchange were all introduced in an
attempt to create effective management and cortsemtrough the control of livestock
numbers and movements (Quinlan and Morris, 1998 T&ble 1.1). In the early 1990'’s,
the area above 2 750 m a.s.l. was categorisedviesaged Resource Area (MRA). This
initiative was part of the Drakensberg/Maluti Catent Conservation Programme
(D/MCCP) and was designed to reduce alpine gradstlegradation, as well as to
determine whether highland erosion could affect th8NVP reservoirs (Quinlan and
Morris, 1994). The zonation of the MRA has beetiazed for being too high in altitude
to efficiently protect the areas that are actudlging grazed longer (i.e. the winter

grazing areas in the lower subalpine region aR&00 m a.s.l.).

Soil erosion throughout Lesotho and the consequgratssiand and/or wetland
degradation is generally believed to have an aptigenic origin and is often attributed
to a lack of local stakeholder (i.e. Basotho) covaton initiatives (Jacot-Guillarmod,

1962, 1963; van Zinderen Bakker & Werger, 1974;keka 1981; Meakins & Duckett,



Table 1.1 Number of livestock in Lesotho over a periodiofe (after Maraket al., 1998, p26).

Year Cattle Sheep Goats Horses Donkeys
1985/86 525 1,392 978 110 112
1986/87 627 1,703 1,150 127 136
1987/88 627 1,645 1,121 129 148
1988/89 583 1,501 1,064 116 131
1989/90 523 1,377 995 104 151
1990/91 543 1,481 730 98 110
1991/92 700 1,383 649 89 -
1992/93 658 1,176 811 107 139
1993/94 578 1,277 876 113 140
1994/95 580 1,131 749 100 146

1993; Backéus & Grab, 1995; Schwabe, 1995; Morri&&b, 1997; Grab & Nusser,
2001). Apparently, gully erosion did not exist befonissionaries first visited the country
(Faber and Imeson, 1982) and was unknown beforepeans colonized the area in the
1830’s (Showers, 1989). The introduced Europeamifey practices (i.e. use of the
plough, keeping cattle in pens, indiscriminate fiedng and contour plots) differed
greatly from the traditional land-use systemssIwiorth noting that traditional methods
had many conservation elements, such as rotatigrealing, shallow hoeing and the
keeping of small plots surrounded by grassland (@&hs, 1996). By the late Y9Century

to early 28' Century, gully erosion had become establishedrémsawith much human
activity (e.g. government land and alongside pahd roads). In the first attempt to
evaluate the extent of erosion in Lesotho, a namtjtative government report was
written in 1935 (Pim, 1935). Although the reporfeimed that gully erosion was not a
problem on the farmlands (Faber and Imeson, 198#je gullies were cited as being
over 4.5 m deep (Showers, 1996). Ironically, itegp that European land-use practices
and soil conservation measures since the late $38@l contributed to the establishment

of gully erosion in parts of Lesotho (Showers, 1996



1.5 Grasslands And Erosion

The alpine region of eastern Lesotho is within Alustral Afro-alpine belt (van Zinderen
Bakker and Werger, 1974; Carbutt and Edwards, 2004% belt has an unusually large
number of endemic and/or threatened species fagltarhountain system (Hilliard and
Burtt, 1987; Bainbridgeet al., 1991; Morriset al., 1993; Backéus and Grab, 1995;
Makhoalibe, 1999). Approximately 3% of the plantesies and just over 60 faunal
species found in the eastern mountain region aderarc (Bainbridgeet al., 1991). The
main vegetation types within the alpine belt are grassland communitie$hemeda
triandra (‘seboku’) andFestuca caprina (‘letsiri’) accompanied byMerxmuellera spp
(Carbutt and Edwards, 2004). These grassland comigginot only provide an essential
source of fodder to grazing livestock but, togethéh the wetland vegetation, they play
a key role in influencing the hydrological regimé the region by stabilizing the
catchment soils and thereby reducing sheetflowam$equent soil erosion (Grobbelaar
and Stegman, 1987; Schwabe and Whyte, 1993). Howgrassland vegetation cover is
decreasing at high altitudes, especially aroundnpaent grazing posts (Nusser, 2002).
Where grassland cover has decreased, invasion Ioikaspecies occurs (e.g.
Chrysocoma ciliata) (van Zinderen Bakker and Werger, 1974; Chake3811 Morriset
al., 1993; Schwabe and Whyte, 1993; Pooley, 1998; GnabMorris, 1999). The exact
reason(s) for this change in vegetation cover @wrious highland regions is difficult to
establish, however degradation in close proxinotyhe grazing posts is evidently owing
to over-utilization of the grazing resource arodhnese posts (Nisser, 2002). As a result
of the change from grassland to shrubland, runodf averland flow velocity increases

because the shrubs cannot attenuate water flowfetieely as the grasses (Faulkner,



1990; Abrahamsat al., 1995; Casermeir@t al., 2004). Consequent gullying of the
wetlands decreases their ability to attenuate wated thus generates large sediment
loads within fluvial channels and dams (Schwabe \Atngte, 1993; Quinlan and Morris,

1994).

1.6 Hydrology

High altitude wetland systems predominantly locatddve 2 600 m a.s.l. in eastern
Lesotho are areas with high endemism and high dicdd diversity (Grobbelaar and
Stegman, 1987; Bainbridget al., 1991; Backéus and Grab, 1995; Morris and Grab,
1997; Makhoalibe, 1999). These alpine Holocenatagetlands (oldest date at 13 490
BP; Marker 1995, 1998) are the only peat producigglands (i.emires) in southern
Africa (Bainbridgeet al., 1991; Backéus and Grab, 1995; Nisser and Gf2)2The
mires tend to have a crescentic shape and occairqne-shaped valley heads (Jacot-
Guillarmod, 1962; Grobbelaar and Stegman, 1987) ahdriver sources where
groundwater surfaces in the form of springs (J&uatlarmod, 1969; Schmitz and
Rooyani, 1987). Both minerotrophic fens and omlmgltic bogs are reported to exist in
the alpine areas, with fens occurring on the warmerth-facing slopes and bogs
occurring on the steeper, south-facing slopes anugher altitudes (Schwabe, 1989).
These alpine mires are key resources for the ecprdrhesotho. Firstly, the mires are
important grazing areas and thus contribute toahecultural revenue. They remain
saturated throughout the year, thus allowing faepeially flowing streams that are an
especially important water resource during the wigter months. The wetlands also
have a high biomass (3700.6kg/Ha) and a large iogricapacity (2.5 times greater than

the surrounding grasslands) (Schwabe and Whyte3;188sser, 2002). Thirdly, the



mires have important hydrological functions inchgliorganic matter production, soil
stabilization, flow reduction, sediment retentiamjtrient removal and groundwater
storage and recharge (Schwabe, 1995), all of whrehessential to the success of the

Lesotho Highlands Water Project (LHWP) (FIVAS, 1994

1.6.1 Lesotho Highlands Water Project (LHWP)

The African continent has an estimaté®00 dams, of which more than 60% are located
in South Africa and Zimbabwe (Schuyt, 2005). Onetledse dams occurs within the
alpine region of Lesotho on the Senqu River systemmch is located in the largest
watershed in southern Africa (Schwabe, 1995). Teaq8 River drainage basin area
within Lesotho is 20 000 kfmand vyields more than 47% of the total water flow i
Lesotho (Makhoalibe, 1999). The exploitation of theuntain hydrology is Lesotho’s
most viable option to improving its economic cormatis (Schmitz and Rooyani, 1987;
van Rooy and van Schalkwyk, 1993). In order talifate the growing need for water in
southern Africa, a joint venture was initiated beéw South Africa and Lesotho. The
Malibamatso River, a tributary of the Senqu Riverused for the largest water transfer
scheme on the African continent, which has thuscéest™8 billion US dollars (FIVAS,
1994; Nel and lligner, 2001). The aim of the LHW&to reverse the southerly flow of
the targeted water source so that a portion of itliverted into the Vaal River in
neighbouring South Africa (FIVAS, 1994; De GraafdaBell, 1997). The project
officially began in 1986 and consists of dams, gfan tunnels, delivery tunnels and
pumping stations, the first phase of which was deteg in 1998. Currently, the project
is delivering 18 n¥s of water to the industrial heartland of Gautdéhrgvince, South

Africa (Smith, 1999; Nel and lligner, 2001). Thepext of this water through the LHWP

10



generates the largest source of foreign exchangkeesotho and provides much needed
development initiatives (Bainbridgg al., 1991). The LHWP also provides Lesotho with

its own hydroelectric power supply.

Negative environmental consequences of the dantroatisn include the destruction of
homes, the loss of over 4 000 ha of grazing and@tsral land, degraded downstream
riparian land and seismic activity, all of whichvieanegatively affected the functioning of
springs in the headwater areas (Nel and lligneQl12MMatete and Hassan, 2003).
Continued grassland degradation, accelerated sasiae and subsequent gullying of the
wetlands, and the environmental effects of damsatldead to a loss of plant and animal
diversity, a decrease in livestock productivitydiseent-laden water and a shortened dam
life-span. These effects will eventually have apact on the economy of Lesotho if not
dealt with adequately in the near future (Grobhetad Stegman, 1987; Schwabe and

Whyte, 1993; Quinlan and Morris, 1994; Calles atiriacke, 2000).

1.6.2 Wetland Degradation

A damaged wetland is one that has a deep watex, tatdas of exposed soil and evidence
of some form of erosion (Schwabe, 1989). This tgpevetland may also host plant
species that are indicative of disturbance. Sirtckeast 1963, the alpine wetlands of
Lesotho have intrigued researchers (Killick, 1968jthough many reports remain
gualitative to semi-quantitative. All reports hastessed the fragility of the wetland

habitats to overgrazing by livestock and most haw@hasized the need for conservation
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(see Table 1.2). The relatively poor condition ainy high altitude wetlands/mires has
been attributed to climatic change over the 1a30@ years, past and current land-use

Table1.2 Research on various aspects of alpine wetlandisissociated conservation issues in Lesotho

Year Author Subject

1963 Jacot-Guillarmod Observation on the bogs of Basutoland Mountains
1969 Jacot-Guillarmod Effect of land use on alpine wetland vegetation

1974 van Zinderen Bakker and Wergemigh-altitude bogs of Lesotho

1987 Grobbelaar and Stegmann Water quality of high altitude bogs, Maluti Mountains
1987 Schmitz and Rooyani Lesotho: Geology, geomorphology and soils

1989 Backéus Flarks in Lesotho

1989 Klug et al. Terrain analysis of the Drakensberg/Maluti

1989 Schwabe Management of wetlands in the Drakensberg/Maluti
1991 Bainbridgeet al. Report on conservation programme, Drakensberg
1993 Meakins and Duckett Vanishing bogs in the mountains of Lesotho

1993 Morris et al. Classification of alpine vegetation in Lesotho

1993 Schwabe and Whyte Distribution of wetlands and grasslands

1995 Backéus and Grab Mires in Lesotho

1995 Schwabe Alpine mires of Lesotho

1997 Morris and Grab Threatened wetlands of Lesotho

1999 Grab and Morris Soil and water issues in alpine wetlands of Lesotho
1999 Makhoalibe Management of water in the Drakensberg/Maluti
2001 Grab and Nusser Case study from Sani plateau on integrated research
2002 Kakonge Apply chaos theory to environmental decline in Lesotho
2002 Nusser and Grab Land degradation and soil erosion, Lesotho highlands
2004 Grab and Deschamps Controls and processes following gully erosion in mires

practices, natural erosion processes, geomorplesthblds, or to the synergism of some
of these factors (see Schwabe, 1989; Calles ananidal, 1996; Nisser and Grab, 2002).
Regardless of the cause, 49% - 65% of the wetlatlen the Senqu River pilot study
were previously classified as being extensively aiged, having low water tables and
hosting clayey soils (Schwabe, 1989). These dachagdiands are still able to filter and

attenuate water, but at a reduced capacity. Dug ltmwvered water table and loss of
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vegetation, the soil becomes dry and friable aedeflore looses its ability to stabilize the
soil. Better information on the status of the adpimetlands is necessary, as it is evident
that Lesotho’s water is a valuable asset in needrgént protection (Grobbelaar and

Stegman, 1987).

1.7 Objectives

Thus far, there has been no detailed study onntieerelationship between gully erosion
and wetland geomorphology and biology for eastezsotho. The objective of this study
is thus to provide a detailed and quantitative ssent of the bio-geographical and
geomorphological attributes of five alpine wetlandsthe Sani Valley region (Figure
1.1). The primary aim is to assess the impact thdty erosion has on specific
biophysical characteristics within selected erodweites. The quantification of the
environmental impact that gully erosion has is das® a comparison with adjacent non-
gullied mires. The biophysical characteristics aso used to assist with the
classification of wetland type, delineation of veeitl boundaries and identification of soil

type (Carteset al., 1988).

The second aim of this study is to discuss possésilfor the continued growth of gully
systems within the alpine mires. The level of sérigy of the landscape will be
addressed by examining the environmental factork as soil characteristics and faunal
pressures. Aside from extrinsic factors contribgitio the destabilization of valley head
equilibrium, intrinsic forces such as drainage basea and slope gradient are often cited

as controlling the spatial occurrence of gulliesh@®nm and Hadley’s (1957) initial work
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on slope thresholds found that oversteepened slapa®lation to the drainage basin
area, were a causative factor for gullying at saeites in the United States. This idea has
since been widely accepted, and found to apply smymsemi-arid areas of North
America, Australia and South Africa (e.g. Pattord &chumm, 1975; Imeson and
Kwaad, 1980; Schumm, 1981; Beckhedethdl., 1988; Campbell, 1989; Bocco, 1991,
Prosser and Winchester, 1996). This idea is oftere@ with the hypothesis that headcut
migration ceases once at a critical slope in matio the drainage basin area

(Montgomery and Dietrich, 1988).

This study would not be complete without an assessmof the wetland gullies, and thus
takes a morphometric approach in describing théawetgully morphologies, similar to

those undertaken by Ebisimiju and EKiti (1989) &viditlow (1994a, b).

1.8 Research Hypotheses

Principle Aim to assess the impact that gully erosion has atisp biophysical

characteristics within selected eroded mires.

1. Across the expanses of non-gullied wetlands, soiktare has a uniform pattern
of soil saturation, whilst on gullied wetlands tbal moisture gradient is more
mosaic-like and is driest adjacent to the gully.

2. Gullied wetlands are more susceptible to drylarmhpinvasions than non-gullied
wetlands due to disturbances in hydrology andreeithanics.

3. Gullied wetlands have increased microhabitat ditierand as such, are more

species-rich than non-gullied wetlands.
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Secondary Aimto discuss plausible reasons for the perpetuatiayully erosion within

the mires.

It has been noted that eroded wetlands in Leso#we la clayey texture, whilst intact
wetlands have a loamy texture (Schwabe, 1989).pfégent study suggests that there is

a connection between soil type and the occurrefigallied wetlands.

4. Gullied wetlands are more inherently erodible whempared to the soil type of
wetlands that have not been gullied. The peatimvithe gullied wetlands has
greater clay content than the non-gullied wetlands.

5. It is expected that gully heads form at locallyepiened sections of the valley

head floor.
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Chapter 2

Environmental Setting

2.1 Study Area

The study area is located within the Drakensbergiiiains of eastern Lesotho (Figure
2.1). This mountain range is the highest of Lessthamur mountain ranges (max. = 3 482
m a.s.l.) and represents the most prominent seofitime Great Escarpment (Backéus and
Grab, 1995; Nusser, 2002). The Great Escarpmemhsfost natural border between
Lesotho and South Africa and is at the eastern edgie southern African plateau
(Partridge and Maud, 1987; Grab, 1996). The candystrea is located approximately
3.5 km southwest of the Lesotho border post at Jam (2957 m a.s.l., 29°30'S;
29°20'E) (Figure 2.1). The north-facing aspectha Sekhokong Range has been eroded
into at least four valley heads that have broachtlge(0°-10°) floors. Low-elevation
erosional basalt ridges separate the individudeydieads from each other. The valley
heads have been numbered for this study in anteasest direction, with the most
eastern valley head (#1) situated near the escatpedge (Figure 2.1). Valley heads 2, 3

and 4 have previously been labelled as B, C anespeactively, by Marker (1994), and as
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Figure 2.1 Locations of the five study sites within the vallegads, south of Sani Pass, Lesotho. Darkest
shade represents peak elevations.

A, B and C respectively, by Marker and Whittingt(®®71). Valley heads 1 — 4 are
north-facing, whilst valley head 5 faces northeabke floors of the five valley heads are
located at similar elevations (between 2900 m.aasd 2970 m a.s.l). The flat floors of

the valley heads are occupied by wetlands that wvasjze from ca. 1.75 kfrto 2.4 knf.
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Each of the wetlands within the five valley heads h tributary stream flowing through
it. Each valley head is bounded by rilled sloped all have at least one valley floor
gully cut into the mineral soil and/or peat. All tife studied valley heads are regularly
grazed from October to June by horses, cattle,pshed goats. These gullied and non-
gullied valley head wetlands were chosen for comupse geo-ecological and

geomorphological analyses, given their similar emvuinental and anthropogenic settings.

2.2 Climate

2.2.1 Precipitation

The African continent can be divided into eightditic regions based on temperature
and precipitation (Figure 2.2) (Goudie, 1996). Kiagdom of Lesotho lies within the
summer rainfall area, of which the Drakensbergrs of its wettest regions (Killick,
1963). The highest precipitation occurs along thehwest face of the Maluti Mountains
and along the northeastern to southeastern Drag&emsbscarpment (Figure 2.3)
(Grobbelaar and Stegman, 1987). GeographicallythSAfrica and Lesotho lie solely
within the subtropical high pressure belt at latl@uB80°S (Tysoret al, 1976). The belt
moves northwards and intensifies in winter, therake®ms and moves southwards in
summer. A westerly movement of the Indian Ocearhdpigessure cell in winter thus
results in relatively dry air accompanying the ease in pressure. The dry stable air,
together with the winter anticyclone, influence® thtmospheric circulation over the
subcontinent and results in cloudless skies ab®@0 3n a.s.| (Tysoret al, 1976;
Wilken, 1982). In summer, a low pressure cell llgudevelops over eastern South

Africa and the subsidence inversion that rises twelescarpment transports moist air,
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Figure 2.2 Eight climatic regions of Africa (after Goudie, $37).

thus favouring thunderstorm development (Tyset al, 1976). High intensity
thunderstorms can provide 50% of the total preaimh (Preston-Whyte and Tyson,
1988). These thunderstorms originate as eastwardingnosquall-line storms or as

orographically induced thunderstorms (Killick, 196%sonet al, 1976).

There is a definite link in Lesotho between vaoa$ in mean annual rainfall with

elevation. Peak rainfall occurs over the Drakengbange (Senet al, 1998), with an
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Figure 2.3 Estimated average annual precipitation (in mm) for the yd#®85 — 1990
in the highlands region, Lesotho (after Sehal, 1998, p336).

estimated rainfall average of 1600 mm per annutheérhighlands region (Lundést al,
1990; Nusser and Grab, 2002); mean runoff coefftsiare also greatest in these areas of
highest rainfall (Senet al, 1998). The lowlands region tends to receive \&rage of
735 mm of precipitation per annum (Hydén and Sel&flD0). Within the highlands is a
noticeable rainshadow effect particularly over teatral region, with east-facing slopes
receiving greater amounts of precipitation tharpstofacing west (Tysoat al, 1976;
Schulze, 1979; Chakela, 1981; Sateal, 1998). Figure 2.3 illustrates the variation in

precipation amounts over the highlands region amticates that during the period
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between 1975 — 1990, the Sani Top area receivadebat821 — 647 mm; in 2002, Sani
Top received an annual rainfall of 742 mm in 200%el( and Sumner, 2005).
Approximately 70% - 85% of precipitation falls bet@n October and April, with the
wettest months being January, February and Mardhitrendriest months being June and
July (Tysonet al, 1976; Waites, 2000; Nel and Sumner, 2005). pBi@ation as snow can
occur at any time of the year, but is most commamfApril to September (Killick,
1963; Jacot-Guillarmod, 1962, 1969; Grab, 2005).sltestimated that snow falls
approximately 8 times per annum at high altitudBee{houwers, 1988; Seret al,
1998). In winter, snow may lie on south-facing g€ledor several weeks, but usually

disappears within a few days on slopes facing ndfthider and Grab, 2002).

2.2.2 Temperature

The contemporary climate of Lesotho is regionalistidct and has been classified as
temperate (Lundéret al, 1990). It is characterized by high diurnal arehsonal
temperature variations with warm, moist summersaoid, dry winters (Showers, 1989;
Boelhouwers and Meiklejohn, 2002; Grab, 2005). Ewsv, owing to altitudinal effects,
the highlands of Lesotho remain cool to cold thioug the year (van Zinderen Bakker
and Werger, 1974; Schmitz and Rooyani, 1987). knoste alpine belt is an almost daily
occurrence (85%) from June to August, with an ayemaf 180 frost days occurring from
April to October (Nixon, 1973; Grab, 1997a; Nusaed Grab, 2002; Grab, 2005). Mean
annual temperature in the lowlands regions is Ibt@dénet al, 1990), whereas in the
highlands region, the contemporary mean annual eestyre is 6°C with mild, wet

summers and cold, dry winters (Mills and Grab, 2005
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2.2.3 Humidity / Evaporation

The atmospheric humidity of Lesotho is generally Ix30%), especially in late winter
(Killick, 1963; Nixon, 1973). Low periods of hunig often coincide with the passing of
westerly winds, when evaporation is highest (KKJi@963). Although approximately 735
mm of precipitation falls in the Lesotho lowlandbe evaporation of ca. 1346 mm

produces an annual water deficit (Lunddral., 1990).

2.2.4 Wind

The dominant wind direction over the Drakensbergoash diurnally and seasonally
variable (Freimaret al, 1998). During the day, the mountains act agat Bource; the
thermodynamic winds originate from the southeast @ referred to as plain-mountain
winds (Tyson, 1968; Tyson and Keen, 1970; Prestdrytéy 1971). At night, mountain-
plain winds blow away from the heat source and ddka mountain (Tyson, 1968;
Preston-Whyte, 1971); however this statement israonto Freimaret al (1998) which
states that after midday, regional winds would bloquglope. Over the course of a year,
the direction and origin of the winds rotate froeifg westerly, to easterly and then to
southeasterly. In summer (December), the domir@nbearing winds originate from the
east and southeast, whilst in winter (July), thenghant wind is westerly (Killick, 1963).
The high velocity westerly winter winds, known bergwinds often occur from late
winter to early spring (Killick, 1963; 1979; Tysoh969). Bergwinds are associated with
large pre-frontal divergences and often occur a@samsition between anticyclonic and
cyclonic circulations (Tyson, 1969; Preston-Whyted a&'yson, 1988). These turbulent

winds are accompanied by periods of low humiditinimum levels of soil moisture and
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a marked increase in temperature (Killick, 1979alésand Simpson, 2000). Bergwinds
always result in anomalous winter temperaturesribatat least 5°C and when followed
by a cold front, the wind ends abruptly and tempges drop by as much as 10°C
(Tyson, 1969; Grab and Simpson, 2000). In sprimbic¢h is the windiest time of the

year) and in autumn, the winds blow at varyingregths as they grade from one solstice

to the next (Tysoet al, 1976).

2.2.5 Insolation

The time of year (season), weather conditions,eslpadient and aspect all affect the
amount of solar radiation that a given localitylwéceive in the high Drakensberg. Apart
from daily weather conditions, variation in seadarad diurnal radiation is completely
dependent on slope gradient and aspect (Tgsah, 1976; Granger and Schulze, 1977).
As slope gradient increases, the difference betwaashine hours in summer and winter
also increases (Tysoet al, 1976; Granger and Schulze, 1977). Generally, nsaim
months receive less sunshine than winter monttws. ekample, Killick (1963) recorded
an average of 5.5 hours (39%) of possible dailyskune in December at a site in the
‘little Berg’ (1817 m a.s.l.) whilst, there were amerage of 8.3 hours (82%) of possible

daily sunshine in June.

2.2.6 Palaeo-Climate

The climatic history of southern Africa from ca. 880 years BP to ca. 4000 years ago
consists of several distinct periods. From ca0G6 to ca. 22 000 years BP, climatic

conditions were mild and moist, especially in tloeittern Drakensberg (Lewis, 2005).
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At this time, known as the Birnam Interstadial,usitine deposits and braided streams
developed. By ca. 25 000 years BP, climatic cood#ibecame extremely cold and arid
at higher altitudes. This period, referred to as Bottelnek Stadial (Lewis, 2002, 2005)
extended from ca. 20 000 — 16 000 years BP artbigght to have been the coldest and
driest period in southern Africa over the last T®® years (Meadows and Baxter, 1999;
Bamford and Grab, 2005). The Last Glacial Maximut®¥), which occurred ca. 18
000 to 16 000 years BP, was reported as beingamadland wet (Lewis, 2002). Data
from Cango Cave speleothems indicate a temperdepeession of ca. 5°C for the LGM
(Tyson, 1987; Meadows and Baxter, 1999). Mean dnrauiafall during the LGM was
ca. 20% less than contemporary values and resultedlespread desiccation (Meadows,
2001; Thomas 2004). The lowering of temperatunesda 5 to 7°C during the LGM
resulted in periglacial and possible glacial candg at high altitudes in the Drakensberg
and Lesotho (Mitchell, 1995; Grab and Simpson, 2QGfwis, 2005; Mills and Grab,
2005). Although post-glacial conditions remained waed cool from 14 000 — 12 000

years BP, temperatures began to increase duriagitme (Tyson, 1987).

By ca. 13 500 years BP, climatic conditions weremvand moist (Tyson, 1987; Lewis,
2002). These warmer, wetter conditions led to agyaadimentation, which is observed
in valley head 3, and for which an average dateaofl3 490 + 130 years BP has been
obtained (Marker, 1994, 1995). Drier conditiora ca. 12 200 to ca. 11 000 years BP
brought an end to the early Holocene organic actation (Tyson, 1987). A gravel
horizon visible within the soil profile of valleyelad 3 coincides with this drier period

(Marker, 1994).
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A period of very wet and warm conditions known gty as the Altithermal occurred
from ca. 8 000 to 6 000 years BP (Jddlyal, 1998; Partridget al, 1999; Gralet al,
2005a). Temperatures at this time were 1 - 2°C \eaitiman at present (Partridgeal,
1999). After 6 000 years BP, conditions became ndradr but remained warm and was
represented by a phase of aeolian deposition aph999; Meadows and Baxter, 1999;
Grabet al, 2005a). This period, globally referred to as lthsithermal, is regarded as
the time of maximum warming during the Holocene aedsisted until ca. 5 000 years
BP (Schmitz and Rooyani, 1987; Tyson, 1987; Schwa889; Marker, 1995; Meadows
and Baxter, 1999; Lewis, 2002). During the late ddehe, a second phase of organic
accumulation occurred within the Sani Top vallewnd® (ca. 5 000 to 1 000 years BP)
(Marker, 1994). During the last 1 000 years, thetemporary climate has been described
as dry and stable (Schmitz and Rooyani, 1987)ebotho, this drier period resulted in a
renewal of gravel movement, valley gradient stegqgerand gully incision, now

accentuated by contemporary grazing pressures @viago4, 1995; Graét al, 2005a).

2.3 Geology

The mountain Kingdom of Lesotho is situated witthie eastern half of the broad Karoo
Basin (Figure 2.4) (Schmitz and Rooyani, 1987; Satevand Whyte, 1993). The Karoo
Basin covers ca. 700 000 krand has a maximum thickness of ca. 12 km in its
southeastern region (Johnsetnal, 1997). The Karoo Basin, which lies above thélsta
granitic floor of the Kaapvaal Craton and NamaqaN Metamorphic Belt, is down-
tilted towards the west (Schmitz and Rooyani, 1933y and King, 1995). The rocks of

Lesotho belong to the upper part of the Karoo Sgnoeip, which range in age from Late
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Figure2.4 General geological structure surrounding Lesotlbr{donet al, 1997, p270).

Carboniferous to Early Jurassic (Nixon, 1973; Johnst al, 1997). The succession
includes, from oldest to youngest: the Dwyka Grddpca Group, Beaufort Group and
the Stormberg Series (including the Molteno, Elliaflarens and Drakensberg
Formations) (Figure 2.5) (Nixon, 1973; Schmitz &wbyani, 1987). The rocks of the

Stormberg Series underlie much of Lesotho (LowRaobdelo, 1996).

The basal part of the succession is the Dwyka Groamprised of diamictite and other
glacially derived rocks (Johnsa al, 1997). These rock types were deposited duriag th

Late Carboniferous and Early Permian and consisixodfliscernible lithofacies. The Ecca
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Figure2.5 Generalized physiogeographic regions of Lesotfter(&chmitz and Rooyani, 1987, p55).

Group consists of mud dominated deposits laid ddwring the Permian. The 3000 m
thick Beaufort Group consists of fossiliferous MRérmian to Mid-Triassic aged

sandstones and mudrocks (McCarthy and Hancox, 28@@cox and Rubidge, 2001).

2.3.1 Stormberg Series

The Stormberg Series formed during the final unioggphase of the Cape Fold Belt
during the Late Permian through to the Early Jucg$dixon, 1973; Johnsoet al., 1997,
Bordy et al, 2004). From oldest to youngest, the series desuthe Molteno, Elliot,
Clarens and Lesotho Formations. The Molteno Foonalias a strongly diachronous
contact with the Burgersdorp Formation of the BeauBroup and a maximum thickness
of ca. 600 m in the south and ca.10 m in the n@\ikon, 1973; Schmitz and Rooyani,
1987; Johnsort al, 1997; Hancox and Rubidge, 2001). Molteno samestariginated
from the fluvial deposition of boulders, coarse agdity sandstones, occasional

mudstones and rare carbonaceous shales (Nixon; J8f8soret al, 1997).
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The Elliot Formation, which conforms to the Moltemanges in thickness from ca. 500
m in the south to ca. 50 m in the north (Furon,3t9ixon, 1973; Johnsoet al, 1997;
Bordy et al, 2004). It was formed during the Late Triassic Barly Jurassic and
represents the increasingly arid environment tha$ wominated by aeolian processes.
The Elliot Formation is referred to as the Red Bedsthese highly erodible Late Triassic
beds consist of alternating sequences of pinkowektnd green sandstones with red,
maroon and purple mudstones and shales (King, 19&on, 1973; SARCCUS, 1982).
The soils formed from the Molteno and Elliot Formas include the Duplex soils of the

western Lesotho lowlands (Lundénal, 1990).

The Clarens Formation marks the boundary betweerfabthills and the lowlands of
Lesotho, having a gradational contact with the dEllFormation below and a sharp
contact with the Lesotho Formation above (Nixon/3)9 The Clarens Formation, which
is of Late Triassic/Early Jurassic age and depadsitg aeolian processes before the
break-up of Gondwanaland, marks the final stag&kafoo sedimentation (Eriksson,
1986; Johnsoret al, 1997; Carbutt and Edwards, 2004). The depossiediments
accumulated as aeolian sand along with silt durtepdaya lake deposits during a wet
desert environment (Eriksson, 1986). The top hlathe Clarens Formation is a massive
scarp, formed from fine-grained cream-colouredrsedi that has a thickness of 70 — 75
m (Nixon, 1973). The lower half of the Clarens fRation is composed of finer-grained
red, green and purple sandstones approximately ®&iak (Nixon, 1973; Schmitz and
Rooyani, 1987). Soils formed from the Clarens Fdiomadeposits are generally light to

dark in colour and are strongly acidic (Lundgral, 1990).
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The Lesotho highlands (> 2000 m a.s.l.) are coredred Drakensberg flood basalt of the
Lesotho Formation (last of the Stormberg SerieBeSE beds are the youngest members
of the Karoo sequence and formed ca. 195 to 170omiyears ago during the Early
Jurassic period (Klugt al, 1989; Johnsoat al, 1997; Carbutt and Edwards, 2004). The
Clarens Formation was covered by a series of mowo lava flows varying from 0.5 m
to > 50 m thick, with each flow evenly superimposgubn the next (Nixon, 1973). Each
flow layer was composed of a thin basal layer ofaaitic basalt, a layer of pipe
amygdales, a layer of weakly vesicular basalt amdigper layer of strongly vesicular
basalt (Nixon, 1973; Grabt al, 2005b). The Pahoehoe type lavas were laid down
rapid succession (Nixon, 1973; Johnsainal, 1997). The speed of the eruptions is
evident in the absence of ash lenses and weatlseréaces (Nixon, 1973). The lavas
reached the surface by following dolerite dykesnynaf which are still apparent in the
landscape today (Nixon, 1973; Schmitz and Rooyh®87; Johnsomt al, 1997). The
Drakensberg lavas once covered all of Lesotho anchnof southern Africa, but today
cover only 70% of Lesotho’s surface (Schmitz andyami, 1987). Three main tholeiitic
lava flows, along with several minor ones, produeetasalt cap that presently has a
maximum thickness of ca. 1600 m (Schmitz and RoipyEd87; Marakeet al., 1998;
Grabet al, 2005b). These basalt lavas are rich in calcib®506) and high in aluminium
(Jacot-Guillarmod, 1969; Klugt al, 1989). The basalt becomes slightly less basil wi
elevation (Nixon, 1973) and tends to weather frésroriginal dark grey, black colour, to
a variety of brown, light brown, reddish and purplees (Kluget al, 1989). The neutral
soils that are produced from the Drakensberg Foomdtasalt are dark coloured and are

of the Fusi, Popa and MatSana series (Luredéxt, 1990).
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2.4 Geomorphology

The Lesotho mountains consist of a sequence ofztnaial basalt layers, with the
terminal layer being a continuous scarp at ca. 3@00a.s.|. (Boelhouwers and
Meiklejohn, 2002). This erosion surface separatesotho from the erosion surface of
KwaZulu-Natal to the east (at ca. 1200 m a.s.lhd #om the surface of the South
African high plateau to the north and west (at 300 m a.s.l.) (King, 1945). These
erosion surfaces are classified as the Basutol&atdd® or peneplane, the Natal Miocene
bevel and the High Veld Miocene peneplane, respagti(King, 1945). The Basutoland
Plateau, which is in no way connected to faultihgs the appearance of being tilted
southward (King, 1945; King and King, 1959). It Heeen suggested that this impression
of tilting is caused by the appearance of a sasfelorizontal layers that decrease in
thickness south/south westwards (Binnie and Patri€71). At least five major bevels
or peneplains are recognized in Lesotho; their mmalgygy is attributable to erosion
cycles, but mostly to structural controls (Nixo®,7B). These surfaces do not occur at the
same elevation throughout Lesotho, but all follb same position relative to the others

(Nixon, 1973).

The higher summits in Lesotho are regarded as bmitdyenough to permit small-scale
periglacial processes and associated landform ptmou (e.g. Lewis, 1988;

Boelhouwers, 1991; Grab, 1997a). Relict perigladedtures and supposed glacial
landforms have been identified and used in palageaemimental reconstructions of the
alpine environment (Boelhouwers and Meiklejohn, 200Some periglacial features

and/or processes include, thufur (e.g. Grab 199874, 1999, 2005; Backéus and Grab,
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1995), flarks (e.g. Backéus, 1989; Backéus and Gra®5), needle ice (e.g. Marker and
Whittington, 1971; Grab, 1999, 2000), turf exfalat (e.g. Grab, 2002), frost heaving
(e.g. Jacot-Guillarmod, 1969; Grab 2002), soilpstsi (e.g. Grab, 1996) and miniature
patterned ground (Hanvey and Marker, 1994; GraB7&® The occurrence of localized
glacial conditions during the LGM (18 000 — 14 O@ar BP) has been suggested (Grab
1996; Mills and Grab, 2005), but literature suppatthis theory is “contentious”
(Boelhouwers and Meiklejohn, 2002, 51). Most gdion research reports on marginal
and/or limited features (i.e. niche glaciers). ééof the north-facing valley heads in this
study (# 2, 3 and 4, see Figure 2.1) for exam@®geltbeen described as glacial cirques
(Marker, 1991, 1994). However, Grab and Hall (198&)e challenged this glacial cirque
hypothesis and rather suggest a bog-cirque oriBecause larger-scale Quaternary
evidence of glaciation after the LGM is absenis iaccepted by some that glaciation did
not occur during this period (Deacon and Lancadst®88; Preston-Whyte and Tyson,
2000). However, guantitative work is on-going; éxample, Mills and Grab (2005) have
recorded radiocarbon dates for a debris ridge ats@sLa-Mangaung (3275 m a.s.l.),
which indicate that the ridge was deposited dutimg Late Pleistocene (21 — 18 kyr)

when glaciers were active (Mills and Grab, 2005).

2.5 Soils

The 26 main soil types in Lesotho belong to 6 maoit groups (Table 2.1) (Nixon,
1973). Of these, 80% are located above 2000 m arsll 6% are highly susceptible to
fluvial erosion (Chakela, 1981; Faber and Imesd@82] Schmitz and Rooyani, 1987;

Rydgren, 1988; Nkalai, 1991; Calles and Kuland@g6t Rydgren, 1996; Calles and
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Table 2.1 Various soil series found in Lesotho (adapted fidarakeet al, 1998).

Geology Associated Soil Series

Lesotho Formation|Popa & MatSana

Fusi & Thabana

Machache, Nkau,

Sefikeng, Tumo, MatSaba,
Seforong, Ralebese, Matela
Phechela, Khabo, Sofonia,

Maseru dark

Clarens Formation [Matela, Berea,

Ntsi, Qalaheng,

Thoteng, Theko

Lekhalong, TSenola, Sani

Molteno & Elliot  |Maliehe, Bosiu, Majara

Formations Moshoeshoe, Tsiki, Sephula,
TSakholo, Maseru

Leribe, Matela, Qalo, Hololo, Rama
MatSaba, Seforong, Ralebese, Kubu, Khabo
Khabo, Kubu, Bela, Phechela, Maseru, Maseru dark
Caledon, Sofonia, Kolonyama
Phechela

Ralebese

Stalnacke, 2000). According to the USDA systensaifs classificationMollisols and
Alfisols are the main soil orders identified in Lesothod&en, 1996). In the mountains,
the Mollisols andLithosolsare the main soils and cover the slopes and \&al(Bghmitz
and Rooyani, 1987; Schwabe and Whtye, 1993; Ryddi@96). The mountaiMollisols
generally lack a B horizon and tend to be shallew@ cm) (Kluget al, 1989). Where
deeperMollisols occur, the B horizon tends to be yellowish brovnd aambic (Bw).
Organic matter content is high Mollisols and varies between 10 — 20%, although this
amount depends on locality and climatic conditi@kkig et al, 1989; pers obs, 2002).
TheAlfisolsare well developed in the lowlands and foothiliel dave amchric epipedon
and argillic (Bt) horizon (Schmitz and Rooyani, 1987; Schwabe andy#/h1993;

Rydgren, 1996). The well-known and easily erodeglBx soils of the lowlands belong
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to the class oAlfisols. The termDuplexrefers to the abrupt textural difference between

the A and B horizons (Nixon, 1973).

The primary soil producing factors in the mountawfs Lesotho arein situ basalt
weathering, colluviation and eluviation (Schmitada@Rooyani, 1987; Kluget al, 1989).
Since the parent material of the highland soilbasalt, it tends to have a high calcium
(20.5%) and montmorillonite clay content, resultinga neutral pH with a consequential
high base saturation (Schmitz and Rooyani, 198ugkt al, 1989). As with most alpine
soils, the mountain soils of Lesotho generally hlaiger organic matter content than the
lowland soils (Young, 1976; Morrist al, 1993). The soils of the mountain area, where
frost action and turf exfoliation are active, geallgrhave a udic soil moisture regime and
a cryic temperature regime (Mack, 1981; Grab, 199889, 2002; Kluget al, 1989).
Areas with hydromorphic soils at high altitudesdab 2750 m a.s.l.) include valley
bottoms, gentle slopes and springs (Jacot-Guilldini®62, 1969; Schwabe, 1989,
1995). These soils are rich in organic matter amdctassified adlistosols(Backéus,
1988; Schwabe, 1989; Morret al, 1993),Borosaprists(Schmitz and Rooyani, 1987)
andAquic Mollisols (Klug et al, 1989). Depending on the wetland investigated, tae

criteria used to define the soil, such terms arenofound to describe the same wetland.

2.6 Vegetation

Lesotho is a grassland country in which five gr@assltypes occur within the various
vegetation belts (Lundént al, 1990; Marake et al, 1998) (Table 2.2). Natural tree

growth in Lesotho is almost completely absent (Zanderen Bakker and Werger, 1974;
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Table 2.2 Grassland biomes in Lesotho (adapted from SchamitzRooyani, 1987).

Highveld Area
Grassland Types (km2)
Moist cold highveld|Cymbopogon-Themeda Veld Transition; 6689
Aristida unciformis-Eragrostis plana
Grassland North-eastern Sandy
Highveld; Highland Sweet Grassland,
Moist Cool Temperate Grassland;
Highland Sourveld to Cymbopogon-
Themeda Veld Transition
Moist cool highveld|Cymbopogon-Themeda grassland; 198

Themeda triandra-Eragrostis curvula grassland

Wet cold highveld

Rhus dentata-Leucosidea Thicket; High Cold Sourveld 58

Mountain
Grassland Types
Afro mountain

Themeda-Festuca Veld; Monocymbium 15 489
ceresiiforme-Tristachya leucothrix grassland

Alti mountain

Merxmuallera-Festuca 7118
grassland; Themeda-Festuca Alpine veld;

Erica-Helichrysum Heath; Erica-
Helichrysum-Eumorphia Sedge Heath

Moist upland

Hyparrhenia hirta Tall grassland; Highland Sourveld; 3

Dohne Sourveld

TOTAL AREA

29 558

van Zinderen Bakker, 1981; Schwabe and Whyte, 188@kéus and Grab, 1995). In

eastern Lesotho, the arrangement and locationstahltal communities tend to be more

strongly influenced by altitude and slope aspeather than soil type (Nixon, 1973;

Carbutt and Edwards, 2004).

In addition, many yedrevergrazing and uncontrolled

fires have influenced the development of presegtyglant associations (Nixon, 1973;

Killick, 1990). The Drakensberg has been dividetb ialtitudinal zones according to

dominant plant communities (Killick, 1963). The ntame belt extends from 1280 m —

1830 m a.s.l, the subalpine belt from 1830 m — 286&s.| and the Afro-alpine belt from

2865 m — 3500 m a.s.| (Killick, 1963) (Figure 2.6).
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Figure 2.6 Division of the Drakensberg into altitudinal zoreesording to dominant plant
communities (after Killick, 1990, p24).

Under the current practice of veld burninhemeda triandralgrass) has become the
dominant botanical species in the montane beltligKjl 1990). When protected from
fires, T. triandra becomes replaced Byyparrheniagrassland. The two dominant types
of Proteas found in the river valleys of the moetéelt areP. caffraandP. roupelliae
(Killick, 1990), but Protea species become increglyi scarce towards the subalpine and

alpine belts.

The most common grassland type within the subalpielée is theThemeda triandra
grassland (Killick, 1963).Themeda triandraalso locally known as Red grass or as
‘Seboku’, is common to the Little Berg with its asgted herbs, including some orchids
between 1830 - 2140 m a.s.l. (Killick, 1990). Ore thentle north-facing slopesg,

triandra can extend to 2600 — 3050 m a.s.l., whilst ondbeler, steeper and moister
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south-facing slopes its habitat becomes restriatetlis rarely found above 2 750 m a.s.l.
(Killick, 1963; Morris, et al, 1993). This grassland community is economicedijuable

to the Basotho people, given its palatability teitHivestock (Nixon, 1973; Schwabe,
1989; Schwabe and Whyte, 1993; Nisser, 2002). AB6@® m a.s.IT. triandra occurs
with the temperate and alpine grassland spdésstuca costatgTussock Fescue) and

Festuca capringGoat Beard Grass) (Killick, 1990).

The growing season in the alpine belt is affectgdlitude as well as topographic and
climatic gradients (i.e. hail, drought and frosihd thus is unpredictable (Carbutt and
Edwards, 2004). Plant growth is limited by avaitabloisture and temperature, and thus
plant species must be adapted to a wide variestregsors (Showers, 1989). The alpine
belt is a treeless zone consisting of well-suitedrisgrasses, cushion plants, low lying
woody heath communities and hydromorphic plant iggecall of which display
xeromorphic adaptations to the severe alpine clmdit(Killick, 1963; Killick, 1990).
The climax community of the alpine belt is the Brie Helichrysum Heath (Jacot-
Guillarmod, 1969; Killick, 1990; Morrigt al, 1993; Marakeet al, 1998; Pooley, 1998).
Below 3200 m a.s.l., the most extensive commursti{rica dominansheath, whilst at
higher altitudes, this small woody plant with pedowers commonly occurs with
Helichrysum trilineatum(Alpine Everlasting) (Killick, 1990). The dominiagrasses of
the alpine belt includ®&erxmuellera distichaFestucacaprina Pentaschisti®oreodoxa
and sometimeq'. triandra (Killick, 1990). The homogenous grassland speokgshis
altitude have variable heights, are often patchy iamgular and are always interrupted

by mud patches and bare stony ground (Killick, 198€s. obs.).F. caprinais most
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often found on south-facing slopes and is mosttghla when young and flowering.
Together withMerxmuellera the ‘Letsiri’ grassland is dominant in the lanaise and
important as fodder grass (Quinlan and Morris, 1994th Merxmuellera sppandT.
triandra having the highest carrying capacities of the ggas(Schwabe and Whyte,
1993). However, a combination of fire and overgngzican lead to damaged and
disturbed areas, with consequent encroachmentvakive species such &arroochloa
purpurea(Hare Grass) an@hrysocoma ciliatgBitter Bush). The Karroid scrub species,
C. ciliata, also known a€. tenufolia, C. oblongifoliand Sehalahala’ is an aggressive
and unpalatable shrub estimated to have covered df3%e mountain area by 1938
(Killick, 1963). By 1998, C. ciliata covered 359 680 hectares (16%) of rangeland

(Marakeet al, 1998).

The hydromorphic communities within the alpine @k located within mires that have
originated along seepage areas and in riverheatlekK1990; Marakeet al, 1998). The
wetland vegetation is composed of facultative wetlangiosperms, bryophytes and
some algae, all of which are low-growing specigglyaexceeding 5 to 6 cm in height
(Jacot-Guillarmod, 1969). The locations of thesad ather wetland herbs, as well as
those often found on the ‘dry islands’ and hummowekkin the wetlands, are subject to
saturation and disturbance (Hobssral, 1970; Schwabe, 1989, 1995). Among some of
the species found within the mire expanses Remunculus meyeriR. multifidus
Haplocarpha nervosaCotula paludosaand Trifolium burchellianum (Killick, 1963,
1990; Schwabe, 1989; Pooley, 1998; Nisser, 200@ngithe mire margin are species

such asR. meyeri Erica dominans Geranium multisectunand Kniphofia caulescens
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whilst Merxmuellera drakensbergensigBroom Grass) andK. caulescensare also
common along stream banks (Killick, 1990). Of tlae £ 750 species of angiosperms that
occur in Lesotho, ca. 16% - 30% are endemic tartbentain area and most occur within
the highland wetlands (Maralet al, 1998; Carbutt and Edwards, 2004). Some of the
wetland endemics, not necessarily found near Samp, Tinclude Aloe polyphylla,
Aponogeton ranunculiformis, Kniphofia hirsutas, Hapitrium hookeri and

Leptodontium gemmascefieakins and Duckett, 1993; Mara&eal, 1998).

The grassland and wetland vegetation within theéeeashighlands of Lesotho are an
important resource, not only in terms of theirimgrc value and tourist interest, but also
for the grazing economy and their hydrological coin{Nusser, 2002). For instance,
wetlands provide 2.5 times more forage than theosuding grasslands and provide a
large vegetation biomass of 3700.6kg/TUF/Ha (Sclewabd Whyte, 1993). However,
whilst C. ciliata encroachment and wetland gullying increase, thegmrtant fodder

grasses are forced to decrease (van Zinderen BakR&d; Marker, 1994; Schwabe,

1995; Nusser, 2002; Grab and Deschamps, 2004).

2.7 Wetlands

The ‘mokhaobos’ or wetlands of the eastern highdasfd_esotho are of post-glacial age,
with the oldest date thus far recorded at 13 49D y@8ars BP (Marker, 1994, 1995).
Although it has been suggested that the organitemebntent is not high enough to be
classified as peat (e.g. Kl al, 1989), it is accepted by others that the weHaaa /

were peat forming (Jacot-Guillarmod, 1962; Grobaeland Stegmann, 1987; Meakins
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and Duckett, 1993; Backéus and Grab, 1995; Mons @rab, 1997). The water within
these peat-forminguiresis said to originate through springs from kimkerjipes, from
seepage above the impermeable Clarens Sandstame;losively from the accumulation
of precipitation (Jacot-Guillarmod, 1969; van Zirele Bakker and Werger, 1974;
Schmitz and Rooyani, 1987; Schwabe, 1989). Moshefmires are said to be 20 to 30
hectares in size and tend to be triangular in shaph the base upslope (van Zinderen
Bakker and Werger, 1974; Meakins and Duckett, 1998rris and Grab, 1997). The
mires are generally absent below 2 500 m a.s.lolfglaar and Stegman, 1987),
although many authors place that value around 2n7%0s.l. (e.g. Schwabe, 1989, 1995;
Backéus and Grab, 1995). Peat thickness often safingen 2 — 3 m, with an average of
0.25 mm of peat accumulating per annum (van Zind&akker and Werger, 1974). The
peat has formed solely from the roots of vasculants and is said to be highly humified
and amorphous (Backéus and Grab, 1995). The s#ilgs within several mires at Sani
Top consist of alternating layers of thick peatyibhans and clay and orange gravels
(Marker, 1994, 1995, 1998; pers obs). These altiegnehorizons represent climatic
transitions from cool/humid to cold/dry, respechiwvévan Zinderen Bakker and Werger,

1974; Hanvey and Marker, 1994; Marker, 1995).

Only a few attempts have been made to classifywbttands of eastern Lesotho by
examining their soil characteristics, pH and/or etatjon type (i.e. Kluget al, 1989;

Schwabe, 1989). The ternfen mire, bog spongeand wetland seem to be used
interchangeably without regard to actual meanimgp @he qualifications required for the

terms to be used correctly. Both types of miresneig bogs and fens, have formed
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within this region of Lesotho. However, the litena often uses the term ‘bog’ rather
than the more general term ‘mire’ and the term aninstead of the more specific terms
‘bog’ and ‘fen’. Further criteria must be defined separate these terms in order to
understand whether the feature is truly a bog fenaTrue bogs are apparently found on
high altitude south-facing slopes of Lesotho, havikeigh water table and high organic
matter content. The bogs should also be isolatetesys or ombrotrophic, meaning that
their water is derived solely from precipitationcf®@vabe, 1989). Precipitation has been
recorded as having a pH value of 5.2 (Grobbeladr&egman, 1987), thus the bogs are
species poor or oligotrophic (van Zinderen Bakked &Verger, 1974; Schwabe, 1995;
Jonasson and Shaver, 1999). The bogs are covgréense sedge and grass vegetation

(Schwabe, 1989).

Although fens are also covered by sedge and gragstation, they are said to have a
relatively low water table, less organic matteghhclay content, occur most often on
north-facing slopes and have a stream running girabhem (Schwabe, 1989). The fens
have a minerotrophic, soligenous water supply dmgs thave a circum-neutral pH

(Wasseret al, 1990; Backéus and Grab, 1995; Schwabe, 199b¢ wiater that exits the

mire filtering system is of excellent quality, m@amnthat it is clear, low in ions and has a
pH value between 6.3 and 8 (Jacot-Guillarmod, 19689; Zinderen Bakker and Werger,
1974; Grobbelaar and Stegman, 1987; pers. obs.)20B@ns are also generally more
damaged by gully erosion than are bogs. The diffaxein the extent of damage is
represented by their slope positions, given thastngrazing posts and associated

denuded vegetation are located on the warmer, +#fiacthg aspects (Nusser and Grab,
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2002). The surfaces of both bogs and fens areredvan areas by frost-induced
hummocks (thufur), with hummock density varying @cling to mire type, such that
bogs generally host the highest densities (KillitR63; Schwabe, 1989, 1995). The
mounds have an average height of 16 to 30 cm adidraeter of 50 to 70 cm (van
Zinderen Bakker and Werger, 1974; Backéus and Gt8B5, Grab, 1997a). When
undisturbed, the hummocks are covered with mireetapn but may be broken by

grazing, needle ice action and solifluction (vand&ren Bakker and Werger, 1974).

Many of the mires are surrounded by tall tussodkderxmuelleradrakensbergensiand
Kniphofia caulescensvhich, when present, help to attenuate surface @into the thick
wetland soils (Grab and Morris, 1999). However, wirburning of these tussocks is
accelerating soil desiccation, runoff and consetiaefan development onto the mires
(Grab and Morris, 1999). With the aid of GIS (Gegzhical Information Systems) and
LandSat Imagery, all of the wetlands in the Maltakensberg mountain catchment
have had their distributions mapped, carrying ctieaccalculated and quality assessed
(Schwabe, 1989; Schwabe and Whyte, 1993). Theskestconcluded that the carrying
capacity of wetlands in good condition would be 2& times greater than that of
grasslands (Schwabe and Whyte, 1993). Howevesttly also revealed that 49% of the
surveyed mires hosted plant species indicative eifand disturbance (Schwabe, 1995).
Yet, the report did not include a complete quatiiadescription of any individual
valley head or offer quantitative explanations tloe patterns observed either in valley

head vegetation distribution, gully characterisbcsoil types. It is believed that most of
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the ‘bogs’ in Lesotho are degrading (Meakins anak@tt, 1993; Schwabe and Whyte,

1993).
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Chapter 3

Methodology

Deep wetland gully erosion occurs within two of finee valley heads included in the
study (Figures 3.1 — 3.4). To establish the impé#uaés gullying has had on the valley
head geo-ecology, detailed assessments are madevieral key geomorphological and
environmental features of the valley heads. Tottestypotheses outlined in Chapter 1,
the study incorporates field and laboratory techeg)from a variety of disciplines

including ecology, pedology and geomorphology.

3.1 Soil Moisture

To measure and quantify the surface soil moistuadignt of gullied mires and compare
them to non-gullied mires, basic quantitative fiee¢thods were applied. Due to time
constraints for field research, soil moisture waky oecorded during early and late spring
of 2001 and summer of 2002 (Figures 3.1 — 3.4).lifeetransect method was best suited
to depict the hydrological gradient evident acr@sspresentative area of the valley floor

(see McLean and Cook, 1968). Each transect wad\claarked using wooden pegs and
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spray painted rocks to ensure precision during aep@alyses. Other variables that
inherently control soil moisture were also record@idng each transect including
groundwater seepage, erosion, animal burrows auk gjradient (Taylor & Seastedt,

1994).

Figure 3.1 Topographic outlines of valley heads 1 (on tHi§ Bnd 2 (on the right). Shaded areas represent
wetland locations. X — approximate locations of gitis. The horizontal lines represent transecedus
measure either soil moisture and/or soil properisin transects used are lines 2 in each valleylhe
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Figure 3.2 Topographic outline of valley head 3. Shaded amgaresents wetland location. X —
approximate locations of soil pits. The horizonliaks represent transects used to measure eitliler so
moisture and/or soil properties. Transect linegfthe main transect used in vegetation and soikgsr
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Figure 3.3 topographic outlines of valley head 4. Shaded amgaresents wetland location. X —
approximate locations of soil pits. The horizonliaks represent transects used to measure eitliler so
moisture and/or soil properties. Transect line #2 wsed for the main vegetation and soil surveys.
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Valley head 5

Figure 3.4 Topographic outline of valley head 5. Shaded amgaresents wetland location. X —
approximate locations of soil pits. The horizonliakes represent transects used to measure eitliler so
moisture and/or soil properties. Transect linevd3 used for the main vegetation and soil surveys.

3.1.1 Soil Moisture Belt Transect Procedure

In preparation, a 100 m long builders line was radnwith tape at 1 m intervals. The 1 m
wide belt transects were laid out perpendiculavanous vegetation communities in an
east-west direction. This belt transect was divithtd 1 nf units along the full length of

the transect within each valley head (Figure 33l moisture was recorded using an
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Eijkelkamp soil moisture Theta meter/probe (typeljiHRecordings were taken 5 times
within each unit, with one measurement at eachazand one in the centre (Figure 3.5).
The probes of the Theta meter were inserted topghdef 10 cm, which represents the
approximate vegetation rooting zone (see Schmid Booyani, 1987). This higher
resolution method of soil moisture measurement wvakertaken in autumn (April 2002)
as this season has relatively low precipitation am® This method was performed to
collect detailed information about latent soil ntore characteristicand environmental
variables that control it. Various shades of blierevused to illustrate the soil moisture
gradient within the belt transect and within each’.1 For example, as illustrated in
Figure 3.5, the colour shading of the top quadraptesents the average moisture value
using the values from corners 1, 2 and 5, whereadottom quadrant was calculated
using values from corners 3, 5 and 4. From lightestlarkest shade, the moisture
gradient was divided into very dry (0 - 2), dry-(3.5), moist (3.5 - 5), wet (5 - <100) and

saturated (100).

| 5 I I I ! I 1m2
3 4

Figure 3.5 Example of the belt transect design used to redetdiled soil moisture values.

3.1.2 Soil Moisture Line Transects

To better gauge the overall saturation levels efwetland, additional line transects were

constructed above and below the belt transects.liMbetransects were separated by at
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least 85 m, with an average distance between twensé 130 m. These transects were
approximately parallel to one another (Figures -3.2.4). Soil moisture along the line
transects was recorded during excursions in Semerabd November 2001 and in
January 2002. During these excursions, the wetleasl observed as saturated, thus the
intention of these transects was to portray anallvpicture of the wetland surface only,
as well as to document the general trend. Measuresmeere taken at 5 m intervals along

these line transects.

Transect length and number depended on the widthlemgth of the wetland, with
longer wetlands requiring four transects, while refroones required only three (see

Table 3.1).

Table 3.1 Lengths of the line transects in each valley hésiid from upslope to downslope positions.

Valley 1| 190m, 190m, 110m
Valley 2| 124m, 140m, 170m
Valley 3| 21m, 91m, 175m, 130m
Valley 4| 107m, 170m, 300m, 180m
Valley 5| 85m, 150m, 150m, 115m

3.1.3 Correlations With Soil Moisture Data

A profile for each transect was individually desdnusing transect distance and the soil
moisture measurement as the independent and depemdeiables, respectively.
Spearman’s rank correlation coefficient was usedetermine the strength, direction and

statistical significance of the independent vaeablthat influence the surface soil
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moisture along each transect, with particular eraighan the area adjacent to the gully
(i.e. number of burrows, soil characteristics). Bagis was placed on determining the
relationship between the surface soil moisture igradacross the wetland in relation to
its relative distance from the gully. Spearman’siparametric test was preferred over
that of Pearson’s correlation coefficient, so asditminish assumptions regarding the

frequencies of the variables (Ebdon, 1977).

3.2 Vegetation Analyses

Environmental factors that may have been impactedy gully erosion, such as soil
moisture and soil type, were examined in the cdntdxtheir impact on vegetation
distribution. Other factors that determine the tmoa and/or abundance of vegetation
communities, such as slope gradient and variousahtinduced physical changes, were
also examined. Using the belt transect method Kéeleean and Cook, 1968; Causton,
1988), the study aimed to determine the existingepas of various wetland vegetation
communities in order to establish factors respdasibr changes to the geographical
distribution of the various vegetation communiti€be belt transect method was chosen
because its width (1 m) allowed for a broad repregen of the distinct vegetation types
found within the valley heads. Transect length designed to include the representative
vegetational patterns that exist across each vakeyl floor (according to Greig-Smith,
1964). The belt transects were arranged within eazaley head so as to traverse
perpendicularly through various vegetation commesjtat approximately right angles to
their boundaries (according to McLean and Cook,8)9@egetation transects were also

established down relatively undamaged slopes topeoenvegetation type, cover and
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abundance with other transects that were locatexbaigrazing posts and their adjoining

grazing areas.

3.2.1 Procedures And Analyses

One vegetation belt transect was placed in eadayhead along the same transect lines
used for the higher resolution soil moisture regcayd (refer to Figures 3.1-3.4). As the
plant communities were relatively homogenous, orannbelt transect across a typical
section of each valley head was representativee¥égetational patterns apparent over
the entire valley head floor (see also McLean andk;1968). Each belt transect was 1
m wide, with the soil moisture transect line lochtan the upslope side of the belt. The
belt transect lengths from valley 1 through 5 w&@0 m, 140 m, 175 m, 300 m and 115
m respectively. Additional belt transects werestarcted down the slopes of the valley
head in November 2002 and in June 2003, so as dmiee downslope variations in
vegetation patterns. These additional transect® wach 65 m in length and were
purposely placed through and some distance fromaairgy post, so as to capture any
differences in the vegetation composition that haessibly been imposed by the
inherent activity around a grazing site. These ddape vegetation transects were also

used to construct soil transects.

The belt transects were divided into 5 m interval®rder to evaluate gradual changes
along it (according to Cartest al., 1988). Geomorphological and vegetational changes
along the belt transect and within each grid segmesre described and the species
density determined within each grid segment (adogrdo Causton, 1988). Where

species density was greater than 100 per,lantombined determination of abundance
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and density was noted (Cain and de Oliveira Cad®69; Backéust al., 1994). Total
vegetation cover and maximum height were also miedsand/or estimated. A sample of
each plant species was collected, pressed andcudogty identified at the University of

the Witwatersrand’s herbarium.

Plant species have different tolerance coefficidatsvarious environmental gradients.
Each ecotone portrays its own distinctive arrangegnaad composition of species and
each species has its own range of tolerance td émearonmental conditions (Burrows,
1990). This ecophysiological amplitude is testederms of the amplitudinal range of
various species. Given that this study is on alpiedands, the tolerance of various plant
species to changes in the hydrological gradienhefvegetative soil layer was assessed.
Tests were also undertaken to determine any rakdtip between specific plant species

and soil pH, and organic matter content.

Spearman’s rank correlation coefficient was usedn&asure the relationship between
vegetation communities with soil moisture. The datre converted into ranked form
and tested at a 0.05 significance level. The m@tatip between particular plant species
and their proximity to the wetland gully was alsested using Spearman’s rank

correlation coefficient (King, 1966; Ebdon, 1977).

3.3 Soil Analyses

The aim of this section was to determine how soiiditions differ with distance from

the gully. Wetland soil profiles were also analyzeaid in wetland classification and to
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compare the soil type of the gullied wetland wittoge that have not been gullied.
Mineral and wetland soil profiles were examined dstablish and compare the

developmental history of the valley heads.

Soil samples were collected across the soil trassmwd from the soil pits, which were
either dug into the wetland or obtained from explogelly sidewalls (see Figures 3.1 —
3.4). All soil samples were placed into sealedtpidsags. All of the soil pits and samples
were described using the field methods of Gardamer Dackombe (1983) and the Field
Guide to Forest Ecosystem Classification (1997gldFobservations were recorded on a

pre-designed recording sheet (Appendix A).

3.3.1 Wetland Soil Sampling

Topsoil samples were collected from the wetlanceach valley head along the same
transect that was used to measure vegetation patieach sample was measured in the
laboratory for pH, conductivity, volumetric wateordent, % organic matter (section
3.3.5) and hygroscopic moisture content. Additiofaier portions of topsoil were
collected in each valley head so that particle dis&ibution and bulk density could be
determined. Other samples were also collected fevoded areas and from a gully
interfluve in valley head 3. This comparison wasducted to examine if the exposed

organic material was physically different from icttarganic material.

The gullies in valleys 3 and 4 had incised throtlghwetland and exposed the adjoining
wetland soil profile. Soil horizons were sampled &ested for % organic matter (section

3.3.5) and hygroscopic moisture content (secti@n/3. The pH of the wetland water and
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the degree of humification (Von Post pressing mahaf the organic layers were also
determined (Denholm and Schut, 199%he pH value was used to assist in wetland
classification and to give an indication of thel smndition in terms of availability of
plant-essential elements (Buckman and Brady, 186f,ean, 1982; Hendershet al.,
1993). At each point where a transect intersectgdllg, gully profiles were examined.
In total, four soil profiles were examined from espd gully walls in valley 3, and three

profiles were examined in valley 4.

3.3.2 Dryland Soil Sampling

Samples from each exposed horizon along the gidbwalls were collected from each
valley head. Soil samples were also collected fatongside, within and below a grazing
post in valley head 5 and from a downslope valtapgect (refer to Figures 3.1 — 3.4).
Bulk density cores were taken from the A-horizohgsach mineral soil site. From these
soil samples, particle size analysis was performmganic matter percentage was
determined and hygroscopic (Kalra and Maynard, 128 volumetric water content

measured.

3.3.3 Soil Transects

Along the vegetation belt transects within eacheyahead, soil samples were collected
at 5 m intervals from the top 10 cm of the soilgpiegd from Causton, 1988). Sufficient
samples (approximately 50 g) were collected tordatee % organic matter, hygroscopic
moisture, soil pH and electric conductivity (metbadescribed below). This collection

method was chosen so as to trace soil changessatwsnineral soil of the valley head
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floor, across the peaty wetland, and across thamegully(ies). The soil properties and
possible patterns are then compared to the sostomel values recorded along the same

transects at the same intervals.

3.3.4 Bulk Density

The bulk density sampling technique chosen wasdhe method (rather than using an in
situ technique) (see Culley, 1993). The core ntkthas chosen because it is one of the
most commonly used methods to characterize thessoitture; it can also be performed
relatively quickly and without much equipment. Thalk density andnot the mean
density was measured to determine the strengthpaction and structure of tlsampled

soil since bulk density usually does not exhibitcmwspatial variability (according to
Culley, 1993). This approach was taken so as tanmise disruption to the wetland areas.

The sampling and laboratory procedures were agvist

= Tin cylinders of approximately 7.25 cm by 10.6 cnerev used to collect the
samples.
= Each cylinder was weighed in the laboratory and wbime (cni) of each
cylinder was calculated as:
V = nd’h/4000
where d = diameter; h = height (Culley, 1993)

= The top vegetative layer of the soil surface (abwwm) was cut back and the
cylinder was pressed vertically or horizontallyoirthe levelled soil to fill the
cylinder. The cylinder was sealed with aluminiun, ftaped, and labelled.

= In the lab the cores were weighed and then plac&dan oven at 90°C. Given
that organic matter may decompose above 105°C gKahd Maynard, 1991;

Topp, 1993), the samples were set to remain at 80°70 hours.
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= The weight of the cylinders plus dry soil was retsat, and the bulk density (D

cm ) calculated:
Dy = (weight (g) of cylinder plus dried soil — weigbitcylinder) / Volume
= Volumetric water content(g cm™) was calculated by:
0 = [(w3 —w5)/(w5 —w2)] * 3, where
w3 = weight of cylinder plus moist sail (g)

w5 = weight of cylinder plus dried soil (g)
w2 = weight of cylinder (g)

3.3.5 Organic Matter Determination

The dry-ashing method (or loss-on-ignition) wasduge determine the degree of both
organic and inorganic / ash content. At times, pocedures were used on samples
from the same collection so as to test the accurhtlye procedures. The first procedure
required the sample to be slowly heated to 3757Cléhours (according to Kalra and
Maynard, 1991). The second procedure requiredah®kes to be heated to 375°C for 1

hour and then be brought to 550°C for a furtherdéré (Karam, 1993).

Both methods required the use of 2 — 5 g of ovéeddsoil that had been passed through
a 2-mm sieve. Some of the soil used for this ptaoe came immediately from the oven-
dried bulk density experiments, whilst the remagngediment was first air-dried, then
oven-dried and finally ashed. Before weighing thety crucibles, they were first heated
to 105°C and subsequently cooled (according to &aémd Maynard, 1991).
Approximately 2 g of oven-dried soil was addedhe trucibles and then placed into the
furnace. The approximate organic matter was cdiedlas:

% organic matter = oven-dried (g) — ash ()00
oven-dried (g)

Kgra and Maynard, 1991).
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3.3.6 Soil Reaction (pH)

Soil pH was measured for almost every sample téken the field. The pH of the soill
was required to trace the pH gradient along théandf to capture any large changes that
may occur adjacent to the gully, to aid in the dateation of wetland type, and to assess
the condition of the soil in terms of the availépibf plant-essential elements (i.e. N, K,
Ca, Mg, P, S, Cl, Fe, B, Mn, Zn, Cu, Mo and Ni) ¢Rman and Brady, 1960; McLean,
1982; Hendershott al., 1993). A buffer solution of pH 4 and pH 7 warsed to
calibrate the pH meter. The soil pH was measureuaiter as this portrays the closest pH
to that of the soil solution in the field. CaQlas not used, as these soils are not

agricultural soils (Hendershetal., 1993).

The pH was measured on air-dried samples that Bad passed through a 2-mm sieve.
The samples were all either organic or had higlamigmatter content (> 17%), thus the
pH was tested according to the procedure requoedrganic soils (i.e. 2 g of soil was
used in 20 ml of distilled water) (according to ldershotet al., 1993). The soil solution
was stirred intermittently for a ¥2 hour and thea slaspension was allowed to settle for a
further %2 - 1 hour (Kalra and Maynard, 1991). Thiebye of the calibrated digital pH
meter 766 Calimatic ‘knick’ was then inserted itlhe clear supernatant solution, and a
reading was recorded once the pH had become constam electric conductivity (mV)

was also recorded for each pH measured.
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3.3.7 Soil Water Content

Although the ratio of the mass of water preserd freld-moist sample to the mass of the
oven-dried sample (gravimetric) does not revedtl feapacity or the water available to
plants, it is a good measure for determining defees in soil texture, structure, and
drainage across a landscape (Goudie, 1981; To8)19The volumetric method of

determining soil water content was calculated usheg bulk density samples taken in
March and November 2002 (according to Culley, 1993)e moisture content of the air-
dried soil (hygroscopic moisture) was also measworethe soil samples collected along

the main transect in each valley head.

3.3.7.1 Procedure — gravimetric method with oven-drying

In the field, soil samples were collected and pladieectly into sealable plastic bags and
labelled (according to Topp, 1993). Once in theofalory, the moist soil was
immediately transferred to weighed and tared aliwmindishes. The samples were oven
dried at 90°C for 72 hours. Samples were then coiviéhe desiccator and subsequently
weighed to within 0.01 grams. The water conten$ walculated as a percentage of the
dry soil mass by:

Water content, % = (moist soil + dish (9)) — (doyl - dish (g))* 100
dry soll

(Topp, 1993)

3.3.7.2 Procedure - hygroscopic moisture (Kalra and Maynard, 1991)
Approximately 10 g of air-dried soil was passeddtigh a 2-mm sieve. Fractions less
than 2 mm were placed onto weighed aluminium disireb oven-dried at 90°C for 72

hours. The same procedure as outlined in 3.3.7slfell@wed.
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3.3.8 Total Pore Space

Total pore space was calculated from the known belksity (BD) of the samples and
from ash content (according to Carter and Ball,319arent and Caron, 1993). Total
pore space (TPS) was calculated by:

PD = (1 + F)/ [(F/1.55) + (1/2.65)], where
F = % organic matter / % ash

TPS = 100(PD - BD) / PD
(Bat and Caron, 1993).

3.3.9 Particle Size Distribution

Information on the percentage of each main textalaés can be used to predict the
hydraulic properties of that soil (Gee and BaudE¥86). Potential water retention

abilities, infiltration rates and productivity dfi¢ soil can be inferred once particle-size
percentages are known. To assess the texture abilsesampled, particle-size analysis

was performed using the hydrometer method.

The pre-treatment to remove organic matter fromsibie samples was first undertaken,
as all of the soil samples contained > 5% orgaratten

= 50 g of air-dried soil was passed through a 2-mnshrgeve so that only the
sand, silt, and clay-sized fractions would be ideldiin the experiment. The soil
was then added to a 1-litre beaker.

= A separate 10 g of the same sample was air-drizgkqal through a 2-mm mesh
sieve and oven-dried. The oven-dried weight oflibeg sample along with its air-
dried weight was used to calculate thg(@en-dried weight (g/L)) of the air-
dried 50 g sampldhis was found by cross-multiplication of the knowaights.

= Following the pre-treatment procedure outlined mr{ and Maynard (1991), 50
ml of distilled water was added to the soil in &tde beaker and 50 ml of J@;

(30%) was slowly added. Frothing was observedl®20 minutes, sometimes
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longer. When the frothing had subsided, the beakers placed onto a hot plate
and heated to about 80°C. Approximately 10 ml e®Hwvas added and again
frothing was observed until it had subsided. Thditaxh of H,O, was repeated

until frothing had ceased and the supernatant \magsa clear.

Water was then added to the 400 ml mark on th&d leaker. The solution was
boiled for 1 hour. Once the soil had cooled arttlezk the supernatant liquid was
siphoned off using a syringe. 250 ml of distilleéter was then added to the
sample to re-disperse the soil. Again, the supamdtquid was siphoned off.

This process was repeated a couple of times.

The method for particle size distribution using Bayoucos hydrometer method
without pre-treatment was then followed (accordiogDay, 1965; Gee and

Bauder, 1986).

3.3.9.1 Procedure - Bouyoucos hydrometer method:

Distilled water was added to the soil in the lelitreaker to produce a volume of
400 ml (according to Day, 1965; Kalra and Maynd@R1).

100 ml of sodium-hexametaphosphate (50 g/litretsmiuCalgon)) was added to
the beaker and the sample was left to soak over(lizde and Bauder, 1986).

The entire suspension was transferred to a digpecsip, and was mixed with an
electric mixer for 5 minutes. The sample was ti@med to a sedimentation
cylinder, and room temperature distilled water wedded to make 1-litre. Calgon
solution in each cylinder is now 5 g/litre. Temgara was recorded once room
temperature was reached.

A control cylinder was prepared using 100 ml ofgoal solution (50 g/litre) and
adding distilled water to make 1-litre: Calgon $mino was then 5 g/litre. The
solution was stirred and the temperature was mi@dtaintii room temperature
was reached. The Bouyoucos scale (ASTM soil hyétem152H) was lowered
into the solution and the Rvas read, using the upper edge of the meniscus

around the stem.
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= A plunger was inserted into the soil solution anoved up and down to mix the
contents thoroughly. As soon as mixing had stoppked,time was recorded
immediately and the hydrometer was lowered cangfotb the solution.

= The hydrometer was read (R) at 30 seconds, 40 dscand at one minute. The
hydrometer was not removed before the end of omeit@ito minimize mixing.

= The R and temperature of the control cylinder was atsadrat this time. The
control suspension was read after every readiri®) of

= Following hydrometer readings were taken at 2,06,3D, 120, 300, 480, 600, 720
and 1440 minutes (adapted from Day, 1965; Gee amdl®, 1986; Kalra and
Maynard, 1991; Deschamps, 2000).

= The suspension was then passed through a 0.050keven t® capture the sand
portion. Once dried, the entire sand fraction waghed to within 0.1g.

Calculations:

= The concentration of the soil in suspension (Ba&h reading was calculated by:
C=R-R
= The summation percentage (P) for each time inteveal calculated by:
P =C/G x 100,
where Gis the oven-dried weight (g/L) of the soil sample.
= The mean patrticle diameter (X) in suspensigm) at time (t) in minutes, was
calculated by:
X=0/@®"
wheref is a sedimentation parameter obtained from a table
Day (1965, 564) using R. {8 is the square-root of the
time of the reading in minutes.

The 6 parameters found in Day (1965) are parameters apyjicable at 30°C, where the
viscosity of water«sg) is 0.008007 poise (or 0.8 centipoise). If thmperature recorded
during the experiment deviated from 30°C, tilemust be multiplied by a correction

factor of f/msg)%2. The viscosity of water with 5 g / litre of @Qah at various
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temperatures is given in Gee and Bauder (1986, )p384Green (1981), Perry and
Chilton (1973), and can be calculated as:

N =-0.025t + 1.51, where t is any temperature betwl5 - 25°C; the answer
is given in centipoises (Schuster, 2003)

Using the hydrometer readings over the time peugedl, a summation percentage curve
(P versus X) was produced. Particle-sizes werdgqulcds cumulative curves rather than
as histograms because cumulative curves are rtatted to displaying the data in terms
of the size-class intervals (Gale and Hoare, 19%pm the curves, the percentages of
sand, silt, and clay were determined accordingheoWentworth scale of classification
(Wentworth, 1922). Once particle size percentageewnown, the soil textural classes
were determined using the USDA classification sahemd textural triangle (from Gee

and Bauder, 1986).

3.3.10 Von Post Pressing Technique

Following the guidelines in Table 3.2, the degréedecomposition was assessed for

organic layers in the wetland soil profiles (Demha@nd Schut, 1994).

3.3.11 Cation Exchange Capacity Estimations

Using percent clay, organic matter and the pH @&f shbstrate, the cation exchange
capacity (CEC) was estimated for the topsoil sampl&he percentages and pH were
placed into the following calculation:

CEC = 0.28(clay) + 0.98(OM) + 1.8(pH)
(Meyeret al., 1994)
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Table3.2 Von Post Pressing Scale (after Denholm and ScB94)1

von Post scale of decomposition
Vv - very; mod - moderately

FIBRIC undecomposed plant structured unaltered; clear water
(Of) almost undecomposed plant structure distinct; clear water
v weakly decomposed plant structure distinct; brown water;
no peat passes thrus fingers
weakly decomposed turbid water, residue mushy
MESIC mod. Decomposed turbid brown water, some peat escapes
(Om)  strongly decomposed 1/3 of peat escapes; strongly mushy

HUMIC strongly decomposed 1/2 peat escapes through fingers

(Oh) v strongly decomposed  2/3 peat escapes through fingers
almost decomposed nearly all peat escapes through fingers
completely decomposed all the peat escapes between fingers

3.4 Morphometric Analysis Of The Wetland Gullies

Gully erosion is indicative that a site-specifiedizcape is not in equilibrium with its
surrounding environment (Bocco, 1991). By takingharphometric approach to gully
analysis (Ebisemiju and Ekiti, 1989), it is possilbb gain an insight into its processes.
Gully morphology reflects its past and present psses and can also reveal likely future
events (Heede, 1976). The plan form of the guilgach valley head was characterized
as linear, bulbous, dendritic, trellis, parallet, s ampound (according to Bocco, 1991).
Gully position within the valley head was clasdifigs either discontinuous or continuous
based on defining criteria (see Heede, 1976; Bot@81). Overall gully length (actual
and straight line), average depth, channel floaadgnt, sinuosity and gully head

morphology were measured.

Transect profiles were produced for the valley ifloext to the centre line of a wetland

gully (in valley heads 3 and 4) and dryland gulty \alley heads 1 and 2). Beginning at
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the gully head, slope angle was measured usindm@ydevel every 20 m, or sooner, if
there was a break of slope. At each recordingtpthe gully was entered and the slope
of the gully floor and depth of the gully was me&slito directly compare to the slope of
the valley floor. The transects extended downsjmgs the lower depositional fans of the
gully exit points. The mean slope gradients wersveded to radians using the Excel
program. For X (horizontal distance), distance eétlad in metres was multiplied by the
cosine of the radian. For Y (vertical distance3taice travelled in metres was multiplied
by the sine of the radian (according to King, 1966hese results were then turned into a
cumulative running total and the corresponding ksagvere produced (according to
Carson and Kirkby, 1972). By comparing the aversigpe of the valley floor with that
of the adjacent slope of the gully channel, gujlget (i.e. discontinuous or continuous)
was determined. The sinuosity index was calculdigdmeasuring the straight-line
distance from the gully head to the gully mouthd a@ividing that number against the
actual gully length (Ebisemiju and Ekiti, 1989).heTrelative activity of contemporary
gully erosion was established by estimating thegarage of sidewall vegetation at each
transect intersection. Sidewall morphology was okt and categorized to help

ascertain its possible process mechanisms.
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Chapter 4

Gully Erosion

4.1 Introduction

Of all the erosion processes that sculpture thtaseirof the earth (i.e. all the facets of
wind and water erosion), gullying is amongst thestrimmportant (Taccongt al., 1982;
Billi and Dramis, 2003). This chapter is placed ehexs it introduces gully erosion

mechanics, processes and provides an introducatioGHapters 5 and 6.

Gully erosion is a reaction within the landscapeamoinstability or exceeded sensitivity
caused by an extrinsic (i.e. climate, land usephwinsic (i.e. slope aggradation) change
in the system (Rowntree, 1988; Allison and Thom&$§3; Billi and Dramis, 2003). As a
response to the imbalance, gullying increases @heextivity of the drainage system and
thus increases the drainage density (Leomldl., 1964; Bradford and Piest, 1980;
Harvey, 1996; Poesed al., 2003). However, by doing so, drainage basinmsedt
yields are greatly increased, downstream wateritgqued reduced, organic matter is
oxidized from the topsoil, arable land is decreasaed an eyesore is created in the

landscape (Rapp, 1975, Bradford and Piest, 198Mmble, 1988; Pimentedt al., 1995).
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Since gully erosion is the direct destruction ofi@portant natural resource (i.e. soll), it
has wide and adverse implications for economiess@aliju and EKiti, 1989; Rienkst

al., 2000; Billi and Dramis, 2003).

By definition, a gully is a linear incision withimnconsolidated material that forms during
intense episodes of fluvial erosion (Torri and Rdirs 2003). The formation of an
incision or headcut can be initiated and acceldréte the erosion processes that take
form as mass failure, seepage, overland flow, naish or tunnel erosion (Chakela, 1981;
Bettis, 1983; Prosser, 1996). Yet, the exact remasdny and where gullies form, is still
poorly understood (Prosser and Winchester, 1996;d8id Dramis, 2003). Erosion only

occurs once the runoff forces exceed soil resistébheopoldet al., 1964).

It is generally agreed that gullies (Rierdtsal., 2000) have a cross sectional area of at
least 929 crhand are impassable by farm machinery (Bradford Biebt, 1980;
Campbell, 1989; Bocco, 1991; Vandekerckhewal., 1998; Poesese al., 2003). Gullies
are usually lasting features in the landscape tinahsmit ephemeral flow and
characteristically have steep sides, a sharp chdael and, depending on gully type,
can end downslope at a mouth (Bradford and Pi&80;1Eyles, 1980; Ebisemiju and
Ekiti, 1989; Prosser and Winchester, 1996). By rdefin, the channehead is the
furthest upslope location of the gully that stilshwell-defined sides (Montgomery and
Dietrich, 1988; Bull and Kirkby, 1997), whilst theouth of the gully is at the

downstream end where sidewall depth has decreasmtd (Heede, 1976).
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All landscapes have key processes that can changecordance with external/internal
forces in order to keep the system in equilibritdowever, when the dominant process
changes enough, or when two processes interselteshold is met and the landform
responds by becoming qualitatively different (Kiykld980). Sometimes only a small
change in certain key factors is required for thoéds to be exceeded and for a major
change to occur (Allison and Thomas, 1993). Vaikay factors within the landscape
include, soil, vegetation, valley floor gradientpw hydraulics, climate and geology
(Schumm and Lusby, 1963; Graf, 1979; Vandekerckheival., 1998; Poesewt al.,
2003). The threshold that exists for each of tHastors, as well as others, varies from
region to region. For example, the threshold fagetation cover varies from as low as
15% in Alberta, Canada to as high as 85% in th@fi#an highlands (Crouch and Blong,

1989; Evans, 1998).

Depending on the country, approximately 10% — 94%al loss is caused by gully
erosion (Prosser and Winchester, 1996). Soil enogenerally occurs within the semi-
arid Sahel and in the mountain and highland regatates 15 times greater than during
the average post-Cretaceous (Stocking, 1996). Shedt gully erosion are often
interconnected as gullying results as a mechanesnddaling with the large volumes of
runoff and sediment transport derived from sheesien (Stocking, 1996). With that in
mind, it has been postulated that gully erosionasto be regarded as indicative of the

level or degree of erosion, but instead as ontesdbrms (Imeson and Kwaad, 1980).
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The examination of gully erosion within the Lesotiighlands is important, as there has
been little focus on the environmental effects ollygng within Lesotho wetlands. The
objective here is to establish the existence ofati@iships between various
geomorphological and biological characteristics #rel presence or absence of wetland
gullying. These particular valley head wetlandsevelnosen as they have similar aspects
and have developed under similar environmental amttiropogenic conditions, yet do
not all have gullied wetland areas. The remaindi¢inie chapter is dedicated to providing
a gully erosion literature review and an examimatif the Lesotho wetland gully

morphologies and gully-forming processes.

4.2 Overgrazing And Thresholds Of Gully Erosion

Gully erosion is certainly a threshold phenomeribogcurs only once the thresholds of
key landscape variables are exceeded (Poetsahn, 2003). Although climate change,
valley floor gradient and other intrinsic variablage important in the stability of the
landscape, extrinsic human actions with regardedw impact on environmental change,
is a dominant and driving force for the resultirgpmorphic responses (Harvey, 1996;

Vanackeret al., 2003).

When a landscape is well vegetated, the soil itepted from erosion (Evans, 1980).
Protected soils are often porous and well strudiurad when not saturated, infiltration is
promoted and runoff reduced (Rasiahal., 1992; Guerra, 1994). Soils that are well
vegetated thus have a greater surface roughne&s1(> mm), undergo less surface

crusting, have a higher rainfall storage capaaity are better able to resist the forces of
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runoff, sheet flow and sediment detachment, thde #wat have a lower vegetation cover

(Evans, 1980; Calles and Stalnacke, 2000).

Land use change, in the form of cultivation or fr@xcessive livestock grazing and
trampling, can alter landscape heterogeneity addda structural deterioration of the soill
(Imesonet al., 1982; Metzgeet al., 2005). A population explosion of African ice gat
(Otomys sloggetti) also adds to the grazing pressures in the vdlesds (Lynch and
Watson, 1992; Hinze, pers. comm 2006). Africanrats, which occur at altitudes above
2000 m a.s.l.,, graze in a similar manner to thatsloéep by tearing out the entire
plant/root (Lynch and Watson, 1992). Selectivegrqdirectly affects the cover density
and composition of vegetation by decreasing thevedpound biomass through the direct
destruction and/or deterioration of the originagj@®tive cover (Bragg and Tallis, 2001;
Metzgeret al., 2005). In so doing, the soil becomes exposdtidelements and runoff,
and becomes susceptible to ‘poaching’ (i.e. pet@traf the soil surface by hooves
[Tasker, 1980; Burgesst al., 2000]) (Davies, 1985; Rowntree, 1988; Brooks and
Stoneman, 1997P. sloggetti also contribute to the pock-marking of the wetlanth its
extensive burrow systems within the wetland, anasequently the excavated soil then
becomes colonized by dwarf sedges (Lynch and Wai€i8?; Richteet al., 1997). This
deterioration of the vegetative cover promotes éheroachment of invasive woody
species, which can establish themselves and timiaeeas where other species are less

able to do so (Milton, 1995a; Moleele, 1998; Kaken?002; Visseet al., 2004).
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Once vegetation has been degraded, the landscafmmnsipecomes sensitive to climate
changes and anthropogenic impacts (Poesah, 2003). When the vegetation threshold
is exceeded, the soil has a reduced ability tostesinfall and overland flow erosion
forces (Graf, 1979; Vandaetétal., 1996). The exposure of the soil thus leads fmained

soil quality (Snyman and du Preez, 2005). Livestoakpling can now further induce
structural deterioration and topsoil compactiorsuteng in decreased field capacity,
percent organic matter, rainfall interception awi aggregate stability (Guerra, 1994;
Morgan and Mngomezulu, 2003; Strunk, 2003; Snymad du Preez, 2005). The
mechanical resistance, aeration and temperatutibeo$oil are ultimately affected as a

result (Oztas and Fayetorbay, 2003).

Overgrazing increases the abundance of unpalatgaeies to livestock and increases
bare soil patches, soil detachability, crust foforaand the alkalinity/salinity of the soil
(Guerra, 1994; Kakonge, 2002; Visstml., 2004; Snyman and du Preez, 2005). Heavy
grazing and trampling thus impairs the soil (irateln to its threshold). Trampling results
in lost organic matter, degraded aggregate stalahid diminished infiltration capacity.
The compaction also causes soil pores to be cloggeancourages crust formation, thus
increasing runoff that converges in channels dolvr{@uerra, 1994; Harvey, 1996;
Vandekerckhoveet al., 1998; Liuet al., 2003; Oztas and Fayetorbay, 2003; Strunk,

2003).

Once overland flow begins and converges, the terimd and velocity of the overland

flow increases as it moves downhill (Poeseal., 2003). When passing over a chance
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convexity, velocity further accelerates and inagisazcurs due to soil property thresholds
being exceeded (Evans, 1980, 1996, 1998; Guer@4)1%ven scars produced from
sheep or cattle hooves can form a knickpoint teatapable of initiating a gully head
(Evans, 1998). The ability for flow to entrain seéint is directly related to the annual
precipitation and runoff amounts, once vegetatiovec has decreased (Schumm, 1981).
The combined potential power of rainfall and oveddlow is expressed conceptually as:
Erosion = f (erosivity, erodibility),

(Bocco, 1991, p392).
Several publications have suggested that the ptimuof large sediment yields from
overland flow is dependent on slope length and sh@éfvans, 1980; Lal, 1982,
Montgomery and Dietrich, 1988; Bryan and Poese®912iggitt and Fincham, 1989).
Although gully erosion is still thought of as adbhold phenomenon in these reports, it
was found that gully erosion was most severe odignés between 5-16°. It is suggested
that gully erosion does not increase with incregsiope in an indefinite fashion, but that
above and below these gradients/threshold valuesjom should generally decrease
(Evans, 1980; Liggitt and Fincham, 1989). Relagvesion rates and sediment loads are
found to increase rapidly with steepness over cosl@pes, increase steadily with length
on uniform slopes, decrease towards the bottomoamptex slopes (with concave lower
portion) and have low peak runoff volumes on coecslopes (Meyer and Kramer, 1973;

Harvey, 1996).

Over 34% of global soil degradation and 49% of #ua loss in Africa has been

attributed to overgrazing (Evans, 1998). Uncongeblgrazing has been suggested as the
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cause for the deterioration and loss of vegetatoxeer in Russia (Belyaest al., 2004),
China (Mahaney and Zhang, 1991), Australia (Frietlel., 2003) and Lesotho (Backéus
& Grab, 1995; Schwabe, 1995; Morris & Grab, 1997alis& Nusser, 2001; Kakonge,
2002). In addition, the potential impact of burmgvanimals in alpine areas should not
be underestimated, as such activity can be sulmstdRiapp, 1975; Halkt al., 1999).
Burrowing animals directly impact the landscapehwibeir burrowing, loading and
compaction, digging and trampling. Burrowing praagdtransportable sediment, alters
infiltration rates and disrupts vegetation pattesnsl abundance (Neave and Abrahams,
2001; Hall and Lamont, 2003). In the alpine ardlasesotho, African ice rats should be
included in any discussion dealing with the effemftgrazing animals on the landscape.
For example, in a 1 farea, 12 burrow entrances were counted and 60%heof
vegetation was destroyed, whilst in other areakiwithe study region, the impact of the
burrowing and sediment removal resulted in thel ®lteination of vegetation (Grab and

Morris, 1999; Hallet al., 1999).

The concept of the geomorphic threshold, first tgyed by Schumm and Hadley (1957),
is broadly defined as “one that is inherent in thanner of landform change; it is a
threshold that is developed within the geomorplgtean by changes in the system itself
through time” (Schumm, 1981, p301). With regardsgtdly erosion, the geomorphic

threshold states that for any stable landscapee thgists a critical inherent gradient
above which the slope angle of the drainage areanbes great enough to produce
sufficient runoff for gully incision (Schumm and #lay, 1957; Schumm, 1963, 1979,

1981; Patton and Schumm, 1975; Montgomery and iDietr1994; Morgan and
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Mngomezulu, 2003; Poesest al., 2003). The threshold of the slope angle can be
exceeded by changes to key variables such as ssttgarecipitation, increased slope
caused by transportation and subsequent depositieosreased vegetation cover,
trampling and compaction. Often, this relationsbgween thresholds and gully erosion

is used to predict areas prone to gullying (Vandeieoveet al., 1998).

The geomorphic threshold suggests that there nmusinbnverse relationship as well as
an inherent threshold between the drainage basia and the valley slope gradient
(Patton and Schumm, 1975; Montgomery and Dietd&94; Morgan and Mngomezulu,
2003; Vandekerckhovet al., 2003), so as one decreases in size or angleottier
increases (Taccomrt al., 1982). Thus, as the drainage area becomesesrdak to gully
erosion expanding the drainage density, slope hebhgtomes smaller and the gradient
becomes steeper (Leopadtal., 1964; Schumm, 1981; Taccaatial., 1982; Prosser and
Winchester, 1996; Vandekerckhoeeal., 1998; Talling and Sowter, 1999; Martinez-

Casasnovag al., 2003; Poesed al., 2003).

Theoretically, gullies should begin at the firstsgimn within the drainage area where
there is sufficient area and hence runoff to supgevelopment. From this, it can then
be expected that there would also be a strongseveorrelation between the source area
and the gradient above the channel head (MontgoarehDietrich, 1988; Belyaeat al.,
2004). In recent models, this relationship has hessd to predict the location of headcut
initiation  (Whitlow, 1994b; Grissinger, 1996; Press and Winchester, 1996;

Vandekerckhoveet al., 1998; Belyaeet al., 2004). However, this theory is difficult to
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apply to older gullies since it assumes that thes@mt gully head has remained at the
location of initial incision, when in fact it is usual for a gully to migrate solely
downslope (Nir and Klein, 1974; Rowntree, 1991; Bty 1999; Moeyersons, 2003).
Instead, this correlation is often used to prethet extent of gully upslope migration.
Patton and Schumm (1975) used a less biased appiaceasure the upslope gradient
and drainage basin area from a locally oversteepeaetion of the valley floor. Within
this and other studies, it was concluded that ikeodtinuous gullies at these localities
had begun at these locally oversteepened reachdleoValley floor (Schumm and
Hadley, 1957; Heede, 1976; Patton and Schumm, 18¢%ymm, 1979, 1981; Whitlow,

1992).

Although gully incision requires a minimum runofflue, which is determined by
drainage area and is a function of gradient, ittnmesremembered that other variables
play an equally important role in gully incisionu@ variables include land-use,
vegetation cover, geology, rainfall intensity amil properties. All of the variables must
have their thresholds exceeded by the forces cfi@idbefore gully erosion is initiated

(Vandekerckhovet al., 1998; Torri and Borselli, 2003).

4.3 The Mechanics Of Gully Erosion

4.3.1 Processes of Gully Incision
The process of headcut migration is complex andlwes hydraulic forces (Grissinger,

1996). A knickpoint within the valley floor candop into a scour hole once overland
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flow has cut through the surface seal of the ddlidw velocity and its erosive power
increases as the water flows over and down thekgniat (Leopoldet al., 1964; Billi
and Dramis, 2003). The tumbling effect of the flowdercuts the vertical drop and the
scour hole enlarges and migrates upslope by votuwellapse and transport (Figure 4.1)
(Bennett, 1999). When the back wall of the headewertical, a plunge pool develops
and becomes deeper than the gully floor (Leopatldl., 1964). Depending on soll
stratigraphy, flow capacity and soil characterstithe gully head lengthens as it migrates

upslope by either horizontal retreat (Bocco, 1991y vertical incision (Bettis, 1983).

Flow direction

_____________ Seal removal and soil washout

Soil
washout =

Figure 4.1 The mechanics of creating a plunge pool (aftemBén 1999, p278).

4.3.2 The Headcut

The morphology of the headcut is diagnostic of #resional processes and soll
characteristics that impact it, but it can alsodatk the evolutionary stage of the gully.
At least four gully head morphologies exist and éhdeen referred to agradual,
transitional, abrupt andrill-abrupt (Figure 4.2) (Oostwoud Wijdenesal., 1999). When

a headcut has a vertical wall and is shaped bygelyoool erosion or mass failure, as in
the abrupt and rill-abrupt head types, the headooMvs by horizontal retreat in a self-

propagating manner. On the other hand, when er@diome the headcut is able to exceed
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erosion downstream of the cut, the headcut growsdstical incision and becomes a
rotating or self-degrading formation (Stednal., 1993; Oostwoud Wijdenes al., 1999).
For gradual or transitional gully head types, tloenthant erosion is fluvial rather than

mass movement (Oostwoud Wijderaesl., 1999).

Gully head types

inclined ~~ \_
headwall

GRADUAL TRANSITIONAL

rill 7N
vertical _~ Y
headwall T~ V\‘. vertical .~
plunge poo y headwall

RILLED-ABRUPT ABRUPT

Figure4.2 Characterizations of various head cut formati@fier Oostwoud Wijdenest al., 1999, p589).

4.3.3 Sidewall Erosion

After gully head retreat, vertical walls of soilealeft exposed. Increased pore pressure
from subsurface water flowing towards the gullygdther with abrasion from water
along the base of the gully walls, causes slumpimdyundercutting of the gully sidewalls
(Bettis, 1983; Martinez-Casasnowsl., 2004). When the basal flow is strong enough,
the loosened sediment gets transported downstreamttee gully widens. Sidewall
erosion is a description of gully wall failure imoed from undercutting, soil dispersion
by rainsplash, surface flow, subsurface flow, figti frost and/or wind action. Studies

have shown that sidewall erosion can contributeatgre sediment yields than that
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produced from linear incision (i.e. headcutting)dahus contributes more significantly
towards the overall gully plan (Blongt al., 1982; Bocco, 1991; Whitlow, 1992;
Whitlow, 1994b; Martinez-Casasnowasal., 2003). Blonget al., (1982) found that 30%
of the sediment yield from just one gully sidewalhs produced from overland and
through-flow alone. These active sidewall processesgenerally restricted to the most
active area of the gully (Blong al., 1982; Whitlow, 1994a). There are thus a varadty
sidewall forms with distance from the gully headde tmorphology being shaped by age
and position of the area within the gully plan foand by side-wall soil properties
(Figure 4.3) (Crouch and Blong, 1989; Crouch, 1992)locate areas that most urgently
require appropriate conservation measures, a schémqdly sidewall classification was
designed by Crouch (1992) and incorporates fowgl¢éenf description. The sidewall can
be described according to 1) degree of activitybyg)its morphology and 3) by the
dominant erosional processes (Table 5.1). A fowdkegory has been included to

account for the description of special feature®(Ch, 1992).
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Vertical Veﬂcaﬁli 56;
/ Sloping / Sloping / Vepritcgal
/ Vertical

Figure 4.3 Gully sidewall profiles; numbers are angles igrées (after Crouch and Blong, 1989, p293).

Table 4.1 Gully Sidewall Classification (adapted from Crowaid Blong, 1989, p293-294).

Erosional activity active; < 20% cover
semi-active; 20-70% cover
stable; > 70% cover

M or phology vertical

* see Figure 4.3 sloping
benched
faceted

Dominant processes fluted; crenelation

wall failure; slip/topple/fall
seepage; diffuse/concentrated
overfalls; overhang/undermine/scour/cave

4.4 Gully Types
A gully can be classified and categorized eitheth®yerosion process responsible for its

initiation, its sidewall morphology, position indghandscape and/or by its plan form
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(Bradford and Piest, 1980; Campbell, 1989). Tostlate this, gullies have been
described as being discontinuous, ephemeral orincomts, U-shaped or V-shaped,
valley-floor, valley-side or valley head gulliesndar, bulbous, dendritic, etc, or by a
combination of these terms (Leopold and Miller, &9Bocco, 1991; Rowntree, 1991;
Grissinger, 1996). Gullies can erode by upstreatanston into an existing channel (i.e.
entrenchment; Rowntree, 1991), or initiate a chhnrlgere no drainage paths had
previously existed (Bocco, 1991; Prosser and Wistgte 1996). The former example
usually applies to valley floor gullies, whose Uapkd morphology generally forms
through the processes of channel entrenchment,reuttieg and overall instability

(Imeson and Kwaad, 1980; Grissinger, 1996). Thierdaxample is more applicable to
valley side gullies, which generally form on a du® conducive to concentrated
overland flow with a V-shaped morphology (Rowntr&888, 1991; Prosser, 1996). By
detecting certain patterns in the morphologicalratt@ristics and initiating processes of
various gully types, Imeson and Kwaad (1980) hawtated four gully forms (Table 4.2).
Type 1 gullies develop from rills or whenever oaed flow becomes concentrated (i.e.
ephemeral); these gullies often have a V-shapesseection and do not form on the
valley floor. Type 2 gullies develop from the ugstm migration of plunge pools and
often acquire a deep U-shape with steep walls. Byjgesimilar to type 2 except that this
type is associated more with subsurface water apishgy and can often lead to the
formation of badlands. Type 4 gullies develop witthe alluvial sediments of the valley
floor by headcutting, are U-shaped and are oftearatteristic of the discontinuous
gullies that Schumm (1979) identified and has cotewto the concept of geomorphic

thresholds. Since the morphology of the gully cresstion strongly depends on the
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erosion process (Bocco, 1991; Whitlow, 1994a), éherno steadfast rule as to what
shape a gully should have in accordance to itsipasin the landscape. In addition, but
also adhering to the four main types of gulliesnidfieed by Imeson and Kwaad (1980)

and Imesoret al. (1982), are ephemeral, continuous and discontingaillies.

Table 4.2 Characteristics of particular gully types (addd®m Imeson and Kwaad, 1980, p432).

Gully type Gully cross-section Position in landscape Sour ce of runoff
Type 1 V-shaped Anywhere, but valley bottom Ovetlfow
Type 2 U-shaped Anywhere, but valley bottom Ovatlfiaw with
subsurface water
Type 3 U-shaped Anywhere, usually on Subsurfaceg flo
lower slopes
Type 4 U-shaped Valley bottoms Overland flow from

tributary gullies

4.4.1 Ephemeral Gullies

Ephemeral gullies are linear erosion features @rgger, 1996), with a minimum cross-
section of 930 cA(Vandekerckhovet al., 1998). They are temporary forms that may
reoccur annually, but are easily removed from #mel§cape by machinery; thus the term
‘ephemeral’ refers to the permanence of their stingcand not to their flow (Bull and
Kirkby, 1997). Ephemeral gullies are formed by phecesses of overland flow and begin
as microrills, which can enlarge into gullies doweam (Oostwoud Wijdeneg al.,
1999). Although they can be continuous or discar@us in nature and U-shaped or V-
shaped in morphology, they are always topograplgicantrolled (Grissinger, 1996;
Vandaeleet al., 1996; Bull and Kirkby, 1997; Vandekerckhosteal., 1998;Nachtergaele

and Poesen, 1999; Poestal., 2003).
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4.4.2 Continuous and Discontinuous Gullies

The concept of continuous and discontinuous gu(lileveloped by Leopold and Miller,
1956) is based on their dissimilar evolutions. @Garmdus gullies are initiated where
ground cover has become depleted, provided thaothir factors are conducive to
erosion (Heede, 1976). After this initial incisidhg main drainage lines become gullied
by headward elongation and tributaries are addest. l&sually, the gullies begin as
finger-like rills in headwater areas. Continuoudligs therefore characteristically form a
network pattern that has a central V-shaped guligse depth increases in a downstream
direction, ending in an abrupt gully mouth (Imesomd Kwaad, 1980). Discontinuous
gullies, on the other hand, can begin at any posith the landscape and occur singly or
as a series of chains one after the other (Hee?i&)1 They characteristically have a
vertical headcut and a bed gradient less thandah#te valley floor, so that when and
where the gully bed intersects with the valley flom small depositional fan is produced
(Leopoldet al., 1964;Blong, 1970; Heede, 1976; Schumm, 1981; de Oliy&ie&9; Billi
and Dramis, 2003). As the discontinuous gulliesratgupstream, it is possible for them
to coalesce (Bocco, 1991). This gully fusion représ the early stages of the
transformation of a discontinuous gully into a ¢goenbdus gully. The wetland gullies in

valleys 3 and 4 in the study area, fit the desionipof discontinuous gully systems.

The above morphologies are not necessarily trugltsituations (Ebisemiju and EKkiti,

1989; Whitlow, 1994b). For example, the typical ptavlogy produced by mass failure
and pipe collapse is a U-shape (Blong, 1970; Imeswh Kwaad, 1980), however pipe
collapse in the Eastern Cape Province of SoutlcaAfis also known to have produced V-

shaped discontinuous gullies (Beckedahl and Darti#88). In addition, a study
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conducted in Colorado U.S.A. describes discontisugullies with floors that do not

intersect with that of the valley (Mosley, 1972).

4.5 Gully Erosion In Lesotho

There are some areas where the chances of nagstabilization of bare, exposed soil

are extremely rare. Some of these areas incluateglthat have peat soils, duplex soils,
soils on steep slopes or are in areas that hagh ksimates (Rapp, 1975; Trimble, 1988).

Notably, Lesotho has all of the above-mentionedisaape components. It is thus not
surprising that Lesotho is considered as one ofntbest eroded countries in the world

(Faber and Imeson, 1982; Dregne, 1990; Rydgrerg)199

In terms of both size and area, the extent of digian across the border region between
Lesotho and South Africa is visible from sateliiteages, with Lesotho clearly depicting
the most extensive degradation (Rydgren, 1988)dLase patterns, usually associated
with degradation caused by poor landuse and inicrggsopulations, appear to be the
main variable that differs between South Africa amdotho (Rydgren, 1988; Showers,
1989; Stromquist, 1990). It has been suggested ¢Ratnsic factors are primarily
responsible for the initiation of the gully erosjavhereas intrinsic changes or responses

activate further development and growth of theigsl(Watson and Ramokgopa, 1997).
Due to the increasing loss of arable land in tiddads, a system of transhumance began

in the 1880’s (Grab and Morris, 1999). Severe sighgrosion in the lowlands were

recorded around the time of the arrival of missi@sa(Showers, 1989, 1996), and in the
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alpine belt deep channels were reported withinwbe#ands by at least the mid 1970’s
(Rapp, 1975). The ongoing degradation and soili@nosas been linked to continuous
anthropozoogenic impacts (Grab and Morris, 199%bGnd Deschamps, 2004) (Plate
4.1). The alpine grasslands are used for pastudeage subjected to frequent winter
burning, trampling, needle ice, deflation, burrogvind runoff (Grab and Morris, 1999;
Nusser and Grab, 2002). The alpine areas thatappdée most affected by erosion are
the drainage lines, rather than the valley slope$ias also been observed in the Pennines
(Bower, 1962; Schwabe, 1995). As the slopes becderuded and the vegetation
threshold (70%) required on a mountain range ieeded (Skovlin, 1984), overland flow
and sheet wash progress downslope and deposit Vatgemes of water and sediment
onto the valley floor wetlands (Schwabe and Whyi893; Schwabe, 1995). The
wetlands below the north-facing slopes, which temthave a gentle gradient, appear to

be more susceptible to gullying (NUsser and Grab22

4.6 Gully Morphology And Principal Processes In The
Sani Valley Region

Valley heads 3, 4 and 5 exhibit alpine mires thatehbeen affected by gully erosion.
The morphologies of these wetland gullies were emachto document their present state

as well as to describe contemporary processes.
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Plate 4.1 Valley heads are actively grazed and gullies aggatted partly by anthropozoogenic
impacts (November 2002).

4.6.1 Valley 3

The wetland area within valley head 3 had beenntatby a valley-bottom gully system.

The gully system was palmate dendritic in form,hwilryland plant species and large
areas of dry, exposed peat dominating the peripbktiye gully system, as well as across
the concave gully interfluves. Several ice-rat bws (+20) were observed within these
areas. The valley floor outside of the gully sysig@gonthe west and east of it) consisted of

wetland plant species on a ‘wet’ peaty soil.

The headcut of the gully system’s main branch vilasbrupt and bedrock controlled,

although without a plunge pool. The headcut wasvwide and 2.7 m deep (Plate 4.2).
The gradient of the valley head floor immediatdbpwee the gully head was 8°, whilst the
gradient of the channel immediately below the head 4° (Figure 4.4). The average

gradient of the gully channel was 2.3° (tan 0.04jlst the adjacent valley floor was
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steeper, with an average gradient of 2.9° (tan)0.@ully depth then became shallower
downstream, intersecting the valley floor, at whimbint the sediment is deposited to
produce a fan (S29°36'22.1" E29°15'56.1" [2925 m.l§). The actual length of the gully

was 620 m, with sinuosity being 1.11. Gully widttasvgenerally uniform, with the

deepest and widest point located at its mid-sec#omeandering drainage line over a
slope of 0.5°- 3° transfers water from the alluvfieah downstream to the main river (a
tributary of the Manguang River). The drainage asiea above the gully system was

approximately 0.350 kfn

Plate 4.2 Rill-abrupt headcut in valley head 3 (June 2003).

Cross-sectional profiles of the gully at three p®ialong its length revealed similar
results. The highest cross-section has exposeglandrsoil profile, while the other two
cross-sections show exposed wetland soil (Figute All profiles have an approximate

V-shape, active sidewalls (i.e. no vegetation) aresloping and steef30°). From
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Figure 4.4 Longitudinal profiles of valley head 3; where grdae the valley slope and brown is the gully
slope. The cross-sections are shown from eachechirgersection and the vertical incision versdswall
erosion is highlighted.

highest to lowest, the morphologies of the crossises reveal that they were most
affected by the processes of wall failure, undemgitand soil fall. The dominance of
wall failure rather than vertical incision withimis gully was evident from the cross-

sectional area. The quantity of soil eroded outsidne reach of the actual watercourse,
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as well as the tension cracks, support this coioer(t.f. Martinez-Casasnovas al.,
2004) (Figure 4.4). The cross-sections show tlseaditinuous nature of the gully as

cross-sectional depth decreases with elevation.

4.6.2 Valley 4

The drainage system in valley head 4 was genetadliis shaped, with all headcuts
occurring at similar approximate elevations. Gaslligithin this valley head may exist
entirely within the dryland or wetland, or in somstances have developed through both
hydrological regimes. A central gully has cut trgbuhe wetland centre and extended
upslope into the dryland portions of the valleyesidhe wetland area has conceivably
covered the whole of the valley floor but is, aé ttme of writing, divided into four
sections by the gully system and its draining éffe€hese dry areas in the centre of the
wetland are slightly convex or raised, especiatyadrds the gully terminus where

sediment would have been more recently deposited.

The headcut of the central gully was rill-abrup B wide and 2.98 m deep and was
located at S29° 36'26" E29°15'27.1" (Plate 4.3).eThradient of the valley floor
immediately above the headcut was 6°, whilst immiedly below the headcut the gully
channel had a gradient of 2.5°. The average gradiethe gully channel floor (3.37°
[0.06 tan]) was less than that of the adjacentapewalley floor gradient of 3.7° (0.07
tan) (Figure 4.5). Gully depth had thus decreasetuglly downslope, eventually
meeting the valley floor (529°36'0.94” E29°15’32)34t which point a narrow shallow

stream acutely meandered to the main river. Theathvgully plan shape was widest in
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Plate 4.3 Rill-abrupt headcut of the main gully in valleyate4 (June 2003).

the upper middle sectiorx 25 m), but tapered towards the head and termidctal
gully length was 680 m and sinuosity is 1.15. Tharchge area above the gully system

was approximately 0.998 KnFigure 4.5).

Three cross-sectional gully profiles were examiaedarious distances along the main
gully (Figure 4.5). Channel depth was recorded e ahsing in depth with decreasing
elevation, although channel width was variable gltime course. The channel profiles
had varying morphologies with some walls being mooacave than others, although
most were somewhat V-shaped and sloping. All ofsidewalls appeared to be active as
denoted by the absence of vegetation; the crogmsaktarea outside of the reach of the

watercourse establishes that sidewall erosiordznainant force.
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4.6.3 Valley 5

A small developing gully was actively cutting irttte wetland area within valley head 5.
In June 2003, water was seen flowing down the eenfrthe wetland towards this
drainage system. The system consisted of a rilheoted to a small gully. One large
wetland rill (30 - 50 cm deep) has occupied thedohalf of the valley floor since at least
February 2001. This rill was checkmark-shaped ithaverage channel gradient of 2°.
The adjacent valley floor had an average gradign.b’. Above the rill headcut
(52935’06.5” E02915'59.4” [2900 m a.s.l.]), which had a maximum depf 30 cm,
the average gradient of the valley floor was 3‘e Thshaped gully that was connected to
the rill had a maximum depth of 50 cm and a doveastr gradient of 3° for 33 m, after
which the gradient decreased to 0.5° for a furtiiem (Figure 4.6). The average gradient
of the adjacent valley floor was 1°, whilst downstoof the gully terminus, the average

gradient of the valley floor was 2°.

4.6.4 Discussion

The wetland gullies studied in valley heads 3 ata#h have intermediate morphologies,
with the cross-sectional profiles of valley headeing the more variable of the two.
Both gully systems had rill-abrupt gully heads,hawiteakly developed plunge pools. The
presence of rill-abrupt gully heads suggests that dullies have migrated upstream
following an existing drainage path. This is sholnthe connection of drainage lines
across the wetland surfaces of valley heads 3,d45arThe two non-gullied wetlands
(valley heads 1 and 2) do not host such drainags.liThe processes most often noted in

upstream extending valley floor gullies are enthenent, undercutting and
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Figure 4.6 Longitudinal profiles of valley head 5; where grde the valley slope and brown is the gully
slope. The cross-sections are shown from the tcairgersections.

consequent general mass instability. Such upstigahes also usually have a deep U-
shape morphology (as with Type 2 gullies). Thelavet gullies of valley heads 3 and 4
are wide and moderately deep, with morphologieditgntowards a U-shape. However,
some V-shaped sections were observed in valley Beddhe absence of plunge-pools
beneath the gully heads indicates that the headsarating more by vertical incision
rather than horizontal retreat and that the erokasibeen occurring more quickly above
the head than below it. These gullies are actieebging and are contemporary features
within the valley heads. The steepness of the whléspresence of running water through
the gullies, and the almost complete lack of vdgeiaon the sidewalls suggest

contemporary gully development. Sidewall erosions waore prevalent within each
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cross-sectional profile than vertical incision, lwithe most obvious erosional process

being soil fall (Figures 4.4 and 4.5).

In all cases, the slope gradient above the gulfdbeavas higher than the gradient of the
channel floor immediately below the gully head. sTpattern continues for the length of
both gullies, where the average channel gradiestlass than that for the adjacent valley
floor gradient. The fact that the channel flootemsects the valley floor at the gully
terminus and has an associated downslope depadifiam indicates that the gully was
of a discontinuous nature. Slope gradients of afotam 0.06 and 0.03, representing
‘oversteepened slopes’, has been reported by PattdnrSchumm (1975). They further
suggested that these slope values were great emoughult in gully initiation. The tan
values at the bases and headcuts of the Sanigatéall much higher (i.e. 0.05 - 0.11)
than the valley floor gradients measured by Patnd Schumm (1975). Following
Patton and Schumm’s theory, the most downstreatioperof the gullies in valley heads
3 and 4 would have been initiated where the geiyninus occurs at present. Given the
gentle slope gradients of the slope in close prayito the gully terminus, it is possible
that the gullies have migrated upslope from thsatmn (c.f Evans, 1980; Liggitt and
Fincham, 1989). However, other locations of gulitiation upstream, and therefore
areas where they may have coalesced, are diffioullentify. In addition, no pattern
could be detected as to whether the upstream re@chly heads were related to an
inverse relationship with the drainage basin ateava the head (i.e. had either begun or
had ceased migrating at a critical upslope positas discussed by Montgomery and
Dietrich (1988) (see Table 4.3). This could imphat either the drainage area was too

small (> 1 knd) for this relationship to exist, as was also folnydPatton and Schumm
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(1975) for their threshold theory, or alternativellyat these gullies had not yet reached
their final upslope location given that the upslgpadient was often slightly greater than

the gradient directly above the head.

Table 4.3 Gully (G) and valley (V) gradients within each legl head.

Valley 1| Valley 2 | Valley 3| Valley 4 | Valley 5
Area (k) 0.400 0.340 0.650 0.998 0.750
G. gradient above head 14 8.5 8 6 3
G. gradient of head 10 5 4 2.5 2
V. gradient above head 14 9 8 7 3
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Chapter 5

Valley Head Soils

5.1 Introduction

This chapter is designed to briefly introduce thalss of Lesotho, the general
characteristics of wetland and mineral soils, dredffects that human-induced changes
may have on them. The remainder of the chaptersixion the results of the soll
transects at the study site. Soil characterigties pH, percent organic matter and soill
moisture) are examined across the mire expansdy, patticular focus on the area
adjacent to the gullies (in valley heads 3, 4 amdb). By comparing the data sets
collected within the gullied valley heads with thosf non-gullied valley heads, it is
possible to determine differences in soil charasties, should they occur. Soil profiles
in valley heads 3 and 4 are examined and their sigoal history is described and
compared to previous profiles produced for the saradey heads by Marker and

Whittington (1971), Hanvey and Marker (1994) andrkéa (1994, 1998).
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5.2 Classification Of Lesotho Soils

Soil is a product of various soil forming factorsdareflects the varying influence of each
of these factors (Schmitz and Rooyani, 1987). Alttoeach soil type consists of solids,
liquids and gases, including flora and fauna, euwgpe is influenced differently by a
combination of soil forming factors; namely parematerial, climate, vegetation,
topography, time and biological activity (BuckmandaBrady, 1960; Brady and Well,
2002). The complex and diverse soils found in Llesdbday have been influenced by a
mixture of the six major soil forming factors memed above, which consequently
impacts on soil forming processes (i.e. weatheri@aching, translocation, gleying, bio-
mixing, deposition, erosion and organic matter andation) (Pearsall, 1950; Buckman

and Brady, 1960; Brady and Weil, 2002).

5.2.1 Dryland / Mineral Soil

The majority of Lesotho soils are mineral soilstthave organic matter ranging from less
than 1% to ca. 10% (Schmitz and Rooyani, 1987). $berce of the soil mineral

component is derived from sedimentary rocks inlttwdands and igneous rocks in the
mountains (Rydgren, 1990). The organic matter carapbis formed from the abundant
grasses (Schmitz and Rooyani, 1987). Of the elswérorders that exist globally (using
USDA Soil Taxonomy), six occur in Lesotho, of whidhree are predominantly zonal

soils (i.e. the Mollisols, Alfisols and Vertisol§)able 5.1) (Van der Merwet al, 2002).
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Table 5.1Description of the main mineral soil orders of Ly Histosols are the sixth soil order
occurring in Lesotho (after Nixon, 1973; Schmitddooyani, 1987; Rydgren 1990).

Description
Mollisol Black soil rich in organic matter underags
vegetation. Has a mollic epipedon.
Alfisol A loamy sand soil with an eluviated surfaoerizon and an
argillic endopedon.
Vertisol Clay soil with deep cracks and a vertigepon.
30% clay in all horizons above 100cm.
Entisol Weakly developed horizons with ochric epipe.
Inceptisol A young soil, but older than Entisol.tWa
cambic horizon.

5.2.1.1 Montane Soils

The most influential soil forming factors in thewland region are topography, parent
material and palaeoclimatic conditions. The montaoiés are characterized by a ustic
moisture regime (limited moisture), a thermic tenapgre regime (MAAT: 15 - 22°C)
and usually have less than 2% organic matter cori@&makelaet al, 1986). Since the
Montane soils are derived from sedimentary rook (he Molteno, Elliot and Clarens
Formations), they are dominant in minerals sucimas, potassium feldspar and illite,
and are generally sandy, acidic soils that careeibke light or dark in colour (Lundést

al., 1990).

The dominant soil orders found in the lowland aadthill regions of Lesotho are the
Alfisols, Entisols and Inceptisols (in the USDA Edaxonomy) (Table 5.2 for listing of
series). Alfisols, which are similar to Luvisol# fhe FAO soil map of the world), cover

approximately 3000 khof Lesotho (Schmitz and Rooyani, 1987) and areatterized
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Table 5.2 General list of some soil series found in Lesothd their descriptiofmodified from Nixon,

1973 and Schmitz and Rooyani, 1987).

Soil Order | Soil Series Characteristics
Alfisol Leribe/Qalo/Rama Of Elliot Formation
Machache On basalt
Maseru/Sephula Duplex
Entisol Caledon Very young, alluvium
Majara Buried Mollisol; acidic
Thoteng Young, on Clarens
Ntsi Young, on Clarens
Inceptisol | Berea/Qalaheng Young, on Clarens
Matela Young, on Clarens and basalt
Mollisol  [Moroke/Popa On steep slopes, shallow soll
Fusi Mountain valleys, overthickened epipedon
VVery deep soil on basalt. Reddish brown loam
Nkau/Seforong surface
Soloja/Thamathu Clay illuviation, on basalt
Sofonia/Kolonyama | On basalt, alluvial, deep siiatified
Sani Aquic, clay loam epipedon, moderately deep
MatSana Moderately deep loam soil on basalt sigrol
Vertisol |Thabana Clayey soil on basalt saprolitmrgpermeability
Phechela Clayey on basalt colluvium in bottom larehs

by having an ochric epipedon (light coloured) oyed an argillic (clay) or natric (clay
and sodium) endopedon (Driessen and Decker, 2abE).Alfisols are highly erodible
and are often cut into by U-shaped gullies (Schraitd Rooyani, 1987). Two major
groups of Alfisols are found in Lesotho, which udé at least six soil series. One of
these groups includes the lowland ‘red soils’. T¢vd type has an uncharacteristic low
base saturation and was formed from the weatherfitige Elliot Formation Sandstones.
The second major group of Alfisols includes the ldypsoils, which have an aquic
moisture regime and best reflect the processesugfation and illuviation seen in the

abrupt textural and structural change between thand B horizons (Schmitz and

97



Rooyani, 1987; Rienkst al, 2000). The Entisols and Inceptisols are desdribesection

5.2.1.2.

5.2.1.2 Subalpine Soils

The soils that have formed within the subalpineicegf Lesotho are derived from
basaltic colluvium and alluvium. These soils araeegally shallow, brown to red brown
in colour, and have a udic moisture regime (maéstyl a mesic temperature regime
(MAAT: 8 — 15°C). Inceptisols, Entisols and Molllsogpredominate over the foothills,
whilst Vertisols typically occupy depressions ire tlandscape (Table 5.2; Figure 5.1)
(Rydgren, 1990; Van der Merwet al, 2002). Inceptisols and Entisols (USDA), similar
to Brunisols and Regosols (in FAO) respectivelg grcent but poorly developed soils
mainly occupying steep slopes. Entisols are theeledeveloped of the two and occupy
ca. 1280 krhin Lesotho, whilst Inceptisols are more acidic aret, occupying ca. 1850
km? (Ntokoane and Nthebe, 1998). Vertisols are batiyey soils (30%clay within the
top 100 cm) with 2:1 smectite clays, and are resghby their shrinking, swelling and
cracking characteristics (Juma, 1998; NtokoaneNthebe, 1998; Driessen and Deckers,
2001). Vertisols normally develop under grasslaedetation, are high in exchangeable
bases (Ca and Mg) and have a near neutral pH ([&trd®75). Mollisols, which are
similar to Chernozems (CSSC and FAOQO), are morenglyoinfluenced by the tall
grassland vegetation in which they are found aedtsrefore one of the most fertile soil
types in the world (Strahler, 1975; Driessen andKees, 2001). By definition, Mollisols
have a mollic epipedon that is at least 20 cm thwtk 1% to 18% organic matter and

have less than 30% clay (Driessen and Deckers,)d6@jure 5.2). The mollic epipedon
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must have a dry colour value darker than 5.5 antist chroma less than 3.5 (Strahler,
1975; Schmitz and Rooyani, 1987). The thick, orgargh surface horizon that is most
noticeable in Mollisols is a result of the grasslaregetation, whilst the characteristic
high base status (> 50%) and dominance of 2:1 dieg'smontmorillonite) reflects the

qualities of the basaltic parent material (Schrartd Rooyani, 1987).

R%?ﬁ%'ﬁd Popo Matsana Fusi Tsenola Sani | Lekhotlong

~— Mountians
Basalt C-horizons Maghache | Thapana | Phechela| Mutela Nitsi

Foothills —»

argillic|horizon light top soil

Black soil

~ SANDSIONE . |

Figure 5.1 Toposequence of the major soil types found imtleatane and sub-alpine regions of Lesotho,
showing east to west (after Schmitz and Rooyar8719143).

5.2.1.3 Alpine soils

The mountain mineral soils of Lesotho have a highgyanic matter content than the
montane mineral soils in the lowlands. The reldyivegh organic matter content (1% to
10%), compared to that in the lowlands (< 2%)ysdal of most alpine soils (Leopokt
al., 1964) and is attributable to the soil formingtéas of time, topography and climate
(Young, 1976). Basalt weathering of the Lesothonkairon, which has a mineralogy

consisting of plagioclase, sodium/calcium alumihoaie, iron, magnesium silicate and
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olivine, releases products such as silica, calciomagnesium, iron and aluminium into
the developing soil (Schmitz and Rooyani, 1987). agude increases, the extent of
weathering and the development of the B horizomedese, as does clay content, iron and
acidity. However, with an increase in altitude @sdociated decrease in temperature, the
percentage organic matter increases (Munn and 8ack1990; Miller and Birkeland,
1992). Since the weathering and leaching of thalbasprolite is neither intensive nor
rapid in the Drakensberg, the dominant clay minefdhe alpine soils is montmorillonite
(Schmitz and Rooyani, 1987). Montmorillonite is igily cohesive 2:1 clay that has a
high net negative charge and is capable of swe{lliadple 5.3) (Juma, 1998). The type of
clay within these alpine soils, as well as theghhamounts of organic matter, is partly
responsible for the neutral to basic pH values laigt base saturation. Organic matter
content and clay percentage are important featfrai soils, due to their high negative
charges, and thus have the largest capacities dorlactations (Buckman and Brady,

1960; Brady and Weil, 2002).

Organic matter within a soil serves many importamictions: it helps to promote good
soil structure, improves water retention and irdtibn, buffers against acidity, helps to
regulate the soil microclimate, affects microflarad microfaunal activities and increases
the cation exchange capacity, and thus determiveesttritional health of the soil (Brady
and Weil, 2002; Snyman and du Preez, 2005). Togeiltle clay, organic matter has the
ability to adsorb essential nutrients (cations)hsas: N, P, K, Ca, Mg, S and CHO
(Brady and Weil, 2002). Organic matter is preseithiw a soil as either humic (dark
brown) or fulvic (yellow brown) acids, which createor, moder or mull (Buckman and

Brady, 1960; Brady and Weir, 2002). Mor is a logtiaty, acidic organic matter type
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that usually develops in coniferous areas. Moddwa (@uff) tends to be a thicker
accumulation of organic matter (2 — 3 cm) and iarabteristic of mountain grasslands,
whilst mull is a biologically active, well-humifiedneutral organic matter found in

grassland areas (Buckman and Brady, 1960).

Table 5.3 Comparative properties of common silicate clay mafse(adapted from Juma, 1998; Brady and

Weil, 2002).

Property Montmorillonite lllite Kaolinite
Size am) 0.01-1.0 0.02-2.0 0.5-5.0
Shape Flakes Irregular flakes Hexagonal crystals
External surface area (m?¢/g) |70-120 70-100 10-30
Internal surface area (m2/g) |550-650 - -

Plasticity High Medium Low
Cohesiveness High Medium Low
Swelling capacity High Low to none Low
Unit-layer charge 0.5-0.9 1.0-1.5 0
Interlayer spacing (nm) 1.0-2.0 1.0 0.7
Bonding Eﬁenaiea:t:/r\gétiil\'/se?grcdes) Potassium ions Hydrogen
o charge 80-120 15-40 25

Mountain soil orders

The dominant soil orders of the Lesotho mountagaanclude Mollisols, Vertisols and
Histosols (Schwabe, 1989; Rydgren, 1996) (Figu®. 9. hese basalt-derived soils tend
to be dark coloured, well structured, have a néptiaand are classified as having a udic
moisture regime (with the exception of the Histe¥@nd a cryic temperature regime
(Schmitz and Rooyani, 1987; Lundénal, 1990). Soils with an aquic moisture regime

are often formed in depressions (Lun@éml, 1990).

101



Horizons Colour

Aq Black

0093
%CaC_)_QaD‘.' Dark brown
2 ;:0[0;’0’
O. 0 O
B |- o O. = vellowish-
0. .0 0] brown
.94

A

N

parent

mat‘erial\‘\DQ o
c| 5 Ofe
G

Figure 5.2 Typical profile of a Mollisol with upward weathieg of the parent material; Cagig found in
the Aglayer (after Burrows, 1990, p57).

Mollisols are the dominant soil order on mountdispses and within valleys, and cover
approximately 1.5 million hectares in Lesotho (Sthnand Rooyani, 1987). These
Mollisols have a thick (>18 cm), dark humus-rich liicoepipedon that develop under
grassland vegetation (Klweg al, 1989). The Mollisol soil series that is locatezhr Sani
Pass includes thilatSana Popg Fusi and Sani(Lundénet al, 1990) (Table 5.2). The
MatSanasoil series belongs to the subgroup Typic Hapludotl is a moderately deep
well drained gravely soil. The term Hapludoll dessthat the soil is a Mollisol with
minimum horizonation in a udic moisture regime (®da and Rooyani, 1987). The
Popa soil series is classified as a Lithic Hapludollhgbow soil) and covers
approximately 30% of Lesotho. It is usually locatau steep slopes and is a shallow,
well-drained soil.Fusi soils are Cumulic Hapludolls and therefore haverlying thick

epipedons, which are high in organic matter andase saturatiorfzusi soils are well
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drained and are normally found in concavities, whseiPopa soils are skeletal soils
found in convex areas. Finall\ani soils have an aquic moisture regime and are
classified as Typic Natraqualfs (Schmitz and Roqya®87), meaning that they have a
natric horizon, have a thin O horizon and mottleds®il. The main Vertisolic soil series
that occurs in the alpine regionThabana which is a black clayey soil that has 3% to
7% organic matter content in its upper layerfiabanasoils typically have a neutral pH,

a high cation exchange capacity, poor drainageamaddominated by montmorillonite
clay. The Histosols of the mountain areas (whi@hrast mineral soils) include the alpine
mires, which have been classified as well-decompd3erosaprists (Schmitz and

Rooyani, 1987).

5.2.2 Wetland Soil

The generic term ‘wetland’ describes a habitat thaharacterized by the presence of
water, anaerobic soil conditions (in most caseB)diT 1999) and biota (i.e. hydrophytes)
that have adaptations to anoxia (Mitsch and Gadseli986; Charman, 2002). Wetlands
develop in positions on the landscape where wattow exceeds rates of outflow and
evapotranspiration (i.e. in depressions, flood@almelow ground water discharge, etc.)
(Tiner, 1999; Charman, 2002) (Figure 5.3). Thug, Water that is contained within a
wetland comes directly from precipitation, overlanohoff flow, groundwater sources,

rivers, or from a combination of these sources [#nas2003).

Wetlands act as sinks, sources and transformearstaénts, and thus affect the quality of

water (Lewiset al, 1995). Some of the functions that wetlands mtexare chemical and
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a. Water in a depression b.Organic matter accumulates

c. A peatland is formed d. Peat develops above the water table

e._DipIoteImic bog is formed, peat
is influenced by precipitation

Figure 5.3 Development of a wetland and its eventual tramsédion into a raised bog (after Brooks and
Stoneman, 1997, p31).

biochemical, biological (wetlands are capable dfieing high levels of biodiversity),
hydrological and/or physical (i.e. groundwater @cje, soil stabilization, and flood
protection). In addition, wetlands have an econowaltie and are perceived as being
intrinsically important (Lewit al, 1995; Haslam, 2003; Nakamwtal, 2004). Most

wetlands are highly productive and extremely sesmsitecosystems (Mitsch and
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Gosselink, 1986; Charman, 2002), which cover c&6cof the world (Table 5.4) (Mitsch

and Gosselink, 1986; Haslam, 2003).

Table 5.4 Estimated global coverage of wetlands (after Mitaod Gosselink, 1986).

Zone Total Land Area %
Polar 25

Boreal 11.0
Sub-Boreal 13.4
Subtropical 29.3
Tropical 10.9

Hydrology is the key component to any wetland dnsl the quantity and quality of water
that differentiates one wetland from another (Hasl2003). Generally, wetlands in arid
environments are typically represented as sal$,flahilst in humid, cool regions they
form peatlands. In more temperate, subtropicalteopical areas, wetlands form marshes
and swamps. Perhaps it is due to their abilityeweetbp in a variety of climatic regions
and topographic settings that there is no singdé/eusally recognized definition of the
term ‘wetland’ (Mitsch and Gosselink, 1986; Tinér999; Haslam, 2003). Of the
definitions used to help define the physical bouledaof a wetland, one that was
developed by the United States Fish and Wildlifeviee and has been widely adopted,
states that a wetland is
“...land where an excess of water is the dominastbfadetermining
the nature of soil development and the types ahats and plant
communities living at the soil surface. It sparatinuum of

environments where terrestrial and aquatic sysiataggrade.”
(Cowardinet al, 1979, p4).
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The Ramsar Convention defined a wetland as being
“...areas of marsh, fen, peatland or water, whethé&ural or artificial,
permanent or temporary, with water that is statiftawing,
fresh, brackish or salt, including areas of mavig¢er the depth of
which at low tide does not exceed six metres.”
(Hughes, 1996, p267).
According to the South African Water Act, a wetlasd
“land which is transitional between terrestrial awpiatic systems,
where the water table is usually at or near th&asaror the land is
periodically covered with shallow water, and whiahd in
normal circumstances supports or would support ta¢ige
typically adapted to life in saturated soil”.
(Dini et al, 1998, p4).
Because wetlands are found to exist as an ecoteheebn two major ecological
communities, the entire wetland area is viewed ragravironmental gradient. As with
many gradients, the official boundary between thetlamd and the upland area, or
between the wetland and the lower aquatic system (ake/river/ocean), can be
extremely difficult to locate (Mulamoottét al, 1994; Wetlands Pro, 2001). The United
States Army Corp of Engineers, who can professigndétermine if an area is a
jurisdictional wetland, examine along a transecttf@ required presence of hydrophytic
vegetation, a hydric soil and wetland hydrology (eds Pro, 2001). The wetland
boundary is found only once all three criteria present at the same location (Charman,

2002). Some popular wetland types, which meet geguirements, includswamp

marsh bog fenandwetmeadow(Mitsch and Gosselink, 1986) (Figure 5.4).
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Figure 5.4 Flow chart illustrating the differences betweenioas wetland types.

5.2.2.1 Hydric soils

A wetland soil that has anaerobic conditions anpgpsus hydrophytic vegetation is

known as ahydric soil (Mitsch and Gosselink, 1986). All wetlands acwilate soll

(Haslam, 2003), either through the deposition dirsent or as undecomposed, humified

plant remains that produce peat. These two maiestypf hydric soils develop in
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conditions of varying wetness, hydrological corais and climatic regimes. The main
similarities between these two broad types of acdl the water content and chemical

transformations that occur within them due to diggleoxygen amounts.

Upon saturation, the diffusion of oxygen is stopped the available oxygen within the
soil ultimately becomes consumed by the respiratidnaerobic organisms and is
completely depleted within a few hours (Mohanty dbash, 1982; Tiner, 1999). The
diffusion of oxygen becomes drastically reducedrupecoming waterlogged because of
a decrease in the effective area coupled with arase in diffusion length (Mohanty and
Dash, 1982). The rate of diffusion also dependg/bether the water is lentic or lotic; in
flowing water the diffusion of oxygen is 10 000 &mfaster than in standing water
(Mohanty and Dash, 1982). The only free oxygen emesunder these waterlogged
circumstances is found within a thin layer of ox&ll soil at the soil-water interface,
which comes from the surface air as well as fromtpéynthesizing plants (Sparling,
1966; Tiner, 1999). The diffusion of oxygen withms layer, as well as throughout the
entire profile, is not uniform, nor can it move fasely as in an aerobic soil. When the
redox potential, which can range from 700 to —300m¥ saturated soil, decreases to at
least 350 to 300mV, anaerobic conditions result relne facultative and obligate
anaerobes increase in number (Tiner, 1999). Thesisms promote denitrification and
reduce otherwise non-toxic forms of iron, manganesgogen and sulphate to toxic
forms (Tiner, 1999; Charman, 2002). Therefore, bgén sulfide, methane, organic
carbon and nitrogen (as ammonium through minet&ish accumulate in these

anaerobic substrates (Shotyk, 1988; Charman, 200&enet al, 2004).
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5.2.2.2 Aquic mineral soils

The wetland soils on the drier end of the wetlanagent are called mineral soils and
belong to an aquic suborder and/or subgroup (Lewa, 1995). This type of hydric soill
profile generally consists of mineral horizons. Top surface of a mineral wetland soil is
usually not saturated and will contain oxidativenpmunds of iron and other essential
elements, as well as organic matter, which all route to the rich brown colour of the
layer (Tiner, 1999). The subsurface mineral layewever, are saturated and therefore
have undergone reducing physical and chemical helwal changes, which produce
metabolically anaerobic bluish grey coloured hanzdnown agyley. Gleyed soil is a
characteristic redoximorphic feature of an aquimeral soil and is formed by the
reduction of iron into iron oxide or ferrous iroRef*) (Lewis et al, 1995). With periods
of long saturation, the ferrous iron becomes moduile leaves a grey, gleyed soil. During
its movement, the reduced iron may become aerateédheerefore oxidized to ferric iron
(FE") (Tiner, 1999). The aeration can result from aitivater level fluctuations or from
the presence of oxygen around plant roots; theizedgdiron precipitates as red or orange
mottles and is visible within a matrix of reducetgyed mineral soil. A typical mineral
soil that has developed anaerobic features fromgbsaturated most of the year is the
aquic Mollisol (Schmitz and Rooyani, 1987). Aquicolsols may develop a histic
epipedon over a mollic epipedon and are recogrigeitheir redox features within 20 cm
of the surface (Mitsch and Gosselink, 1986). Massaee also formed on waterlogged
mineral soils, but are periodically inundated wstlanding fresh, salt or brackish water
(Burrows, 1990). If the entire wetland were to Ibegccumulating thick deposits of peat,

the wetland would eventually become a peatlanddBs@nd Stoneman, 1997).
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5.2.2.3 Mires / peatlands

The second type of hydric soil is the organic aatpesoil, known as thelistosol (Mitsch
and Gosselink, 1986; Driessen and Deckers, 200%)osbls are formed when the soil is
permanently or nearly saturated and are distingdidty the presence of thick deposits of
peat (Tiner, 1999). Organic soils are differerdnir mineral soils in many respects,
including lower bulk density and porosity, higherganic carbon levels, greater
conductivity, higher organic matter content and enoutrient availability (Buckman and
Brady, 1960; Mitsch and Gosselink, 1986). Since arah wetland soils also tend to
accumulate peat, the general rule used to disshgoetween a mineral/aquic hydric soil
and a Histosol is that the ‘peat’ within a minelngdric soil will be less than 30 cm in
depth and will have less than 20% to 35% organittenddry weight) (Holderet al,
2004) (see Figure 5.5). As a rule, a Histosol hél/e a soil profile that consists of peat
for at least more than half of its upper 80 cm sTpeat will contain 18% or more organic
matter if there is greater than 60% clay, haveeastl 12% organic matter if there is no
clay, or will have between 12% to 18% organic maiftehe clay fraction is less than
60% but still greater than zero (Strahler, 1975tskbh and Gosselink, 1986) (Figure 5.5).
The rate at which the peat is able to accumulgperm#s on the rate of decay. The rate of
decay is dependent on the water content, the teryserof the soil, the biomass of the
vegetation, the pace at which the material takdalkdeneath the water surface, and the
microbial populations (Warner, 1996; Charman, 2009 the hydrophytic plants die
within the saturated soil, their remains fall int@ water. Once submerged, the rate of
decomposition becomes drastically reduced sinceattaerobic conditions of the soil

inhibit the respiration and decay processes otldfemmposing agents (Warner, 1996;
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Bozkurtet al, 2001; Bragg and Tallis, 2001; Charman, 2002nevklisation of certain
compounds does occur quickly, however the main mahiaf the plant and animal matter
becomes humin, which is the bulk of the peat m&m(man, 2002). Peat is therefore
the accumulation of physically and chemically tfan®ied organic residues in varying
stages of decomposition formed in cold and watgdogenvironments (Bozkuet al.,
2001; Holdenet al, 2004). Peat is typically light brown to black @olour; although
colour changes with the passing of time and inangasiecomposition. The relative
proportions of carbon, hydrogen and oxygen alondp wther nutrients within the peat
depend on the botanical composition and state adrdposition (Mitsch and Gosselink,
1986; Shotyk, 1988). During decomposition thera mubsequent loss of organic matter,
an increase in bulk density and a decrease in bldr@onductivity (Mitsch and

Gosselink, 1986; Bozkust al, 2001).

According to the relative proximity to the watebl& three main peat types exist and all
can potentially occur one on top of the other. Ehasee known as primary, secondary
and/or tertiary peat types (Charman, 2002), orirasit, telmatic and terrestric peats,
respectively (Moore and Bellamy, 1973). Primaryflim peats develop in depressions
and below the water table and are therefore mirgbic; secondary/telmatic peats tend
to develop around the primary peat in a periodycs#iturated zone and can therefore be
minerotrophic or ombrotrophic, while tertiary/testec peats develop above the influence
of ground water and hence are humified and oxidiasdvell as ombrotrophic in nature
(Charman, 2002). Peat can be further classifiedordary to its plant forming

communities (over 61 types of peat have been tikedsihis way), by the degree of
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decomposition (ranging from fibrous and highly pgoto amorphous and highly
humified (see Table 3.2, Chapter 3) and/or by aggographic position (Moore and

Bellamy, 1973; Pears, 1985; Bozkattal, 2001).

Areas that have attained at least a peat thickoie38 cm are known as peatlands and/or
mires (Shotyk, 1988). There is estimated to be4@ato 1500 billion tonnes (1) of
peat globally (Charman, 2002) and therefore a wel pontaining ca. 570 x 1y of
fixed carbon (Bozkuret al, 2001; Sjors, 1982; Shotyk, 1988; Williams, 1983)hough
this estimation is dependent on vegetation type @oth. Currently, peatlands cover
approximately 4% (500 million hectares) of the tajobal land area with the most
extensive coverage being within the Boreal foresbsgstems (Sjors, 1982). It is
estimated that the initiation of most peatlandsabeground the time of the Pleistocene
deglaciation, ca. 8000 — 12 000 years BP (Mark@941Bozkurtet al, 2001). In Africa

in particular, two main periods of peat initiatiare apparent during phases of increased
moist conditions; one during the Late-glacial perand one ca. 5000 — 3500 years BP

(Meadows, 2001; Charman, 2002).

The average accumulation rate of peat within pedflavaries considerably from one
continent to another. Since peat accumulates dwspegific environmental conditions
(i.e. cool and wet), its existence is a testamené climatic and vegetational conditions
at the time of peat formation. For example, in IRoftmerica, peat developed at an
average rate of 100-200 cm/1000 yrs, whilst in Rarid progressed more slowly, at an

average rate of 20—80 cm/1000 yrs (Bozlatral, 2001). As peat develops, its vertical
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gradient becomes composed of alternating layemsg#nic matter, sands, silts and clays
that all reflect the alternation of wet and dryn@itic phases, whereby times of organic
matter accumulation represent wet phases and tinesneral sedimentation represent
drier periods (Moore and Bellamy, 1973; Burrows9aP More specifically, in some
peatlands, laminations, which are a reflectionhef ¢tycle of the seasons, may develop in
calm conditions at the mud-water interface. Theoehthonous mud layer would
represent the organic sedimentation while the mindayers would represent
allochthonous inwash (Goudie, 1981). Preserved [agatrs, consisting of the various
host plant materials (e.g. fibre, pollen and spadhe)s become a historical dialogue of
past events. The defining factors used to diffea¢mione peatland type from another are
usually the water source and the source of nugi@vibore and Bellamy, 1973; Holden
et al, 2004). A single type of peatland can exist withi specific landform, or various
types of peatlands can occur along a horizontadigna within a landscape. Based on
water source and nutrient content respectivelyeatland is typically minerotrophic or
eutrophic, ombrotrophic or oligotrophic, or as ntesgphic if it falls between these

classifications (Moore and Bellamy, 1973; Pear851®almer, 1986).

Fens

When groundwater or mineral soil water from runddf involved in present peat
formation, the peatland is classified as minerdtropand can be soligenous and/or
topogenous. Since fens develop in the landscapeawhmerotrophic water accumulates,
they are classic minerotrophic peatland exampieh, in dissolved minerals (Malmer,

1986; Tiner, 1999; Charman, 2002; Haslam, 2003;defokt al, 2004). Due to the
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neutralizing effect of the base-rich minerals u@my acids that enter the water, fens
typically have a pH value around 5.5 to 8 (Sho®#88). When a fen has an abundance
of dissolved minerals, either from its groundwateurce or during the early stages of its
development, the fen is given the tereutrophic (Brooks and Stoneman, 1997).
Eutrophic fens are floristically rich and have ghibase status (Bozkuet al, 2001).
However, as the amount of dissolved minerals besdess, or the water becomes more
dilute, the fen becomesligotrophic (Burrows, 1990; Shotyk, 1988). Oligotrophic fens
are less basic and so tend to be bog-like (Shdi988). This type of fen is sometimes
described as being a poor-fen due to its chemtedls as well as being vegetatively
poor, in contrast to eutrophic rich-fens (Moore &edlamy, 1973; Malmer, 1986). The
fen morphology tends to be flat and is normally daated by bryophytes, sedges and
grasses (Haslam, 2003). Fens are commonly disshgdifrom bogs by the presence of

flowing water that is either entering or exitingthmire (Moore and Bellamy, 1973).

Bogs

The major difference between minerotrophic (i.easjeand ombrotrophic (i.e. bogs)
peatlands is that bogs form in the absence of mingater (i.e. bogs are currently
growing under the sole influence of precipitatig®oore and Bellamy, 1973; Brooks
and Stoneman, 1997; Bragg and Tallis, 2001) (Fidury. The term bog therefore
applies to the accumulation of peat above the lef/fgroundwater (Malmer, 1986). Bog
peat can either form directly on top of the minenaiface due to the paludification of an
area, by the terrestrialisation of a water bodwben terrestric peat develops within a fen

(Warner, 1996; Brooks and Stoneman, 1997). Sings laoe not influenced by mineral
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water and are also non-flowing, there is littleunhpf bases. This depletion of nutrients
together with the increased capacity to adsorb exxhange cations, as well as the
inability to neutralize acids produced from decosipon (i.e. C3 and organic acids),
all contribute to the development of characteralycacidic bog waters (Shotyk, 1988;
Burrows, 1990; Jonasson and Shaver, 1999). Bogsatjjp have acidic surface waters
with a pH of ca. 4, especially when inhabited bh&mum moss (Sparling, 1966; Moore
and Bellamy, 1973; Malmer, 1986; Shotyk, 1988). iDgrthe progression towards
independence from surface water supplies and andepee on precipitation as the sole
provider of nutrients such as potassium, magnesindhcalcium, plant communities are
forced to adjust to the harsher habitat and as rsemuence, bogs tend to be more
species-poor than fens (Smith, 1966; Shotyk, 198Bhough there are various types of
bogs, all bogs have similar cushion-like vegetatowl are formed from water that has

been cut-off from geogenous sources (Smith, 19@6jatn, 2003).

Bogs are often described as bedipglotelmic because they are essentially composed of
two to three separate layers of peat (Malmer, 1986 Figure 5.6). The thin layer
closest to the surface is known as the euphotierlajhe euphotic layer is the main
growing portion of the peat and also has the lovbedit density within the profile (i.e.
100 — 200 g ci). Just below the euphotic layer, within the uppds cm of the bog, is
the acrotelm The acrotelm is chemically active, aerobic ansbajrowing (Haslam,
2003). The acrotelm experiences the fluctuatiothefwater table and characteristically
has a high hydraulic conductivity and consists efl\decomposed porous peat (Bozkurt

et al, 2001; Bragg and Tallis, 2001). Rapid decompmsjtdeath and growth all occur
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within this layer, with 90% — 97% of the fixed carbbeing lost to the acrotelm. The rate
of aerobic decomposition is dependent on the m@istantent of the peatland, and thus
the acrotelm is thickest when the peatland is dideagg and Tallis, 2001). Depending
on the rate of decomposition within the acrotelne, temaining carbon becomes stored in
the lower peat layer, known as ttetotelm This lowest peat layer is compact, anaerobic,
constantly waterlogged (95% -97% water content) lzaesla high bulk density (>1000 g
cm®), low hydraulic conductivity and is highly humifiingram, 1978; Bozkuret al,
2001; Bragg and Tallis, 2001). The location of @reduction of the various gases
produced within the peat profiles is coincident aw®pendent on these functional peat
zones (i.e. acrotelm and catotelm). Within the etighfunctional zone, or in the case of
gas production, the aerobic zone, respiration @ceund carbon dioxide is produced.
Beneath this lies the euphotic zone within the @tmo where maximum carbon dioxide
production occurs (Bozkukt al, 2001). Between the euphotic and catotelm layars,
about the level of the water table, is the traosizone where both aerobic and anaerobic

conditions occur. Therefore both carbon dioxide arethanogenesis takes place within
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this area (Bozkuret al, 2001). Within the permanently anaerobic catotetrathane and
carbon dioxide are produced due to the slow ratergénic matter decay (Charman,

2002).

There are two main types of bogs: blanket bogsraisgd bogs. Blanket bogs are a rare
occurrence of which the majority (13%) occur in thet and cool regions of Britain
(Brooks and Stoneman, 1997; Charman, 2002). Thayfaan directly on top of the
mineral surface due to paludification or can forgntérrestrialisation of a water body
(Brooks and Stoneman, 1997). Conversely, blankgs latm not rely on mineral ground
water for their existence and so may extend upstopea. 35° (Mitsch and Gosselink,

1986; Burrows, 1990).

5.3 Sani Top Soil Characteristics

During field observations in June, September andeNwer 2001, January, February and
April 2002, and in June 2003, all of the mires eksd had ‘wet’ to ‘saturated’ top solls.
The mires are mostly covered with cropped wetlamdetation and have varying
densities ofOtomyssloggetti(ice rat) burrows (Plate 5.1). It was further obser that
during November 2001 and June 2003, the gullie®iwithe mires contained clear,

neutral (6.89) pH values for flowing water.

A single transect was laid across a representativgs-section of the valley floor within
each valley head, beginning and ending on minavd) and crossing the vegetation

boundaries perpendicular to the slope (followingaliawvs and Dewey, 1986). Detailed
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Plate 5.1 Otomys sloggetfilce Rat) outside of a burrow (September 2001).

soil moisture along one transect within each vaflesd was recorded at 1intervals, as
outlined in Chapter 3. This allowed for detailedsetvations of the soil moisture
gradient. Soil moisture was also recorded aloresdhtransects and others, once in
summer, autumn and in spring, so as to gain arbetterall impression of the soil

moisture gradients during different seasons.

To help delineate the wetland boundaries and tealevelationships that may exist

between the soil properties themselves, topsoiéctibns were taken along the transects
at 5 m intervals, as described in Chapter 3 (T&xg. These samples were collected
across representative areas of the valley floofthoigh they cannot be regarded as

being representative of the valley head as a wholejll be demonstrated that these
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results provide a good indication of the generahdr of topsoil characteristics in the

valley heads.

Table 5.5 Number of soil samples taken along each transexhatntervals.

Soil Samples Length of

ca. 250 g Transect
Valley 1 39 190 m
Valley 2 29 145 m
Valley 3 36 180 m
Valley 4 57 300 m
Valley 5 25 120 m

Soil horizons within the soil profiles were exanmdndo further understand the
depositional history of the valley heads and samplere collected and examined to aid
in the classification of wetland type as well as poovide information on soil

characteristics and how they pertain to gully atibn and erosion.

The following results are grouped so that the nolliegl wetlands transects are shown
separate from the gullied wetlands. This is don¢éhab comparisons can be more easily
made within each group and between each groupeShe valley heads were formed
through similar depositional conditions, the dgsttons of the soil types and profiles are

grouped according to type (i.e. mineral and weflaather than by geographic position.
As outlined in Chapter 3, the soil moisture valases grouped along a gradient. The term

‘very dry’ is used to describe values between 0.2 ®’.m?3, ‘dry’ describes values

between 0.21 — 0.353m3, ‘moist’ refers to values between 0.351 — 0.5mit, ‘wet’
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refers to values between 0.51 - <im?®, and ‘saturated’ is used for soil moisture values

of 1 nt.m’3.

5.3.1 Results from Soil Analyses From Valley Heads 1 And 2
(Non-Gullied Wetlands):

Soil transect results: soil moisture and soil properties

The surface soil moisture recorded in November 2Q@huary 2002 and April 2002
across the representative soil transects in vatlegds 1 and 2 were consistently
saturated; Figures 5.7 and 5.8 highlight the wetmniform soil saturation in April
2002 across valley heads 1 and 2. However, in 8#e 2001, which preceded 5
relatively dry winter months (< 133 mm precipitatjoin which the probe could not
penetrate the soil, the sailoisture data from the mire expanse in valley kaésd two
localized areas that were below saturation (Figu8@. At the same time, in valley head
2, the surface water gradient of the mire was atirated across a width of 55 m, as for
the other months, but instead was saturated aordgs80 m of the wetland. The isolated
soil moisture decreases within the wetland of yalead 1, from ‘saturated’ to ‘wet’
conditions, were each associated with livestockatgrand/or burrows. Conversely, the
soil moisture content of the mineral soil along ttaley head floor was erratic in each
month and shifted from being ‘dry’ to ‘very dry’. élear distinction between the wetland

and dryland areas of the valley floor is evideng(iFes 5.7 and 5.8).
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Figure 5.7 Detailed soil moisture grid within valley headThe top profile illustrates the slope along
transect #2, highlighting the wetland area (in gjesnd the gullied area (in brown). The areas hatled
represent mineral dryland soil.
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Figure 5.8 Detailed soil moisture grid within valley headThe top graph illustrates the slope profile of
transect #2, highlighting the wetland area (in gjeend the gullied area (in brown). The non-shaale
represents the mineral valley head floor.

It appears that the mire margin fluctuates sliglitgpending on season and moisture
availability, however there is a stable, visiblgetation community change in this fringe

zone (described in Chapter 6). The mire margingse marked by a marked decrease in
organic matter from the mire expanse. For exanphen passing from the mire expanse

onto the mire margin in valley head 1 (ca. 10 md)asoil moisture content decreased,
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Figure 5.9 Rain data from October 2000 to April 2002. Thghtipurple bar illustrates the average amount
of rain received in each month. The burgundy bameasent the total amount of precipitation received
the respective months.

the vegetation community changed to dryland hernasespecies and organic matter
content decreased from 24% to 16%. In valley HBagthen passing from the expanse
into the margin, organic matter content decreaseiwh 30% to 15% over a distance of

only 10 m.

Transect data revealed definite trends betweersdlianoisture, pH and organic matter
content collected across the two non-gullied weldafFigure 5.10). The highest pH
value appears to coincide with the lowest orgaratten content within the gullied areas
where soil moisture is low. Inversely, the lowest palue coincides with the highest
organic matter content within the mire expanse, rehihe soil is saturated. These
apparent relationships were rank correlated andréiselts from each transect were
compared and contrasted (Table 5.6). The pH ofstméace soil provided a weak
correlation with soil moisture in valley heads d&h whereas in valley head 1, pH and
organic matter shared a strong, negative SpearniRerd& correlation. Organic matter

and the surface soil moisture along each transeeted a strong, positive relationship.
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Figure 5.10 Example of the correlation between soil moistur&imi) content with organic matter % and
pH values recorded along the non-gullied soil teahsn valley head 2. Soil moisture is shown frtiva
driest month (i.e. September 2001) and the wettesith (January 2002) for comparison.

Table 5.6 Spearman’s rank correlation coefficients for vasiggarameters measured along the entire soil
transect in each valley head.= the null hypothesis was rejected, the sampgtasstically significantx
= the null hypothesis is not rejected; ‘wet’ = veettl; ‘dry’ = dryland; OM = % organic matter; SM gils

moisture
V1 V2 V3 V4 V5
n=39 n=22 n=29 n=57 n=25
0.05 0.05 0.05 0.05 0.05
OM/SM 0.5 v 0.9 v 0.6 v 0.4 v 0.5 v
OM/pH -0.7 v -0.1 X 0 X -0.3 v -0.3 X
SM/pH -0.1 X -0.3 X 0.2 X 0.3 v 0 X
ca. | min| max| ca. | min| max| ca. | Min| max| ca. | min| max| ca.| min| max
WetpH | 6.15| 55| 6.7| 6.14 5.9 6. 6.33 6{1 66 6/33 @p.8 [fa5| 6.1 7.1
DrypH | 6.34] 59| 69 6.19 60 6p 6.6 58 {41 4182]| 71| 6.6] 6.3 6.7
\C/)vl\(jlt 39 14 72 32 28 38 28 27 31 341 14 42 B9 [8 49
Dry y D
oM 15 5 20 17 9 23 20 14 2 19 EF 31 D3 L7 30
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Surface soil properties adjacent to the gully edges

Since valley head wetlands 1 and 2 are not gultlesl surface soil properties adjacent to
the dryland gullies, each crossed by transect #2¢ vwxamined instead (labels shown in
Figure 3.1 — 3.5). In valley head 1, this particection of the gully had been reclaimed
(the bottom of the gully was saturated and inhabiig wetland vegetation) and was a
few metres upstream of the gully mouth. The drylarehs adjacent to the gully and the
gully sidewalls had relatively high pH values (aage 6.64) and a low organic matter
content (< 16%). The soil adjacent to the drylaotlygn valley head 2 had some of the
lowest recorded organic matter contents (14% anfd)1&nd also had a high maximum
pH value (pH 6.19) relative to the overall pH vader the transect (6.45) (Figure 5.10).
Interestingly, the lowest organic matter percendaayed the highest pH values from both
valleys 1 and 2 were sampled from the dryland gwblls/edges (Table 5.6). Soill
moisture was also driest adjacent to the gully sdged became progressively less so
towards the wetland, away from the gully edge. Buithe study, recorded soil moisture
values on either side of the gully walls was neateove ‘moist’ (0.35 — 0.5 fm’®), and

was usually ‘dry’ (0.2 — 0.35 fm®) to ‘very dry’ (0 — 0.2 mim’).

5.3.2 Valley Head 5

Soil transect results: soil moisture and soil properties

In January 2002 and in April 2002, surface soil sturie was recorded along transect #3
across valley head 5. Surface soil moisture trexudlected in these two months varied

considerably (Figure 5.11). The mire expanse aaigrated in January, yet in April the

soil moisture gradient had become more varied. @éatjaito and around the small gully,
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the soil moisture gradient was irregular and digyFe 5.12). From approximately 15 m
away from the gully (from 50 m to 105 m along thensect), soil moisture increased but
did not become saturated. Similarly, percent orgamatter (collected in November) also

began to gradually decrease at the 50 m transstttqo

1
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0 40 80 120

Transect length (m)

Figure 5.11 Soil moisture (Mim™) recorded along transect #3 in valley head 5 and@parate occasions.
The wetland area is highlighted in green, wherbaguillied area is highlighted in brown. Non-shadesh
represents dryland valley floor or degraded wetland
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Figure 5.12 Detailed soil moisture grid within valley head $heTtop graph illustrates the slope profile of
transect #3, highlighting the wetland area (in gjeend the gullied area (in brown). The non-shaale
represents the mineral valley head floor.

The transitional or fringe area of the mire wasiref by lessened soil moisture, small
dryland herbs and a lower average percentage argaaiter. The quantity of moisture
within this area varied according to season; fromist’ in January to ‘dry’ in April. As
one moves outwards from the mire expanse towaelsulrounding dryland area, abrupt
changes in vegetation composition is recorded,isuatso associated with an increase in
pH and a decrease in organic matter content. Omandh end of the transect, when
moving just 1 m from the mire expanse into thedidonal area, organic matter content

decreased from 39% to 23%. On the south end ofrt#msect, organic matter content
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decreased from 49% in the wetland to 30% on th&addy(Figure 5.13). The maximum
dryland organic matter content and minimum pH vakeorded along the transect were

measured along the mire margin (i.e. at the 10amsect position) (Table 5.6 and Figure

5.13).
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Figure 5.13 Organic matter % contrasted against pH valuessadhe soil transect (#3) in valley head 5.

Surface soil properties adjacent to the gully

Valley head 5 has a small gully with a rill-abruporphology in the approximate centre

of the wetland that is crossed by transect #3. éafjaito the gully, from the 75 - 80 m

transect position, the soil surface consists ofosed dry gravels and denuded wetland
vegetation. The lowest organic matter content arckimum pH value were sampled

from this damaged area in valley 5 (Figure 5.13jh@ugh the surface of the wetland

was saturated in January, it appears that the elsangurred to the peat as a result of the
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wetland erosion (i.e. decreases to organic matteteat and an increased pH) are only
being masked by the seasonal saturated condiftangg the drier months, the effect of
the gully on soil moisture becomes more evident @hcreasing trend in soil moisture
content in April revealed that although the surfac# moisture fluctuates seasonally, the
organic matter content portrays the more usuaka@bn state since its accumulation is
dependent on more consistent conditions. As exgeasganic matter (collected in
November) was found to be dependent on, and teeshasignificant and positive rank
correlation with the surface soil moisture (0.5 véh® < 0.05) (recorded in January)
(Table 5.6). No significant relationship was foumetween the pH and soil moisture or

organic matter content.

5.3.3 Valley Heads 3 And 4 (Gullied Wetlands)

Soil transect results: soil moisture and soil properties

Transect #'s 1 and 2 in valley heads 3 and 4 réisjedg illustrate that the soil moisture
content across the surface of the wetland wasieméthin all recorded seasons; Figure
5.14 is an example of the soil moisture gradiembsx valley head 3 in April 2002.
Across all of the transects, there were localizesh® which are classified as ‘dry’ to
‘very dry’. The surface soil moisture of the drythmreas was consistently ‘dry’ to

‘moist’ in all months recorded.
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Figure 5.14 Detailed soil moisture grid within valley headThe top graph illustrates the slope profile of
transect #1, highlighting the wetland area (in gjesnd the gullied area (in brown). The non-shaaiead
represents the mineral valley head floor.

Valley Head 3
According to the soil moisture gradient in Janu2602, the width of the wetland

expanse along transect #1 was 65 m (extending #6ro 160 m along the transect).
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However, in September 2001, November 2001 and &2002, the surface soil moisture
gradient did not extend as far into the dryland,was the mire expanse as uniformly wet
(i.e. soil moisture only became saturated at 100 Im)September 2001, the entire
transected mire expanse never reached a wetnesgopathigher than ‘moist’. The

highest recorded organic matter content and lopwelstzalue were recorded within the

undamaged area of the mire (Figure 5.15). The maggins appeared to be well defined
along the transect, with vegetation community clesngnd increases in organic matter

content occurring from the dryland towards the aredl expanse.
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Figure 5.15 Organic matter % contrasted against pH values ac¢hessoil transect in valley head 3.

Surface soil properties adjacent to the gully
Visible along transect #1 in valley head 3 were dffects of the small rills and gullies

from 110 — 125 m and of the deep gully at the eastad of the transect (Figure 5.14).
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The former erosional features were shallow (< 60d=ap), however the adjacent soill
moisture was never recorded as ‘saturated’. Ine®elper 2001, the mire expanse to the
west of these features (from 125 m — 160 m alomgttansect) was never saturated.
Organic matter content for the western portionhef tnire expanse is not as high as that
for the eastern portion. Where soil moisture desgdaadjacent to the gully edges,
organic matter contents also decreased (i.e. fran24% to 16%) (compare Figure 5.14
to 5.15). The increase in soil moisture and organatter content with increasing
distance from the gully provided a Spearman’s raokrelation of 0.53 and 0.39
respectively, where n = 29, P < 0.05) (Table 5I#e maximum pH and lowest organic
matter and soil moisture contents were recordedcadf to the deep dryland gully
(Figure 5.15). No significant rank correlation wasorded for soil pH with distance from

the gully edge (Table 5.6).

Valley Head 4

Soil transect results: soil moisture and soil properties

In valley head 4, the wetland surface was not cbesily saturated during any month;
Figure 5.16 is an example of the erratic soil mwestgradient recorded in April 2002.

The wetland expanse is essentially divided into pedions by a large gully (Plate 5.2).
The western side of the mire has extensively buertbwareas, which coincide with

localized areas of dry soil and low organic mattentent (Figure 5.16). Generally, the
eastern portion of the wetland had higher soil toogs values, greater organic matter

content and lower pH values (Figure 5.16).
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Plate 5.2 View of valley head 4 taken from the north; theteemully is clearly seen to have divided the
top half of the wetland into two; arrows highlighe two large wetland areas (November 2001).

The eastern mire fringe area is distinct and cdegiwith high soil moisture values
(saturated) and increased organic matter cont@a to 41%). This transitional area
has manyDtomysburrows (> 2 ) and is associated with isolated lessened soistue

levels and isolated decreases in organic mattetenoijFigure 5.16). The western mire

margin was less distinct and even less uniformiyraéed than the eastern side.

Surface soil properties adjacent to the gully

For at least 25 m on either side of the large weltigully, surface soil moisture values are
highly variable (Figure 5.17). Coinciding with tldecreasing soil moisture the organic
matter content also began to decrease substantéihb to 36%). A relatively strong

correlation value of 0.61 (where n = 53; P < 0.85ecorded for decreasing soil moisture
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Figure 5.16 Example of the correlation between soil moistoetent with organic matter % and pH
values recorded along the non-gullied soil transeualley head 4. Soil moisture #m?) is shown from
the driest month (i.e. September 2001) and theesiethonth (January 2002) for comparison.

with distance from the gully edge (Table 5.6). eatively strong correlation of 0.4
moisture (where n = 53; P < 0.05) was also recofdedrganic matter content with soil

moisture. Although the soil profile at the gullyge consists of thick organic profiles,
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Figure 5.17 Detailed soil moisture grid within valley headThe top graph illustrates the slope profile of
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represents the mineral valley head floor.
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organic matter content is insufficient to classfych sediments as peat. This affirms the
assumption that the gully did indeed cut throughrthre and that the exposed peat at the
gully edge had been oxidized. The lowest organitenaontent was recorded from the
gully floor and the maximum pH value was recordeshf the desiccated gully edge
(Figure 5.16). The topsoil pH was also rank coteslavith increasing distance from the
gully (0.33, n =49, P <0.05). There was no gigant relationship between soil organic

matter content and distance from the gully.

5.3.4 Summary Of The Surface Soil Results

In summary, the non-gullied wetlands were almosisiently saturated during the field
recordings in summer, spring and autumn. All of itiiee expanses demonstrated a trend

of decreasing soil moisture towards the mire maxgin

The surface soil moisture of the gullied mire exqemwas not consistently saturated. The
surface soil moisture of the wetlands in valleydsd and 4 could not mask the effects of
burrows, rills and deep gullies during any of themnths investigated. The average
organic matter contents decreased by ca. 10% adjsmehe gullies (within 15 m from
the gullies). Similarly, soil moisture is rapidheduced adjacent to the gullies and
significant rank correlations were calculated fothovalley heads. The lowest organic
matter content, lowest soil moisture readings aagimum pH values were all recorded

in proximity to the wetland gullies in valley heatis2 and 5.
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5.3.5 Description And Classification Of The Alpine Mineral Soils

And Histosols
Depositional history of the gullied wetlands

To aid in the classification of the wetlands andibalerstand the developmental histories
of the valley heads, soil profiles were examineairfrwetland and dryland locations
within each valley head. Emphasis is placed oreydileads 3 and 4 because of the deep
soil profiles that are exposed by gully erosiorg(ffes 5.18 and 5.19). The profiles were
then compared to the profiles analyzed and datelddrker and Whittington (1971) and

Marker (1994, 1998).

The valley floors consist of an accumulation of twain types of sediment, namely
clastic (diamictons and orange gravels) and orgar@itastic sediments generally record
fluctuating depositional energies of the perioddifias, 2004). In the high Drakensberg,
the diamictons are a product of cold periods aydgenically-induced processes. The
orange gravels, which obtained their colour from ¢xidation of the basalt-derived iron,
are actually derived from the diamicton materiald ahave accumulated through

weathering and transportation from upslope (Hararey Marker, 1994).

The organic sediment (< 80% organic matter) repitesiématic conditions that allowed
for long periods of saturation and is thus peatnfog (Marker, 1995). The differing
horizon thicknesses throughout the valley profiseggest varying local depositional

conditions, whilst the profile sequences represbmiatic transitions (Marker, 1995).
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Figure 5.18 Longitudinal profile of the gully (brown) /valleggreen) slope within valley head 3 with

transect positions. The soil profiles of thesersgetions are shown and described.
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Figure 5.19 Longitudinal profile of the gully (brown) /vallefgreen) slope within valley head 4 with
transect positions. The soil profiles of thesersgetions are shown and described.

The organic horizons are always found above grawetsch suggests that periods of
cold, dry conditions with reduced vegetation coaed associated increased runoff, were
replaced by warmer and wetter conditions that wddsle favoured continuous cover

and organic accumulation in wet areas, and clayraatation in drier areas (Marker

140



1994, 1995). Narrow, varve-like layers, which arest evident in the gully sidewalls
within valley 4, could represent seasonal fluctuagi rather than climatic changes to the
hydrological conditions of the area (Marker and Wihgton, 1971; Marker, 1994, 1995).
As is typical of alpine soils, the fines (sandfissand clays) are most dominant towards
the top of the profiles (Munn and Spackman, 1998n+¢y and Marker, 1994). The
present climate of Lesotho has formed the darkmio@ap of organic matter and/or
mollic epipedons (Hanvey and Marker, 1994) Withiany of the profiles, two main
phases of organic accretion are evident (Plate BI®)se organic horizons imply that two
distinct periods of enhanced accumulation occufssk also Marker, 1995). Marker

(1994) dated two large organic horizons in vallegiilar to the ones observed in this

Plate 5.3 Two large peat deposits clearly evident in thi$ pofile, valley head 3 (June 2003).
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study. The deepest horizon provided a radiocarkaie df 13 490t 130 BP (Marker,
1994), which places the beginning of the organicuawlation at the onset of global
warming succeeding the Last Glacial Maximum (Gealal, 2005a; Lewis, 2005). The
date from the basal area of the second large peatraulation (4 74@ 60 BP to 1 91&
50 BP) indicates renewed phase of warmer and wettaditions (Marker, 1994, 1998).
The time frame provided for this phase correlatel with the warmer periods that are
said to have occurred in southern Africa (Partridgal, 1990; Mitchell, 1995; Meadows

and Baxter, 1999).

5.4 Discussion

It has been demonstrated that the affect of gubigien on surface soils is both direct and
indirect. As illustrated with the soil moisturerisects in each valley head, gully incision
has caused the adjacent soil to desiccate, addtabeen reported by Hanvey and Marker
(1994). It is further demonstrated that all surfaod moisture decreases coincide with
areas of erosion or surface cover change (i.eotusirrills and/or gullies). Decreases in
soil moisture correlate well with distance from thelly. Peat desiccation enhances
oxidation and consequent deflation by wind (de Maral, 1996; Evans and Warbuton,

2001). The desiccation of sediment within the nprevides a more suitable habitat for
Otomys sloggetiiGrobbelaar and Stegman, 1987; Hanvey and Mail&4; Morris and

Grab, 1997; Halét al, 1999).
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5.4.1 Dryland Soils

Most of the mineral soil types examined within tsigdy are classified here as Mollisols,
since they have dark brown to brown black (chromlae< 4) mollic epipedons thicker

than 18 cm, and are rich in organic matter (11%6%) However, depending on the
topographic position, a variety of Mollisols wereceuntered within each valley head.
Most soil profiles examined lacked a well-develofgedorizon (Plate 5.4). Instead, these
Mollisols have a paralithic or lithic contact ontbe basaltic saprolite or basalt,

respectively.

Plate 5.4 Dryland gully wall with limited soil developmeniine 2003).

The mineral Mollisols have a udic moisture regimneaning that they are not dry for as

long as 45 consecutive days during the growing @seafhese soils also reflect the
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properties of the basaltic Lesotho Formation pareaterial (i.e. high levels of basic
cations associated with calcium [10.5% CaO] and masigm) and have a clay
mineralogy typified by montmorillonite (Young, 1978chmitz and Rooyani, 1987; Klug
et al, 1989; Kakonge, 2002). On average, the drylants $mve a relatively neutral
reaction, high percent clay (especially in vallgyléw bulk densities and high total pore
space percentages (Table 5.9) (Figure 5.20). Dubeddiigh net negative charge and
large surface area associated with montmorillocidag, as well as the high percentage of
it, these results suggest that the mineral sodseéficient at adsorbing and exchanging

cations with those in the soil solution (Juma, 1%®man and du Preez, 2005).

Other Lesotho alpine soil studies have also fougt bation exchange capacities, similar
pH vales (ca. 6), high base saturation, signifiqg@rcentage of organic matter and high
proportions of clay (Schmitz and Rooyani, 1987; Klet al 1989; Nkalai, 1991;

Kakonge, 2002). The results correspond well witecticharacteristics for dry, upland
soils (i.e. upland mineral soils are expected Hawi& density values from 1000 — 2000
gcm %) and total pore space, regardless of clay corfditsch and Gosselink, 1986)

(Table 5.8). Results also correspond well with arganatter contents typical for Popa

and Fusi Mollisols (i.e. >10%) (Schmitz and Rooydi87).
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Figure 5.20Particle-size graph of the dryland minerals caiddrom all valley heads, with accompanying

table, depicting percentiles and class types.

Table 5.7 Table depicts percentiles and class types fanrgi.20 above.

>0.06mm >0.002mm <0.002mm Class
V1top 53% 29% 18% Sandy loam
V1 clay middle 38% 42% 20% Loam
V1 bottom 64% 24% 12% Sandy loam
V2 top 38% 35% 27% Loam/CL
V2 bottom 38% 44% 18% Loam
V3 top 45% 37% 18% Loam
V4 top 45% 34% 21% Loam
V4 clay bottom 51% 33% 16% Loam
V5 top 30% 34% 36% Clay loam
Hill top 40% 27% 33% Clay loam
Veg'n transect 50% 23% 27% Sandy clay loam
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Table 5.8 Chart summary of the mineral soil A horizon chaggstics

pH | OM Bd | Clay:Sand:SiltClass| CEC| TPS| Colour Type

VALLEY 1

A 6.47 | 11.25 1003.4| 18:53:29 L/SL| 35 | 58.9| Brn-blk | 1Jusi 2) Popa/Moroke
VALLEY 2

A 6.45| 12 | 801.04 27:38:35 L/CL| 43 | 67.1| Brn-blk MatSanaw/o A
VALLEY 3

A 6.2 18 | 703.2 18:45:37 L| 32/189 |GreyY-brn Similar toSofonia
VALLEY 4

A 6.32 | 19| 705.04 21:45:34 L | 40.2 70.6| Brn-blk | Mollisol, buried histic
VALLEY 5

A 6.65 | 23 | 826.58 36:30:34 CL | 50.8 65.2 Black Phecela Vertisol

These values are from dryland bulk density sammidsom dryland profiles from each valley head.
OM = Organic matter %; Bd = Bulk density (gcm-3); CEC = Cation Exchange Capacity;
TPS = total pore space. 1) = A valley bottom profile. 2) = A valley side profile.

5.4.2 Wetland Soils

Using percentage organic matter as a classificdaotor, the wetland soils of eastern
Lesotho have previously been classified as Hissogpkat-forming) (Schmitz and
Rooyani, 1987; Schwabe and Whyte, 1993) and asdqollisols (wet mineral soil)
(Klug et al, 1989). However, this study has found that thvesgand soils are not typical
peatland examples as defined in section 5.2.2.8aiic matter content is not greater
than 80% and not all peat layers are thicker tHarcm (Warner, 1996; Bozkudt al.,
2001). However, the definition gfeatis simply that the material must be composed of
plant matter with a minimum of 20% organic matteslay content is less than 50%, or of
30% organic matter if clay content is greater th&% (Mitsch and Gosselink, 1986;
Tiner, 1999). The saturated soils within theseeyalleads have organic-rich layers with
surface and subsurface horizons having greater 28&& organic matter (Table 5.9 and

5.10) and less than 50% clay (Figure 5.21). Funtioee, there is no gleyed horizon
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Figure 5.21 Particle-size distribution of the wetland soils leoted from all valley heads, with
accompanying table, depicting percentiles and ¢igsess.

Table 5.9Table depicts percentiles and class types forrEi§l21 above.

>0.06mm >0.002mm <0.002mm Class
V1 43% 39% 18% Loam
V2 45% 39% 16% Loam
V3 51% 34% 15% Loam
V3 interfluve 50% 27% 23% Sandy clay loam
Top 7cm 36% 39% 25% Loam
Red layer 47% 33% 20% Loam
Bottom 7cm 57% 24% 19% Sandy loam
Gravels @ 20cn 48% 34% 18.3% Loam
Peat @ 1.25m 65% 19% 16% Sandy loam
V4 58% 26% 16% Sandy loam
V5 30% 35% 35% Clay loam
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Table 5.10 Average values/results from topsoil wetland samfiem each valley head. OM = organic
matter %; Bd = bulk density; = volumetric water content; TPS = total pore sp&€C = cation exchange
capacity; used the pH and OM values from the belksity sample. L =loam; SL = sandy loam; CL =
clay loam.

pH | OM | Bdgem® e(gcm‘S) Clay:Sand:SiltClass) CEC| TPS

VALLEY 1 |6.28 | 32 452 670 18:44:38 L 49 79
VALLEY 2 |6.94 | 31 526 671 16:45:39 L 44 76
VALLEY 3 |585| 31 534 427 15:50:35 L 41 75
VALLEY 4 | 6.08 | 30 371 660 16:58:26 S 63 81
VALLEYS5 |6.45 | 39 445 656 34:31:35 CL 59 79

Table 5.11 Checklist and comparison of the valley head wetkoits to determine if they meet the
requirements for an aquic Mollisol.

AQUIC MOLLISOL Vi V2 V3(4) V4 V5
Histic epipedon over Mollic epipedon X X X X X
Redox features in 100cm of mineral v X X X X
Grey or mottles in/funder Mollic epipedon X X X X X
High organic matter content (>0.58%) v v v v v
Base saturation > 50% v v v v v

Table 5.12 Checklist and comparison of the valley head wetkoits to determine if they meet the
requirements for a Histosol.

HISTOSOL V1l V2 V3(4) V4 V5
>20% OM if clay <50% v v v v Y
Organic soil for > % of 180cm v 2 v v 9

Parent material composed of plants v v v v v
Developed under saturated conditions” v' v v v

underlying any of the histic epipedons, suggediiag the surface peat horizon is not just
a diagnostic Organic (O) horizon. The study thenetclassifies these wetlands as mires
and the solil profiles as Histosols (see Tables &rid 5.12). More specifically, because
these peats are dominantly fibric, tending towaadseutral reaction and have a

contemporary and past MAAT of <8°C, this study sifiss these Histosols as
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Borofibrists in the Euic reaction class (pH > 4.5). The mires themselves tar be
classified here as minerotrophic. Specificallgythvill be described as eutrophic fens, at
the lower limit, since the average pH values foroélthe mires was recorded as being
above 5.5 but less than 7 (Malmer, 1986; Boetyal, 1996). The presence of flowing
water in the drainage channels suggests that tfeese are soligenous, as well as
geogenous in nature (Wassetnal, 1996), which confirms suggestions by van Zindere

Bakker and Werger (1974) and Backéus and Grab {1995

Although no comparisons of the peat humificatiod &vel of compaction can be made
between the valley heads due to the limited nurobsamples, the average bulk density
values (between 370 — 530 gémindicate that the sampled surface peats are well
decomposed and/or had been compacted. In compaadmyt, newly forming peat has
an average bulk density of ca. 40 — 80 gomccording to Mitsch and Gosselink, 1986;
Bozkurtet al, 2001). This of course is contrary to the iniNan Post field assessments
in which the peat samples were given humificatialugs ca. 1 — 3 (i.e. virtually
unhumified). However, the peat samples may refleminpaction through livestock
trampling for grazing and the loss of organic nrattather than the actual degree of

humification.
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Chapter 6

Vegetation Patterns

6.1 Introduction

The science of recognizing that landscapes are oseapof separate and natural units of
plant species adapted to similar local conditienknown agphytosociology (Kentet al.,
1997; Miles et al., 2001). Phytosociology recognizes that althoudgints respond
individually to a simultaneous multitude of grad&naccording to species type,
individual plant species can often share similad aoinciding spatial distributions
(Zimmerman and Thom, 1982; Morrig al., 1993; Dale, 1999). The manner and
tolerance (i.e. their ecophysiological amplitudejthwwhich species respond to a
combination of environmental gradients producesdikéinctive floral patterns known as
a plant community (Burrows, 1990; Rezaei and Gilk&005). Examples of
environmental gradients include temperature, pieets elevation, water table, water
chemistry, and nutrient type and availability (%lat al., 1980; Boyer and Wheeler,
1989; Wasseret al., 1990; Tickneret al., 2001). Other environmental gradients that
affect large-scale vegetation patterning are tHecef of disturbance including fire,

trampling and grazing (Dale, 1999). Although oftéifficult to detect, changes in plant
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community composition represents an area of eccébgthange and indicates that

gradient thresholds have been exceeded (Milak, 2001).

The zone of change between two or more commungiesferred to as a transitional area
and can be viewed at a regional, community or catasitale (Kentt al., 1997). This
study focuses on assessing the transitional areasebn the upland and wetland
communities at the community scale and definingousr plant communities within the
valley heads. Plant species distributions are exadhat the scale of the landform (i.e.

physiographic plant geography) (Zimmerman and Thi®g?2).

6.2 Effect Of Grazing On Vegetation Community

Patterns

Vegetation cover, abundance and community hetemgenreflects the micro-
environment within the larger landscape, and is tlapresentative of the climate, parent
material, slope, aspect, nutrient availabilityjtatte, etc. (Milne & Hartley, 2001). When
the affects of grazing occur (i.e. compaction, plng and vegetation loss), the benefits
that vegetation cover provides become reduced (Boamet al., 2003; Visseret al.,
2004; Abuleet al., 2005). The degradation of vegetation by livelstand/or natural
grazing fauna decreases the infiltration capaditthe soil/peat, creates surface crusting,
lowers the nutrient status of the soil, can resulshorter root systems, lowers the soil-
water content and directly changes the structuredyctivity and biodiversity of the
vegetation community (Rowntree, 1988; Moleele, 19B8ardmanet al., 2003; Rey,
2003; Casermeirat al., 2004; Metzgeret al., 2005; Snyman and du Preez, 2005).

Vegetation community change that inevitably occagsa consequence of grazing and
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trampling is unpredictable and dependent on th#ieese and resistance of vegetation,
and other factors such as, fluctuations in pre&ijoih, grazing patterns and fire
(Rowntree, 1988; Wiegand and Milton, 1996; Milnel &fartley, 2001). Where it occurs
however, overgrazing is regarded as the most impbrtause of landscape degradation

(Morgan and Mngomezulu, 2003; Snyman and du P&65).

Selective grazing and the creation of bare areasechby compaction and overgrazing
can allow for a decrease in palatable herbs orsgeathat is often seen to coincide with
an increase in shrubs or less palatable speciesr{és, 1985; Rowntree, 1988; Moleele,
1998; Boardmaret al., 2003; Visseret al., 2004; Abuleet al., 2005; Metzgert al.,
2005). This change and/or loss of vegetation cortipnsand/or cover allows for
accelerated runoff and concentrated overland flae @ the wide spacing of the shrubs
and loss of natural protection from raindrop impgeaulkner, 1990; Abrahangt al.,

1995; Casermeiret al., 2004).

The invasion of woody species into grass-dominatksides and subsequent erosion has
been recorded in semi-arid areas in the UniteceStgkbrahamet al., 1995; Parsonat

al., 1996), on Table Mountain and in the Karoo, So#tlica (Rossouw, 1997,
Boardmaret al., 2003; Vissekrt al., 2004), as well as in Ethiopia (Abweal., 2005), to
name a few. The reversal of this pattern is diffitco achieve since shrub encroachment
creates a positive feedback in which the propagaifoother vegetation simply becomes
too difficult in areas around shrub-islands. Thif@ulty may be attributed to the higher
organic matter, soil moisture and infiltration ceipya beneath the shrubs, than between

them (Abrahamst al., 1995; Abuleet al., 2005).
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6.3 Vegetation Change In The Lesotho Highlands

Alpine areas are particularly sensitive to theivieonment and are susceptible to the
effects of stress due to damage and/or changek(&lat., 1980; Williams, 1988; Halkt

al., 1999; Milne and Hartley, 2001). The grazing tlbaturs on the alpine mires in
Lesotho initiates similar ecohydrological conseqesnthat would be expected in any
grazed area; the vegetation communities experi@ih@ge in response to species
removal, trampling and a lowering of the water ¢éafBrooks and Stoneman, 1997). The
removal and/or loss of wetland plant species ops®s niches and allows for the
encroachment of invader species and exposes peaibsmn (Cronk and Fuller, 1995;
Nakamuraet al., 2004). Vegetation change has been ongoing itematesotho. This
change has often been attributed to climate chalage, use and overgrazing (Jacot-
Guillarmod, 1969; Van Zinderen Bakker, 1981; Mowrisal., 1993). According to Van
Zinderen Bakker (1981), more than 50% of the alpamea has been occupied by
invading Karoo shrubs (i.€Chrysocoma ciliata) and between 49% - 65% of the alpine
mires in the Senqu basin have species indicativaisstiption (Schwabe, 1989). These
values could possibly be higher at present, givepufation and livestock increases
during the last 15 years. As the encroachment abdapecies such &S. ciliata
continues, the carrying capacity of the local vagienh will further decrease (Kakonge,
2002). ApparentlyC. ciliata provides much less biomass (280.1 kg/TUF/Ha) titen

local grasses (+1875.7 kg/TUF/Ha) (Schwabe and &/1393).

The bright green foliage of the wetland areas btfestands out from the surrounding

valley floors, which is primarily composed of lowitg angiosperms, bryophytes and
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some algae (Jacot-Guillarmod, 1969; Killick, 198@oley, 1998). Mires are extremely
rare to Africa (Hughes, 1996), so the structure eomchposition of those in the alpine
regions of Lesotho are unique (Jacot-Guillarmod9l Backéus, 1988; Schwabeal.,
1989; Morriset al., 1993). Aside from the endemic angiosperms (30%4) occur in the
region (Marake, 1998), many of the non-endemic anetlspecies are restricted to the
alpine zone of the southern African mountains (elgnervosa), or are only found in

southern Africa (e.dl. burchellianum) (van Zinderen Bakker and Werger, 1974).

Vegetation patterns reveal the strong impacts pdgoaphically induced local conditions
affecting soil moisture, insolation and temperatuwe many of the plants have similar
adaptive characteristics to cope with the cold @ik (Williams, 1988), community

structure tends to be simplistic. At least threemm@mmunities are distinct within the
valley heads, with the term community being useddscribe groups of “species with a

similar distribution” (Morriset al., 1993, p48).

The wetlands within each valley head are grazeddtiye, horse, sheep, goats and native
fauna (e.g. ice rats). Regardless of the inclinghefwetland, only the gullied wetlands
have rills and drainage lines across the wetla@idy the gullied wetlands have ‘dry
islands’ and only the gullied wetlands have a grgziost directly above them (Plate 6.1).
By examining the vegetation of the valley heads thedpatterns that are associated with
their communities, it is hoped that the differendetween gullied and non-gullied

wetlands will be determined
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Plate 6.1 Dry island in the centre of the mire (shown by afyo Shrubs next to arrow are ca. 0.5m tall.

6.4 Patterns Along The Vegetation Transects

Thirty-four plant species were collected and idedi in total along the belt transects
from each valley head (Table 6.1). The transectaley head 1 contained 24 species,
valley head 2 had 21 species, valley head 3 hagp&6ies, valley head 4 had 22 species

and valley head 5 had 13 species.

The majority of the belt transect data were codldcin late November 2001. The
remaining data were collected in January 2002, wdmne of the previously identified
plant species were no longer in flower (e-gplocarpha nervosa). Yet, other species
such aLCotula paludosa were observed in flower for the first time. It walsserved that
the location of plant communities along each trahgeprimarily influenced by the soll

moisture gradient.
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Table 6.1 Plant species noted along the belt transects ¢glllietlands are indicated in bold).

Valley 1 |Va||ey 2 |Va||ey 3 |valley 4 |Va||ey 5
Wetland species

Alepidea * pusilla v v

Aponogetum sp. v

Athospermum basutocum v v v

Cotula paludosa v v
Haplocarpha nervosa v v v v v
Limosella major v v v v v
Lobelia + filiformis v v v v v
Oxalis obliquifolia v
Polygala amatymbica v v
Ranunculus meyeri v v v v v
Ranunculus multifidus v v v
Rhodohypoxis rubella v v v
Saniella verna v v

Sebaea filiformis v

Trifolium burchellianum v v v v
Wurmbea elatior v v

Dryland herbaceous species

Alchemilla woodii v v v
Centella asiatica v v

Crassula sp. v

Delosperma sp. v

Erica dominans v v v v

Geranium multisectum v v v v v
Helichrysum aureum var. aureum v

Helichrysum flanaganii v v v v
Helichrysum milfordiae v

Helichrysum sessiliodes v v

Helichrysum subglomeratum v v v v v
Shrubsand Grasses

Senecio inaeguadens v v
Chrysocoma ciliata v v
Helichrysum trilineatum v v v v

Selago flanaganii v v v v
Eumorphia sericea v v v v

Kniphofia caulescens v v
Merxmuellera drakensbergensis v v v
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Three graminoid (gc) and one robust emergent @a)idant plant community types were
noticeable along the belt transects (Table 6.2antPlocation and community change

were concurrent with changes to the surface soistm@ gradient (Figures 6.1 — 6.5).

Table 6.2 The four general plant communities, following theface soil moisture gradient.

Vegetation communities Surface soil condition Theta meter reading
Mire wet - saturated 05-1m’m?
Mire margin / dryland herbs moist 0.35-0.5m’m™
K. caulescens dry - moist 0.2-05m’m®
Shrubs & herb species very dry - dry 0-02m’m?

Figures 6.1 — 6.5 indicate that there is a clepasion along the soil moisture gradient
into these four broad, partially overlapping, plaommunities (i.e. wetland, dryland,

shrubs andK. caulescens).

6.4.1 Upland / Dryland Vegetation Communities

The dryland community (a term used by Schwabe, 1989) consists of graskashs and

some low growing perennial herbs primarily on theeral soil, and is divided into three
groups that loosely follow a topographically cotied divide. These groups occasionally
overlap and include: 1) those species that are mebmhiat higher altitudes as well as
along the valley sides; 2) the shrubs and drylaedbd on the main, dry areas of the

valley head floors, and 3) the dryland speciesgtbe valley floor mire margins.

157



BELT TRANSECT, VALLEY HEAD 1

Wetland species

Grass

Shrubs

Dryland species

ejjisnd ¥ espidaly -
esopnjed ejnjo
ellegni sixodAyopouy L
siwoy ¥ eljeqo L
siwoljy eseqes

uakaw snnounuey .m
Jofew ej@sowr] ;m
loneje BaquuNpy .m

"ds wnjebouody -
BUJBA e|j8IueS L

esonieu eydieoojdeH ._m

A_M_mcwm._wnwcmv_su BIS||ONWXIBYN Sl
eazes elydiowng

foee

ejel|1o ewoooshiy) L

*ds ewiadsojeq L

. wnjeaul|} WNSAIYO!OH e

!

g

00 600505010 10

gyl

<

‘ds ejnssesn {

seipioyiw wnshiyoleH L
lIpooMm ejjiweydly L

“ds eoug L

sapoljissas wnsAyoeH £ [

wnjoasnnw wniuesss) L
nuebeuey wnsAiyoleH w

wnyesswolbgns wnsA1yoleH

wnaine “JeA wnaine wnsAiyoleH rl

wnueyieyaing wnijoy) T

L
2010 15050

vegetation/
moisture
zones

m.
0+

EAST

104

WEST 190

number of species

K. caulescens www wetland

o 9| burrowed/
o N
© 4 fringe

°O
o

m dryland

Figure 6.1 Vegetation belt transect within valley head 1.

158



BELT TRANSECT, VALLEY HEAD 2

Shrubs Grass Wetland species

I

Dryland species

esopnjed enjoy {—

ejisnd 3 eapidaly A_H F
B . N

siwoyy Feeqo - -

uaksw snnounuey ﬁ i -
Jolew ejjasowr] '
TP CE—

slwojjyeseqes {—

e ol g

susossmeo eyoydiuy —
“ds uojebouody {—
eusan ejplues -

snpyminw sninounuey 1 — e

edlquijewe ejebAjod —
sisuaBiagsuayelp eiajanwWxIaN
eaolies elydiowng l_H

ejel|io ewososkyD L
wnjeauliu} wnsAydleH

suspenbaeu opsusg -

IPOOM EljIWIBUYdlY .ﬁ

001

edjjelse e|jpjusd —

SUBUIWOp eoug

Sapol|Issas wnsAIydlaH .m

wnaine “JeA wnaine wnsAiyoljeH {—
wnoonseq wnuuadsoyly {—

WNjo8sHiNW WNIUEIoD ‘_H

nuebeueyy wnsfiyoleH .m

wnjesawo|bgns wnsAiydieH ;*H

nuebeuey obejes —
wnuel|jayaing wnijoju]

5. 33,33 [B

= @ ww o\

o

HM% wwwWo\

%Om w o\

FEN 303 3

fo 0o © 9 © 0 0 © 9@ © © © © @ o o

T
2 t
. =

ber of species

£
S

n

mire

— N~
s

K. caulescens

ol

burrowed/

d fringe

o O
o ©

°O
o

dryland

A

Figure 6.2 Vegetation belt transect within valley head 2.

159



Wetland species

1l

Shrubs

BELT TRANSECT, VALLEY HEAD 3

Dryland species

esopnjed gnjo) L |
siwojly + el@qo [ |
uehew sninounuey " |

Jolew ejj@sown ._H

SnpiINW sninounuey .*H
esonau eydieoojdeq ._H

susosa|nes eyoydiuy ﬁ
eazues elydiowny L B
eje||id ewooosAiy) ‘_H

wnyeauuy wnsAiydleH L )
eofeISE B||I91U8) .m
sueujwop eoug I |
wnoaojnseq wnwiadsoyyy L
WIN}08SHNW Wniuesay .ﬁ.

nuebeueyy wnsAiyoleoH ‘_H
wnyesswolbagns wnsAiyoleH L
nuebeuey obejes L

vegetation/
moisture
zones

K

m
01
120 4
130
5
160
170

EAST
WEST 180 -

number of species
K. caulescens wetland

160

burrowed/

d fringe

o
o

o

o
o

dryland

Figure 6.3 Vegetation belt transect within valley head 3.



BELT TRANSECT, VALLEY HEAD 4

Wetland species

1

Grass

Shrubs

Dryland species

- sisusbiagsusyelp e10|PNWXISN S

Bllogni sixodAyopoud = oy

esopnjed gmod L .
siwojy ¥ elleqo L ..
1iakew snjnounuey ﬁ

Jolew ejjesow]

snpylinw snjnounuey Aﬁ

esoAlau eydieosoldeH A_H

sueosa|neo eyoydiuy| ._H

eaoues eydiowng ﬁ

BIBlI0 BuI000SAIUD [ —

wnyesulu} wnsAlydlieH —
suspenbaeul ojosusg — Il
BONBISE BJ[OIUSD - . e |

SuBUIWOp BOLT L
wnooinseq wnwusdsoyy

WNjo8sHNW WnjueIes ._H

nuebeuey; wnsAyoleH Aﬁ -
wnyelawolbgns wnsAiyoleH T .

nuebeuey obejag -

WINUBNIBYDING WINNOMAL - . oo

—_m]

Ljuyy
600 200 50 150

150 200

number of species

z 3
S Qg
§2¢8 7,3
S5 c o
© 20 o
ger ° 9
2 o
g OSagp www ww Q w o w
r T T 1 T T T T T T T T T T T T T T k T T T
o ©o o 9 9 9o 9 © 9o 9 9 °o 9 9 o O © 9 ©o o Q 9o Q 9 o 9 9
- - = ® I ©» © K o D
e 8% ¥& 8B F 2 9 3 F QHEE g 28§ I REE R R

EAST

WEST 300

©
c
g
@
H

* 4+ + K. caulescens

H
5
£
o

fringe

m dryland

Figure 6.4 Vegetation belt transect within valley head 4.

161
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6.41.1 Downslope Vegetation Transects

Vegetation surveys along the mountain plateausedisas down the valley sides (visible
in longitudinal belt transects conducted down waliead 5 in November 2002 and June
2003) reveal that only small herbs and weeds Begkheya multijuga) grow within these

rock-dominated areas (Figure 6.6).
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With a decrease in elevation and an increase itegion, plant species such &ago
flanaganii andHelichrysum trilineatum occur more frequently and are also more robust.
There is also a considerable difference in grouodec characteristics below grazing
posts and on adjacent slopes next to such ‘motébagire 6.6). Below the grazing post,
the transect indicates a much greater area of edpask and/or bare soil as opposed to
adjacent slopes (Plate 6.2). Vegetation cover was than 30% on the steeper upslope
portions of the valley head wall, in line with tiggazing post transects. The invader
speciesChrysocoma ciliata, is also present at sites surrounding grazingspmst absent
on the adjacent slopes. Plate 6.3 demonstratedddhe green foliage ofC. ciliata
dominating the landscape around a grazing postddc® the south of the study area.
Adjacent slopes away from grazing posts host astirh00% grass cover, especially the
short curly grasgrestuca caprina. Shrubby vegetation is also more robust and aminda
at higher elevations above the grazing posts. Géggethe lower slopes consist of a mix
of grassesNlerxmuellera drakensbergensis), small herbs Helichrysum flanaganii) and
shrubs Helichrysum trilineatum, Eumor phia sericea andChrysocoma ciliata) (Plate 6.4).
These shrubs were also observed on the valley headas well as within the gullied
mires on isolated, gravely, dry islands and adjatethe wetland gully edges (Figure 6.1

—6.5).
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C.ciliata

Plate 6.2 Looking upslope towards an abandoned grazing pldice the sparse vegetation cover and
prevalence o§. flanaganii andC. ciliata (Bitter Bush) (November 2002).

C. ciliata around
grazing post

Plate 6.3 Notice the dark green hue created®yiliata around an abandoned grazing post below the
basalt scarp (November 2001).
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Plate 6.4 Two of the shrub species present within the gulfradsects.C. ciliata is the darker green shrub
to the left and top leftdelichrysumtrilineatum is the lighter green shrub on the right. The itegbscale is
in decimetres: the above shrubs are approximatehn3wide and are 50 cm in height (November 2002).

6.4.1.2 Valley Floor Vegetation Communities

The second group of dryland vegetation is that grgven the drier valley head floors,
and is comprised mainly of the taller herBanecio inaequidens and Selago flanaganii,
the curly grass,Festuca caprina, and the small mat-forming herbsjelichrysum
subglomeratum, H. flanaganii andH. aureum var aureum (Plate 6.5). A slight overlap is

noticeable between this community and those founthe slopes and wetland fringes.

6.4.1.3 Mire Margin Vegetation Communities
The mire margin is determined by decreasing soilistace and organic matter
percentage, and consists of small herbaceous spsaeh aslrifolium burchellianum

(wild clover), Geranium multisectum, Erica dominans andAlchemilla woodii. These
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Plate 6.5 The dryland valley floor vegetation with the yelldopped herbHelichrysum subglomeratum,
and the whiter herkl. flanaganii. Use the inserted scale for approximate sizéheftterb immediately
above it; scale bar is broken into two-centime&gnsents (January 2002).

S, —

Plate 6.6 The transition from mire to dryland is distincttiva transitional area evident by the presence of
burrows and smaller herbaceous plants (January)2002
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species appear to indicate a boundary between itteeexpanse (where soil is saturated)

and the dryer mineral soil (Plate 6.6).

6.4.2 Wetland Communities

Within the non-gullied wetlands, the vegetationnigra continuous wet green turf or
lawn that highlights the wetland area unmistakealiiyne of the species growing within
the wetland are listed as obligate hydrophytesqiatieg to Killick, 1990; Pooley, 1998).
However, most of the wetland species appear tobtigate to their surroundings. For
instance, it is extremely rare to observe speaieb ssSaniella verna, Wurmbea elatior
and/or Aponogetum sp. growing beyond the wetlandRanunculus meyeri, Limosella
major and Haplocarpha nervosa are found in high cover-abundance (e.g. > 16p/m
where surface water is present (Plate 6.7). HoweéVemervosa is also recorded in areas
that are wet to moist (3.5 — 5°m™> x 0.01). These findings are in contrast to pulgiish
reports stating that the species prefers semi-equoanditions (Hobsoret al., 1970).
Wetland areas with slightly less moisture (e.ghammock apexes, edges of small rills
and alongside burrow openings) frequently hanttelia filiformis, Ranunculus multifidus
andR. meyeri (+25%). The tiny pinkRhodohypoxis rubella, along with the purple and
white petalled_obelia filiformis, is also found in large numbers on hummock apexds an
within undamaged wetland areas (see also Schw&i®).1 In disturbed wetland areas,
Ranunculus multifidus is dominant, as has also been observed by Sch{i8g9).
Hapl ocarpha nervosa andLimosella major are the two most frequently recorded plants in

the valley heads (ca. total of 8368 individualsglthe transects). However, in terms of
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Plate 6.7 View of the mire surface, which presents itseladtowering lawn. The white flowers ake
major, and the yellow flowers aie. multifidus (November 2001).

percentage cover and visibility, the most visibletland species arélaplocarpha
nervosa andCotula paludosa (80% - 100% cover or partial overlap within theusated

mire portion of transect).

It should be noted that many of the plant speciesnat found within each valley head
and are not always found within their expected taahi In particular, the small yellow
flower, Cotula paludosa and the dark green shruBhrysocoma ciliata, are sometimes

completely absent from one valley head floor, yeiralant in another.

6.4.3 Relationship Between Soil Moisture And Vegetation

By observing the average surface soil moistureingagdalong each belt transect (Figures
6.1 — 6.5), it is evident that there is an assmmabetween the location of plant species
and/or community types with particular soil moistuegimes. These relationships were

rank correlated in order to summarise the datairdda \Wetland plant species correlate
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positively and significantly with soil moisture avihe entire transect (Spearman’s rank
correlation of 0.64 to 0.68; P < 0.05); meaningt the the mire surface changes from
moist— wet — saturated, the number of recorded wetland spauiesases (Table 6.3).
Specifically, H. nervosa, a dominant wetland species, is positively cotesla(0.57 to
0.72, P < 0.05) with soil moisture along each vatjet transect (Table 6.3). Dryland
species in most of the valley heads, except vallegorrelate negatively with the soil
moisture across the transect (-0.42 to -0.93, FO5)Pwhilst in valley 2 the relationship
was slightly negative (-0.11, P < 0.05). In val®ya negative correlation for the dryland
plant community did become more pronounced aftallsherbs were omitted from the
calculation, which may reflect a strong prepondeeaof small dryland herbs within the
wetland area. Within each valley head (except ydikead 2), shrub species, dryland herb
species and dryland plant communities had sigmfioggative relationships with the soill

moisture gradient along the entire transects (sé¢xeTl6.3).

Table 6.3 Calculated values for correlations of individutdnt species and plant communities with surface
soil moisture along the entire transect. * = Natistically significant at the 0.05 level.

Valley1 Valley2 Valley3 Valley4

N = 38 N =30 N = 37 N =60
H. nervosa 0.67 0.72 0.57 0.66
H. trilineatum -0.98 -0.45 -0.54 -0.39
E. sericea -0.89 -0.5 -0.21* -0.68
C. ciliata n/a n/a -0.42 -0.4
Only shrubs -0.88 -0.74 -0.43 -0.62
Only herbs -0.87 -0.2* -0.31* -0.57
Wetland species 0.64 0.83 0.62 0.68
Dryland -0.93 -0.11* -0.42 -0.73
L. major & H. nervosa 0.04* 0.58 0.68 0.28
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6.4.4 Vegetation Range Overlap

The response of many of the plant species to tleativenvironmental gradient was
asymmetrical and unimodal in pattern (Figures 6.8.5). Apparently, such a skewed
density curve for a single species is common (DE9). However, some species (e.g.
Eumorphia sericea in valley head 1) had bimodal responses. In otdegexamine the
causal factors determining the composition of tlegetational communities along the
vegetation transects, it was useful to study the@mngement along a direct gradient (i.e.
soil moisture) (Dale, 1999). Since a strong rankredation only exists between the
various vegetation communities in relation to sadisture, and not with either soil pH or
organic matter content, the gradient referred tdhis context is thus of surface soil
moisture. By examining the arrangement of the gsewiithin the specified ranges (i.e.
wetland versus dryland etc.), community range dyosioan be assessed by specifically
measuring species overlap and the placement of dao@s. Qualitatively, the
communities found along each vegetation transeu te replace each other with no
intermediate zone of coexistence. However, mirefrmige communities often have
competing individual species that coexist until @dstely replaced by another
community. For instance the fringe specieswoodii in valley head 1, extends from the
fringe community and overlaps into the wetland camity by ca. 10 m. Apart from
community on community dynamics, there is also atigp pattern of inter-community
competition, where species either completely otigéyr cohabitate with all or some of
the other competing species of the same commuRigufes 6.1 — 6.5). The individual
species within the wetland communities of vallepd®e 2 to 5 all partially overlap with

one another, whilst the mire species in valley heatb not coexist, but rather occupy
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discrete patches. The arrangement of each speatesha way it coexists with other
species could be quantitatively compared to amygbthesis. Calculations were prepared
by counting the number of pairs of each speciesfétllawithin each of three designated
classes: 0) no overlap, 1) partial overlap and dhmete overlap (according to Dale,
1999). From this calculation, the actual pairings @mpared to the expected number of
pairs stated in the null hypotheses, which in toistext assumes that the order of events,
and beginnings and endings of each species rangma®m (Dale, 1999) (Table 6.4).
Based on the null hypothesis, the results for éaisect reveal that the actual number of
pairs of ranges that partially overlap, is surpigéy lower than expected for most valley
heads (except for valley head 2). The actual nundbepairs with no overlap was
calculated as being higher than expected for eatleyhead, except for valley head 3

(Table 6.4). For all of these cases, the null hlypsis can be rejected.

Table 6.4 The calculated means of pairs of species rangeadh category of overlap for each valley head
is found in the second column. The first numberthe &xpectechumber ofnon-overlappingpairs, the

second = the expected numberpef pairs and the third = the expected number of pairs
whose ranges pThe actual numbers of occurrences are in thd taghumn.
Hypothesis Actual

Valley 1 921921 167/ /

Valley 2 701701 106/ 48/

Valley 3 40/40/ 65/ /

Valley 4 701701 126/ 31/

Valley 5 261261 4516/

6.4.5 Vegetation Patterns Within The Gullied Wetlands

Gully erosion through the central portion of a mire valley head 4 provides an
opportunity to establish the possible impacts oflygerosion on the surrounding

vegetation. The transect crosses the gully perpatadly and thus captures gradient
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changes moving towards and away from the gullye Ttation of shrubs and dryland
herb species in the fringe areas and within théandtarea, is associated with erosion in
each case (Figures 6.3 and 6.4). The disturbaneghisr in the form of burrows (ca. >
2/m?) or the existence of a gully and/or rill that ttass through the mire. As indicated in
Table 6.1, the gullied valley heads have a greatenber of shrub species than the non-
gullied valley heads. In particula€. ciliata is only present along the transects in the
gullied valley heads. Shrubs, exposed soil and dwetus plants are dominant for a
distance of at least ca. 15 m on either side ofatetand gullies. Soil moisture content
was also the lowest adjacent to the gully edges‘(iry’ to ‘very dry’). With increasing
distance from the gully, soil moisture content @ased to ‘moist’ and ‘wet’ levels.
However, within the non-gullied mire expanses, $bé was saturated across most parts
of the wetland. Along the vegetation and soil meisttransects in valley head 4, rank
correlation indicates that the two variables shargignificant relationship. Thus, with
increasing distance from the gully edge, as théasarsoil moisture increases, so the

wetland vegetation cover increases (0.61, n = @3F, n = 53; P<0.05) (Table 6.5).

Table 6.5 Spearman’s rank correlations: various variabléhk distance from the gully edge, valley head
4. SM = soil moisture.

Mire in valley head 4 Correlations with distance from the gully
Dryland species -0.48 (n = 53)

Wetland species 0.45 (n =53)

Shrubs -0.21 (n =53)

Soil moisture 0.61 (n = 237)

Burrows -0.07 (n = 237)

Burrows & SM -0.39 (n = 237)

Within the wetland, dryland plant species and wetlglant species have inverse

relationships with distance from the wetland gudtjge (between —0.48 and +0.45) (as
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shown in Table 6.5). The results indicate thatygahosion is affecting the soil moisture
across the wetland to some extent, which conselyuarftuences the location and
occurrence of wetland vegetation and the invasiodrgand herbs. However, it should
be recognized that soil moisture and the estabkstirof invader species within the mire
are also affected by other environmental variablesh as ice rat burrowing and micro-

topography, hence not permitting a stronger catimglavith distance from the gully.

6.5 Discussion And Summary

The relationship between the vegetation of a regiodh the soil it inhabits is a complex
system of interrelated variables. Vegetation gethelent on soil and soil is dependent on
vegetation type and density (Rowntree, 1988). énShani study, the variables that impact
the health and location of the plant species ¢limate, insolation and aspect) are similar
for all the valley heads due to their proximity éach other. Thus it is reasonable to
assume that the valley heads have undergone palallelopmental histories. Following
this, description of vegetation type and locatiornthim the valley heads from various
locations within the Drakensberg and Maluti moumgais consistent amongst authors
(e.g. van Zinderen Bakker and Werger, 1974; vamnetien Bakker, 1981; Morria al.,

1993; Pooley, 1998).

Vegetation patterns were recorded across the vhbeyl floors, the mire expanses, and
along slope profiles to the mountain summits. Sggesuch afk. meyeri, L. major andH.
nervosa closely reflect changes in soil moisture, soileygnd position across the mike.

meyeri andL. major grow in zones of runoff or around pools, whitktnervosa is most
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dominant in the undamaged, wetter areas of thean@$l Fringe species and dwarf
shrubs and grasses suchtadlanaganii, H. trilineatum, E. sericea andS. inaequadens,
were recorded along the mire margins. These shandsgrasses have an approximate
aerial cover of 30%. On the slopes, the coveragbvairf shrubs and grasses increases to
75% -90%. Once on the plateau however, shrub cgeedacreases to ca. 30% (see also
van Zinderen Bakker and Werger, 1974) and low leabas species such as
Helichrysum subglomeratum increase in number. Below mountain summits, spetiest
associated with the mountaintops often overlap sjtbcies common to the slopes, such

asFestuca sp., H. trilineatum andDel osperma sp.

For all the valley heads investigated, the wetlaadetation has an ecotonal transition
with the dryland communities (c.f. Keatal., 1997). However, within the gullied mires,
the wetland vegetation becomes degraded due toexriloy of the water table (see also
Thornes, 1985). Slacit al. (1980) demonstrated that the location of wetlapécies in

particular reflect the importance of the water legedient in fens of western Alberta,
Canada. Even though the water was constricteddpegyradient, wetland surfaces with
zero to minimal destruction of the underlying péad a water table just below the

surface (Slaclet al., 1980).

The impact that gullying has had on the ecohydiokigegime of the valley heads is
evident and portrayed by the vegetation types amsitles found along the gully edges
and interfluves (Figure 6.1— 6.5). In a wetlanddiscape, water level and supply are the

main determining factors for the location and seaviof plant species (Wassehal.,
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1996; Hughes, 1997). In valley heads 3 and 4, whaih have disturbed and damaged
wetland areas, the disturbance is illustrated yuthcharacteristic location of some plant
species, particularly when compared with the ptaomhposition in valley heads 1, 2 and
5. Species such adlchemilla woodii, Geranium multissctum and Helichrysum
subglomeratum usually occupy the periphery of an undamaged wetlas recorded in
valley heads 1 and 2. However, within the wetlanganse of valley heads 3 and 4,
these ‘fringe species’, together with species iaiMe of disturbance (e.gS
inaequadens, C. ciliata and Rumex), are found around locally dryer areas such as at
burrow exits, along rill edges and within desicdateter-drainage areas. The spatial
patterning of these plants reflects the greateramosf the soil moisture gradients in

these damaged mires.

6.5.1 Summary

Non-gullied valley head wetlands have a continugteen lawn consisting of typical
wetland plant species. Other than the occasianallierbaceous species in areas with a
lowered water table, there is no encroachment lBcisp normally associated with
disturbance. The mire expanse is also completatyrated and has relatively few
Otomys burrows. In contrast, the gullied mires have a tiryery dry soil moisture
regime adjacent to the gully edges, whilst the neixpanse is encroached by dryland
species and shrubs. Areas between gully arms {@néénage areas) are usually bare and
dry. Gully erosion thus reduces the soil moisturailable to the mire and is a primary
factor contributing to the reduction of wetland milapecies abundance across the mire

surface.
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Chapter 7

Discussion and Conclusion

7.1 The State Of Wetlands

Since the 1900’s, more than half of the total glalatlands have been destroyed (Schuyt,
2005) or altered (Kennedgt al., 2003). As outlined in previous chapters, redednas
identified that wetlands have important functiongls as soil stabilization, water filtration,
flood reduction, organic carbon retention, grounwaecharge and regulating discharge
(Schwabe, 1995; Middleton, 2002; Nel, 2003). Wettamre also valuable for agriculture,
recreation, scientific research, and are imporegdsystems with tremendous biodiversity
(Mitsch and Gosselink, 1986; Mulamootgt al., 1994; Nel, 2003). Despite the attention
wetlands have received, communities have becomangeded, whilst much faunal extinction

has resulted from wetland habitat destruction (Ivhdattil et al., 1994; Kennedgt al., 2003).

In 1971, in the city of Ramsar, Iran, the firstemtational treaty was signed for the protection,
conservation and wise-use of wetlands and thequrees (Ramsar, 2004). Before being added
onto the list of internationally important wetlan@sch wetland site must meet at least one of

the criteria set forth by the convention, whictbased on whether it is a rare wetland type, or
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whether the wetland supports valuable, threateneahique species of ecological communities
(Ramsar, 2004). By December 2003, 138 countrieslibtatl a total of 1328 wetlands on the
Ramsar List of Wetlands of International Importalemsar, 2004). Presently, Africa has 74
wetland sites listed, of which 17 are located imt8cAfrica. A wetland at Lets’eng-la-Letsie,

in the province of Quthing (Lesotho) was addechilist on i July 2004.

A large number of African wetlands are in good atad compared to those in North America
and Europe. However, as population increases, rdgspre to exploit these wetland areas also
increases (Schuyt, 2005). Wet soils are particulawlnerable to trampling and compaction,
especially if they are peaty (Bower, 1962; Trimidle388). The key component to the type and
process formation of a particular wetland is itsiftmjogy (Mulamoottilet al., 1994), therefore
disturbances or changes to hydrology can leaddiodjical, physical and/or chemical changes
that can negatively impact downstream processesylogical conditions (Haslam, 2003).
The effect of grazing animals is often considered¢ a major cause for vegetation cover
change, the consequent deterioration of topsoil disurbance to wetland hydrology.
Trampling by grazing animals also directly provideseady source of transportable material to
wind and water action (Evans, 1998). As livestokzg, the shortened turf becomes weakened
and susceptible to ‘poaching’ by hooves (TaskeB0l®avies, 1985; Brooks and Stoneman,

1997) and further damage by rodent burrows (EVE283).

External disturbances to sensitive ecosystems, siclalpine mires, can result in severe
changes and eventual system degradation (HuttleGamdin, 2004; Rodrigueet al., 2005).
This type of externally induced degradation dineatecreases soil quality, and in terms of

succession, it can consequently lead to ecologmgiession (Rodrigueet al., 2005). The
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indirect and direct effects that gully erosion loasthe adjacent soil properties, as well as on
the vegetation community dynamics within theseeyalheads, has been highlighted in this
study. Once the wetland surface has been degraglezbib erosion and the peat exposed
through cracks (hags), such surfaces become meocesiible to the forces of wind, water and
frost heave during winter (Bower, 1962; Selkirk aadffigna, 1999; Grab and Deschamps,
2004). Consequently, the exposed peat desiccatgsbaoomes oxidized and ever more
susceptible to erosion (Schwabe, 1995). Erodedsnaire more easily drained and more likely
to undergo vegetation changes than intact miresvéB01962). Some authors believe that
wetlands and peat are able to self-heal, whiclemahstrated by bands of silt and peat within
soil profiles (McFarlane and Whitlow, 1990). It hbeen postulated that peat may become
unstable at a particular thickness, since gullesdtto form where the wetland is deepest
(Bower, 1962). The current study is not about ndmates of erosion, but rather is focused on
accelerated erosion, which occurs in response tior@ogenic impacts. Biotic and human
induced changes can trigger dramatic changes ietatgn type and cover, cause peat erosion
and initiate a loss of sediment and wetland areavé8, 1962; Smith, 1982; Skovlin, 1984).
Fauna (ice rats and moles) and flora (Karoo shrtles) invade the desiccated wetland areas

and perpetuate the cycle (Schwabe, 1995; Grab anddy11999).

Mountain watersheds have always been of global emonbecause of their important and
sensitive function. Despite conservation effortspumtain wetlands remain vulnerable to
degradation; this thus holds considerable enviroriateimplications for the surrounding
region (Paudel and Thapa, 2001). Since the Lesbtgblands area is hydraulically and
economically important, the decrease in wetlanca aaad change in wetland functioning

should raise much concern (Schwabe, 1995; Graklvards, 1999; Nusser and Grab, 2002).
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The loss of wetlands represents a huge loss inespdiversity through habitat destruction, the
loss of water regulation, more frequent flash flgdithe loss of nutrients, and most importantly,
the loss of large tracts of valuable wetland araksgjand (Schwabe, 1995). The larger mires
with a more complete vegetation cover are betté abattenuate flow, prevent soil erosion
and filter impurities. Yet, even in some of thegkar wetlands, desiccation of peat results in the
channelling of flow out of the basin, resultingarnarge loss of sediment and water (Schwabe,

1995; Grab and Morris, 1999).

7.2 The Effect Of Gully Erosion On Specific Biophysical
Characteristics Within Selected Eroded Mires

Two of the five alpine mires investigated in thisdy have been incised by deep discontinuous
gullies (i.e. valley heads 3 and 4), whilst a thaigpine mire has been eroded by a short,
shallow gully system ca. 50 cm deep (i.e. in vallead 5). These gullies tend to have U-
shaped morphologies with active sidewall erosioth @irabrupt channel heads. Wetland gully
sidewalls within valley heads 3 and 4 indicate edst two pronounced phases of peat
accumulation, alternating with thinner horizons atdstic sediment. The two thickest peat

horizons in valley head 3 have been dated at B0 460 BP (Marker, 1994, 1998) and ca. 13

490+ 130 BP (Marker, 1994).

Gully erosion is a well-studied subject, with resbars having examined the causes,
consequences and management of this widespreadgaumphenomenon (e.g. Heede, 1976;
Ebisemiju and EKkiti, 1989; de Oliveira, 1997; Tiadjiand Sowter, 1999). Research has shown

that gully erosion is a reaction within the langsz#o instability or exceeded sensitivity caused
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by an extrinsic (i.e. climate, land use) or intiin@.e. slope aggradation) change in the system
(Rowntree, 1988; Allison and Thomas, 1993; BilldaDramis, 2003). However, the actual
effect of gully erosion on the natural landscapstils a somewhat understudied component of
gully erosion research. A consequence of gullyieross the increased connectivity of the
drainage system and a corresponding increase imagea density (Leopolat al., 1964;
Bradford and Piest, 1980; Harvey, 1996; Poesgeal., 2003). It is also accepted that gully
erosion involves the direct destruction and rema¥aloil, which is a valuable natural resource

(Ebisemiju and Ekiti, 1989; Rienles al., 2000; Billi and Dramis, 2003).

An objective of this study was to quantify the eowimental effects of gully erosion on several
alpine mire ecosystems within the Sani Valley ragtd eastern Lesotho. Three hypotheses
were presented in section 1.8. These hypothesdsaassl on the central assumption that gully
erosion degrades mire ecosystems in the easteathceklighlands (Schwabe, 1989; Grab and
Deschamps, 2004). Below, are summaries based ahusams formed in chapters 5 and 6, of
the effect of gully erosion on three main valleyatiebio-ecological components, i.e. soil

moisture, vegetation composition and soil propsrtie

7.2.1 Summary: Gully Effects On Soil Moisture

Gully erosion impacts the adjacent soil throughireedt removal and the draining and
desiccation of at least the upper soil horizonsafGaind Deschamps, 2004). The loss of topsoil
moisture within these mires, as a consequence & guosion, diversifies the micro-
topographical and hydrological environment and tee@ semi-arid microhabitat suitable for

dryland shrubs (Grakt al., 2005a). The present study has demonstratedgtiit erosion
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affects the soil moisture gradient for several e®tadjacent to the gullies. In fact, the soil
moisture transects revealed that the soil was tdaegully edges and that moisture content
increased with distance away from the gully edgs, not necessarily in a linear direction
(Figures 5.14 — 5.17). The soil moisture in vallegads 3 and 4 indicated a significant
correlation with distance from the gully (0.53 abé1, P<0.05, respectively). The study has
demonstrated through a series of comparative soistore transects that non-gullied mires
have consistently saturated moisture levels actioss surfaces, whilst gullied mires have
irregular and lower soil moisture values (Figures 55.17), as was also observed in Lesotho
by Hanvey and Marker (1994). This pattern of naoifarmity across the mire expanse,
particularly areas that are relatively ‘dry’, alvgagoincide with areas of erosion and/or cover

change (i.e. burrows, rills and/or gullies) (Gratd &eschamps, 2004; Grabal., 2005Db).

7.2.2 Summary: Gully Effects On Vegetation Distribution And
Composition

Soil moisture is considered to be the primary aahitig factor affecting plant growth, and the
deciding variable for vegetation community patte(Hsll and Lamont, 2003). In fact, the
spatial mosaic of soil moisture reflects the spatiatribution of the soil physical properties
and other variables such as micro-topography @htzgt al., 1998). The lower soil moisture
levels adjacent to the gullies thus affect vegetatommunity patterns. Unlike the gullied
mires, the non-gullied mire expanses are not oecupy shrubs and large numbers of dryland
herbaceous species, and do not have exposed &rsa@s dhe environmentally intact parts of
the mires are dominated by the occurrence Rahunculus meyeri, Limosella major,
Haplocarpha nervosa and Cotula paludosa. However, the gullied and eroded mires host

dryland shrubs and have large areas of exposedSsoécio inaequadens, Rumex spp. andC.
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ciliata, which are species indicative of disturbance, s the mire expanses in valley heads
3 and 4, yet are not recorded within the miresalfey heads 1, 2 and 5. The location of all
plant species/communities relative to distance ftbegully edges is found to be significant
(ca. 0.45 for wetland plant species and —0.48 fgtadd species, P<0.05). Thus, within the
mire, dryland plant species are dominant towar@sghllies whilst wetland plants occur in

greater number with distance from the gullies. &raelationships also occur between
vegetation type and soil moisture across the valegd floors. Positive correlations are
recorded between wetland plant species and soistorei (r value = 0.64 to 0.83, P<0.05)
whilst negative correlations occur between drylplahts and soil moisture (r value = -0.42 to

—0.93, P<0.05) (Table 6.3).

It is important to consider the possibility thatriedles other than gullying had created
favourable conditions for the dominance of drylahdubs within the gullied mires where it is
envisaged that more palatable wetland species he€e occurred. A discussion on how this
happens and the effects of this cycle are outlinegiection 7.3. Given that the non-gullied
wetlands do not show a trend of dry soil conditiansl the presence of dryland shrubs, it is
envisaged that the dryland vegetation within théiegl mires has established itself due to
external forces favouring its growth (e.g. from ecieéase in soil moisture associated with
gullying). Table 7.1 illustrates that the two gedl mires have the highest number of dryland

plants within the mires.

Due to the favourable conditions for the invasibdryland species adjacent to the gullies, it is
suggested that the gullied wetlands should be mpeeies rich than non-gullied wetlands.

Similarly, Taddesest al., (2002) found a greater species richness foregragzeas than non-
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grazed areas. Hence, where livestock grazing islved, as is the case for the valley heads
investigated, it is most likely to have an influenan vegetation changes. Although species
richness within each wetland is similar (Table 7th¢ gullies and their adjacent inter-drainage
areas have induced a habitat that is greatly fra¢gde thus permitting the diversification of

plant communities. These new habitats are less penous and there is a greater ratio of

fringe area to mire expanse.

Table 7.1 Number of plant species per valley head. Wet sp.factional percentage of wetland plant species;
dry sp.% — fractional percentage of dryland plaecées. Gullied valley head wetlands are indicatdubld.

Valley1 Valley2 Valley3 Valley4 Valley5

Total species # 27 29 17 24 13
species # on wetland 14 (51%) 7 (24%) 9 (53%) 11 (46%) 8 (62%)
wet sp% : dry sp% 71:27 86:14 56:44 63:36 75:25

7.2.3 Summary: Gully Effects On Soil Properties

The presence of gullies within valley heads 3 arfthg also indirectly impacted the adjacent
organic matter content and to a lesser extent theopthe topsoil. Organic matter is an
important soil component as it increases runofftiation, aggregate stability and soil fertility
(Snyman and du Preez, 2005). Shifts in species ositign from grassland to shrubs, as
recorded in the gullied valley heads, may resulkthanges to the soil organic matter content
(Rezaei and Gilkes, 2005). The soil transects,stiiemoisture transects, as well as upslope
valley solil profiles reveal thick deposits of orgaaccumulation within each valley head. The
average organic matter content is generally highiwithe mires (> 28%), and results from the
transects indicate that in almost all situatiohg, $amples are identified as being peat (Table
7.2). It should therefore be assumed that withbet gresence of gully erosion through the

centre of the mires in valley heads 3 and 4, thdive mire expanses would be similar, in
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terms of having deep, uninterrupted peat accunmunatiThe gullies have affected the adjacent
soil chemical properties of the mire, either thhowtecreasing soil moisture content and/or
through vegetation change (Snyman and du Pree&)208 significant correlation is found
between the percent organic matter and soil maswithin each valley head, thus as soil
moisture decreases so too does organic matter nto(ifable 7.2). Although not always
significant, the topsoil pH correlates negativelyfmorganic matter content. Similarly, a study
on rangelands in Iran also found a negative cdrogldetween pH and organic matter content
(Rezaei and Gilkes, 2005). The Iranian work alamtbno significant relationship between pH
and other soil chemical variables, which could be tb the fact that pH is mainly affected by
parent material (Rezaei and Gilkes, 2005). Althoagh moisture correlates with vegetation
type and organic matter content, vegetation typesdwt correlate with either pH or organic
matter content. Thus, despite organic content ofteing cited as the best predictor of soil
qguality, the Sani ‘wetland’ plant species are nefpehdent on the wetland being peat
producing, but rather are dependent on the moistuaglientfor determining vegetation

patterns and growtfc.f. Hall and Lamont, 2003).

Table 7.2 Spearman’s rank correlation coefficients for vasigarameters measured along the entire soil transec
in each valley head’ = the null hypothesis was rejected, the samplgtasistically significant.Xx = the null
hypothesis is not rejected; ‘wet’ = wetland; ‘drydryland; OM = % organic matter; SM = soil moisgtur

V1 V2 V3 V4 V5
n=39 n=22 n=29 n=>57 n=25
0.05 0.05 0.05 0.05 0.05
OM/SM 0.5 v 0.9 v 0.6 v 0.4 v 0.5 v
OM/pH -0.7 v -0.1 X 0 X -0.3 v -0.3 X
SM/pH -0.1 X -0.3 X 0.2 X 0.3 v 0 X

ca. | min| max| ca. | min | max| ca. | Min | max| ca. | min | max| ca.| min | max
Wet pH 6.15| 55| 6.7]6.14( 59| 65]6.33| 6.1 | 66]6.33|1 48| 71]65|61]| 71
Dry pH 6.34| 59| 69]6.19|/ 60| 65]6.26( 58| 7.1]16.11|52]| 71|6.6] 63| 6.7
Wet OM 39 | 14 72 | 32 | 28 38| 28 | 22 31| 34 | 14 62 | 39| 18 49
Dry OM 15 5 20 17 9 231 20 10 271 19 8 31| 23| 17 30
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7.3 Environmental Factors Contributing Towards Wetland

Degradation And Erosion

Lesotho is regarded as one of the most eroded esim the world and is faced with serious
environmental degradation (Dregne, 1990; Showé¥86;1Grabet al., 2005a). The rapid rate

of degradation is said to be the consequence ofhglex set of short and long-term regional
and site-specific factors (Figure 7.1) (KakongeP20 The main factors are apparently
overgrazing, the loss of soil fertility in agricutal areas and the loss of over 0.7 million

tonnes/ha of soil per year through gully erosioak&nge, 2002).

As discussed in Chapter 4, the effects of livestgckzing are numerous and likely to be
irreversible (Milton, 1995a). Overgrazing alteradacape heterogeneity through trampling and
compaction of the soil and/or vegetation cover. iadgtion of the soil leads to decreased
infiltration, clogged solil pores, decreased aggeegtability, reduced fertility and a decrease in
biomass production (Neave and Abrahams, 2001; Kt2003; Metzgeket al., 2005; Snyman
and du Preez, 2005). Direct effects of overgraningegetation type includes the replacement
of palatable plants by those less palatable, dumlynto the loss of the entire plant, buds
and/or seeds. In addition, overgrazing is knowrcdase changes to the soil structure and
modify the microhabitat of the plant-growing envireent (Milton, 1995a, 1995b; Taddegte

al., 2002).
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Figure7.1 Environmental problems facing Lesotho (after &ade, 2002, p74).

Gully erosion essentially occurs because the viglarid force of the flow from runoff and
raindrop splash has overcome soil particle restetém erosion. Many thresholds are involved
and must be overcome in order for this to occer (iegetation cover, soil type, rain intensity,

anthropogenic factors, slope and drainage ared, etc

7.3.1 Vegetation Thresholds

Raindrop impact and rain splash dislodge the swiigdes most efficiently on a slope and/or in
a strong wind, as such factors enhance the direadtiftorce. However, slopes that are well
vegetated are better able to resist the forcesradff and sediment detachment (Evans, 1980;

Rowntree, 1988; Poesenal., 2003). The threshold for vegetation cover vafties region to
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region, ranging from as low as 15% in Alberta, Gknao as high as 85% in the Ethiopian

highlands (Crouch and Blong, 1989; Evans, 1998).

Once the vegetation threshold has been exceededgesdiistance of the soil to rainfall and
overland flow erosion is decreased (Graf, 1979; démteet al., 1996) and sediment yield
increases following the Langbein-Schumm curve (&uhuand Lusby, 1963, 1981; Trimble,
1988). This curve indicates that once vegetatiomec has decreased, sediment yield is
directly related to the annual precipitation andaffiamounts (Schumm, 1981). The combined
potential power of rainfall and overland flow ispegssed conceptually as:

Erosion = f (erosivity, erodibility),
(Bocco, 1991, p392).

7.3.2 Rainfall Thresholds

In southern Africa, intensities of rain splash I&ésan 300 25 mm/hour are considered non-
erosive, which is thus used as the erosive raiestiold value (Calles and Kulander, 1996).
Calles and Kulander (1996) concluded that the higénsity, low frequency rainfall events
required to exceed the intensity threshold value m@ frequent enough to be responsible for
the severe gully erosion in parts of Lesotho. G260 (32%) gullies are estimated to occur in
the lowlands and foothills region of Lesotho (Kagen2002). However, a separate study has
found that the low intensity, high frequency Lesothinstorms were the cause of severe gully
erosion in grazing areas (Rydgren, 1988). Sincehnguazing (as opposed to cultivation) takes
place in the foothills and mountain areas, permapsgall could be considered as a major factor

for the status of the soil erosion in the alpineaar After only 20 minutes of rain, water from
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approximately 150 m upslope can converge at a dudlgd to contribute to the total runoff

amount (Faber and Imeson, 1982).

In Lesotho, the time period between 1979 — 199@p®rted to have experienced the highest
incidence of droughts in two centuries (KakongeQ2)0 Land misuse during drought years
rapidly declines organic matter content and soitopily within the rooting zone. High
intensity rainfall on air-dried soil (i.e. exposeaahvegetated soil), as opposed to soil with
antecedent moisture content, leads to aggregasédiwesn and surface seal formation (Imeson
et al., 1982; Ladoet al., 2004). A consequence of surface seal formatsoa reduction in

infiltration rates and increase of runoff rates (Mcet al., 1981).

7.3.3 Soil Thresholds

Soils that have large amounts of organic mattetezdn(> 3%) and/or have less than 60% silt
and/or fine sand are generally most water-stablestrporous and well structured (Evans,
1980). Soils with high clay contents have a higtfasie roughness (> 5-10 mm), low surface
crusting and high rainfall storage capacity andgtancounter less runoff and sheetflow (Calles
and Stalnacke, 2000). Inversely, soils with a Iday content (<100 g kg/sup-1) also have high
infiltration rates and less runoff because the @atage of clay is insufficient to clog the soil
pores and form a seal. A study on soil wetting #ral effects of clay found that the most
susceptible soil to form a seal was one that hdaatarmediate amount of clay (200 g kg”sup-
17) (Loch, 1994; Ladaet al., 2004). Evans (1980) plotted more than 56 ercst@ts from
various regions (eg. Canada, India and England) antextural triangle, and the resulting

pattern demonstrates that soils with greater the#b 8lay are stable and more resistant to
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raindrop and splash erosion (Figure 7.2) (Ledal., 2004). The study also concluded that the
most erodible soils contain an intermediate amofictay (between 9% — 35%) (Evans, 1980).
Soils with intermediate amounts of clay become lyigiodible when wet, such that a rainfall

of only 10 mm on a saturated soil is sufficientgenerate runoff and sediment entrainment
(Faber and Imeson, 1982; Evans, 1996). It showld laé noted that the effects of grazing and
agriculture on the soil compaction, loss of bulkngley and surface roughness are also
increased substantially on wet soils (Evans, 198@6, 1998; Skovlin, 1984; Davies, 1985;

Trimble, 1988).

Clay content of the peat taken from each valleydhieaimilar between sites except for valley
head 5, which has a much greater amount (Table #®) clay content from valley head 5 is
ca. 34%, which classifies it as a clay loam. Acorgdo Evans (1980) and Ladabal. (2004),

soils are most erodible with clay contents betw@&#nand 35%, in which case, all of the valley

head soils fall within the category of ‘high erasiask’ (Figure 7.2).

7.3.4 Slope Thresholds

Even if all of the afore mentioned thresholds argpassed, gully erosion cannot be initiated
without confined, concentrated overland flow (Beddiel et al., 1988; Hall and Lamont, 2003).
Animal tracks, grazing routes and man-made drainags are often suitable structures
promoting such concentrated flow. However, the igeoability of channelized flow is related

to slope angle and drainage basin area (Hortorg;1Mdntgomery and Dietrich, 1988). Gully
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Figure 7.2 Sail textural triangle showing the results froneyious soil tests summarized by Evans (1980, p117),

and the results from the five valley heads froms giudy.

erosion is therefore not simply a function of ovaming and

discussed in chapter 4, the geomorphic threshofdies that for any stable landscape there
exists a critical inherent gradient above which skape angle of the drainage area becomes
great enough to produce sufficient runoff to ingigully incision (Schumm and Hadley, 1957,
Patton and Schumm, 1975; Schumm, 1979, 1981; Mamgp and Dietrich, 1988; Morgan
and Mngomezulu, 2003; Poesenal., 2003). The present locations of the gully meutn
valley heads 3 and 4 have gentle slopes (<7°)‘(hest erosive’, as described in Chapter 4,
section 4.6.4); it is possible that the gullies damigrated upslope from this location (c.f.

Evans, 1980; Liggitt and Fincham, 1989; Boardnegaal., 2003). However, no relationship
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was observed between drainage basin area aboves#tieand the position of gully incision.

As mentioned in chapter 4 (section 4.6.4), thisldé@mply imply that the drainage area was
insufficient, or that the gullies had not yet reaghheir final upslope location (c.f. Patton and
Schumm, 1975). Valley heads 3 and 4 have evidex#igy routes to the east and west of the
wetlands and these valley heads have active grgats from which channelized flow paths
could be observed. In contrast, valley headsah®5 did not have active grazing posts within

the valley heads, yet the slopes are grazed in gumm

7.4 Concluding Summary

Over 88% of the soil in Lesotho is in poor conditiMarake, 1998), possibly because the
carrying capacity has been exceeded by over thmess tthe acceptable limit (286 000 animal

units) (Kakonge, 2002). Despite the lower populatdensity and lower grazing intensities

than in the lowland areas, ca. 9.7% of the highlareh has been degraded by gully erosion
(Kakonge, 2002) and half of the mires in the SeRaqter valley have been damaged to some

extent (Schwabe, 1995).

There is evidence of reduced vegetation cover,taéiga change, multiple track development
and gully extension on the slopes surrounding ttazigg posts. Reduced infiltration rates,
decreased vegetation cover and increased runahnetize the surface flow through grazing
routes and drainage lines towards the centre ofdhey heads where the wetlands are located.
Drought, uncontrolled grazing, an apparent popotaéixplosion ofD. sloggetti, and an overall
lack of awareness of the environmental degradatas, led to increased pressures on the

valley head systems and peatlands (Figure 7.3ungey in 1989 found that only 12% of the
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current rangelands were in excellent condition @fae, 2002). In another study conducted in
1989, 49% to 65% of the mires in the Senqu Riveleyaof eastern Lesotho had been
damaged, indicating lowered water tables, increasedub invasion and vegetation
characteristics typical of dryland areas (Schwdl889; Brooks and Stoneman, 1997). The
high altitude mires of Lesotho are subjected toiremmental pressures including, annual
burning, grazing, trampling and water extractiohe3e factors are known to cause a possible
loss of nutrients (notably K, Ca, Ph and N), lo$spalatable vegetation, increase species
invasion, contribute to vegetation loss and pronsaié / peat erosion (Moore and Bellamy,
1973; Blackburn, 1984; Brooks and Stoneman, 199@nk and Warbuton, 2001; Visstral.,

2004).

Even though the Lesotho alpine wetlands occur ghdri elevations than the surrounding
protected South African wetlands, which also prevadhabitat for unique and endemic plant
species, it appears that the topographical remssersad a lack of local conservation
enforcement are placing the Lesotho alpine wetlaamtda higher risk of becoming further

damaged and degraded.

On the African continent, where approximately 21lioti km? (or 75%) of its surface area is
classified as dryland, existing wetlands are oagkalue to populations that depend on regular
sources of water (Hughes, 1996; Schuyt, 2005). 9971 wetlands of KwaZulu-Natal
Drakensberg Park in South Africa (with ca. 2428 knea) were added onto the Ramsar List of
Wetlands of International Importance. This park hasabundance of high altitude wetlands
and provides habitat for at least 36 endemic pl@Re&nsar, 2004). More recently, the entire

South African Drakensberg was proclaimed a Worldtelge Site.
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Figure 7.3 Sensitivity of the mire system in Lesotho. Thsteyn is therefore equally susceptible to both
vegetation change and erosion (after Bragg andsTa001, p353).

This thesis has highlighted the causes and coneegsieof gully erosion within alpine
wetlands of eastern Lesotho. Thus, given the cuiéorld Heritage Site status and trans-
boundary initiatives, it is hoped that this workllvibe of value to the various stakeholders

involved in the future management of such prograsme
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Appendix A. Example of the form used for the cdiiec of field data when conduct

analyses.
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