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This paper drews on archival mformation, anecdodal evidence from local commumitias, in sin obser-
vations during field mvestization and mult-date remotely semsed saellite imagery. The authors
mwestizaied the role of buman factors in the depradation of patural resmoces m and around the
Ckavnso Delta. Ther snidy concamed a peried shiphily i excess of 140 years berween 1860 and
2001, Envirommenial changes in this sub-regeon appsar to be the comvergent ouicome of misracton
bemvesn namural mmd noe-nanural factors, A sustamed decrease in rainfall appears to have instzated
dowoward Tends Tom a wide range of faciors whose adverse effects were aggravated by human
agency. The evidence points o progressive detenormiion in the form of sustzined coniracton of
surface water spumces and grazing resources. Mistakes of the past need 1o be avaided by formulatng
aporoprately informed lman response and adapiation strategies.

Kpywards: Emironmental change; Okavango Delia

1. Introduction

The Okavange Delta 15 a landlocked wet fan situated on the neorth-eastern fianges of south-
em Aftica’s Kalahar-Mamub dessrt m northern Botswanz. Becanse of continental location
in the interior of southerm Africa and latitudingl position cutside the nermal southward linut
of tropical dishobances (WSLTD), the entive sub-region expenences a semm-arid climate,
with rainfall averagmz 477 mo'amun [1]. In terms of physiography, tus wetland consists
of three subsystems that imclude permanent swamps, seasonzl swamps and mternuttent
floodplains. The permanent swamps comprise the Panhandle, which represents the
Okavango Frver and its primary tributaries below its entry peint inte Botswana and persn-
nially flooded wetland boundad by the Gumare fault m the neath and the Thamalakane faalt
in the south. Frmzmg areas bordering these sub-systems are fdooded during the peak flood
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period between March and Tuly to form the ssasomal swamps. Dhrmg vears of excepionally
high floods, spasmodic over-flow mmmdates areas bevend these seascmal swamps to form
the mtermittent floodplams mn the peripheriss of which are foszil floodplams that mark the
coterminons extent of a more extensive wetland duwing the hustorical past. The Panhandls
area and tramsitional emiromment betwesn the Gumare and Thamazlakane faults, respec-
trvely, reprezent the Okavange Delta’s prowmal and intermediate reaches, Water flow m
thass areas is gensrally imperceptible owms to zentle mradients averaging 1: 5140 in the
Panhandls and 1: 3610 m the intermediate swamps [2]. Upon delzved arrrval of seasonal
floods m the Delta’s southem extemes avound July; water flows mio recerver chammels
such as the Thamalakane and Botet: and when floods are lugh enough, this flow numdates
riparian lowlands and local depressions such as Lake Mzami. These subsystems collectively
con-stitate the distal reaches of the Okavange Delta. Figure 1 shows the Okavange Delta’s
location m northern Botswana, zpprowimate extent of its major subsystems and the
WSLTD.

Ower time, dming the lnstonical past, a mumber of ssttlements evolved m the Delta’™s
mmediate perpherias, with reliable access to swface water providmg the major fmtial
attraction for sedentary huoman occupation. In the procamazl reaches, margmal avsas
between the Panhandle and the northem Buffzlo Fence and the mere extensive weastern
uplands suppeort agro-pastoral activities that provide the mam sowrce of livelihood for
leeal commumuties. Aveas east of the mtermediate reaches largely comsist of protected
wildlife habitats where human settlement 15 restieted to toursm camps and lodges whils
the westemm penpheries support numerons villages stategically located in the past foor
convenlent access to surface water m the Thaoge Buver and its floodplams. Though
smface water mfluenced the location of lmean settlements, squally important was the
distribution of tsetse which restricted plonesr settlement to ouflymg marging of the perma-
nent and seasonal floodplains. After successful eradication of tsetze duwing the 1970s,
human ssttlement graduzlly advanced toward the Delta’s immedizte periphenss. Whils
tsetse and swrface water distmbution directly affected the location of setflements the
latter’s mfluence was madiated by napmzlly mdecsd changes m surface hydrology. Thesza
changes, comprising persistent channel fatlures, progressive surface-water confaction and
sustamed floodplain desiceation [4], neceszitated the relocation of scattered homesteads to
desiznated village: whers borehole-water was provided afier the earlv 1970:. The advent
of boreheles inplied broadened oppertumities for permanent cecupation of arezs margina-
lized by drving sequences. Boreholas faciliftated vear-round exploitation of resources m
localitdes distant from peremmial surface water supplies. This dynamic partly explams the
lecation of more recent sattlements mn the Dielta’s distal reaches. Surface water distnbution
pror to floodplain desiccation explams plonser settlemsents. The major msight from this
synepsis 15 that smgle-cause explanations do net sesm adequate to explan suvirommental
changes. Accordingly, we adopted a2 mmlb-causal mvestigative approach that acknowl-
edzes the mteraction of natural processes and human agency mn determoming the direction
of envirommental change.

1. Material: and methods
Materials used m this mvestigation include: 1) fime-line historical evidence from published

and mmpublizhed records; 2) maternal artefzcts and fald cbzarvations portraying surface water
distribution and oman—environment interactions during the recent past; 3) oral histories and
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local people’s percaptions of environmental changes 1 ther localities; and 4) satellite imaz-
ery for the vears 1967, 1989, 1994 and 2001, These datazsts were part of 2 geo-databaze [3]
specifically compaled fo momitor long-term ewvirommental changes m and around the
Okavango Delta [3]. Time-lne storical evidence meludes non-spatially referenced mfor-
mation from the archives and, geolocated obsarvations fom fleld imvestization. The former
was systematically tabulated to provide 2 chronclogical sequence of events. This provided a
rehiable reference for mfevential reconstuction of swvirommental conditions at diffarent time
peniods. The latter wers meciporated m an illistatrve map (not shown in tas paper) by
caphming the same m database files that were subsaquently converted to pomnt themes m
AreView. Orzal histonies and local peopla’s perceptions were compiled from long-standing
residents of CGumare village above 50 vears of age. Gumars was selected fov its representative
melusion of sub-ecosystems that allowed sigmficant myveshgation of the role of human
factors in the degradation of natmal resources m and aroumd the Okavango Delta. Respon-
dents above 50 years of aze were prefared because they weie reasonad te be capable of
providing ralizble accounts from memory on conditions during the recent hstorical past.
Matenial artefacts comprize field observed relics/Teatures of kuovn provenance and use that
were used to 1dentify geographical localifies associated wath specific events. Satellite 1maz-
ery meludes CORONA and Landsat mosatc-subsets providing footprint coverage of a 500
km?® sample site around Gumare. The CORONA mosaic was compiled from 2 m-resolution
mtellizence panchromatic photographs [6] acquired by the same satellite on 15 September
1967 [7]. Landsat datasets melude Landsat Thematic Mapper (T3 and Landsat Exhanced
Thematic Mapper (ETW) mosates of 1939, 1994 and 2001 respectrvely, compiled from dry
season coverages to enhance close temporal comespondence with like-season CORONA
photographs.

COROMA photographs were classified on the basis of an 1mprovised procedure m whach
step-wnze density shicing was uwsed to extract mfcrmation claszes at levels of detail and
spatial accuracy that allowed this dataset’s map oufputs to be meamngfully compared with
corresponding products from Landsat imagery. Landsat imapes were classified on the basis
of standard supervized claszification procedures, with more mformation classes being
extracted from these datasets in order to facilitate the detection of trends m individual
woody specias that could not be mapped from CORONA photographs. Details on field
mvestigation procedures, step-wise density shiemng and how Landsat images were clazsified
are provided elsewhere [8]. For each map cutput, spatial accwracy assessment was carmed
out bv calevlating the global accuracy and kappa (K) coefficient using geclocated informa-
tion from field mvestization and collateral information from aenal-phote meosates of 1991
and 2000. The procadure used melided fabulatmg this mformation and assipmng feld-
determined class lzbels/codes m Excel The tables compiled from this process were then
converted to ASK II file format and imported as wser-defined peints inte ERDAS Imagine’s
mage clazsification-acomacy environment. Thersafter, map derved infoomation class codes
comresponding to each of the user-defmed pomts were automaticzlly added to a comespond-
mg column provided by default thus allowmgz compilation of summary tables with fisld-
obzerved and map-derived clazz codes for each x-y poimnt This mformation was then
summarnized to give confision mahices that were subsequently used to caleulate the global
accuracy and the K statistic. Table | provides a sampls ilhistation of how global acowracy
and K were caleulated for the 2001 fume period.

The level of accuwracy for the 1967 CORONA map cutput was 76.3% K =T6.1%. Accwacy
levels for the 1989 and 1994 Landsat Th and, 2001 Land=at ETM map outputs ware 72 8%,
K ="726%; 71.6% K="714% and 72.7%, K = T2%, mapectively. The next ssction (section
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3} disensses the rele of human factors in the degradation of nahural resources in and around the
Okavango Delta batween ~ 1860 and 2001,

3. Discussion

Though enidence antedatmz mshmmental records 15 scarce, 1t 15 still possible fo reconstuet
environnental conditions dunng the historical past on the basis of histonical evidence from
publizhed and wmpublished recovds, material avtefacts observed durmgz fleld mvestigation and
oral histories and local peopla’s perceptions.

3.1 Environmental mrends from hisrorical evidence

Table 2 provides a clronological sequence of evidence. This offers a dependable basis for
reconstucing environmental conditions 1o thes sub-region durmg the historcal past.

From the earlisst nformation available, the first observation ralates to Cloed hMoremi’s
dam construction aroumd 1860, This suggests reliable flow-regimes capable of sustaming
perenmial rezarvolr storage. This proposition 15 supported by historiez] evidencs [11,14,15],
with Chapman's chservations in 1863 [16] and later interventions by Headman Keatamensza
around 1919 {table 2} suggesting a productive swvircnment and the rele of lnman zgency mn
modifying flocdplain hyvdrology. While these observations indicate parenmal flooding befora
1900, successive decades during the 20th centy were characterized by progressive chamnsl]
failures and persistent floodplam desiccation. Evidence of progressive deterioration comes
from Stigamd’s archoval map of 1921 [12] and the mummerous blockage clearng campaizns
aftar the 1930s {fable 2}, desizned to mamtam flow to village settlements such as Tsau m the
distal reaches of the Okavange Deltz (fizure 1). Nevertheless, none of these infervenfions
was able to restore perenmual flow i the dymgz Thaoge Faver, Although the long-tam effect
of channel faihuwes was widespread desiccation, the antecedent cutcome of this phenomencon
was mereased grazmg i emergent floodplams. This unprecedentad change allowed short-
lrved relocation of lvestock from divland e floodplam zrazing aveas. This led to over-
stocking, overgrazing, mereased evosion and, localised siltation [17]. These adverse trends
were mtemupied by the outbrezk of fypancsomiasis duing the late 1930s that forced farmers
to relocate cattle to tsetse-free areas. Though climate change appears te have been the mamn
cauze of floodplam desiccation [4,18], evidence suggasts that buman mterventions acceler-
zted matral detericiation by mterfenng with the transmmssion of flow. While the range of
chammel mantpulations deseribed 1 table 2 indicates human agency i modifying foodplam
hydrology, the rols of human factors 15 fimther illustrated by the widespread uss of papymus
rafts, intreduced by the BaYeyd during the 13th centny [13.1%). From the fime of early travw-
gllers such az Anderssen in the 1830z [20], they weare used i large mumbars for ransporting
zram from the noath to southem matkets and as a means of ansport by colomzl admamista-
tors durng the 19305 [13]. On amival at destination, they were simply abandoned.

Though the seventy of thelr impact remams speculative, it 15 logical to suggest that
mdizermunate disposal of these velucles contiibuted to chamme] blockages and transforma-
tion of perenmial swamps mto the ‘sea’ of papyvius observed by Brind duwrmg the early 1950
(table 2). Because of the mipenetrabls natre of dense papyvius cover, conventional marmal
clearance bacame increasmgly difficnlt This difficulty compelled celomial anthenties to
explore new stratezies. A papyms-clearing machme was improvisad by Brind betosan 1951
and 1953 and put to use.
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Table 2. Historical evidence of emimonmental conditions n the Thaoge Biver's mtermediate reaches: ~1860-1592
Instigatins apent/ Mzjor observation and location in Thaoge
obseTver flondplain Comment on observation
Chisf Morend: ~1860.  “Upper and ~Middle floodplain reaches
Cammed the Thaoge Fiver for his people and Tsztze infastation and raliabls flow
livestock. of the Thaoge Fiver and 2
productive foodplan dunng first
guarer of the 20th cenhay.

Chapman: 1884

Eazadman
Featamense: ~1919.

Septemiber 1577
Srgamd, AG: 1910-
1921.

Martinus Crotsky:
1832-1942.
Trypanosomasis
ourhreak: late 19305,
Colomial autharities
198301850,

Brmd: 19511853,

Brind 19511833,

Government of
Baotzwama (GOB):
1847

COROMA- 23
Septemiber 19057
GOB: Early 1970

Diapt of Waber Affars
and Genman Voluniesr
Service: 19851992

Descrbed the Thaoge's floodplain 2s “a land of
swamp and reeds, miested by huffaloes and
elephants — constamtly in water of reeds that had to
b Imnted fom boats.

Cammed the Thaope Biver ~12 miles north of
INokmners to water livestock in 2 tsetse-Tres arsa
and sever supplies to s downsmeam rivals.
Artepptad to sl l.m the Thaoge River fomits
peaint into Lake I =
Surveyed and II‘.'H.:J}}E[‘. 1I'_e Okavanze Delta region
accordmg fo conventional standards His map
(1921} shows muncation of the Thaope River i
Tsam by ~0km from its terminal desonaton in
Laks Mgami.

Clearing of papyms blockagas along Gumara's
Thaoge foodplams.

The Thaoge doodplains were evacuated of canls
leading to overgrazing of tsatze free areas.

In 1938, the Thaoge was biocked as far as 25 milbes
narth of Tsan. Immediately thereafter mamal
clearing started by the Colonial Admindstration. In
1341 water reached Tsaw By 1950, the restored
channz] bad dred up.

Upper floodplain reaches
Described the Thaoge below its exit at koza asa
2 of papymas. 31 Dacember 193], a major

blockagze observad below 18 April 1952, the
same blockagze had advanced by 15 miles upstream
to vicinities of the Cuma lagoon.

Middie floodplain reaches

Ohbserved setttements north of Tsau on the Thaoge's
WesiErn margin, eastem margin uninhabited becanse
of tsetse, d ing and imigaton of dver loaps:
1953 Brmd assembled a 40 ton papyTus-outtns
mzching at Thals.

Ioception of tsetse eradication by persistent usa of
inserncides, md destrochon of vegetation.
Establishmant of the rafiiges villazz of Exsha.

First synopic image coverage of the Okavanzo
Delta Thaoge's floodplaies corpletaly fooded.
Aprial spraying of tsetse md opening up of
Thzoge s floodplains for present sefflements.
Major chammel straiphiening and camal worcks in
Gumsare’s Thange floodplains to inrease flow for
plamped imization of the Nokanaeng flats.

Evidence of flow 1p Lake Mzami.

Evidence of drying sequences and
imitial floadplan desiccation.

Perennial surface water and nahural
checks apainst umar expansion.

Deterioming floods, sustinad
decreaze m the Thaoge's fow.

Deteriomatng floods, channel
failures, dacreass in outflow from
Celta.

Avoidance of tsetse. Weight of
machine confirms substamtal fow
walmmes.

Expansion of uman sstilement
toward the Delta.

Evidence of snstamed flooding.
Sedentary hamen occupation

Failure to restore downstream flow
in the Thaoge River.
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3.2 Environmental rends from material artefaces and field observanons

Fizurs 2 shows remains of Brand's machine, a papyrus swamp in the present Delta’s peren-
nial floodplain and a pertion of the now-dry Thaoge Brver, with the latter two illustrating the
magnitude of changes azzociated with floodplam desiceation.

Apart from peinting to climate-induced hydrelogical failures, brief operztion of Brmd's
machine by floztmg it m the Thaogs Fiver mdicates a perenmial deep-water envivonmeent. With
natural and non-natural factors reinforeing each other, mechamcal clearance failed fo provads
2 viable maans of clearms vegzstation bleckages as channel flow retreated upstream. Although
the Thaoge's northward retreat opened up new grazing frontiers, efective use of these grazing
areas was delayed by the presence of tsetze-fly. After the early 19605, repeated use of asnal
spraying lad to eradication of tzafze fiv and by the early 1970s the Thaogs vallay was tsetse-
free and open for permanent uman settlement [10]. Habitat conditions were now favourabls
for sedentary oceupation. Farmable areas began to be regularly cultivated Herders explosted
the vietory against tsetse by re-colomizing grazmg areas used sarher before the outbreak of
trvpanosomiaszis. Over time, consolidation of these hivelihood activities imposed additional
stresses by accelerating climate mnduced changes. But most of the local pecple zppear fo be
convincad that these adverse changes are not cansed by lumzn resource use practicas.

G

Fimme 1 Femains of Brind's papyrus clearins machine vsed dumng the 19305, a papyrus swamp in the present
delta’s permanent swamips ad a partion of the now-dry bed of the Thaoge River’s flosdplain: 2a) cos of Brmd's
mwin-engine blocks {middle cenire} for his papymas cutting machine oo the banks of the Thaoge River; I4) dense
DApYTS in permanent swapmps east of the Thaoee Biver's emergent floodplain (March 2001), miach like the sea of
papynss observed by Brind in the 1950s; Ic) the now-dry River, 7 km below itz exit point from the
avanzo Delta. This emviromment was siptilar to what is shown m heure Yo during the early 19305, Saurce: [3].

3.3 Environmental trends from oral histories and local people’s perceptions

Tzble 3 sumumarizes local people’s perceptions of envirommental changes in their localities
aroumd Gumars.
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Table 3. Local people’s percepoons of emvironmental change's armmd Gameare.

Percentage of responses by direction of Trend: and perceptions by lecal

change people
Perceived cause’s Perceptionby

Variable investigated Mo change IncTease Diacrease of wend Rty
Surface water 100 4=0 11
Cromnd water 100 4=0 5
Crazing 100 =4 5
Foainfall 100 4=0 5
Woody cover B3 15 a=10 2
Crop harvests 100 =11 5
Amble agrculzrs 100 =11 5
Reads and papynas 100 =0 5
Thatching grass 100 I+5+0 5
Medicinal plamts 42 58 I+5+0 10
Procected wildlife a B4 7 T+H+18+15 3
Iom-protected wildlifa 100 5+12 5
ey to eived camse’s of observed trend by individual Eey to major trend perception by
resp 4 majority of respondents

Increase 10 Wamral mcrease 1 Nochange, 2 minor

mcreaze

2 Decraxe 11 Flood faihmes 3 Majorincreass
3 Orergrazng 12 Increased humar presence £ Mlmor decrease
4 Painfall failures 13 Decreased forage svailability 5 Major decrease
5 Increasing demand 14 Abandemment of arable land 4§  Uncertain, 7 variabla
4] Decreasing demand 15  Cooservabion profection 8 Minor deterioraticn
7 Increasing mambars 1§  Increasmg livestock mumibers 9 Major det=noraiion
g Shrinking habitat 17 Decreasing livestock oumbers 10 Margmal scarcity
9 Watmral chanze 18 Iocreasmg wildlife & predators 11 Sevene scarcity n=33
Sourre: [3].

In zeneral the majerty of local people are in unamimons agresment on persistent suface
water contraction, and sinular decrease m provmdwater and grazing resources, with natural
change 1n the form of dechung ramfall and flood failures being cited as primary canses of
these dowmward trends. There 15 an overwhelming convichon that thess climate diven
changes are largely responsible for recwrmg crop fallures and mereasmg searcity of home-
stead construction materials such as resds, papyius and thatching grass (fable 3). Although
most of thess submissions agree with histoneally reconstiucted trends that pont to flood and
ramfall failures (table 23, what ssems to be lacking in local people’s perceptions 1= a conscious
acknowledzement that human resource use practices tend to reinfoace adverse changes imii-
ated by natural factors. For exampls, overgazmy as an meiting factor belund bush encroach-
ment 13 genetally bevond the range of most people’s appreciations, althouzh the same
phenomenon 15 widely considered to be a major canse of deteriorating grazing conditions. The
tendency to externalize blame 15 fother apparsnt m reluctance to acknowladze human over-
exploitation of nahwal rescurees such as thatchms grass, medicinal plants and non-protected
wildlifs speciss; with conservation being singled out as 2 major factor accounting for the
increase i problem’ ammals such as elephants. While conservation partly explams the latter
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phenomenon, finll recogmition of the rols plaved by man-made hzbitat changes iz lackmg.
Although there 1= a dispropertionate tendency to assoctats detenioratmz conditions with natu-
ral factors, local pecple’s perceptions, together with what 15 imferable from historical
evidence, mcldmg artefacts, sugzest that the direction of environmental change m this area
is the combmed outeome of nteraction between natural and human factors. This assertion is
supported by trands that emerged from the mterpretation of satellite magery for the period
batween 1967 and 2001,

3.4 Environmental mrends from savellive imagery: 1967-2001

Trends in the distribution of different land cover types betwean 1967 and 2001 confirmm that
environmeentzl condittons continued o detertorate during the second half of the 20th centay.
Dharing this peniod, surface water distmibution m the Thaoge Erver's flocdplam east of
Gumare contracted by 12.8%, with over 98% of this decrease occuming durmg the 22 vears
before 1989 (fizwe 3}

Smee this 15 the same area targeted for mechameal blockaga-clearance and channe] dreds-
mng during the early 1950: and mud 1980s {tzble 2}, with the Thaoge Eiver never recovering
up to the present, validity of the climate hypothesis becomes apparent, although human
agency camnot be completely mled out. In terms of Iivelihood strategies, diymg sequences
prompted a wide range of human responses. These substantially influenced the dwection of
environmental change. For the village of Gumare, progressive retreat of the waterfront
distanced peremmial smface water souwrces, while floodplam desiccation deprived local peopls
of a wital somrce of livelthood, because diving sequences raduced the viabality of flood 1eces-
sion cultrvation. Although these mpacts appear to have besn of divect relevance dunng and
mmmediately after the 1970z, these adverse effects were precursors to downward trends,
accelerated by negative buman mterfersnce. Flood and ramfall falures had far reaching
consequences for people whose Irvelihoods depended on livestock farmng, drvland enltiva-
tien and flood cropping. Avable land could not be mapped becanse of the mability of Land-
sat’s coarse 30 m-resclution to detect the small land-heldmgs used by fammers m this area,
but trends 1 the distnbution of wetland provide infoomative insights. In the two decades after
1967, the amount of wetland significantly declined (figwre 3) with this unprecedented
decrease drastically reducing the wiability of molapo (1. m local language, flood recession,

=0 | E!ﬁ
LR é 8
] :u:-] c 8 !
| -
g_'ﬂﬂ 1 ; 4 E
104 gz
o - | =
Mo Mw B B85 Opg O Ppy Waler Wi Acw  Tew
N e
M = mimisd bush Mw = mined woodkand By = bare grownd 54 = gorub & shvubs
Opg = cpan grassiand  Owg = overgrazed grassland  Pyp = Cypens papprus ‘Wialer = waler
W = weatland Aow = Acacis woosd|and Tew = Torminalla woodland

Fipre 3. Composite llusmation of temporal varations in the distritution of all cover types {1967-2001) md
woody miomrton classes by species fype (1988-2001) that were mapped from satellite imagery for the Gumare
sdy area. Sowrca: [3]
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cultivation) cultivation. In an emviromment whers umelizble ramfsll mads ram-fed crop
production mherently rizky, flood cropping broadensd adaptation by previding some form of
msurance agamnst drought-mduced crop fathwmes. As flood and ramfall fathores persisted,
farmoers were forced to shuft emphasis from crop to bivestock famming. Initially, this worked
well Livestock fammers simply re-distributed then grazing resources, dispersed their herds,
and relied on gramng m the Deltz"s ssasomal floodplams. Although thess copmg strategies
allowred livestock to swrvive peniods of prolonged drought, the mtroduction of cordon fences,
designad to contiel the spread of diseases by separating livestock from wildlife, miposed
drastic restictions on traditional herdmg practices [3]. These fances greatly reduced optioms
for adaptation: livestock farmers had to over-exploit confined zrazing resowrees whale diying
saquences moposed reduced access to homestead construction materials found normally m
wetland, especially Phragmnres australiz and Cyperns papnrus (table 30, Thos forced peopls
to adpust by explotting dryland grasses. Although data on the conmbution of wetland maten-
als for homestead constroction are mot available, deprivaiion of thess resowurces caused
competiion betwesn man and ammals for veld-grasses. Thess competmgz demands entailed
overaxplortation of substitate matenials and substantfial mnereaze m woody cover as grazing
areas contracted.

Between 1967 and 2001, mixed bush and mixed woodland sigmificantly mereased by
18.2% (a=0.01) and 26 4% (3 = 0.05) respactively, with the latter’s meveasze appearing to
have been mostly a narow range of mdrviduzl species. Affer sub-zampling and excluding
Aeacia specias and Terminalia sericea, it was found that mixed woodland declined by 3%
betwaen 1989 and 2001 whils mixed bush maintained its sigmficant upward trend. This
ohservation suggests that most of the meorease i muxed woodland was accounted for by
Aecacia spacies and T. sericea while the vninterrupted merease in mixed bush mdicates rap:d
bush encroaclment at rates exceeding ftrans-gensratiomal shifts to woodland. The fast
increase 1n mexed bush can be explainad by causes that released potentials previowsly mhib-
ited by specific factors. Candidate factors providing plauzible explanation mehide overgraz-
ing and drought-induced abandonment of arable land. Evidence from field imvestization
revealed numerous landheldings under different stazes of bush encroachment within the
village’s perimeter margins with persistent rainfall fathwes (table 3) providing the most
plauzible explanation for the abandonment of arable land. To enhance ohjective assessment
of himan-environment mieractions, gradient maphs (fzure 4) were used to mvestgate the
localized mfluence of pepulation concentration, on the hypothesis that the ntensity of human
resgurce usa 1s nversaly melated to distance from the village centre.

While the 0—2 ko buffer zone exhibited a marginal 3% merease i mowed bush betoween
1989 and 2001, mixed woodland declined by 12% (dzure 4). While drving sequences impose
widespread abandonment of arzble land, demands for brush-wood fencing to protact crops
from Irvestock and wildlife as m other crop producing areas ke Shakawe, fail to provide a
relational explamation for the localized decrzase m muxmed woodland around Gumare.
Although the fuel-wood foraging hypothesis mught partly explam the observed decreass m
mixed woodland [21], 1=pid population growth illuminates the mest hikelv caunse of thiz
spatially confined decline.

During the 20 years betwrsan 1981 and 2001, Gumare’s population mereasad by over 51%
from 36353 to 7478 [22]. This zrowth mophed comrespondmz increases m the demand for rest-
dentizl plots and amemties such as schools, clmies, adwnistrative offices and a new anstip
as the old one was abandoned. In thos regard, wide rangmg factors rather than firewood
explodtation per 5e offer a more plausible explanation for the sharp decrease in mixsd wood-
land between 1989 and 2001. Trends m outlying areas show that the effects of land use
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zomng are caphwed by zradual increaze in woody cover: 1.6% for the 2—8 km and 7.1% for
the =10 km buffer zones betwsen 1989 and 1984 (fizne 4). In thus mstance, the posifive
correlation befween diztance from the villaze and woody cover dismbution reflacts policy-
determined spatial vanations m levels of resouwrce exploration; with other mtervening
factors, such as heavy browsing by elephants, explaimng the decrezse m cutlying arsas
between 1994 and 2001. Although buffer anzlv=is provided some useful insights, this tech-
nique cowld met capture the spatial bias m woody cover increase toward dryland, with emer-
zent floodplains exhibiting marginal bush encroachment. This vanation can be explamed by
the nature of floodplam emergence. Because of gradual drv-down, water tables declmed in 2
simular manner to the extent that protracted persistence of seil water-logzing delayed the
succezsful establishment of species adapted to water-deficit comditions. Felated to this
constraint was 2 pootly developed seed-bank on account of the prolonged residence of water
prior to floodplamn desiceation. This retarded successful establishment of woody cover. For
specias such as Acacia eriploba, successful establishment was confingent on seed dizpersal
b lvestock whose mumbers were drastically reduced by prolonged drought between 1578
and 1987, Additionzl inhibrtions came from establizhment of a fire-prone emvironment that
suppressad the pioneesr establishment of woody seedlings [3]. Wlile mixed bush and momeed
woodland exhibited vanable trends, Termiinalia and Aeacia woedland increased by 1%: and
4%, respectrvely (figure 4).

Although temporal vaniations m the formoer were marginal, thers was cbserved to be a
penicdic trend. Between 1989 and 1994, Terminalia woodland decreased by 1% after which a
twio-fold increase was observed. The mest likely cauze of this periodicity appears to be ralated
to spatial trends in the physical growth of the village. Two cbservations help to explain hew
this phencmenon mfluenced trends m the dizmbution of Termnnalia woodland. The first,
mentioned above, relates to planning regulations that require new residential plots to be astab-
lished within officially preseribed boundanes of the willage. Tlus requirement implied that
although substantial ground was cleared in the mifial phases of the village’'s rapid expansion,
further clearance of areas beyond specified limats was impossible. Thus restiction facilitated
the merease after 1994, The second observation concerns the centralized provisien of prped
water which appears to have encouraged homestead mucleation. The combined outcome was
that although population contimwed to increase, thers was no comresponding frontier expansion
of the villaze potentially capable of mnderpiming the natural merease m Termnnalia woodland.
This view 15 supported by results of buffer analysis that indicate progressire mersaszs m all
buffer zones, with areas beyond 4 km from the villags centre exhibiting substantial increase,
while mner buffer zones wrthin the 4 km radivs exlubited marginal expansion. Marginal
increase mthe latter category 15 consistent with the finding that m general, environmeental pres-
swre zradually dimimshes with mereasmz distance from the willaze wath siznificant merease
in outer zones further confiming the spatial effects of land use zonmsz.

From the standpeint of human impact on the envivenment, the trends desciibed muggest
that althouzh deforestation features frequently in the literature, there 15 no evidance of this
phenomenon arommd Gumars. Instead, the opposite sitmation 15 evident, with mdications
suggestms that deforestation thwousgh oversxplotation for firewoed 15 an eversmplified
generalization. This view 1= suppeorted by the persistent mmerease m dsacia woodland, though
largely confined to upland areas outside the emergent flocdplain (for reaszons stated zbove)
with spatial bias toward the former indicatmz the combined mfluence of overgrazmz and
declinmg rainfall. These factors appear to have reinforced each other to induwcs and accelsrate
bush encroachment and progressive comtraction of mizzmz resowrces as cpen grassland
declined Though Adcacia woodland exhibited 2 persistent upward trend, buffer analysis
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revealed spatial varations that point to the possible nfluence of other factors apart from
overgrazing and detericratmg ramfall. In the mmenmost (-2 km buffer zone, trends sinmlar to
thoze observed for Terminalia woodland emergzed. But the long-term upward trend m Acacia
woodland was more promment m the 3-10 km buffer zone where an ummienupied 5.9%
merease was observed wlule other zones exiubited mifial increase and a terminal dacline
between 1989 and 2001 ifizure 4). Termunal decrease m the 2-8 km buffer zones can be
explamed by mersasad elephant actrvity i this smwvironment. Fiald observatiens of elaphant
damage to woody vegstation in these localities revealed knockdown of favoured species
espacially A, ericloba, excessive biowsing and pellarding of Acacia mellifera and uprooting
of selacted species notably Ximenia americana. Though elephant damage to vegetaton 15 a
major causze for concern, the same damage has alse provaded substantal firewood to the local
people. Contrary to expectation, the majerity of people mterviewed reported difficulties n
obtaming firewood becawse of increasing scarcity (table 3). Absolute scarcity appears
unlikely in view of the sizeable ameownts regularly contiibuted by elephants. Instead, the
major causes of the reported difficulties appear to be divectly related to sheartages of labour
and suitable means of ransport. The large specimens often favoured by elephants make head-
loadmg and tansportation by denkey carts extremely difficult. The firswood problem m
Gumeare has to be considered as ansing mamly from lack of means to harvest what 15 avail-
able with reports of mncreasmgz shortages i the iterature suggesting musrepresentations that
fa1l to capture the underlying causes of the problem.

Equally mmportant 15 the fact that persistent increase mn woody cover was mversaly related
to chserved fends in the dismbution of open grassland which sizmificantly (3 = 0.01)
contracted by nearky 44% between 1967 and 2001 (fizure 3). Although deteriorating rainfall
contributed to the cbhaerved decrease inopen grassland, its effects on herb cover dynamies wers
baoth direct and indirect. Direct effects included wet season decrease in production as below
average ramnfall mduced ramzaland deterioration. Indirect effects melndsd declming ramfall,
which facilitated bush and scrub encrcachment by confenning competitive advantages to desp-
rocting spacies such as Pechuel loeschea and Grewia flava that are better adapted to moisture
deficiency compared to shallow-rooting grazses. Whils mixed bush sizmificantly mereazad,
sinmlar rends were also observed n the distribution of scrub and shrubs. Between 1967 and
2001, scrab and shrubs sigmficantly (a = 0.01) mereased by 6.6%. This expansion Aother
reduced the proportion of open graszland by replacing meompetent grasses of higher mutritive
value. Consequently, while open graszsland declmed i terms of spatial coverage, the quality
of prazing also daclined as lass palatable spacias mereased. Bush encroachment 1z inhkely to
have vielded uszable browse to compensate for forage losses associated with the persistent
decrease m open grassland. The beneficial effect of bush encroachment often suggested onthe
basis of increased browsa [23] iz not straightforward. Dry-season deacia foliage has a polson-
ous tannin butld-up that affects fodder digestibility by causing fermentation n the romen [24].
This countervailmg factor suggests that bush encroachment does not always vield usable
browsa for livestock. An additional conzideration often overlocked 15 that, not all browss nre-
spective of digestibility 15 practically accessible to livesteck. Unlike the givaffe, for example,
phy=iolegically adaptad to reach browse at crown level mn most bushes, cattle and goats have
& lower browse-lme. This physiclogical lmstation tmplies that the high quality biowss at
reachable heights for the zoaffe 15 maccesaible to domestic stock, wath lngh bush densifies
further agzravating thiz phenomenon by establishing impenstrable tuckets where the accessi-
bility of browese 15 restieted to the expansion front. Tlus phenomencn was observed in differ-
ent localities of the study area whera 4. mellifera and Dichrectachyr cinerea tendad to be
dommant m zbandoned arable land and overzrazed areas.
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Fezarding the latter, heavy zrazing by zebra was chserved m aveas distant from the fos=al
floodplains, leading to extensive overgrazing spatially wurelated to the confmed oconrrence
of perenmial surface water in the permansnt doodplains. Though boreholes are used country-
wide to madiate the effects of surface water shortages, livestock farmmz m fhus area largely
depends on hand-dug wells m the Thaoga vallev. The spatial impact of these artificial water
sourees 15 broadly spread out in the form of overgrazmng, although in terms of long-term
trends, the area mapped as overgrazed grassland from satellite magery actually decreased
instead of increasing. This apparent contradiction can be explamed bv considering a grazing
resgurce base that had declined to 3 pomnt whers overzrazed grassland ceased to be defect-
able. In a comnparative investigation of trends m land use umder different levels of population
pressure in Zimbabwe's Gum distnet of Masvingo provines, Hamandawana [25] observed
simular trends m commmmal areas (CAs), where mcreasmg mumbers of lvestock betwaen
1967 and 2000 mtated oversrazmg to levels where 1t became meanmgless to wse herb cover
distribution a3 an mdicator of grazing conditions.

In 2 follow-up wrestization, Hamandawana er ol [26] obzarved simular frends m the
Sermma comnmmzl area of the same distct, with ever-exploitation of grazing resources
through mereasmg numbers of hvestock agam emerging as the major canse of dowmavard
trends in herb cover distibution Although examples of such sifuations are many, the
commen dencminator m mest cases i the large number of livestock m ewvirommental
zaftings whers forage demands excesd rangeland productivity. Extreme variations in human
population densitiss exemplified by Botswana’s national average of thiee peoplekm® in
rual areas and Fimbabwe's 50 pecplekms® in the case of Guin district, suzgest that
although demographic prassure has a bearing on common access resoures use, managemesnt
regimes plav an equally mportant role. In Gumare’s immediate envizons, luman numbers
per ze do not offer a plausible explanation of detenorating conditions. In 2001, Gumare’s
population was 7478, Assuming a conservative distnbution of land by restricting this popu-
lation to the 300 km® mvestizated in thiz study area, the population density during this
pericd was 8.3/km®. Although this density is six times less than Zimbabwe's 50 peoplelm?
in CAs, similar trends characterized by severe overgrazing were observed m both areas.
Thiz suggests that the manzgement dimension has mere to do with the dowmward trends
observed in Gumare, since despite low population densities, negative trends at magnitudes
comparable to those i areas with hizher population densites wers sill evidemnt

Although careful conmideration of the factors descmbed above 1= necessary to enhance
olyectrve assessment of trends m land cover distibution, the major mmsizht fom the above
discussion 15 that overzll, mrzzms conditions substantially detenorated; with lnman agency
appearing to accelerate natorzlly mduced dowmroard oends that are hkely to continue as
semub and shrubs, mixed bush and mixed woodland contitme to merease. Although the expan-
sion of woody cover should have begun 2 corresponding decrease i barensess, the opposite
situation was obsarved, with bare grownd mnereasmg by 14.2%: betwraen 1967 and 2001, This
anomaly can be explained by flocdplain emergence and the rapid zrowth of mfrashmchure
durmy the same period a5 Gumars’s population inereased. Though floodplain mrazms ocecz-
sionally improves in vears of good rainfall and logh floods, cover quickly dizappears from
heavy grazing and the lugh frequency of peat fives [27]. These fires suggest that floedplam
emargence 1n this environment 15 a recent phenomenon, with little passage of time betwasn
now and the last regular floods that supported active papvrus growth, This explams whoy
combustible peat has not vet been exhaunsted. It may be noted that our understanding of
planetary change proceszses m general and globzl warmomg i particular can be enhanced by
investizating the contribution of these peat accmmulations to carbon sequestation.
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4. Survey of the role of human factors in the degradation of natural resources

Fromn this analy=iz of the different types of data, the direction of environmental change in thiz
sub-region can be summarized as indicatmsz: 1) progressive expansion of woody cover at the
expense of open grassland; 2) confraction of grazing through the combined affects of bush
encroachoeent, overgrazing and detenorating rainfall; 3) noticeable decrease m the quality of
grazmg thiough the progressive increase in scrub and shiwbs of low nubdtional value; 4)
persistent dryving sequences and progressive stream shortemmng with surface water beconung
scarcer compared to hizher flood vears of the recent hustouical past; 3) disappearance of
wetland matenials for homestead conshuction matenals and assoctated overexpleitation of
substitute materials; 6) declimng levels of diyland and flocdplam eultivation through the
combined effects of deteriovating ramfall and persistent flood fathues; 7} accelerated degra-
dation of natwral rangeland cansed by shufis in emphasis from arzble farmomg to livestock
production; and 8) arfificially mnduced crowding of livestock and wildhifs through habitat

partiticning to facilitate tourism eriented wildlife conservation.

5. Concluszion

This paper has exanined the role of human factors m the degradation of natwral resources m
and around the Okavango Delta. The direction of environmental change m this sub-region i1z
to & large extent the comvergent outcome of inferaction between natiral and human factors.
Under the former catezory, sustained decrease in ramfall appears to have bean the primary
mstigater of downward trends from a wide 12nge of dovers whose adverse environmental
effacts have been agmavated by human agency. Fegarding the latter, human mterventions
have accelerated adverse changes mstigated by natwal processes while In other mstances,
human agency went finther to cause extemalities that remforced the former o determuning the
direction of environmental change. Evidence from the sacond half of the 1%th centwy up to
the prassnt points to progressive detenoration of environmental conditions and limrted pros-
peects for reversal of dovnward tends. Mistzkes of the past need to be averded by formulating
appropriztely infoomned homan response and adaptation strategias which mehode sustamabls
resouce use practices. These mizht melude planned desiznation of bush-encroached aveas to
wildlife management and the development of a mumber of lighter-waizht papyrus cutting
machines i keeping with the needs of local people and the availability of modem metalhargy.

Acknowledgements

The authers would like to thank START Intemational, the Canon Cellins Edwcational Trast
for Seuthem Afnea (CCETSA) and the Southern Africa Fegional Science Inthiative (SAFART
20007 throuzh Prof. Harold Annegam, Rand Afinkaans University and Prof Susan Emgrose,
Harry Oppenheimer Okavango Fesearch Centre, for co-fmdimg research work leading to this

paper. We smeerely thank the anonymeus reaviewars for thewr usefil commments and suggestions.

Raferences

[1] C50 (Central Statistics Offce), 2000, Emvironment statistics report: Febnaary (Gaborone: Depantment of Prnt-
ing mnd Publishing Services)



The role gf human factors in the desradanon of natural resources 605

[2] McCarthy, T.5., Bamy, M., Bloem, A, Ellery, WX, Heister, H. Marmy, CL.. Futher, H. and Stembarg, H.
1897, The zadient of the Okavanzo fan. Botswama, and its sedimsofological amd tectomic myplications
Jowrnal gf fican Earth Sciances, 24(1/2), 65-T8.

[3] Hamendawana, H, 20046, Ap iovestgacon of the role of nman factors in the degradation of namml resources
inand aromd the Clavango Delta, Botswama. Unpublished PhD thesis, Deparment of Environmental Science,
University of Botswana

4] Hamemdawara, H. Chanda, F. and Eckards, F., forthoonying sal of comtemp tves oo

H climate change m southemn Africa’s Okavanzo Delta sub- mmhamhmqu.ﬁnnﬂnﬁ?ﬁm

[5] Hamendawana H., Eckardt, F. and Chanda, B, 2005, Linking archival and remately seosed data for bons-term
environmenta] monitormg Fremarona fournal of Appiied Exvit Obrarvmion and Geomfrmation, 741,
282-T0E

5] Hamandawara, H, Eckarde F. and e, 5. 2007, osed methedology for peing amd

4 mozaicking CORONA photographs. }ﬂmmdmm. ﬂfmw Senzing, I8{1), _‘_123930"‘—’531'5

[7] McDonald, B4 1995, CORONA: success for space recornaissance:  look o the Cold War 2nd a eveluzon
for intelligence. Photogramerric Engineering ana Remote Senring. 61(8), 585720,

[8] Hamendawana H . Eckardt, F. and Ringrose, 5., 20046, The nse of slepmaedmsm slicing in classifyng
high-resolution panchromatic photographs. Fterntional Jourmal gf Remare Sensing, 2T(21), 42234043

[S']Bmd.'ii.G 1855, The Okavmzo Delta: Feport of the 1951-53 fGeld soveys. Beport to the Resident
Commizsionar, Mafekinz, B/B351 48095872, Bodswana Documentation Cemre, University of Botswana,

[10] TUCH, 1982, The IICH Beview of the southem Okavango water development prosect, World Conservation

TUnion.

[11] McFieman, G. 1954, The Nwrame and Jowrmal of Gerald MeEerman o South West {frica: 18741870
{Cape Town: Van Risbesck Sociery).

[12] Stigamnd, A.G. 1922, Oferamer Delta Miao: Plos BP-12 (Gaborone: Department of Surveys and Mapping).

[13] Wilsom, BH.. 1973, Some narural and man-made changes m the chamels of the Oliavango Diela Barnwana
Notes and Record, 5, 132-151.

[14] Anderssen, CT., 1857, Lake Neami, or Explararions and Discoverses auring Four Fears " Wonderings in the
Wilds a_ﬁmrmw wr Affica (London: Hurst and Blackett Publishers; reprinted Cape Town: C. Smuik, 1967).

[15] Gresn, F., 1857, Narmative of an expedition fo the porth-west of Lake Nezam: Egrrern Province _mlmn.:u

Hu:ga:mn:, L

[14] Chapman T, 1828, Trovelr i the uterior of Jouth 4fca (Cape Town Bell and Daldy, reprimted A4
Balkepaa, 1971}

7 Lnr-i AT and Inst, MCE.. 1926, Report on the Exlaha Recommaiztance gf 1925 (Pretoria; Government

£ md Statonery Office)

[18] Hn H., Chanda, F_ ‘and Eckardt, F., m press, Namml and lumen induced eovironmental chamges in
the semi-arid distal reaches of Botswana's Olavango Delta. Sowrmal qf Lond Lie Science.

[19] Tlow. T., 1972, The tanting of the Okmangoe swamps. Botswang Modes mnd Records, 4, 147-150.

[20] Shaw, P 1985, The desiccation of Lake Meamni: A histoncal perspective. The Geoeraniics Jaurnal, 151(3),
31B-326.

[21] ND® (Matiomal Development Plam) No 9, 2003 (Gaborope: Minsstry of Firance and Development Plammmg,
Fepublic of Botswama).

[22] "“‘.nﬂ {Ceniral Statistics Office), 2002, Pepuwlarion gf Towns, Fillyses and Localites (Gaborone: Deparment of

l:l:u:IE mmd Publishing Senices).

[23] Maolesle, N, Fingrose, 5., Matheson, W. and Vandatpost, C., 2002, More woody plants? The stais of bush
encroachment in Botswana's grazng areas. Journod gf Emironmensa) Mimagemenr, 64, 3-11.

[24] Ebsdes, H. 1987, Game mnching in Seath Africa: A bref veterinery perspective. m- F. Mooggae (Ed)
FProceedings of  National Covlerance on Conservarion and Management of FRdle i Botswma: Sranegies
Jor fb#g_l%mc. <firsr Camiury, 13-17 October 1967 (Gaborome: Diepartment of Wildlife and Wational Parks),

[25) Hamendawane, H., 2002, Compamative rends in land-use mnder different levels of population density: the cass
of Gam District in Zmbabwe, Soutk 4fcan Geographical Jownal, 84(2), 138150

[24] Hamemdawara, H.. Musisi, M., Chanda, B and Eckardt, F. 2005, Poplation driven changes in land use in
Zimbaiwe’s (o district uf‘uimlmm provinos: some Lessons fom racent history. dpplied Geoprapiy, 15,
4170

[27] Guabricht, T, McCarthy, T.5, McCarthy, J., Foy DB, Frost. PE and Wessels, K, 2002, Remote sensing to
detect sub-surface peat fires and peat fire scars in the Okavaneo Delta, Botswana. Sourh 4ficm Joumnal gff
Srience, 98, 331350



