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Land-cover change and biodiversity in KwaZulu-Natal

Systematic land-cover change in KwaZulu-Natal,
South Africa: Implications for hiodiversity

Land-cover change and habitat loss are widely recognised as the major drivers of biodiversity loss in the
world. Land-cover maps derived from satellite imagery provide useful tools for monitoring land-use and
land-cover change. KwaZulu-Natal, a populous yet biodiversity-rich province in South Africa, is one of the
first provinces to produce a set of three directly comparable land-cover maps (2005, 2008 and 2011). These
maps were used to investigate systematic land-cover changes occurring in the province with a focus on
biodiversity conservation. The Intensity Analysis framework was used for the analysis as this quantitative
hierarchical method addresses shortcomings of other established land-cover change analyses. In only
6 years (2005—2011), a massive 7.6% of the natural habitat of the province was lost to anthropogenic
transformation of the landscape. The major drivers of habitat loss were agriculture, timber plantations, the
built environment, dams and mines. Categorical swapping formed a significant part of landscape change,
including a return from anthropogenic categories to secondary vegetation, which we suggest should be
tracked in analyses. Longer-term rates of habitat loss were determined using additional land-cover maps
(1994, 2000). An average of 1.2% of the natural landscape has been transformed per annum since 1994.
Apart from the direct loss of natural habitat, the anthropogenically transformed land covers all pose additional
negative impacts for biodiversity remaining in these or surrounding areas. A target of no more than 50% of
habitat loss should be adopted to adequately conserve biodiversity in the province. Our analysis provides the
first provincial assessment of the rate of loss of natural habitat and may be used to fulfil incomplete criteria
used in the identification of Threatened Terrestrial Ecosystems, and to report on the Convention on Biological
Diversity targets on rates of natural habitat loss.

Introduction

Land-cover change and habitat loss are widely recognised as the major drivers of biodiversity loss in the world."3
These changes not only fragment the landscape but alter biogeochemical cycles, climate, ecosystem processes and
ecosystem resilience, thereby changing the nature of ecosystem services provision and human dependancies.*$
These losses and changes pose significant challenges for meeting biodiversity conservation goals and targets.

KwaZulu-Natal (KZN), a province situated on the eastern seaboard of South Africa, has a complex landscape,
both in terms of its physical and biological diversity,” and the varied use and ownership of the landscape. The
KZN landscape ranges from mountain climes of the Drakensberg escarpment of over 3000 m in the west to the
subtropical climes of the Indian Ocean in the east (Figure 1) in an area of 93 307 km2. KZN is the wettest of South
Africa’s provinces with a mean annual precipitation of 837 mm.8 Consequently, agriculture — consisting primarily
of sugar cane, orchards, commercial and subsistence crops, and timber plantations (agro-forestry) — represents
major features of the landscape. The species-rich natural vegetation consists of mesic grasslands, savannas,
forests and wetlands, and contains portions of the Maputaland-Pondoland-Albany biodiversity hotspot and the
Midlands, Maputaland, Pondoland and Drakensberg Alpine centres of endemism.®

KwaZulu-Natal is the second most populous province in the country™ with a mid-year population estimate of
approximately 10.8 million people in 2011 (0.9 people per hectare). The province is experiencing a loss of natural
habitat, which has profound ecological consequences for this species-rich area. Similarly, the loss of natural
capital and environmental degradation has socio-economic consequences for the many, mainly rural, inhabitants
reliant on natural resources for fuel, fibre, food and medicine.'® Many rural communities live on communally owned
land, for which the drivers of change may differ from those on privately or state-owned land. It is thus important
to quantify and understand the processes driving land-use and land-cover change (LULCC) in the province, and
across different land tenure systems.

The availability of remotely sensed imagery has facilitated the monitoring of LULCC worldwide. In South Africa,
two national land-cover (NLC) maps have been developed from satellite imagery based on circa 1994 (NLC 94)™
and 2000 (NLC 2000)'® conditions, but they are not directly comparable. Ezemvelo KZN Wildlife, the provincial
conservation authority, has facilitated the development of three KZN land-cover maps based on 2005,'%'7 2008819
and 2011202" conditions as part of its biodiversity monitoring mandate. These provincial data sets are valuable
because they were developed using similar methodology, have similar legend categories and are mapped at the
same resolution (20 m), making temporal comparisons more precise than less standardised land-cover maps. This
series of five land-cover maps offers a valuable long-term period of 17 years within which to analyse land-cover
change and rates of habitat loss within the province.

Understanding the patterns, processes and impacts of LULCC is essential in order to plan effectively for biodiversity
conservation, especially in the face of other agents of global change such as climate.?? Common methods of
analysing land-cover change involve computing transition matrices between two points in time.?® However, this
method does not adequately account for category persistence, which tends to dominate the landscape. Failure to
account for category persistence may mask important signals of land change.?* The static state of the landscape
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between two time periods means that the signal of change is small in
light of the overwhelming signal of persistence. Similarly, a lack of net
change in a traditional analysis does not necessarily mean a lack of
change on the landscape, because there could be location changes or
swapping among categories. Thus an analysis that considers transitions
of categories in terms of gains, losses, net change and swapping is
insightful about patterns and processes of landscape change. Pontius
et al.** developed a framework to account for these deficiencies.
Further improvements to this method of analysis were developed in
the Intensity Analysis framework® which was designed to analyse
several points in time for the same study area. For each time interval,
the method investigates the extent and speed of change and categorical
gains and losses, whilst specifically considering the size and intensity
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Figure 1:  The location of KwaZulu-Natal, South Africa. The Ingonyama
Trust Board administered areas are shown in grey, and were
used as a proxy for communal areas.
Table 1:

Land-cover change and biodiversity in KwaZulu-Natal

of those changes and determining the intensity and variation of land-
cover transitions from the categories available for the transitions. The
framework thus identifies the underlying processes of the landscape
transformations.

Given the complex nature of KZN, it is essential to understand the
drivers, patterns and processes of change for biodiversity conservation
as the nature of the changes will have different management and
policy implications. Using a quantitative method that addresses known
inadequacies of conventional LULCC analyses and specifically assists in
identifying the underlying processes of landscape change, and using the
unique land-cover data set now available, should markedly improve our
understanding of LULCC in KZN for conservation planning. Consequently,
we have used the Intensity Analysis framework to characterise the
systematic land-cover changes occurring in KZN using the three
provincial land-cover maps (2005, 2008 and 2011). Differences in the
pattern, rates and intensities of change are compared between land
tenure systems (communal versus private and state-owned areas). In
addition, the extent and rate of natural habitat loss are determined (from
1994 to 2011).

Methods

Communally owned lands

The historical legacy of the country has created three major land tenure
systems in the province: communal, private and state-owned properties.
The Ingonyama Trust was established in 1994 (KwaZulu Ingonyama
Trust Act No. 3 of 1994) to hold land in title for members of communities
in the province. The Ingonyama Trust Board (KwaZulu-Natal Ingonyama
Trust Amendment Act No. 9 of 1997) administers the affairs of the Trust
and the trust land and oversees the development of approximately 2.8
million hectares of communally owned land. The Ingonyama Trust Board
(ITB) jurisdictional area was used as a proxy for communally owned
land. Land-cover change differences were investigated between the ITB
areas and the other land tenure systems (non-ITB).

Land-cover maps

Five land-cover maps were used in the analysis of land-cover change
(Table 1). The details of methods used to develop these maps are dealt
with in their associated documentation.'-16.1820 The methods in brief are
as follows:

The 1994 land-cover map was manually digitised from hard
copy Landsat Thematic Mapper imagery based on 1994-1995
conditions, at a 1:250 000 scale but incorporating smaller
features wherever feasible.'

Land-cover map accuracy statistics, minimum mapping unit and number of classes for the national, KwaZulu-Natal (KZN) and aggregated class

KZN land-cover maps. Initially nine categories were used in the analysis using the aggregated class maps, whereafter an ‘abandoned’ category

was added and used in the Intensity Analysis.

Land-cover map Overall map

accuracy (%) Low
National 1994 79.40 78.50
National 2000 65.80 65.10
KZN 200545 83.06 81.26
KZN 200857 78.92 77.24
KZN 201189 83.51 81.95
Aggregated classes KZN 2005 92.18 90.86
Aggregated classes KZN 2008 92.43 91.32
Aggregated classes KZN 2011 89.39 88.05
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90% Confidence limits

33

Minimum mappin
pping Number of classes

High Kappa index unit (ha)

80.40 74.80 25 31
66.52 57.00 1-2 49
84.86 81.55 0.25 43
80.60 78.14 0.25 47
85.07 82.92 0.25 47
93.50 - 0.25 9;10
93.55 - 0.25 9;10
90.73 - 0.25 9;10
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» The 2000 land-cover map was classified from multi-temporal
Landsat 7 Enhanced Thematic Mapper imagery based on
2000-2003 conditions, although KZN formed part of phase 1
which used the earlier dated imagery."

e The 2005 KZN land-cover map was developed from SPOT 2/4
imagery.'®'” Certain post-classification modifications were made
to improve the map, including the use of externally sourced data
and expert edits.

e The 2008 and 2011202" KZN land-cover maps were developed
from SPOT 5 imagery. These maps represented temporal updates
to the 2005 land-cover map.

The map accuracies ranged from 65.8% for the NLC 2000 to 83.5%
for the provincial 2011 land-cover map (Table 1). Aggregating the
classes of the provincial maps used for the change analysis significantly
improved the map accuracies — up to 92.43% for the aggregated 2008
KZN land-cover map. The Kappa index for the provincial maps was high
with the strength of classification agreements deemed ‘substantial’ and
‘almost perfect’ as per accepted benchmarks.?® The aggregation of all
five maps into only two categories for the long-term rate of habitat loss
analysis would similarly significantly improve the accuracy statistics.
Thus confidence was placed in accurately detecting change rather
than error in this analysis. The imagery used to develop the provincial
land-cover maps was provided as part of the South Africa Government/
SANSA/SPQOT IMAGE Agreement to supply annual SPOT imagery for
the country.?

Data analysis

Detailed provincial analysis 2005-2011

The three provincial maps were analysed for land-cover change between
2005 and 2011 using IDRISI Selva.?” The maps excluded the highly
dynamic coastal sand and rock category and were standardised to the
2008 vegetation extent of the seashore line. The provincial boundary
for this analysis includes the currently disputed Matatiele region in the
southwest which is currently administered by the Eastern Cape but
which was previously administered by KZN, and is included here for
planning purposes only. Minor corrections were made to known dam
and mine category errors. The maps were reclassified into 9 aggregated
categories (Table 2; Supplementary figure 1 online) from the initial
43-47 land-cover categories and the associated aggregated accuracy
statistics calculated from the accuracy assessment contingency tables
(Table 3). The users’ accuracy exceeded 91% in almost all cases, but
some categories had lower statistics in specific years. Aggregation of the
categories served to improve the accuracy of the maps by eliminating
errors among the more detailed land-cover categories (Table 1).

Based on initial analyses that detected changes, swapping and
persistence® of categories in the landscape, an additional ‘abandoned’
category was created that specifically tracked changes of non-natural
vegetation classes back into a semi-natural state at a future time point.
It is imperative for conservation planning that these changes be tracked
as this category does not hold the same biodiversity value as primary
natural vegetation. Hence 10 categories were used in the Intensity
Analysis.

The land-cover changes were examined using the modified transition
(cross-tabulation) matrix and the hierarchical Intensity Analysis
framework which uses statistical methods to identify the most important
transitions and the signals of systematic processes related to the
patterns of land change.?** The relevant papers detail the methods
used, hence they are not repeated in this paper but the equations and
notation used are provided in the online supplementary material for
ease of reference. These matrices were used to calculate the extent of
gains, losses and swapping between categories. The Intensity Analysis
considers the size of the category concerned and analyses the data
at three levels of analysis, namely time interval, category gains and
losses and transition intensities across available categories. The interval
analysis determines the annual rate of change compared with a uniform
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change level across the temporal period of the analysis, and may be
classed as slow or fast in comparison to the uniform change level. The
category analysis investigates each time interval’s intensities of gains
and losses per category and the categorical changes can be classed
as dormant or active changes in comparison with the uniform intensity
level. The transition analysis investigates transitions between particular
gaining and correspondingly losing categories and vice versa to examine
how the size and intensity of the transition varies. The transitions can be
classed as targeted or avoided by comparing the observed intensity of
each transition with a uniform intensity level.

Longer-term analysis of the rates of habitat loss

In addition to the provincial maps, the earlier national land-cover maps
were used to investigate the amounts and rates of habitat transformation
since 1994. In order to render the legend categories congruent, two
categories were created across all five land-cover maps, namely
untransformed (natural features and vegetation) and transformed
(anthropogenically altered landscapes such as built infrastructure,
cropland, plantations, mining and dams). Once an area had become
transformed it was not permitted to become a natural category again
at a future time point, effectively excluding the ‘abandoned’ category
and thereby identifying primary natural areas best suited for biodiversity
conservation. Data was resampled to a 500-m pixel size associated with
the minimum mapping unit of 25 ha of the NLC 94, the coarsest level of
mapping detail. A logarithmic regression curve was fitted to the temporal
sequence of estimated remaining natural habitat in an attempt to best
describe past pattern, and forecast the most likely state in 2050.

Table 2: The aggregated land-cover categories and a description of the

categories included in the aggregated class

Aggregated land-

Description
cover category
Natural open water occurring in pans, rivers, wetlands,
Water .
mangroves and estuaries
Plantations Agro-fqrestry |nc|ud|ng clear-felled timber and
rehabilitated plantation areas
Irrigated and dryland agriculture including permanent
Agricuture orchards, plneapples,_sugar cane, subsistence
agriculture, commercial annual crops and old
cultivated fields
Mines Major surface-based mineral, rock and sand excavation

and dumping sites including rehabilitated mine areas

All major urban and built-up areas, rural or low density
Built dwellings, sports fields and race tracks, smallholdings,
national, main and district roads, railways and airfields

Natural vegetation including forests, dense bush,
bushland, woodland, bush clumps, grasslands, Alpine
heath and degraded natural vegetation

Natural vegetation

Naturally occurring exposed bare rock and sand,

S 0 0 excluding coastal rock and sand

Non-vegetated areas resulting from primarily gully

Erosion .
erosion processes
Dams Artificially impounded water
Secondary vegetation areas arising from abandoned
non-natural categories, €.g. abandoned agricultural
fields. From a biodiversity conservation perspective this
Abandoned

category is tracked and separated in analyses because
once abandoned, biodiversity value is never restored to
its original state
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Table 3:  Aggregated class accuracy statistics for the KwaZulu-Natal 2005, 2008 and 2011 land-cover maps
90% Confidence limits
Users’ accuracy Producers’ . Lo
Year Category %) accuracy (%) Omission error Commission error
0 0
Low High
Water 95.3 89.0 84.7 93.3 0.1 0.0
Plantations 93.1 97.1 94.3 99.9 0.0 0.1
Agriculture 92.9 91.7 88.7 94.6 0.1 0.1
Mines 100.0 75.0 46.9 100.0 0.3 0.0
2005 = Built 93.0 76.8 70.2 83.4 0.2 0.1
Natural vegetation 91.2 95.7 94.2 97.2 0.0 0.1
Sand or rock 75.0 75.0 46.9 100.0 0.3 0.3
Erosion 100.0 100.0 97.3 100.0 0.0 0.0
Dams 100.0 100.0 - 100.0 0.0 0.0
Water 96.2 915 87.4 95.5 0.1 0.0
Plantations 84.9 96.1 93.0 99.1 0.0 0.2
Agriculture 93.2 91.8 89.7 94.0 0.1 0.1
Mines 91.4 86.5 791 93.8 0.1 0.1
2008 | Built 94.6 91.6 87.8 95.3 0.1 0.1
Natural vegetation 94.6 95.7 94.2 97.3 0.0 0.1
Sand or rock 92.3 60.0 45.8 742 0.4 0.1
Erosion 80.6 80.6 71.4 89.9 0.2 0.2
Dams 84.4 97.4 93.9 100.0 0.0 0.2
Water 93.7 83.1 78.0 88.3 0.2 0.1
Plantations 95.2 89.9 85.7 94.1 0.1 0.0
Agriculture 95.3 9341 90.8 95.4 0.1 0.0
Mines 100.0 68.6 58.4 78.7 0.3 0.0
2011 | Built 93.8 88.3 84.9 91.7 0.1 0.1
Natural vegetation 78.8 97.3 95.8 98.7 0.0 0.2
Sand or rock 100.0 28.0 16.3 39.7 0.7 0.0
Erosion 91.3 84.0 74.4 93.6 0.2 0.1
Dams 100.0 100.0 98.2 100.0 0.0 0.0
Results
Detailed provincial analysis 2005-2011 <S'°W1 Wfast,
The percentage landscape change in KZN was 7.74% between 2005
and 2008, but slowed to 2.69% between 2008 and 2011 (Table 4, 2008-2011 I
Figure 2). The greatest losses occurred in natural vegetation with a net 20052008
loss of 721 733 ha (7.6%) since 2005. The greatest gains were made :
by agriculture with a net gain of 496 152 ha (5.2%) over the analysis 8 7 6 5 4 3 2 1 0 1 2 3
period. Natural vegetation and agriculture were involved in the largest Interval change area Annual change area
changes in the landscape in part because they accounted for a large (% of map area) (% of map area)
part of the landscape. Importantly the agriculture and natural vegetation Figure 2: The landscape interval change occurring across KwaZulu-

categories displayed high levels of swapping in the landscape (1.28%
and 0.99%, respectively, between 2005 and 2008), i.e. changing to or
from various categories over time. Commercial agriculture increased
from 7.7% t0 9.0% of KZN, driven primarily by dryland cropping, whilst
subsistence agriculture increased from 3.3% to 7.4% in extent over the
analysis period. The built environment had a net gain of 111 485 ha
(1.2%) followed by plantations with 46 157 ha (0.5%).
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Natal between 2005-2008 and 2008-2011. The bars to the
left (black) indicate the percentage area change occurring in
the province in each interval, whilst the bars to the right (grey)
represent the intensity of annual area of change within each
time interval. Grey bars extending to the right or left of the
vertical dashed line indicate a fast or slow change, respectively,
relative to a uniform change across the analysis period.
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Between 2005 and 2008 agriculture gained the most, followed by the
built environment and plantations. Similarly, in the second time period
(2008-2011), the major gains were made by agriculture and the built
environment, but the gain in plantations slowed significantly. The natural
vegetation category always showed the greatest losses. Figures 3 and 4
depict the annual size of the gain or loss, respectively, of a category on
the left-hand side of the graph whilst the right-hand side indicates the
intensity of the category gain and loss percentages relative to uniform
change intensity across the landscape in general across the analysis

Table 4:  Percentage change in the aggregated land-cover categories
semi-natural vegetation (the change of non-natural vegetation
‘abandoned’ category in the Intensity Analysis.

Land-cover change and biodiversity in KwaZulu-Natal

period. Examining the intensity of the category gains and losses, which
also considers the size of the category concerned, reveals that dams,
mines and erosion were actively gaining categories in both time periods.
The number of dams in the province increased from approximately
14 455 in 2005 to over 20 980 in 2011, representing a 45% increase
in the number and a 26% increase in the extent of dams. Mining extent
increased by 90% and erosion by 44%. In terms of losses, plantations
was consistently a dormant category. The water and sand/rock
categories were dynamic in nature.

in the KwaZulu-Natal landscape for 20052008 and 2008-2011. The gain in
classes back into a semi-natural state at a future time point) was tracked by the

2005-2008 2008-2011
Category Total Absolute Total Absolute
Gain Loss Swap value of net Gain Loss Swap value of net
change change
change change
Water 0.35 0.09 0.44 0.18 0.27 0.1 0.1 0.22 0.21 0.00
Plantations 0.71 0.22 0.92 0.44 0.49 0.18 0.18 0.36 0.36 0.00
Agriculture 492 0.64 5.56 1.28 4.28 1.26 0.30 1.56 0.60 0.96
Mines 0.04 0.00 0.04 0.01 0.03 0.01 0.00 0.02 0.01 0.01
Built 0.82 017 0.98 0.33 0.65 0.67 0.14 0.81 0.28 0.52
Natural vegetation 0.49 6.52 7.02 0.99 6.03 0.26 1.85 2.1 0.51 1.60
Sand or rock 0.01 0.03 0.04 0.03 0.02 0.02 0.06 0.08 0.04 0.04
Erosion 0.25 0.06 0.30 0.12 0.19 0.15 0.03 0.18 0.06 0.12
Dams 0.15 0.01 0.16 0.02 0.14 0.03 0.02 0.05 0.04 0.01
Total 7.74 7.74 7.74 1.69 6.04 2.69 2.69 2.69 1.05 1.63
Dormant Dormant
< «
0.9 Active 0.9 Active
Abandoned - Abandoned -
Dams Dams :
- Erosion - - Erosion
é Sand or rqck S Sand or rock i
o Natural vegetation : g Natural vegetation —
= Built — S Built iH
N H
Mines o Mines
Agriculture — Agriculture -
Plantations = Plantations -
Water ) ) ) L Water l
2.58 258
Abandoned - Abandoned :
Dams w Dams
© Erosion - o Erosion
=1 Sand or rock =1 Sand or rock
< Natural vegetation : o Natural vegetation :
§ Built — =] Built -
Mines o Mines
Agriculture Agriculture —
Plantations — Plantations -
Water ‘ ‘ ‘ - ‘ ‘ Water ‘ ‘ ‘ ‘ L
45 35 25 15 50 5 15 25 35 52 47 42 37 32 27 22 17 12 7 2 3 8 13
Annual gain area Annual gain area Annual loss area Annual loss area
(pixels x 10%) (%of category) (pixels x 10%) (%of category)

Figure 3: The gains per category for the 2005-2008 and 2008-2011
time intervals. The bars to the left (black) indicate the gross
annual area gains per category. The bars to the right (grey)
represent the intensity of the annual gains. Grey bars extending
to the right or left of the vertical dashed line indicate active or
dormant changes, respectively, relative to a uniform intensity
across each analysis period.

South African Journal of Science
http://www.sajs.co.za

Figure 4:  The losses per category for the 2005-2008 and 2008-2011
time intervals. The bars to the left (black) indicate the gross
annual area losses per category. The bars to the right (grey)
represent the intensity of the annual losses. Grey bars extending
to the right or left of the vertical dashed line indicate active or
dormant changes, respectively, relative to a uniform intensity
across each analysis period.
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Examination of the category transitions (Supplementary tables 2 and 3)
reveals the abandoned category targeted agriculture, mines, built and
dynamic natural categories such as erosion, sand and water. Agriculture
targeted natural vegetation and erosion initially, but thereafter the
abandoned, water, built and mine categories. The built areas targeted
agricultural areas, but despite claiming an average of 7247 ha per
annum of natural vegetation, cannot be said to have actively targeted
this category, because of the large size and relative persistence of natural
vegetation in the landscape. Erosion consistently targeted natural and
abandoned vegetation and mines. Dams consistently targeted water,
mines and erosion. Mines targeted natural and abandoned vegetation
and dams.

The patterns of change in the communal (ITB) and non-communal (non-
ITB) areas of the province followed similar patterns to those of KZN in
that the rate of change slowed significantly in the second time period for
both land tenure areas (Supplementary figures 2—7). A greater portion
of the landscape changed in the ITB areas (10.84% and 3.41%) than
in the non-ITB areas (6.45% and 2.39%) for both the first and second
time periods, respectively. The major landscape differences between the
ITB and non-ITB areas were that the communal areas practised a far
greater degree of subsistence agriculture than commercial agriculture
(30:1 versus 1:3 in non-ITB areas in 2008 with an increasing trend of
subsistence agriculture). The ITB areas had a threefold higher proportion
of low density settlements than high density settlements compared with
non-ITB areas and the proportion of degraded natural vegetation was
50% higher in ITB areas than in non-ITB areas. The rate of increase in the
built category was similar for both land tenure areas.

The ITB areas consistently gained in the abandoned, mining, agriculture,
erosion and plantation categories, and the major losses stemmed from
natural vegetation. The amount of swapping in the ITB landscape was
1.06% and 1.11%, respectively, in the first and second time periods. The
non-ITB areas consistently gained in the agriculture, abandoned, built,
dams, mining and erosion categories, and major losses stemmed from
natural vegetation. The amount of swapping in the non-ITB landscape
was 1.26% and 0.74%, respectively, in the first and second time periods.

Longer-term analysis of the extents and rates of habitat loss

In 1994, 73% of KZN was in a natural state. By 2011 this portion
had decreased to 53% (Figure 5). The annual change percentage of
the landscape decreased in each successive time period: 1.88% for

Land-cover change and biodiversity in KwaZulu-Natal

1994-2000, 1.05% for 2000-2005, 0.82% for 20052008 and 0.24%
for 2008-2011. The average rate of habitat loss was 1.2% per annum
between 1994 and 2011. A logarithmic regression function fitted the data
well (adjusted R?=0.98). Assuming habitat transformation continues in
the same manner, it is estimated that by 2050, 45% of the landscape will
remain in a natural state (Figure 6). Initially, the ITB areas had relatively
more natural habitat than non-ITB areas; however, given the higher rate
of change in the ITB areas, they are predicted to have less natural habitat
remaining by 2050 than non-ITB areas.

Discussion
Biodiversity implications of land-cover changes

Landscape changes

The main drivers of change in the landscape were agriculture, timber
plantations, built environments, mines and dams. Apart from the direct
loss of natural habitat, these land covers all pose additional negative
impacts for biodiversity remaining in these or surrounding areas. These
effects may be direct (e.g. loss of habitat or extraction of water), indirect
(e.9. pollution transported downstream), induced (e.g. associated
industries and settlement) or cumulative (e.g. collective impacts on
water quality and quantity).?

Land-cover change dynamics differed between ITB and non-ITB areas.
The communal areas of the province experienced a proportionately
greater degree of landscape change and development than private and
state-owned areas. The ITB areas are predicted to have less natural
habitat remaining than non-ITB areas in future which is problematic
in that these communities rely heavily on natural resource use. Given
the reliance on natural resources, the opportunity exists to promote
the use of indigenous food and medicinal crops, which would benefit
both biodiversity and lower the dependence on expensive agricultural
inputs such as fertilisers. Low density settlement actively increased in
ITB areas, posing challenges for service provision. Plantations actively
increased in these areas compared with those in privately owned areas.
There was a proportionally greater increase in the number of dams in the
privately owned areas of the province.

Extensive land-use swapping occurred in the landscape, in particular
between the agricultural and natural categories. Likely reasons for this
swapping include agricultural field rotation common in subsistence

[7771 Natural habitat

I Anthropogenically
transformed habitat

Figure 5:
areas represent natural habitat.
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Accumulated transformation in KwaZulu-Natal from 1994 to 2011. The black areas represent anthropogenically transformed areas whilst the grey
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farming and the abandonment of lands because of urbanisation, farm
security issues, soil nutrient depletion, agricultural pests and diseases,
invasive alien plants and economic factors. The transition analysis
elucidated interesting change dynamics in the landscape, including,
for example, swapping from built environments back to a natural
environment, which is initially counter-intuitive. However, for diverse
reasons, dwellings are often abandoned or become vandalised to the
extent that vegetation overgrows the building foundations and it appears
natural in later satellite images (Supplementary figures 8-22).

Agriculture

The average cultivated area per person in South Africa in 1960 was
approximately 0.55 ha but this figure decreased to 0.3 ha by 1993.
In KZN in 2011, the commercial and subsistence agriculture equated to
0.14 ha per person, representing a significant decline over time despite a
significant increase in agricultural extent. Increasing human populations
will lower this ratio. Higher yields are possible from improved cultivars,
irrigation, pesticide, herbicide and fertiliser use,® which may explain the
smaller area required per person, but these inputs have negative impacts
for biodiversity.

Agricultural expansion was pronounced prior to the 1960s. Policy
instruments such as agricultural subsidies and minimum selling prices,
were thought to have encouraged cultivation on marginal lands® which
were later abandoned when subsidies were withdrawn. These old
cultivated lands are still evident in the province but they are declining in
extent, reverting primarily to agricultural use, in particular to subsistence
and dryland cropping. However, these marginal areas are more prone to
crop failure. The old croplands have altered soil structure, organic matter
content and differing soil nutrient levels®" and lack the full complement
of native species, especially geophytic plants and those plants which
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Figure 6:  (a) Extrapolated rates of habitat loss in KwaZulu-Natal, assuming

a business-as-usual scenario. The persistence threshold is
reached once 50% of natural habitat is lost, beyond which there
is a rapid decline in the probability of landscapes supporting
viable populations. The fragmentation threshold is reached once
70% of natural habitat is lost, whereafter the spatial configuration
of habitat patches becomes important for the persistence of
remaining species.®® (b) Extrapolated rates of habitat loss in the
Ingonyama Trust Board (ITB) and non-ITB areas.
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rely on soil mycorrhizal associations, for example terrestrial orchids. It
is not known how long it takes previously cultivated fields to return to a
compositionally complete rangeland equivalent to primary rangelands,
but it is estimated to be in excess of several decades.®? This topic is
worthy of further research.

Plantations

Timber plantations occur primarily in the grassland and Indian Ocean
Coastal Belt biomes. The extent of plantations has not increased
significantly with a 46 000 ha increase in the first time period and a
stabilisation in the second time period. The slowdown in the expansion
of timber plantations in the second time period is most likely as a result
of a reduction in the allocation of licences from the Department of
Water Affairs and Forestry in terms of the National Water Act No. 36
of 1998, or because of economic factors associated with the industry.
Indeed, certain catchments have been closed to new applications and a
moratorium has been placed on others, pending further investigations on
associated run-off reductions (Thambu D 2014, written communication,
August 7). Plantations create acidic soils and an increase in available
nitrate,® a situation for which many indigenous plant species are not
adapted. Shading effects may promote shade-loving or forest species,
but these species will be lost during rotational harvesting practices.*

Built environment

The built environment increased by 1.2% in KZN between 2005 and 2011.
In particular there was an increase of the built environment in rural areas.
Much of the province’s biodiversity resides outside of protected areas in
the rural landscape. Hence expansion in these areas poses threats for
the remaining biodiversity. Sprawling urbanisation should be contained
by the encouragement of higher-density settlements and the definition
of an urban edge. An increase in the number of roads in rural areas
is promoting development in remote areas, facilitating greater natural
resource extraction and enhancing landscape fragmentation effects.
Development in these areas reduces the opportunity for conserving
large open spaces — which is one of the criteria used in protected area
expansion plans.

Hydrological implications

The massive increase in the number of dams in the province is of
significant concern for aquatic biodiversity and river health. The
cumulative impacts of small dams reduces discharge, increases
dissolved salts and alters macro-invertebrate indices.® Flow levels are
reduced during dry periods, which causes hydromorphic grasslands to
dry out and large trees to die back.%® Larger dams and inter-basin transfer
schemes significantly alter flow regimes and may lead to a dominance of
livestock pest species.®” Water extraction and pollution further negatively
impact the ecosystem services that rivers and wetlands provide.

Mining

Mining extent almost doubled during the analysis period. The dominant
form of mining affecting the change dynamics in the landscape is dune
mining of titanium, iron, rutile and zircon, which occurs along the coast.
The mobile nature of this form of mining creates a ‘snail-trail’ along the
dune corridors with associated erosion, dam and abandoned category
swapping. Mining impacts biodiversity principally via habitat loss, the
alteration of ecological processes, pollution and the introduction of alien
invasive species.?

Soil conservation

The extent of erosion is increasing in the province and creating degraded
landscapes. Differing land-use practices may alter soil chemical and
physical properties.®® Ploughing, heavy grazing and burning deplete
soil organic matter which affects soil water infiltration, retention and
nutrient supply.®® Dryland cropping, which is increasing in KZN, results
in significant losses of soil organic matter. Lower soil organic matter
results in lower water stable aggregates which are required to prevent
soil erosion.®® Future climate predictions suggest greater intensity of
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rainfall events and longer intervals between events.®® Concomitant with
the steep topography of KZN, soil erosion is thus likely to be exacerbated.
Soil erosion has implications for biodiversity conservation, food security,
soil conservation and water quality in terms of sedimentation and
suspended sediment concentrations. Initiatives to prevent further soil
erosion and degradation of natural vegetation are urgently required.

The implications of habitat loss

Extents and thresholds of habitat loss

This study highlighted the extensive loss of natural habitat occurring in
the province, a massive 7.6% in only 6 years, which is of concern for
biodiversity conservation and raises the question of whether this level of
habitat loss is sustainable. At a national level the extent of transformed
land in 2005 was 15.7%.4" In KZN the picture is entirely different with
43% of land transformed in 2005, increasing to 46.4% by 2011. The
changes in land cover, loss of habitat and the resulting fragmentation
of the landscape have resulted in the loss of biodiversity and species
population declines.*? These losses will continue as more of the landscape
is transformed by anthropogenic use as habitat is a finite resource, thus
conservation efforts should focus on habitat preservation. As more
natural habitat is lost, the opportunity costs associated with adding
to the protected area estate increase. Certain areas in the landscape
are unlikely to be transformed from their natural state because of, for
instance, steep topography, protected areas or legislated development
exclusion areas. Thus protected area expansion should focus on the
areas most likely to experience a change to an anthropogenic category.

Flather and Bevers* identified a persistence threshold that exists once
natural habitat is reduced below 50% of the total landscape for low
degrees of patch aggregation. Beyond this level of transformation there
is a rapid decline in the probability of landscapes supporting viable
populations of organisms and a decline in habitat connectivity. The
amount of natural habitat remaining in KZN is rapidly approaching this
threshold. A target of no more than 50% of habit loss should be adopted
to adequately conserve biodiversity in the province. Loss of habitat leads
to a loss of ecological resilience and habitat specialist species.* This
loss is of particular concern in this species-rich province and in the
face of climate change for which ecological resilience is of paramount
importance. A fragmentation threshold exists once 20—30% of natural
habitat remains, whereafter the spatial configuration of habitat patches
becomes important for maintaining population persistence.

Transformation of the landscape is creating ‘islands’ of protected areas
in a matrix of anthropogenically transformed areas. This transformation
is despite the province having good systematic conservation plans and
data, which demonstrate that much of the biodiversity resides outside
of protected areas. This situation calls into question the effectiveness of
current conservation strategies and processes related to environmental
authorisations. In light of extensive calls for further development in the
province, a major rethink is required in order to determine how this
development should be implemented. Effective management of the
matrix is critical for the persistence of a vast majority of species that
utilise these areas for breeding, foraging or migration.®® New efforts
to mainstream biodiversity into various land-use sectors are to be
encouraged and supported.“

The science—policy interface

The Convention on Biological Diversity, to which South Africa is a
signatory, has a target of halving (or where feasible bringing close to
zero) by 2020, the rate of loss of natural habitat and significantly reducing
degradation and fragmentation. The rates of habitat loss have declined
in the province, but, given the recent global economic recession, caution
needs to be exercised in interpreting the slowing rates as an achievement
towards this target. Drivers such as changes in the economy, legislation,
technological advances or even social resistance are likely to alter the
rate of habitat transformation.

Some of the criteria used in the identification of Threatened Terrestrial
Ecosystems (according to the National Environmental Management:
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Biodiversity Act No. 10 of 2004 and the National List of Ecosystems
that are Threatened and in Need of Protection Act No. 1002 of 2011) are
incomplete because of data constraints. Specifically, criteria B — which
examines the rate of loss of natural habitat — is not defined. Our data set
and method of analysis provides the first provincial assessment of the rate
of loss of natural habitat, and together with the Convention on Biological
Diversity targets, could be used to fulfil this criterion of the legislation.

The main drivers of land-cover change are human responses to economic
opportunities which are mediated by institutional factors.® Markets and
policies constrain or encourage land-use change. Thus it is essential
that decision- and policymakers are cognisant of the full implications
that decisions and policy development may have on the rates of habitat
loss. It is critical that a longer-term decision and planning framework,
that is cognisant of constitutional and international agreements, be
adopted. It is essential that conservation officials actively lead the way in
biodiversity conservation, as stated eloquently by Noss et al.*”:

The pro-growth norms of global society foster
timidity among conservation professionals, steering
them toward conformity with the global economic
agenda and away from acknowledging what is
ultimately needed to sustain life on Earth.

Conclusions

The development of three directly comparable land-cover maps by
Ezemvelo KZN Wildlife has permitted the first time-series analysis of
LULCC in the province. The analysis elucidated the drivers, patterns
and processes of land-cover change in KZN. The Intensity Analysis
framework explicitly revealed change dynamics that other LULCC
approaches would not have been able to do, by examining change at
different levels of detail and considering category sizes and intensity of
changes. This framework allowed a deeper understanding of systematic
transitions in the province.

The challenge of conserving biodiversity in KZN is becoming increasingly
difficult because natural habitat continues to be lost and the associated
negative impacts and habitat degradation related to the identified land-
cover drivers further threaten biodiversity. The provincial trends in habitat
loss unfortunately follow global trends, but should this province, and
South Africa, wish to lead the way in biodiversity conservation, some
very important and difficult policy and legislative decisions need to be
made now.
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