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Riparian conservation management needs habitat quality mapping
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Abstract: Riparian habitat quality has a significant influence on the water quality of rivers, primary resources
for urban and agricultural use. River water quality deteriorates where normal ecological functioning is dis-
rupted by harmful impacts from nearby land-use types. Important rivers are typically managed and protected
by government-led conservation programs. These programs often lack a key tool for efficient conservation
management, habitat quality mapping. The Berg River, an important water source in South Africa, was used
as a case-study to assess how habitat quality mapping could broaden the current scope of river conservation
programs. The river faces threats from nearby urban settlements, industrial areas, mining, encroachment, and
agricultural practices. The aim of this study was to develop habitat quality and habitat degradation maps for
a section of the Berg River to assess the value that mapping holds for conservation managers and spatial
planners. InVEST modelling software and ArcGIS was used to produce these habitat quality maps based on
land-use/land-cover and threat impact data. The resulting maps showed several specific locations of heavily
threatened and degraded riparian habitat that had not specifically been included in current government con-
servation management or spatial planning. Habitat quality mapping is an important tool that conservation
managers and spatial planners can use to successfully address habitat degradation and protection while fac-
ing resource limitations, such as lack of funding. Oversight of degraded riparian habitats will lead to further
decreases in river water quality, adversely affecting human welfare and local economies.
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Introduction

Habitat quality of rivers and riparian zones
are subject to degradation when flow-
ing through man-managed landscapes (Tóth
2014). This degradation can cause exponen-
tial deterioration of river water quality from
biological and physical edge effects that have
negative impacts like facilitating entry of
invasive species and competitors, pollution,
and toxic chemicals (Perry et al. 2018).
Land-use and land management nearby
rivers have diverse effects on the ecologi-
cal functioning of rivers (Perry et al. 2018).
Biodiversity loss and declining water quality
of riparian habitats occur due to threats like
land encroachment into rivers and pollution
from adjacent land (Fierro et al. 2017).
Vörösmarty et al. (2010) detailed threats to
water catchments and summarized that 80%
of the global population faces high levels of
threats to water security. Developing coun-
tries, such as South Africa, are particularly

vulnerable to water threats as relatively little
precautionary investment is made in ecologi-
cal (green and blue) infrastructure and biodi-
versity conservation (Angelstam et al. 2017).

The Berg River in the Western Cape, South
Africa (Figure 1), is used as a case-study
in this assessment. The river is an impor-
tant water source for urban and agricultural
use in the Western Cape province and its ri-
parian habitat and water quality face many
threats. The Western Cape recently faced a
looming water shortage crisis that has im-
pacted widely on water availability and qual-
ity which in turn adversely affected agricul-
tural production, harming the stability of lo-
cal economies and human welfare (Botai et
al. 2017).

Agricultural encroachment, agricultural
runoff, polluted stormwater runoff from ur-
ban settlements, invasive alien species, and
poorly treated wastewater effluent are some
of the major threats that cause poor water
quality in the Berg River (Tererai et al. 2013;
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Figure 1. The Republic of South Africa and the location of the study site along the Berg
River in the Western Cape province.

Locke 2016). Further habitat degradation is
caused by activities associated with certain
land-use such as urban settlements, industrial
areas, mines, access roads, river encroach-
ment, and agricultural practices (DEADP
2012; McLean et al. 2017).
The Berg River is a highly modified river and
subject to increasing environmental degrada-
tion from habitat fragmentation, edge effects,
and degradation in neighbouring habitats
(DWS 2016; Locke 2016). Kamish (2008)
discovered that clearing of natural vegeta-
tion along the Berg River led to a decrease
in overall species richness, as well as in-
creased concentrations of dissolved salts in
the river due to a rising of the water ta-
ble. Other land-use types are linked to an
increase in chemical pollutants (ammonium,
phosphates, and inorganic nitrates) and E.
coli in Berg River water (De Villiers 2007;
DEADP 2012; Struyf et al. 2012).
As water is a scarce and valuable resource,
the Western Cape provincial government de-

veloped programs to improve the efficient
usage and quality of water by alleviating
environmental pressures on important water
catchments like the Berg River. Government-
led programs such as the Berg River Im-
provement Plan (BRIP) and the Western
Cape Biodiversity Spatial Plan (WCBSP)
guide land management and the development
of river conservation management (DEADP
2012; Pool-Stanvliet et al. 2017). The BRIP
aims to support water quality monitoring, up-
grade wastewater treatment works, support
riparian zone ecological rehabilitation, instil
‘best-practices’ for land-use types, and im-
prove ecosystem resilience (DEADP 2012).
The WCBSP represents ecological infras-
tructure and priority biodiversity areas that
need to be protected over the long-term to
fulfil core biodiversity management man-
dates (Pool-Stanvliet et al. 2017).
These programs strive to support integra-
tive ecological and biodiversity conserva-
tion management approaches to rivers and
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riparian habitat to regenerate proper biodi-
versity functioning. Yet, GIS mapping tools
designed for this purpose are not utilised
by government officials that work as con-
servation managers in the Berg River catch-
ment. GIS mapping tools have been devel-
oped to help conservation managers imple-
ment restoration actions and detect location-
specific ecological stress (Zlinszky et al.
2015). Such tools are essential in improving
water quality as maps assist in discovering
direct and indirect sources of impact on ri-
parian zones, such as habitat quality (Geist
2011; Mika and Farkas 2017).

Land-use and land-cover (LULC) data pro-
vide area-covering information on variables
that impact river habitat quality. Currently,
data on land-use and land-cover for South
Africa is publicly available as GIS data
(CapeNature 2014). Software that works
with GIS data formats have been developed
that analyse LULC data and produce habitat
quality maps. The Habitat Quality InVEST
(Integrated Valuation of Ecosystem Services
and Trade-offs) Model analyses data on land-
use and threats to biodiversity to produce
habitat quality and degradation maps. This
model is a rapid assessment technique of
habitat quality to inform natural resource
managers of an area’s conservation needs
(Sharp et al. 2018).

The aim of this study is to develop habi-
tat quality and habitat degradation maps for
a section of the Berg River to assess the
value that mapping holds for conservation
managers and spatial planners. For this pur-
pose, ArcGIS and the InVEST Habitat Qual-
ity Model is used to produce habitat qual-
ity maps to determine their utility in cur-
rent river conservation programs. The output
maps are compared to the current WCBSP
and BRIP to determine whether degraded ri-
parian areas are considered in the current
river conservation program.

Materials and Methods

Study Area
The 7 km2 study area, 100 meters above sea
level, covers a 3 km stretch of the Berg River
in the Western Cape Province, South Africa
(Figure 2). The Western Cape (WC) is one
of nine provinces of the Republic of South
Africa located at the south-western tip of the
African continent. It has a dry Mediterranean
climate with warm, dry summers and cold,
wet winters (mean annual rainfall: 515 mm)
(Tyson and Preston-Whyte 2000). The Berg
River is the second largest river in the West-
ern Cape province. It is approximately 285
km long with a catchment area of 8 980 km²,
flowing north from Franschhoek to Velddrif,
and opens into the Atlantic Ocean. It is con-
sidered to be one of the most important wa-
ter sources for the agricultural industry and
as drinking water for the City of Cape Town
(just outside the catchment, c. 70 km to the
southwest), with a population of 4,52 million
(DWS 2016). About 65% of the Berg River
catchment area is under agricultural activi-
ties.
Various soil types are found along the Berg
River, from sandy sediments in the lower
catchments to distinct clay accumulations
in the middle catchment (Clark and Rat-
cliffe 2007). These rich clayey soils have
attracted agricultural development that has
caused extensive transformation of riparian
habitat along the river (Kamish 2008). Con-
version of natural vegetation to other land-
uses along the Berg River has impacted vul-
nerable species, endemic to the Cape Floris-
tic Region, leading to a high concentration
of threatened species (RHP 2004). SANBI
(2006) listed 457 native plant species as
threatened within this catchment and 270 of
these are listed as either endangered or criti-
cally endangered.
The study area falls within the Cape
Winelands Biosphere Reserve, forming part
of the Swartland Alluvium Fynbos ecosys-
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Figure 2. The study site along the Berg River for habitat quality mapping, satellite image
(left) and threats map layer (right) (CapeNature 2017; Google Earth Pro 2019).

tem and has Category 1 and 2 terrestrial crit-
ical biodiversity areas, as identified by the
WCBSP. These are “areas in a natural con-
dition that are required to meet biodiversity
targets, for species, ecosystems or ecologi-
cal processes and infrastructure” (Driver et
al. 2012). Vegetation types such as fynbos,
renosterbos, and strandveld are characteristic
of this region (Mucina and Rutherford 2006).

This study site was chosen due to the
presence of sensitive habitats like wetlands
and multiple land-use types which may
act as sources of environmental degrada-
tion, i.e. commercial agriculture (farms), ur-
ban settlements, wastewater treatment works
(wwtw), roads, and rails. These land-use
types threaten habitat quality and biodiver-
sity by directly degrading habitat area, dis-
placing and eradicating species, and en-
dangering population viability (Locke 2016;
Fierro et al. 2017).

Process

LULC GIS data was collected from Cape-
Nature, a governmental organisation respon-
sible for maintaining wilderness areas and

public nature reserves in the Western Cape
Province. This dataset represents the 2014
LULC for the Western Cape and has been
updated in 2016 (CapeNature 2014).

The LULC GIS data was converted and
transformed with ArcGIS (ESRI version
10.4.1) to create separate layers of the
study area as input for the InVEST
Habitat Quality Model (naturalcapitalpro-
ject.stanford.edu/invest/), as detailed in the
InVEST 3.5.0 User Manual (Sharp et al.
2018). The model was used to analyse
habitat degradation and quality, with ref-
erence to threats and habitat sensitivity to
threats. Habitats included grasslands, wet-
lands, bush, shrubland, and thicket. Threats
included commercial agricultural fields, a
waste water treatment plant, urban settle-
ments, roads, and rails.

The models’ outputs were raster GIS map
data which represent the current (1) relative
level of habitat degradation, and (2) relative
level of habitat quality of the mapped area.
These two maps were overlaid and examined
to identify critical conservation areas within
the study area (indicated as red circles on
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Figure 3). The identified critical conservation
areas were compared to the current West-
ern Cape Biodiversity Spatial Plan and Berg
River Improvement Plan and the associated
GIS data layer, the WCBSP Bergrivier [Vec-
tor] (CapeNature 2017; Pool-Stanvliet et al.
2017).

Results

The InVEST Habitat Quality Model output
maps, the relative level of habitat degrada-
tion and of habitat quality, show several spe-
cific locations of riparian habitat in need of
critical conservation action (Figure 3). In the
habitat degradation map, habitat was clas-
sified into levels of no concern (nc), least
concern (lc), low degradation (ld), medium
degradation (md), and high degradation (hd).
Habitat classified as not habitat (nt), unsuit-
able habitat (uh), low quality (lq), medium
quality (mq), and high quality (hq) showed
the specific distribution of the conservation
priority of riparian areas.
Compared to the Western Cape Biodiver-
sity Spatial Plan and Berg River Improve-
ment Plan, specific conservation priority ar-
eas like those identified here have not specif-
ically been included in current conserva-
tion management and planning. The WCBSP
outlines general policy guidelines for land-
use and delineates critical biodiversity ar-
eas, but excludes location-specific informa-
tion and does not use habitat quality as an
indicator. The Berg River Improvement Plan
only summarises management goals, critical
success factors, and strategy implementation
and omits spatially specific conservation in-
formation and planning.
Figure 3 shows red circles which indicate
critical conservation priority areas identified
by this study that have not specifically been
included in local government conservation
planning. This result demonstrates the practi-
cal use of the InVEST Habitat Quality Model
to locate conservation priority areas for on-
the-ground conservation action.

Discussion

Maps of the relative level of habitat degra-
dation and quality of the research site in-
dicated conservation priority areas and high
threat impact areas, based on LULC data
and threats to habitat. Several conservation
priority areas important in mitigating envi-
ronmental degradation were identified in the
study site. It was found that current govern-
ment river conservation plans do not include
location-specific details informed by habitat
mapping.
Habitat mapping can therefore be added to
the WCBSP and the BRIP as spatial data for
conservation managers and spatial analysts
to work with, with a regional level map on
habitat quality of the Western Cape. Habi-
tat Quality modelling provides an opportu-
nity to categorize conservation areas as ordi-
nal conservation sites, i.e. high conservation
needs (high priority), intermediate conserva-
tion needs (medium priority), and low con-
servation needs (low priority). This practical
application offers a powerful tool to govern-
ment officials working as conservation man-
agers to identify the most important areas in
which to dedicate scarce resources like fund-
ing, time, and labour.
The results of this study are similar to results
obtained in the studies of Lin et. al. (2016),
Terrado et al. (2016), and Li et al. (2019).
All three studies found priority conservation
sites in riparian zones that were previously
overlooked. Terrado et al. (2016) found the
InVEST Habitat Quality Model to be highly
accurate by validating it with in-field obser-
vations and bio-physical sampling. Li et al.
(2019) used the model to analyse changes in
bird species presence over a decade which
was attributed to human-related land-use and
activities. Ecological security patterns were
calculated by using the model along with
structural connectivity designs to produce
an efficient ecological network in Lin et al.
(2016).
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Figure 3. InVEST Habitat Quality Model outputs; Habitat Degradation map (left) and Habi-
tat Quality map (right) with critical conservation priority areas (red circles). Legend; no
concern (nc), least concern (lc), low degradation (ld), medium degradation (md), high degra-
dation (hd), not habitat (nt), unsuitable habitat (uh), low quality (lq), medium quality (mq),
high quality (hq).

A location-specific river conservation plan
for the Berg River has to be developed
through habitat mapping. Identifying con-
servation priority areas is important for im-
proved resource management, conservation,
water quality, and habitat protection. Long-
term climate change impacts on the West-
ern Cape will decrease water availability and
suitable arable land which may result in fur-
ther land encroachment into the Berg River
(Midgley et al. 2005; Weber et al. 2018).

Mapping habitat quality and conservation
priority areas provide a visual aid to conser-
vation managers and spatial planners to iden-
tify the most important areas for conserva-
tion and to monitor environmental pressures
and threats (Buhl-Mortensen et al. 2015).
This technique can be used to inform which
locations require more resources for envi-
ronmental protection (Zlinszky et al. 2015).
Field work can be optimized by detecting
changes and allowing pre-selection of sites

of interest.
Further research can be done by mapping the
impact of long-term land-use change on the
Berg River riparian zones. He et al. (2017)
have developed a framework for using the In-
VEST Habitat Quality Model together with
cellular automata simulation, this facilitates
predictive scenario analysis based on LULC
and habitat threats. This method provides an
opportunity to test and analyse the impacts of
policy interventions and ecological network
development on river conservation. Used in
conjunction with ecosystem trade-off analy-
sis, managers would better understand which
impacts are caused by specific stakeholders
(Kovács et al. 2015).
Further riparian habitat quality studies in the
Berg River should involve nature-based so-
lutions’ transdisciplinary research by follow-
ing the framework set out by Nesshöver et al.
(2017). This integrative, systemic approach
allows for efficient natural resource manage-
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ment which would lead to a comprehensive,
holistic solution to improving river water
quality. Given the high probability of land-
use change along the river in the future, such
research would be invaluable for conserva-
tion managers and spatial planners.
The use of InVEST models and mapping
software has many advantages; it is free to
use, presents a useful visual reference for
conservation management, and it allows for
sensitivity of habitats to be specified (useful
when considering wetlands, grasslands, and
forests). The model enables specification of
the level of impact of threats to biodiversity
and habitat sensitivity to threats. Maps then
reflect the diverse impacts of threats such as
agricultural runoff, soil erosion, and urban
settlements. Limitations of using this map-
ping technique include poor data presenta-
tion on rare or cryptic species and of abi-
otic environmental conditions, with a cer-

tain level of subjective valuation of biodi-
versity. These maps are a single snapshot
of the spatio-temporal distribution of land-
scape elements and should always be used
in conjunction with in-field validation, re-
search results, and qualitative data collec-
tion. Repeated habitat quality mapping over
time forms part of a comprehensive ecologi-
cal monitoring program led by conservation
managers and it is a valuable tool for riparian
zone and water conservation.
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érzékenysége az időjárás szélsőségeire és a klímaváltozásra. Tájökológiai Lapok, 15: 2. 85–90. /In
Hungarian/

Mucina, L., Rutherford, M.C. (eds.) (2006): The vegetation of South Africa, Lesotho and
Swaziland. South African National Biodiversity Institute, Pretoria.

Nesshöver, C., Assmuth, T., Irvine, K.N., Rusch, G.M., Waylen, K.A., Delbaere, B., Haase,
D., Jones-Walters, L., Keune, H., Kovacs, E., Krauze, K. (2017): The science, policy and practice
of nature-based solutions: An interdisciplinary perspective. Science of the Total Environment. 579:
1215-1227. DOI: https://doi.org/10.1016/j.scitotenv.2016.11.106

Perry, L.G., Reynolds, L.V., Shafroth, P.B. (2018): Divergent effects of land-use, propagule

22 DOI: 10.18380/SZIE.COLUM.2020.7.2.15

https://doi.org/10.1016/j.scitotenv.2017.07.197
https://doi.org/10.1016/j.ecolind.2011.04.002
http://www.earth.google.com
https://doi.org/10.1016/j.ecolmodel.2017.10.001.
https://doi.org/10.1016/j.ecoser.2014.09.012
https://doi.org/10.1007/s13157-018-1075-9
https://doi.org/10.3390/su8020172
https://doi.org/10.1007/s10530-017-1600-4
https://doi.org/10.1016/j.scitotenv.2016.11.106
https://doi.org/10.18380/SZIE.COLUM.2020.7.2.15


Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No.2 (2020)

pressure, and climate on woody riparian invasion. Biological Invasions. 20: 11. 3271-3295. DOI:
https://doi.org/10.1007/s10530-018-1773-5

Pool-Stanvliet, R., Duffell-Canham, A., Pence, G., Smart, R. (2017): The Western Cape Bio-
diversity Spatial Plan Handbook. CapeNature, Stellenbosch.

River Health Programme (RHP). (2004): State-of-rivers report: Berg River system. South
African Department of Water Affairs and Forestry, Pretoria.

Sharp, R., Tallis, H.T., Ricketts, T., Guerry, A.D., Wood, S.A., Chaplin-Kramer, R., Nelson, E.,
Ennaanay, D., Wolny, S., Olwero, N., Vigerstol, K. (2018): InVEST 3.6. 0 user’s guide. Collaborative
publication by The Natural Capital Project, Stanford University, the University of Minnesota, The
Nature Conservancy, and the World Wildlife Fund. Stanford University, Standford, CA.

South African National Biodiversity Institute (SANBI). (2006): The vegetation map of South
Africa, Lesotho and Swaziland. In: Mucina, L., Rutherford, M.C., Powrie, L.W. (eds). Online http:
//bgis.sanbi.org/SpatialDataset/Detail/18, Version 2012. Accessed 14 November 2019.

Struyf, E., Bal, K.D., Backx, H., Vrebos, D., Casteleyn, A., De Deckere, E., Schoelynck, J.,
Brendonck, L., Raitt, L.M., Meire, P. (2012): Nitrogen, phosphorus and silicon in riparian ecosystems
along the Berg River (South Africa) The effect of increasing human land use. Water SA. 38: 4. 597-
606. DOI: http://dx.doi.org/10.4314/wsa.v38i4.15

Tererai, F., Gaertner, M., Jacobs, S.M., Richardson, D.M. (2013): Eucalyptus invasions in
riparian forests: effects on native vegetation community diversity, stand structure and composition.
Forest Ecology and Management. 297: 84-93. DOI: https://doi.org/10.1016/j.foreco.2013.02.016

Terrado, M., Sabater, S., Chaplin-Kramer, B., Mandle, L., Ziv, G., Acuña, V. (2016): Model
development for the assessment of terrestrial and aquatic habitat quality in conservation planning.
Science of the total environment. 540: 63-70. DOI: https://doi.org/10.1016/j.scitotenv.2015.03.064

Tóth, Zs. (2014): Introduction of the ráckevei (soroksári) river branch of Danube focusing on
environmental aspects based on hydro-biological data. Tájökológiai Lapok. 12: 1. 75–93.

Tyson, P. D., Preston-Whyte, R. A. (2000): Weather and climate of southern Africa. 221–223.
Oxford University Press, Pretoria.

Vörösmarty, C.J., McIntyre, P.B., Gessner, M.O., Dudgeon, D., Prusevich, A., Green, P., Glid-
den, S., Bunn, S.E., Sullivan, C.A., Liermann, C.R., Davies, P.M. (2010): Global threats to human wa-
ter security and river biodiversity. Nature. 467: 7315. 555. DOI: https://doi.org/10.1038/nature09440

Weber, T., Haensler, A., Rechid, D., Pfeifer, S., Eggert, B., Jacob, D. (2018): Analyzing re-
gional climate change in Africa in a 1.5, 2, and 3 C global warming world. Earth’s Future. 6: 4.
643-655. DOI: https://doi.org/10.1002/2017EF000714

Zlinszky, A., Heilmeier, H., Balzter, H., Czúcz, B., Pfeifer, N. (2015): Remote sensing and
GIS for habitat quality monitoring: New approaches and future research. 7: 6. 7987-7994. DOI:
https://doi.org/10.3390/rs70607987

DOI: 10.18380/SZIE.COLUM.2020.7.2.15 23

https://doi.org/10.1007/s10530-018-1773-5
http:// bgis.sanbi.org/SpatialDataset/Detail/18
http:// bgis.sanbi.org/SpatialDataset/Detail/18
http://dx.doi.org/10.4314/wsa.v38i4.15
https://doi.org/10.1016/j.foreco.2013.02.016
https://doi.org/10.1016/j.scitotenv.2015.03.064
https://doi.org/10.1038/nature09440
https://doi.org/10.1002/2017EF000714
https://doi.org/10.3390/rs70607987
https://doi.org/10.18380/SZIE.COLUM.2020.7.2.15


Columella – Journal of Agricultural and Environmental Sciences Vol. 7. No.2 (2020)

24


