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1 EXECUTIVE SUMMARY

Five potential sites were assessed in terms of their sensitivity to the development of
conventional nuclear power stations. In the absence of existing baseline data and the large
number of species involved, a meta-analysis of existing literature providing species richness
and endemism of a large number of selected taxa provided a basis for site assessment and
ranking. The ranking, in order of highest sensitivity was: Duynefontein, a tie between
Bantamsklip, Brazil and Schulpfontein, followed by Thyspunt. This ranking is subject to
collector bias of the raw data. Thus the following additional ranking criteria were applied to
the sites: degree of infestation by alien woody vegetation, environmental disturbance,
biogeographical importance of site and representation of relictual taxa. The existing site
disturbance and infrastructure at Duynefontein together with the disturbed nature of the
identified platforms for future projects was also taken into consideration. Using this
combination of criteria, Bantamsklip was considered the most sensitive site, followed by
Brazil and Schulpfontein. Thyspunt and Duynefontein were considered the least sensitive
sites with respect to the terrestrial invertebrate fauna, with existing infrastructure at
Duynefontein identifying it as the most suitable site for project development. Regulated
environmental management and reserve status of sites supporting nuclear power stations
clearly has the potential to improve long term conservation status of such sites (especially for
those threatened by infestation by alien woody vegetation, development or mining). Such
positive impacts of the project development need to be weighed against more refined
estimates of negative impacts that sites would suffer.

2 INTRODUCTION
2.1 Description of Proposed Project

The impact of developing new conventional nuclear power station/s at each of five potential
sites was assessed in terms of the impact of this construction on the terrestrial invertebrate
fauna of each site. The sites are: Duynefontein (Koeberg), Brazil and Schulpfontein on the
west coast, Bantamsklip on the Agulhas plain and Thyspunt in the Eastern Cape. The
evaluation of the impact on the invertebrate fauna was assessed at regional and national
(impacts on species) levels. Regional level analysis includes impact on local populations of
species, communities and ecological functioning at the scale of the site and its immediate
surroundings, while impacts assessment at the national level identifies regional impacts that
threaten survival of individual species or unique communities.
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The terrestrial invertebrates pose a unique problem in respect of site sensitivity rating and
assessment. On the one hand they are by far the most species-rich of all biological groups,
but in contrast to all other biological taxa under consideration, there is virtually no available
historical information describing invertebrate diversity for the considered sites. The report
therefore utilises the primary literature (making use of species richness data for certain
invertebrate groups where available) to provide richness and endemicity profiles for each of
the sites. Given this approach and their close proximity, Brazil and Schulpfontein were
considered as one site in terms of richness. Site inspections were carried out to evaluate the
diversity and quality of habitat for the assessed taxa.

3 BACKGROUND
3.1 Legislative Framework

The National Biodiversity Act (National Environmental Management: Biodiversity Act, 2004
(ACT 100f 2004) covers the conservation, sustainability and management of all life forms in
South Africa, including invertebrates. The act is implemented with the National
Environmental Management act. The terms of reference of the act are broad, and are not
detailed further here. The act requires that protection is given to threatened species and
ecosystems, and includes the regulation of permits. There is no uniform centralised national
legislation relating to the collection of invertebrates, every province having its own guidelines.
However, collecting of invertebrates is in conservation areas is regulated through a permit
system, devolved to the nine provincial authorities, National Parks board and Department of
Water Affairs and Forestry. The permit system places restrictions on collecting within
protected areas (e.g. national parks) and requires additional written landowner permission if
collecting is to be done on private land.

3.2  Assumptions & Limitations

There is virtually no existing baseline data for the terrestrial invertebrate fauna of the five
sites, with no existing profiles or any ecological work having been done on terrestrial
invertebrate communities of the sites themselves or nearby areas. In the absence of existing
data describing the terrestrial invertebrate communities of the various sites, baseline data
were extracted from the primary taxonomic and biogeographic literature (cited in Table 1).
The huge number of species of South African invertebrates coupled with the often
incomplete distributional data necessitated the identification of a smaller set of surrogate taxa
which would provide an index of species richness, endemicity and rarity of the invertebrate
fauna at each of the sites. The selection used groups which have been the subject of
thorough taxonomic studies, those whose distribution patterns are well-known, groups which
have phylogenetic uniqueness (e.g. relictual taxa), flagship taxa (e.g. butterflies) and groups
which have their greatest global diversification in South Africa (e.g. Soldier flies - Hesse
1969). Most of these groups are of a high taxonomic level and contain large numbers of
species.Thus data on species richness for 14 taxonomic groups were pooled and used to
rank each of the five sites. Scores ranging from 0-4 were first assigned to each site for each
of the 14 higher level taxa, based on the relative values of species richness. Rank values of
0-4 indicate lowest (0) to highest species richness (4). Total richness scores thus obtained
for each site for each of the 14 higher taxa were then summed across taxa to provide an
index of terrestrial invertebrate richness for each site. This information is summarised below:

Table 1. Ranking for the five sites based species richness and endemism values derived from a meta-analysis of
data mined from various sources. Rank scores were assigned to sites based on species richness data. Rank
values of 0-4 are derived from species richness estimates derived from the various invertebrate groups. The final
row gives the site rankings based on all considered groups.
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TAXON REFERENCE DUYNEFONTEIN  BANTAMSKLIP ~ BRAZIL/SCHULPFONTEIN  THYSPUNT

Red data butterflies (3

Ball (2006) 1 1 1 1
Spp)
Gondwanan taxa (800 Day (2005) 1 1 1 1
spp)
Ross-
Mydaidae (178 spp) Gillespie 2 2 2 1
(soldier flies) (2007, Hesse
1969)
Orthoptera (306 spp) Antunes 3 2 1 1
Grasshoppers and kin (2005)
Mantophasmatodea Klass et al. 0 1 0 0
(12 spp) Heelwalkers (2003)
Hopliini (600 spp) Colville 4 1 3 2
Monkey beetles (2007)
Millipedes (richness) g%r::)?,; & 1 3 1 2
(2002)
Millipedes (endemism) g%r::;\: & 0 1 0 2
(484 spp) (2002)
Scorpions (140 spp) (Pzrggg)lnl 4 2 3 1
Termites (25 spp) (l\:glgl}e?r) etal. 2 1 1 1
Buprestidae (rare spp)
(609 spp) Jewel algggg al. 1 0 1 0
beetles
g‘emo"t?“da‘a (55SPP)  Tieder (1967) 1 1 2 0
poonwing lacewings
Tabanidae
Horsefly(endemism)(82  Usher (1972) 2 1 2 1
spp)
OnychophoraVelvet Picker (2007) 0 1 0 0
worms (20 spp)
RANKED SITE
SPECIES RICHNESS 22 18 18 13
INDEX

Owing to the large number of species involved, and the generally incomplete knowledge of
insect distribution in South Africa, it is not possible or appropriate to produce inventories for
species present at the various sites. The above approach has produced an objective and
practical measure of site species richness and endemism for the terrestrial invertebrates.
Insect communities cannot be defined in the same way as those for plants or marine
invertebrates, nor are there any established biogeographic regions for terrestrial
invertebrates. However, the succulent karoo and fynbos biomes (represented by all sites
excepting Thyspunt) are known as centres of pronounced endemism (Vernon, 1999,
Giliomee, 2003), and a hotspot analysis has been produced for relictual taxa (Day, 2005).
Nonetheless, the data used in the ranking of sites is subject to collector bias, and in this
respect Duynefontein has probably been subject to over-collection in relation to the other four
more isolated sites.

The only available historical terrestrial invertebrate data for the sites are an invertebrate
report (summarised in Barker, 1988) for southern Cape sites including Bantamsklip and data
from a faunal EIA of Melkbosstrand Golf course (1997), which included invertebrates. The
Bantamsklip report (Picker, in: Barker, 1988) was a brief desktop survey of one family of
butterflies (Lycaenidae), and included groundtruth estimates for insect herbivore species
richness and general insect richness. This information was used to rank the southern Cape
sites, and has little value in current ranking of the five sites, given the absence of
comparative data. The only other baseline data are those provided by Picker (1967) for
Melkbosstrand (a site fairly close to Duynefontein) in which the butterfly species likely to
occur on site were listed.
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4 DESCRIPTION OF THE SITE AND SURROUNDING ENVIRONMENT
4.1  Thyspunt

Situated in the Eastern Cape, the site falls within the fynbos biome, and is dominated by
South coast dune fynbos, and Sand river primary dune community. The general area falls
within the Albany centre of plant endemism (Van Wyk and Smith, 2001). The site has
considerable habitat diversity in the form of a number of contrasting vegetation types
(including subtropical forest thicket), wetland communities and extensive dune fields. The
site supports fairly dense stands of alien Acacia, but is otherwise fairly pristine. The site likely
supports one species of Red Listed butterfly (Chrysoritis thysbe mithras), a fairly low number
of Gondwanan (relictual) taxa, and has the lowest rank scores derived from species richness
among all of the sites (Table 1). There is dramatic falloff in relictual invertebrate species
moving both north and east from the epicentre of relict species distribution, the Cape
Peninsula (Day, 2005).

4.2 Bantamsklip

This Western Cape site is a National heritage site, situated in a particularly biodiverse part of
the Fynbos biome. The site is very rich in terms of habitat diversity; apart from a number of
seepages, the site contains the headwaters of the Hagelkraal river, eroded limestone
foothills, some milkwood forest, Afrotemperate forest and open fynbos vegetation. The site
probably supports one Red Data book butterfly (Chrysoritis thysbe mithras), a species of the
newly described insect order Mantophasmatodea (Austrophama gansbaaiensis), at least one
undescribed species of velvet worm (Onychophora, Peripatopsis sp. nov), and the greatest
number of endemic millipedes of all sites. It is has a diverse molluscan fauna and of all sites,
offers the most suitable habitat for relictual species. In terms of the estimated species
richness (Table 1), the site is ranked second (along with the Northern Cape sites). The
ranking does not allow for weighting of taxa, but the suitability of the site for a wide range of
relictual taxa would increase its biological sensitivity. Although the data indicate that it did not
contain more relictual taxa than any of the other sites, this is probably a result of
undercollecting, as it is the best representative of the full range of Gondwanan (relictual)
habitats. Although similar habitat exists elsewhere within the Cape Fold mountains and
southern coastal, there is considerable species turnover between such sites.

4.3  Duynefontein (existing Koeberg Power Station)

Situated on the west coast, this fairly arid site incorporates a series of dunes ridges, some
dune fields, dwarf shrubland, sandstone cliffs, and falls within the thicket biome. The
vegetation is classified as Cape Flats Dune Strandveld. To the south of the Koeberg Power
station the site supports a series of linearly arranged temporary wetlands, rich in Crustacea.
The site is fairly low in habitat diversity, but has high levels of species richness of scorpions,
termite, grasshoppers and Hopliini (monkey beetles). It thus ranks highest among all sites
with respect to the invertebrate taxa used in the site ranking (Table 1). However, it contains
few relictual species, and is part of the west coast zone that exhibits fairly low species
turnover along a N-S gradient. Other sites along the west coast are likely to support a similar
taxon composition of terrestrial invertebrate, with fairly low species turnover.

4.4 Brazil
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Brazil is situated in a sparsely populated, arid part of the west coast in the succulent karoo
biome of the Northern Cape. The site is low in habitat diversity, windswept, with a
monotonous strandveld vegetation type which increases in height moving inland. The low
rainfall is supplemented by regular fog banks. The site has good representation of scorpions
(Prendini 2005), Neuroptera (including Nemopteridae)(Tjeder 1967), Hopliini (monkey
beetles)(Colville unpub. data), ground beetles (Tenebrionidae) and certain fly families (e.g.
Mydaidae - Hesse 1969 ).t has one Red Listed butterfly species (Chrysoritis trimeni)(Ball
2006), and ranks equal to Schulpfontein and Bantamsklip in terms of terrestrial insect
diversity. Local endemism in these groups is high, and the pristine nature of the site in
relation to surrounding habitat that has been destroyed by strip mining increases its
sensitivity (the site is scarred by a few small exploration mining pits). There is fairly low
species turnover on the N-S gradient, and the region is one of local endemism for the insect
fauna of the succulent karoo.

4.5  Schulpfontein

This site, situated 30 km south of Brazil, has been linked with the latter in terms of the
evaluation of its insect fauna. This is a consequence of a) the absence of site-specific
inventories b) the proximity of the sites c) the low levels of turnover along the N-S gradient of
the west coast (Colville, 2007). Thus Schulpfontein is likely to present very similar levels of
terrestrial invertebrate richness to those recorded for Brazil. Both sites rank second to
Duynefontein in terms of richness. The physionogmy of the vegetation of the two sites is
similar, as is the habitat diversity. There are unlikely to be substantive differences in the
terrestrial invertebrate composition between these sites. Both of these sites are pristine
representatives of far northern west coast strandveld.

5 IMPACTS AND MITIGATION MEASURES
5.1 Project Impacts and Mitigation Measures
5.1.1 Project Impacts on the Environment

The construction of a nuclear powerstation at either one of the five sites is likely to impact on
the terrestrial invertebrate community through:

Habitat destruction during the constructional phase

This would be most severe at and around the platform itself, especially where soil movement,
destruction of vegetation and soil contamination occurs. The intensity will be related to the
extent of the footprint on each site, including the development of access roads, powerlines
and substations for distribution of electricity. However, the large size of the sites in relation
to the footprint is unlikely to result in any substantive impact on insect populations in general.
Moreover, terrestrial insect diversity generally decreases towards the coast, so the platforms
are situated at low diversity portions of each site. The impact of this form of disturbance on
sensitive species will be evaluated in the second phase of the study.

Disruptions during the operational phase

It is not anticipated that the operational phase will introduce additional impacts to the
terrestrial invertebrate fauna. Increased human activity on site will result in additional
pollution of the site, Fragmentation of the sites through road networks, with continuous and
heavy vehicular traffic would impact negatively on insect populations. Increased human
presence will contribute to an increased fire risk for the southern and Eastern Cape sites.
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Disruption of ecological processes

The construction and operational phases are unlikely to result in clearcut disruptions to
ecosystems function involving insects. One potential negative impact is the facilitated spread
of alien terrestrial invertebrates through soil disturbance, increased soil moisture (at arid
sites) and an increase in organic waste. The species of greatest concern is the alien
Argentine ant (Linepithema humile), a species whose spread is known to be facilitated by
human activity. Baseline data are required at this stage to determine if the ant has already
established at any of the sites. The alien land snail Thebe pisana is already migrating along
the N7 on the West coast (C. Griffiths, pers comm), and its range may be extended by
increased human activity at the West coast sites. Excessive fragmentation of sites by access
roads may result in reduced pollinator efficiency, with resultant depression of seed set.

The projected impacts of the above on the invertebrate fauna for the five sites are listed in
Table 2 (on a scale of 0-3, representing the increasing sensitivity of the invertebrate fauna of
the sites to the above impacts)

SITE SENSITIVITY RATING

Brazil
Schulpfontein
Bantamsklip
Thyspunt
Duynefontein

PR WNDN

Table 2. Site sensitivity, on a scale of increasing sensitivity (0-3) in terms of impacts of
construction and operation

5.1.2 Mitigation Measures
5.2  Environmental Impacts and Mitigation Measures

The impacts on the terrestrial invertebrates are likely to be fairly minor in terms of impacts on
sensitive species and populations of range restricted species, although this will depend on
the extent of the footprint and offsite development such as road and electricity distribution
networks. Initial habitat destruction is likely less important to the terrestrial invertebrates than
cumulative impacts generated through the operational stage. The magnitude of these is hard
to predict, but pollution and continual habitat disturbance related to site operations are likely
to be the major contributors. Some mitigation might be sought in restricting habitat
disturbance during the construction of roads and other infrastructure. Light pollution has a
specific and targeted impact on flying insects, which are attracted to lights in large numbers,
depleting the local populations. Where extensive illumination is required, utilisation of long
wavelength emitting bulbs would reduce the numbers of attracted insects.

5.2.1 Impacts of the Environment on the Project
The terrestrial insect component of the environment will not have a negative impact on any

stage of the project.

5.2.2 Mitigation Measures
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The negative impacts of the project on the terrestrial invertebrates are localised and diffuse
habitat destruction, habitat fragmentation, various forms of soil, light and air pollution, and the
faciliated spread of insect populations; many of these impacts are not amenable to
mitigation. Within site road networks need to be conservative in extent and planned to have
minimal impact on habitat fragmentation. Major avenues of soil and water pollution need to
be identified at both construction and operational phases, in terms of nature, site, extent and
potential impact. Lighting at site should be minimal, and if possible, a longer wavelength
(e.g. yellow) should be used. Positive mitigatory measures would be programmes for control
of alien woody vegetation and designated reserve status for sites impacted by project
development.

6 SITE SENSITIVITY ANALYSIS
6.1 Criteria for Site Sensitivity Analysis

level of species richness and endemicity

presence of Red Data Listed taxa

presence of sensitive taxa e.g. relictual taxa, local endemics
habitat diversity of site

degree of infestation by alien woody invasive species
degree of disturbance of site

importance of site in regional (biogeographic) context

6.2 Site Sensitivity

Estimates of species richness and endemicity (Tablel) rank the sites in order of

importance as follows: Duynefontein, followed by a tie between Bantamsklip,

Brazil and Schulpfontein and last, Thyspunt. This ranking is subject to secondary
considerations such as environmental condition of the site, degree of biotic

and abiotic disturbance, and biogeographic importance of the site. Thyspunt has some
woody alien infestation, little relictual terrestrial invertebrate representation and does not
have special biogeographic importance. It would thus retain its position as the least sensitive
site. In contrast, Bantamsklip has considerable habitat diversity, good representation of
relictual and otherwise sensitive taxa. As a result its ranking would improve, and it can be
considered a more sensitive site than Duynefontein. The latter has already experienced
considerable infrastructural development, and would therefore be a preferred site for further
project development. The two West coast sites (Brazil and Schulpfontein) are valuable, near
pristine representative sites of arid-adapted Cape Floral Region invertebrate fauna, and
would rank at the same level as Duynefontein.

6.3 Discussion and Recommendations

The criteria applied to site ranking provide an overall objective estimate of site sensitivity to
project development. A consideration of all criteria relevant to the terrestrial invertebrate
fauna ranks the sites in order of highest sensitivity as follows: Bantamsklip, Brazil and
Schulpfontein (not separable in terms of sensitivity rating), Duynefontein and then Thyspunt.
This ranking is based on biological, biogeographic and environmental criteria. Duynefontein
achieves a lowered ranking owing to the likely reduced impact that further project
development would have on the site, compared to the impact of development on sites that
have not been subject to any substantive. Project development, as observed at
Duynefontein, need not necessarily impact negatively on the fauna and flora. Regulated
environmental management and reserve status of sites supporting nuclear power stations
clearly has the potential to improve long term conservation status of such sites (especially for
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those threatened or currently impacted by infestation with alien woody vegetation,
development or mining). Such positive impacts of project development need to be weighed
against more refined estimates of negative impacts that sites would suffer.

7 CONCLUSION

The assessment of impacts on the invertebrate fauna of the sites is complicated by a) the
paucity of relevant baseline data b) the huge number of species involved. The approach
adopted to deal with these problems has been to undertake a meta-analysis of existing data
for selected invertebrate taxa. When considered together with other relevant site criteria, site
ranking placed Thyspunt and then Duynefontein as the two least sensitive sites. The site
sensitivity of Duynefontein is further reduced by the existence of extensive infrastructure and
the distubed nature of the allocated platforms for future project development, thus identifying
it as the most suitable site for project development. Project development at Bantamsklip,
Brazil and Schulpfontein would have the greatest negative impacts on the terrestrial
invertebrate fauna, especially since these sites represent high quality units of special
biogeographic significance.
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GLOSSARY OF TERMS

relictual — ancient surviving species, typically restricted to moist, cold habitats, but
occasionally arid-adapted.

species richness — a simple count of the number of species

endemicity — pattern of distribution of a species confined to a certain region

Red Data Listed taxa - species that have been formally assessed and then
categorised in Red Data Books on the basis of their vulnerability to extinction
habitat diversity sites — single sites where several contrasting habitats occur

taxon (plural taxa) —general term for any type of taxonomic grouping such as family,
genus, species.
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