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EXECUTIVE SUMMARY


Eskom Distribution Northern Region is in the process of expanding their infrastructure in the Tzaneen region of Limpopo. Concern was expressed by Eskom that the proposed infrastructure will impact on birdlife and a bird impact assessment study was therefore requested to investigate the extent of the risk. The proposed Letaba NDP project entails several sub-projects:

Project 1
· Construct 1x48km 132kV Kingbird line between Spencer Substation and Tarentaal Substation (3 alternative alignments, alternatives 1 and 2 to run between Spencer Substation and the new Letaba Substation).
· Build a 2x40MVA 132/66kV Letaba Substation 
· Construct 2x8.4km to loop in-out from new Spencer Tarentaal 132kV line to Letaba Substation.

Project 2
· Build 11km 66kV Chickadee line from Letaba Substation to Risenga Substation.
· Build 22km 66kV Chickadee line from Letaba Substation to Lenyenye Substation (2 alternative alignments).

Project 3
· Build 2.7km 66kV Chickadee line between Dan Village and Letsitele metering points.
· Build 5km 66kV Chickadee line between Nkowakowa Substation to Risenga Substation.
· Build 2km 66kV Chickadee line between Dan Village Substation and Nkowankowa Substation. 

Project 4
· Loop in and out from existing 8.5km, 66kV Letsitele-Lenyenye line by constructing 2x4.5km, 66kV Chickadee line to new Sasekani Substation.
· Build a Sasekani Substation with 2x20MVA 66/11kV and 1x20MVA 66/22kV. 

Project 5
· Build 50km 132kV Kingbird line between Letaba Substation and Makhutswi Substation. 

CONCLUSIONS 

Project 1: The construction of the new proposed 132kV line between Spencer and Letaba poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power line poses a medium-high collision risk, to both non Red Data and Red Data species and a medium electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. Spencer-Tarentaal-Letaba emerged as the first choice from a bird impact perspective. The proposed construction of the new Letaba substation should have a low habitat transformation impact.

Project 2: The construction of the new proposed Letaba-Risenga and Letaba-Lenyenye 132kV lines poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power line poses a medium collision risk, to both non-Red Data and Red Data species and a low electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. The proposed Letaba-Lenyenye alignment emerged as the first choice from a bird impact perspective.

Project 3: The construction of the new proposed Dan Village – Lestitele, Nkowankowa – Risenga and Dan Village Nkowankowa 132kV lines will pose a limited threat to the birds occurring in the vicinity of the new infrastructure. The power lines pose a low collision risk, mostly to non-Red Data species and a low electrocution risk, in particular to vultures. The habitat transformation will have a low impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. 

Project 4: The construction of the new proposed Sasekani LILO 132kV lines poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power lines pose a medium collision risk, to both non Red Data and Red Data species and a medium electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. The proposed construction of the new Sasekani substation should have a low habitat transformation impact.

Project 5: The construction of the new proposed 132kV line between Makhutswi and Letaba poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power line poses a medium-high collision risk, to both non Red Data and Red Data species and a medium electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. The proposed Letaba-Makhutswi alignment emerged as the first choice from a bird impact perspective.


RECOMMENDATIONS

· Power line: The spans that cross major drainage lines and skirt dams should be marked with Bird Flight Diverters on the earth wire of the line, five metres apart, alternating black and white (see Appendix A Sensitivity map for the area to be marked with Bird Flight Diverters). Appendix B indicates the preferred Bird Flight Diverters to be used. 
· Trees: The removal of large trees should be avoided as much as possible.
· Poles: The poles should be fitted with bird perches on top of the poles to draw birds, particularly vultures, away from the potentially risky insulators (see Figure 16 below).  




1. INTRODUCTION & BACKGROUND

Eskom Distribution Northern Region is in the process of expanding their infrastructure in the Tzaneen region of Limpopo. Concern was expressed by Eskom that the proposed infrastructure will impact on birdlife and a bird impact assessment study was therefore requested to investigate the extent of the risk. The proposed Letaba NDP project entails several sub-projects:

Project 1
· Construct 1x48km 132kV Kingbird line between Spencer Substation and Tarentaal Substation (3 alternative alignments, alternatives 1 and 2 to run between Spencer Substation and the new Letaba Substation).
· Build a 2x40MVA 132/66kV Letaba Substation 
· Construct 2x8.4km to loop in-out from new Spencer Tarentaal 132kV line to Letaba Substation.

Project 2
· Build 11km 66kV Chickadee line from Letaba Substation to Risenga Substation.
· Build 22km 66kV Chickadee line from Letaba Substation to Lenyenye Substation (2 alternative alignments).

Project 3
· Build 2.7km 66kV Chickadee line between Dan Village and Letsitele metering points.
· Build 5km 66kV Chickadee line between Nkowakowa Substation to Risenga Substation.
· Build 2km 66kV Chickadee line between Dan Village Substation and Nkowankowa Substation. 

Project 4
· Loop in and out from existing 8.5km, 66kV Letsitele-Lenyenye line by constructing 2x4.5km, 66kV Chickadee line to new Sasekani Substation.
· Build a Sasekani Substation with 2x20MVA 66/11kV and 1x20MVA 66/22kV. 

Project 5
· Build 50km 132kV Kingbird line between Letaba Substation and Makhutswi Substation. 

Figures 1-5 shows the proposed alignment alternatives, and the position of the proposed new substations. 
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Figure 1: Satellite image of the proposed Letaba NDP Project 1. Preferred alignment = red, Alternative alignment 1 = blue, Alternative alignment 2 = pink
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Figure 2: Satellite image of the proposed Letaba NDP Project 2. Preferred alignment = red, Alternative alignment = blue 
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Figure 3: Satellite image of the proposed Letaba NDP Project 3. Preferred alignment = red
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Figure 4: Satellite image of the proposed Letaba NDP Project 4. Preferred alignment = red
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Figure 5: Satellite image of the proposed Letaba NDP Project 5. Preferred alignment = red, Alternative alignment 1 = blue, Alternative alignment 2 = purple


The terms of reference for the study are as follows:       

· Describe the affected environment. 
· Indicate how birdlife will be affected.
· Discuss gaps in baseline data.
· List and describe the expected impacts.
· Assess and evaluate the potential of impacts.
· Recommend relevant mitigation measures.

1	Sources of information

The following information sources were consulted in order to conduct this study: 
· Bird distribution data of the Southern African Bird Atlas Project 2 (SABAP2)(http://sabap2.adu.org.za) was obtained for the quarter-degree grid cells (GDGC = the equivalent of a 1:50 000 map) traversed by the proposed lines, namely 2330AD, 2330CB, 2330DA, 2330CD, 2330DC, 2330CC, 2430AB and 2430AA. 
· The conservation status of all species considered likely to occur in the area was determined as per the most recent iteration of the southern African Red Data list for birds (Barnes 2000), and the most recent and comprehensive summary of southern African bird biology (Hockey et al. 2005). 
· The author has travelled and worked extensively on power line projects in the Limpopo Province since 1996. Personal observations of avifauna and bird/habitat associations have therefore also been used to supplement the data that is available from SABAP2, including sightings made during the field trips in May 2012.  
· The power line bird mortality incident database of the Eskom - Endangered Wildlife Trust Strategic Partnership (1996 to 2007) was consulted to determine which of the species occurring in the study area are typically impacted upon by power lines and the extent to which they are impacted on. 
· A classification of the vegetation types in the QDGCs was obtained from the Southern African Bird Atlas Project 1 (SABAP1, Harrison et al. (1997). 
· Information on the micro habitat level was obtained through visiting the area in May 2012 and obtaining a first-hand perspective. Micro habitats were identified using a combination of ornithological and ecological experience of avifaunal/habitat associations in the region. 

1.2	Assumptions & Limitations

The following assumptions and limitations are applicable in this study:

In this instance the 2330AD and 2330CB QDGCs have been sparsely covered by SABAP2 to date, with data being recorded on 0 and 6 checklists respectively to date. The list of Red Data species that could be encountered was supplemented with observations and general knowledge of the area by the author, by consulting species lists for adjacent QDGCs with similar habitat, and by consulting historical data from SABAP1.
Predictions in this study are based on experience of these and similar species in different parts of South Africa. Bird behaviour can never be entirely reduced to formulas that will hold true under all circumstances; therefore professional judgment played an important role in this assessment.
It is important to note that, although the predicted impacts are mostly concerned with Red Data species, the non Red Data species will benefit as much from the proposed mitigation measures as they share the same habitat and face the same potential impacts as the Red Data species.  

2      DESCRIPTION OF AFFECTED ENVIRONMENT

Section 2 provides a description of the bird habitat that is found in the area where the five projects are planned.

2.1	Relevant bird populations

It is estimated that a total of 26 Red Data species (Barnes 2000) could occur in the combined area that makes up all the QDGCs where the various projects are located. In this instance, due to the small amount of checklists that have been completed in some of the QDGCs (see 1.2), the data was supplemented with professional judgment. Table 1 provides a guideline of the power line sensitive Red Data species that could potentially be encountered anywhere within the QDGCs where suitable habitat is available.  Species that could conceivably occur but was not reported (yet) in the QDGC are also listed (see 1.2 above). The most likely potential interaction with the development is also stated, should no mitigation be applied.

TABLE 1: Species of conservation concern recorded in 2330AD, 2330CB, 2330DA, 2330CD, 2330DC, 2330CC, 2430AB and 2430AA SABAP2, and in adjacent QDGCs. Data supplemented by personal observations and experience of the study area. 

NT = Near threatened, V= Vulnerable, EN=Endangered 
   

	Species
	Conservation 
Status (Barnes 2000)
	Preferred habitat
(Harrison et al 1997, Barnes 2000, Hockey et al 2005, personal observations)
	Chance of occurrence at proposed development site
	Displacement by habitat transformation
	Electrocution
	Collision

	BLACK STORK
Ciconia nigra
	NT
	Rivers, dams, cliffs. Could be a visitor to rivers in the area, and dams. Sometimes roost on power lines.
	Medium, where the alignment crosses or skirts drainage lines and dams.
	-
	-
	x

	
MARABOU STORK
Leptoptilos crumeniferus
	NT
	Rivers, dams, live-stock carcasses. Could be a visitor to the rivers in the area and dams.
	High, where the alignment crosses drainage lines, and at rubbish dumps and carcasses.
	-
	x
	x

	WHITE-BACKED VULTURE
Gyps africanus
	V
	Woodland. May roost on transmission lines. May feed on carcasses in the vicinity of the alignment.
	High, at carcasses.
	x
	x
	x

	TAWNY EAGLE
Aquila rapax
	V
	Woodland
	High, especially at carcasses
	x
	-
	-

	MARTIAL EAGLE
Polemaetus bellicosus
	V
	Woodland
	High
	x
	-
	-

	RED-BILLED OXPECKER
Buphagus erythrorhynchus
	NT
	Woodland
	High
	-
	-
	-

	
SECRETARYBIRD
Saggitarius serpentarius
	NT
	Open woodland and old lands
	Medium, mostly old lands
	-
	-
	x

	
CAPE VULTURE
Gyps coprotheres
	VU
	Large cliffs for breeding and roosting, forages widely in open woodland and grassland. Roosts on transmission lines.
	High, at carcasses
	-
	x
	x

	
LANNER FALCON
Falco biarmicus
	NT
	Generally prefers open habitat, but exploits a wide range of habitats. Will nest in wooded areas if suitable cliffs are present. Also breed on power lines in crow nests. 
	High, in all habitats
	-
	-
	-

	LESSER KESTREL
Falco naumanni
	VU
	Open, arid and semi-arid areas and grassland, with scattered trees, also in agricultural areas.
	Very Low 
	-
	-
	-

	AFRICAN CROWNED EAGLE
Stephanoaetus coronatus
	NT
	Tall closed canopy forest, riparian forests and forested gorges in grassland.
	Low, in densely wooded areas  
	x
	-
	-

	AFRICAN FINFOOT
Podica senegalensis
	VU
	Slow-flowing streams with overhanging branches.
	Medium, along larger rivers with dense riparian growth 
	x
	-
	-

	AFRICAN OPENBILL
Anastomus lamelligerus
	NT
	Wetlands, floodplains, shallow rivers, dams and lagoons.
	High
	-
	-
	x

	BAT HAWK
Macheiramphus alcinus
	NT
	Woodland, favouring habitats with nearby riverine woodland and associated large populations of bats and their roosting sites. 
	Low
	x
	-
	-

	BATELEUR
Terathopius ecaudatus
	VU
	Open woodland to semi-desert.
	High
	x
	-
	-

	BLACK-BELLIED BUSTARD
Lissotis melanogaster
	NT
	Tall grassland, open woodland.
	High
	-
	-
	x

	CAPE PARROT
Poicephalus robustus
	EN
	Afro-montane forest.
	Very Low
	x
	-
	-

	HALF-COLLARED KINGFISHER
Alcedo semitorquata
	NT
	Fast-flowing streams with clear water and well-wooded banks. Could occur seasonally when drainage lines are flowing.
	High
	x
	-
	-

	HOODED VULTURE
Necrosyrtes monachus  
	VU
	Mesic savanna, rarely arid savanna. Favours well-developed woodlands, eg Mopane Colophospermum mopane, with tall, well-foliaged trees, especially Jackal-berry Diospyros mespiliformis and Nyala-tree Xanthocercis zambesiaca.
	High
	x
	x
	-

	
LAPPET-FACED
VULTURE
Torgos tracheliotis
	VU
	Woodland. May roost on transmission lines. May feed on carcasses in the vicinity of the alignment.
	High
	x
	x
	-

	MAGPIE MANNIKIN
Lonchura fringilloides
	NT
	Bushes along rivers and streams, bamboo thickets and rice paddies; also fringes of evergreen forest and riparian bush with seeding grasses, clearings in dense woodland, and sometimes around rural villages, cultivated lands, including sugar cane fields and gardens. Usually close to water; often roosts in reedbeds.
	Low
	-
	-
	-

	ORANGE GROUND THRUSH
Zoothera gurneyi
	NT
	Afro-montane evergreen forest, mostly along drainage lines.
	Very Low
	x
	-
	-

	PEREGRINE FALCON
Falco peregrinus
	NT
	Restricted to areas with large cliffs.
	Low
	-
	-
	-

	SOUTHERN BALD IBIS
Geronticus calvus
	VU
	High-altitude (1 200-1 850 m), high-rainfall ( > 700 mm/yr), sour and alpine treeless grasslands, characterised by short, dense grass sward; favours recently burnt, ploughed, mowed or heavily grazed fields, also cultivated land with short grass or stubble. Almost exclusively in grassland early in wet season, moving to pastures during winter. On Polokwane plateau and in ne KwaZulu-Natal, in lightly wooded and relatively arid country.
	Very Low
	-
	-
	-

	WOOLLY-NECKED STORK
Ciconia episcopus
	NT
	Rivers, dams. Could be a visitor to some of the larger dams and rivers in the area.
	High
	x
	-
	x

	YELLOW-BILLED STORK
Mycteria ibis
	NT
	Always associated with water – dams, wetlands, rivers, marshes, even small pools.
	High
	x
	-
	x

	KORI BUSTARD
Ardeotis kori
	VU
	Fairly dry, open savanna with rainfall 100-600 mm; Occasionally in dense, closed-canopy woodland, but usually absent from dense vegetation. Typically on level terrain, but sometimes hilly areas, probably when nesting. Mainly in natural vegetation, but sometimes aggregates in cleared areas, eg fire-breaks, airstrips, pastures and fields. Occasionally attracted to burnt ground. 
	Medium
	-
	-
	x

	SOUTHERN GROUND-HORNBILL
Bucorvus leadbeateri
	NT
	Open woodland, also grassland with few scattered trees.
	Medium
	x
	-
	x





2.2 Vegetation types and bird habitats

It is generally accepted that vegetation structure, rather than the actual plant species, influences bird species distribution and abundance (Harrison et al, 1997). Therefore, the vegetation description below does not focus on lists of plant species, but rather on factors which are relevant to bird distribution. The following description makes extensive use of the work of the Atlas of southern African birds (Harrison et al 1997).  The criteria used by the atlas authors to amalgamate botanically defined vegetation units, or to keep them separate were (1) the existence of clear differences in vegetation structure, likely to be relevant to birds, and (2) the results of published community studies on bird/vegetation associations.

Table 2 below lists the habitat that occurs in the various QDGCs in the study area. 

TABLE 2: Vegetation types percentages in the study area (Harrison et al 1997)

	Biome
	Vegetation type
	2330AD
	2330CB
	2330DA
	2330CD
	2330DC
	2330CC
	2430AB
	2430AA

	Savanna
	Moist Woodland
	20
	48
	6
	56
	10
	-
	32
	37

	Savanna
	Arid Woodland
	80
	51
	94
	44
	90
	62
	39
	-

	Grassland
	Sour Grassland
	-
	1
	-
	-
	-
	33
	27
	56

	Forest
	Afro-montane Forest
	-
	-
	-
	-
	-
	-
	-
	7




Woodland (or savanna) is the dominant biome in the study area and it is defined as having a grassy under-storey and a distinct woody upper-storey of trees and tall shrubs (Harrison et al 1997).  Soil types are varied but are generally nutrient poor. The savanna biome contains a large variety of bird species (it is the most species-rich avifaunal community in southern Africa) but very few bird species are restricted to this biome.  It is also relatively well conserved compared to the grassland biome.   The savanna biome is particularly rich in large powerline sensitive raptors, and forms the stronghold of most of the Red Data raptors listed in Table 1 (except the African Crowned Eagle, Peregrine Falcon, Lesser Kestrel and the Bat Hawk).  Apart from Red Data species, it also serves as the stronghold of several non-Red Data raptor species, such as the Brown Snake Eagle Circaetus cinereus, Black-chested Snake Eagle Circaetus pectoralis, and a multitude of medium-sized raptors for example the migratory Steppe Buzzard Buteo vulpinus, African Harrier Hawk (Gymnogene) Polyboroides typus, Wahlberg’s Eagle Aquila wahlbergi and African Hawk Eagle Aquila spilogaster. Apart from raptors, woodland in its undisturbed state is also suitable for a wide range of other power line sensitive birds, including the Red Data Kori Bustard and Southern Ground-Hornbill. 
Most of the species mentioned in the preceding paragraph still occur in the study area, especially in the eastern areas of the study area south of the Groot Letaba River, where the woodland is still intact all the way up to the border of the Kruger National Park. The dominant natural vegetation in the area where the new lines are to be constructed comprises open to dense woodland.  The woodland vegetation is structurally intact in some parts of the study area, especially in commercial game farming areas and generally on steep slopes and deep valleys, but relatively degraded with evidence of bush infestation, heavy overgrazing and pedestrian traffic very evident near towns, industries and settlements. The satellite images of the study area in Figures 1-5 above, and the photographic record below give an indication of the extent of habitat degradation (lighter areas) that has taken place in the bigger study area, as well as the impact of live-stock grazing, subsistence agricultural, mining and other industrial development on the area. Examples of the bird habitat in the study area are presented below. 
In the western part of the study area falls marginally within the borders of the Wolkberg Forest Belt Important Bird Area (IBA), which contain spectacular gorges, slopes, large patches of good quality high altitude Afro-montane forests and small grassland patches (also many Pine and Eucalyptus plantations). The IBA holds several forest associated Red Data species, e.g. Bat Hawk, African Crowned-Eagle, Cape Parrot and Orange Ground-Thrush.   
[image: ]
Figure 6: Afro-montane forest mixed with Eucalyptus in the Wolkberg Forest Belt IBA 
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Figure 7: Open, overgrazed woodland which is particularly evident in densely populated areas of the former Lebowa where live-stock numbers are high. 
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Figure 8: In places, study area has been extensively transformed by urban and industrial development 
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Figure 9: The woodland on slopes is structurally more intact, and has escaped the impacts of overgrazing and urban development to a greater extent than the low lying areas. 
[image: ]
Figure 10: Woodland in commercial game farming areas is generally intact 

Despite the impacts on the vegetation, large corridors of structurally intact woodland remain all over the study area, particularly in game farming areas and on the slopes of hills and koppies where the vegetation is relatively intact and where large trees are still surviving. From an avifaunal perspective, it is critical that these areas are not further degraded and it is specifically important that the removal of large trees is avoided as much as possible. The trees offer potential roosting, perching and breeding substrate for a variety of birds, and should therefore not be destroyed or harmed (see figure 8). 

The study area is generally more arid in the east than in the west, and contains several major perennial rivers, and many ephemeral drainage lines. The largest river is the Groot Letaba River, but there are several smaller, ephemeral rivers such as the Letsitele, Nwanedzi, Molototsi, Hlangana, Lerwatlou and many others which are semi-perennial. In addition many unnamed drainage lines transect the study area.  Rivers and drainage lines are important habitat for birds in that they act as corridors of microhabitat for waterbirds while the riparian vegetation provide cover for skulking species e.g. African Finfoot, as well as large trees for raptors to breed and roost in. The large pools that form after good rains persist well into the dry season and the fish that are trapped in those pools provide potential sources of food for many Red Data stork species (see Table 1 above). Large raptors and vultures also use these pools to bath and drink. A host of non-Red Data species is also dependant on drainage lines for food and shelter. Numerous dams, ranging from large regional reservoirs to small farm dams with shallow exposed shorelines and reed-fringed sides provide habitat for a multitude of waterbirds (ducks, coots, waders, storks and many others). 

[image: ]
Figure 10: The Groot Letaba River in the study area. The pools of water, exposed sandbanks and dense riparian vegetation are important for a variety of avifauna.  

[image: ]
Figure 11: An example of an ephemeral drainage line in the study area

There are also areas of both commercial and subsistence agriculture along the proposed alignments. The Groot Letaba River supports extensive citrus growing areas. These areas are of lesser importance from a bird impact point of view, due to the extensive habitat transformation that had taken place. Old lands reverting to grassland is however not without importance for power line sensitive Red Data species – Secretarybirds and Kori Bustards often utilize open areas and old lands between woodland for foraging, and other large, non threatened power line sensitive species such as Abdim’s Stork Ciconia abdimii, Black-chested Snake-eagle Circaetus pectoralis and Spur-winged Goose Plectropteris gabensis also use freshly ploughed and old lands to feed in. Raptors, including Red Data species such as Martial Eagle, often prefer to hunt in cleared woodland as prey are presumably more accessible; old lands are preferred foraging areas for game birds such as Swainson’s Spurfowl Pternistis swainsonii and Helmeted Guineafowl Numida meleagris, which forms an important part of their diet. 

[image: ] 
Figure 12: An old land reverting to grassland
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Figure 13: Typical subsistence agriculture in the study area. 

[image: ]
Figure 13: Commercial agriculture (citrus) along the Groot Letaba River

3.   	ASSESSMENT OF IMPACTS

Because of their size and prominence, electrical infrastructures constitute an important interface between wildlife and people. Negative interactions between wildlife and electricity structures take many forms, but two common problems in southern Africa are the electrocution of birds (and other animals) and birds colliding with power lines. Other problems are: electrical faults caused by bird excreta when roosting or breeding on electricity infrastructure; and disturbance and habitat destruction during the construction and maintenance activities associated with electrical infrastructure.  
3.1	Project 1: Spencer – Tarentaal - Letaba
3.1.1	Loss of breeding, foraging and roosting habitat through habitat transformation 

During the construction phase and maintenance of power lines and substations, some habitat destruction and alteration inevitably takes place. This happens with the construction of access roads, and the clearing of servitudes. These activities have an impact on birds breeding, foraging and roosting in or in close proximity of the site, through the modification of habitat.  

The birds least likely to show the effects of habitat transformation are the small species which are able to persist in small pockets of undisturbed habitat. Conversely, the species most likely to show disrupted patterns of distribution are large species with large home ranges. Historically (i.e. before the establishment of the current settlements and agricultural industries) the area surrounding the proposed power line probably comprised entirely of pristine woodland. As a result it would most likely have supported healthy populations of power line sensitive large species, particularly raptor species currently Red Data listed such as Martial Eagle, Tawny Eagle, Bateleur, Lappet-faced Vulture, Cape Vulture, Hooded Vulture, White-backed Vulture and also non-raptors such as Southern Ground Hornbill and Kori Bustard. However parts of this area has since been transformed to accommodate a change in land use (i.e. agriculture, urbanization and industrial development) which reduced the number and variety of large species originally inhabiting the area, on account of the loss of habitat and decline in food availability. However, because large, relatively undisturbed pockets of woodland still remain, particularly on steep slopes, hills, and deep valleys, it is likely that many of the remaining large Red Data species (particularly raptors) will still utilize these areas. This is particularly the case for those commercial game farming areas south of the Groot Letaba River.  It is inevitable that woodland will have to be cleared under the new line, and the biggest potential impact on large Red Data birds would be the removal of large trees (see discussion of woodland under 2.2). The impact on smaller species that are potentially breeding in the area that will be cleared for the new power line will be local in extent, in that it should not affect regional or national populations in any significant way. 

The proposed construction of the new 132kV power lines comprising Project 1 should therefore have a LOW - MEDIUM habitat transformation impact from an avifaunal perspective, depending on how many trees are removed during the construction of the line. The highest impact will be in pockets where relatively structurally intact woodland persists. 

The habitat at the proposed Letaba substation, namely a mixture of open woodland and subsistence agriculture, does not contain unique features that will make it critically important for avifauna, particularly the Red Data species mentioned in the previous paragraph (see Figure 14 below). This habitat is very common in the area and due to the mobility of the large raptor species; they could conceivably forage in similar habitat adjacent to the substation.  The species that are most likely to be affected by the loss of habitat are the smaller, non-threatened passerines that are currently potentially resident in that 100x100m patch of open woodland vegetation. It is not envisaged that any Red Data species will be displaced by the habitat transformation that will take place. The proposed construction of the new substation should have a LOW habitat transformation impact.   


[image: ]
Figure 14: The habitat at the proposed new Letaba substation  
3.1.2	Collisions with the proposed power line

The storks listed in Table 1 are all vulnerable to collisions with power lines. In the case of water-associated birds such as these storks, the ephemeral Groot Letaba River and other large, semi-ephemeral rivers (e.g. Molototsi, Merekome, Phatle, and Hlangana and many smaller unnamed drainage lines) might potentially be attractive to the species when pools form in the channel, and also for large raptors and vultures that use the pools for drinking and bathing. Dams are also a potential high risk area as many waterbirds are likely to be attracted to the exposed shoreline – there are many dams of varying sizes in the myriad of drainage lines and rivers in the area. It follows therefore that where the proposed new line skirts the dam, it might be a potential cause of collisions for these species and other, non-Red Data species such as several species of ducks, waders and possibly Hamerkops Scopus umbretta. The overall collision risk for the power lines comprising Project 1 is judged to be MEDIUM – HIGH, with the highest risks associated with the larger rivers.       

3.1.3	Electrocutions on the proposed power line

A mono-pole steel pole will be used for the new 132kV line. Clearance between phases on the same side of the pole structure is normally around 2.2m for this type of design, and the clearance on strain structures is 1.8m. This clearance should be sufficient to prevent phase – phase electrocutions of birds on the towers. The length of the stand-off insulators is likely to be about 1.5 metres. This is relevant as birds such as vultures are able to touch both the conductor and the earthed pole simultaneously potentially resulting in a phase – earth electrocution. This is particularly likely when more than one bird sits on the same pole. It is likely that White-backed Vultures, Cape Vultures and (less often) Lappet-faced Vultures and Hooded Vultures forage in the area. There are many cattle and game in the surrounding area, and should a carcass be available to the birds, they might attempt to roost on the poles, especially in remote, undeveloped areas where there are fewer people and therefore less risk of disturbance. The risk of phase-earth electrocution for the power lines comprising Project 1 is therefore evaluated to be MEDIUM. It should be mentioned that the pole design holds no inherent electrocution risk for other large solitary species such as eagles, as they almost never perch together in large numbers next to each other.
3.2	Project 2: Letaba – Risenga; Letaba - Lenyenye 
3.2.1	Loss of breeding, foraging and roosting habitat through habitat transformation 

During the construction phase and maintenance of power lines and substations, some habitat destruction and alteration inevitably takes place. This happens with the construction of access roads, and the clearing of servitudes. These activities have an impact on birds breeding, foraging and roosting in or in close proximity of the site, through the modification of habitat.  

The birds least likely to show the effects of habitat transformation are the small species which are able to persist in small pockets of undisturbed habitat. Conversely, the species most likely to show disrupted patterns of distribution are large species with large home ranges. Historically (i.e. before the establishment of the current towns and agricultural industries) the area surrounding the proposed power line probably comprised entirely of pristine woodland. As a result it would most likely have supported healthy populations of power line sensitive large species, particularly raptor species currently Red Data listed such as Martial Eagle, Tawny Eagle, Bateleur, Lappet-faced Vulture, Cape Vulture, Hooded Vulture, White-backed Vulture and also non-raptors such as Southern Ground Hornbill and Kori Bustard.  However large parts of this area has since been transformed to accommodate a change in land use (i.e. agriculture and urbanization) which reduced the number and variety of large species originally inhabiting the area, on account of the loss of habitat and decline in food availability. Few large, relatively undisturbed areas of woodland still remain, as the proposed lines run through a flat area with extensive subsistence agriculture and urban development. Only on the hills and steep slopes (e.g. the Seribane Mountains) have sizable pockets of intact woodland remained. It is not inconceivable that some of the remaining large Red Data species (particularly raptors) will still utilize these areas, but is likely to be a sporadic occurrence rather than a regular pattern. It is inevitable that woodland will have to be cleared under the new line, and the biggest potential impact on the remaining large Red Data birds would be the removal of large trees (see discussion of woodland under 2.2). The impact on smaller species that are potentially breeding in the area that will be cleared for the new power line will be local in extent, in that it should not affect regional or national populations in any significant way. 

Given the significant impacts already evident in the study area, the construction of the proposed new power lines comprising Project 2 should have a LOW-MEDIUM habitat transformation impact from an avifaunal perspective, depending on how many remaining trees are removed during the construction of the line. The potential habitat transformation impact would be bigger in the case of the alternative alignment for the Letaba – Lenyenye line, as the alternative runs through more pockets of intact woodland on the slopes of the Seribane Mountains. 

3.2.2	Collisions with the proposed power line

Both the proposed Letaba-Lenyenye alignments cross the Groot Letaba River. In the case of water-associated birds such as the Red listed storks in Table 1, the ephemeral Groot Letaba River (and many smaller unnamed drainage lines) might potentially be attractive to the species when pools form in the channel, and also for large raptors and vultures that use the pools for drinking and bathing. Dams are also a potential high risk area as many waterbirds are likely to be attracted to the exposed shoreline – there are a few dams of varying sizes in the network of drainage lines and rivers in the area. It follows therefore that where the proposed new line skirts the dam, it might be a potential cause of collisions for these species and other, non-Red Data species such as several species of ducks, waders and possibly Hamerkops Scopus umbretta. The overall collision risk for the power lines comprising Project 2 is judged to be MEDIUM, with the highest risks associated with the Groot Letaba River.       

3.2.3	Electrocutions on the proposed power line

A mono-pole steel pole will be used for the new 132kV line. Clearance between phases on the same side of the pole structure is normally around 2.2m for this type of design, and the clearance on strain structures is 1.8m. This clearance should be sufficient to prevent phase – phase electrocutions of birds on the towers. The length of the stand-off insulators is likely to be about 1.5 metres. This is relevant as birds such as vultures are able to touch both the conductor and the earthed pole simultaneously potentially resulting in a phase – earth electrocution. This is particularly likely when more than one bird sits on the same pole. It is likely that White-backed Vultures, Cape Vultures (and the occasional Lappet-faced Vulture) forage in the area. There are many cattle in the surrounding area, and should a carcass be available to the birds, they might attempt to roost on the poles. However, the area is densely populated with extensive urban development, which is normally avoided by large scavenging birds. The risk of phase-earth electrocution for the power lines comprising Project 2 is therefore evaluated to be LOW. It should be mentioned that the pole design holds no inherent electrocution risk for other large solitary species such as eagles, as they almost never perch together in large numbers next to each other.

3.3	Project 3: Dan Village-Letsitele; Nkowankowa – Risenga; Dan Village-Nkowankowa
3.3.1	Loss of breeding, foraging and roosting habitat through habitat transformation 

Historically (i.e. before the establishment of the current urban areas) the area surrounding the proposed power line probably comprised entirely of pristine woodland. As a result it would most likely have supported healthy populations of power line sensitive large species, particularly raptor species currently Red Data listed such as Martial Eagle, Tawny Eagle, Bateleur, Lappet-faced Vulture, Cape Vulture, Hooded Vulture, White-backed Vulture and also non-raptors such as Southern Ground Hornbill and Kori Bustard. However the majority of this area has since been transformed to accommodate a change in land use (i.e. urbanization) which reduced the vegetation cover and consequently the number and variety of large species originally inhabiting the area, on account of the loss of habitat and decline in food availability. No large, relatively undisturbed areas of woodland still remain as the area is densely populated. It is highly unlikely that the remaining large Red Data species will still utilize this area.  Given the significant impacts already evident in the study area, the construction of the new power lines comprising Project 3 should have a LOW habitat transformation impact from an avifaunal perspective. 

3.2.2	Collisions with the proposed power line

The proposed alignments do not pose a major risk to waterbirds as only the Dan Village – Letsitele line crosses a significant drainage line, and skirts a relatively large dam near Letsitele Substation. Given the factors described above, namely the intensive urbanization, the overall collision risk for the three lines comprising Project 3 is judged to be LOW.       

3.2.3	Electrocutions on the proposed power line

A mono-pole steel pole will be used for the new 132kV line. Clearance between phases on the same side of the pole structure is normally around 2.2m for this type of design, and the clearance on strain structures is 1.8m. This clearance should be sufficient to prevent phase – phase electrocutions of birds on the towers. The length of the stand-off insulators is likely to be about 1.5 metres. This is relevant as birds such as vultures are able to touch both the conductor and the earthed pole simultaneously potentially resulting in a phase – earth electrocution. This is particularly likely when more than one bird sits on the same pole. It is however highly unlikely that any vultures still forage in the area, due to the dense urbanisation. The risk of phase-earth electrocution for the power lines comprising Project 3 is therefore evaluated to be LOW. It should be mentioned that the pole design holds no inherent electrocution risk for other large solitary species such as eagles, as they almost never perch together in large numbers next to each other.
3.3	Project 4: Sasekane Substation and LILO lines 
3.3.1	Loss of breeding, foraging and roosting habitat through habitat transformation 

Historically (i.e. before the establishment of the current settlements and agricultural industries) the area surrounding the proposed power line probably comprised entirely of pristine woodland. As a result it would most likely have supported healthy populations of power line sensitive large species, particularly raptor species currently Red Data listed such as Martial Eagle, Tawny Eagle, Bateleur, Lappet-faced Vulture, Cape Vulture, Hooded Vulture, White-backed Vulture and also non-raptors such as Southern Ground Hornbill and Kori Bustard. However parts of this area has since been transformed to accommodate a change in land use (i.e. agriculture and urbanization) which reduced the number and variety of large species originally inhabiting the area, on account of the loss of habitat and decline in food availability. However, because relatively undisturbed pockets of woodland still remain, particularly along the Letsitele River, it is likely that some of the remaining large Red Data species (particularly raptors) will still utilize this area.  It is inevitable that woodland will have to be cleared under the new line, and the biggest potential impact on large Red Data birds would be the removal of large trees along the Letsitele River (see discussion of woodland under 2.2). The impact on smaller species that are potentially breeding in the area that will be cleared for the new power line will be local in extent, in that it should not affect regional or national populations in any significant way. 

The proposed construction of the new 132kV power lines comprising Project 4 should therefore have a LOW - MEDIUM habitat transformation impact from an avifaunal perspective, depending on how many trees are removed during the construction of the line. The highest impact will be in pockets where relatively structurally intact woodland persists, namely along the Letsitele River. 

The habitat at the proposed Sasekani substation, namely a mixture of open woodland and old lands, does not contain unique features that will make it critically important for avifauna, particularly the Red Data species mentioned in the previous paragraph (see Figure 14 below). This habitat is very common in the area and due to the mobility of the large raptor species; they could conceivably forage in similar habitat adjacent to the substation.  The species that are most likely to be affected by the loss of habitat are the smaller, non-threatened passerines that are currently potentially resident in that 100x100m patch of open woodland vegetation. It is not envisaged that any Red Data species will be displaced by the habitat transformation that will take place. The proposed construction of the new substation should have a LOW habitat transformation impact.   
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Figure 15: The habitat at the proposed new Sasekani substation  

3.3.2	Collisions with the proposed power line

The storks listed in Table 1 are all vulnerable to collisions with power lines. In the case of water-associated birds such as these storks, the semi-ephemeral Letsitele River might potentially be attractive to the species when pools form in the channel, and also for large raptors and vultures that use the pools for drinking and bathing. It follows therefore that where the proposed new lines cross the Letsitele River, it might be a potential cause of collisions for these species and other, non-Red Data species such as several species of ducks, waders and possibly Hamerkops Scopus umbretta. The overall collision risk for the power lines comprising Project 4 is judged to be MEDIUM, with the highest risks associated with the Letsitele River.       

3.3.3	Electrocutions on the proposed power line

A mono-pole steel pole will be used for the new 132kV line. Clearance between phases on the same side of the pole structure is normally around 2.2m for this type of design, and the clearance on strain structures is 1.8m. This clearance should be sufficient to prevent phase – phase electrocutions of birds on the towers. The length of the stand-off insulators is likely to be about 1.5 metres. This is relevant as birds such as vultures are able to touch both the conductor and the earthed pole simultaneously potentially resulting in a phase – earth electrocution. This is particularly likely when more than one bird sits on the same pole. It is likely that White-backed Vultures, Cape Vultures and (less often) Lappet-faced Vultures and Hooded Vultures forage in the area. There are many cattle and game in the surrounding area, and should a carcass be available to the birds, they might attempt to roost on the poles, especially in remote, undeveloped areas where there are fewer people and therefore less risk of disturbance. The risk of phase-earth electrocution for the power lines comprising Project 1 is therefore evaluated to be MEDIUM. It should be mentioned that the pole design holds no inherent electrocution risk for other large solitary species such as eagles, as they almost never perch together in large numbers next to each other.
3.4	Project 5: Makhutswi - Letaba
3.4.1	Loss of breeding, foraging and roosting habitat through habitat transformation 

Historically (i.e. before the establishment of the current settlements and agricultural industries) the area surrounding the proposed power line probably comprised entirely of pristine woodland. As a result it would most likely have supported healthy populations of power line sensitive large species, particularly raptor species currently Red Data listed such as Martial Eagle, Tawny Eagle, Bateleur, Lappet-faced Vulture, Cape Vulture, Hooded Vulture, White-backed Vulture and also non-raptors such as Southern Ground Hornbill and Kori Bustard. However parts of this area has since been transformed to accommodate a change in land use (i.e. agriculture and urbanization) which reduced the number and variety of large species originally inhabiting the area, on account of the loss of habitat and decline in food availability. However, because large, relatively undisturbed pockets of woodland still remain, particularly on steep slopes, hills, deep valleys and along rivers (particularly along the Ngwabitsi River), it is likely that many of the remaining large Red Data species (particularly raptors) will still utilize these areas.  It is inevitable that woodland will have to be cleared under the new line, and the biggest potential impact on large Red Data birds would be the removal of large trees (see discussion of woodland under 2.2). The impact on smaller species that are potentially breeding in the area that will be cleared for the new power line will be local in extent, in that it should not affect regional or national populations in any significant way. 

The proposed construction of the new 132kV power lines comprising Project 5 should therefore have a LOW - MEDIUM habitat transformation impact from an avifaunal perspective, depending on how many trees are removed during the construction of the line. The highest impact will be in pockets where relatively structurally intact woodland persists. 

3.4.2	Collisions with the proposed power line

The storks listed in Table 1 are all vulnerable to collisions with power lines. In the case of water-associated birds such as these storks, the semi-ephemeral Ngwabitsi River and other smaller unnamed drainage lines might potentially be attractive to the species when pools form in the channel, and also for large raptors and vultures that use the pools for drinking and bathing. Dams are also a potential high risk area as many waterbirds are likely to be attracted to the exposed shoreline – there are many dams of varying sizes in the network of drainage lines and rivers in the area. It follows therefore that where the proposed new line skirts the dam, it might be a potential cause of collisions for these species and other, non-Red Data species such as several species of ducks, waders and possibly Hamerkops Scopus umbretta. The overall collision risk for the power lines comprising Project 5 is judged to be MEDIUM – HIGH, with the highest risks associated with the larger rivers.       

3.1.3	Electrocutions on the proposed power line

A mono-pole steel pole will be used for the new 132kV line. Clearance between phases on the same side of the pole structure is normally around 2.2m for this type of design, and the clearance on strain structures is 1.8m. This clearance should be sufficient to prevent phase – phase electrocutions of birds on the towers. The length of the stand-off insulators is likely to be about 1.5 metres. This is relevant as birds such as vultures are able to touch both the conductor and the earthed pole simultaneously potentially resulting in a phase – earth electrocution. This is particularly likely when more than one bird sits on the same pole. It is likely that White-backed Vultures, Cape Vultures and (less often) Lappet-faced Vultures and Hooded Vultures forage in the area. There are many cattle and game in the surrounding area, and should a carcass be available to the birds, they might attempt to roost on the poles, especially in remote, undeveloped areas where there are fewer people and therefore less risk of disturbance. The risk of phase-earth electrocution for the power lines comprising Project 5 is therefore evaluated to be MEDIUM. It should be mentioned that the pole design holds no inherent electrocution risk for other large solitary species such as eagles, as they almost never perch together in large numbers next to each other.

4	SELECTING A PREFERRED ALTERNATIVE
One of the objectives of this study is to calculate a risk score for each of the power lines to arrive at a preferred corridor for the proposed power lines in terms of impacts on avifauna. The following factors were incorporated in the formula to arrive at a preferred corridor, using high resolution Google Earth imagery and observations on the ground as the main sources of data:

· Wetlands and water bodies: Wetlands and water bodies are always of particular importance for birds. The presence of wetlands and water bodies are an indicator of a higher collision risk, and in the case of wetlands, also a higher habitat destruction risk. Industrial waterbodies were not included in this definition.
· Rivers: Drainage lines are important for water birds, many of which are collision sensitive. Larger drainage lines are therefore an indication of a higher collision risk, and sensitive riparian habitat also places it in a high risk habitat destruction category. Large trees, which are important for breeding raptors, are often clustered along drainage lines, which increase the potential impact of disturbance and habitat destruction.    
· Transmission lines: It is a proven fact that placing a new line next to an existing line reduces the risk of collisions to birds. The reasons for that are two-fold namely it creates a more visible obstacle to birds and the resident birds, particularly breeding adults, are used to an obstacle in that geographic location and have learnt to avoid it (APLIC 1994; Sundar & Choudhury 2005). Other transmission and sub-transmission lines (excluding small reticulation lines) running parallel to the proposed alignments were therefore treated as a risk reducing factor.
· Roads: These were taken as an indication of human activity and particularly vehicle and pedestrian traffic. It is assumed that the birds will avoid the immediate vicinity of roads due to the presence of traffic and pedestrians, and therefore it will reduce the risk of collision with lines running next to roads. 
· Towns and industrial developments: Towns and industry are obvious centres of human activity and are generally avoided by large power line sensitive species. The presence of towns, settlements and industrial activity is therefore a risk reducing factor, both from a collision and a habitat destruction perspective.
· Agricultural lands: There are some cultivated lands (both subsistence and commercial) in the study area. From a collision and habitat destruction perspective, this represents a risk reducing perspective as the natural woodland habitat has already been destroyed, resulting in few power line sensitive Red Data using this habitat.
· Old lands: This habitat may attract some species as old lands are essentially artificial grassland patches, resembling natural clearings in woodland habitat. Old lands represent a higher collision risk. 
· Degraded woodland: In areas where there are large numbers of live-stock, the woodland has been degraded, and the grass cover greatly depleted. In such degraded areas, the risk of displacing power line sensitive species is much reduced as the existing impacts have already caused the area to be unsuitable for breeding and foraging purposes. This was treated as a risk reducing factor. 
· Structurally intact woodland: In areas where the woodland is relatively intact, the risk of displacing power line sensitive species is higher. This is due to the larger prey base and the presence of large trees for roosting and breeding purposes which will attract raptors. Afro-montane forest was included under this category.  

The factors mentioned above were incorporated into a formula to arrive at a risk rating for each alignment. The formula was designed as follows:

· The length of alignment running within 250m of a water body or wetland was measured.
· The number of larger drainage lines crossings by each alignment was counted.
· The distance that the proposed alignments are running directly next to existing transmission lines was measured.
· The distance that the proposed alignments are running parallel to existing major roads within a 250m zone was measured. 
· The length of line running through or within 1km of settlements/urban/industrial activity was measured.  
· The length of alignment skirting or running across agricultural lands was measured. 
· The length of alignment skirting or running across old lands was measured. 
· The length of alignment skirting or running across degraded woodland was measured.
· The length of alignment skirting or running across structurally intact woodland was measured.


Table 3:  The results of the measurements in Google Earth for each option in meters.

	 Factor
	Spencer – Tarentaal - Letaba
	Spencer-Letaba Alternative 1
	Spencer-Letaba Alternative 2
	Letaba- Risenga
	Letaba – Lenyenye 

	Water bodies 
	555
	1386
	1591
	0
	370

	Drainage lines (number)
	10
	6
	8
	0
	3

	TX lines
	48203
	18808
	0
	1765
	9867

	Roads
	8610
	0
	3403
	937
	3960

	Suburban
	10865
	968
	0
	1773
	8302

	Agriculture
	13536
	18637
	16400
	119
	2305

	Old lands
	657
	1067
	1539
	0
	0

	Degraded woodland
	36400
	9642
	32889
	1005
	4906

	Intact woodland
	0
	26926
	42070
	0
	1206



	 Factor
	Letaba – Lenyenye Alternative 
	Dan Village - Letsitele
	Nkowankowa - Risenga
	Dan Village - Nkowankowa
	Sasekani - LILO

	Water bodies 
	271
	431
	0
	0
	0

	Drainage lines (number)
	1
	1
	0
	0
	1

	TX lines
	0
	2725
	3478
	1950
	0

	Roads
	0
	2615
	3457
	0
	0

	Suburban
	6115
	1695
	3457
	1950
	0

	Agriculture
	0
	0
	0
	0
	0

	Old lands
	0
	0
	0
	0
	0

	Degraded woodland
	1419
	1047
	0
	0
	989

	Intact woodland
	6175
	231
	0
	0
	705






	 Factor
	Letaba - Makhutswi
	Letaba – Makhutswi Alternative 1
	Letaba – Makhutswi Alternative 2

	Water bodies 
	520
	423
	446

	Drainage lines (number)
	3
	3
	2

	TX lines
	0
	13829
	0

	Roads
	20626
	3973
	2461

	Suburban
	10298
	1898
	5461

	Agriculture
	5545
	8324
	3210

	Old lands
	6016
	5515
	2800

	Degraded woodland
	17511
	6564
	7145

	Intact woodland
	2596
	22327
	39056




Obviously all these factors do not have an equal impact on the size of the risk, therefore a weighting was assigned to each factor, based on this author’s judgment on how important the factor is within the total equation.  

The following weights were assigned. Risk reducing factors were assigned a negative weight: 

Table 4: Weights assigned to risk factors

	Factor
	Weighting

	Water bodies
	4

	Drainage lines
	3

	TX lines
	-1

	Roads
	-2

	Suburban/industrial
	-5

	Agriculture
	-3

	Old lands
	2

	Degraded woodland
	-2

	Intact woodland
	3



The final risk score for a factor was calculated as follows: measurements/counts x weighting. The final risk rating for an alignment was calculated as the sum of the risk scores of the individual factors/100:



Table 5: The final scores for the respective options

	 Factor
	Spencer – Tarentaal - Letaba
	Spencer-Letaba Alternative 1
	Spencer-Letaba Alternative 2
	Letaba- Risenga
	Letaba – Lenyenye 

	Water bodies 
	2220
	5544
	6364
	0
	1480

	Drainage lines (number)
	30
	18
	24
	0
	9

	TX lines
	-48203
	-18808
	0
	-1765
	-9867

	Roads
	-17220
	0
	-6806
	-1874
	-7920

	Suburban
	-54325
	-4840
	0
	-8865
	-41510

	Agriculture
	-40608
	-55911
	-49200
	-357
	-6915

	Old lands
	1314
	2134
	3078
	0
	0

	Degraded woodland
	-72800
	-19284
	-65778
	-2010
	-9812

	Intact woodland
	0
	80778
	126210
	0
	3618

	Rating
	-2295.92
	-103.69
	138.92
	-148.71
	-709.17







	 Factor
	Letaba – Lenyenye Alternative 
	Dan Village - Letsitele
	Nkowankowa - Risenga
	Dan Village - Nkowankowa
	Sasekani - LILO

	Water bodies 
	1084
	1724
	0
	0
	0

	Drainage lines (number)
	3
	3
	0
	0
	3

	TX lines
	0
	-2725
	-3478
	-1950
	0

	Roads
	0
	-5230
	-6914
	0
	0

	Suburban
	-30575
	-8475
	-17285
	-9750
	0

	Agriculture
	0
	0
	0
	0
	0

	Old lands
	0
	0
	0
	0
	0

	Degraded woodland
	-2838
	-2094
	0
	0
	-1978

	Intact woodland
	18525
	693
	0
	0
	2115

	Rating
	-138.01
	-161.04
	-276.77
	-117
	1.4





	 Factor
	Letaba - Makhutswi
	Letaba – Makhutswi Alternative 1
	Letaba – Makhutswi Alternative 2

	Water bodies 
	2080
	1692
	1784

	Drainage lines (number)
	9
	9
	6

	TX lines
	0
	-13829
	0

	Roads
	-41252
	-7946
	-4922

	Suburban
	-51490
	-9490
	-27305

	Agriculture
	-16635
	-24972
	-9630

	Old lands
	12032
	11030
	5600

	Degraded woodland
	-35022
	-13128
	-14290

	Intact woodland
	7788
	66981
	117168

	Rating
	-1224.9
	103.47
	684.11




From the above analysis, it emerges that there is a significant variation in risks between the different alignments. In the case of Project 1, the Spencer-Tarentaal-Letaba alternative emerges as the preferred one. In the case of Project 2, Letaba-Resinga has a negative score, indicating low risk. For Letaba-Lenyenye, the proposed alternative emerges as the preferred one, with a lower risk score than alternative 1. As far as Project 3 is concerned, Dan Village – Letsitele, Nkowakowa – Risenga and Dan Village – Nkowakowa all have negative risk scores, indicating low risks.  Project 4, Sasekani – LILO, has a moderately low risk. For Project 5, Letaba-Makhutswi, the proposed alternative emerged with the lowest risk score. 



5	CONCLUSIONS 

Project 1: The construction of the new proposed 132kV line between Spencer and Letaba poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power line poses a medium-high collision risk, to both non Red Data and Red Data species and a medium electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. Spencer-Tarentaal-Letaba emerged as the first choice from a bird impact perspective. The proposed construction of the new Letaba substation should have a low habitat transformation impact.

Project 2: The construction of the new proposed Letaba-Risenga and Letaba-Lenyenye 132kV lines poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power line poses a medium collision risk, to both non-Red Data and Red Data species and a low electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. The proposed Letaba-Lenyenye alignment emerged as the first choice from a bird impact perspective.

Project 3: The construction of the new proposed Dan Village – Lestitele, Nkowankowa – Risenga and Dan Village Nkowankowa 132kV lines will pose a limited threat to the birds occurring in the vicinity of the new infrastructure. The power lines pose a low collision risk, mostly to non-Red Data species and a low electrocution risk, in particular to vultures. The habitat transformation will have a low impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. 

Project 4: The construction of the new proposed Sasekani LILO 132kV lines poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power lines pose a medium collision risk, to both non Red Data and Red Data species and a medium electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. The proposed construction of the new Sasekani substation should have a low habitat transformation impact.

Project 5: The construction of the new proposed 132kV line between Makhutswi and Letaba poses a limited threat to the birds occurring in the vicinity of the new infrastructure. The power line poses a medium-high collision risk, to both non Red Data and Red Data species and a medium electrocution risk, in particular to vultures. The habitat transformation will have a low-medium impact, and should only affect non-Red Data species at a local level, provided the large trees are not extensively destroyed. The proposed Letaba-Makhutswi alignment emerged as the first choice from a bird impact perspective.


6	RECOMMENDATIONS

· Power line: The spans that cross major drainage lines and skirt dams should be marked with Bird Flight Diverters on the earth wire of the line, five metres apart, alternating black and white (see Appendix A Sensitivity map for the area to be marked with Bird Flight Diverters). Appendix B indicates the preferred Bird Flight Diverters to be used. 
· Trees: The removal of large trees should be avoided as much as possible.
· Poles: The poles should be fitted with bird perches on top of the poles to draw birds, particularly vultures, away from the potentially risky insulators (see Figure 16 below).  
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Figure 16: 132kV Steel mono-pole with bird perch
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APPENDIX A SENSITIVITY MAPS
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