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Power lines cause significant mortalities of birds through 
collisions and electrocutions (Bevanger 1998; APLIC 
2012; Loss et al. 2014). Collisions are a particularly vexing 
problem for large birds such as cranes, bustards, flamingos 
and large raptors, many of which are threatened species 

(Simmons et al. 2015; Gauld et al. 2022). Mortality rates due 
to collisions are high, but mitigation efforts are expensive to 
implement and only partially effective in reducing the problem 
(Janss and Ferrer 1998; Anderson 2002; Jenkins et al. 2010; 
Bernardino et al. 2018; Shaw et al. 2021; Silva et al. 2023). 
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Globally, power lines cause significant mortalities of birds through collisions and electrocutions, yet this problem 
has received only sporadic attention in Namibia. Vehicle-based surveys were undertaken every three months for 
one year to record mortalities of large birds along 349 km of transmission power lines in the Succulent and Nama 
Karoo biomes of southern Namibia. Four different line designs and transmission capacities were sampled: 66, 132, 
220 and 400  kV. The clearing survey collected 80 carcasses; thereafter 197 bird mortalities were recorded over 
12 months, of which 89% were identified to be collisions. Thirteen large bird species were recorded dying from 
collisions, with Ludwig’s Neotis ludwigii and Kori Bustards Ardeotis kori comprising 81% of all fatalities. There was 
a significant seasonal difference in collision rates, but no significant sex bias among bustard mortalities. Collision 
rates tended to be greater (but without statistical significance) on higher capacity lines, although the 66 kV line was 
the only line sampled in the Succulent Karoo, so was not directly comparable with higher capacity lines in the Nama 
Karoo. Collision mortalities along the four capacities of transmission lines averaged 0.5 birds·km–1·year–1, similar 
to rates reported in the Karoo region of South Africa. These results confirm the very serious threat of this hazard 
to Ludwig’s Bustard in particular. Suggestions for mitigation on new power lines are given, but the problem of 
thousands of kilometres of existing transmission power lines remains unresolved.

Mortalité d’oiseaux de grand port due aux collisions avec les lignes électriques dans le sud de 
la Namibie

À l’échelle mondiale, les lignes électriques causent une mortalité importante chez les oiseaux en raison des 
collisions et des électrocutions, mais ce problème n’a reçu qu’une attention sporadique en Namibie. Des 
enquêtes à partir de véhicules ont été menées tous les trois mois pendant un an afin d’enregistrer la mortalité 
des grands oiseaux le long de 349 km de lignes électriques dans les biomes du Succulent et du Nama Karoo du 
sud de la Namibie. Quatre types de lignes et de capacités de transport différents ont été échantillonnés: 66, 132, 
220 et 400 kV. L’enquête a été précédée par un nettoyage de l’aire d’échantillonnage qui a permis de collecter 80 
carcasses; par la suite, 197 cas de mortalité d’oiseaux ont été enregistrés sur 12 mois, dont 89 % ont été identifiés 
comme des collisions. Treize espèces d’oiseaux de grande taille ont été recensées comme ayant péri à la suite 
de collisions. Les Outardes de Ludwig Neotis ludwigii et les Outardes kori Ardeotis kori ont représenté 81 % de 
tous les décès. Il y avait une différence saisonnière significative dans les taux de collision, mais aucun biais 
significatif entre les sexes parmi les mortalités d’outardes. Les taux de collision avaient tendance à être plus élevés 
(mais sans signification statistique) sur les lignes à plus forte capacité, bien que la ligne de 66 kV ait été la seule 
ligne échantillonnée dans le Succulent Karoo et ne soit donc pas directement comparable aux lignes à plus forte 
capacité du Nama Karoo. La mortalité due aux collisions le long des quatre capacités de lignes de transport était en 
moyenne de 0.5 oiseau·km-1·an-1, ce qui est similaire aux taux signalés dans la région du Karoo en Afrique du Sud. 
Ces résultats confirment la menace très grave que représente ce danger pour l’Outarde de Ludwig en particulier. 
Des suggestions sont faites pour atténuer les risques liés aux nouvelles lignes électriques, mais le problème des 
milliers de kilomètres de lignes électriques existantes reste entier.
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Studies in South Africa have shown a high susceptibility 
of large birds to power line collisions, including South 
Africa’s national bird, the Blue Crane Grus paradisea, and 
the world’s heaviest flying bird, the Kori Bustard Ardeotis 

kori (Anderson 2002; Shaw et al. 2010, 2018; Jenkins 
et al. 2011). Bustards in particular are highly susceptible 
to power line collisions, with impacts potentially at the 
population level (Shaw et al. 2016; Collar et al. 2017; 
Mahood et al. 2022). Jenkins et al. (2011) and Shaw 
et al. (2018) reported high collision rates for Ludwig’s 
Bustard Neotis ludwigii (globally Endangered) in the Karoo, 
South Africa, and stressed the need for further studies 
to assess whether the high collision rates reported for 
bustards in the Karoo occur more widely. 

Data on bird collisions in Namibia have been gathered in an 
ad hoc manner (www.the-eis.com), but these are incidental 
reports with some once-off and repeated surveys in scattered 
localities (e.g. NamPower/Namibia Nature Foundation 
Strategic Partnership 2010, 2015). This study reports a 
year-long mortality survey in southern Namibia, where many 
large bird collisions were being reported to the electricity utility 
NamPower. Southern Namibia is similar to the Karoo in terms 
of bustard habitat, and can provide information for much of 
the rest of Namibia’s arid and semi-arid zones. Ludwig’s 
Bustard is endemic to the southwest arid zone of South 
Africa, Namibia and south-western Angola (Allan 2005). 
This study estimates collision mortality for Ludwig’s Bustard 
in southern Namibia and assesses the impact of power line 
collisions on other large birds in the region.

Methods

Surveys along 349  km of transmission power lines 
(≥66  kV) were undertaken in southern Namibia in 
2012–2013 to record large bird mortalities. In October 
2012, all bird carcasses and feathers were collected from 
under 85–91  km sections of four different power lines, 
varying in transmission capacities and designs (Figure 1). 
Comprehensive descriptions of the lines and their support 
structures are given in the Supplemental Figure S1. 
The same lines were resurveyed every three months for 
the following year, removing any bird remains that had 
accumulated to prevent double counting. The duration 
between successive surveys averaged 97.2 ± 7.0 days (SD, 
range 84–105 days).

Each line was separated into sections to spread the 
distance covered under the different lines, resulting in 3, 
2, 2 and 2 sections for the 66, 132, 220 and 400 kV lines, 
respectively (Figure 1). The sections traversed fairly open 
plains where detection of carcasses was least hampered 
by relief and vegetation. None of the lines was marked 
with bird flight diverters or other bird deterrent features. 
The 66 kV line was in the Succulent Karoo, in an area with 
median annual rainfall <50  mm (Mendelsohn et al. 2002). 
The terrain was generally flat sandy plains with sparse 
vegetation cover. In the west, the ground was almost 
barren; moving eastwards the vegetation increased through 
sparse short grass and scattered Euphorbia gummifera 
plants, to low (<30 cm) dwarf shrubs in the east. This power 
line was not energised (i.e. not ‘live’), so electrocutions 
were not possible. The 132, 220 and 400  kV lines all ran 

through the Nama Karoo, which has a median annual 
rainfall of 50–150  mm (Mendelsohn et al. 2002). The 
power lines sampled were on undulating gravel plains 
with shallow ephemeral sandy river beds. The vegetation 
consisted of grass clumps, sparse bushes (predominantly 
Rhigozum trichotomum <75  cm high), and scattered small 
trees, mainly along the river margins. With regard to habitat 
preferences for the two species that were most impacted by 
the power lines (see Results), Ludwig’s Bustard was equally 
likely to occur in the habitats traversed by all four lines, 
while Kori Bustard generally does not frequent the more 
arid habitat traversed by the 66 kV line. 

Methods used for the surveys followed those employed 
by survey teams along Eskom transmission power lines in 
South Africa (Anderson 2002; Jenkins et al. 2011; Shaw 
et al. 2018). The area under each line was searched by 
driving slowly (5–20 km h–1), with a driver and an observer 
both scanning the area ahead and approximately 30 m to 
either side. Most carcasses were detected by a scatter of 
feathers snagged in the vegetation; larger remains were 
found by searching the surrounding area on foot up to 30 m 
away. A few feathers without any other sign of a carcass 
were not counted as a mortality, as they could originate 
from a preening bird or a predator-prey interaction. 
Carcasses often included indigestible parts such as the 
large wing feathers that were left after most of the bird had 
been eaten by scavengers. Feathers or fragments near a 
pole or tower were assessed carefully to make sure they 
were not remains dropped by a bird feeding on the tower. 
This survey method is suitable only for large birds, roughly 
equivalent to or larger than a Pied Crow Corvus albus 
(approximate total length 50 cm, mass 500 g). Occasional 
smaller bird carcasses were found, but the vehicle-based 
survey method probably missed most small carcasses.

All carcasses were identified as far as possible to 
species, sex and age. When reasonably whole wings were 
found, or at least wings with the 10 primary feathers still 
in place, the bird’s moult was assessed to help determine 
whether it was juvenile or adult (Shaw and Ryan 2014). 
The cause of mortality was inferred based on location 
and bird remains. Carcasses found below power lines and 
away from towers were assumed to be collision victims; 
occasionally this could be confirmed by the presence of 
feathers on a conductor or shield wire. Few birds were 
likely to have been electrocuted because all surveyed 
transmission lines had conductors >2.2 m apart, far enough 
to minimise electrocution risks, and the 66  kV power line 
was not live so electrocution on that line was impossible. 
Electrocutions were only likely for birds that perch on 
towers, such as crows and raptors. Carcasses of these 
species were checked carefully for electrocution damage 
such as singed feathers. If there was doubt about the origin 
of the feathers and/or bones, the observation was not 
included as a power line mortality. 

Each survey took 2–3 days for each of the different 
power lines, depending on the number of carcasses found. 
All carcasses and feathers indicating a mortality along the 
power line were recorded and cleared to prevent recounting 
in future surveys. The carcass was photographed in situ 

and its site recorded by GPS. Determining the age of 
carcasses followed Shaw et al. (2018). Whenever remains 
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were old, and only small portions of the bird remained, the 
location was compared with previous surveys to determine 
whether the carcass may not have been cleared completely 
in the previous survey, or if it had been missed. 

Statistical analyses were performed using R software 
(RStudio Team 2020) and all plots were created using the 
package ‘ggplot2’ (Wickham 2016). To analyse how each 
power line type affected bird mortality rates, the collision 
rate per kilometre was calculated using the post-clearing 
data. An overall collision rate was derived, for all lines. 
To test whether the collision rate differed by line type, a 
regression model was run using the glm function. The 
line sections comprised the replicates. The data were 
overdispersed (overdispersion  = 7.36), necessitating the 
use of a quasi-Poisson, rather than a Poisson, regression 
model. Chi-squared goodness-of-fit tests were used to 
determine any seasonal effects of power line mortalities 
(i.e. from collisions and from undetermined causes) 
for all lines combined, for the two species with sufficient 
mortalities to apply the test (Ludwig’s and Kori Bustards), 
and for each line separately. Chi-squared tests with Yates’s 
correction for continuity were used to determine whether 
the sex ratio of carcasses of Ludwig’s and Kori Bustard 
differed from a ratio of 1:1. 

Results

In total, 277 carcasses were recorded: 80 during the 
clearing survey and 197 during the four quarterly surveys 

thereafter (Table 1). Of these 277 carcasses, 251 (91%) 
were considered collision victims; the remainder (26) were 
too fragmentary to accurately infer the cause of death. At 
least 13 species of large birds (with three other smaller 
species) were collision victims (Table 1). The most frequent 
victim was Ludwig’s Bustard (62% of collision mortalities), 
followed by Kori Bustard (16%). Combined with large 
bustards that could not be identified to species, these birds 
made up 81% of all collision mortalities. Smaller bustards 
(korhaans) were the next most frequent collision victims 
(6%). Altogether, bustards comprised 88% of all collision 
victims. Other bird groups that were frequent collision 
victims were large raptors (4%) and flamingos (4%). 

The collision rate for each line type ranged from 0.094 
to 0.713  large birds  km–1  year–1 and for all lines combined 
was 0.504  large birds  km–1  year–1 (Table 2; Figure 2). The 
mean collision rate between the different power line types 
(capacities) was 0.517  ± 0.286  birds km–1  year–1. The 
quasi-Poisson model showed there was no significant 
difference in collision rate between the different lines (p  > 
0.05, null deviance  = 98.303 on 8 df, residual deviance  = 
38.603 on 5 df), but there were noticeably fewer mortalities 
on the 66 kV line. 

There was significant seasonal variation in the total number 
of mortalities in each quarterly survey (X2 = 42.533, df = 3, 
p < 0.001 for all lines combined; Supplementary Table S1). 
The seasonal effect was significant for both Ludwig’s (X2  = 
25.071, df = 3, p < 0.001) and Kori Bustards (X2 = 9.870, df = 
3, p = 0.020). There also were significant seasonal effects for 
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each line type: 66 kV (X2 = 11.105, df = 3, p = 0.011), 132 kV 
(X2 = 20.923, df = 3, p < 0.001), 220 kV (X2 = 11.375, df = 3, 
p = 0.010), and 400 kV (X2 = 17.355, df = 3, p < 0.001).

Of all large bustard carcasses, it was possible to sex 
93 Ludwig’s Bustards (60%) and 34 Kori Bustards (87%). 
There was no significant difference from a 1:1 ratio among 
either Ludwig’s (50:43 males:females; X2 = 0.527, df  = 1, 

p  = 0.468) or Kori Bustards (16:18 males:females; X2  = 
0.118, df = 1, p = 0.732). 

Discussion

The average collision rate for Ludwig’s Bustard, uncorrected 
for detection and other bias factors (Gómez-Catasús et 

Table 1: Number of power line mortalities of all species recorded during the year-long survey (and in the 
clearing survey in parentheses) along 349 km of power lines in southern Namibia. Mortalities from unknown 
causes include those incidents where the remains were too scant to assign them to definite collisions

Species 
Number of 

collision victims
Number of mortalities 
from unknown causes

Ludwig’s Bustard Neotis ludwigii 112 (43) 0 (0)
Kori Bustard Ardeotis kori 23 (16) 0 (0)
Unidentified large bustards 5 (5) 0 (0)
Karoo Korhaan Heterotetrax vigorsii 7 (3) 0 (0)
Northern Black Korhaan Afrotis afraoides 4 (1) 0 (0)
Unidentified korhaans (small bustards) 1 (0) 0 (0)
Secretarybird Sagittarius serpentarius 3 (1) 0 (0)
Lappet-faced Vulture Torgos tracheliotos 1 (0) 0 (0)
White-backed Vulture Gyps africanus 2 (0) 0 (0)
Martial Eagle Polemaetus bellicosus 1 (0) 0 (0)
Black-chested Snake Eagle Circaetus pectoralis 3 (0) 2 (0)
Pale Chanting Goshawk Melierax canorus 0 (0) 1 (0)
Lesser Flamingo Phoeniconaias minor 3 (2) 0 (0)
Greater Flamingo Phoenicopterus roseus 0 (1) 0 (0)
Unidentified flamingos 5 (0) 0 (0)
Pied Crow Corvus albus 1 (1) 1 (0)
Unidentified crows 0 (0) 3 (0)
Unidentified large birds 5 (2) 14 (5)
Total 176 (75) 21 (5)
Namaqua Sandgrouse⃰ Pterocles namaqua 13 (0) 0 (0)
Spotted Thick-knee ⃰Burhinus capensis 1 (0) 0 (0)
Great Sparrow ⃰Passer motitensis 1 (0) 0 (0)

 ⃰Small birds that the survey method was not designed to reliably detect, therefore not included in the data 
set and analysis 

Table 2: Number of collision mortalities of bird species recorded on four different capacity power lines over one year (and in 
the clearing survey in parentheses) in southern Namibia. Scientific names in Table 1

Species
66 kV

(95.3 km)
132 kV

(81.1 km)
220 kV

(91.4 km)
400 kV

(81.4 km)
Totals

349.2 km
Ludwig’s Bustard 2 (11) 40 (13) 34 (6) 36 (13) 112 (43)
Kori Bustard 0 (0) 2 (1) 6 (9) 15 (6) 23 (16)
Unidentified large bustards 1 (0) 1 (1) 1 (2) 2 (2) 5 (5)
Karoo Korhaan 1 (0) 1 (2) 2 (0) 3 (1) 7 (3)
Northern Black Korhaan 0 (0) 1 (0) 3 (0) 0 (1) 4 (1)
Unidentified korhaans 0 (0) 1 (0) 0 (0) 0 (0) 1 (0)
Secretarybird 0 (0) 0 (1) 2 (0) 1 (0) 3 (1)
Lappet-faced Vulture 0 (0) 0 (0) 1 (0) 0 (0) 1 (0)
White-backed Vulture 0 (0) 1 (0) 1 (0) 0 (0) 2 (0)
Martial Eagle 0 (0) 0 (0) 1 (0) 0 (0) 1 (0)
Black-chested Snake Eagle 3 (0) 0 (0) 0 (0) 0 (0) 3 (0)
Lesser Flamingo 0 (0) 0 (2) 3 (0) 0 (0) 3 (2)
Greater Flamingo 0 (0) 0 (1) 0 (0) 0 (0) 0 (1)
Unidentified flamingos 0 (0) 0 (0) 5 (0) 0 (0) 5 (0)
Pied Crow 0 (0) 0 (1) 1 (0) 0 (0) 1 (1)
Unidentified large birds 2 (0) 1 (0) 1 (0) 1 (2) 5 (2)
Total 9 (11) 48 (22) 61 (17) 58 (25) 176 (75)
Birds·km–1·year–1 0.094 0.592 0.667 0.713 0.504
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al. 2020), was 0.32  ± 0.25 birds·km–1  year–1, while for 
Kori Bustard (measured only on the lines that traversed 
Nama-Karoo habitat) it was 0.13 ± 0.12 birds km–1 year–1. 
The crude collision rate for Ludwig’s Bustards is slightly 
lower than that recorded on 400 kV lines in the Karoo in 
South Africa (0.48 km–1 year–1), whereas the collision rate for 
Kori Bustards is slightly higher (0.08 km–1 year–1; Shaw et al. 
2018). The high standard deviations in collision rates reflect 
the high temporal and spatial variability in collisions, which 
is exacerbated among Ludwig’s Bustards by their seasonal 
or more irregular movements linked to rainfall and resultant 
changes in food availability (Bridgeford 1988; Dobson et al. 
2025), but little is known of their fine-scale movements in 
Namibia (Allan 2005).

It is well known that carcass surveys substantially 
underestimate collision impacts because of the effects of 
scavengers, weather, decomposition and observer fatigue, 
which can cause incomplete detection, and differential 
removal caused by crippling, where fatally injured animals 
might move away from the power line before dying 
(Schutgens et al. 2014; Borner et al. 2017; Barrientos 
et al. 2018; Gómez-Catasús et al. 2020). This study did not 
correct for these factors, but tried to limit any variability they 
might introduce by keeping survey methods constant; we 
also kept the methods comparable with studies in the Karoo 
in South Africa. The two western sections of the 66 kV line 
were in a National Park with more arid, open and windy 
habitat and the possible presence of different scavengers, 
notably brown hyaenas Hyaena brunnea (Kuhn et al. 
2008), which might have removed and dispersed carcass 
evidence more than on the other lines. The eastern section 

of the 66 kV line, and all the other lines, were on farmland, 
which likely had fewer scavengers such as jackals, due 
to anti-predator measures on many small-stock farms in 
southern Namibia (NCE et al. 2022).

Shaw et al. (2018) factored in detection biases in the 
Karoo work and arrived at an average collision rate of 
1.05 Ludwig’s Bustards·km–1  year–1 on 400 kV power lines, 
and had previously estimated that approximately 47  000 
Ludwig’s Bustards die annually from power line collisions in 
South Africa alone (Shaw 2013). A rough mortality estimate 
for Ludwig’s Bustard in Namibia can be estimated from our 
calculated collision rate, with the average Karoo correction 
factor of 1.58 with 95% CI (1.00–2.18) (Schutgens et al. 
2014), and the proportion of transmission lines in Namibia 
that traverse Ludwig’s Bustard habitat (about one third of 
the total length of 11 700 km). This gives an estimate of just 
less than 1  500 (95% CI 1  235–2  693) Ludwig’s Bustard 
mortalities per year. Combined with the high number 
of mortalities of this species in South Africa, the overall 
mortality rate is reason for genuine concern over the future 
of this bird (Jenkins et al. 2011; Shaw et al. 2018). This is 
exacerbated by the rapidly expanding power line network for 
solar and wind energy generation across southern Africa.

Given that the network of transmission lines in Namibia is 
11 700 km in length, at least 5 000 large birds likely die from 
power line collisions annually. This extrapolation excludes 
the distribution lines (11–33  kV), which are even more 
extensive (22  750  km), and telephone lines and fences, 
which also cause some large bird mortalities, although 
probably at a lower rate than power lines. 

Comparison of mortalities per power line

There was a tendency for more collisions on higher capacity 
power lines, with the 66 kV line having only one sixth the 
collision rate of the other lines. The horizontal curtain of 
conductors is higher and deeper on higher voltage power 
lines (Supplementary Figure S1), and presents a larger 
obstacle for flying birds. The top-most earth conductor is 
the thinnest and therefore probably the least visible, and 
has been identified as the conductor causing most collision 
mortalities (Bevanger 1994; APLIC 2012). Martin and Shaw 
(2010) suggest that a contributing factor for bustards and 
cranes is their limited forward-facing visual field; when flying 
upwards to avoid colliding with lower conductors, they may 
not be able to see the earth wires. The lower mortality rate 
on the 66 kV line may be due in part to its lack of an earth 
wire, but mortalities on this line are still high when Ludwig’s 
Bustards concentrate in the area, as seen in the clearing 
survey and in recent surveys along the same line (Andrew 
Jenkins pers. comm.). 

Comparison of seasonal mortality rates

The significant seasonal variation in the total number of 
mortalities in each quarterly survey derives mostly from the 
two bustard species, but is difficult to interpret due to the 
short duration of the data. The reasonably high incidence of 
Ludwig’s Bustard mortalities on the eastern lines in summer, 
autumn and winter may reflect seasonal movements, or may 
reflect the greater vegetation cover, and presumed greater 
abundance of insect prey, in the Nama Karoo habitat, with 
the lowest number of mortalities in the hot and dry period 
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Figure 2: Large bird collision rates on each of the power line types 
surveyed in southern Namibia, predicted from the quasi-Poisson 
regression. The large points and error bars show the mean ± SD for 
the collision rate; the small grey points show the calculated collision 
rate per year for each line section
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before the onset of summer rains. The number of mortalities 
on the 66 kV line was very low in the year after the clearing 
survey, contrasting with a large number of collisions found 
on that line in the clearing survey. This reflects their nomadic 
behaviour rather than seasonal movements: there happened 
to be medium grass cover on the western sections of that 
line in October 2012, which attracted large numbers of 
Ludwig’s Bustards to the presumed increase in their prey, 
while there was almost no grass growth in the months 
preceding October the following year.

Similarly, the significant seasonal effect for Kori Bustards 
on the eastern lines could be interpreted as either seasonal 
or nomadic movements; the short duration of the study 
does not allow a firm conclusion on movement patterns.

Comparison of collision rate between the sexes of 

bustards

The even ratio of male to female Ludwig’s Bustards killed in 
Namibia contrasts with the findings of Jenkins et al. (2011) 
and Shaw et al. (2018), who reported more male fatalities 
possibly due to their greater size and lower manoeuvrability 
in flight. Possibly, the limited difference between the sexes 
in Namibia indicates that, if males are more prone to 
collision, there are fewer males in the population compared 
to farther south in the species’ range.

Suggested mitigation strategies

The worldwide vulnerability of large birds to power line 
collisions is a significant threat, particularly to bustards. 
Ludwig’s Bustard has a restricted range and slow 
breeding rate, and is listed as Endangered in Namibia 
and internationally (Scott et al. 2015; Birdlife International 
2018), while Kori Bustards are more widely distributed and 
classified as Near Threatened (Pallett and Osborne 2015; 
Birdlife International 2016). Power lines are considered a 
major cause of the decline of both species. This situation 
begs for solutions but these have been difficult to find (Janss 
and Ferrer 1998; Jenkins et al. 2010; APLIC 2012; Ferrer 
et al. 2020; Shaw et al. 2021; Silva et al. 2023). Various 
devices for making conductors more conspicuous have 
been attempted, such as reflective balls, coils, and flapping 
tags and strips, but effectiveness in reducing the mortality 
rate has remained frustratingly low for bustards (Janss and 
Ferrer 1998, Jenkins et al. 2010; Shaw et al. 2021). A recent 
innovation, illuminating the conductors with near-UV light, 
has significantly reduced the collision rate of cranes (Dwyer 
et al. 2019), but this is practical only at hot-spots where there 
is a predictable concentration of birds — a situation that does 
not apply to bustards. The option of burying lines is mostly 
rejected by power line utilities due to the significantly higher 
cost and safety issues (Anderson 2002; APLIC 2012), while 
removing the earth wire — which would probably reduce 
the collision rate — removes the protection that it provides 
against lightning strikes (APLIC 2012).

The lack of successful on-line mitigation measures for 
bustards places a greater need on other methods. This 
is difficult on existing power lines, due to the cost and 
logistics of handling high voltage lines, so the emphasis 
must lie in pre-construction planning, when the location 
and routing of new power lines can help to reduce the risk 
to birds (Anderson 2002; Drewitt and Langston 2008). For 

instance, wetlands should be avoided wherever possible, 
as they support high populations of vulnerable species. A 
more nuanced approach is needed for nomadic species, 
such as Ludwig’s and Kori Bustards, where flight paths 
and concentrations of birds are unpredictable. Power lines 
should be routed close to the base of cliffs and mountains, 
or close to roads and other man-made structures, as 
bustards tend to avoid such areas or they fly higher, out 
of the danger zone of power lines (Bevanger 1994; Shaw 
et al. 2018). The ‘tower effect’, whereby large birds avoid 
the towers or poles that support aerial power lines (Shaw 
et al. 2010; Pallett et al. 2022), presents an opportunity for 
reducing collisions on parallel lines, by placing the towers 
of one line adjacent to the mid-span of the other (Pallett et 
al. 2022). While preliminary data suggests this mitigation 
holds potential, it requires further experimentation to 
confirm its value. The individual situation of every new 
power line needs to be carefully assessed to achieve 
the best minimisation of risks (Jenkins et al. 2010), and 
to attempt to introduce mitigations that can reduce the 
mortality rate on both existing and proposed power lines. 

One way to reduce collision mortalities, but which is 
largely overlooked, is to minimise the building of new 
power lines. While this might appear untenable with a 
growing human population that needs electricity, it could be 
achieved through more small-scale local generation, such 
as through roof-top solar photovoltaic generation and solar 
water heaters, to reduce some of the need to transmit more 
electricity over long distances. Namibia’s solar potential is 
amongst the highest in the world, yet the country currently 
generates only 20% of its demand from solar (IEA 2024). 

Conclusions

This study is yet another confirmation of the high collision 
rate of large birds on power lines, and the vulnerability of 
bustard species in particular to this source of unnatural 
mortality. While it offers some suggestions for mitigation, 
these are targeted at new lines, leaving the problem of 
thousands of kilometres of existing lines still unresolved. 
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