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Abstract. Aircraft wildlife collisions are a global safety and financial problem for the aviation industry,
with birds being the main concern. In Namibia, 97% of collisions at Namibia’s two main airports are
reported to be with insectivorous birds. Phototaxis was identified as a major attractant to insectivorous
birds, which feed on the arthropods attracted to airport apron and terminal lights. This study considered
the effect of light as an attraction at the rurally situated Hosea Kutako International and urban Eros
airports. It further investigated the attractiveness of light colour (or wavelength) on arthropod abundance,
biomass and diversity. The study found that phototaxis was a significant factor at Hosea Kutako only, and
that white light was the main attractant for arthropods, specifically for large moths (Order Lepidoptera),
while yellow and orange light attracted significantly less arthropods. The study indicates a high likelihood
that the Hosea Kutako apron lights (white) are an important attractant for arthropods, and therefore
indirectly insectivorous birds, which can be reduced by replacing them with orange or yellow filters.
Keywords: airport, arthropods, bird strike, phototaxis

Introduction
Aircraft-wildlife collisions (AWCs) are a global concern. Thorpe (2003) reported 42
fatal accidents, 231 human deaths and 80 destroyed aircraft in the world’s aviation
sector as a result of AWCs between 1912 and 2002, while Dolbeer et al. (2012) cited
229 human deaths and 210 destroyed aircraft since 1988 alone. At Namibia’s two major
airports, Hosea Kutako International and Eros (domestic), 128 AWC incidents were
recorded between 2006 and 2010 (Hauptfleisch et al., 2013). Only two serious incidents
were recorded in Namibia in the last five years. Damage from these incidents amounted
to damages of over US$ 2.5 million (Hauptfleisch and Avanant, 2012). The number of
bird collisions in Namibia seems to fluctuate from between one or two collisions to 25
collisions per year per airport (Hauptfleisch et al., 2013). This is probably not a true
version of the number of collisions, as reports on these incidents are not always filed,
especially when there is little or no damage to the aircraft (Hauptfleisch et al., 2013).
Airports are described as complex habitats (Soldatini et al., 2010) and provide niches
and ecosystem services such as primary food supply (grass / vegetation, insects, small
mammals and carrion), water, shelter and nesting sites. Studying ecosystem components
that provide these services should consequently be useful to airport wildlife
management. At airports arthropods provide ecosystem services and food for birds and
other wildlife (Bernhardt et al., 2010), were found to be attracted to the heat of runways
and taxiways (Pennell, 2007), and use airport grasslands as refugia (Kutchbach-Brohl et
al., 2010). Reductions in arthropod numbers at airports is expected to reduce risk of
AWCs (Buckley and McCarthy, 1994; Bernhardt et al., 2010; Steele and Renner, 2010;
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Washburn et al., 2011) The possible influence of arthropods on bird strikes can
therefore not be ignored.
Different methods to discourage birds from using airports, including killing them,
have proved to have little effect on the numbers of birds (Froneman, 2000). It was
however found that the management and manipulation of foraging opportunities to birds
could be an effective strategy (Blackwell et al., 2013). Habitat management efforts,
such as alteration of plant communities are an integral part of wildlife hazard
management programs to reduce the risk of wildlife strikes at major airports globally
(Washburn, 2011). Thus a more holistic approach which includes research into the
ecosystem services provided to birds at the airports is useful.
During the period 2006 to 2010, fifteen bird species were responsible for bird strike
incidents at Hosea Kutako and Eros Airports Namibia. Of those, 14 (92%) all except
White-backed Vulture (Gyps africanus), are described to rely on arthropods as a food
source. The attractiveness of light to arthropods is widely known (Weiss et al., 1941;
Van Tets et al., 1969; Ashfaq et al., 2005; Blanco and Hernández, 2006; Fox et al.,
2006) and the effect of this phenomenon on attracting birds to the airports formed the
motivation for this study. For safety and security reasons the International Civil
Aviation Organisation (ICAO, 2004) requires that lights at airports be positioned in
such a way that all aircraft on the apron are clearly visible at all times (ICAO 2004).
Only white, yellow or orange light will suffice, as other colours like red and blue are too
dark and are used for signalling (ICAO, 2004). According to Ashfaq et al. (2005) white
light attracts more arthropods than yellow light, while red light, few or no arthropods.
Arthropods are photosensitive and are thus either attracted to light (photo-positive) or
repelled by it (photo-negative) (Shockley Cruz and Lindner, 2011), while natural
environmental factors like humidity and temperature and surrounding land management
may play a role in the behaviour of arthropods and thus influence their numbers at any
given time (Jonas et al., 2002; Blanco and Hernandez, 2006). The attraction to light,
however, can cause arthropods to become easy meals to birds as they become
disorientated, collide into the light or congregate around it. Birds have been found to
readily make use of these “artificial feeding stations” (Van Langevelde et al., 2011).
Variations in intensity and spectral composition of artificial lighting have also been
found to affect its attractiveness to arthropods (Van Langevelde et al. 2011). For
example certain beetles (Order Coleoptera), crickets (Order Orthoptera), bees and desert
ants (Order Hymenoptera) have been found to use the light polarisation patterns during
dispersal and migration, while many nocturnal arthropods are attracted to artificial
sources of polarised light (Horváth et al., 2009).
This study used field experiments to determine the extent to which light attracts
insects, and also investigated whether light colour (wavelength) and surrounding land
use plays a role in attractiveness to light to arthropods. It futher attempts to relate these
results to the risk of aircraft-bird collision risk at the study airports.
Materials and methods
The study area is in the central highlands of Namibia’s Khomas region. Three study
sites were established: i) at Hosea Kutako International airport (Longitude: 17° 28' 0" E
and latitude 22° 28' 59" S), 40 km east of Windhoek, ii) a neighbouring game and cattle
farm (Longitude: 17° 29' 09" E and latitude 22° 28' 13" S Oupembamewa, and iii) Eros
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Airport (longitude 17° 4' 59" E and latitude 22° 37' 0" S) within the suburbs of
Windhoek, Namibia’s capital city.
Light traps were located at the three study sites for 6 consecutive nights (during April
2013). Each light trap consisted of a clear plastic tray as well as a light source. Controls
consisted of the same without a light source. Mono-ethylene glycol was used to kill and
preserve arthropods that fell into the light traps.
The light traps were set up in a grid pattern with random treatments (white, yellow,
orange or no light), 50 metres apart. Light Emitting Diodes (LED lights) were used as
it does not produce heat, a factor which can influence the attraction of arthropods (Fox
et al., 2006). The lights were switched on at dusk and switched off at dawn the
following morning.
Arthropods collected from each trap were identified, dried for 48 hours at 50°C and
weighed. Individuals were identified to Order level to determine order richness and
diversity using the Shannon Information Index (Manly, 2001) As the Order Lepidoptera
were most abundant and a major prey component of insectivorous birds (Van
Langevelde et al., 2011;Washburn et al., 2011), the assistance and expertise of the
National Museum was called upon to identify Order Lepidoptera to Family level. A
species of the order Hymenoptera (Anaplolepis custodiens – Pugnacious ant) which is
diurnal (Picker, et al., 2004), were trapped in abundance in the control (especially at
Eros airport). It was clear that this species was not attracted to light (being diurnal) and
was probably attracted to the moisture in the light traps (personal observation, 13 April
2013). Hymenoptera was subsequently removed from further analysis. Trap success was
calculated as the mean number of individuals trapped per night over 6 nights. Biomass
was calculated as dry mass per order per light trap.
Normality of data was determined with the Shapiro-Wilk's W test. As the data was
not normally distributed, a standard nonparametric test (Kruskal - Wallis for multiple
analysis of variance), was used to compare land use and light colour. All data were
statistically analysed by using Statistica ® for Windows version 10 (StatSoft Inc.,
2011). A statistically significant level of 95% (p<0.05), was observed for all tests.
Results
A total of 3 878 arthropods were trapped. 2 760 (71.17%) were collected at the farm
(Oupembamewa), 283 (7.29%) were collected at Eros Airport and 835 (21.53%) were
collected at Hosea Kutako (Table 1). Significantly higher trap success and order
richness (H =36.44, p < 0.01) were found at the farm compared to Eros and Hosea
Kutako Airports.
When combining the three study sites a total of 2 066 (53.27%) arthropods were
trapped in light traps with white light, 737 (19%) were trapped in light traps with orange
light, 957 (24.67%) were trapped in light traps with yellow light and 118 (3.04%) were
trapped in the control. Significantly higher arthropod numbers were found in traps
bearing white light (H=30.39, p < 0.01) when compared to the control traps and traps
fitted with yellow and orange lights.
Overall, white light showed a significantly higher trap success (H=51.63, p < 0.05)
than orange light (H=46.79, p < 0.05 ), yellow light (H=44.15, p < 0 .05) and the control
(H=5.24, p < 0.05)(Fig. 1a) (Table 1). Although less arthropods were caught at orange
light traps than yellow, this difference was not significant. Significantly less arthropods
were captured at the control compared to all light colours.
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Table 1. Abundance (number of individuals trapped), biomass, order richness and diversity
of arthropods at light traps in three land use areas (W = white light, O = orange light, Y =
yellow light, C = control / no light).
Orders
ClassArachnida
Araneae
Acari
Amblypygi
Solpugida
ClassEntognatha
Collembola
Class-Insecta
Lepidoptera
Hemiptera
Orthoptera
Coleoptera
Diptera
Phasmatodea
Blattodea
Isoptera
Mantodea
Plecoptera
Thysanoptera
Psocoptera
Neuroptera
Total n
Order
richness
Shannon
diversity
(Orders)
Biomass (g)

Hosea Kutako Airport
W
O
Y
C

W

Eros Airport
O
Y

C

Oupembamewa Farm
W
O
Y
C

40
3
0
1

22
5
1
0

30
4
2
0

3
1
0
0

14
1
0
0

5
0
0
0

14
0
0
0

2
0
0
0

96
1
0
0

109
0
0
0

92
1
0
1

1
0
0
0

30

40

13

1

9

3

8

0

16

16

25

4

156
124
6
32
77
0
4
0
2
0
1
3
1

22
41
4
17
11
0
7
0
0
0
2
0
0

18
29
5
16
10
0
4
0
0
0
6
0
0

1
9
3
2
8
0
2
0
0
0
16
0
0

30
59
6
4
27
0
7
0
3
0
0
0
0

6
2
2
4
5
0
1
1
0
0
0
0
0

7
14
2
3
10
0
2
1
1
0
0
0
0

1
10
5
8
4
0
2
0
0
0
0
0
0

856
177
10
34
178
0
0
0
53
0
0
5
0

140
115
8
30
87
1
1
1
22
0
4
2
0

268
123
10
29
72
0
0
1
43
1
4
3
0

2
6
5
1
9
0
0
0
0
0
5
1
0

480

172

127

46

160

29

62

32

1426

536

673

34

14

11

10

10

10

9

10

7

10

13

14

9

1.77

1.93

1.86

1.92

1.74

1.19

1.94

1.39

1.2

1.73

1.74

1.92

21.95

32.34

35.18

4.55

17.45

11.1

8.54

4.1

6.92

13.02

9.03

4.13

Although the difference between white light and other light traps was significant at
all three study sites, Hosea Kutako (Fig. 1b) and the farm (Fig. 1d) site showed a
greater difference than at Eros (Fig. 1c) (Table 1).
Arthropod biomass was highest at Hosea Kutako and lowest at the farm. Total
arthropod biomass at Hosea Kutako was 94.02 g (49.09%), at Eros 56.27 g (29.38%)
and Farm Oupembamewa 41.23 g (21.52%). Overall order richness was highest at the
farm Oupembamewa, followed by Hosea Kutako and Eros Airports. Per light colour
order richness was highest at the rural study sites, Hosea Kutako (14) and
Oupembamewa (14), order richness was highest at the farm for yellow light and at
Hosea Kutako for white light. Overall order diversity was highest at Eros for yellow
light (Shannon 1.94) as well as lowest at Eros for orange light (Shannon 1.19). Highest
order diversity at Hosea Kutako was found at orange light (Shannon 1.93) and lowest at
white light (Shannon 1.77)traps, while at Oupembamewa order diversity was highest at
the control (Shannon 1.92) and lowest at white light (Shannon 1.2) (Table 1).
Individuals of the order Lepidoptera were most abundant at 1507 (38,86%)
individuals (Fig. 2), of the families Lymantriidae, Limacodidae, Noctuidae and
Geometridae. Hemiptera were second most abundant at 709 (18.28%) individuals,
followed by orders Diptera, Araneae, Coleoptera, Collembola, Mantodea and
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Orthoptera. Significantly greater abundance of Lepidoptera was attracted to white light
than to any either orange or yellow light. (H=85.32, p < 0.01)(Fig. 2).

Figure 1. Trap success per light colour at a) All light traps, b) Hosea Kutako Airport, c) Eros
Airport, and d) Farm site (mean, whiskers = 95% confidence interval).

Figure 2. Trap success of Order Lepidoptera per light colour.
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Discussion
This study confirmed other findings (Weiss, 1946; Prokopy and Owens, 1983; Frank,
1988; Stavenga, 2002; Ashfaq et al., 2005; Cloyd et al., 2007; Fox et al., 2007; Buschke
and Seaman, 2011; Shockley Cruz and Lindner, 2011; van Langevelde, 2011) that white
light is a major attractant to arthropods. When considering land use, the effect of light as
attractant was reduced by increased ambient light sources. Being in an urban setting, Eros
Airport is surrounded by artificial light sources, while Hosea Kutako Airport is
surrounded by farming and conservation areas with minimal artificial light. The results
indicate a clear increase in attractiveness of all (particularly white) light sources to
arthropods with decreased surrounding light sources, making it a significant factor at
airports situated rurally (e.g. many parts of Africa) (Hauptfleisch, 2014). This factor is
already in use to reduce the nuisance of nocturnal insects in the tourism (Roqoe Albello et
al., 2007) and other industries (Chartered Institute of Environmental Health, 2009), while
only one other study (Frank, 1988) of this phenomenon at an airport could be found.
Birds most commonly involved in collisions with aircraft at Hosea Kutako Airport
are Crowned Lapwing (Vanellus coronatus) (16%) and Helmeted Guineafowl (Numida
meleagris) (9%) (Hauptfleisch et al., 2013), both insectivorous (Hockey et al., 2005).
Crowned Lapwing (Vanellus coronatus) were responsible for two thirds of collisions at
Eros Airport (Hauptfleisch et al., 2013). Stomach and crop content analyses at the two
study airports during 2010-2012 revealed arthropods as a major food source
(Hauptfleisch, 2011).
Of the family Geometridae, moths with larger body mass, larger wing dimensions
and larger eyes have been found to be attracted to light dominated by smaller
wavelengths (white spectrum) (Van Langevelde et al., 2011) a finding confirmed by this
study. According to Prokopy and Owens (2011) and Qiu and Arikawa (2011) possible
reason for this is that moths have compound eyes which are sensitive to wavelengths
ranging from UV-light to red light. Moths are an important part of many birds’ diet
(Van Langevelde et al., 2011; Washburn et al., 2011) with adult birds found to feed
their young large moth species of the families Cossidae, Sphingidae, Noctuidae and
Geometrida (Van Langevelde et al., 2011) as a result of their relative lack of exoskeletal
and mandibular protection.
The presence of predatory arthropods, of the orders Hemiptera (family, Reduviidae
and Nepidae), Mantodea (family Hymenopdidae, Mantidae and Empusidae), Coleoptera
(family Carabidae and Dytiscidae) (Table 1), indicates that not all arthropods were
attracted to the light source. Predators were likely attracted to the abundance of
photophilic insects, as found with other studies (Bruce-White and Shardlow, 2011;
Davies et al., 2012.; Meyer, 2012; Wang et al., 2014).
Biomass was found not to be a reliable measure of attractiveness as a result of the
substantial variance in the dry mass of different arthropod species. For example,
arthropods from the Order Coleoptera, family Scarabaeidae, were caught in some of the
light traps, varying in size from 6-50 mm (Scholtz and Holm, 1996) with a mass of up to
88 g while individuals of the order Lepidoptera would weigh very little after drying, even
though individuals vary in wingspan size from 3mm-180mm (Scholtz and Holm, 1996).
The study suggests that arthropod abundance at Hosea Kutako airport is an important
factor which can be reduced by filtering the airport apron lights (white) with yellow or
orange filters, provided the primary security function of the lights are not compromised.
This factor is however not significant at the urban Eros airport. An up-scaled study is
underway to determine arthropod abundance at the apron lights themselves.
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